ACRYLIC ACID PREPARATION METHOD Technical field The present
invention relates to a process for the 5 preparation of acrylic acid from
propylene comprising a first stage of oxidation of the propylene to give
acrolein and a second stage of oxidation of the acrolein to give acrylic
acid, in which use is made of a stage of dehydration of glycerol in the
presence of a 10 ga%%ﬁ?%lﬁé:ﬁﬁ hidte arly in the
presence of the reaction gas resulting from the stage of oxidation of the
propylene;to.give-acrolein. Prior art and technical problem 15 The
conventional process for the synthesis of acrylic acid uses a catalytic

readtion of propyiene Wiy a Tikture cGmprising oxygen “THis Teactiof is "

ey

5 generalhys carriet outiin Alve vapor phiaisg dncbmostroften. frtwos Stages: 203 2
- the first-stage catries, eut the; substantially= quantitative oxidation of:the i ve

L a;_.;.o‘.x NP
: Vé oxidation

progxlene torgive a _mixture rich in acrolein, in which acrylic acidisa .
. Aatroieirn “r% & second sta&g Ggf  oRLdation,
minor component, - the Second stage carfies out the selec

Pt

25 eftheldcroleirrtodivicadrylic’ aéiel. The Feactibn ¢oAditions of thesBaws °Ff
stagess cagred DU ihtwo-Eeacters 4 series;are differentanc requifes of =
1 pcatalysts suited tq the reaction. Itis not 30 n%q&sga% é%goé%tg_gpgy. in the

L [e] COMDr L3 Lng jol 2 alll .
acralein urlng this tvxfo-s%age yprocess. Jf‘ﬁe reaction can also be carried

outH aiRGe rédctoribut, FF s cae, #H8 nECEESAR Tt sdparatetaid S-a¢®

recycie dargesamounts ©f actoleindn {he rexidationistage.c3m Ired certain
number of cases, it may be advantageous to be able to increase the

acrygic.acid production capacities of existing units.
Prior art and technical problem

15 The conventiocnal process for the synthesis of acryli

acid uses a catalytic reaction of preopylene using

mirture comprising oxygen. This resaction

carried out in the wvapor phase and mest ocften in
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The reaction conditions of thes

out In two  rsactors in  ssris
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single reactor but, 1in this case, 1t 1s necessary o

ate and rescycle large amounts of acrolsin 1in the



2 The production of acrylic acid is highly dependent on the propylene

starting material, Propylene, obtained by steam cracking or catalytic

cracking of petroleum 5 fractions, has le disadvantage of contrlbuting to

increasing the greenhouse effect aue to its fossil origin. Furthermore,

propylene resources may become limited. It thus appears particularly

advantageous to be able to 10 increase the productive output of acrylic

acidWHile® Feducing the debeAdentyi6n a fossil resolfcE: Ihasdegrient on

known dor-a tang time that:glycersl ean: sesultiin the production ofacioleiy by

Glycae{glm,rrgsulxs alj{flrgﬁim th% methgpg}lygjjfs_.}oj vegetable gils, at the same._ .

time as the methyl ésters, which are themselves employed in particular

As fuels fiy Higsel oil aRd hédfing Bt A id'a dturaP prodiict whidir 109 ©0

enjoys ar greend auraHt isyavailable:n-largef amountane can 20ibes fossil

stored.and franspopted without difficulty Numerous. studies are deyoted, [0- o,

giving an economic value glycerol according to its degree of purity and

the dehydration of glycerol to give acrolein: is one of the roots envisaged.

23 The reaction invohved inproducing actolein fromi eglyeerel sy be able to
1 €H2GM:CHGH-QOH GHr GH27G7r-CHG+ 2,0 30 Generallyzthec: g wiile

hydrgéign ﬁr@gctio?nqig pcgomg;lecgqaj_lovf\( lemperatures and the dehydration

reaction s promoted at Righ temperaturés. n order to obtain acrolein, ~t

is thus necessary to employ a satisfactory temperature and/o_ a partial

vat rumninsOrderto displace thie 33 reaction; The:reactigatcan becarded can

outinthe Jiguid. phase Cr.the gas. phase-his.type Gi.reagtion.is known. 10, - 5

be catalyzed by acids. Various processes for the

15 Erom the methanolysis cof wvegstable coils, at the same

CLlsuln

: . i 1 2 — S P
time as the methyl esters, Wil Cl

empioyed In P

1

a
heating oil. This 1is a natural product which enioys
: arge amount and can
20  be stored and transported without difficulty. Numerous
. studies are devoted to givi
glycerol according to 1ts degree of purity and the
dehvdration of glycercl to give

roots envisaged,

25
The reaction involved in producing acrolein from
glycerol 1s

CHoOH-CHOH-CH0H <« CHy=CH-CHO + 2H:0

30 Gensrally, the hnydratiocn reaction 13 promoted at low
temperatures and the dehydraticon reaction is promoted
at nigh tTemperatures. In order Lo obfalin acrolein, 1t
is thus necessary to employ a satlisfactory temperaturs
and/or & partial wvacuumr in order to displace the

33 react Ti ar
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synthesis of acrolein from glycerol are described in 3 the prior art mention
may in particular be made of the documents "R 695 931, US 2 558 520,
WO 99/05085 and US 5 387 720. 5 Thezdocument era 2005/073160
describes a process for one preparation of acrylic acid from glycerol in

twq_ stages, ;e first stage consisting in sybjecting the: glycerolf0a. oz cne
gas-phase dehydration reaction and the second stage consisting.in .
subjectititFthe gasebus f reaction product thusobtaied t6% gas-phase 2™
oxidation ¥eactiohl It has now been found that the dehydration reaction of
glycerol to give acrolein can be carried out in the 1t presence of a gas
comprising propylene and mare particularly in the presence of the reaction.
gas‘%s %'%14}%/ - e stage f%xfdb |8n%?3ﬁi"erf5 opylene o give: TOF N°
acrolelmdtisthas advantageous-totintreduce glyeetol intoxtaerol in Two
conventienal process-of.gas-phase 20 catalytic oxidation of prepyene dn
two_stages in order to prepare acrylic acid, which makes it possible €in
a rgnié(/vgg“ﬁ!g Starting ?naﬁa#’al R/ﬁﬁéy Tncr%%‘sli%%"tﬁélﬁr‘bdﬁc%%i%dﬁ%crﬁg% o
acid SSuéhia pPocess ther toiréSpeiitls té the Eriteriaassoeiatéd Fith ¥He =1
new =25 concept of ‘green chemisiry! #1 asnoregenetal contextsofoxidation
sus}%iggQIng?yelopment. Account of the invention The subject matter of

the present invention is thus a 30 process for the preparation of acrylic

acid from propylene comprising a first stage of oxidation of the propylene

to give acreleimand assecdnd stage lof oxidationiof theracrbtein teegiveion of
acrélm%igofha{ect%@zsag in,that it.comprises astage.of.35.dehydration, e

of glycerol in the presence of a gas comprising propylene
%éesence gf a gasg compé£51mgp B%opylene and m

joN

o
particularly in the presence of the reaction gas
resulting from the stage of oxidaticn of the propylene
to give acrolein. It is thus advanta
yocerol into the conventional process of gas-phase
catalytic oxidaticn of propylens in two stagss in o
to prepares acrylic acid, which makes 1t poss
W

T
wable starting materizl while increasing the

propylene to give acrolein and a second stags of

oxldation of the acrolsin to  give crylic acid,

crnaracterized in that 1T comprlses a stages of

denydration of glycerscl in the presence of a gas
r O



L Preferably, the gas comprising propylene is the reaction gas resulting

from the stage of oxidation of propylene to give acrolein. 5 Without the

Applicant Company being committed to agpy one explanation, it believes

that the stage of dehydration of the glycerol makes possible to cool the

reacfion gases resulting from the first stage oxidation of the propyleneto

give acrolein, befdre 10 Garryiig out e sécont 'Stage of Bxidation of the =°¢

acroldin 6 give atiylic Zeid: Thisis bécauser irethe tegetionForthedation of

oxidatien of propylene;to.give acroleinnthe reaction gases exit 15 from

the reaction region at a high temperature, the reaction for the oxidation of

propylene being exothermic. in a two-stage process for the preparation

‘of aérylic:adid froh propydhe it is necassany tolkobl he reaetibh Pases any

resulting fromthe: fiest stage of.i20 oxidationy ektheprapylene.to giveage  of

acrolein  before entering the secand.stage of oxidation of the.acrolein o . . ;

give acrylic acid as the reaction for the oxidation of acroltéin:to give acrylic

acid i§ arfied out At a I6wertempetatarethar 6A8 rédttion forthe S-39¢ o°

oxidationt 25 gfipropylend:to givecacrdlems Furthermore, the racrelein carefore
1 iself-ignite athigh demperatures, . resulingsinJosses,in yields, This.cooling e

is geangggliycgbtaj%edﬁb)q \g/irtuerqfla_; Qeatﬂ:}o exchanger placed

downstréam of the cata Vticarce“gi/on‘”()“f ﬁﬁ’e*fgllr‘st stage. The same effect can,

in all or part, be obtained by virtue of the 'use of an endothermic reaction,

suchrag theidehydrationeqf glycerot.dn the: present inventions the: i dation of

deh)fg;gg% reactiqn of glycerol 35 exhibits the ggvapta?gehof resurltin?(lthe

same mai

reaction product (acroléin) as the reaction for the oxidation of -

1 = i o g i 1 Y i ) + el + +13 i
~ propyfeiie. Thig thE@¥6suiRin 4F¢+°1 at a high temperaturs, ths
reaction for the oxidation cf propylene being

20
25
30
1 L
35 exhibits the advantage of resulting in the same main
reaction product (acrolein as the re=action f£or the
oxidation 0I propylens This thus results 1in an



increase in the productive output of acrolein, while efficiently recovering
the heat of the oxidation rear ion, and consequently an increase is he
productive output of acrylic acid. 5 Other-characteristics and advantages

of the invention will more clearly emergé on reading the desciption which

follows, with reference to the appended figures, .in which: - figures 1

ENals

Zﬁr.
and'3 diagrafmaticafiy répresent” 10 done enttdnal configurations féolr‘ the "~
oxidatioiof propylefé to givie acrylicacidin. twi'stages® - figdres 4 and 5 -1

diagrammatically represent different, configurations corresponding to
embodiments of the process according to the invention. 15 Detailed
account of the invention In the process of the invention, the stage of

5 deHyratfon T lycerslis tarietl cub i té'gas phase irthe présentt™°"
a catalyst atartemperatureyranging 26 from 150G 40500 preferablycription
between;250C-and, 350¢; and apressure of between 1and, Shar. Theures,

stage of dehydration of glycerol is carried out upstream of the reaction for

the tatafytic bxidation of 25 propylene to give acrolein in the presence the

feed gds compsising propylenaner downstieam:citiie teaetiony forthgeresent

1¢catalytic gxidation of propylene-to,give -acralein =, -the-presepece f the:n
gas mixture I’e,ngHiQngd_ grom,gpLs %eggtiqn.Jt can be jr}co;%gra;[%% diargctly in
30 the SXiGAtON Feactt of 'can Be Edrried our ina reactor placed

imnedidtely: tpstréan of dOwWASREAATER 2the Feactdr for ke bRidatitn of ©*

propylene g give- acraieln. Asthe-dehydration reactieniscslightlycs of
endothermic, it is %()C:'[ﬁn:)eyc%s;arygg haye aim%i;i%upy&r.% bed for this
~reactior'ff“Igﬁ’e"c?onvenﬁoﬁa Fixed bed and a configuration as modules
15(sheets or pans) may be

Detailed account of the invention
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s"u_table. The modules exhibit advanage of being 6 able be easily c h

arged and discharged when the catalysts deactivated. The catalysts

which are suitable are homogeneous o_ S multiphase materials which

are insoluble the reaction medium and which have a Hammett acidity,
recorded as H, of less than +2. As indicated in patent US 5 387 720,
whichrrefersto thetartiefesby K. Tawabedl In2Studiesdn Suffste Stiehte the
and Catalygist, 16 56¢55%1,1198% «<hap. | and 2, t-he Hammett acidity is
determined by amine titration using indicators by adsorption of a base in

the gas phase. The catalysts corresponding to the criterion of Ho acidity

of less®thatt ¥2 canbe chose: frdm Silictous raterids thafttaPES oEo1s o1
synthefic { oracil zeolitesy inorganicssupports,such asroxides; covered  che
with-raane-; gir, tri;0f : pplyagidic ingrganic agidsoxides:or.mixed oxides;- -
or also heteropolyacids. 2Q Advantageously, the catalysts are c=hosen
from“z“é’(ﬂité?s“,%véﬁbor??gdorﬁﬁoﬁ‘ésss(bagsgead‘o:"'"s%lfoi?ifé dé&}b‘fa“ea thopaten
I'uoBropoiyihérs)Zéhlorifieted aliminas, phosphict'upigstic Landior K. Tanabe
silicetungstic acids and acid salts, apd vadeus selids.ebthedyperz-z1vsis”,
1 gomprising-etalgrides, sych as 25 tanjalym oxide Tag0p. piobiym gaide .

s

s

[y

11b305, alumina A1203, titanium oxide TiO2, zirconia 2rO2; - in oxi

SnO% “§ifida 3T of silictatitfinate SiOIAID3, impreghated- Withacido s °Y
functional-groups, suth as barate BO;, suifate SCpyhungstatenWO3-alysts
phosphate BOa, silicate.5i02,30 qr malyhdate HOEC3 iﬂncﬁ@?gg_@}p URE iess
According to the_literature data, these catalysts all have a Hammett
acidity HO of--548 thah +2 3% T préferred-Catalydtddre*uifatéd (naturas
L Zircoriaas 35 phesplatedZ_rconias, targstatedsZircamiasgsiica supports,

as oxides, covered with mono-, di- tri- or

n
i
9]
S

polyvacidic inorganic acids; oxides or mixed oxid

20 Advantagesously, the catalysts arse chosen from zeolites,
Nafion® compoasites {based on sulfonic acid of

flucropeolymers), chlorina

and/or silicotungstic acid

solids of the type comprising metal oxides, such as

25 tantalum oxide Ta2;0s5, niobium oxide Nb:0:, alumina Al:0D;,

titanium  oxide T1i0;, zirconia %r0;, tin oxide 8nd;

.
silica 810z or silicoaluminate S10./21,0:;, impregnated
with acid functional groups, such as  borate BDs,
sulfate S04, tungstate WO;, phosphate PO, silicate 3510,

0 or molybdate Mol; functional groups. BAccording to the
iiterature data, tThess catalysts all have a Hammet:
acidity Hy of less than +2
The praferrad catalysts are sulfated zirconias,

5 phosphatead ziroonlias, tungstated zZlrconias, silica
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30

zirconias, sulfated titanium o_ n oxides, or phoapnated aluminas or

silicas. These catalysts all have a Hammett acidity Hc of less than +2;

one acidity HO can then vary to a large -extent, down to values which are

at least -20 in the reference scale with Hammett indicators. The table 5
given on page 71 of the publication on acid/base. catalysis.(C, ?4arcilly),, .
Vol 17 Fne.pEgﬁibaﬁ’é ﬁseb?miaoP(ISBﬁlvNo. 2-7108-0841-2) illustrates Pies
exdmples ofsolid- catalystsWithin this adidity rarige: 10/ FRE glycerofis ~=+¢
used:pure:-qr initheform of-a icencentrated ondilute: agueoustsohtion.in the
Advantageously, use is mage of purg.glycerol or of.an ;aqueous glycerol 5y, -
solution with a concentration ranging from 10% to 100% by weight, = . =~
preferaBly ranging 6 50% 15t 1009 bywaight twhetiused 219/ Pase
downsteeam of the Coxidatian ofithe propylene’the stearfiprésentdin thechnip
reaction gas resulting fromthe,stage of, oxidation. et.the propylene to giveo1id
acrolein makes it possible to dilute the glycerol solution and thus to
prevantsidé “50 Feadtions  Such as the fofmatidi 6f glycerol ethers

reactions between the acrolein produced and the glycerol. in the

embpdiment of the,invention whete the, stageof dehydration of glyeerolds  a
carried out .upstream of the reaction, for the catalytic oxidation of 2? the. .
propyléne. Usé may be made of an agtieous glycero? “Solution, pre erébjl)?: *
with-d toncaatation rangifpfroni F086fo 50% Byifeightyforet ©r ©°- &0
partiewlarly, from1156%:te 30% lhy:weightz3@ The glyceral candetinjected:ging
the liguid form or in -the Jorm..Injection in.the lioquid fox Kesi,. . 503
posés?bcfg‘ togggne“fﬁ frbBr]r? Qt?]aég té\rrr% T]gé”fa?f of %%E%ia%%ﬁyoﬁ%%?é\ércﬂf "
thu§ fakintfit possible " 6601 the ASES restilfifly frontihe Upsteanmt =02
stage: 0835 oxitlatiah ofithe propylenenia;this case; theem pressnt in the

i1

.,4)
M

n
. - P -
reaction gas resulting from U tage of oxidatiocn oI

)
{
4]

)

the propylens Lo gi
dilute the glycercl
reactions, such as the formation of glycercl ethers or
reactions betwesn the acrolsin produced and the

glycerol. In the embodiment of the invention where the

the propylens, use may be made of an aguecus glycerol
ion, preferably with a concentration ranging IZrom
=

i
% to 50% by weight, more particularly from 1

Tha glycerol can be injected in the liguid form or in

the gas form. Injection in the liguid form makes it

woszible to bensfit from the latant heat cf
h T

materials on which wvaporization of the glycerol 1is
carried out. It can be irnjected in the gas form at a



dehydration catalyst can be preceded by a bed inert materials an which
vaporization of the glycerol is carried out. It be injected in the gas form at
a temperature lower than thay of the gases exiting from . he oxidation
region, which makes it possible to further intensify the effect of cooling
these gases. Furthermore, the glycerol Can be injected under 3. .
pressure, 50 that the Tdlction ih pres&ire of the'gas Miakes possible an
addifiorfal soipticrt ePheat: THé gas mixiure Whick feeds the reacterfore  to
first stage or. oxidation:af the-propyeneta-giveracreleimnis;10-generallyas=s .
composed of propylene, steam, an inert gas, which can be.nitrogen or
argon, and molecular oxygen of d gas comprising molecular oxygen. The
teactiéf “gas Fesufting Tfom the Stagé of bxidation 15 of e piopyfenetos 923
giverackaleinvis:generally.compased. of aimixture-afihe whreacted gases
(unconverted propylene, propane initially present in the propylene, inert
gas, steam, qu'ggan%‘cg), cQaz , acrolein produced and of various o
bv-products: Suéh A5 &ohylid 20 dcid 5cEtic alfl dndrothef mingr =he firsct
compbands. Thecreaction for thé dehydmation of glyeeral inthe processin is
1 @ccarding:te the inventien sansequentlytakes, place-inthe presence of  gas,
molewc:;]J!amr}pxyglgnb\;_\vhiw(l:h&orcgg_[asp2% git@er in the ass mixture which feeds
the reactor for the first stage of oxidation of the propylene togive acrorein -
in thé gadmb@breresuRitigiffont the Stage:axidition of the. propylene to
give acrolein. The molecular oxygen can be present in r he form of air or
30 in-the foum of a gas mixture comprising.molecular oxygen. Accordinglq ; .,

. one embodiment of the invention, "is possible to add an a aitioqa}l amount
L of molechiz &GSt d-GasicofpAsingd FrdledRafGRyigeh for themposed

stage ©° dehydration:of the glycerot. Thenameuntaf gases (unconverted

propvlene, propane initially preasent in the propylene
e
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acrolein or in the gas mixturs result
oxidation of <the propylens to give acrolein. T

molecular oxygen can be present in the form of air or

stage of dehydration of the glycerocl Th amount of
35 oxygen 1s chossn 30 as to be outside the flammabillity



3 oxygen is chosen so as to be outside the flammability range and all
points of the plant. The presence of oxygen makes it possible limit the
deactivation of the dehydration catalyse by coking the Furthermore, the 9
addition o f oxygen improves the reaction yield for numerous catalytic
systems. The reaction for the catalytic oxidation of propylene .5 give. 14 zor
acrylic acid in two stages in the process according to the invention is
cartiedsit-aecordifig td- condifionskhown to a person skilled in the art by
passing a gas mixture, which can comprise propylene, steam, an inert
gas;-which can benitrogen pr argen; 1.0,and-mojgcular 0xyges:ora-gas 1z

_ corpprislng Lnolecula_rv oxygen, over.a catalyst for theggxida%ionqu the e

> propylefié it order obtdin a gas ixtdre richin acroiein. Tien, the Tedction
for the selective oxidation of-tienacreleinto gheracrylic 4cill is T5¢afied =°
out-Qveria catalystisuitable for the oxidatiem ofdhe ackalein.nTheiprocess oy
can be carried out in just .one reactor or.in.two reactors placed in series: ., . .
Th& “feactors are “g’%%erglilyxf'ix“ieLd“-beqwr%ﬁffi}fubma‘F regé%gsi_lf IS a s‘fé 5 ’
possiBietto UE a plate exchahgerWwitFa Z03odiffar Etrargément of thé 9°7

10 catalyst, such-as:describesygethe dacuraentss=P 995401, -EP 4 1472807 ular

¢
48]
u

{

or 13 2005/0020831. in the case where eatalytic.oxidationigthe,  of  the
propylene 25 is carried out in the presence of a thermal ballast, such.as

deStitiad: Torexarfiple, i fie docurfiéiit™ ES 293 324 Al makitig possible -
theaussenaka higherTprapylene flew rate zthe igas mixtare resulting feom el Lve
reagtion has a higher spegific heat Co; Theqocess; 30 according tothes 15

_invention is oarticularly advantageous in this case Eor discharging the. . . .
lbeXC%HSTQH out over a cacalyst suitable tor thes oxidation
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angce hallast,
such as described, for example, in the document
P 3 224 A1, making possil
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opylens flow rate, thes
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reaction has a higher specific heat Cp. The Dro
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33 Jsing propans a inert gas as replacemant in a.l oOr
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nart for the nit ir The opropans, Dy



transported by the reaction gases. A preferred embodiment of the
invention consists in 35 using propane as inert gas as replacement in alt
or part for the nitrogen of the air. The propane, by virtue of its higher
specific heat, carries more heat to the reactor, which makes it possible to
more asily 10, carry,ovt the reaction for the dehydration. of the ; glyceral. ...
The gas resulting from the dehydration stage then comprises, as main
contitiefits stearn proparnie, - aérotein And tesidudl dxygen. YFhié gadtnéir 292
directhe feetsithe stage, of oxidatiom ofthe acroteinrto gives aenytic acidefrens,
this case, the.propane is.Qfjuse.in caprying.away-the heatfromte i rect1y
oxidation reaction, which is highly exothermic. After absorption of the .
Scryiic AT, e gaSes Fich I propane car Be fecydiad 16 B g > =0 917
dehydration stagel Preferablyithe gasis subjected topurificatipncf use in
treatraents iR grdet.to,remave Hapurities-which-may be hasmiuforthe ction,
dehydration and oxidation reactigns, such as GO and/or COQ, andin,,
order limit the Conceritration of these impurities in 15 the recycle loop. T1
this 8ase’ i pafticttarly advartagéods E6ntiol te EBREENtFatfon6f arger < - =
10n thegas laop errageotint ofits very:low. speeitictheath Mentiammaydaes is
made, as separation techniques which can. beused.alone orin., o ramove
combinajtio,nl,h of the selective 20 oxidation of CO to give CO,, washing with
aminéd; “Washing with pétaSsitim Ry droxidé “adsbrption’ fectinighed = +°~ 2nd
mensbratie separation: or: ¢ryogenic 'separation. 25 Witltrefereide to and  in
figuresd.and 2, in;g,cenventional, pregessdaerthe oxidationofipropylene= < i
1 to agrygc acid in :Lwo s;a%es in as sig_gllg reactor, a gas_mixture

Tne

5 rthe recvele 1q . I Thlgs, case inoo13 .particuliari
comprising pro\ny ene, steam, nitrogen and molacular oxygen i§ passed Y
into aFdaRitbidarréacter flomieL ths concentration of

the gas loop on account of its vary lcw specific heat.

Menticn may be made, as separation technigues which can

be used alone or in combination, of the sslsctive

20 oxidaticn of C te give (CO,, washing with amines,
washing with potassium hydroxide, adsorption
technigques, membrans separation or cryogenic
separation

25  With reference to figures 1 and 2, in a conventicnal
process for the oxidation of propylene to acrylic acid
in two stages Iin a single reactor, a gas mixturs 1
comprising propylens, steam, nltregen and molecular
oxygen 13 passed into a2 multitubular reactor from the

30 bottom upward over a catalyst 2 for the oxidaticn of
propyleane The mixture resulting from this reaction,
comprising unreacted gases, the acrolein produced and
by-products, subseguently passes cover a catalyst 4 for
the oxidation of zacrole

35 mizxture 10 comprising The  acrs

= vlic acid produced,

q —- 7 J . 3
residual acrolein, unreacted gases, water and by-
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CroQuiLs 1z oorazned Lidgula coolants clLrculatse I oo
and 7, sc as to maintain a resaction ftemperaturs which



30 bottom upward over a catalyst 2 for the oxidation propylene. The
mixture resulting from. this reaction, comprising unreacted gases, the
acrolein produced and by-products, sulbssequently passes over a catalyst
4 for the oxidation of acrolein to give acrylic acid. A. 35 mixture 10
comprisipg the acnlic acid,produced, stesiduat agrolein, uareacted: gases;:n=
water and by- roducts is obtained. Liquid coolants circulate in 6 .and 7,.s0
as fo‘nairtain‘a reactionteripérature which cah be betveen 3-0 C and ~
38GE forthetreaetionforthe coxidation bEpiopylene td give aéfbleftand at=~
temperatyre which,can,be betweer: 260G and 320G dor, the-oxidation af hea:
. acrolelm to give acrylic acid. A _ heat 5 exchanger 8 which makesdt, .1 2
7 poﬁﬁ@?@%ﬁél thg:a réaction gases is placed d(gv?/ﬁgt%/e%é"nﬁ oT%kg twg i
oxidatior:stages, @ssindiguresl; pesfefably, tHe éatis 8dWnstream of the =~
reagtor -exchanger 8. of figuresl isdownstreamiof the réactor] and noeinheat
reagt}c(); %hégggaclélta%efs th;e_L arging 10.angd discharging of the g@g{:tog@éct or
second heat exchanger 8 can be placed between the two catalytic beds, .
as #8pres6nted’in figtre 2 Makiy it PossiBle 16 coolthe -~ ftermediate 2+ 7
1 0 gassmixtures 35With teferencetto figare8pin a Goraentiodalpratessiforanasr
the pxidation of propyleng to.give agrylicagid in o stagesja fwo veds, as
consecutive reactors, a gas mjxtt;&es comprising, progylgpgqsﬂteggn, cool the
nitrGeH 8AE TrlRcar oXYgEr ispadiRdiingd a first mutatabular reactor
from 20<4he4op slownywardovaracatalyst 2 for the oxidation of propylene.
The mixture 3 resulting from this reaction, comprising the unreacted

-gases, the acrolein produced _and by-products, feeds a second reactar, , ~o s ¢

+ocomprisingd Tatdlysta for the b?(i*d"a‘fio%’of éé?ol%inTS *g?v“’é 25 agiryTic acid.
Thefsecont reactorlisToptionally fed @ 9 With oxygen 8Faif & Fixture 10° -7
compyising-the-acrylic «wo consecutive reactors, a gas mixture

! : 4 5
: ) Ehs e - oy v materlar
Comprising propyLeng, STeamn, nrorogen andc moiecullar
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szsed into a first multitubuiar I
r

20t
cropylene., The mixture 3 resulting from Tols reaction,
) < - ;- ; voduces
comprising thes unreacted Jases, nhs acrolein produced

catalyst 4 for the oxidation of acroleln to glve
25 acrylic acid. The second resactor is cptionally fed at 9
with oxygen or air. A mixture 10 comprlsing the acrylic
acid produced, rasidual acrolein, the unreacted gases,
water and by-products 1s obtained. Liguid coolants
circulate in 6 ang 7, so as to maintain a raactlon
35 temserabure wnich can be between 300°C and 380°C for
#he reaction for the oxidation oi propylens to Jive
acrcleain and a temperature oI Dbetwsen 260°C and 320°C
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acid produced, residual acrolein, the unreacted gases, water and
by-products is obtained. Liquid coolants circulate in 6 and 7, so as to
maintain a reaction r 30 temperature which can be between 300C and
381n for the reaction for the oxidation of pr pylene =o give acrolein and a
temperature of between 260C and 320C for the oxidation of acrolein to
give acrylic acid, A heat exchanger 8 which makes it possible to cool the
35 reaction yases resultihgfrontthe first 'stagéqis placed” inthe bottory BFS=35S
the firstoreactory A second heat exchanger 8.isyglacecddpwnstreamiofdhezced
two exidatian-sfages. he exchangers 8 can be qutside the.reactors 12 ; ;-
in accordance with a first embodiment of the process ﬁaccgrding tothe
invenition, illustrated” disgranimatically’in fiydre 47 the hehit Bxchangérgin =3
5 thé*édiientipRAar esrfigtiration of figuré 2L Which is placedbetweertthemakes
two catalytie beessand-whieh makes itpassible to £oolthe gasimixturesy +he
resulting from the reactign for the oxjdation of propylene to give acrolein, .
is reb%%é@qvlaih a stage o ‘aéhygréﬁgﬁ of 10 glycerol: Thiz'stage consists 7
in paksiny & Mixture 11 SCorfip6sed of glycéroliniHe forrn of @lvgporizedn ©f
1aquepus: solutionTandsoptionghy of-oxygens atithe same time asnthergas: 11

6}

mixture:exjting from the oxidation; regiqn. cemprising the.catalyst2 forthe
oxidation of 15 pro;ﬁlene to give acrolein, over a catalyst 5 for the i

dehydration Of giyerat A hixtire 8f &croldiny Fesulting bofiefrémfthe tine as
reaction foothe oxidatioiref propyleng andifrom the eeactiondfetrthe: region

dehyehation of -glycerel:and-alsq the by-produgts resylting from these 20 ¢
1 {wo reactions, is obtained at the

D

outlet.of the region. comprising the

- cataﬁ‘/rstftJ g:‘\’ITﬁl‘é‘fmixt’uré’f SUbsequently PassEs overthe Catalyst 4, over °* ©he
whichahe derbleitis ©f glycerol. A  mixzture of acrolein,

resulting boeth from the reaction for the oxidation of
2

propylene and from the reaction for the dehydration of
glycercl, and alsc the by-products resulting from these
20 Lwo reactions, 1s obtainsd at the outlet of the rasgion

orldized to give acrylic acid. A mixture 10 comprising
the acrylic acid producead, residual acrolein, the
25 unreacted gases, water and by-products is obtained.

cf the invention, illustrated diagrammatically in
figure 3, the heat exchangsr 8 placed downstream of tThe
30 first reactor in a conventional process for the
oxlcaticon of propylens o gilve acrylic acid in two
stages 1n two consecutlve reactors, as represanted in
figure 3, is replaced with a stage of dehydration of
giycercl. This stage consists in passing a mixture 11,
35 composad of glycercl in the form of a vapcrized aguesous



oxidized to give acrylic acid. A mixture 10 comprising the acrylic acid
produced, residual acrolein, the 25 unreacted gases, water and
by-products is obtained. in accordance with a second embodiment of the
process of the invention, illustrated diagrammatically in figure 5, the heat

exchanger 8 placed downstream of the 30 first, reactar.in.a cenventional

process for the oxidation of propylene to give acrylic acid jn two stages.in_
wolEsHsECHEive Teadtors, Bsifepresented'in figire™3 s réplaced with at -
stage of tehydration rglyterol. Ehis stage Tonsists fn passing afpikiirecn ©
11, 35 composed.of glycerol inythe form.of a-vaperized agueaus; spiution: o
_and optionally of oxygen, at the same time as the gas mixture e%%ggﬁfrgm

> the bxidatiotrregith- cBmprisingth Catalyst 2 for the oxidation o

S g

nz

1™
doiiy

| I 1

[&]
B

oropyienete givecacroleirs over-a catalyst 5 forthe cdéhydration 6 £egLlon

glycerak A mixtyre 3-of aerolein;, sesulting hoth dromithereaction fosthe
oxidation of progo(ylene and from the reaction for the dehydratian of 5 .y,

EYaiatalel £ “ar. O v h
glycerol. and also the by-products resulting from these two reactions, Is

obtaired at the oatlstofthée tegibR COIBrisiiY thelCatalyst This Mixitird 3
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10 feeds the- secend reacter compriging-the catalyst 4 overwhicti the residual
acrolein is.oxidized, o %W?%C@é%%a%%é%g‘jxtw&%% 10.comprising,the-ts 15

acrylic acid produced, residual acrolein, the unreacted gases, water and

by-productsis - obtained. According to the process of the nvent.ion, it is 15

possible to obtain an increase in productive output of acrylic acid of the
order.of 50,200% in comparison. with.conventional progesses: Itds, it
possible to envisage employing another 20 endothermigdgggtion than

1othaPsitRe tehydratich bf 'glycerol i ofdet 16 efficieRtly Fecover the feat

of acrylic acid of the ordsr of 30 to 200% in compari

with convantional processes.

Iz 13 possiple to envisages enmploying another
20 endothermic reaction than that of the dehydration of
glycerol in order to efficisntly recover the neat of
reaction for the oxidation of propylene To glve
acrolein. In particular, the oxydshydration reactlon of
propane-1,3~dicl or the dehydration of propan-l-ol or
25 propan-2-ol are also advantagesous Iro some  angles,
more particularly 1f the bed of dehydration catalyst is
placed upstream cf the resactor for the oxidation of
oropylens  tTo  glive acroiein This i1s because the
denydration of propane-1,3-diocl can result In allyl
30 alconol which, in its turn, can be oxidized over the
catalyst for the oxidaticn of propylens to give
acrolein. Propan-l-ol or propan-2-ol can be dehydrated
to give propylens and can subseguently be oxidizad to
give acrolein over the oxidation catalyst
35
The following examples iliustrate the present invention
without, however, limiting the scope thereol
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reaction for the oxidation of propylene to give acrolein. In particular, the
oxydehydration reaction of propane-l,3-diol or the dehydration of

propan-l-ol or 25 propan-2-ol are also advantageous from some angles,
more particularly if the bed of dehydration catalyst is -laced upstream of

the reactar for the oxidation of. propylene,give acrolejn, This is because. ;.4
the dehydration of propane-!,3-diol can resulf in ally! 30 alcohol which, in
its tdrn” éar be Gxidized GVer the" BatdRystifor e SxidaliGi-6Fpropyieneto  *°
givetEaerolgifi. Propan:l-okarypropan-2:oican e debydrated to give HP&S
propylengand can subsequently-heoxidized: give acroleinzever theje- oot o
oxidation catalyst. 35 The following examples illustrate the, present
Tnvention witiout, fowever? fimiting the stope ther8of. in'the examples
one prédicts formed, acrolein and acrylic acid, are analyzed by
chromatography on an EC-1000 capillary column fitted to an HP6980
chroﬂ%gggnqphgequipped with an 610 detector. 5 Quantitative analysis is
carried-out withran external standard. Example Use is made of a reactor
configiffatioh iMfiwhiEh the 0 giyééroPis cofed with tie-gas midurg=~<n the

> tomptiging:thé propylenésfrony the:top dewnward-and whichccompriseisig the
threg beds of gatalyst, The Pyrex reactor is-equipped. with a sintered, . - : 5o 5
glass in order to retain! the catalyst. 15 A weight of 5 g of catalyst for the
oxidatiof Bf Acrblein to give achyiic acid With theSréference AESa® (fromf ~PPed
NippontShekubai); reducer tosa powderitea particlesizenof 180 t@ 160vst
microns and diluted with 5 ml of silicon carbide with a particle size of 20

- 0125 mim, s first of ll charged. Subsequenty, 9.m__ of slcon carpide -
witha particle size of 0.5 nim are !

acrolein to give acrylic acid with the reference ACS4
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{from Nippon Shokubal), reduced to a powder 1n
particle size of 100 te 160 microns and diluted with
5 mi of silicon carbide with & particle size of
20 0.125 mm, is first of all charged. Subssguently, 9 mi
of silicen carbide with a particle size of 0.5 mm are
charged Subseguently, 6.498 g of catalyst for <ths
oxidaticn of propylens to give acrolsin with ths
reference ACF4  (from Nippon Snokubai), diluted with
25 7 ml of silicon carbide with a particle size of
0.125 mm, are charged. Subseguently, diffsrent beds cof
silicon carbide are charged, sc¢ as to separats the
catalyst for the oxidation of propylens from  ths
denydration catalyst and to indspendently control thelr
30 temperature: 2 ml with a particle size of 0.12% mm,
then 7 ml with a particls size of 0.5 mm and again 2 ml
with a particle size of 0.125 mm, and finally I ml with
a particle size of 0.06Z mm. Subssguently, 1.537 g of
dehydration catalyst With the referance 21044
35 {tungstated zirconia from Dailchi Kigsnso KK), diluted
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charged. Subsequently, 6.498 g of catalyst for the oxidation of propylene
to give acrolein with the reference ACF4 (from Nippon Shokubai), diluted
with 25 7 ml of silicon carbide with a particle size or 0.125mm, are

charged. Subsequently, different beds of silicon carbide are charged, so

as Locs%quaecthﬁ ; catalyst for the xdation.of propylene ropithe: s:ze of

dehydration catalyst and to independently contral tb%ir 30 temperature: 2

ml WithZ particle’size of B£25°mm,"then 7 mi with‘a pAfticle size of 0.5

m and again 2 ml with a particle size of 0.125 mm, and finally 1 ml with

a particle size.of 0.062 mm, Subsequentiy, 1.537-¢ 0f dehydrationes: par:.
_ catalyst with the reference 21044 35 )tungstated zirconia J@mCQQQQQ,S L oare
> KigehSo KRy diftted Wiita rilof Silicon carbide with @ partic-e size of

0.0629wms are tharged: Finally L thé resictoris made Gpr15 6f heightwithEP ="

silicon Garbide with a pate, clgSize=+0.225 mp¥ (2 ml) ane::5 mmythen the

1.19 mm. The reactor is subsequently cannected-to the ~-as tpart, 3 The, ...

temperatures of the tRFe”e”IéJyéfé“ofacrg“t‘aligj’: a%%?naeﬁéﬁdeﬁtjy regdlalt;l(;d =

at 305C tortheawe upper |ayferd d6rthe ‘de ydrafion glyterd‘ard thet = -

: g oxidation of propylene and at 280"- for the lower layer for the oxidation of
acrglein givge%c£¥rﬁ]:racidi The reagtor is fed with a gas mixture of .+ r = of
propylene/oxygen/helium-krypton/water-glycerol with hourly molar flow .
rates @Xpresse A mirdromoles Fer histn Of 36080755 584/288" witn
393watery53+48% 115 flycerok 4509, Thedrelmaskrypton gas Mikiupa =3 DPer
comprises 4.92%:of krypten,which acts;ay internab sfandasd: The 4s9 -
water-glycerol mixture comprises 30% by . weight of g:__Xcerorii; These ire

L5 cond 16T PepreSent & total Mbtar flothratédf ¢3Eompounds (Sropyléne :

glycerolprisas 4.92% of krypton, which acts as Lnternai

standard. The water—-glycerol mixture comprises 30%

el

waight of glycerol. These conditlons reprasent

a
. - .
i = =0 1 o i ST Lo e e
molar flow rate of C; compounds (propylene + glyceroi]

he efflusnts are accumulated in the trap for a time oI

h
80 minutes. The noncondensable gasass are anaiyzed
*

hroughout the duration of the assessment. The amount

h
30 of acrolein produced is 503 micromel/h and the amount

O
th
§u

crylic acid is 26 103 micremol/h.
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35 is replaced with pure water. The molar flow rates of
the  reactants are “hen propylena/oxygen/helium-
krypton/water~glycerol: 30 08%/55 584/288 393/water

(micromol/h.
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20 of 34 598 micromol/h. The effluen are collected at t',-_e out let off ".he
reactor via a cold trap comprising _ce and the acrolein and the acrylic
acid produced are quantitatively 25 detegmined by chromatographic
analysis. The effluents are accumulated in t_he trap for a time of 90
minutes. The noncondensable gases are analyzed throughout the
duration of the assessment. The amount 30 of acroleiproduced is 503
micromoffh ahdthe anfotint “ofaetyliccadiel is-26 103 niiefomdifs. Example ©%
2 (coinparative): Exampte:_ is:repeatet hatthe-aQUWe3us glyeerol sehtionz =
35 isreplaged. with.pure water, The mojar flow rates of Jthe reactants ajg .., .
the.,. _ﬁprggylene/p%_vger.r(]_ neiim ;Krygqtgq/wqter-gly'cgrgl: 30 1’089/55 58
°12 83937 AURrEY 76 BE6 TGRBrokT0 (hitfoRbtPH-The Cflughfs dre= amount
accamuiatedlinthe trap forsa ¥itne of 78iminutes. The nonccndensable
gases are analyzed t'hrougho'ut the duration of the assessment. The
amaunt 5 of acrolein produced is 457 micromol/h and the amount of
acry‘lm‘éégﬁ’QS 257 micromol/h. Example 3 (comparative;: Example 2 is
repé&tibidt while repfacing e 216G dehydration catalyst withslliconny  the
1Ccarhidey Thetsame feed £opditions:are used, Theeffluentsiare. The same
accggggatggrj? the trap for.a time of 75 minutes. The noncondensable
gases are analyzed 15 throughout the duration of the assessment. The
amount of acrolein produced is 521 micromoi/h and the amount of acrylic
acidlis=23 36 3umicromelfte Example 4z 26-.Usenis thade: et:a réactoe time of
configuralipn comprising, three, heds-of catalystwith.a feed ot the 9as, 11,24
Wm|xt‘+LMgﬂ1(:1_or11!1 Wrﬁygnggﬁ[\opglgngf_fgorp the;o;_ydgwnvﬂyggdﬂan% an
15 Chroughout The duratlon of tThe assesssment. The amount
of acrolein produced is 521 micromeol/h and the amount

o

(1]

i
acrylic acid is Z3 33 micromol/h.
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240 Use is made ©f a reactor configuration comprising thres
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beds of cataiyst with a fsed of ths gas mixburs
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cm Nippon Shokubail), raduced to a powdsr in
o

crarged. Subsequently, a weight of 1,578 g of catalyst

35 for the dehydration of glycerol with the referancs
21044 Tungstated zirconia from Dialchi Kigsnso KE),
diluted with 4 ml of silicons carbide with a particle



intermediate feed for the glycerol solution. The Pyrex reactor is equipped
with a sintered glass for retaining 25 the catalyst. A weight of 5 g of
catalyst for the oxidation of acrolein to yive acrylic acid with the reference
ACS4 (from Nippon Shokubai), reduced to a powder in a 30 particle size
of 100 160 microns and diluted with 5 m__ of silicon carbide with a particle
size of 0.125 mm, is first of all charged. Subsequently, 9 ml of silicon_
carbide With*a'parficle Sizé of 05 mm-are ch‘éf’ged.‘%/d ysequently, a |
weigtt 0f 25578 grof eatalyst 354erthe dehydratior ot giycerslWithtRe 2L vt
reference-21044. tungstated zircenia from B alchh Kigense KK Lz dilutect to
with 4 ml of silicone carbide with a particle size of 3.062 TSP., is ¢harged, .
> SubS&qaently’ diffefent beds of silié%ﬁ %@rb%émfré‘gk%rrgéd, s“éﬁas tgg 2"
separate fhedetyirationndaalyse Frond the ctalystior thetoxidation of & ©-
propylene-and te:5 indepepdenty contto} theirtemperatuse, anddo makeoad

pO%S%b'%f%eaifgsCy?“ of an aqueoys solutign.of glycerol of hydrated 125 o,
glycerol betwe )

Cé etween the two beds of catalyst: 4 ml with a particle size of
0.125%fm] then 7-riwith BgarticieSize-6F0.8 it -and Ayain 2 AP0 With ™~
10 a patticle size=of 0i125mm.Subseqlenthh 61878 ¢ ofcatalystfoy thet - 578 o
oxidation of propylene to.give, acrgleinwith the referepee ACRAHront,  givs
Nippon Shokubai), diluted with 7 ml of silicon carbide.with a, particle size
of 0:$55 i, are ¥harged. Fially, the 15 Te4ctor is:lgm“ade up to height =~
witl silicon carbidel with zepartiélersize 6fi0. T25 mim- (Zafl) aitr®54mni/ - t0 2
thep.1.19.-mm. The seagtor is subseguently eennestedpaithetest=20y, che
, - plant. The temperatures of the_layers of catalyst are_ independently, ; i ;i +n

]
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i) SROr L=) O 2107 : 1 L L0
reghfsted at 260¢C oithe 16wer Tayers ) “
a particle size of 0.125 mm {2 ml} and 0.% mm, then
1.19 mm.
The reactor is subseguently connectad te the test

upper Layer for the oxidaticon of propylens to Jive
25 acrolein
The reacior is fad with a gas mixture o

propylene/oxygen/helium-krypton/water at 1ts Top part
WL

th hourly molar flow rates [expresssd 1In MICromo.es

30 per hour) of 30 089/55 584/288 393/76 66o6. Tne he iume
wrypton gas mixturs comprises 4.92% of krypton, which
acts as intsrnal standard 4 water~glycercl mixture
comprising 80% by wsight of glycercl is fed betwsen the
layer of catalyst for the oxidation of propylene ana

35 the dehydration catalyst, witn & glycerol/water Iflow
rate of 4530/5794 imicromol/h) Thesa congdltions
represent a total molar flow rate of C; compounds



for the dehydration of glycerol and for the oxidation of acrolein to give

acrylic acid and at 305C for the upper layer for the oxidation of propylene

to give 25 acrolein. The reactor is fed with a gas mixture of

propylene/oxygen/helium-krypton/water at its top part with hourly molar

flow rates (expressed in micromoles 30 per hour) of 30 089/55 584/288
393/76 666. The helium- krypton gas mixture comprises 4.92% of

' kryptdn, Which“&Ets%as miérnarstahdard® A water-glyerof mixtare °F  =0¢
comyrising 809 by weightof glyeerot isnfedibetweenthe layer-ofcatalyst ¢ : n
for the.pxidation: of propylepe and35-the dehydration catalyst, Withea = rmined
-glycerol/water flow T[ateﬂqflﬂ453ﬁ2/57_9_44 micromol/h). These conditions
“repreSent a totar iiblar flow rate of‘C3 ¢ompounds (propylene glycerol)

of. 34 619 micromol/h. 1Q The effluents are collected at the outlet of the
reagtpe viasr coldrtirap eempHsingHee and the acrolein tang agrylic acith me of
produced, gre quant at,¢,y defermined.s by chromatographic apalysis.- . , .4
The effluents are accumulated in the trap for a time of 84 minutes. The i
nontbRderisabié gaseés dteahalyzed throtigRout IRE dafation-of the amount
1 JassessmentoThe mmountl 10 of acreleihiproducedis: 388 micramolik andiount

the amount ,ofiactylic acid is 26 360:migremol/h, The residuak propylene ;- |
is 2613 micromol/h. Example 5: 15 Example 4 is repeated but using a.

959% by Wveight glytefdl solition-(dratéd glycerol). The hourly molar flow
rates (in micromoles per hour) of the constituents of the mixture are as
follows: 20 prepylene/oxygen/helium.-"krypton/water 30 089/55 584/ 288

1 m393% 76,666 for the top feed and g!}/ce%qjl/gvat%rs §§%0/2§059fg% th%y

“intermadiate feed. Thesé conditions welgnt
glycercl soclution {(hydrated glycerol).
The hourly molar f£low rates (in micromoles pay hour) of
the constituents of the mixture ars as  follows
20  propylene/oxygen/helium-kryeoton/water 30 08%/53 584/
288 393/76 666 for the topr fszed and glycerol/water
8220/2205 for. the intermediate fsed. These conditions
represent a total mnmolar fliow rate of U3 compounds
(propylens + glycerol) of 38 309 micromol/h.
25
The effiusnts are accumulated in the trap for a time of
81 minutes The noncondensable gases are  analyzed
Throughout the duration of the assessment. The amcunt
of acrolein preduced is €33 micromol/h and the amount
30 of acryllc acid is 29 898 micromol/h The residual
propylens is 2803 micromol/h
Txample ©
Example ¢ 1s respeated but using a 70% DDy welght
33 glycerol solution
The hourly molar flow rates {in micromoles per hour) of
the constitusnts of the mixturs arse 2s Ifcliows:



represent a total molar flow rate of C3 compounds (propylene - glycerol)
of 38 309 micromol/h. 25 The effluents are accumulated in the trap for a
time of 81 minutes. The noncondensable;gases are analyzed throughout
the duration of the assessment. The amount of acrolein produced is 633
micromol/h and IQ%éﬂ%@@@j@%ﬂi&%&iﬁ 29 898 micromol/h. The
resfdual” propylene is 2803 micromol/h: Example 6: Example 4 is repeated
but Using’d 70% by Weight 38 YlycerdSolutibA Thethdurlymslar igw™ 279
rateslydnictomeles=per fivar) of the Tonstituents ofthedhixturesare asrssant
follgws; pezp. ~. & /oxyg:/neilum-{rvptoniVa-30 089155 584/288.393/06. o -

_66'6 for the too feed and giy eroli;r;ate 61350/13 923. These ccndi_ions
> repfesént t6tal niclar flow gteﬁfﬁ EOMpbURds :propy?er—e - 5 glycerol) of
36 439 micromol/'n. The effluents are accumu_ated in the trap f-- a Time
of #8 m.ilu4es. The noncondensabie gases;areanalyzed, throughoutithe ¢
duratéon the assessment. The amount 10 of acrolein %ogdy"ced s 612 . e
micromolft &nd The amotnt ot Aerfit aeitfis 28215 microm.6ifiy. The =+ ==~
residual piopyéne-iss2 702 paicropmol/k £20- WEE &S GISRIMED 1S P, anount
10proegss i@rrtch;e@%r@p@raa@ﬁ% acrylic l&@ﬁda cmy@r@mmfleneazéﬂ PEiSHg Buount
first stage of oxidation of the .5 pr to_give acrolein and,a second. . 1
stage 0 oaiﬁaé%(é'ﬁ thé acroleif fo giii)/éé Z%%Iig%ﬁd?lbﬁéfﬁcteriz*é*c?in th%qt“dua*
compiises s §8ge bf dehydiatiohBtglyCerol in the presence of a gas
comprising propylene. iJ
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2. The process as claimed in claim 1, characterized in that the gas
comprising propylene is the reacti= gas resulting from the stage of
oxidation of the propylene to give acrolem 15 3. The process as claimed
in claim 1 or 2, characterized in that h'e dehydratlon reaction is carried
Out in the gas phase in the presence a catal st 4. The process as
claimed in any one of the pre c i
molecular oxygen is added for the stage of dehydration of the glycerol. 25

5. The process as.claimed.in a v one of the-preceding: Claims, ; - 5014 from

characterlzed in that t' re ggcerol is |njected in the liquid form in the gas. _, _
form? 6°THe Processds claimed &nyorie of thé précetiing’ Bodiams, °F ©F
tharacteryzehin that use is’mades pure glyceroior glycerotimthe formcse ©oF

a congentratedor dilate agueous solution, The process-as claimediin any- i ¢,
onet e precedlrng 35 clalms characterlzed in thatt Psx:l;datlon of tbeagﬂ

propylens’is carried out in fhe presence oF a thermaT ballast. °

dehydration of glycerol in the preasence of a gas

gas resulting from the stage of oxidati
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as claimed in any ons of the precedin
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i The process as claimed 1in any one of the preced
[ - — K | S . e =
) claims, characterized in tChat the ozxidation of
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