ACRCLEI N PREPARATI ON METHOD Technical field 5 The
present invention relates to a process for the
preparati on of acrolein frompropyl ene, conprising a
stage of dehydration of glycerol in the presence of a
propyl ene-conprising gas and nore particularly in the
presence of the reaction gas resulting fromthe stage
10 of oxidation gfpbhenprepyhaRe bR hyeomcr ol ein.
Prior art and technical problem The process for the
production of acrolein nost 15 conmonly used is.
basedrhienit hesgas- phase catal ytic oxidation reaction
of propyl'ene by at nospheric oxygen, such as
descri bed, for exanple, in the docunent Techni ques de
51 iMigenpewssnt r ingktbi@enireldessbristades [Tecttni s the
for, lhe Engineess Brpcess. Ergimeeidongldfs It eipsekingd a
6 I00°1-4. The acrolein thus obta;ned ¢an either be .
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ph%%:%s%[nc?e used as. synthgtic J ntanRdigl & ACTHeLidtage
isfin partficular a ﬁey i nternediate in the 25
10syrithesiigabtonedhi o MECPY L&At het PEVam TP &did used
as ani mal food suppl enent which has energed as a
substitute for fishnmeal .. Acrolein also has numerous
S oarr andoREER “Og&Shderivatives whi ch can
be synthesized on the actual site of production of
the,30 agroleisn, dfhus chibm pipguthesst oppgeaandiein most
transportation of this toxic chen cal [pgygg. Ina..
15cerdoaiMe RtnbEFS8f taséeSSit Ry be® adPantA§esus “to berie
abl@ildatiiner easettibe acr pkepplpredugt kOnosppaciti esygen,

35 of existing unibs, -2z, S%QQ#FEéaPkiHQ Phe document
catéiy iccrackin QF petrol eum |agilqns, has the |
di sEdvanicage oinghﬁﬁg%%ﬁﬁﬁg t Brehes | feré8sei$h PhRecedes
areﬁﬁﬁ%&%@u@EfeQbmla&h% r@&@ﬁhe@&,ithbgssél @higgheering
Furthernore, pr ne_resourc .5 beg ned car
2qirﬁ%ﬁﬁilsﬁﬁ'tﬁugpéggegré‘pgﬁfi§§F§?¥Vna6§%%?§5%%h%e%o an
be affirert dd noreagerehedprodactive louBp§Woob -a8f 0PEPFESS

whi ¢ reduci ng, dependencs of-2,fosshtid eseshCeropylene in

the gas phase or be used as synthetic intermediate.

Acrolein is in particular a key intermediate in the
25 synthesis of methionine, a synthetic amino acid used as
. animal food supplement which has emergsd as a
substitute for fishmeal. Acrolein also has numerous
other applications in preparing derivatives which can
be synthesized on the actual site of production of the
30 acrolein, thus limiting the storage'and transportatiocn

cf this toxic chemical product.
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certain number of cases, it may be advantageous o

be able to increase the acrolein production capacities
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" existing units.

The production of acrolein i1s highly dependent on the

1, propylens. Propylene, obtainad by
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starting mater:
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10 It has been known for a long tinme that glycerol

can contribute to the production of acrolein.

A ycerol results fromthe methanol ysis of vegetable

oils, at the sane tinme as the nethyl esters, which

are therrsel ves 15 enployed in particular as fuels in

diesel oil and heating oil. TFhizs-is a natural product

which enjoys a "green" aura, is available in | ar ge

amoufAteand emrbest gried Cétnéltﬁ*aﬁspeﬁi@@lm t Mut petroleum

di ffk@gttyopd\lunzea@us ét&lﬂéﬁ;&fﬁﬁc@e\é&t edr@igLYiRNg 8d the

econom c_ vaI ue t%h % %cerol according to its_ degree .

of paffty:®antt he®dEnRyararidhn Of' %‘cheéi'?)latoef;‘rve o s

acroffegsnil s woneicf. tﬁerm@tlecsréenwps‘&ge@lene resfthegces wnay

r§achbednd nvglmed; in produci ng acrol ein from 25

glycerol 1s: CH2OH CHCH CH2OH "... CR2=CH CHO - 2H20

General ly; the hydration reaction is pronoted at | ow

t enpéet at ik €Sapmak 4 hes ddhydrat voadreacdideis $¢ be able to

prorn;)Lsag_;Ssoe atzhi gh ngﬁ),erac;murecaltau order Lta.ebtain,

acrol ein, i s thuS necessary to enp

satﬁ?éé‘f@?@ destelcacar en. @ afeFdkt Jesﬁalf:tcleal vacuum

Lm order to di spl ace the reaction. The reaction can

be carried out in, the ?wd phase or_in_ihe g S
b

phase" ThArs 1Vpe rI“O"‘Féat foft i€°55 kHiBwn-td"
cat aFgzedibstacitds. tVari pusdptogesses forrehein. Glycerol

synt hesi 8 Of a6k oliRl AfhAPbaALYeer 9F AL AW ih8d, at the

same time as the methyl esters, which ara themsslves

cerol can

1

15  emploved in particuiar as fuels in diessl c¢il and
heating oil. This 1is a natural product which enjoys a
“green” aurza, 1is available in a large amount and can bs
storad and transported without difficulty. Numercus
studies are devotad to giving an economic wvalue to

20 giygerol according to its degres of purity, and the

dehydration of glycerol to give acrolein is one of the

routes envisaged.

The reaction involved in producing acrolein Irom
25 glycerol i

H3O0H-CHOKE-CH0H « CHp=CH-CHO - 2HC

Generally, th2 hydration reaction is promoted at low
temperatures and the dshydration reaction is promoted
30  at high temperatures. In order tc obtain acrolein, it
is thus necessary to employ a satisfactory temperaturs
and/or a partiazl vacuum in order to displace the
reaction. The reaction can be carried out in the liqguid

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

ad
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known tTo bes cat lyzed by acids. Various pfo: sses for
ac

pricr ari; mention may in particular bz made of

the documents FR €959%31, US 2 558 520, WO 39/05085 and



3 US 5 387 720. It has now been found that the
reaction for the dehydration of glycerol to give
acroiein can be carried out in the presence of a
propyl ene-conprising gas. It is thus advantageous to
i ntroduce glycerol into the process for the gas-phase
catal ytic oxidation of propylene, which nakes it

us possirbhepto use a renewable starting nmaterial while
increasing t he production of acrolein. Such a process
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1Sus aln e develo MTEr y
ff?% Ent %n acrolein talne partially from a

renewable starting materlal, such as the glycerol
originating from vegetable oil, the CO; emissions no longer
entirely participate in the balance of the process as they
offset the carbon dioxide gas used by the biomass for its
growth; there is thus a limitation on the increase in the
greenhouse effect. Such a process then corresponds to the
criteria associated with the new concept of “green
chemistry” in the more general context of sustainable
development.

Summary of the invention

In a first aspect, there is provided a process for the
preparation of acrolein by oxidation of propvlene,
characterized in that it comprises a stage of dehydration
of glycerol in the presence of a propylene-comprising gas.

Disclosed herein 1is a process for the preparation of
acrolein by oxidation of propylene comprising a stage of
dehydraticn of glycercl in the presence of .a propylene-
comprising gas. The dehydration reaction of glycercl can be
carried out in the presence of the gas mixture which feeds
the reactor 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



In a first aspect, there is provided a process for
the preparation of acrolein by oxidation of
propyl ene, characterized in that it conprises a stage
of dehydration of glycerol in the presence of a
propyl ene-conprising gas. D sclosed hereinis a
process for the preparation’ of acrol ein by oxidation
Coﬁgrjy(H%Mﬁﬂyédﬁyﬂﬁﬂo&bﬁgna stage of dehydration of
glycerol in the presence of .a propyl ene-conpri sing
gas. The dehydration reactlon of glycerol can be
Acoardired oub it hprpfeseade GRLOWET§RS ni xEif e WhPER ©OF
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nerally - ose ropylene, steam_ an ine

of ghle \Wla@ﬁlé’é}ngﬁé nlﬁsr‘bjg}}e)]ﬁ‘@g Eé? oFi and ol & ecfnlCgf%ld‘_’ltlorL
fokhgerpﬁpy&l@as téd cpnp i acnglﬁmhecmhars oxgayeplon gas is
ger'g‘eglf,' %tl é}ﬁnpé)?s @r erg?rredm%gtigﬁi' et e shaggceba gases

cerol is carried_out in the th
(unpr @verce: bf pﬁfl@@yﬁ@a@t | GGG edBi LAY r d?ﬁetsr?éltst age the
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reactlon as |s ener al | osed of xt
Prefectinr 85Et & Oﬁiﬁ%%%@%$ 24 pr 6py e%L %ﬁgr C acid,
acét&&ié&i&eﬂk&&&ﬁenrmuﬂul;mummﬂu@@@ i nert gas, steam
oxygen, CO 002), of acrolein produced and of various
byproducts, such as acrylic acid, acetic, aci

and
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g19§r%é§6f sghis is because, in the reaction for the

oxi dation of propylene to give acrolein, the reaction
gases exit fromthe reaction region at a high

Thi €Mpesf atdyesthe feacthon dfearcttilbe ofpdattilon okidation of

prg g Ill??g 8??(% ng, exot her %C (ﬁhte I scnecessakste Galt from

ns gases In order to recover the
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acrylic acid as the reactlon for the oxidation of the
acrolein to give acrylic acid takes place at a lower
Atemperature than the reaction for the oxidation of the
propylene to give acrolein. Furthermore, the acrolein can.
self ignite at high temperatures, resulting in losses in

yields.

This cocling is generally obtained by virtue of a heat



exchanger placed downstream of the catal ytic region.

The sane effect can, in all or part, be obtained by

virtue of the use of an endotherm c reaction, such as

t he dehydration of glycerol. As disclosed herein, the

dehydration reaction of gl%/cer ol exhibits the

advantage of resulting in the sane main reaction

product (acrolein) as the reaction for the oxidation
excBhnBLOPY 18Red Tdben 4 trtisant esdl tihd Pcan?%mtieag@gii@%heﬁe

producti ve out put acro pehlihekemd Ywirtue of
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be incorperated dichecthyckBst he axtdabson meaeior or

can be carried out in a reactor placed i mediately

upstream or downstream of the reactor for the
De oxi bt iaoreaoin tt o€ hepiaRBL1RE t he 5 dehydration

reaction is slightly endothermc, it is not necessary

Int %hga:fla?:o%eggl tigt ubul ak bed-fof, t Bhs keagki it dehydration
onventl ona

C al” fixed bed may b
of cohY FYTF bt + DL iU Es nshighe gé%os?b%ganss %I’alh%) &223226
ofmadubeslexhi & tat hempevart g e 319 e ng- bl £°1 0” be” '

pr@?éf&yly between 250°C and 350°C, and a pressure between
1 and 5 bar. '

The stage of dehydration of glycercl can be carried out
upstream of the reaction for the catalytic oxidation of the
propylene in the presence of the feed gas comprising t?e
propylene or downstream of the reaction for the catalytic
oxidation of the propylene in the presence of the gas

mixture resulting from this



10 charged and di scharged when the catal yst is
I deactivated. The catalySts. _which are suitable are
honogeneous or multi phase materials which are -
insoluble in the 15 reaction medi um and whi ch have a
Hanmmett acidity, recorded as Ho, of less than +2. As
indicated in patent US 5 387-730-which refers to the
article by K. Tanabe et al. in "Studies in Surface
Sci emeecahdn Cat®d ysias!', bWol inbtyrpdf8%d chdpeactlandi?, the
the EIQQHEEEO@CEQéEQ/ -_‘lsogocgﬁt &M LXK ._igﬁ PUNE 1 3 reactor
titration usSing indicators or by adsorption of a base
in tRé2gad phEselidtid Yeat®IsysesNcoPEesPONEFREED tdle the
Criteshonodf o achdli byigicless dihame2pgapybenehosen cthe
f%omdng L ceous mat eﬁr,_iialrs{gnawrg% or. Synthetic) dr . .
ati d Ze‘%ﬁ?e‘sf“ih“&“gaﬁl‘c? sﬁﬁp%‘r’-%%' TEOSUCH"asr e LS Rt
oxi des¢eedveyr e idds mongLtidikbular ibedorfopoltaci degction.
i nor gani6vaat dsna OXkdesSq ObH1 XR¢ 6 d8S;:Bfie, and also a
het eLoggl%aglhqs. Advant ageousrl%, the catalysts_are .
chdsER™ T + B Zedl t'ds MOSORES | GhO%EonPosPRES’ ( bas@d™ofites
sul feritbaci dief khuenvagpolymers)lingchiintd natcedoe =asily
L uni.pas,. ehosphot u t.LG. lor,silicaqtungstic.acids
gdndn%é?agécgl ts "“andQ%EFF%UQQQm 2 be s ty%g Piihea o
of nﬁ?%?tjo%*%ﬁéfs, such as tantal um oxi de Ta205, _
ni obi um oxi de Nb, 05, alum na Al 203, titanium 35 oxide
Ti O, zirconi,a Zr07,, tin oxide $n02, silica SiQ_ar .
si i Coal m%“ﬁ&é’é%éi doFA"20% % | ﬁﬁ‘ré@gﬁa od i LhOlgegRous o
f unchibnbbhageoupsstsilich sas Wordt e B03, buwdlatds204n the
15 reaction medivm and which have a Hammett acidity,
recorded as H;, of less than +2. As indicated in patent

US 5 387 720, which refers to the article by K. Tanabe

=

1. in “Studies in Surface Science and Catalysis”,

et

fAT]

Vol. 51, 1989, chap. 1 and 2, ths Hammett acidity is
20 determined by amine tiftration using indicators or by
adscrption of a base in ths gas phase. The catalysts
corresponding to the criterion cof Hy acidity of less
than +2 can be chossn from siliceous materials {natural
or Syntheiic) or acid =zeolites; inorganic. supports,
25 such as oxides, covered with mono-, di-, *tri- or

poclvacidic inorganic acids; oxides or mixed oxides; or

hetercpolyacids.

Advantagscusly, the catalysts are chosen from zeclites,
30 Nafion® composites {basad on sulfonic acid of fluoro-
polymers), chlorinated aluminas, phosphcotungstic and/or
silicotungstic acids and acid salts, and various soiids
cf the type formed of metal oxides, such as tantalum-
oxide Tay0s5, niobium oxide Nb:;O:, ailumina Al,;05, titanium
35 oxide Ti0:, irconia ZrOp, tin oxide 8Sn0;, silica Si0;
or silicoaluminate S1i0;/B1:0;, impregnated w
functicnal groups, such as borate BO;, sulfate 50,

tungstate W03, phosphate PO, silicate 510 or molvbdate



tungstate W3, phosphate 201/4 silicate Si02 or

nol ybdate - 7 - Md03 acid- functional groups. Accordi ng

to the literature data, these catal ysts always have a
Hammett acidity Ho of Iess than +2. 5 The preferred
catalysts are sulfated ziroonies, phosphated

zirconi as, tungstated zircomids” silica zirconias,
'sulfatedtltanlumor ti n_oxides, or phos hted o
al ulPRas 8F1i4i | i CHStirgathes8 RaPS ystS AP have B he
Hamyett r acheH tc}é:l’ab Cli dﬁScatlh&ry’“&% e vac indivey aHelammett
can _then. v§nry to, a,t;;{];x Xy ent, down to val ues which
can®Faath 72285 n°the Te erence scale with Hanmett

i ndi cators. The- tabl e given on page 71 of the

QubIThgat I N AR -agi d/é&s-ﬁylg,&scat akysi $su(i€a:Marciddntonias,
Vol L in Eﬁltl ons Technip_. BEN No, 2-.7108-0841-2)... .
il E@PFB’P%S xahpf €8* *U;fs’sol § ‘%D H55t LI THES i
aci dllty"ll‘ﬂ’i@e Fheigtyter ol tiesiused qpur et or th»ﬁ@S: or
form.of 2. 20; cangenatratedsof sdikute aqueous sol ution.
Advant a eous y, use may be nade of an aqueous

gl ycerol solution with a concentration ranging from
130%rhesd 00% byy v&d ghLl hﬂvéha enthodicnentcigfi tiyheéls of less
i nvent.ion er Dthes c dr.atj.o I ceral

is ggrrl eoéNh %25 ups ; gf g E:gatt P%aﬂ% Jo y Harsge
cat akyent, oxicyat i oh Oﬁﬂjfllﬁfé pW@fa?IPerﬁ?@n u§‘€=:<51ﬁ="r%1y"l@éﬁK rra%!e the
of anragusous glayeer gk +sol whisst priefarakbyswi thha table
concentration rangi E&)from 0%t 0 ,5Q% by  wei ght o] o N

par ELEERar?y fpla(gﬁl 139 t 830% by I gHt. ‘"?h s
1goneentiation (MistMamati 1Be)t 00/dli ghli ni80 Rytideironso Technip

avol gg %iqdﬁore?ﬂwﬂ%b@u%h as; he ch QL BBt bQfndfes of solid
glycero efhers or reactions between the acrol ein

pr o§acadyary tth&gisy A6 LYFGPPEBr nore, the gl ycerol
solution rmust not he too dilute due to the energy
cost, resutln framthe an ti of .the.aqueous -
gl yé&Fol S3E°E 51 ut i'on. Jcra%bo ?rren F ? =@
2Dnve:nﬁp®mvmreﬂr0b theDgt age @#Ldeﬁydr atdA BYe s gI ycepprtion.

i's @@%k@&la%a 1) the Qf@ﬁezaéem@&atbg aeagt;L@@ugag ycerol

resultl ng m.the st age ogaom at i onln fhe 165 o 1008
pr oSyHER D"t‘“owb‘rl?/e atPoretht 2 bsd nay 9 % *
by weight. In the nmbod1m61f of the invention where the

stage of dehydration of glycerol 1is <carried out
2% upstrsam of the reaction for the catalytic ozridation of
the propylene, use may be made of an aqaeous glycersl
zplution, prefer b‘:y with a concentration rang_u.;- from
10% to 50% by weight, more particularly from 153% to 30%
by weight. The concentration must not be toc high in
30 ordser o avoid side reactions, such as the formation of
glycerol ethers or reactions between the acrolein
produced and the glycerol. Furthermore, the glycerol
solution must not be Toc dilute dus to the sner
resulting from the evaporation of ths agueous glycercl
35 solution. In the embodiment of the invention whers the
stage of dehydration of glycerol is carried out in the
presence of the reaction gas resulting from the stage

of oxidation of the propylens {o give acrolein, use may



be made of pure glycerol or of a concentrated aqueous

gl ycerol solution, said reaction gas conprising

steam Preferably, the concentration of the aqueous

gl ycerol solution ranges from50%to 100% 5 The

gl ycerol can be injected in the liquid formor in the
.gas form Injection in |liquid gorm makes it possible

to benefit fromthe |atent heat of vaporization of

t he gleyeanel pit husramakivig bt passible ddhdantecaokdt bgueous
- gas resu tij m t he:. upstream stage of oxidatigp,
of ¢ HaYEot| e {O | P BRI ARR BN g QBean.
cat alffsteedbe phrecegagebiyrat et of Fher 2aapPes| ghgcerol
over sehi:ehot hesrgjacerel 583 vaporgaed. It can be

igj ected in the gas format a | ower tenperature than

15 that of the gases exiting fromthe oxidation

regi Ghe whirchrodakesni bepéssebtedt onf thehéigihtréage.oxr in
the -ehtect of €£00lingdhese-gases. Fumther myg LBRes
glycerol .can be injected under pressure, .so that the
reduPPdmPi$h préssuPe™®fthe '§a8 nmak¥s poé&fbre &2t ©
furt kepo20zadnrsunpt i oheofsiheatol Thehdshydkatdoht possible
163CtL08001 Hhe ghycerobsis: Gaf rdafh QU Ihthgan stage of
presence of nol ecul ar oxygen, ich occurs in the ga%
m xt GEéCR e ng@fhe ThEactiCHGL Ehe o%i datibh 252%F,  th
the peapyltene-Orcidthihie aas MeXidi@=Hegubli AgLEHOBE inert
the stage of oxidation of the propylene. The . . ..

ol eBGr ar oYXy gen caf be’ prasent G the of OFR6F “&F r of
in the fojetofd admgdaharioasufersonpr i sivge nol epgracure than
OXYJ@Rat+ ASGORGING L Q. ONex eodi FBBL efot hg:lBYeRL i @Bgion,
it is possi bl e to 30 add an argd;tl_?qnaj 1,anpunt"of, e
mol e¥BFaF BX§Ent br POFS K Gast Tonpr i &g HoIS8cE! R Sffect
oxygeh ftorlihe shage afasdehyduatihemmotst hehgl gyterotol can
The ynt. .of _ exygen i 1asen sqas.f o be outside ;. 4
t he ?Egm‘féﬁﬂ']’?y d%?ﬁgespétcémalj%“bo%rﬁ s“%%t_ﬁ}é” prgﬁ‘?. ron an
The PEBS®Hte oPloxyffeh nfReés I5KSE pRIIHiE St 0 3 i ntprther
tbe deastihpyatdronofhdste dehydration catal yst by

coki ng. Furthernore, the addition of oxygen inproves

the reaction yield for numerous catalytic systens. -

9 - The dexctignidrorrdactinncatarpei gloxedat iion corrihg out

in the presence of meclecular oxygen, which occurs in

I T

)
m

ca

IS

the gas mixture feeding the reactor for the oxidaticn
25 of the propylene or in the gas mixture resulting from
the stage of oxidation cf the propylens. The mclecular
oXygen can be present in the form ¢f air or in the form
of a gas mixture comprising molecular oxygen. According
to one smbodinment of the inventiocon, it 1is possible to
30 add an additional amount of molecular oxygen or of a
gas comprising mole#uiar oxygen fcr the stage of

dehydration of the giycerol. The amount of oxygen i

0]

¢t

chosen so as to be outside the flammabllity range a

all points of the pilzant. The presence of oxygen maks

ol

e
@

to limit the daactivation of
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dehydration catalyst Dby ccoking.

Fd
addition of oxygen improves the reaction yield

Fho ¢t
L O T
31

numerous catalytic systems.



propyl ene- to give acrolein is carried out according

to conditions known to a person skilled in the art by

5 passing a gas mixture, which can conprise

propyl ene, steam an inert gas, which can be nitrogen

Or argon, and nol ecul ar oxygen or a gas conpri sing

nmol ecul ar oxygen, over a cat-al%st for the oxidation

of the propyl ene. The oxidation reactor is generally

a fixed 10 bed multitubul ar reactor. The oxidation

reaghar can-alse beoa plate exehapgesr Wiiyaimpdulodr che

arrangenent of the(cata%gitq such_as_descr i bed ig;éﬂ%e fo

doc BFERYSSEP 9059491, 2EX 15937780770+ {5 U BCCOrEin

200260020851s khokn tte easeewmher eskheledt abytiiee art by

xi datiep of, t PLOpYlLene L3, :Carrig pi 4k d ene,

greggﬁggggf“a‘ er%ﬁ$¥%5€ﬂag?i sucﬁsgs&%g%6$ﬁb2%%0%%ﬁ_

exafprar | a0t Hesgocient EP-993°284 8 M AMICER“maKe A X IO

possinbl end he-ise obxagbhgher pr opykenefdoovisiate, mdhwecular

gas mxture resultin ,{Lrom the rgacti A3, of the

hi gh&¥ §peci Tic h@at%é%g‘gﬁé p%géeéggacggggn_oto t he

i nvembbphens. pAhei culdekyordvEIcageods IrHES l¥age fixed

1hor pdisschargingihe exegssoheatrd apspest esh byebBeor cas

reaction gases, 25 A preferred embodi nent of the . . .

i nvEAEPORECANRTRTS FHHEIHT pFoparte "BSTA&r £ AT FE Rt o=

r eplkacemenbiyst al $udr parded oriltdre imi tthegencohenhe EP 995

air.,othe.propane, oV i of /disbgght gher specific

heaf?{éaF?iésﬁggfgpﬁeatI%Bgﬁﬁgjﬁgggtgr? whi ch makes

it possible to nore easily 30 carry out the reaction

160r thherdehysiad | oiheafe t Raegl yaesdhtidhegastion of the

resulting fromthe dehydration stage 0 | SE€Sh a st

as r?ﬁloﬁygaﬁ?t FPuSRES S8t &8m pr o%lg%e?}%g%ho “eirgailr aE?ldT?h‘“mal

resicdliaksoxygench Af aer dbserpbren ofofhesxample, in  the
document EP 293 224 Al, which makes possible the use of

]

a higher propylene flow rate, the gas mixture rasulting
20 from the rsaction has a higher specific heat Cp. The
process according to the invention 1s particularly
advantageous in this case for discharging the excess

heat transported by the reaction gases.

25 B preferred embodiment of the invention consists in
using propane as inert gas as replacement in all or
part for the nitrogen of the air. The propane, Dby.
virtue of-its higher specific heat, carries more heat
to the reactor, which makes it possible to more easily

30 carry out the reaction for the dehydration of the
glycerol. The gas resulting from the dehydration stage
then cdmpriées, as main constituents, stezam, propane
acrolein and residual oxygen. After absorption of the
acreclein, the gases rich in propane can be recycled.

the gas is subiscted tc purification

W
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treatments in order to remove impurities which may be
harmful to the dehydration and oxidation reactions,

such as CO and/or CO,, and in order to 1limit the



acrolein, the gases rich in propane can be recycl ed.
Preferably, the gas is subjected to purification
treatments in order to renove inpurities which may be
harnful to the dehydrati on and oxi dation reactions,

such as CO and/or 002, and in order to limt the
concentration of these inpuritigs-in the recycle

| oop. In this case, it is particularly advantageous

to comircalnttrhe:ieancénthats ohwphrargen im ihee gasidep loop.
on acgount, .of its very lows 1.f1.C al, . ' }
be SC%hdel',m‘é’s é%%gf at %/%n Tecﬁﬁ%tl}gilg\%ha%chg%g%%e&e%g £
used &Ho@lohien WHFBRAART 6P @g £hgc el Bcthfegas loop on
oxi ﬂaiddmm?}; oC:':OtJIt% gzie\tgrhqgﬂu, aast ; liflig web?_.aMeﬁ@§on may be
washi_ng, wi otassjium hydroxi de, adsorption. =
{ Gchrittiies > mERBrARE: Sbpar At 1S esr Kryhents oo ased alone
separet iign.cor@iviethonef ef enbe tolfitguree dxidatign of CO to
conventi-onal, PLRGeS S gf O thhededat AR rehgPrARY & assiun
to give acrolein, a gas mxture 1 conprisin _ .
pr opy"}yéir?&m@?earﬁdsﬁ’ir%f:é@@n Grfd oi&e ul é"re“’t%?%élé*n §yparation
passed ictyeganihwl tégadmiiiamn.reactor 15 fromthe top
dgwnward over a catalyst 2 for the oxidation of
propyl ene. After cooling usi ngﬂa heat exchanger 8, a
m xt GHEN3 XEEMPENSENG Ot He Jiikedcet ed gastRNvVeHeional pr
acrol®imn preoducedtand byprodugisnd scobfiained:rdiiequi, da gas
coolants circulate in 6 and 7. S0 as 20 to majntain = _ .
the reaction termyeratar I YeaR e Dt iken 30009 &7
and 3R0€culhe hagpeexthanges=@ canc be phacedklikactigpctor
dewnstfgam Qf tHe, calRhybi-g Dderas: | Rakiqyte 1z Ofor the
can be installed_ follow,ng the oxidation reactor. 25 N
' acSordaAes i1 hBACPY L entidientoot Lihe rodess heat
accorehichgntiert he, | rventikonyei | Bustomgtreding the unreacted
di agramatically i | gure 2, LA at jgxch ehq8-¢ ~
downst :ég'gm of hl't“he %%%Ié“o cat gf%gt&%ﬁfo? ?he%nd/%i— gtﬁ_l on -
30 ofepeéppreneirsifepPatedd-¢i AlaFtlare i i par 8pcbyrasSc as -
gbage oof ndehydrat iR oegbycenol caiefatennrsi shschn can  be
passing a mxtiee 4, . coposed,of glycerolyindhee . o
f or m™of "a "vapori Zed aqueous ‘'sol uti on an of o§<ygen, - _
and atlacled samectivedasnstheeayaseodhi Mtaureradrtiing fadgmas in
the axig@ati AN or can be installed following the oxidation

SCess

resactor.
25 _
In accordance with a first embodiment of the process
according to the invention, iliustrated
diagrammatically in figure 2, the heat exchanger 8
downstream of the bed of catalyst 2 for the oxidation
30  of propylene is replaced {(in all or in pert) hy a stage

L
of dehydration of glycsrol which consists in passing a
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h
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mixture 4, composed of glycercl in
vaporized aquecus sciution and of oxygen, and at the
same time as the gas mixture exiting from ths oxidation
35 region, over a catalyst 5 for the dehydration of
glycerol. A mixture of acrolein, resulting both from
the reaction for the oxidation of propyvlene and from

the reaction Ifor the dehydration of glycesrol, and z2lso



35 region, over a catalyst 5 for the dehydration of
gl ycerol _ A mxture of acrolein, resulting both from
the reaction for the oxidation of propylene and from
the reaction for the dehydration of glycerol, and
al so the byproducts resultlng fromthese two '
reactions, is obtained at theitéutlet. In accordance
with a second embodi ment of the process 5 of th -
i nverti o PIPPRGSEr &FEt B AGr artfrdt i TATY “r"i*r f%gﬂ&ﬁé%bf 18
t he caxiadatiop: reactarclies .fed via the gas m xture 1
fromthe bottomupward, the catalyst 5 for the
dehydration of glycerol occurring in this
confliigicacirdangt wheht @p SECANe FRMIFENITRE dhgnginngess
%Oh@g calnal ysweslrtlbw f\%ﬁnhlat;abes% Th?a@ﬁm tically in
ehydratio ich can bhe ofc ventlon N -
fi xed7B&8 ?@petb? cﬁ*ﬁﬁdu?es (Shedts of 82%8) caﬁnbeqab
easitligtexer dctirbmnche epdaioe. U?Hérﬁeg@héréﬁléhY@ﬁ 5 for

the .gat al ysi, &Baﬂ shus be easiJaecarri eelﬂ@wuwtmﬁle this
the reactor.” . 15 I n accordance mch athird

embGAPAEAY TR e br 5eBs$O8f thet %veﬁ?TtﬁF The changing
10||@§tcatedjsﬁ i$9ﬂ#£sZEadJkidhﬂ@%Ur3hPOb°Gabﬁ|@Gﬂj&tation

or _jn.pards - Qi ers which iys
use 8?@ of ?h %ea?hexghange ?kﬁggng pi t E%FF|%FFn§y°e
in @«aﬁﬁ PoEREE Whi e FEVe PaHE hed? ProfpEhey extracted
OXi dali @Bpl8a&d | m@yrdaj@@licarngarstoeamwan ckbeipoi l@m thus
- As the e dot herm eh%dratlon reaction is carried

out PE5F AT bAriE T ThEWorler Ft TP peisiHie to

lbenove nore heat, which nmakes it possible indirectly

to ipch eesgdmee by 0Py | N8, 1 OV 13 8 it e oKk 03t d ks of
react or an hus to S|nultaneousl rod ce nor

acr 60 ANVRREEMRr ok} G IGT S -pﬁ&bylene“ana ehydracion
theodehyglﬁatEOEsof: 36=d heigl yceEr ol-. ihnpthts in the boiler
eTbodi RNt i L i S preterablg for fhe falalysdind  cinie
operaté in S|n1 ar tenperature ranges. In accordance
ZQAtﬁlacﬂeat%mgeh%oe|ﬁ%ﬁt7oﬁﬂﬂh@h&ﬁ6cé§§05%%oF%ﬁrﬁﬁ%c ron

t he tiavenkk 985 : bh | USSdtRe: | bof | GRS n35 thean in th
Cat%k%?%r 5 for the dehydration of glycerol is

As the endothermic dehydration reaction is carried out

™
in
[
jon

part in the boiler, 1t is possible to remove more
heat, which makes it possible indirectly to increass
the propylene flow rate in the oxidation resactor and
thus %to simultansously produce more acrcolein via the
oxidation of the propylene and via the dehydration of

ol. In this embodiment, it is preferazble for

atalysts toc oparate in similar temperature ranges.

In accordance with a fourth embodiment ¢f the procsess

according to the invention, illustrated in
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the dehydration of glycercl is
placed upstream of the catalyst 2 for oxidation of

propylene, It is necessary in this case to heat the
1 ol



pl aced upstream of the catal yst 2 for oxidation of
propylene. It is necessary in this case to heat the

gl ycerol solution to a high tenperature in order to

- 12 - vaporize it over the dehydration catalyst and

in order to maintain the reaction gases At a
sufficiently high tenperature ¥¥efore entering the

catal ytic region for oxidation of propylene. The
dehydeReT b#e cht aPyR¥ eah B aCed Pharbatl @8 ot order
panstat whharseACtPE teRctidni §atbusazeasi lspfehapgedry high
when it is deactivated. The %I1 ceral A.can . also be for
cof ed“WPTh? T'HE - §EE°IT xCur&™ 1" Conpri sihg the® 900 =0T
pr opykéda: i The Uahyahvatinon €heallysydioan.dre qpltaéedt can be
i gediatel vigbavetihe ked ofncatal yst fancthe Qp; it is
oxi dation of propylene. It is possible toenvisage .
enpl 6yihg %’\?1%{) r eniSer MEETT eadt i ot tﬁqa?r?”ftﬁﬁgt%‘?‘ The
t he déhyeraiti oncah glyscerisd cofeddeitho téfkf imsentizture 1
' ecoygkoLhe heatnd romda die e ORAEIC! Qcallbe can

particuf ar, e react | for th§ oxyde :dratl on of’
- pr ophfierda &y @t atkd YdeRY R at fo Pt P oaRt sl foF the
pCOpaRi2zHloare grs@yadyant ageous in certain aspects,
particularly if the bed of dehydration catalyst is
pl aced upstream of the 20 reactor for the oxidation
of pRépyliene posgivecacriet ei EnVENiagsi s PeREUSaqt heanother
dehydpationcid peopangl, Snghoknean Jgresthd EBhdditMion of
al cohol , ich, inits turn, can be oxidized over the_
cat aﬁ@%‘?e? 1 hePBHXG Waltq off of° Prdpyl eRECTETgive Neat from
atr okee nox Rizopam: |realctopn25Ipr ppani@:oir ,camebeesaction for
dehydpat ed,} ngQGEr A0ny! ege and.can, subsequently be iy
oxi di'zed toh‘f’g} V€ acrolein over, Tﬁes%?(T ation
cat af§iydration ofhePFaPow Ty eXdnpPESPRIT4sty afge also
t he peeserdgdoneenthore3Qavht howlscthonweyersidularllbng £ the
the %88p8ftHS£§8£ation catalyst is placed upstream of the
20 reactor fd; the oxidation o©of propylens to give
acrolein. This is beczuse the dehydration c¢f propans-
1,3-diel can resuit in allyl alcohol, which, in 1its
turn, can be c¢xidized over - the catalyst Zfor @ the
oxidation of propylene to give acrolein. Propan-1-cl or
25 propan-2-ol can be dehydrated fo give propylens and can
subsequently be oxidized to give acrolein ovar the

oxidation catalyst.

The following examples illustrate the pressnt invention

30  without, however, limiting the scope thersof,

In the examples, the products formed, acrolein and
acrylic acid, are anzlyzed by chromatography on an EC-

1600 capillary column  attached to an  HPE98Q

(¥}
[#3]

|'3’J

chromatograph aguippad with an 0 detector.
Quantitative analysis is carried out with an external

standard.



In the exanples, the products forned, acrolein and
acrylic acid, are analyzed by chronmat ography on an

EC- 1000capi | | arycol umat t achedt oanH26980 35

chr omat ogr aph equi pped with an FID detector.
Quantitative analysis is carried out with an external
standard. - 13 - Exanple %: lBse is made of a
configuration such as represented in figure 5, in
whidfanphie dkycerol is cofed with the gas m xture
conprising the propyl ene, and which conprises two
cat al yst -beds. Use is made of a yrex reactor

equisfpe WA aC5i At EPBALGFask” 8 2P0 PRERF t3R
cataalgystes.s A mei ghtcrof £ HO @E&@ ofs cat&dystiflorchdesas
<0Xi_dati Q Qf l.ene.. O 9 acrol e W, L0t he spnrise
ref@%%ncg A@f%b%#gi thpon %ﬁykubal)ép%llh?e% mﬁ?hr7s =
m G §@Wﬁcﬁﬁtc§?6ﬁde with a particle size of 0.125

mm is first of all charged. Subsequently, severa

beds of, silicon carbide (8lC e. 15 d., SO0 as. ..

t 0 S&paraté thét o ¢aral Y&t % gﬁs %Pﬁﬁﬂgiqg“h 37 slficered
|ndﬁg€wﬁennlprd©ﬁtﬂﬁi thivi i t ehpercattgdests . i wrgte of

1uparé'507'aegslozfe @$+£h§s2r5 3R mgnohmj Whit he @ @aebypéee to
si ze of

5 nmm then _again rticle si
of ??%FZSaﬁn?éﬁdnflqnﬂyly“ie %%?WFQT“parE?CIe ESA- bfppon
20 DB arm, Suhgﬁ@demhhy,TaWWBpgh$¢dﬁC@ﬂ522rgld£ with a

cat al yst..for_1 ehydrats qn, of ; gl ygecol ythLthah ad.
refogér ‘ence Zlﬁﬂ%ﬁ(t@ung(gt sted Zi reoni a %r om Dai | chi .. o

Ki Jese R Ldi| GEEETM t BedS nb L of L 51 $9 e o Cardsi dg1C) are

19 tdh-qeart ise] @ssitze s8ba0a062t3m tiis @ﬁﬁuggﬁt LEag and to
react or J8 _then made 2 up, Lg hei ght _wi.t h_sil

A1 i con
car i@ HFR 4 par e 21 s 28" 0f ath“(Z r%l o' ®
r arp @ ctiftens 174 9 om0 . TRE REactgen st Subsegie nﬁl }Paftwlc‘

conpect ek tp gy t@Skn again 2 ml with 2 particle size o

0.125 mm and fipzliy 1 ml with a particle size o

i

)]

20  0.062 mm. Subssqguently, a wsalght of 1.522 g of catalyst
for the dehydration aef glycercl with the referance
71044 {tungstated zirconia from DaiIchi Kigenso KK,
diluted with 4 ml of sgiliccon carbide with a particle
size of (.062 mm, is charged. The reactor is then made

25 up %o height with silicon carbide with a particle size

£

0.125 mm {2 ml), 0.5 mm and then 1.19 mm.

The reactor is subseguently connected to the te

wn
T

plant. The temperaturss of the two laysrs of catalyst
30 are independently regulated at 260°C for the upper
déhydration layer and at 305°C for the lower oxidation

layer.

The reactor is fed via ths top with a gas wmixture of

)
o

propylene/oxygen/helium-krypton/water—
helium-krypton gas mixture comprises
wnich acts as dinternal standard. The watsr-glycerol

mixture comprises 30% by weight of glycerol.



plant. The tenperatures of the two | ayers of catalyst

30 are independently regul ated at 260cC for the upper
dehydration | ayer and at 305C for the | ower oxidation

| ayer. The reactor. is fed via the top with a gas

m xture of 35

propyl ene/ oxygen/ hel i um krypt qn/ wat er - gl ycerol . The

hel i um krypton gas m xture conprises 4.92% of

krypton, which acts as internal standard. The

wat er - gl cerol mxtur conprises 0% b ght of

gl yCEr%I ASFELY O‘%’hegﬁddﬂ??ﬂ ar % ‘}/”Sreé% ekl Micromoies
(expm@sseclulnn morc@lmlfe:srw rours) of the mixturs ars as
consiitugat.s 5 e .al-l,qus: - £509
30089% 55584/ 232%82/@2?3&9%%3%% yc{aroBI 58T pb et 500
condi B Bn<LFEPreBAt “EPEGEEN tmdl dr° oW dite 0‘1‘0‘03’3538 !
conpoundsotpsopid ene proglyyeerol ) +of 3A58& 1a:ar omsle/ h. 3459
The ef fluyents are collected at the outlet of the 10
reactor via ei cold trap conprising ice and the

acrolein and the acrylic acid produced are

quantid ateif\f@lié!nﬂﬁ efd nechiny: GREOMRE 00F3PNI L1t 1ot of the
anal ysis. The eff fﬁfﬁ are accunul ated in the tra

or & time 8f %15 %ﬁ It R8s Tt ordeid &bl 8® gﬁSe%“e‘“
ar e @l yZed tshrgudhoutacine duraluiced ofrehe quantitatively
as S esSIBAl nedNSy AIMUM A Ol A0l LR R odUCed TS 25302

m cronol /h and ¥he amount” of acrylic acid is 2103

m cronol /h. 20 Exanple 2 (conparative): Exanple | is

r epedteeck ffuiethe ageesusughycerdlirsalhdt itaAp for a time of

15 82 minutes. The noncondensabie gases are analyzad

1]

throughcut the duration of ths assessment. The amount
of acrolein produced is 25302 micromel/h and the amount

of acyylic acid is 2103 micromol/h.

[~
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{comparative):

is repeated but the agueous glycerol sclution
is replaced with pure water. The molar f£low rates in
micromol/h of the reactants are then: propylene/oxygen/

2>  helivm-krypton/water 30089/55584/288393/76655.

The =2ffluents are accumulated in the trap for a time of
88 minutes. Th2 noncondensable gases are analyzed
throughout the duration of the asssssment. The amount
30 of acrolein producs is 20 3% micromocl/hh and ths

amount of acrylic acid iz 1157 micromol/n.
Example 3 {comparative;j:

35 Example 2 is repsated but  whi



is replaced with pure water. The nolar flowrates in
m cronol /h of the reactants are then:

propyl ene/ oxygen/ 25 hel i um krypton/water

30089/ 55584/ 288393/ 76666. -The effluents are

accunmul ated in the trap for a tine of 88 mnutes. The
noncondensabl e gases are amaldyzed t hroughout the
duration of the assessment. The amount 30 of_acrolein .
pr odue eaff §18:220.539 F enPEFERBE FhAnt: t e amﬂﬁwt"oo*f bime o

acrybi conpaitdd.s Ihe7 meewonakhbapExanpdees3 are analyzsd

(con aratlvq) Ie 2 LS, -fepeate <hu V\,th .
r epFATY Y e d"eany%xa‘?llr) ‘catalyst W t% Slf 'co FS amount

carbrdez MHeisangr ﬁeeﬂﬂ@onmt|@n392&re“a§é@f"01/h 1308 the
she gl {luen %@ge_l@cge@al ateghrn dheddaprfor a tine

of 75 m nutes h noncondensabl e gases are anal yzed

t hroughout the duration of the assessnent. The anobunt

of mesebBd ni:produced is 20 821 micronol/h and the 5
amount of acrylic acid is 1223 mcronol/h. Exanple 4:
Use is made of a-configuration such as represented _in

Use is made of a configuration such as represented in

16 figure 2, in which the glycerol is introduced over

e}

dehydration catalyst at the same time as the gas
mixture resulting from the region for the oxidation of

propylene to give acrolein.

)
o
o}

sg 15 mads of‘a'pyrei reacter provided with a sintered
glass for retaining the catalysts. A weight of 1.538 g
of dehydration catalyst with he reference 721044
irconia from DaiIchi Kigenso KK), diluted

5| z
with 4 ml of silicon carbide with a particle size

a
. separate the two catalyst beds and to independently
ol their temperature, and tTo make pessible the
injection of an agusous glycerol solution or of
25 hydrated glycerol betwesn the two catalyst beds; 4 ml
with a particle size of §$.125 mm, then 7 ml with a
particle size of 0.5 mm and again 2 ml with a particle
are charged. Subsequently, a weight of

yst for the oxidation of propylene to

1

30  give acrolein with the «resference ACF4 ({fro Nippon

o

Shokubai), diluted with 7 ml of silicon carbide with a

particle size of 9.125 mm, 1is charged. Finally, th

i

reactor is made up to height with silicon carbide wi

z

T

a particle size of 0.125 mm {2 ml), 0.5 mm an na

35 1.19 mm.
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10 figure 2, in which the glycerol is introduced over

a dehydration catalyst at the sane tine as the gas

m xture resulting fromthe region for the oxidation

of propylene to give acrolein. 15 Use i 8 made of

a-pyrex reactor provided with a sintered glass for
retaining the catal ysts. A weight. of 1.538 g of
dehydration catalyst with the reference Z1044

(tungss atiedepéhdeﬂtayerMLh@hi aKi ges1se KR« tqe lower
di lutg t. ni Il cQn o] _ha art| L€ i ion
Si ze&og%g{”41 “m i%s fl%rstﬁ%f “al chtz?r 2 LRiGatior
SubségirRnt | y, several beds of silicon car b| de are
charged, so as to separate the two catal yst beds And

t0 |{,1dependently cogtrol heir te e_[‘a_ture and to of
make" posst Bl et he® |h]‘“éctV|18n $F arfradiiddus® givterorture of
sol up¥ari lomedbxg5ehyde at wo-lgt yrerolvaetrween téigit wo  the
cat afysisaeds; whydi W thy .. par ki 8&6 §EZ§“Of (Ox 329808 i
then 7 ni with a particle size and _a

n WrtHEpacti eré OEHOkubéc)’S”dPP&@ 3t9h°’/$6ﬁ1“ f The
si | i cohi warkryge ow lasa mpartirel ecsipzeses Q. 125 M kirSoton,
ar Fijpally,.the te r Ls.QRde,up o

vc\aht h‘ggfcI}} coa!rﬂll‘acar bi degvr\ln tgggppa%’tl C % Si zeﬁE of$%(%féL/water
(2 MYXTESS GRANE t1HenS851500 waioht 96 glycercl is fed
hnﬂe@@m@rﬁl?néemﬂﬁgedkélé}éggogefﬁ hhhﬁnl @V\BflOvé rate of
ehy n,layer._and.at or the per  oxidation
Iayerg?dr)hfsg rea)é SFORSLf Ba v 25T he (f%w%njtoﬁls gagresent  a
m xt teiezlof mpiapylidmey oxypgen/hel |bumdqr3py@tu@r:i/svvat@:row_td'ne +

itche éw&%mgoﬁogagygrmiafo{lo rates (expressed in

m cronol es per hour): 30089/ 35584/ 288393/ 76666. The

hel i um krypton gas m xture conprises 4.92% of

krypllon, f@iwknch agts asclldaranal ast andar butBet of th
gl yceral/wa tepe. )% hy. wei ght of .. +.:,
al ycerE%)H T Rﬁédg]bétmgenggﬁg‘%i%gg%t?% yst~ beélg the th<4°" sin
f1 owrat e~‘"c?f £530/'5704 3R ondTIHC E'F’nesaé@con’ﬁiatqvéﬁ@“”f“lif

aiepréseniaetiobgl cHBb@L - ddaveiad exrefl 83 sconpounds

(propyl ene + 15 glycerol) of 34619 rri cronol / h.

ﬂ)

The effluents are accumulated in the trap for a time of
84 minutes. The noncondensable gazses are analyzed
throughout the duration of the assessment. The amount
25 of acrolein produced is 25 852 micromol/h and the
amcount of acrylic acid is 1170 micromol/h. The residual

1

ane is 2885 micromel/h.

36
Example 4 is «repeated but usimg a 953% by welght
giycerol soluticn (hyvdrated glvce
The hourly molar flow rates (in micromecles per hour) of
35 the constituents of the mixture are as follows
propyliene/ozygen/helium-krypton/water 30089/55584/
288363/766656 for the top fsed and glycersl/water

8220/2205 micromol/h for the intermsdiate feed. These



The effluents are collected at the outlet of the
reactor via a cold trap conprising ice and the

acrolein and the acrylic acid produced are
quantitatively 20 determ ned by chromat ographic

anal ysis. The effluents are accunulated in the trap

for a tinme of 84 m nutes. TFhe nencondensabl e gases

are anal yzed t hroughout the duration of the
assesshentonsThespmeiantt 25 ofctatr okeiam pfbducedties @5
852.m.cLomml /h and . Lthe ampunt. ofy )aggxlg)lgeggc;cdc@mc;l/m

m cr ormT/ h.” The residual propylene i's 289

mcronol /h. Exanple 5: Exanple 4 is repeat ed but

usi Nige a= 93004t wairghtc ghweaabdsm ution: {dydicat edtime of
lyggrol), Jhe hayrly npla ates. r onul

S|ger ﬁour)j bt the constltuen ts; %volgrﬁe “r§na£%§ure@%r e@z;'\l'sﬁ?}Zed
f ol Yiowmudipropytiehetosdigeny hef i GRek APSESANRAE er Tne amount
30089/ 52584/ 1288393416666 for 2@1@9t90pmf@§§lfw@mi~ and the
gl ycer ol / wa er 8220/ 2203 m CL [ /h f # residual
i nt P Helt atle TEedCTRES Eoﬁ |Oﬁ§rf e% esent %a -
t ot mtompl &re fJSO@%ét BiofoE3l onpounds (propyl ene

19l ycerol) of 38309 mcronol/h. The effluents are
accumulated in the trap for a tinme of 84 mnutes. The:
nonedRrfs bl E€°§a8E8&8aY®’ anal yzed t hr oughout the
duration of the assessnment. The ampunt of acrolein

pr od his 28 r.onpl{ h t apou - o
acr yﬁy&ggam dgl squSm <r orcrfol /ﬁ'ngThte}g%ém dggpqg ing  the
pro%ngqﬁﬁ+gyggggaﬁyépowﬁprh5119cun carbide and while not

- 15  introducing glycercl solution.

The effluents are accumulated in the Lrap for a time of
73 minutes. The ﬁ@pﬁ@hd@ﬁsable gases ars analyzed
throughout the duration of the assessment. The amount
20 of acrolein produced is 22 373 micremoi/h and the
amount of acrylic acid is 1150 micromol/h. The residual

propylene is 29%33 micromoi/h.



Exanple. 6 (conparative) Exanple 4 is repeated but

whil e repl acing the dehydration catalyst with silicon

carbi de and while not 15 introducing gl ycerol

solution. The effluents are accunulated in the trap

for a tinme of 73 m nutes. Thel}:}oncondensabl e gazes

are anal yzed t hroughout the durfation of the

assessnment. The anount_..2Q of | ei n produced is 22

373 mcronol /h and thgm‘%' S Chp T 3'c acid is 1150

m oronol /h. The residual propylene is 2933

M Cromoi /1. 5r5cd8s- WEAT. S GRALMER LS, s Acrolein by

process for ‘the preparation of acrolein by oxjdation ,

of PrOFAERE, &far dECEHIZ88 i n TREECFEI 52¢bnpit sehax 1t

st ageongfridely i aktenzofofyl yeeyatatiivt het, pigsence afi the

a pr £ne- cenpr 1 988~ oty -1 18 ess as
AL e I e

propyl ene-conprising gaS is the reaction 10 gas

resul ti ngrfer gaddeg sstagecofimd daki enaof thecharacterized

propyl epe.to give acralein,. 3. Ihe progess as. ... cson

claifred A" clarm®f,Fdhar dctertzed in PRat ‘the © T3t

1Pr oA enessoApinsi nfrgas tite a sgagen xE urexithtwainchof the

f eeds-die Jreaebok: foradhe o dation of the

- propyl ene. '

claimed in claim ( at the

3. The process as ciaimed in c¢laim 1, characterized

in that the propylene-comprising gas 1s a gas mixture

13 which £feeds the reactor for the oxidation of the
propylene
4. Ths process as claimed in one of claims 1 to 3,

characterized 1in that the dehydration reaction is
r

20 carried out in the gas phase in the pressnce of a

h

nrocess as claimed in one of claims 1 to 4,

u
b
¥
1t

s

rized in that molecular oxygen is added for the

e
25 stage of dehydration of ths glycerol.

6. The process as claimed in one of claims 1 to 5,
characterized in that the glycercl is injected in the
liquid form or in the gas form.

390 _
7. The process as claimed in ocne of claims 1 to 6,
characterized in that use is made of pure glycerol or
glycerol in the form of a concentrated or dilute
agqueocus sclution

25

5. The process as claimed in one of claims 1 te 7,
&

characterized in that the oxidation of th



4. The process as clained in one of clains 1 to 3,
characterized in that the dehydration reaction is 20
“carried out in the gas phase in the presence of a
catalyst. - 5. The process as clainmed in one of
clainms 1 to 4, characterized idq £ hat nol ecul ar oxygen
is added for the 25 stage of dehydration of the

glycerol. 6. The process as clainmed in one of clains
1tq 5, characterized in.that th cerol iSnus 1 to 8
i nj éct ed”#h PRREFF{UPE FOFMGE i % ﬂx gas T%ﬁ%ﬁ ‘

7. Therpcoeessedsit| ahaedtha @ﬁéggfoeléﬁw§dI”PbV% of the

cha(r:ﬁ terizedsin.thaty use S, ngge: ofn piHee :gjm@er @hien is
gl yce 76l Tn the formof a concentrated or dilute

aquesas $61 §erén.theg NeRle SFCHEass 454 alﬁE5ULﬁt g in 6
of clh@ins 1 to 7, characterized in that the oxidation

of the propylene is carried out in the presence of a
thermal ballast. - 19 - 9.The process as clained in

one of clains 1 4-, 8, .characterized in that the

stage of dehydration of the glycerol is carried out

in part in the-boiler which is used 1-o0 cool the

~heat -exchange fluid circulating in 6 and 7.



