1 PROCESS FOR MANUFACTURING ACROLEIN FROM GLYCEROL The present invention
relates to the production of acrolein and/or acrylic acild from glycerol and, more patrticularly, one
subject of the present invention is a process for preparing acrolein by dehydration of glycerol in the

presence of a catgl @ srjﬁ% ' ﬁh harus oxide. SUMMARY In a first aspect, there is

provided a procegéﬁé%%% % @Fg& m&/m,%gﬁcﬁﬁg%%}ﬁgﬁﬁgﬂ‘eaction for

dehydration of glycerol is carried out in the presence of a catalyst system based on iron phosphorus
i nt) consisting of one or more elements chosen

rom akall metale] ARAREACHN UL AP 8 (5, EPRISUAP ! 26 STSBIAGTEHIS, M8 v

from alkali metals,
Mn, Pt, Rhfammd figoers eadhmbes GaviiSolariy, aosecontjaspetthberedsmrnwidpddhesusgaiagatalyst

system based on iron phospharus o %‘3’?}1 n%com rising a modjfier compound (or dopant) consisting of
one o mol8 RRRAIDRIEEIR Tk AR RIS AR ARA RS ocR! B, RSt RIS6TZn, 21
Sn, Sb, Ag&3edNin Mo ¥hodphBte&Rbxéhe the rare earths La, Ce, Sm for carrying out the dehydration
reaction of glycerol to acrolein. In a third aspect, there is provided a process for preparing acrylic acid
from glycerol comprising a first step of preparing acrolein according to the process as defined above
and a step>&f&édizing acrolein to acrylic acid. In a fourth aspect, there is provided a process for
preparing araylanise-framglymeroleamptisinga-drstiatepf prejearingradroledh docordingto the
process agJefingdAROHS YuhiLPIPR O LABOXIEPIOR SHHES ATIPISHO APLIONTS: 4 catayst
system based on iron phosphorus oxide and comprising a modifier compound (or
dopant) consisting of one or more elements chosen from alkali metals, alkaline-earth
metals, Al, Si, B, Co, Cr, Ni, V, Zn, Zr, Sn, Sh, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the
rare earths La, Ce, Sm.

In a second aspect, there is provided the use of a catalyst system based on iron phosphorus oxide and

comprising a modifier compound (or dopant) consisting of one or more elements
chosen from alkali metals, alkaline-sarth metals, Al, Si, B, Co, Cr, Ni, V, Zn, Zr, Sn,
Sb, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the rare earths La, Ce, Sm for carrying out the

dehydration reaction of glycerol to acrolein.

In a third aspect, there is provided a process for preparing acrylic acid from glycerol comprising a first step of
preparing acrolein according to the process as defined above and a step of

oxidizing acrolein to acrylic acid.

In a fourth aspect, there is provided a process for preparing acrylonitrile from glycerol comprising a first step of
preparing acrolein according to the process as defined above and a step of

ammoxidation of the acrolein to acrylonitriie.

DETAILED DESCRIPTION

Fossil resources, such as oil cuts, for the chemical industry will be exhausted
in a few decades. Resources of natural and renewable origin such as alternative raw
materials are consequently being studied more.

Acrolein, an important synthetic intermediate for the chemical industry is
produced industrially by oxidation, in the gas phase, of propyiene via the oxygen in
the air in the presence of catalyst systems based on mixed oxides. Glycerol, derived
from plant oils in the production of biodiesel fuels is one of the routes envisaged as a

substitute for propylene, glycerol being able to be subjected to a catalytic dehydration



DETAILED DESCRIPTION Fossil resources, such as oil cuts, for the chemical industry will be
exhausted in a few decades. Resources of nat éal and renewable origin such as alternative raw
materials are consequently being studied more. Acrolein, an important synthetic intermediate for
the chemical industry is produced industrially by oxidation, in the gas phase, of propylene via the
oxygen in the air in the presence of catalyst systems based on mixed oxides. Glycerol, derived from

plant oils ip.the; proguctiar,otbigpissekiuglaieRnesefdhed uisse8Vinaded &S sosefbtyte fls

propylene, glycerol being able to be subjected to a catalytic dehydration la reaction in order to
produce ate8RMISadhaGHRAEheIESE iEhRREANY iihinsa SapisnasRarat comead obPgrsithemistry
within a mgyg genesahsamtext of protecting the environment. Numerous catalyst systems have
already been the subject of studies for the dehydration reaction of glycerol to acrolein. A process

is known from PREHPBIRUSI8AEAY S0P VSRR M LR BIERF FY MR 10 SutisrRiiRG f iRy diesalts
having at |§§§9m%ﬁ%&ﬂ6ﬁtwygéﬂ§m§ aeroisitres of these salts are used as catalysts. The

R boen reducoA & HER2s FRUHe I ACAIng 13 (e caunitEhoPIREHIRE FeHUS e Bb ained
with this tyglgreniadysting eatehitiaadfdsaits havifgtenldsSt2thes 520 foactrinpdrgtinmsaaction is
ceid salte, PIAUERS IO f A1 Br R oSt SCUEDIRE of B A YL JEarats SEIBFor
72.3% is obtaisiets LindenghepeatngdittonsxampiPatétit WS 8R5728teleparities athaicess tgoroducing
acrolein by defvatalion of glyC Al LA RRABRIAL 9% B3N AP P IRC RIS ARG VB iaP
obtained with this type of catalyst is greater than 80%.
In Patent US 2,558,520, the dehydration reaction is carried out in gas/liquid
phase in the presence of diatomaceous earths impregnated with phosphoric acid
salts, in suspension in an aromatic solvent. A degree of conversion 'of glycerol to
acrolein of 72.3% is obtained under these conditions.
Patent US 5,387,720 describes a process for producing acrolein by

dehydration of glycerol, in liquid phase or in gas phase, at a femperature ranging up



to 340C, over acidic solid catalysts that are defined by their Hammett acidity. The catalysts must have
a Hammett acidity below +2 and preferably below -3. These catalysts correspond, for example, to
natural or synthetic siliceous materials, such as mordenite, montmorillonite and acidic zeolites;
supports, such as oxides or siliceous materials, for example alumina (Al203), titanium oxide (Ti02),
covered by monobasic, dibasic or tribasic inorganic acids; oxides or mixed oxides such as

gamma-alugineddd@@l203 mixed oxide, or else hejeropolyacids. The use of thasgeatalysigyould
make it possible to solve the problem of formation of secondary products generated with the iron

phosphate gy pa gatalysisr dasaribsghiin Ha%aﬂf%ml%@tg?ee@e@mwmfeﬁ fmndt acidgearging to

Application WO 06/087084, the strongly acidic solid catalysts whose Hammett acidity Ho'is between -9

and -18 hat@@ g siidione sdiairoptheddby dakun readivh Beisiabhs belawoin Hirsare
deactivateg¢degiystaiellyespontd ORse iarifteC atalysisr e e raynenetRd dindBe v iRreEking PLdHGRY

acrolein from %Igecerol enerally lead to the formation, of by-products such as hydroxypropanone,

propanaldéR§HE Gt A1) A8 oueRR] AR ASHISEcRUPPREIISHAD 3% LEIBESHBIyBHikaRHS ation

products ohgiyeesn, Ryciggtysieralwitiass AuOsatanenelandenaiosnrosliereabpaHBas dieh
originate frgm the formation af coke on th catalﬁst and therefore from itshdeactivation. The presence

of the by-pRigRicts o HRBR LG aRISIR B2 ERR R dB XSS ¥ AEMEYS A5 SRama iU,
separation f@ekbIBIN mhcdequides sesatibatamgd piyatitidiofirriepsondfichdeadcttdiighcossslfor the

recovery of th rified acrolein, Furétllermo when acrolein is used for producing, acrylic acid, the
propanalde 3a/ é)grgg%%@rzﬁgty? be !3% i?erPoE’%r%‘p?eénfé”é‘&%"w“h?élﬁ??scaﬂﬁ%p@(t ?cr)os[!eLlpgé?a?é tﬁr%rl%(i%%rylic
acid, espedidthy i distill atiorsphiaés dyvpepudtaystrataseiveseint dneatforetharditmedettbofimpplication
of the acrotefj@égg ed by dehydration of glycerol. The Applicant Company has therefore sought
‘to improve the production of acrolein from glycerol, by using more selective catalysts that make it

possible to obtainHger Qi@wé.fbfé&mﬁi‘@ﬁpanWﬁ&@i@ﬁ@@ﬂadﬁﬁtﬁ@é@%@iﬂﬁﬁa&gm. catalysts
Furthermokgy, funaLoHs arrlications ae iqua foscaiRiysts ﬂwe%%m@f%gﬁ{fgﬁ%gﬁgﬁ te.

Among these applications, mention may especially be made of: -FR 16 olefins

and diolefife dgRygrapenmectenelslyspiioarR bR gre seadivaled esPaifidiion of
methylglyoxyl by pridasien ahByesexyaseteesmBre3m 4R235rsr eraitign o RYRY/IaasidiRY
vapour phase oxidation of lactic acid; ]
from glycerol generally lead to the formation of by-products such as
hydroxypropanone, propanaldehyde, acetaldehyde, acetone, addition products of
acrolein to glycerol, polycondensation products of glycerol, cyclic glycerol ethers, but
also phenol and polyaromatic compounds which originate from the formaﬁon of coke
on the catalyst and therefore from its deactivation. The presence of the by-products in
acrolein, especially propanaldehyde, poses numerous problems for the separation of
acrolein and requires separation and purification steps which lead to high costs for the
recovery of the purified acrolein. Furthermore, when acrolein is used for producing
acrylic acid, the propanaldehyde present may be oxidized to propionic acid which is
difficult to separate from acrylic acid, especially by distillation. These impurities that
are present greatly reduce the field of application of the acrolein produced by
dehydration of glycerol.
The Applicant Company has therefore sought to improve the production of
acrolein from glycerol, by using more selective catalysts that make it possible o
obtain high vields of acrolein and that have an activity over long durations.
Furthermore, numerous applications are known for catalysts mainly composed

of iron phosphate. Among these applications, mention may especially be made of:



US 3,314,760: Production of chloromethane by oxychlorination of methane; - US 3,173,962:
Production of olefins and chlorinated hydrocarbons; - GB 616 260: Polymerization and condensation of
olefins; - US 3,142,697: Production of nitriles by ammoxidation of an olefin, and more specifically
production of acrylonitrile and methacrylonitrile; JP 8-295687: Production of citraconic anhydride from
lactic acid: - FR 2 499 557: Production of alkyl esters by oxydehydrogenation/esterification of mixtures

of carboxyhempigseang alcohols; and - US 4,381,41%: Oxydehydrogenation of paiyiatedsalsghydes to
unsaturated aldehydes and more specifically for the production of acrolein and methacrolein. The

use of catalyst systams §ases 2NHIARBATRESIFRr 1he Gordghydrogenation of saturated carboxylic
acids to unsaturated carboxylic acids, in particular the conversion of isobutyric acid to methacrylic acid

has been widely d&&8rbEdP 494 eSS iy madHsie iwaligst Application FR 2,514,756 which

describes the oxydghydrogeeatiorreactiRih AfisRRHNGIGREH Y BIedRiRFeBERRIr8xGASEIBAdION
phosphate containiﬁpzadng}gnéic metal such asé)éilver, lanthanum, cobalt or tellurium, as a modifier
. 2O09R A

compound or dop: SRt ABPRECAHSN BRPY Y SRS e \@RAEr RS PR ATout in the

presence of an irtectiv@sjzhate modified by the presence of a metal chosen_ from boron, _al_uminium,_
O o SR R s IR eee st e o = acthe
245 604 describesdSBotE3$6a: prepmutigracs alafasuaate droitainddehydoagemasion, which is
oxidizing due to th%%cg&)g %O: Polymerization and condensation of olefins;

- US 3,142,697: Production of nitriles by ammoxidation of an olefin, and more

specifically production of acrylonitrile and methacrylonitriie;

- JP 8-295687: Production of citraconic anhydride from lactic acid:

- FR 2 499 557: Production of alkyl esters by oxydehydrogenation/esterification

of mixtures of carboxylic acids and alcohols; and

- US 4,381,411: Oxydehydrogenation of saturated aldehydes to unsaturated

aldehydes and more specifically for the production of acrolein and

methacrolein.

The use of catalyst systems based on iron phosphate for the
oxydehydrogenation of saturated carboxylic acids to unsaturated carboxylic acids, in
particular the conversion of isobutyric acid to methacrylic acid has been widely
described:

Mention may be made of Patent Application FR 2,514,756 which describes the
oxydehydrogenation reaction of isobutyric acid in the presence of a calcined iron
phosphate containing an extrinsic metal such as silver, tanthanum, cobalt or tellurium,
as a modifier compound or dopant.

In Patent Application FR 2 497 795, the same reaction is carried out in the
presence of an iron phosphate modified by the presence of a metal chosen from
boron, aluminium, gallium and indium. 1t has been found that the iron phosphate
catalyst modified by aluminium is active for long durations for the oxydehydrogenation
reaction of isobutyric acid.

Patent Appiication FR 2 245 604 describes a process for preparing

o.B-unsaturated acids by dehydrogenation, which is oxidizing due to the action of



oxygen or of a gas containing oxygen, of saturated aliphatic carboxylic acids in the presence of a
catalyst containing, in combination with the oxygen, iron, phosphorus and optionally one or more
elements belonging to the list formed by lithium, sodium, potassium, rubidium, caesium, magnesium,
calcium, strontium, barium, tin and antimony. This catalyst composition may be used without any
support or in combination with a support. Also known from Patents US-A-4 364 856 and US-A-4
473 707 is woataysisbased on iron phosphorus oxidge, which is in a coated forg-erRsupaEeSUCh a
catalyst is denoted hereinafter by the expression "coated catalyst". Its preparation process consists in

partially weslipgeh BHPOE. R RARANFR Wiljhark ddpidaLsHeReasiMLeE %‘é‘ﬁﬁéﬁé}mf IR
; an

putting the partially wetted sl%fport in contact with a powder of the catalyst; stirring the mixture

T . a‘ N .
thus produPERPRIfSHH tReaRlvE! E%@W@W%H&W%‘lﬁ'@ﬁtﬁ?fb&'%H‘@a@éﬁ)‘%%ﬂ:T‘Fféna&hu%%B?&stt is

representegdriey dhecinIpirnd formdaclameRiDdioMditEcio the siSF6RASED I BMidi Bs&Bukd, Co,
Cr, Ga, Ge, In, Ni, Te, Tr#é%l Tl, U, V,.Zn, Zr, rare earths ar]d_mixtures thereof; - D is chosen from Ag,

Cu, Mn an@ PRI HHALIEM (CaeSIUTL GnAgReSILIR 7:£qIGUR,. $HERBYYIMY BGrBIRN. o ing A0¢reater
than 0; andaktimtireynurhker eftakyge oatpuosithacessary e satisty thithvalenayyeguigsorents ahthe

remaining elerrbent% Aﬁso known, from Patent CA-A-1 186 673, is a two-component catalyst
combination with a su&lport. . . -
system comprising, as a physical'mixture, an iron/phosphate type catalyst and an inert (silica) support

doped with phosphbsteksgidrs_tﬁmmr?bén@ﬁd@é&édﬁﬁﬁfaﬁﬁmm Uﬁaﬂﬁq&é@ﬂ@%l@sm afztmlyaert
calcmaion S e LA B B A &8 RS S8 yenera
formula Feralabipdasineviaigt hsaispftarehis telcirension teoastowdatpbisindtaspiaphiatikn Rb, Cs,
:__Mg, Ca, SrapdRa: Hhas@ alusfidig Réfhg a support, such as silica, with a colloidal
| suspension or solution of Si0O, in water; putting the partially wetted support in contact

with a powder of the catalyst; and stirring the mixture thus produced to form the

coated catalyst, which is then dried, and calcined. The actual catalyst is represented

by the empirical formula A FepP:DyOy, where:

- A is chosen from Al, B, Be, Cd, Co, Cr, Ga, Ge, In, Ni, Te, Th, Ti, T{, U, V, Zn,
Zr, rare earths and mixtures thereof;

- D is chosen from Ag, Cu, Mn and mixtures thereof; and

-a=0-1.0;b=0.7515¢c=1.0-2.0;d = 0-2.0; a + d is greater than 0; and x is
the number of oxygen atoms necessary to satisfy the valency requirements of the
remaining elements.

Also known, from Patent CA-A-1 186 673, is a two-component catalyst system
comprising, as a physical mixture, an iron/phosphate type catalyst and an inert (silica)
support doped with phosphate, said support being prepared by formation of an
aqueous slurry of an inert support and of phosphoric acid, removal of the solvent by
evaporation to form a dried mass and calcination of the dried mass.

Described in Patent Application FR 2 657 792 is a catalyst of general formula
FePxMe,O;, in which:

- Me represents at least one of the following elements: Li, Na, K, Rb, Cs, Mg,

Ca, Sr and Ba;

- x has a value of 0.2 {0 3.0;

-y has a value of 0.1 t0 2.0; and



-y has a value of 0.1 to 2.0; and - z is the amount of oxygen bonded to the other elements and
that corresponds to their oxidation state, this catalyst being combined with a support, characterized
by the fact that said support is a fully impregnable macroporous support having a specific surface area
less than or equal to 1 m2/g, a pore volume between 0.2 and 1 cm3/g and an average pore diameter
greater than or equal to 1 micron, and that the active material is deposited on the surface of all the

pores of saithppeyiesaid catalyst being in the formyof support grains impregptegdWikkastive
material, which have a size between 0.5 and 10 mm. It is known from document FR 2 498 475 to

use a catalyst SUPQY iRk IR BR1B898 AIShEYIIRIRRL BTG e siplst that

contains a phosphate, thus making it possible to partly solve the problem of extraction of phosphate
during the {089 hedalian statethe preparation of methacrylic acid from isobutyric acid and oxygen.

It has now been fginddhaidhBeaisg ebFHMYSLFNRIEBSHRTELRRKORPAQS RIS BXide S hid

comprising a modifier compaound or dopant, for the dehydration reaction of glycerol to acrolein makes it

possible nSHBRARM S Bt h TP ERIB e RIBEIRRRECUB (RURBE TN N tRe SRSRHIR SR BRoBIEM

encountergskwithathecatplysis ¢anvey tiopaty useehtobéisdaactipmniithexrdhyitbsrespsdbatdge
oxidation/reductigm COg%)le inv?lve in the basL{%éreacgon can be attributed to the iron phosphate, the
| Ri ’5

species will? CatIPREELATHES 51 it eMIRENbaPS APRELPE (ASHYRe PRIEALAS O an
extrinsic méatisieohpotine sartiaeorepaliatien afrtie cfataldstagptam aoiitededyibedoimgatiomef the

species with catalytic activity. .This catalyst system has the advanta .%thein active with respect to
the secon gp;/npc?éaﬁgp Bpogﬁar{gfdierﬂ%eegxégaf%ég\f@n fgrcrﬁ\é% agr ra{hg’ﬁ'e ﬁ’;\{t%oﬁ 852&&%%? order to
convert it tB.a@ter@anchthus to result in excellent selectivities and yields. The subject of the

present inventionuiqég{r;{&xmqrgrﬁrgggqrchg% rgﬁndyfggg.lggg ﬁg@ési%fggggﬁ%iszqglg{)%?rache ized in that

‘the reaction for dehydration of glycerol Is carried out in the presence of a c sys?evr% Ecomprising

oxygen, irdhasRbgiadras, hatromsidednbie plamieatsobig mitbnthekshitalgsalshatkatintararth metals,
é"’ Si, B, ChdspHiteV tkils ZhakThg> DBsSibieNRy '}49&*@ MLt Fadig r@fee‘r?(?rré%?&r?’of:e’ sm.

referably, the catalyst system comprises a catalyst corfesponding to the general formula
FeP"M'yMBRROsROAR Kluring the use of the catalyst in the preparation of methacryiic acid from
isobutyric acid and oxygen.

It has now been found that the use of catalyst systems based on iron
phosphorus oxide and comprising a modifier compound or dopant, for the dehydration
reaction of glycerol to acrolein makes it possible not only to obtain high acrolein
selectivities, but also to solve the deactivation problem encountered with the catalysts
conventionally used for this reaction. Although it seems that the oxidation/reduction
couple involved in the base reaction can be atfributed to the iron phosphate, the
species with catalytic activity has or have not been identified, but it appears that the
presence of an extrinsic metallic compound in the preparation of the catalyst system
facilitates the formation of the species with catalytic activity. This catalyst system has
the advantage of being active with respect to the secondary product propanaldehyde
optionally formed during the dehydration of glycerol in order to convert it to acrolein
and thus to result in excellent selectivities and yields.

The subject of the present invention is therefore a process for manufacturing
acrolein from glycerol, characterized in that the reaction for dehydration of glycerol is
carried out in the presence of a catalyst system comprising oxygen, iron, phosphorus,
and one or more elements chosen from alkali metals, alkaline-earth metals, Al, Si, B,
Co, Cr, Ni, V, Zn, Zr, Sn, Sb, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the rare earths La,



- M' represents at least one of the following elements: alkali metal, alkaline-earth metal, Al, B, Co, Ni,
Sn, Sb, Mn, Ag, alone or as a mixture, M" represents at least one of the following elements: Pt or Rh,
alone or as a mixture; x ranging from 0.2 to 3.0, limits included, preferably ranging from 0.9 to 2.0; y
ranging from 0.01 to 2.0, limits included; - w ranging from 0.0 to 0.1, limits included; and - z is the
amount of oxygen bound to the other elements and corresponding to their oxidation state. The
elements GgoAbiB @ik Ag are preferred as the metg] M'. The catalyst systemipths, Pi968sS
according to the invention may be a bulk catalyst and is in this case used without any support
resulting, agds.df,an excellent catalytic activity. As starting compounds for obtaining the catalytic
composition of the process of the present invention, it is possible to use, for example, for the iron
compounds: nitraté&ferablyddbies gpiakies, osBOhRRBIBIERMIEe Motk rayReransinGdebdkglic acid

salts, cheladgﬁe%pf@&g@qsgbquaggqrpmgﬁpnds, it is possible to use alkali metal phosphates,
ammonium phosphates, and pﬁosphoric and phos%worous acids, etc. As alkali or alkaline-earth metal

compounds, it is pd¥siBieRsaats &l lershone alcthsikimyice Bissuaats: kabdretabicalkaliaroxides,

chlorides, sidphatestatarhoBates, Neagnete MAItigs apiipsehe s sHicaiRs, ANdapradbrsalis of
oxyacids oy of organic. mo o?arboxylic O%Eolyéarbox lic acids such as formates, oxalates, citrates,
tartrates, ei@.aiig&?n%glﬁ%g IS LRGP o 2lRIE B BE& WKBLSmple, oxides, halides,

sulphates, organie mengtsyiomlic.2rtealycaranxyhiclasetsplsiceidly rardiadristy st ongybe prepared
according to any r_nethod.tha% is a:ﬁeoald%?@&\li\yn ﬁ" .thqéPnga aration methods comprising a final
activation step of tHer%g%'?ﬁiéoch positior, v afts Sd@ﬁ consists of a calcination at a temperature
between 350 and-1008ayifidé&onost CoondnbriimigsHadsidet@nge the preparation of an integral

- Z is the amount of oxygen bound to the other elements and corresponding to

their oxidation state.

The elements Cs, Al, B and Ag are preferred as the metal M’

The catalyst system in the process according to the invention may be a bulk
catalyst and is in this case used without any support resulting, as is, in an excellent
catalytic activity. |

As starting compounds for obtaining the catalytic composition of the process of
the present invention, it is possible to use, for example, for the iron compounds:
nitrates, chlorides, sulphates, carbonates, organic monocarboxyiic or poiycarboxyii'c
acid salts, chelates, etc. As phosphorus-based compounds, it is possible to use alkali
metal phosphates, ammonium phosphates, and phosphoric and phosphorous acids,
etc. As alkali or alkaline-earth metal compounds, it is possible to use, for example, the
following compounds: nitrates, oxides, hydroxides, chlorides, sulphates, carbonates,
bicarbonates, nitrites, phosphates, silicates, and also the salts of oxyacids or of
organic monocarboxylic or polycarboxylic acids such as formates, oxalates, citrates,
tartrates', etc. As compounds of other elements, it is possible to use, for example,
oxides, halides, sulphates, organic monocarboxylic or polycarboxylic acid salts, etc.

The catalyst may be prepared according to any method that is already known,
all the preparation methods comprising a final activation step of the catalytic
composition, which generaily consists of a calcination at a temperature between 350
and 1000°C.

The most common methods comprise the preparation of an integral



composition before the calcination. This may easily be carried out by using the so-called slurry method
or the precipitation method. In the latter method, an aqueous solution of salts of the metals in question
and of phosphoric acid is prepared first and is then neutralized with a suitable base in order to
precipitate the mixed metal phosphates. It is advantageous to carefully wash the precipitate in order to
separate all traces of water-soluble substances and then to dry it before the calcination. Alternatively, it
is possiblevi@adsbagapgonium phosphate to the solutjon of the metal salts in orgleg A shisliyspsecipitate
the metal phosphates. It is possible to use any water-soluble iron or metal salts. However, due to the

solubility prapgsHeRiah rEl«EPcIPeSm'&eé&&ﬁBﬁc?{eﬂﬁPJ%&g-easiﬁ'b%s,@éﬁ‘?@&%ﬁkuﬁry (giRoghs giso well

suited for pre%ﬂr%? the catalysts used in the process of the invention. According to this procedure, the
H

aqueous s6fl fRe &R Rohenareeipiatintamatiedstivriiedatirsr MrpHogPhaaEeRYE is

obtained. Hapseliiprindentad rRAAERIPLSICYRGRhBRIMISSHERBHINIODERY B Rildd ey dhe residue
is broken u% and it is heated again to a faiélg high temperature of the order of around 120C until

completely 3 e @ FRRANINR EcRUREIaREEIEInSIder A JUSIRRES dhe Srinesl oieabt these
techni_qtlleq@hb@pmsé' s iblﬁlig Q_m@m@g@@a@iyz@ml@nwmwg-_gﬁéspﬁezjﬂrﬁméqmsﬂ;@stmﬁmm any
material su s silica,.alumina, titanium oxide, silicon carbide, silica/alumina mjxture, silicates,
borates or %qgrﬁgﬁ?\?es%rw @Tﬁéﬁ‘ﬁgﬁ%aw@&@ﬁfﬁ G ﬁl@@té‘f.’)léj{}’ndfeﬁﬁfgrf’ea@ﬁoﬁ%ﬁm%'ﬁs to
which the cdtatysttivilyhét s lpjestiisle Theaddpparisrautdeshosforatectn anin g dheioroisture gastaint. The
support m so be impregnated in a solution of the metal phgsphate and dried., The impregnation
and drying%@%)smsﬁcgé%pé% r'e"88a¥e8*ﬁ%¥ﬂ'l§%% &ﬁgir@g tﬁﬁrﬁ%@?@ﬁ%ﬁférg i @@Sﬂ%{gﬂﬁhgéhaglg are
obtained. Saiiardplimihédattemaibial sathotidessrbeddt is pussitilebibte amypeuti dseop ratigiéation of

the metal 9“8§8'§%‘i?§ épet?ee E%ﬁ%gnce of suspended particles of the designated support. It is possible
'to then use a spray-dryingd technique in which the slurry is introduced into the drier by spraying and the

solid product is thEpEcempribed silEy enetinstiamistheelb aigieddor prephdngribmodtatysih assthose
indicated HR QHETRAICA0 e RV RSRPAEAIBIRAY IR (BRI GAILRE eI NGARA of -

Salts of alkali or alkaline-earth metal compounds are dissolved in concentrated phosphoric acid, then

hydrated ifh§ sidliofdrandey aftbsspiaiRiinsirsiendpeptien witle pbespbrsts asid is ebleinaden milled
and screengg é@&tiéﬁ/w%%@@rleentma@bdﬁ{]qﬁﬂﬁ@r@eﬁ%dosﬁﬁtmnmfgépt's%i&iﬂ?@dﬁomﬂf fillow

cylindrical pellets, for example having a hei%ﬁ% of 3.5 mm, an inner diameter of 1.5 mm and an outer

diameter ofS . PRSI YR AR Shsatas Acripdo a fairyhigh-teranssateimebing Hest@ntaining

compoundzgfodisgolzetiGrnuats olyepl stetndrg. WaiRs, theerrierdaieraandnied BAREREPrus in the form
of an acid or of a solutign of dissolved salt i inCO{gorated therein. Cqlloidal silica may also be added

up to 15 wt% reldtGEYS e 1R QNRAY Kk BSh BFdBPSS JRAOBIES AN S BRSEHRISEY BIRRA I trength.
The pH of ttabpdtitona stipporadjListeddsitidibadkiitias diadasmriyhioh resalislingon feymiaten of a

precipitate gf crude iton/phosphate catalyst which is_dried after washing, after combination with alkali
or alkaline?gg?%nﬁietﬁ E?Z S, %g(r'(g%oﬁ%ﬁacroén\?%rgége% osﬂbc f?@'fgrlﬂgn@' {é]%avzf‘rl h?ﬁg%isg&&%%%@to add
the alkali cvarikatiaseanhcoretidiorattatdhbess platibueist ienshaio e hosieh dhesrsalttivefereridtidgralization.
After drying}, the .catalyst is, mi desi {n calcined. Qne particul
E-:'embodime%)t mﬁg i%&%%ﬁ%t%ﬁg%e _fg}ﬁ% v%ﬁh?sa %ei{%icrfn%ﬁg%rﬁaﬁ?ﬁ] Mac argg(‘)?ous
support, th@eisthes mardeal. bEﬂ@g%@]@@ﬁt@@E@r_ﬁh@ urfiopretatted poresaitition supfiertnital catalyst
support may, alse, have a1 RHRPRHE Adsle ﬁ%ﬁbﬁsaﬁ@wﬁgﬁ&'sf{aﬁ&‘éﬁé%‘ ﬁ%_eréggx?eaﬂamw%e _

containing the iron phosphate. The molar ratio of the’phosphorus to the inert support material may

vary over &9iHe¢angebe férlaeih b dupportahihasp oo e igined. 18ioteR rinidheaturally
varies depghgingtri: thrivge abibRruners paieiiab takingrntvracowttiatdhs-aahahauld give the

catalyst mechanical stren%h and increase its specific surface area.
phosphates in the presence of suspended particles of the designated support. 1t is

possible to then use a spray-drying technique in which the slurry is introduced into the
drier by spraying and the solid product is then compressed or extruded and then
calcined.

Other methods such as those indicated below may also be used to prepare the
catalysts that can be used in the invention:



It will be possible to refer more specifically to the documents of the prior art cited previously for the
oxydehydrogenation reaction of saturated carboxylic acids in order to use the most suitable method for
preparing the doped catalysts based on iron phosphate that can be used for the process of the
invention. It is also possible to prepare the catalysts for the process according to the invention by
variations on the general methods described in the following documents: JM Millet, JC Vedrine

and G. Hegggahothslgy Developments in SelectivegOxidation”, (1990), page 883frlsfvigtoience
Publishers, G. Centi and F Trifiro Eds; Ai etal., J. Mol. Catal. 89 (1984) 371-381; JM Millet, Catalysis

Review 40:1, page k53§ and -ég(gﬁeale %i@iané-é/@thcn%{bu1%&.%99%)@%6@5@{7&550;\7 process

according to the invention may be carried out in the gas phase or in'the liqui ase, preferably in the

gas phase SoVtseRifiaedayerabioricasitichas bariatedutan misaiaismridad vHivaelulieteissthen
technologigs MRy Redised. RAPRYJEediRe s RIAEBSIHEHIHAREHPSLUPERFESELA. QVetatingto, of

fluidized-bed process. Plate heat exchanger reactors, such as those described, for example, in the

documentSEPYPIRPK Jf pasidedaheioe malelirg Heeuselid in theeTaenyafahisiicyr giyliesbicalay also

e T
catalytic distillation type reactor. Giyen the large difference between the boiling points of glycero
(280C) anfﬁﬁbfgﬁﬁ%?éﬁ igig'a?sa_ NS SQMe'S '@ﬂ'\'/Ys%ﬂ@'&Wqﬂ‘d‘-%%éée process at a relatively low

temperature which Filewssiredritnoans «fishil sioncohtam gy @einppiaiiRedisEbr edaati@sisvent
perma'nlen‘tl%/ gés lace tpu%gnétpi%% tge onsecuti¥e éeg\ctions0 on tlhe acrgllﬁein irf'n a conIIi uo%g reactor
at equilibri modighateifent. BRIGHE ATEMEE &5 %W% oF e 6’&% L8 ELA3N & r@ferably
a temperatsotubetwefetiskd0ed ad 580 oppeieizidl yHaebive Dol bid alirudlid80Cagradsa peeasdiaingtween 1
S S SR SR AR B R a0
physical strength. The pH of the solution is then adjusted to 7 by addition of a base,
which results in the formation of a precipitate of crude iron/phosphate catalyst which
is drie'd after washing, after combination with alkali or alkaline-earth metal salts, or
another envisaged dopant element. As a variant, it is possible to add the alkali or
alkaline-earth metal salts to the solution of iron and phosphorus salt before
neutralization. After drying, the catalyst is milled o the desired fineness, then
calcined.
In one particular embodiment of the invention, the catalyst may be combined
with a fully impregnable macroporous support, the active material being deposited on
the surface of all the pores of the support. The catalyst support may also have a
phosphate added to it as a physical mixture with the active material containing the
* iron phosphate.
The molar ratio of the phosphorus to the inert support material may vary over a
wide range. Generally, the P/support ratic may vary from 20/1 to 1/30. This ratio
naturally varies depending on the type of the support material, taking into account that
the latter should give the catalyst mechanical strength and increase its specific
surface area.
It will be possible to refer more specifically to the documents of the prior art
cited previously for the oxydehydrogenation reaction of saturated carboxyiic acids in
order to use the most suitable method for preparing the doped catalysts based on iron
phosphate that can be used for the process of the invention.



In the process of the invention, an aqueous solution of glycerol is generally used that has a
concentration ranging from 20% to 99%, preferably between 30% and 80%, by weight in the reactor.
The solution of glycerol may be used in liquid form or in gaseous form, preferably in the gas-phase
form. One preferred embodiment of the invention will now be described. The process for preparing
acrolein from glycerol consists in sending a mixture containing at least glycerol, water, oxygen or an

oxygen-cofiigisipgedas and where appropriate an ingrt gas and/or recycle gasesy #rBasphase, to
a bed of a catalyst system such as defined previously, kept at a reaction temperature between 180

and 500C.  The enajgs 3BRIRID theprepsier avdeRalciethio aroksbsaling amgeratye of the

order of around 180C to 350C. The process is carried out at a pressure around atmospheric

pressure dRYSREPE BrevrstalioprRer e alethasis Kesprbssiir the follpwingsdastmrentsgen is
chosen 50 as to b,y ifleneXRiaRie Hri ol AncRRl of ednStARRrITA RIS he
molecular gxygen to the glycerol is generally around 0.1 to 1.5, preferably from 0.5 to 1.0. Another
parameter HSC AT A0 HEBhRAR b1 bl e e SHIERRR fg o Shras SR AR Lot
concentration of gixceteiNariedonidehafrem(@dst 3¢1 4885 common in reactions of this type, the yield
of the desired prod@ﬁt iS,an igv%fe ,fur?{ction of [P?i' concenté%t_ion. rom the point of view of obtaining a
reasonable flow rate coMBined Wit & 33@3‘{)@ I ;9@%@ % ntration of the glycerol in the charge
is around 3 to 16 maiglBEhie edatedtrbiionCGheonttali@dts)thessrion of water and of inert gas

present in the feed stream. Thect%regerre?ogtﬁseous iluent is gléro en Ithqtfg? other gases such as

carbon dioxide, heliu r %?8%%,% ¢ alevalgo Sullabie. Of eit IS€E, WHERTE 0Es Peed%adc’n@gﬁ\sfgt%n of

glycerol p_eimtiue ili@iideﬁsms&nw@‘@mmm dheterhoxitiase. VW hEnetbendatytinatipexprestied iis
seconds, s a9 oG XolmE,AEE GRS BRLIAIEXAINME ALaRSeoUS IRagianis saRyeyec
‘per second. The average temperature and pressure conditions in a’bed may vary depending on the
nature of th¥eshiggsprereaatdivideatehedayorsed andunlstiegofividzatdipst. Geersall\Plate contact

time is fromd £0-20 SRR AN RIGIRTROM I3 1B $6°8R4Sple, in the documents EP
995 491 or EP 1 147 807, may also be used.

The dehydration of glycerol may also be carried out in the liquid phase in a
conventional reactor for a liquid phase reaction, but also in a catalytic distiliation type
reactor. Given the large difference between the boiling points of glycerol (280°C) and
acrolein (53°C), it is also possible to envisage a liquid-phase process at a relatively
low temperature which allows a continuous distillation of the acrolein produced. The
reaction is permanently displaced thus limiting the consecutive reactions on the
acrolein in a continuous reactor at equilibrium displacement.

The experimental conditions of the gas-phase reaction are preferably a
temperature between 180°C and 500°C, preferably between 250 and 400°C and a
pressure between 1 and 5 bar. in the liquid phase, the reaction is preferably carried
out at a temperature between 150°C and 350°C and a pressure which may range
from 3 to 70 bar.

In the process of the invention, an aqueous solution of glycerol is generally
used that has a concentration ranging from 20% to 99%, preferably between 30% and
80%, by weight in the reactor.

The solution of glycerol may be used in liquid form or in gaseous form,
preferably in the gas-phase form.

One preferred embodiment of the invention will now be described. The process



The catalysts used in the process of the present invention make it possible to attain high yields of
acrolein with extremely high conversion rates which may, in certain cases, reach up to 100% of
glycerol. These results are due to the fact that these catalysts have the advantage of promoting a
dehydration process that progresses evenly and is easily controllable with regard to the reaction
temperatures and contact times. The reactants may be introduced onto the catalyst, whether the
former are wlieasyaasppletely or only partially premjyed, or may be introducedpipgividdddsis20 The
supply of various reactants, applied to a fixed-bed or to a fluidized-bed reactor may be carried out
individuallyqr SBAMAINJBBIOHTBHP G TR dbRSRIROIRASSIBIR 0o PHIRHHESBATL i A1 Yt
optionally all of the glycerol or only part of this glycerol into the bottom of the reactor and to
successiveRYSEI RIS e YBMY P AT SMBRTELBIARINS ERS opRford RIR ARBERRIEHRDIAT IBethe

catalyst be@laé/\maheer@&g&oge@e@amesﬁ@lg@cﬁﬁaﬁegt@ fixgshcatalyshagkteahnigres, sty beds
may be obtained according to known methods by placing the catalyst in the tubes of a multitube

reactor and BN RSHRSGHI el Rt At & reaclivth i uingralita Retvirsd ifRiRg SRR utside of the
_tub?s, these g:uidS'!W@S&M){gﬁ)r@tﬁmMEJ ahd m‘r@@t@fnﬂﬁéw BeNSIBHAGAEMIXEIrgs gfév%égﬁgsalt& |1}
is also possible to operate,in a reactor havi vera tic reaction stages separated by zones for
cooling the?gﬁ’c?rgﬁlg)ﬁ%ﬁﬁj@ on Eﬁ(c%%%‘i’r‘i'&qgl gﬁeépg)rt?g.hz embodiment of the invention, it is possible
to place, upstreamief theckyzetscesatiest system dasedsundrancuinadsphatasphéinst petive gatalyst bed, or
a first reacgp}(rJ I;eenarbegirllgeﬁhe q,ep r%%ﬁtiogt reaﬁtiﬁg %ah/é:rercr)l t% liircrolein to be carried out. The gaseous
reaction mixture s this Sentto & first cata yg 1 CORtaCtWith wWiiich the dehydration reaction of glycerol
is at least partiallyl barssthoot geaxygiy esthitingrirssezo oy cotsifdethdsgpiisae firajicataddghyde.

p the cliehydration

The reacti%mj%wﬁg&h@% ingd ﬁ]@%ilgrcPﬂﬁécﬁwﬂéﬂﬂﬁoﬁ:@éﬁgjz@ﬁégm t%nt}“l@iﬁ)gg%gid A et

‘reaction of unreacted glycerol may continue at the same time as ersion of p
acrolein. TEerTRlbasanbed i dperaterabiy fovve Otéripdrature than the second catalyst bed, thus

optimizing the engioyhalanceof the pracess- fhe %@9&%%@%”%% ;g@%@rmg 10 ik eﬁ%&g@em

contains a minimized amount of propanaldehyde, which widens its of application.

configuratiSXRIEESES dRsTOIs0RSISRAJES SR ERlFalen St Mpriolasigo miseln fremad dhtadifbatic
fixed bed, gt iglsp s mutibiishdxedired R aleyfelespmBlgcataicmmacimentaizestfidized

bed. It is also possible in the case where the first reactor operates in the liquid phase and the second
containing #EEGE RS0 FBHI SLpAAiD ® RointefiN gy ghetiakuag a reaspaabiRAigBeriod of

use, the catglysiopysiess WaY enddechealnss/rileativedopideinrsiohast tadhayveessemn sheumsssion and
the selectivity. The cgttaly15 will ghejf] be sub!ectedto are eneratic&%step, for example according to the
]

method deScATEIhHIE B Fer '8 SSIPREHRHON (BRSO by dRs AR L QLRSS 2 % iron
phosphateit@r sfeenghesaitizingianfespdheteatnardhed Redéitar ajdeasta pritiedtofwathseis, then in

bjecting | dyci h d.th . : Oth '
method iy B e AR L ASaL AR I o I P 965 605 AR ALt emirating

the catalysttyrseiditteendhea phsispti aursseoirtdinmgfqpoeooinokronithat, desevesdntsi@caoiabid)S
3,716,545 %r;@atlf;gdgn@gding phosphorus during the process in order to increase or maintain the
sactivity of the catalyst. The invention also relates to the use of a catalyst system comprising
“oxygen, iron, phoSpRoeasiagidione cepisieselbrinesecondserisrthn atidioi nfethis, akainee efathie metals,

Al, Si, B, CoGilaNbel i volim® of GaSeb N heMGasManbi,BY Eofie ARS bEe: Sm

for carrying.out’the dehydration reaction of glycerol to acrolein. Itg/go%#_g not constitute a%eparture
from the sdBpWPefaESHAISERISFEREIPIENR dthaddRereadrviaey slarantiepersdheenstare of

propylene-genizifing 8% aadpeSed hibsAMRisalion¥Qi4/PAR atalyst. Generally, the
contact time is from 0.1 to 20 seconds and preferably from 0.3 to 15 seconds.

The catalysts used in the process of the present invention make it possible to
attain high yields of acrolein with extremely high conversion rates which may, in
certain cases, reach up to 100% of glycerol. These results are due to the fact that
these catalysts have the advantage of promoting a dehydration process that

progresses evenly and is easily controllable with regard to the reaction temperatures



The invention also relates to a process for preparing acrylic acid from glycerol comprising a first step of
preparing acrolein according to the process described previously and a step of oxidizing acrolein to
acrylic acid. The invention also relates to a process for preparing acrylic acid from glycerol
comprising a first step of preparing acrolein according to the process described previously and a
second step of oxidizing acrolein to acrylic acid in which an intermediate step of partial condensation

of the watagangyehikgheavy by-products from the fiyst step is carried out, as desaripgdsnsfpplication
WO 08/087315. The invention also relates to a process for preparing acrylonitrile from glycerol

comprising,a first sten mspﬁ\ﬂegr@ga?é% ﬁgﬁg@@%&%@&@&%ﬁ%& ﬂ?@%%@%{%%{ﬁ'& A a step

of ammoxidation of the acrolein to acrylonitr The catalyst systems that’can be used in the
process of HEBFe3Ent aHeaANoRINIEY 196 (2581 Aot amiBRyd by dratiohee lidrioduseglycerol
to acrylic apighpipgigon skilled in the art will determine, in this case, the operating conditions to use.
The following examples illustrate the present invention without however limiting the scope thereof.

EXAMPLES  INBSERBIMAEYHINLA f&iRsiATISe arplisssivhadbretbhesertcifvify Tuifgdsbedderstood
to mean thexsatist: MATRRY Shimetes @f nerdieikligraicsiasaper ohaplas O glvaenobbaving Hasted X

100, the acroleiné%eld,%?;{%his the ratio: number of moles of acrolein formed/number of moles of

glycerol in#8EHR% @ 1 g5 Ratioh ssRl Bemrfianallyal B Bastyrernbas palmaE elitpte 1
(ComparaigipjeRy intinthésdtiehi dfantalysidse pake thanseceing shE@phlahk fremaiaeigersER 2

245 604 in the form of a ixted bed in a reactor fed by a gaseous mixture composed af glycerol, air,

wvater vepih BT ARCEEN s BB L R eI BPIES o A AL Pt WO0RS AR for

contact timeattzs) it wasripdssililatomsbiaintarfiredoteitalyslebtidite ciigles, such beds may be
obtained according to known methods by placing the catalyst in the tubes of a
multitube reactor and by removal of their heat of reaction using suitable fluids flowing
on the outside of the tubes, these fluids possibly, for example, and more generally
consisting of mixtures of molten salts. It is also possible to operate in a reactor having
several adiabatic reaction stages separated by zones for cooling the reaction mixture.

According to one particular embodiment of the invention, it is possible to place,

upstream of the doped catalyst system based on iron phosphate, a first active catalyst
bed, or a first reactor enabling the dehydration reaction of glycerol to acrolein to be
carried out. The gaseous reaction mixture is thus sent to a first catalyst in contact with
which the dehydration reaction of glycerol is at least partially carried out generally
resulting in secondary compounds such as propanaldehyde. The reaction mixture
thus obtained is then in contact with the catalyst system on which the dehydration
reaction of unreacted glycerol may continue at the same time as the conversion of
propanalidehyde to acrolein. The first catalyst bed may operate at a lower temperaiure
than the second catalyst bed, thus optimizing the energy balance of the process. The
acrolein obtained according to this embodiment contains a minimized amount of
propanaldehyde, which widens its field of application. This configuration of reactors is
possible according to various technologies, for example as an adiabatic fixed bed, but
also as a multitubular fixed bed, or else, for example, as a compartmentalized
fluidized bed. It is also possible in the case where the first reactor operates in the
liguid phase and the second containing the catalyst based on iron phosphate
operates in the gas phase.



Example 2 By using the catalyst prepared according to Example 8 of document FR 2 245 604,
corresponding to the empirical formula Fel1P1,84Cs0.66, in the form of a fixed bed in a reactor fed by
a gaseous mixture composed of glycerol, air, water vapour and nitrogen in the molar proportions
1/3.1/25/55 at a temperature of 380C and for a contact time of 0.5 s, it was possible to obtain an
acrolein selectivity of 75%. Example 3 By using the catalyst prepared according to Example 15 of

document §R 2,24, 8R4, corresponding to the empirical formula l:e1Ip1.4Sr0215chJ?F

J%g’i &Ba fixed

bed in a reactor fed by a gaseous mixture composed of glycerol, air, water vapour and nitrogen in the

molar proportions~1/3,6/25/ erature of C.and for a contact time .of 1 s, it was paossible to
obtain an acroleif]dé/e%feétzi\’%{ffé)oﬁ%%ﬁ@g‘er%pl{eﬁﬁ R%%%{ﬁ%rs ygg%%r”&%%%ﬂmgoab |x:]e-%5%ee@%§f; E&?alyst
correspondinthtintrelabem itatFeiddgBsel 5.@E0%SIon an2be salsdidint Bhe edtaijsiond|Zalh with

lveerol L300 U B WSEANG A1 OIUP LU Al BORHE IRSRIATU LB oS

conditions, a de conversion of 95% of glycerol and a yi o of acrole

in document FR 2 498 476 which consists in subjecting the catalyst based on iron
phosphate to a strongly oxidizing atmosphere at around 350°C for at least a period of
two hours, then in subjecting it to a reducing atmosphere at around the same
temperature.

Other regeneration methods may be used, especially that described in
document EP 263 005 consisting in regenerating the catalyst by addition of a
phosphorus-containing compound, or that described in document US 3,716,545
consisting in adding phosphorus during the process in order to increase or maintain
the activity of the catalyst.

The invention also relates to the use of a catalyst system comprising oxygen,
iron, phosphorus, and one or more elements chosen from alkali metals, alkaline-earth
metals, Al, 8i, B, Co, Cr, Ni, V, Zn, Zr, Sn, Sb, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the
rare earths La, Ce, Sm for carrying out the dehydration reaction of glycerol to
acrolein.

it would not constitute a departure from the scope of the present invention if
the method were carried out in the presence of a propylene-containing gas, as
described in the Application WO 07/090990.

The invention also relates to a process for preparing acrylic acid from glycerol
comprising a first step of preparing acrolein according to the process described
previously and a step of oxidizing acrolein fo acrylic acid.

The invention also relates to a process for preparing acrylic acid from glycerol
comprising a first step of preparing acrolein according to the process described
previously and a second step of oxidizing acrolein to acrylic acid in which an
intermediate step of partial condensation of the water and of the heavy by-products
from the first step is carried out, as described in Application WO 08/087315.

The invention also relates to a process for preparing acrylonitrile from glycerol
comprising a first step of preparing acrolein according to the process described

previously, and a step of ammoxidation of the acrolein to acryionitrile.



Example 5 Use is made of a catalyst prepared according to Example 16 of document FR 2 245 604,
corresponding to the empirical formula Fe1lP1.841.<0.66. The dehydration reaction is carried out in a
reactor containing this catalyst in the form of a fluidized bed and fed by a gaseous mixture composed
of glycerol, air and water vapour in the molar proportions 1/2.5/44 at a temperature of 330C, and for a
contact time of 1.3 s. By gas chromatographic analysis of the reaction gases, a degree of conversion

of the glyceyel Rh&duand an acrolein selectivity of 7;1% were obtained. Exampler§rAdeaiahish
corresponding to the empirical formula Fe1lP1A4Ag0.180x is prepared in the following manner: 103.2 g

o ron irate nonfyiats s issovec i Lo lhar iERIe Q0 vl sl Welsrdided o

this solution are 35.8 g of concéntrated phosphoric acid wi cma3 of silica containing 20% 3102.

The solutidRay Siisrebeat8EtamPmete endexxdstardiatiosy masiinad kceaséootafieridired at

120C until thewatekinRPRRIsdRNIME SeERIAIRIYiRARUALRd tﬁ@%%tﬁ@@&ﬁdﬁi&ﬁé‘i@%@?t 150C
overnight. The dry product is then calcined at 450C for 16 h, then at 520C for 2 h. 15 cm3 of this

catalyst is introdutB8 fAlSWingR%8MRAIssdBvss ¥R Hhe RIRtepbirvepian WibrigdiawrsastIBBHY The
reactor is fgbwitBpflawreate of 41 1/h by a gaseous mixture composed of glycerol, oxygen, water
vapour and nitrogen in the molar proportions 1/1/25/20. A degree of conversion of the glycerol of 86%
and an acrolein selectivity of 68% are obtained. Example 7

EXAMPLES

in the examples which follow, the expression “acroiein selectivity” (in %) is
understood to mean the ratio: number of moles of acrolein formed/number of moles of
glycerol having reacted x 100, the acrolein yield (in%) is the ratio: number of moles of
acrolein formed/number of moles of giycerol introduced x 100, the reaction gases

being analyzed by gas chromatography.

Exampie 1 (Comparative)

By using the Feq P, catalyst prepared according to Example 1 from document
FR 2245 604 in the form of a fixed bed in a reactor fed by a gaseous mixture
composed of glycerol, air, water vapour and nitrogen in the molar proportions
1/3.13/15/55 at a temperature of 320°C and for a contact time of 2 s, it was possible

o obtain an acrolein selectivity of 65%.

Example 2
By using the catalyst prepared according to Example 8 of document FR 2 245 604,

corresponding to the empirical formula Fe1P, 8:sCspg6, in the form of a fixed bed in a
reactor fed by a gaseous mixture composed of giycerol, air, water vapour and
nitrogen in the molar proportions 1/3.1/25/55 at a temperature of 380°C and for a

contact time of 0.5 s, it was possible to obtain an acrolein selectivity of 75%.

Example 3
By using the catalyst prepared according to Example 15 of document FR 2 245 604,

corresponding to the empirical formula Fe P1.48rg25, in the form of a fixed bed in a

reactor fed by a gaseous mixture composed of glycerol, air, water vapour and



404.4 g of iron nitrate nonahydrate is dissolved with 127.2 g of 85% (weight of H3PO4) phosphoric
acid in 400 ml of distilled water. Added to the solution obtained are 100 ml of silica sol containing 40%
silicon dioxide (Ludox AS40). The solution obtained is stirred at 85C until most of the water has
evaporated. The paste obtained is dried again at 120C until it can be fragmented, then the drying is
continued for 12 h. The dried mixture is calcined at 460C for 6 h. The solid obtained is then

impregnateghvyiibassadytion of chloroplatinic acid. Ay incipient wetness impregnatipRqisysaLiieq out.
The empirical formula of the calcined composition is the following: FeR13Si0.67 Pt0.020x. The

catalyst, in fje JermiAcIRBIAl GRdRatltUiiejnnle Bd ARG, B IRA L 3,amaKs Mt of

glycerol, air, water vapour and nitrogen in the molar proportions 3 5 at a temperature of 300C
and for a cenftRattime of 4 sedomas PREsHRIe AL &1 580l firoseteativty 16 TAIMS 1)Process for
manufacturing acrolein from glycerol, characterized in that the reaction for dehydration of glycerol is
carried out in the presence of a catalyst system based on iron phosphorus oxide and comprising a
modifier compou%@ﬂlﬁ&%ﬁant) consisting of one or more elements chosen from alkali metals,

alkaline-eaxthupglasseictah Bokiinfalg M ikedNbdd, SN.calig. Lorrd¥PoMny Y& tiddaad the

are eanhy e, o B SIS AL 3 TS ErE D B TS
30.0 mi/h with water and at 120.0 mi/min with air. It was possible to obtain, under
these conditions, a degree of conversion of 95% of glycerol and a yield 76% of

acrolein.

Example 5

Use is made of a catalyst prepared according to Example 16 of document FR 2 245
604, corresponding to the empirical formula Fe P4 gKggs. The dehydration reaction is
carried out in a reactor containing this catalyst in the form of a fluidized bed and fed
by a gaseous mixture composed of glycerol, air and water vapour in the molar
proportions 1/2.5/44 at a temperature of 330°C, and for a contact time of 1.3 s. By gas
chromatographic analysis of the reaction gases, a degree of conversion of the
giycerol of 87% and an acrolein selectivity of 71% were obtained.

Example 6

A catalyst corresponding to the empirical formula FesPq.41Ago.180x is prepared in the
following manner: 103.2 g of iron nitrate nonahydrate is dissolved with 7.5 g of silver
nitrate in 200 mi of distilled water. Added to this solution are 35.8 g of concentrated
phosphoric acid with 30 cm® of silica gel containing 20% SiO,. The solution is stirred
at 85°C until most of the water has evaporated. The paste obtained is dried at 120°C
until the water appears to have completely evaporated, then the heating is continued
at 150°C overnight. The dry product is then caicined at 450°C for 16 h, then at 520°C
for 2 h.

15 cm® of this catalyst is introduced into a reactor in order to form a fixed bed kept at a
temperature of 385°C. The reactor is fed with a flow rate of 41 I/h by a gaseous

mixture composed of glycerol, oxygen, water vapour and nitrogen in the molar



comprises a catalyst corresponding to the general formula FePA/I'yM"O, in which: - M' represents
at least one of the following elements: alkali metal, alkaline-earth metal, Al, B, Co, Ni, Sn, Sb, Mn, Ag,
alone or as a mixture, M" represents at least one of the following elements: Pt or Rh, alone or as a
mixture; - x ranging from 0.2 to 3.0, limits included, preferably ranging from 0.9 to 2.0; - y ranging from
0.01 to 2.0, limits included; - w ranging from 0.0 to 0.1, limits included; and - z is the amount of oxygen

bound to thg @Hhes@lasgents and corresponding to their oxidation state. 3)Procpsg peeasiRgig Claim
2, characterized in that in the formula FePxM'yM"wO, , M' represents Cs, Al, B or Ag. 4)Process

according 9906 s eipransdinglalieccbriasindizat Bl hiocaarswmen e ionall

comprises a support such as silica, alumina, titanium oxide, silicon carbide, silica/alumina mixture,
silicates, bSRIBSHIaFB83aare obtained.

Example 7
404.4 g of iron nitrate nonahydrate is dissolved with 127.2 g of 85% (weight of H3PO,)

phosphoric acid in 400 mi of distilied water. Added to the solution obtained are 100 mi
of silica sol containing 40% silicon dioxide (Ludox AS40). The solution obtained is
stirred at 85°C until most of the water has evaporated. The paste obtained is dried
again at 120°C until it can be fragmented, then the drying is continued for 12 h. The
dried mixture is calcined at 460°C for 6 h.

The solid obtained is then impregnated with a solution of chloroplatinic acid. An
incipient wetness impregnation is carried out.

The empirical formula of the calcined composition is the following: FeP:3Siser
Pt5.020x.

The catalyst, in the form of grains of 65 to 150 microns in a fixed bed is fed by a
gaseous mixture of glycerol, air, water vapour and nitrogen in the molar proportions
3/20/60/15 at a temperature of 300°C and for a contact time of 2 seconds. An acrolein
yield of 53% is obtained.



5)Process according to one of the preceding claims, characterized in that a first active catalyst bed or
a first reactor enabling the dehydration reaction of glycerol to acrolein to be carried out is placed
upstream of the catalyst system comprising the aforementioned elements. 17 6) Process
according to one of Claims 1 to 4, characterized in that a mixture containing at least glycerol, water,
oxygen or an oxygen-containing gas, and where appropriate an inert gas and/or recycle gases, in the
gas phase, is passed over the catalyst system kept.at a reaction temperature between 180 and 500C.
7) Use of a catalyst system based on iron phosphorus oxide and comprising a modifier compound (or
dopant) consisting of one or more elements cho&&migg alkali metals, alkaline-earth metals, Al, Si, B,
Co, Cr, Ni, V, Zn, Zr, Sn, Sb, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the rare earths La, Ce, Sm for
carrying out the dehydration reaction of glycerol to acrolein. 8) Process for preparing acrylic acid

from glycerol comprising a first. step of preparin rolein according to the process of one laims 1
to 6 and a step (r)‘? f)xidizﬂiﬁacggrgosféfﬁrﬁ)aﬁgféﬁ:uggﬁla.%m&%Tlgfgt%%qgggéélfdﬁg B Ciam ' nc%aa%acterized
in that an thiemsectiate &iepefybaticod et i idrd sthmrtandtoé theshenvy lof-prodtatysifrom the

first step i8¢l b on JPERESHIALEBRANG APUAABHISEOm GIXGAIS! SOMBIFRG Fpfirst step
of preparinggcrolein accgpding to the process ofEc{)ne g?ccéfé)lrﬂné téG anc¥a step o?‘ mmoxidation of
the acr0|eﬁpf@aaar9|@mﬁt'@_g of one or more elements chosen from alkali metals, alkaline-earth

metals, Al, Si, B, Co, Cr, Ni, V, Zn, Zr, Sn, Sb, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the

rare earths La, Ce, Sm.

2) Process according fo Claim 1, characterized in that the catalyst system
comprises a catalyst corresponding to the general formuta FeP,M'\M",,O, in which:

- M’ represents at least one of the following elements: alkali metal, alkaline-
earth metal, Al, B, Co, Ni, Sn, Sb, Mn, Ag, alone or as a mixture, M” represents at
jeast one of the following elements: Pt or Rh, alone or as a mixture;

- x ranging from 0.2 to 3.0, limits included, preferably ranging from 0.9 t0 2.0;

-y ranging from 0.01 to 2.0, limits included,;

- w ranging from 0.0 to 0.1, limits included; and

- z is the amount of oxygen bound to the other elements and corresponding to

their oxidation state.

3) Process according to Claim 2, characterized in that in the formula
FeP,.M'\M"wO. , M' represents Cs, Al, B or Ag.

4) Process according to one of the preceding claims, characterized in that
the catalyst system additionally comprises a support such as silica, alumina, fitanium

oxide, silicon carbide, silica/alumina mixture, silicates, borates or carbonate.

5) Process according 1o one of the preceding claims, characterized in that
a first aclive catalyst bed or a first reactor enabling the dehydration reaction of
glycerol o acrolein to be carried out is placed upstream of the catalyst system
comprising the aforementioned elements.
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6) Process according to one of Claims 1 to 4, characterized in that a
mixture containing at least glycerol, water, oxygen or an oxygen-containing gas, and
where appropriate an inert gas and/or recycle gases, in the gas phase, is passed over

the catalyst system kept at a reaction temperature between 180 and 500°C.

7) Use of a catalyst system based on iron phosphorus oxide and
comprising a modifier compound (or dopant) consisting of one or more elements
chosen from alkali metals, alkaline-earth metals, Al, Si, B, Co, Cr, Ni, V, Zn, Zr, Sn,
Sb, Ag, Cu, Nb, Mo, Y, Mn, Pt, Rh and the rare earths La, Ce, Sm for carrying out the
dehydration reaction of glycerol to acrolein.

8) Process for preparing acrylic acid from glycerol comprising a first step of
preparing acrolein according to the process of one of Claims 1 to 6 and a step of

oxidizing acrolein to acrylic acid.

9) Process according to Claim 8, characterized in that an intermediate step
of partial condensation of the water and of the heavy by-products from the first step is
carried out.

10)  Process for preparing acrylonitrile from glycerol comprising a first step of
preparing acroiein according to the process of one of Claims 1 to 6 and a step of
ammoxidation of the acrolein to acryionitrile.



