WO 2009/044081 1 PCT/FR2008/051620 PROCESS FOR
MANUFACTURING ACROLEIN FROM GLYCEROL The present
invention relates to the production of acrolein and/or acrylic acid 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 catalyst system based on iron phosphorus oxide. Fossil resourcesé
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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 Patent FR 685 931 for preparing acrolein from
glycerol according to which acid salts having at least three acid functional groups or
mixtures of these salts are used as catalysts. The preparation of these catalysis
consists in impregnating, for example with iron phosphate, pumice that has been
reduced fo pea-sized fragments. According to the teaching of the patent, the yieid
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 giycerol, in liguid phase or in gas phase, at a temperature ranging up



dehydration of glycerol, in liquid phase or in gas phase, at a temperature

ranging up WO 2009/044081 2 PC /FR2008/051620 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; )
WO 1931861881 such as oxides or siliceous “materials, for example aldrhili§R2008/051620

(AI203), titanium oxide (Ti02), covered by monobasic, dibasic or tribasic
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acrolein. Furthermore, when acrolein is used for producing, acrylic acid, ,
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on the cataiyst and thersfore from its deactivation. The presence of the by-products in
acrolein, especially propanaldehvde, poses numerous problems for the separation of
acrolein and reguires separation and purification steps which lead {o 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 fieid of application of the acrolein produced by
dehydration of glycerol.

The Applicant Company has therefore sought to improve the proauction of
acrolein from glycerol, by using more selective catalysts that make it possible to
obtain high yields of acrolein and that have an activity over long durations.

Furthermore, numerous applications are known for catalysts mainiy composed

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



obtain high yields 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: WO 2009/044081 3 PCT/FR2008/051620 - FR 1
604 884: Oxidation of olefins and diolefins; - US 3,725,494: Process for

roducing diolefins; - JP 10-287610: Production of methylglyoxyl b
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production of ‘acrolein and methacrolein. The use of catalyst systems

baséefof iforPRhbghats iratitieapgyeririiegivmReoRlsfisaturated
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conversion of isobutyric acid to methacrylic acid has been widely
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presence of a calcined iron phosphate containing an extrinsic metal such
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out ,the pressnce,of a0 1anBISSRNAtE modlfied by the presence off e
aldehydes and more specifically for the production of acrolein and
methacrolein.

The wuse of catalyst systems based on iron phosphate for the
oxydehydrogenation of saturated carboxylic acids to unsaturated carboxylic acids, in
particular the conversion of i1sobutyric 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 exirinsic metal such as silver, ianthanum, 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. it has been found that the iron phosphate
catalyst modified by aluminium is active for long durations for the oxydehydrogenation
reaction of isobutyric acid.

Patent Application FR 2 245 604 describes a process for preparing

a,pB-unsaturated acids by dehydrogenation, which is oxidizing due to the action of



boron, aluminium, gallium and indium. It has been found that the iron
phosphate catalyst modified by aluminium is active for long durations for
the oxydehydrogenation reaction of isobutyric acid. Patent Application FR
2 245 604 describes a process for preparing a,(3-unsaturated acids by
dehydrogenation, which is oxidizing due to the action of WO 2009/044081

4 PCT/FR2008/051620 oxygen or of a gas containing oxygen, of

WO 2981484 aliphatic carboxylic acids in‘the presence of a catalygfCT/FR2008/051620

containing, in combination with the oxygen, iron, phosphorus and o
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- D is chosen from Ag, Cu, Mn and mixtures thereof; and

-a=0-1.0,b=07515¢c=1.0-2.0,d=0-20; 2 + dis 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 caicination of the dried mass.

Described in Patent Application FR 2 857 782 is a catalyst of general formula
FeP.Me,C;, 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 10 3.0;

-y has a value of 0.1 10 2.0; and



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 FePXMeyO,, 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 to 3.0; - y has a value of 0.1 to 2.0; and WO 2009/044081 5

wo b l/FERg008/051620 - z is the amount of oxygen bonded to the Ot&L, 468051620
elements and that corresponds to their oxidation state, this catalyst being
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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 aiso 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 attributed 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 giycerol 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,



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
WO Pur(%(f({e@gsior manufact_uring acrolein_frg)m g_lycerol,_characterized_i -T%Q%&Qs%smzo
reaction for dehydration of glycerol is carried out in the presence of a
atalyst system comprising oxygen, iron, phosphorus, and one or more
ents chosen from alkali metals, alkaline-earth metals, Al, Si, B, Co,
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the present invention, it is possible to use, for example, for the iron compounds:
nitrates, chlorides, sulphates, carbonates, organic monocarboxylic or polycarboxyiic
acid salts, chelales, efc. As phosphorus-based compounds, it is pessible 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, silicaies, and also the salts of oxyacids or of
organic monocarboxylic or polycarboxylic acids such as formates, oxalates, ciirates,
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 fo any method that is already known,
all the preparation methods comprising a final activation step of the cataiytic
composition, which generally consists of a caicination at a temperature between 350
and 1000°C.

The most common methods comprise the preparation of an integral



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 ig possible to use, for exa eil,
y
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calcined.”According to ore of the other ese techniques, it is possible
to prependng tatahgsoonhe supporf kessoisibriqgasd! i peesibispisitprepare a

cat#NW BIRLUaLSHAN R%:SHISible to use, as the support, any material such as silica,
alumina, titanium oxide, siijcon carbide, silica/alumina mixiure, silicates, borates or
carbonates on condition that these products are stable under the reaction conditions
to which the catalyst will be subjected. The support is added before removing the
moisture content. The support may also be impregnated in a solution of the metal
phosphate and dried. The impregnation and drying steps should be repeated until the
desired number of layers of dry metal phosphate are obtained. Similarly, in the
alternative method described, it is possible to carry out the precipitation of the metal
phosphates in the presence of suspended particles of the designated support. It 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:



alumina, titanium oxide, silicon carbide, silica/alumina mixture, silicates,
borates or carbonates on condition that these products are stable under
the reaction conditions to which the catalyst will be subjected. The
support is added before removing the moisture content. The support may
also be impregnated in a solution of the metal phosphate and dried. The

WO 2'5%%%%’%?“0” and drying steps should8 be repeateql until t_he_ deﬁi@ﬂﬁmoas/ﬂsmo
number of layers of dry metal phosphate are obtained. Similarly, in the
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lkali or alkaline-earth™metal salts to the solution of iron and phosphorus
calciafihefore neutralization. After drying, the catalyst is milled to the desired

fingResge th8Aicular 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 ratio 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 carboxylic acids in
order to use the most suitable method for preparing the doped catalysis based on iron
phosphate that can be used for the process of the invention.



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
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congdsvibeatsedetboinnie theuiidmbasieasaiiien, 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 liguid-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
femperature 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 o 70 bar.

In the process of the invention, an agueous solufion 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



conventional reactor for a liquid phase reaction, but also in a catalytic
distillation type reactor. Given the large difference between the boiling
points of glycerol (280C) and acrolein (53C), 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
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acrolein in a continuous reactor at equilibrium displacement. The
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80%, by weight in the reactor. The solution of glycerol may be used in
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molar ratio of the molecular oxygen to the glycerol is generally around 0.1

funaigon. Bf fheferemgMGHD!5 t6or0thenbifr Palifierr He i the? reasonable flow
rate CIRBHERIQNPEINEEERk M IDGiIERATGR: concentration of the glycerol in the charge

is around 3 to 16 mol%. The concentration is controlled by the amount of water and of
inert gas present in the feed stream. The preferred gaseous diluent is nitrogen
although other gases such as carbon dioxide, helium, argon, etc. are aiso suitable. Of
course, when the desired concentration of glycerol permits it, air represents a suitable
diluted oxidant.

The contact time, expressed in seconds, is the ratio of the voiume of the
catalyst bed to the volume of gaseous reactants conveyed per second. The average
temperafure and pressure conditions in a bed may vary depending on the nature of
the cataiyst, the nature of the catalyst bed and the size of the catalyst. Generally, the
contact time is from 0.1 to 20 seconds and preferably from 0.3 t¢ 15 seconds.

| The catalysts used in the process of the present invention make it possibte o
attain high vields 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



Expressed in mole percent, the concentration of glycerol varies widely
from 0.1 to 20. As is common in reactions of this type, the yield of the
desired product is an inverse function of the concentration. From the point
of view of obtaining a reasonable flow rate combined with an acceptable
yield, the concentration of the glycerol in the charge is around 3 to 16

wo hRI¥: ke concentration is controlled by the amount of water 3991‘9&1&%@%»’1520
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fthe or only part of this glycerol into the bottom of the reactor
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out according to fixed catalySt bed techniques, such beds may
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canfd@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 generaily
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
propanaidehyde to acrolein. The first catalyst bed may operate at a lower temperature
than the second catalyst bed, thus optimizing the energy baiance 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 reaciors 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 compartmentaiized
fluidized bed. It is also possible in the case where the first reactor operates in the
liquid phase and the second containing the catalyst based on iron phosphate
operates in the gas phase.



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

icular embodiment of the inveption, it is possible to pla
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the method were carried out in the presence of a propylene-containing gas, as
described in the Application WO 07/080890.

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 fo the process described
previously and a second step of oxidizing acrolein to acrylic acid in which an
infermediate step of pariial 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 aécording to the process described

previousiy, and a step of ammoxidation of the acrolein to acrylonitrile.



_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
r more elements chosen from alkali metals, alkaline-earth
wo %ﬁ%%‘@Co, Cr, Ni, V, Zn, Zr, Sn, Sﬁng, Cu, Nb, Mo, Y, Mn, PR[@IQ
the.rare earths La, Ce, sSm for carrying out the dehydration, reaction of . :
oy Ry P ST AT DO COSL o BT Sa g ientor
maythé prieserseih e mtromiftehen mevket weat wansadiourt of tHecpresémeemtia acid; a
perdRRURLEIESRLEUNING 088 I S g dadbe ARlcalen UG 8FO9095 B
e Invention also relates to a process for préparing acrylic acid from
gly€eeololbowipgisingapliestibtsp aibgrepariag atiosintaccortiingttbawever limiting
the Qégggs[ﬁéj,%%@'rib_ed previously and a step of oxidizing a_crolein to acr_ylic
acid. The invention also relates to a process for preparing acrylic acid
from glycerol comprising a first step of preparing acrolein according to the
procgsgmasegbed previously and a second step of oxidizing acrolein to
acrylic acid in which an intermediate step of partial condensation of the _
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By theingolhe therddf. B@NPLESpared according fo Exampie 1 from document
FR 2 245 804 in the form of a fixed bed in a reactor fed by a gaseous mixture

008/051620
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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

to obtain an acrolein selectivity of 85%.

Example 2
By using the catalyst prepared according to Example 8 of document #R 2 245 804,
corresponding to the empirical formula Fe P 54Cspss, 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 380°C and for a

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

Example 3
By using the catalyst prepared according to Example 15 of document FR 2 245 604,
corresponding o the empirical formula Fe P148rg25, In the form of a fixed bed in a

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



In the examples which follow, the expression "acroleih!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 glycerol
introduced x 100, the reaction gases being analyzed by gas

graphy. Example 1 (Comparative) By using the FelP2 cat
wo 1) eg%gr%%) according to Example 1 fror{r? document FR 2 245 604{)%%% 008/{}51620
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was possible to obtain an acrolein selectivity of 65%. Example 2 By using
the catalyst prepared according to Example 8 of document FR 2 245 604,

cofrespuneifhg to the empirical formula FelP1.s4Cs0.66, in the form of a
A tJBEﬁQrb;%%HPo? 68 ARt gdé% “8%%&% 1t B %%é’;]g%&"@r%e%rmuia
water vapour an nitrogen in t ar propo lons 1 1/

Fer. nt@ﬁqqé’rm@e/&@s@t Balef foww&é@ﬂa@t arieet 08 af BdspBesie @ycerol, at
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prepared according to Example 15 of document FR 2
thesgo RRRPIEABM AR %@nﬁﬁ@ﬁf‘ftﬁﬁﬁ@% F'Eﬁﬁf/mgfo@i)@th@”l‘érﬁw vel 76% of

acrdiged bed in a reactor fed by a gaseous mixture composed of glycerol, air,
water vapour and WO 2009/044081 14 PCT/FR2008/051620 nitrogen in
the molar proportions 1/3.6/25/55 at a temperature of 380C and for a
comrgiiaesof 1 s, it was possible to obtain an acrolein selectivity of 70%.
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120.0 ml/min with air, It was S|blet tai r)fder thes nditi
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by a gaseous mixture compoesed 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 reaclion gases, a degree of conversion of the

glycerol of 87% and an acrolein selectivity of 71% were obtained.

Exampie 6

A catalyst corresponding to the empirical formula Fe Py 44A00.180y is prepared in the
following manner: 103.2 g of iron nitrate nonahydrate is dissoived 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 calcined at 450°C for 16 h, then at 520°C
for2 h.

15 om® of this catalyst is introduced into a reactor in order fo 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



Example 5 Use is made of a catalyst prepared according to Example 16 of
document FIR 2 245 604, corresponding to the empirical formula
FelP1584K0.66. 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

WO &r@m tions 1/2.5/44 at a temperature, of 330C, and for a contact,fime of v« s1620
S. By gas chromatographic anaIyS|s of the reaction gases, a degree of
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paste obtained is dried at 120C until the water arﬁ] pears to have
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15 cm3 of this catalyst is introduced into a reactor in grder to form a fixed,
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Pte.S ution obtained is stirred at 85C until most of the water has evaporated.

Ty paste obtained is dried again at 120C until it can be fragmented, then
Thetiegiagfyiig s tsntiaiiecofosrenm of 168 Hrid§Oniviarens daleideehtss0E fed by a

gas@cﬂrs 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.



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: FeP1.3Sio0.67
Pt0.020x. 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

WO 5“5'39{9&5%{” the molar proportions 3/20/60/15 at a temperature of, 3006 os/651620
and for a contact time of 2 seconds. An acrolein yield of 53% is obtained.

WO 2009/044081 16 PCT/FRZOO%QQ CLAIMS 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
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alone or as a mixture; - x ranging from 0.2 to 3.0, limits included,
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-y rangjing from Q.01 to 2.0, iimits included;
- w ranging from 0.0 to 0.1, Iimits included; and
- z is the amount of oxygen bound to the other elements and corresponding to

their oxidation state.

3) Process according o Claim 2, characterized in that in the formula
FeP, M M",O, , 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, titanium

oxide, silicon carbide, silica/alumina mixture, silicaies, boraies or carbonaie.

5) Process according to one of the preceding claims, characterized in that
a first active catalyst bed or a first reactor enablling the dehydration reaction of
gtycerol to acrolein to be carried out is placed upstream of the catalyst system
comprising the aforementioned elements. |



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. WO
2009/044081 17 PCT/FR2008/051620 6) Process according to one of
Claims 1 to 4, characterized in that a mixture containing at least glycerol,
WO 20826¥40%/gen or an oxygen-containing gas, and where approp®ate/ie08/05162¢
inert gas and/or recycle gases, in the gas phase, is passed over the
catdyst sistemskeptad@irepdtiontenyieCitinesbétieeh 8amacteER0C. i) that a
. Use of g_catalyst system. comprising oxygen, iron, phosphorus, an e
i R SRR, ek R S R e, anc
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comprising a first step of preparing acrolein according to the process of
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Process according to Claim 8, characterized'in that an intermediate _ste
or e isaRiAIMEIRIEHOAREN TSI tha! kPl Er At o IRIIRBRAF Iy TFEHBCR! fromth& o CF.

Ni, Irszaten iscagiedhgut LONBrogesy fonprepanrndzaaryieniiile &ohs La, Ce, Sm
glycerol comprising a first step of preparing acrolein according to the

for ¢RE¥ins: Utdhe AR OIAIROT I53CHRY A AUASP! AATEXRIAton of the

acrolein to acrylonitrile.

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 siep
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 glvcerol comprising a first step of
preparing acrolein according o the process of one of Claims 1 to 6 and a step of
ammoxidation of the acrolein to acrylonitrile.



