PROCESS FOR MANUFACTURI NG ACROLEI N FROM GLYCERCL Background of the

I nvention Field of the invention The present invention relates to the
product i onoabica@s2rei n and/ or acrylic acid from gl ycer olpCamip000m0651897
particularly, one subject of the present invention is a process for
preparing acrol ein by dehydration of glycerol in the presence of a catalyst
system based on a m xed oxi de of phosphorus and on at |east one netal
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Fesources, s oROLE FOR HARPERCITRIKE A CRUTHA EROM GLF Lot ea i n
a few decades. Resources of natural and renewable origin such as
alternative raw materials are consequently being studied nore and nore.
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of cutting ol em cal”sterilisin aen for
hospi t al adaiespeiide.of hospheres and on galf@étcpqenaetgt ¢hq§|em froni}/vmduan,| hmon Oh t he
gas phasgunahivgf opyl ene via the oxygen in the air in the presence of

catal yst systens based on m xed oxides. dycerol, derived fromplant oils

I n the production of biodiesel fuels.is on f the routes envisaged as a
subst?tute for propyl ene, glycé&§93g§¥H§ﬁ§§$§i¥% be subjected to a

catal ytic dehydration reaction in order to produce acrolein. Such a process

makes it possible to thus respond to the concept of green chem stry within
a nore gener aFossiindesotircesf syphadsaril cutg foheheechentica imdstry will be exhausted in a

few decades. Resources of natural and renewable origin such as alternative raw materials
are consequently being studied more and more.

15 Acrolein is a key intermediate for the synthesis of methionine, a synthetic protein
used as an animal feed supplement, which has emerged as a substitute for fishmeal.
Acrolein is also a non-isolated synthetic intermediate of acrylic acid, for which the
importance of its applications and its derivatives is known. Acrolein also leads, via
reaction with methyl vinyl ether then hydrolysis, to glutaraldehyde, which has many uses

20 in leather tanning, as a biocide in oil well drilling and during the treatment of cutting oils,
and as a chemical sterilising agent and disinfectant for hospital equipment.

Acrolein 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 in the production of biodiesel fuels is one of the routes envisaged as

25 a substitute for propylene, glycerol being able to be subjected to a catalytic dehydration
reaction in order to produce acrolein. Such a process makes it possible to thus respond to
the concept of green chemistry within a more general context of protecting the
environment.

Numerous catalyst systems have already been the subject of studies for the

30  dehydration reaction of glycerol to acrolein.

A process is known from Patent FR 695 931 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 catalysts consists in
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Nuner ous catal yst systens have already been the subject of studies for the
dehydration reaction of glycerol to acrolein. A process is known from
Pat ent FRvVO2B10@8627f or preparing acrol ein from gl ycer ol pata@reawiogsd?d whi ch
acid salts having at |east three acid functional groups or m xtures of
these salts are used as catalysts. The preparation of these catalysts
consists ininpregnating, for exanple with iron phosphate, pum ce that has

been reduced to pea-sized fragnents. Accordin o the teaching of the
patent, tHEPrERAIGEOIF SxanaRle Wi YQW@SQW% Rymi %"3“}"3‘( eFg regﬁé rpepriiaeda0os

I'n Pat ent frhlgnént9 58ecc4ding tt@@héjﬁa'a&’lgﬁgtoifq&: p&REE R yieRl GEthink& dviftithid B'ge vaft "

gas/liquid phase in the presence of diatonmceous” earths 1| npregnate
phosphor i eatalystds gightes than 80%uspensi on in an aromatic solvent. A degree of

conversion of gl r.Ggl | ei f . 72.3%i.s obtained under these

condi tions. Pa e%a?grﬁgj%?§ég$;gﬂt%8@S@’qu%téoé“ AHBIE £8TIEE,O r"bﬁ??é]il%g Rh3s§) e n
by dehydr &t it pedsegtey 6£rddtombaéecul Coairttls PifgEesnatedi Wihaphddphsts a’id Qalts, in
tenperature ranging up to, 340C, over solid acid catalysts that are defined
by their HSRFRSIOD iGEndrematicspbveak i isares ohspvensionof glygsralde acraleiniph 12381 ow
+2 and prgf etakdule! @ Andilfagse catal ysts correspond, for exanple, to
natural or synthetic siliceous materials such as nordenite, nontnorillonite
or aci di ¢ zeol Patet; US Gbpi8d 1120, desarities aprooassi o modwiing awoles btenidadton dfor

exanpl e alum na. (Al 2 or titaniumoxide (Ti covered b obasi ¢,

i basi ¢ opEPhit findithetor b B PHER B tratpetrkraibar s LG Arassond
ganmmei@l ugdid atelstd Ma? Fee rdefifed Oy fRir Fam@lehe adi@ite! PROcHABIsES mudh@awse of
these catalysts will nake it possible to solve the problem of fornmation of

secondar yHpawiiceddige heloat ¢d ond mrafereblyr brloyhobphbrse ajplestt soapspond, for
Gesert oSl Shoh TR MBROSHEETTRACER 538 e kP o,
t he Hammesdidiaczedlitey; siippostspetakees oxides aordsitit@us hawerialss foroaxangse alythina
o RO oo OB S b e, et oL e o
of acypl ehidéyd @M M8 esaleUShd as gamma-alumina, ZnO/Al,0; mixed oxide, or else
heteropolyacids. The use of these catalysts will make it possible to solve the problem of
formation of secondary products generated with the iron phosphate type catalysts described
in the aforementioned document FR 695 931.

According to Application WO 2006/087084, the strongly acidic solid catalysts for

20  which the Hammett acidity Hy is between —9 and —18, have a strong catalytic activity for
the dehydration reaction of glycerol to acrolein and are deactivated less quickly.

EP 2 006 273 discloses a process for production of acrolein from glycerol using
aluminium phosphates with different aluminium to phosphorous ratios; the presence of an
supplemental element in the structure of these catalysts is not contemplated.

25 Alumina impregnated by phosphoric acid are already known by FR 2 882 052 for
the reaction of dehydration of glycerol, but rapid deactivation is observed for these
catalysts.

However, the catalysts recommended in the prior art for producing acrolein from
glycerol generally lead to formation of by-products such as hydroxypropanone,

30 propanaldehyde, acetaldehyde, acetone, addition products of acrolein to glycerol,
polycondensation products of glycerol, cyclic glycerol ethers, but also phenol and
polyaromatic compounds that originate from the formation of coke on the catalyst and

therefore from its deactivation. The presence of by-products in acrolein, especially
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al um ni um phosphates with different al um niumto phosphorous ratios; the
presence of an supplenental elenent in the structure of these catalysts is
not cont ewpl2atoade22Al um na i npregnat ed by phosphoric aci @CamP2eoexsdy known
by FR 2 882 052 for the reaction of dehydration of glycerol, but rapid
deactivation is observed for these cata ysts. However, the catal ysts
recomended in the prior art for producing acrolein fromglycerol generally
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nunerous problems for the separation of "acrolein and requires separation
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purified_ acgolepn. Furthe re, .when .acrqgl ein i.s..used for producing acrylic
et a, ¢ ndRefidin g Shmii S P anie BBty bE S ErEraRl c aci dowhi ch i <
difficult to gapapplicartCompaay hhé thefsfod soege6 iiploye e stodidtiohfiabrdleid hese
inmpurities that are present greatly reduce the field of application of the
acr ol ei nfigmbgiyeaal wying areyel selests cgfalypts hat miake tossible) tp ohtain bighpviekds 9 s

t her ef or : Wagals -1 .o, of acrolein fromglycerol using
nore sel g%rt%lfé\ll;lgg}%:da%lgﬁ%/agtggﬂzéﬁté%lgﬁn%\%g?%(%ggg?'bl e to obtain high yields of
acroliei n and fihéie fieldofantadysts, the yso v cathlysigsystemsobksed lon itdrepliasphate dias

catal ysts, the.use of catalyst syste based on ir.o hosphat e has bheen

wi del y dBESY i Bvé%iytrf[ségﬁ@gt eSS SR Spi’F{quuP%‘PF@a@&i atipger ofor  fbe |
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acids, in particular the conversion of isobutyric acid to nmethacrylic acid

(FR 2, 51parriselar RRe zongarsipgsef kRbaysiceadd tgsmetigenylgsecid ARR2 2684, 7562 FR-R

nsat ur afbdT 2P SRR SO IS CHOBAESR, uB SR LB DR GRR TR GE P the

met hasr obgydehf drogtriatioh bf astatatkeiyldehydeiStoun38tiraddd dlfiechydes and more specifically
for the production of methacrolein from isobutaraldehyde (US 4,381,411).

Mixed vanadium-phosphorus oxides are well known as catalysts for the selective
oxidation of butane to maleic anhydride. The P/V atomic ratio of the active structure of
these catalysts is generally between 1.2 and 2.0. Catalysts based on phosphorus and on

20  vanadium with a P/V ratio between 1.0 and 1.2 have been found to be very effective,
moreover, for the selective oxidation of butane to maleic anhydride (Bull. Chem. Soc. Jpn,
58, 2163-2171 (1985)).

The structure and the role of phosphorus in mixed V/P catalysts and also the

reaction mechanisms used have been the subject of numerous studies. Among the active

25  phases, mention may be made of VOHPO4-0.5H,0; VOPO4; VOPO42H,0; (VO),P,07;

VO(H2PO04)2; VO(PO3),. Various modes for preparing these catalysts may be used, among
which mention may be made of:

- a first mode consists in preparing a precursor, generally from vanadium oxide V,0s5

and an acid solution such as, for example, oxalic acid, ammonium hydrogen

30 phosphate or phosphoric acid. A precipitate is formed, which is then filtered,

washed and dried. These precursors are then calcined under oxygen, nitrogen or air

at a temperature generally between 450°C and 600°C (Okuhara et al., Bull. Chem.

Soc. Jpn, 58, 2163-2171 (1985));
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M xed vanadi um phosphorus oxi des are well known as catal ysts for the

sel ective oxidation of butane to naleic anhydride. The P/V atomc ratio of
t he acti wwo=nruasazre of these catalysts is generally beroeardoBemar 2. 0.
Cat al ysts based on phosphorus and on vanadiumwith a P/V ratio between 1.0
and 1.2 have been found to be very effegtive, noreover, for the selective
oxi dation of butane to maleic anhydride (Bull. Chem Soc. Jpn, 58,

2163-2171 (1985)). T t t dt I f ph horus.in mxed V/IP
catal ysts gnd %I) CSO?Cﬂgpr;ga&gtgqrg;fg nHﬁngaSs > eetg‘ ChBt 02%88‘?1 ?%éﬂ%ulbrjeﬂifforof

numer ous st udi YOHPRDENGHIHE gt ityeth@maaeéonvegmri H manaﬁwiag ophospRRO4

0. 5H2G VOPOX4; VOPO4 H2G (VO 2P207; VO H2PO4 % . Varlous nodes
for preparing €HasB:Quactivg shase (ByBerdesieed., Jmﬁg)f\ﬂ@ ldﬂtmﬁ?ﬂlﬁmrﬁtw B&-nade
of: a first no t p ar i I adi um
oxi de V206 and9§%62§?%§§gwh?)6%aguéﬁﬂgséh$%r exé’ ﬁ%Q6§§§?58M§§$§ﬂEgH%Dn um
hydr ogen phospiiatieumal gitsplksis,i 29, 460-d14 A986Hci pitate is forned, which is

then filtered, ed and .dried, These precursor.s are then_ cal ci ned under
oxygen, nitrog@rf 5 Bepargtion, rfl%#ﬁpew@mrga @?F@r éY‘ﬁ?}Yb%‘PQ\l@gﬂ iy geeda 0 B60C
(Gkuhara et al prepBYlidn og?@bre\g@ﬁor moﬁz‘ibcﬂﬁ& ?tg- éd\fcﬁgﬁ‘r@n}h a \}ﬁ‘ﬁJ %9

preparation m)de I's based on the preparation of precur sor 0. 5H

O then its t h@cmary:ehqubudmas,dmaemanﬂﬂi|1ubutpyﬂ02}hmtap¢iatseblét3®12mmoact ive

d | f Solid State, Ch 5 270- 279
(1054) ¢ 3. donmesneaf b 9 SHeesloly ot U 1065 508 28590hus ca

et al 10 Jour nal d@bndlatsl Yth%hm%Q,et &@Océtbﬂys(slﬁ&ﬁa)y) 33a(1997y,dl 1L ENGT BtCkYm.mode,
whi ch has been wi dely studied, is based on the preparation of the grecursor

VOPO4 H Ot hePo§: @e%%M%h 1994:H 093 1PP4relr Ghem. S Saerday Tansohe, 82(d
or 3 hexanol . L 1 e 3Dl B e O, 1 R s e canol -
etc. (Hutchi ngEhetatalytic Gativity 9 shde dayious phased 963 )beerl (sm’diemm thd oxitiom
reactions of butane, of butene or of butadiene to maleic anhydride (G. Centi New
15  developments in Selective Oxidation, 1990, Elsevier Science Publishers, B.V. Amsterdam,
605-615).
Other applications have also been found for mixed vanadium/phosphate oxides
such as the ammoxidation of propane (G. Centi et al, J. Catal; 142 (1993), 70), the
oxidation of pentane to phthalic anhydride (G. Centi et al., Sci. Technol. 1 (1995) 225).
20 But these catalysts, just like other mixed oxides such as boron/phosphate or
aluminium/phosphate, have never been the subject of studies for the dehydration reaction
of glycerol to acrolein.
The Applicant Company has now found that systems based on a mixed oxide of
phosphorus and on at least one metal chosen from vanadium, boron or aluminium have a

25 high-performance catalytic activity for the dehydration of glycerol to acrolein while

overcoming the drawbacks of the existing catalysts for this reaction.

Summary of the Invention
One subject of the present invention is therefore a process for manufacturing

30 acrolein from glycerol wherein the dehydration reaction of glycerol is carried out in the
presence of a catalyst system comprising oxygen, phosphorus, and at least one metal M
chosen from vanadium, boron or aluminium.

The catalyst system comprises, as a main constituent, a catalyst corresponding to
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Soc. Chem Commun. 1994, 1093-1094; J. Chem Soc. Faraday Trans. 1996,
92(1), 137-142; Chemstry letters 2001, 184-485; Chem WMater 2002, 14,
3882- 38880 20tvan46rral ytic activity of these various phages/Hragmbemsn7 st udi ed
in the oxidation reactions of butane, of butene or of butadiene to maleic
anhydride (G Centi New devel opnents i Sel ective Oxidation, 1990, El sevier
Sci ence Publishers, B.V. Ansterdam 605-615). Ot her applications have al so
been fou ' vanadi um phosphat e oxi des such as the anmoxi dati on of
pr opane (r[%ée%érr?ﬁ&ﬁalaal, J. Catal; 142 (1993), 70), the oxidation of
pentane to phthalic anhwP,MeO(G Centi et al, Sci. Technol. 1 (1995) 225).
But these catalysts, just |ike other m xed oxi des such as boron/ phosphate
or al um M WH%Bhosphat e, have never been the subject of studies for the
dehydration reped QR Qfv ¢ ycg-ol to acrolein. The Applicant Conpany has now
found that syste based on a’m xed oxi de of phosphorus and on at |east one
met al 5chesen M’orepreaentslian relerhent oaleoted dramihyidrogeh aten @r eleghente bélonging de

catal ytic actiyvit or, th dratipn.of glycerol to acrolein while
over coni ng thgrﬁ?é%%{?@pépdﬁﬁe _E?(ril%cﬁ? Egblgat alysts for this reaction.
Summary of the rhipif FofN0.O16 35 Binf! inflhdéd) PraTeaBl Yanginy Sk 013 0.3, essef or e
a process for manufacturing acrolein fromglycerol erein the dehydration

reaction of gPjedaably framddediS%ed out in the presence of a catal yst system
conprising ox§%%ln§ SRPOR 43; lf.%‘f'tg u?cﬁucie???x’eéegg{sbtq%%h?b M 9 Qr?cf"g id &P

vanadi um bor um nium e cata m-conpri sés, as a maﬁn;[\
constint uent, #&oand alhysM espresestooyidamy t ot he general fornmula MPXMyQ2 in

O D G vt s el o FPbHRE el o5h S U SShed! Sl
oxidation state.
Preferably, M represents vanadium.
Avantageously, M’ represents at least one of the following elements: Cr, Mn, Fe, Ni, Co,
15 Zr,Nb, Mo, Sb, Sn, Te, Ta, W, Bi, Ti, S, alone or as a mixture.
The elements Fe, Ni, Co, Nb, Mo, Sb, Te W, and S are preferred as the metal M.
The catalyst 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.

Brief Description of Drawings

20 Figure 1: Diffractograms of a) VP catalyst before calcination and b) VP catalyst
after calcination.

Description of the Preferred Embodiments

Since the catalyst used in this invention for producing acrolein and acrylic acid for
catalytic dehydration reaction of glycerin has a high activity and high selectivity, by-
25  products such as propionaldehyde and propionic acid are formed in lower amounts than the
conventional solid acid catalysts used usually in this reaction. This makes the present
invention advantageous in industrial uses, because propionaldehyde and propionic acid
have their boiling points of respectively 49°C and 141°C which are very close to boiling
points of 53°C and 141°C respectively of the objective compounds of acrolein and acrylic

30  acid and hence which make purification operation much difficult.
The catalyst according to the invention may also be supported on a support, the

amount of support generally representing from 0 to 90%, preferably at least 5% of the total
Y
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Goup 1 to Goup 16 of the Periodic Table; x ranging fromO0.2 to 3.0,
limts included, preferably ranging fromO0.5 to 2.5, nost preferably from1
to 1.5; ywoangviag2flrom 0 to 2.0, limts included, preferabipp26000ms97to 1.0;
and y is different fromO when Mrepresents Al; and z is the anount of
oxygen bound to the other elenents and ghat corresponds to their oxidation
state. Preferably, Mrepresents vanadi um Avantageously, M represents at

| east one of . t foll owi ng el enents: , , , .Ni, Co, Nb, Mb,. .Sh,
s e raStetyotihe Carply s mbaase o 5o b efrbe cilvaR e cRuy IS gy,
Nb, M, Shtio Tetullyaieies dpendih _Bﬁrtﬁ@ﬁypa%ftshg%df?hﬁterm,-talzrihg if@tRbouk that the
process according to the invention nmay be a bulk catalyst and is, in this
case, usedieittehowmst arvg thaupaiayst, mechgnical signgthsanddncreasedts spreific iseracecaeal yt i ¢

activity.Brief. ription_of W n Figure 1. .Diffractograns of . VP
ol yey T TE BLERE el 4O sFhoR A DR W o siigh MR e il
Descr it i sdkiconf cdrbide, PsiBéZ4l0@thabnbadicieilicsteSi biegted bE cadbadtys bn ksaditibn thdli S

i nvention for producing acrolein and acrylic_acid for catalytic dehydration

react i on BFSCGPIPARF Arh24abie MpgR Bet ieortiaq sondivpngnios vihicdy thei tajalysyWHbdtct s
such as psrugjyc&aab%{w& @H&dsug&g&q'{%f‘ ki @a%lgistaarc@o@ﬁf Nt nl ioh &HB!;&Qto?fht han

the conventional solid’acid tal ysts used usua In this reaction. This
makes t hesilicactbatraanibewsed, iforexathpda dagep the preparatnsificatalystssieghe fosmanfsidica
propional@&hyde and propionic acid have their boiling points of
respectiv% Yy 49C and 141 OC which are very close to boiling points of 53C

and 141 OC r espeshitinglconpouhdiefop bb@iHing/ B cRBStEsSpaitichcloptirRi proaRsloftey ! i C
acid and hence whi ch make purification operation nuch difficult. The
cat al yst RIE¥HF HIVRRfIQN Uptis geperally made dervaapdiymppased, soyapewdls.on mEnSuHerr, the

tri valence vanadium compound such as vanadium pentoxide, metavanadinic acid salts and
oxyhalogenated vanadium, preferably vanadium pentoxide V,0s. Use is generally made of
boric acid for boron-based compounds and of an aluminium salt such as, for example,

15  aluminium nitrate for aluminium based compounds, without however these raw materials
being limiting. As phosphorus-based compounds, it is possible to use alkali metal
phosphates, ammonium phosphates, and phosphoric and phosphorus acids, etc. Preferably,
phosphoric acid is used. Commercially available 85 wt% phosphoric acid can be used but
it is desirable to use substantially anhydrous phosphoric acid in order to produce a catalyst

20 that can produce acrolein and acrylic acid at high yield. The substantially anhydrous is
understood that the content of phosphoric acid in term of orthophosphoric acid H3PO, is
more than 95 wt%, preferably more than 98 wt%.

As compounds of other M’ elements, it is possible to use, for example, oxides,
halides, sulphates, salts of organic monocarboxylic or polycarboxylic acids, etc.

25 The catalyst may be prepared according to any method that is already known, all
the preparation methods generally comprising a step of final activation of the catalyst
composition, which generally consists of a calcination at a temperature between 350 and
1000°C. The calcination (firing) is carried out in an atmosphere of inert gas such as
nitrogen and argon, or in air, or in a mixture of air containing reducing gas such as

30  hydrocarbon, or in a mixed gas thereof containing further steam. A firing furnace is not
limited specially and can be Muffle furnace, rotary kiln and fluidized bed firing furnace.
The calcination can be carried out in a reaction tube used as a reactor. The calcination time

duration is preferably 0.5 to 500 hours.
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anount of support generally representing fromO to 90% preferably at |east
5% of the total weight of the catalyst, in nost cases from5 to 90% of the
total weiwbt2owios4sd2e catal yst. This ratio naturally vari esTadPp@a®s2897 on t he
type of support material, taking into account that the latter nust give the
catal yst mechanical strength and increase its specific surface area. It is
possible to use, as a support, any material such as silica, alumna,

titani um oxi dg, silli bj MR ) ' rates
or car bonat es RS 4 BRFHERsR peai@led i B Ldkifrer® sl Brbiigust?
react i on fexothe i R/Nomixetdccatdly st il bdeg ab alsy she widst siieabldihjedridefdr prepatiapahéy,

t he support for the catalyst accordié]fgtpto the invention consists of silica

that can C_Hél_yﬁt§éléﬂt capbe wsed fpr @F PERFCFY WHEVSPEPRr ati on of catalysts in the
formof silica gglus p%%iﬁl%%bge;bgrectﬂgg%@fgﬁtfgpfhe bR diRE 1o BE fi’ﬁ\)éﬁfi n

conposition for the process t he I nvention, use 1s generally nmade
f or vanadyum zaiston cwarpoginfiien dfe gemdral, methods desctibéd vial thec efovemerdionad
conmpound ;such as vanadi um pent oxi de, netavanadinic acid salts and

oxyhal og@RHRE S, anadi um pref erably vanadi um pent oxi de V20s. Use is

general |y naden afgeltal feadGddlid 86nrRefiG WRSHE prePRAGANST HOdpIruf Pardldiizh ni um
salt such as, for exanple, alumniumnitrate for alum nium based conpounds,

wi t hout KemRleEoxidesseanadinmreempeuidsisiagded) to prfohvepgandathepnbdyrds hisatedde d

conpound Lt Si 10 ' '

phosphat z%d,“%ﬁ ag ﬁg‘gp r@dr(ﬁtéénaﬂﬂ ﬁ%h%lsoléﬁ%drrﬁggé@}) %Q{P%ﬁ;&fe %?Sg*p ggg% I%;k/ témment

Ehos pblgr Eeloﬁgihg to G}(rjcu@eldtob(lmmpﬂﬁcdaa Ibke yigﬁe/ aftd:rahT F&&im &dﬁ\ralfna&ipi;ﬁs iaﬁvanc'edi can
e use ut 1t is desirable to ugse suybstanti an rous pho oric,acid

i n order 9 3% G¥ERle ok fTogt theydart ohgaction %5‘%3’&%51&%?@%@? SOBRRUAE S eReted

at hi gh yjQl Ganddi€mSyhehRBA.] @h%%e&i&%ﬁr%nbﬁu&“%r%g@&téJW% dxBfipkOBy ent

of phosphoric acid in termof orthophosphoric acid X4 is nore than 95
wt % pr eheatmiglity iman eliphatin ad®het baving acarhyoumusbesfof Gk toed and amingaticrgleoholt i s
sal t

pose 5 1 B Ol R B P L 8 B L
accornsli NngeatGordstyp With phdsphdais dotnluh@pdipelidduma tyidel oftsBRet @padaad isousualy hods
general | %O (t:(? 2 (;°iCS. ! Tr‘]hge r%a&%o%%imog ag’tciirnt?lla ag((izi%iior\{ %tf ipﬁ(r)]sp(l)l];n}s ng%%ﬁl?é 1ysSl}sually 1to
20 hours.
After the reaction completes, a slurry containing, as active structure, mainly a
crystal structure of VOHPO, * 1/2H,0, or a slurry containing further other metals, or a
20  slurry deposited on a support is obtained. The slurry is then subjected to evaporation to
dryness, spray drying, centrifugal separation, filtration or the like to isolate a precursor.
The precursor isolated is washed with a volatile organic solvent such as acetone and can be
dried by suitable means.
The precursor obtained can be used as it is or is subjected to activation so as to
25  exhibit an activity in an objective reaction, so that it can be used as catalyst in this
invention. The precursor can be fired to effect further activation treatment, resulting in that
a proportion of the phosphorus-vanadium complex oxide consisting mainly of (VO),P,0;
is advantageously increased.
One particular embodiment of the invention consists in using a catalyst obtained
30  according to a method based on that described by Okuhara et al. in the article from Chem.
Mater. 2002, 14, 3882-3888, a method which comprises the following steps:
(a) preparation of a VOPQO,4-2H,O precursor, generally from V,0s and H3POy;

) reduction of the precursor with an alcohol containing from 3 to 8 carbon atoms or
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conposition, which generally consists of a calcination at a tenperature
bet ween 350 and 1000C. The calcination (firing) is carried out in an

at nospherwoabi1o/odea2t gas such as nitrogen and argon, or POT&PR)090O6289T a

m xture of air containing reducing gas such as hydrocarbon, or in a m xed
gas thereof containing further steam Agfiring furnace is not limted
specially and can be Muffle furnace, rotary kiln and fluidized bed firing

furnace. The calcinatjo an be carrjed out in a_ reaction tube used as a
reactor. The c&! e’f%&q%ﬂc %Ollr@ycﬁ‘,i?%?ﬁlﬂ‘ﬁ the PRRcarseF abpgid glephphampheating at a

hours. Ref er enCeniBRYariR @nPhg Gtoife! 70 t@@d‘@g%e}lghéaﬁﬁ%ﬁfek@éenaéd afP IR GC! ted

previously for the P/V mXed catalysts in order t0 use the nost suitable

met hod for prepaeid sigringencha homegeaeoiradlcamiic iselutior df £xfolinted rghwed ¥ORD, t he
i nvention. It isbghus_possi ble to prepare the catal ysts for the process
according to t e |2H96éintion by a variation starting fromthe general nethods

descrisfed(dn tB@irﬁg‘@tﬁmhﬂi@ﬂﬁdaid@@u{@éﬁ%); dnd a general reaction !n
connection w th the preparation of phosphorus-vanadi um conpl ex oxi des,
vanadi um @ npotssavery of thedueqipitate Ksmed in staimF)+ Weshingandrdsying. heated to reduce

vanadi um Addi iy I . f el enent
bel onging to Gfrr %ﬁg“'%gﬁ%gﬁ%ﬁgg%gé%{ﬁp %M@ﬂ%@grﬁ?@éﬁ%@?ﬁ ?s(t)e Q)Dﬁ 1510
vanadi um éxfobate heqeecursorstheexfolinedtcompouid then bhiag sédiced othile deatingdrtveent hat

t he phOSleng ound is reacted while vanadiumis reduced. The reduction
of vanadi "effected for exanple by heating it in an aliphatic

al cohg) havi ngag egahpRE ofWRDEICoRS], RehPorPnR) hedhQIBST ¢- bR -HYpthoRS2-
benzyl al cohol. Tenperature of the reaction (reduction step of vanadi um and

a react i omethykp-prpranohH duyinel. s betary oisehittanddple netgamd, 2rpentael o3 -pewhndnt- used
r th I t1.0
1

[ : ' | f d f .
phosphor dhorend hd el GEREAC R Sabfiny R CubRl S et s,

a slurry moaw@s.ni ng, as active structure, mainly a crystal structure of
VOHPO4 1/ 2H2Q,, or slurry contajning further other netals, or

Shape of the catalyst is not limited Specially and can be granule and powde?. In the
15 gas phase reaction, the catalyst is shaped into spheres, pellets, cylindrical body, hollow
cylinder bodies and bars with optional adding a molding aid. Or, the catalyst is mixed with
a support and other auxiliary components and is shaped into the above configurations with
optional adding a molding aid. The molded catalyst has preferably, for example in case of
a sphere, a particle size of 1 to 10mm for fixed bed catalyst, and a particle size of less than

20 1 mm for fluidized bed catalyst.

The process according to the invention may be carried out in the gas phase or in the
liquid phase, preferably in the gas phase. When the dehydration reaction is carried out in
the gas phase, various process technologies may be used, namely a fixed bed process, a
fluidized bed process or a circulating fluidized bed process. It is also possible to use

25  reactors of the plate heat exchange type.

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 distillation 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

30 temperature that allows a continuous distillation of the acrolein produced. The reaction is
permanently shifted, thus limiting the consecutive reactions on the acrolein in a continuous
equilibrium-shift reactor.

The experimental conditions of the gas-phase reaction are preferably a temperature
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slurry deposited on a support is obtained. The slurry is then subjected to
evaporation to dryness, spray drying, centrifugal separation, filtration or
the |i ke wo20mal4622¢ a precursor. The precursor isol at edPCS/Bra@iamc2sait h a
vol atil e organic sol vent such as acetone and can be dried by suitable
means. The precursor obtained can be used as it is or is subjected to
activation so as to exhibit an activity in an objective reaction, so that

of foct 1 ebren 186 aad SUI'G. maribhy bebveat PP and Mo RS &84 a Hifesiherseof *the
phosphor ygd venadit M AERdeshaeX | the ©atRinSls pafed®iifl drdd 6MOt PA6Mpédture

advant ageously increased. One particul ar enbodi nent of the invention
consi st s betwegsil Ag’ Gansad WG ond etpresswedviel mapirangetitoma 3fe /A bar. based on t hat

descri bed by ra inthe article fr e 0

3882- 3888, a %‘é#ﬂ%&“ﬁ%u&%ﬁ% E%errb“r"ite‘s‘g%‘gt‘#g ?&ﬁ“S%Hkggg eﬁg%(%“eé‘?seégrcéﬁ%fon of
a VOP&A- 3bkiEbip heeids S0donc@eiation | rhngihg tromv/20):a6009%3, Riéferdbdy bervbientliodhand t he
precur sor })/vith an al cohol containing from3 to 8 carbon atons oran aromatic
al cohol 159" B¥ peeighit Hytheweackecur sor in said al cohol and heating at a

tenperature rapgi leI(g Qﬁi'g?ign E&g%qge? H&Egﬁlﬂ%ﬁﬁ 3g irpgés)é@@snfo%, ﬁ@%r&ﬁ?% Wi th

rapid stirring umntli nogenéous al co I c solution of exfoliated reduced

VOPO4 i s tinbgaaiphass;fofms) drying of the solution obtained in step (b); and (d)
recovery of the precipitate forned. i tep (c), washing and .drying. The
pur pose of hegf‘?fgrﬁg@ta&‘?rg?‘ﬁ%laﬁ‘f%&@gpgrsﬁlb"i ﬁ’dg#d&r‘lsfﬁ"feg @’?ﬂtﬂp &Y ef’g) i s
to expol ioaﬁg,gbn'g BearPé:8E6h-36htainidpegeXf ol i at ed conpound then bei ng reduced
whi l e heating between 90 and 1300C. As exanples of the al cohol, nention may

be made of 1- Gngpaeferred smppdipwnbe! the investing Wil ngwdsadrseriberl. Bhe arpsess for
2 L0l YL AR I SORPh oA Ge ofcbiORls
t hei r m xtateresxygen or an oxygen-containing gas, and where appropriate an inert gas and/or
recycle gases, in the gas phase, over the catalyst system as defined previously, maintained
15  at areaction temperature between 180 and 500°C.
The charge sent into the reactor may be preheated to a preheating temperature
around 180°C to 350°C.
The process is carried out at a pressure around atmospheric pressure and more
precisely, preferably at a slightly higher temperature.
20 The amount of oxygen is chosen so as to be outside the explosive limit at any point
of the installation. The molar ratio of the molecular oxygen to the glycerol is generally
around 0.1 to 1.5, preferably from 0.5 to 1.0.
Another parameter lies in the concentration of glycerol in the charge. Expressed in
mole percent, the concentration of glycerol varies widely from 0.1 to 20. As is common in
25 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 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
30  dioxide, helium, argon, etc. are also suitable. Of course, when the desired concentration of
glycerol permits it, air represents a suitable dilute oxidant.
The contact time expressed in seconds is the ratio between the volume of the

catalyst bed and the volume of the gaseous reactants conveyed per second. The average
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Shape of the catalyst is not |imted specially and can be granule and
powder. In the gas phase reaction, the catalyst is shaped into spheres,
pel |l ets, wol2ordusral body, holl ow cylinder bodi es and b&cs/Braoe/063sv7 onal
adding a nolding aid. O, the catalyst is mxed with a support and other
auxiliary conponents and is shaped into,4he above configurations with
optional adding a nolding aid. The nol ded catal yst has preferably, for
exanple in case of a sphere, a particle size of 1 to 10mmfor fixed bed

catal yst, CERRFFHUISAN plegsuss sendifonselysa bedymayntiry slependingior dbie pewreaf deyst .
The proce %é:t_algﬁti? g{egr?]d?&e te? thd ?aet%}lg%te&td! 40 tE€¥i§g S)f glﬁé’ 54@9%’ iéi‘%] g%q%ratl ht%ﬁ %gﬁ hrase

t
or in the |1 ase, pre ly int ase. e’deyrglon
reacti on timegafromedll cw20 savondsmanggsefpiabbefromdr] muls eeosBss t echnol ogi es may

b d, I fixed bed. process, | ui di zed bed process or. a .
o ooati mat1 EdeaanSE aas iR BEss S dhe Biebtyt oution Baks fussSplslernie of

the plat enphafiel@X6haRaRint WRE exthéield AL ERDNGhted WG Rhy TRYinApS0 106%
carried out in the liquid phase in a conventional reactor” for a

| i qui d- phekyeerpbiearigin cases, esnesiglly in theqpresghge pLoxyigen. Theae resnlts gnoalue éateor .

G ven the I LES oi Lin I nts.qgf glyceral (@)
and acr o Hoh TR Hkse' EHERGE RL"RE A iR ok AR WS atvathinbR et AR ens
at a rel apiogedsyes| evenlyeandeis @hsityecdriuilable | Va5 regafdidl he UeatsioitshpérhfikdsOdhdof
the acrol ein d\r})r.oduc%g? 6The reaction is permanently shifted, thus limting

the consefUR<dmesadbs &776ta8 1AL badpterdurced prerdhe sifelvst ovhetheg dha fosmeumeshi f t
. fre c N o
react gy . ﬁ?&d?é@ﬁble‘f@{"b@bnlg%ﬁﬂialq%génﬁgd W%%a&gﬁﬁ?‘ﬁﬁgﬁﬁﬁg‘?ﬁ

preferably a tenperaturebetween C and 500C, _ DE en 250 and
400C and a pr e$beisupphieofivesioud repethn®, bpplied itoy atfixedibied or tb pHagkzedtted reazsmt i on

Is prefer carried out. at t emperat.ur etween 150C and 350C and a

pr egsur e %#)cﬁﬁ c%lgriled‘ra%ur%dgélfl fr%iélﬁﬁ}éof (%R%%blﬁrt.ﬁe ?(?{mt ﬂgprﬁfr%%ss .‘Sfaf’stoh%()s?‘ﬁeeetﬁt i on,
use is geineodhdeyparbsfah®hir anopinsally all Oif YHeadl (lerdQr bhiyophrh@fthé @lyRerol into the
concentr ing from20%to 99% preferably between 30% and 80% by

wei ght i ?‘t’étr%gn pEdBrERciorRg tgIsyecerovely SYRALY Hie teppinire parecPfthe reagianttofanem or
I N gageous hofeThreRh&digleHints bfthe catalyst bed. When the reaction is carried out according
to fixed catalyst bed techniques, such beds may be obtained according to known methods
by placing the catalyst in the tubes of a multitube reactor and by removing their heat of
reaction using suitable fluids flowing on the outside of the tubes, these fluids possibly, for
example and most generally, consisting of mixtures of molten salts. It is also possible to
20  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 catalyst system based on a mixed oxide of phosphorus and at least one
metal chosen from V, B or Al, a first active catalyst bed, or a first reactor enabling the

25  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

30  time as the conversion of propanaldehyde to acrolein. The first catalyst bed may operate at
a lower temperature 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
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the gas phase form Preferably, the process according to the invention is
carried out in the presence of oxygen, or an oxygen-containing gas. One

pr ef er r edworntbodi4nent of the invention will now be descr Po@dP20locIBpDCESS
for preparing acrolein fromglycerol consists in sending a m xture
containing at |east glycerol, water, oxygen or an oxygen-contai ni ng gas,
and where appropriate an inert gas and/or recycle gases, in the gas phase,

over the catal yst system as defined.previously, nmaintained at,a, reaction

e or o Pl e hokordihg 5 Mo d5tEo ot BreRpkas R A Ee B o, BRERN Do
pr eheat eds aomaltiditie aiieddhdde BP else! fir &exampkNds h8Ympapnmeatifized MRidZQACRSS | S
carried out at a pressure around atnospheric pressure and nore precisely,

pr ef er ablTissgongigutatign iy glsth pegsie irethgersa where thithBrshrraqgior operategyy e lignidhosen
so as to 0 ' t . OS] Y. . PO t ' l.at L on.
The nol aP Bfgsaet#tgstggg%c}?gg’n(gq}‘g%ﬁlﬁg&ﬁ%%%@e&nvﬁg @Eeo rgﬁ1 {/I(;:]éarto Stl eeééégszfrn?{hfe %tagr ound
0.1 te lphasepreferably fromO0.5 to 1.0. Another paraneter lies in the

concentration_of glycerol in the charge., Expressed jn nole percent, the
concentration IfoWO\gfiy@ébs outside; b swnfe?gfythﬁ PEFRS, invergiopgt thesprpgess dnrasHed n
reaction ' t ' [ ; gué;gfmﬂ' NA :

functi On%g?fntthgb§8%%og§ytfraa ?Sﬁﬁﬁ%:r o%rtokgl%g%%%td%g%b\g? gw 0 gg? g]i ‘%‘1’%&2&?

r easonablVEOf074190P9@.e conbi ned with an acceptable yield, the concentration
of glycerol in,the char is.around 3 to 16 nmo]l % The concentration i.s
control | ed by Pﬁén‘éﬁ?ﬁlﬁﬂgﬁ%’f re\}\ﬁ?sefo ﬂ}‘?d“SSf Ofﬁ?n&?‘?lyégéysb‘?“éﬂﬂ’tpr‘iswgt??ea Ty
stream Ebmstipient ho§shosdse@Ediudi Edplex bfides bf agaprabirfay b QkRAig §aIRS such
as carbon- dioxide, heliu argon, etc. are also suitable. O course, when

the desi debydedfinnantatigniobglyserohfgaselsin.pernits it, air represents a suitable
0L, 0, 9o THEFEAR) AP (PUBRSS8E Tt BAgADLE R ok oo
conveyed cpmprisieg afust sldpeofagrepaamgtaerydein ateordingnol ther mesdss deseoibad previvaisiyn a
bed may \z/i.gcﬁ X stcei:g F())? ggiidpz ngot?le tapr%lqu Eouarlc?'yl?g actlc?.e
15 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 the acrolein to acrylic acid, in which use is made of an
intermediate step of partial condensation of water and of the heavy by-products derived
from the dehydration step, as is described for example in Application WO 08/087315.
20 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 ammoxidizing the acrolein to acrylonitrile.
The following examples illustrate the present invention without however limiting
the scope thereof.
25

EXPERIMENTAL SECTION

Examples 1 to 4
In the examples, a tubular reactor formed from a Pyrex tube was used to carry out

the dehydration reaction of glycerol in the gas phase at atmospheric pressure. Introduced
30 into the reactor were between 300 and 500 mg of a catalyst to be tested, with quartz (30-50
or 50-80 mesh) so as to obtain a catalyst bed volume of 2 ml. The reactor was placed in a
heated chamber maintained at the chosen reaction temperature of 280°C. The reactor was

brought to the reaction temperature over S to 10 minutes before the reactants were
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catal yst, the nature of the catalyst bed and the size of the catalyst. In
general, the contact tine is from0.1 to 20 seconds and preferably fromO0. 3
to 15 secwodsio/0ibe7cat al ysts used in the process of thePpraPesw/06289Enti on
make it possible to attain high yields of acrolein with extrenmely high
conversion rates which may attain up to;,100% gl ycerol in certain cases,
especially in the presence of oxygen. These results are due to the fact

that these catalysts have the advantage of promoting a dehydration process
that proghds %‘éede\s}‘éﬁlrﬁﬁcéﬁdwfi‘%fega‘git 9%0‘??‘?/? Sf ATt aflyaqus egiitien f ghyserol,
reaction LeMahaitsEs. ti r > That ed
over the catal ystl, ﬁe%ggf%gf% })Sro rrllkelggééurcga-glﬁra esggﬁﬁd?g&ngﬁe%? gfgﬁse(}*rh@oﬁgg&g
parti al | yglyream sadatjonowasregpavized it thedeeted chardbar thealpaysed Tiver thepjptalysofThe
various regactants, appl.ied to fixed-bed,or to fl ui di zed- bed, react or may
be. carri cateieed canBREmET Ao peurrh B, Ah32h 4 Ro e ebefpd i dEoatB el oo
possi by e tshdefdedopuGetrBrdooRid biiecraéhed Ofce Olias&id! With@alvaRf wehe cairisges@l or
only part of the glycerol into the bottomof the reactor and to

successi vB¥PdaHBi v t he remaining parts of the reactant to one or nore

i ntermedi ate ' apal [ ' ' out
according to 1?? iﬂ%%%%‘g%‘@ﬁ%‘ﬁb{e t%%?:ﬁ%?g&fé ,%gﬁ{gh%t%%eggﬁ%aa&ab%%%%ééﬁ%
accor di ngmeasuketdowhicke ihfade Sit Ipgssiblaao regrry homt @amassy balande. Sheildrlyabe prodacts

mul titube.reactor an b% repoving t eit heat of rqaction usi.ng suitable
fluids f1RPAG VG THE SBULPY Ceromsforrsnby, fadypesREaralysen irse sBEed B, for
exanpl@ and nogliq@Gahas dnklysEBBGEIMBELRSmATh faph P BHhadRl €M ek IGe/MY- 15
al so possible to operate in a reactor having several adiabatic reaction

st ages separ at @85830Aorquipped rwidho al TGV axheapildsary tcobmminetuGe. Sderwer (@0 ng xt o

one particul ar odi gc;éth invention, Jdt i 0ssi bl e t | ace, .

upst r eam of th%sgbm’l é}gﬁ g tag%%blgg%cﬁuo(];}ag-srqobesaﬁ % SHuﬂﬁg%tg‘f‘?oarnﬁg'S’énd at
| east one net alvachREeNolt oM 3 exferdbl Mndari RLEAnAS hhye catal yst bed, or a

first reactor enabling the dehydration reaction of gl ycerol to acrolein to

be carried out2 gFhehasasealiss bydet icopblingthaoaygen eanysrsiparandtthe £Q pré €O,
catalyst, In COMAGHy Wit Wolchillicthe MIGINA" Ahl QRaLLTE! SRRl arbbf ShA! gleS a1
| east partially car 1 ed out general 'y resulting 1 n secondary conpounds such
as feedstream as an internal standard gas, making it possible to quantify the light
compounds such as acrolein, acetaldehyde, propanaldehyde and formaldehyde with
an FID detector.

In the following examples, the conversion of glycerol and the yields are defined as

20 follows:
Glycerol conversion (%) = (1 — number of moles of glycerol remaining/number
of moles of glycerol introduced) x 100.
Acrolein yield (%) = number of moles of acrolein produced/number of
moles of glycerol introduced x 100.
25 Acrolein selectivity (in %) = number of moles of acrolein formed/number of moles

of glycerol having reacted x 100.
All the results are expressed as molar percentages relative to the starting glycerol.

Catalysts
Boron phosphate catalyst (BP catalyst)

30 A boron phosphate type catalyst was prepared according to the method described in Chem.
Letters Vol. 34, No. 5 (2005), p. 1232-1233. A mixture of boric acid H;BO; and
phosphoric acid H;PO,4 (P/B = 1) was heated at 40°C under vacuum in a rotary evaporator
to obtain a solid, which was then calcined at 360°C for 12 h.
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propanal dehyde. The reaction m xture thus obtained is then in contact with
the catal yst system on which the dehydration reaction of unreacted gl ycerol
may cont iwOeork04612¢ sane tinme as the conversi on of prop&oalEredyde2svD
acrolein. The first catal yst bed may operate at a | ower tenperature than

t he second catal yst bed, thus optim zing the energy bal ance of the process.
The acrol ein obtained according to this enbodi nent contains a mnimzed
anount of propanal dehyde, which widens its field of application. This
configuration of reactors ispossible according to various technol ogi es, for

exanpl e a&nadiu@c{j}@b@{ak@cgt;imgqivpedtamtyt also as a nultitubular fixed bed, or
el se, for exanple, as a caonpartnentalized fluidized bed. This configuration

is al so possi bise Wa made o4 VWiHEPQ@s 0./H29; ¢atalystewpplaed (l?ibel?fafe@ kighqrg if@nlll qui d
phase angl tkpﬁ WUQS%;’&}E&*@ tr{ijiﬁﬁg%))‘tﬁg nthod gésp ri g&/ (ﬁaﬁﬁ Lby 5t

operates In t e outsi ope of the present
i nvensti 0|€h|efn Maeerpz@I)Qe% 3882{3;8188|ve't11 thateduntibmsieprreﬁemmndf Thisgatlycomasai ni ng

propyl ene, escri.bed f Ie [ 07/,090990. The
oot | ofsssnaahy deaied to Rt @ GTedim TatBll, 58 gy Bbf o procsTEREed ai

consti t ughfcle. m@m"cfé%rd«f@%%y%lﬁpﬁﬁiﬁér‘%ﬁte%'léﬁi%ﬁ &Efohi}ﬁinrarﬂrx‘%%trt%ro? ther
carrying out the dehydration reaction of glycerol to acrolein. The

i nventi oY @HQ@ZH@ aresyrspp isagipew e 9 irf Ergqm épérfiengalatrm}g atCS%Q?Cdfor r40hn>urs

o booss. AL IR, (VOERST Brotinkd SHRLE Bl e BikaPiie Bus

acryhpc dbedatallberestod 8ihé %ciﬁb@%tﬁl@kt&’é@x%sér@ecbasﬂf)@@ﬁﬁg&ué or preparing acrylic
acid fromglycerol conprising a first step of preparing acrolein according
to the process described previously and a second step of oxidizing the

acr ol 1 n Al A bhGedhlebaal BT A3 DS, mgst%f(cé’ﬁgwﬁ%’)mdi ate step of
partial condensati o wat er eav y- produc derived fromthe

dehydr at iAofirst cmmlysas(AdE afleswsr pieparefl caccendargp ke then ampmniiac pracgmtathon 080873 15.

Theinvetlo es t o] or, pr arln acrylonitrile from

ol ycer of SEERT &5 el Forte: L @poRr 75525k g va0 BPERRECTuPe e Eidehe

process qﬁﬁﬁ\fiéeb@&l DAY iusd Todprising a 10 wt% aqueous solution of aluminium nitrate
AI(NO;3)3'9H,0, and phosphoric acid H3PO4 (88% purity), until aluminium phosphate

precipitated at pH 9. The precipitate was then filtered and washed with distilled water, then
dried at 110°C for 12 h and calcined at 650°C in air for 2 h.
A second catalyst (AlIP-p) was prepared according to a precipitation method
20 derived from the precipitation/concentration method for iron phosphates described in
Catal. Rev. Sci. Eng. 40 (1998) 1-38. Added to 500 ml of distilled water containing
30 mmol of AI(NO;);-9H,O were 30 mmol of H3PO, (85% purity) with stirring. The
mixture was then concentrated in a rotary evaporator at 80°C and dried in an oven at
120°C. The white powder obtained was calcined at 650°C in air for 4 h.
25
These catalysts were characterized by measurement of their specific surface area
and their acidic properties according to the method of ammonia temperature-programmed

desorption (TPD): see Table 1.
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and a step of ammoxidizing the acrolein to acrylonitrile. The foll ow ng
exanples illustrate the present invention wthout however |imting the
scope t heweab10/EHXRERI MENTAL SECTI ON Exanples 1 to 4 |In Prh@/EPz@apbmss] a
tubul ar reactor fornmed froma Pyrex tube was used to carry out the
dehydration reaction of glycerol in the,gas phase at atnospheric pressure.

I ntroduced into the reactor were between 300 and 500 ng of a catalyst to be
tested, with quartz (30-50 or 50-80 nmesh) so as to obtain a catal yst bed
volune of 2 m. The reactor was placed in a heated chanber naintained at
the chosen reaction tenperature of 28Q¢i.the reactor was brought to the
reactionk nperature over 5 to 10 m ndtes before the reactants
wer ei ntroduced. The reactor was fed with a 20 w % aqueous
sol ution|of glycerol| and with nitrogepn_ Oxygen \/\%@ﬁnﬁ%gaowporﬁ)r oduced inla
second seri dsatgystt esp s Spauific sjaseareagl ycer ol sol uti on was_vaporized in |the
heated chanber, then| passed gwer the caMaydesorptiga terap.c il Reswabedaventty tli me
was between 0.5 and s. After®the reaction, tke product s wertnlhdensad in
a trap cgq Lce. wi-t-hdrawals—were carried out
peri odi caBPy. For each experfdent, thel total ®a8s of prpducts &t the inlet
and at thepoutTet was measur whirch made 1T ;gpSSible [0 car% out a rmss
bal ance. |Simlarly fthe prodicts forned were analysed by chro lography.
Two typesAdP-aanal yses were d62.6i ed out| - a |is§hi d phase anal yKigs by G- MS

chr omat ograpny (Shimadzu CC LA UU'NDQPEO’S(g“ equi ppedw th TC W
capill ary z%ﬁucm from G Scig ce (60 mx 0.25 ﬁ:;n di 0.6 mm ah@ Shi madzu
Cl ass-5000 software. The quantitative analysis was carried out witn an
ext er nal %qundard (2-butanol); and a gas phase anal ysis by GC enabling the
oxygen cofniversion and the CO and CO2 selectivity to be determ ned. Methane
was adged in aAsfit feriRBOE tstsi wdsCcabi@l 612 Q€ S80°€RIN tBS aBientd bsRen Stha Rt

gas, nmaeking it possible to quantify the Ii?ht
ratio of the reactants being N»/H,O/glycerol: 46/48/6 (corresponding to a 40 wt% aqueous

solution of glycerol). The results are collated in Table 2 below.

Table 2
Catalyst| GHSV,h™ |glycerol Selectivity, mol%
total | glycerol | conversion, % | Acrolein | HYACE | ACET | AcA | P- |P-ol |others

al
BP 1400 | 82 96 81 6.2 0.2 02 10.1{0.2 |12.5
VP 250046 16 59 14.3 2.1 6.8 10.1{11.9(5.6
AlP-a 130082 100 47 6.9 1.2 0.6 [0.3(0.7 |42.3
AlP-p 130083 70 54 7.3 0.1 0.2 |0.1{1.9 |35

10  HYACE: hydroxyacetone; ACET: acetone; AcA: acetic acid; P-al: propanaldehyde; P-ol:
2-propene-1-ol; others: formaldehyde, hydroxyacetaldehyde, phenol, formic acid, acrylic

acid, cyclic ethers.

A high conversion is observed in the case of boron phosphate and aluminium
15 phosphate and also a high acrolein selectivity is observed in the case of the boron
phosphate and vanadium phosphate. These two phosphates are also distinguished by a low

propanaldehyde selectivity.

SUBSTITUTE SHEET (RULE 26)



conpounds such as acrol ein,

with an

and t he yweldrn/asr7defi ned as foll ows: d ycerol
nunber of noles of glycero

aceta

FI D detector. In the fol

| dehyde,
ow ng exanpl es,

propanal dehyde and fornmal dehyde
t he conversion of glycerol
conver siPOM/EPA09/661897 -
remai ni ng/ nunber of noles of glycero

i ntroduced) x 100. Acrolein yield (% s nunber of noles of acrolein

pr oduced/ nunber of nol es of gl ycerol

(in %

havi ng r

numb
eacte

by BegindiRe? pRI6T BeCRL VB ERAYIRER,

i ntroduced x 100. Acrolein selectivity

goéeh%n%)a'%%n rEa&foXC ¥ |

Bercent ages

rel ati ve 40wtV Rusdbi olidnPf gBRERI in tﬁatpaésyﬁdéomygén mﬁsxplhaltabla:at alyst (BP

catal yst) A boron phosphate type cat al
met hod described in Chem Letters Vollablgs

agst ,

was prepared according to the
No. 5 (2005),

p. 1232-1233. A

m xture Q%tgﬁfic aci o H3BCBand pfiosphori gpaci d H3RO (P B = Was heat ed
at 400C |under vacuumin a rotary =vaporator to obtdin a soli whi ch was
then cal|dem@eraaire,3600C for 12 h. Vanadi um 28sphat e |cat al yst 280/P cat al y|st)
Use was Hede Of a—\OHPO -0 5H20 cat-al \lcf supplied \ Prof Okuhara—frdm
Hokkaldccmﬁﬂ&é¥5|ty, orepared accprding 299 he net Hod descrd®d by Ckdhara
et al. iﬁiheﬁﬂﬁ Meter-— 2002, 14, B882-388§gW th the Teducti Step in
2- propano I S catal yst was ess=ntial|v identicall to that described]in
Tabl e 1,|afpllycketad@melede of the afofenenti opéd articlle. The ditfractogrdgm of
th|s So||rl affnr |nfnrha|af|nn nfc!iaticn and rndtlnn of _tha \V/a'n] -2H O
precurscﬁﬂﬂ§ﬂdﬁ9€ﬁ“§9né¥ in Flgura 1. AftHF)caIcinlng at SSéngor 4 hdurs
under N (b%Xthﬁbﬁyy(VL» PZO7 15 pbtainedz@gth TS cnaracte7¢§t|c X-ray
diffractlidn lines. the catalyst tested is the calcilned catalyst repredented
as b) in Figure 1. Al um ni um phosphafields&al ysts (Al P-a and Al P-p
cat al ystis}—{econparative)

Acrolem 65 79.8

Acetaldehyde 0.7 3.0

Hydroxyacetone 7.8 0.1

Propanaldehyde 0.4 0.0

Acrylic acid 24 0.5

Acetic acid 1.1 2.5

CO 0.0 3.9

CO; 0.5 8.2

Others 0 6.0

10

15

It is observed that the vanadium phosphate catalyst exceptionally results in low

propanaldehyde contents, while resulting in a very high yield of acrolein.

Comparative example 1

Two catalysts, a sulphated zirconia (90% ZrO,-10% SO,) from Daiichi Kigenso
(supplier reference H1416) and a tungstated zirconia (90.7% Zr0O,-9.3% WOs3) from

Daiichi Kigenso (supplier reference H1417) were tested by way of reference. For these

tests, 10 ml of catalyst were used. The reactor was fed with a 20 wt% aqueous solution of

glycerol with an average feed flow rate of 12 ml/h, and with a flow rate of 0.8 1/h of

molecular oxygen. The relative O,/vaporized glycerol/water vapour ratio was 6/4.5/89.5.

The aqueous glycerol solution was vaporized in a heated chamber at 300°C, then passed

over the catalyst. The calculated contact time was around 2.9 s. The duration of one
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A first catalyst (AlP-a) was prepared according to the ammoni a
precipitation nethod described in Catal. Conm 7 (2006), 745-751. A5 w%
anmoni a swbuviooe2ras added dropwi se to a m xture conpri PCMEPA00206280%0
aqueous solution of alum niumnitrate Al (NOG3) 3-9H20O, and phosphoric acid
H3PO (88% purity), until alum nium phosphate precipitated at pH 9. The
precipitate was then filtered and washed with distilled water, then dried
at 110C far,_12 h and calciped at 650C in air, for 2 h. A second catal yst
(Al P-p) mé%ta%'rc’teﬁsgr‘@%? goun gﬁw&rst &?‘écq'p?‘)é&smftdaﬁ&w {560l leaqurees EbEHPl he
preci pi t akolafién edERPEd Glek Bt ERANRITHeQEsIisAPe RARSRA Fabida3idped in Catal .
Rev. Sci. Eng. 40 (1998) 1-38. Added to 500 m of distilled water

contai ning 30 mol of A1(NO3)3-9H20 wdigble®d mmol of H3PO4 (85% purity) with

stirring. Themixture, was then—concentrated im—ayotary evapotrater; at 80C
and dried in aécg\l/r,“uﬁteq%lé‘fﬁ‘f’ll wiaduged (¢ podder bt ai4fed Wls caliped at
6500C in air for 4 h. These catalysts Werje characterized Gy, Sprement  of
their specifi¢ surface area and their aci|dulphatedpficbhi@S [@cco ng to the
met hod of ammmpkiatlysenper at ur e- pr ogr anmed |desor ption ( TPD) : zieenidab| e
1.Table 1 Tes{s A first series of tests was carlfi%g out [at 2800C i the
absence of oxygen, the molar ratio of the reactants being N2//H2Q gj ycerol :
46/ 48/ 6 (cor r esyvseet] REnde@sian 40 Wt % aqueous 1801 utipen @bHo I Y66 Oliho [The
results are collated in Table 2 below Table 2 HYACE: hy/dr oxyacet one; ACET:
acetone; AcA: | &celeiayigldd; P-al: propanal |déhyde53.B- 052.52- p#.8pehdOl |- ol ;

ot hers: fornma .oxyacet al dehydeg, phenal, farmic id,.acrylic
acid, cyclic aqﬁygﬁ’sgg%t% conversion is o ser\c/§e4d i(r?’zt he Case 507'f bor on
phosphat e and| Hlydroxgpropamnesidiat e and al so 020 hi @to acroa €l meel g ilvity is
observed in the case of t. boron phosphate and vanadi um phosphat g. These
t wo phosphatesg‘ﬁ?taF ﬁ"é‘{? yd?qgti ngui shed by |al®dw 91 82 | 98 =87

Propanaldehyde yield 49 37 40 | 21 1.4
Acetone yield 00 04 00 ] 01 0.1
Phenol yield 00 00 03 | 00 0.0

Material balance

) 96.5 98.0 98.0 | 972 979
(mass collected/mass introduced)

Quantified product balance

) 575 669 650 669 632
(assayed products/glycerol introduced)

5 Comparative Example 2

For a comparison with the phosphorus-vanadium complex oxide, phosphoric acid
alumina (1 wt%PO, /99wt% Al,0;3, molar ratio P/Al 0.02) as a solid acid was evaluated.
The phosphoric acid alumina was prepared by a method described in JP-A1-2005-213225.
Namely, 4 g of phosphoric acid was added to 2 g of Snowtex O (product of Nissan
10 Chemical Industries) and mixed. Into the mixture, 194 g of & -alumina and 200 ml of
water were added and stirred at 80°C. The resulting white slurry was evaporated in a rotary
evaporator at 80°C, and finally dried at 100°C for 6 hours.
The resulting powder was evaluated in a fixed bed type reactor at ambient
pressure. The catalyst powder was compressed, crushed and then passed through a sieve to
15 obtain particles of 9 to 12 mesh. A SUS reaction tube of 10 mm diameter was filled with
10 cc of the catalyst particles. An aqueous solution containing 20 % by weight of glycerol
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propanal dehyde sel ectivity. The performances of the BP and VP catal ysts for
t he dehydration reaction of a 40 wt % aqueous sol ution of glycerol in the
presence Wb 20ygeaz7appear in Table 3. Table 3 It is obsecvarkakas2svhe
vanadi um phosphat e catal yst exceptionally results in | ow propanal dehyde
contents, while resulting in a very high yield of acrolein. Conparative
exanple 1 Two catal ysts, a sul phated zirconia (90% Zr Q2-10% SO ) from

Dai i chi Ki genso,(supplier referen 416 nd t ungst at ed zj.rconi
7 oo soneeasser I Buarpiatr Healsant dopEh At B o 2y ehEHEe Hulth ZIAEPuty
by way ofgadifté®s1§66th gdsGastdiReRy basESthrdibhithe @ital@@ttt@Féﬁﬁér Wil 8ir. USkélreadtioe
reactor was fed with a 20 wt % aqueous_sol ution of glycerol with an average
feed fl owontainingothel patplysth wasrhgatgidt # 35¢°Cowheafesdottregimg hag 18 gemprsitéqru Oy
oxygen. el at j ye i zed [s] lo,VAROUI §atd 0
6/ 4.5/ 89?&% e"rl"ﬁ'e &élgo%%%g’@%rl gg% ﬁlt%lflc{% Z\A/ay\gﬁo\q/a/pobrgﬁzrggl /‘ﬁ ﬁg%h}(g{g)? eAéI a%%anber
at 308C, GHRWIwaagsethdver the catalyst. The cal cul ated contact time was

around 2.9 s _Tge durf\ whi ch

90. 7%
st ed

. ion o necat al yst test was around 7 hours,
cor r esporikFeUlt i§ sBPwR MY @“ﬂmigﬁﬁ%gueous gl ycerol solution conveyed over the
catalyst. The results are indicated in Table 4 bel ow. Table 4 Accumul at ed
gl ycerol introduced (g) 9 18 27 2 1 33 tungstated sul phated zirconia

Catalyst zirconia 16.5 g 17 ¢ Gycer&ﬂﬂ&%versi on 100 100 100 100 100
Acrolein yield 42,3 53.8 52.5 54,9 53 0 Acrolein selectivity 42 54 52 55 53

Hydr oxypr opanone yigld 0.0 0.0 0.0 0.0 0.0

Reaction Glycerin A . Acrylic Propion | Propionic

. . crolein L7 -
Catalytic temperature | conversion ield (%) acid yield | aldehyde | acid yield

(°C) ratio (%) | ¥ %) | yield(%) | (%)

H;PO,/
AlLO; 350 92.7 37.8 0.2 0.6 0.1
10
Example 5

A precursor of VOHPO, * 1/2H,0 was prepared as following: Namely, 100.0 g of

vanadium pentoxide (V,0;5) was suspended in 1000ml of 2-methyl-1-propanol and
In 132.0 g of 98%
15  orthophosphoric acid powder, 250 ml of 2-methyl-1-propanol was added and dissolved

refluxed at 105°C under agitation for 3 hours to reduce V,Os.

under agitation at 100.
The resulting orthophosphoric acid solution (132.0 g of 98% orthophosphoric acid powder
/ 250ml of 2-methyl-1-propanol) was added at 100°C gradually into a yellow solution of
vanadium prepared by the heat-reflux in 2-methyl-1-propanol and heat-reflux was
20 continued at 105°C. After 3 hours, the reflux was stopped and cooled down to ambient
temperature. The resulting catalyst precursor was filtered, washed with acetone and dried
in a drier at 140°C during one night to obtain a blue white phosphorus-vanadium complex
The resulting catalyst was evaluated in a fixed bed type reactor at ambient
pressure. The catalyst powder was compressed, crushed and then passed through a sieve to
25  obtain particles of 9 to 12 mesh. A reaction tube of 10 mm diameter was filled with 10 cc
of the catalyst particles. An aqueous solution containing 20 % by weight of glycerol was
passed to an evaporator heated at 300°C at a rate of 21 g/hr by a pump. The resulting
gasified glycerin gas was directly passed through the catalyst together with air. The reactor

containing the catalyst was heated at 300 to 340°C. The feed stream has a composition of
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Acet al dehyde yield 10.3 9.1 8.2 9. 7 Propanal dehyde yield 4.9 3.7 4.0
2.1 1.4 Acetone yield 0.0 0.4 0.0 0.1 Phenol yield 0.0 0.0 0.3 0.0 0.0
Mat eri al wal2armue626.5 98.0 98.0 97.2 97.9 (mass col | ect edimes@iontspoduced)
Quantified product balance 57.5 66.9 65.0 66.9 63.2 (assayed
products/glycerol introduced) Conparati ygﬁ Exanpl e 2 For a conparison with
t he phosphorus-vanadi um conpl ex oxi de, phosphoric acid alumna ( 1 w %O
/99wt % Al 2C8, .nolar ratio P/Al 0.02) as a solid acid was eval uated. The
phosphor i 8lYSEHY OXYEeR: Autregsd: patshar &4 Byl ¥ et Mol Yeich Emaldd: 855 mol % and
JP- Al- 200 Mapely, 4 g of phosphoric acid was added to 2 g of
Snowt ex Oé(}%ﬁgﬁég%‘l of Ni ssan Chenical Industries) and nixed. Into the
m xture, 194 gThé pmodwmt umasnaoldeettd2@0 ancomfenvat aid ey ecsatithed camtdnsdte rwad at
80C. The resultin .t | urry was evaporat LN I ry evaporator at
80C, and ?I?ai%ﬂe?ﬂ“gﬁl\[\{g V‘gi’ Sbi'o%?é %?m%mﬁ%ﬁ'ﬁﬁs(.%é}ﬂ%‘s% éi%ﬂ’%%gc%'b‘%ﬂ’ew g of
eval uag edAiilerdt). f EacBbr&fft (WP Eork @Akt i fadbr mls?&% cRfcRSRsYrsph. The catal yst
powder was cor‘rﬁressed, crushed and then passed through a sieve to obtain
particles of 9RewltsarayughnarkedisTatdebti on t ube of 10 nm di aneter was filled
with 10 cc of the catalyst particles. An aqueous solution containing 20 %
by wei ght of glycerolwas passed to an evaporator heated at 300C at a rate
of 2 1 g/Bxarple® punp. The resulting gasified glycerin gas was directly
passed thr ougheé@e qtgt aﬁlggst together with air. The reactor containing, the
catal yst was heargdvile dEmevdehebipingd in Examplent wag fgghisoufio firegcedn yirer i n:
oxygepy Mo > al8HBT lto % 7 J i aand
vy MathdoBpte for%s BotiR!to bbiadn 2 110 gx@en%ﬂosﬁi%rus/ YarBium I2:'ﬂ911npfé’x
oxide powder.

8 8.
0.1

Reactivity of this powder was evaluated by the same method as Example 5.

Results are shown in Table 6.

Table 6
Reaction Glycerin Acrylic Propion- Propionic
. . Acrolein
Catalytic | temperature | conversion ) acid yield | aldehyde acid yield
. yield (%)
°C) ratio (%) (%) yield (%) (%)
300 100 49.5 0.2 04 02
Example 5 VPO
(precursor) 340 100 425 0.3 0.8 0.0
300 100 54.2 0.2 0.5 0.1
VPO
E le 6
xampie (after
firing in 340 100 38.1 0.0 1.0 0.0
air)
15
Example 7

Dihydrate VOPO4-2H,0 was prepared according to the method described by

Okuhara et al. in Chem. Mater. 2002, 14, 3882-3888: A mixture of V,0s (24 g), H3PO,

20 (85% wt/wt, 133 mL), and H,O (577 mL) was refluxed at 115 °C for 16 h. The resulting
precipitate was collected by filtration, washed with 100 mL acetone, and dried for 16 h
under ambient conditions. Both X-ray diffraction patterns (XRD) and infrared (IR)
examinations indicated the solid to be VOPO4-2H,0. A suspension of VOPO4-2H,0 (5 g)
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Result is shown in followng Table 5. Table 5 Exanple 5 A precursor of
VOHPO4 1/ 2H20 was prepared as follow ng: Nanely, 100.0 g of vanadi um
pent oxi dewQ\iR0BM6228as suspended in 1000m of 2-methyl - | - progeeal/oezsd?
refluxed at 105C under agitation for 3 hours to reduce V2C6. In 132.0 g of
98% or t hophosphoric acid powder, 250 mqof 2-nethyl-I-propanol was added
and di ssol ved under agitation at 100. The resulting orthophosphoric acid

solution (132.0 of 98% ort hophosphqric acid po r/_.250m  of .
2- met hyl nowsﬁrowaﬂ-apsan%goa@égdmétsﬂm eng?ra&élamfg)w?tfb Theyrepylung dightblien of

S tcti%'lﬂﬁéf 28 E}fehHKyerteZV@ﬁﬁml(lgHm QRARRD 2 featytef | ux

vanadi UmsghePahRH WY
was continued at 105C. ter 3 hours, the reflux was st'opped and cool ed

down to a&nliéatest by dilpaticax, washedrmathr Bl acptarmt aidy dtied fac iy boundsnambidnt er ed,

washed wi th.acetqne and dried i ' t C.duri.ng one,night to obtain
& bl ve wiPPunR BREP e iy Dethslofi Bl HE® ol gt

eval uat eqvoy,P0f inas tbopgdctéd A€ ar ARGHIOmitedgeaNMdvent aPlefpetah@e ofEDOCHL.alhist
powder was conpressed, crushed and then passed through a sieve to obtain

parti cl esaigfystisdgsignateseahVPQR-§.eacti on tube of 10 nm di ameter was fill ed
ith 10 f ' . i i i 0 %
W t cc o t(*i"lgcé}é‘f é‘éﬁ??agi&ﬁ%%&foﬁ%aﬁbnﬂﬂ&@&’ 43 2 SRAkeial g&ébfeﬁ%gdé&‘ fihe?

by wei ght of glycero assed to an evaporator heate at a rate
of 2 1 gl/atmodpheric presyure. THee Pyren| Homregmgdes rdacted vgthy ae internghdiaweeser cifr eatnh y

passed through,the catal yst together with air. reactar. containing the
Cat ol yot MLk dukaire 5b5up o ae coroptumngeiels (L avithmes. SampaY: Prok

of gl yiger ichtalyXNAREH with BIPF 8 un¥@he fvas 16adéd MPthe%hiddleZcBidn P th8 réacti?! with 85. 5
nmol % and GHSV was 2445 h™1 . The product was collected in a condenser and

t he resulquirigy veanhdeasked enwhethaaadsy zA dthgomeeouplet ity ghgnityy  Hies taphpesatiteo §f aph
]Sgﬁ (7)?98;9‘,%% & aég%: ro%ﬁft’ér%;{%tﬁdg faqﬁbé%lug %Wc)irol %F@plgée%ﬂcatpo %1085 ed in
higher than the top of catalyst bed. The reaction temperature was monitored by a
thermocouple inserted into the middle of catalyst bed. Before reaction, the catalyst was
15 pretreated at 300 °C for 1 h in nitrogen with a flow rate of 18 mL min™'. Aqueous glycerol
(20 % wt/wt) was fed at a speed of 0.50 g h™' by a syringe pump. The products were
collected in an ice-water cold trap directly connected to the outlet of the reactor.
Approximately 0.02 g of 2-butanol as internal standard and 5 mL water to absorb products
were previously loaded into the cold trap. The collected samples were quickly analyzed by
20 means of GC-MS (Shimadzu 15A, Japan) with an auto-sampler equipped with a capillary
column (GL Sciences, TC-FFAP 60 m x 0.25 mm X 0.5 pm) and a flame ionization
detector (FID). The chromatograph column was run at a program from 110 °C to 250 °C
with a ramping rate of 5 °C min™' and kept at 250 °C for 10 min. The gas phase was
analyzed by three online GCs with two thermal conductivity detectors (TCD) and one FID
25  detector. The analysis of gas phase allowed the quantifications of carbon oxide, carbon
dioxide, acetaldehyde, acrolein and acetic acid.
Catalytic results of two reactions, with (reaction 1) and without (reaction 2)
adding oxygen, are given in table 7. The composition of fed gas, nitrogen / oxygen / water

/ glycerol, was equal to 66.6 / 1.7 / 30.3 / 1.5 (reaction 1), and to 65.5/0/329/ 1.6

30  (reaction 2) in molar ratio.
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Results are summari zed in Table 6. Exanple 6 Blue white dry powder obtained
in Exanple 5 was fired in Muffle furnace in air atnosphere at 5000C for 3
hour s t o wbtaaiom4ez27i ght green phosphor us-vanadi um conpl @XTaEPREe/opISATIer
Reactivity of this powder was eval uated by the sanme nethod as Exanpl e 5.

npl e 7 D hydrate VOPO4-2H20 was

Results are shown in Tab
prepared according to th
Mat er .

m.),
precipitate was collecte
dried for 16 h under anb

le 6. Table 6
e nmet hod descri

d by filtration,
ient conditions.

ed by Ckuhara et al.
2002, 14, 3882-3888: A mixture of V206 (24 g), H3PO4 (85% wt/w ,
and H20 (577 nL) was refluxed at 115 0OC for
d wwth 100 nL acetone,

X-ray diffraction patterns

g

16 h.

in Chem

133
The resulting

and

d to be VOPO4- 2H20.
m.) was stirred

whi ch was confirnmed

ed by filtration,

Di ent conditions.

g) to give pyrqgphosphate phase

enperature of 800

dration reaction was

ic pressure. The

mm was used. A

), typically, 0.2 g
m ddl e section of

ernmocouple to

ge to add aqueous

(XRD) and infrared (IR examnatioens—+n h&q%qg Eg &9!:
A suspension of VOPO4-2HPO (5 g) powder ijn SURL RREF C%C
under reflux for 23 h. Thg g—&pg&lng tHrght=btug, sotid;
as hem hydrate VCHPO4-0.5Q§ by XRD and || R, was coIIect
washed with 100 nlL acet oiRH2d6brflioh @RbuhOf| 16 N under a
Thermal treatnment of VOHPO4 0.5H20 (2.0
(VO) 2P207 was conducted | wmalgi)-nml nitrqgen flow at a t
OC. This catalyst is des|gnated as VPO G ycerol dehy
conducted in a vertical f{kerdaonveasenBr [undé® af noSpher
Pyrex home-nade reactor with an internall dianeter of 5
m xture of catalyst and cBﬂﬁﬁﬁﬁﬁ?vﬁrtlcle (88 -| 70 nesr
catalyst diluted with 3. HREHHT—WES Fagded—+rR—t-hg
the reactor, with quartz| Wo Cémw%gac&ed in bofﬁ% nds. R th
noni tor the tenperature pf—evaporatiggs; e, and—a—syri
gl ycerol were placed in p position of 10-¢m
acetaldehyde 7.8 8.3
acetic acid 1.9 nd
acrolein 64.3 59.5
1-propanal 0.3 nd
hydroxyacetone 5.5 11.8
acrylic acid 0.3 nd
1,3-dioxane-5-ol 2.4 nd
n.d : not determinated
With VPO-8 catalyst, the glycerol conversion reaches 100% in the presence of
5  molecular oxygen and decreases only to 95.1% in reaction 2 without oxygen.
Example 8 : AI/P/S catalyst
AlPO4 (Al/P = 1) was prepared, as described in Studies in Surface Science and catalysis,
Vol 31, Preparation of catalysts IV, 1987, pp 199-215, from aqueous solutions of
10

AlCl;.6H,O and H3PO,4 (85wt%) by precipitation with propylene oxide, followed by

washing with 2-propanol and drying at 120°C for 24h and then calcining at 650°C for 3 h.

Sulfate anions were introduced onto the AIPO, surface by impregnation until incipient

wetness with aqueous solution of (NH4),SOs4 to obtain a catalyst comprising 3 wt % of
SO4%. The impregnated AIPO4 was dried at 120°C for 24h, then calcined at 400°C for 3 h

15

catalyst obtained by the BET method is 46 m%.g™".
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in an electric muffle furnace and stored in a dessicator. The surface area of the Al/P/S



hi gher than the top of catal yst bed. The reaction tenperature was nonitored
by a thernocouple inserted into the mddle of catal yst bed. Before

reacti on,woheloomsriyst was pretreated at 300 C for 1 h POTIHPREOYs3IN th a
flowrate of 18 mL min 1. Aqueous glycerol (20 %w/wt) was fed at a speed
of 0.50 g h by a syringe punp. The progucts were collected in an ice-water
cold trap directly connected to the outlet of the reactor. Approxi mately

0.02 f . 2- but anol i | standard and 5 ni wat b t
were br oGBS ERONBRITIRS G Ao JETed it ddpibat 280 % ies erde o'
qui ckly ap@doyig 8lubidn wp&r%mﬁ%ml&%@@?@wcmq&awm W th an

u

aut o- sanpler equipped with a capillary colum (G Sciences, TG FFAP 60 m
0. 25 nm A elysemehyonvgesien of H0A%6 iveasi obsainesh withtaacaconleipseRptivithef & hfooientligr aph

col um r.un roqr froml t OCwith a ranping rate of 5
oC inlmgﬂgc 3b§{%fm§§®g%£¢%ga%ﬂ“ﬁ#hf%%ﬂgkéggtphase was anal yzed by three
onl i ne GCewnistlactiviles Her mhd tyofddadts Wvérg oledeidar §.104 (hydreraketsie),FOD%
detector. The anal sis,of_gaséﬁgase al | owed thg gﬂgntifications of carbon
oxi de, cé%osmehiOM éreetic adit h Ofigh (Rrepanaidely ds) qnd A ackmrerepgridol cat al yti ¢
results of two reactions, with (reaction 1) and wi thout (reaction 2) adding
oxygen, are given in table 7. The conposition of fed gas, nitrogen / oxygen
/ water / glycerol, was equal to 66.6 / 1.7/ 30.3/ 1.5 (reaction 1), and
to 65.5/ 0/ 32.9/ 1.6 (reaction 2) in nolar ratio.Table 7 n.d : not
determ nated Wth VPO 8 catal yst, the glycerol conversion reaches 100% i n
the presence of nol ecul ar oxygen and decreases only to 95.1%in reaction 2
wi t hout oxygen. Exanple 8 : AI/P/S catalyst AIPO (Al/P = 1) was prepared,
as described in Studies in Surface Science and catal ysis, Vol 31,
Preparation of catalysts IV, 1987, pp 199-215, from aqueous sol uti ons of

Al d 3. 6H20 and H3PO4 (85wt % by precipitation with propyl ene oxide,

foll owed by washing with 2-propanol and drying at 120C for 24h and then
calcining at 650C for 3 h.
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Sul fate anions were introduced onto the Al PO surface by inpregnation until

i nci pi ent wetness with aqueous solution of (NH4)2SO to obtain a catal yst
conpri si NyoR0048220f SO4 2' . The i npregnated Al P4 was PdTiEPdooaneB20C f or
24h, then calcined at 400C for 3 h in an electric nmuffle furnace and stored
in a dessicator. The surface area of the Al/P/S catal yst obtained by the
BET nethod is 46 m.g 1 .Catalytic test?was carried out as described in
exanples 1 to 4, at 280C with a 40 w % aqueous solution of glycerol, and a
nolar ratio O2/glycerol equal to 1. Aclim€erol conversion of 100% was
obtained with an acrolein selectivity of 71%for this A P catal yst
conprising sul fur as supplenental elenent. Low selectivities for the

by- pr oducts V, : % ( X Q 0..99 cetone), 0.4%
(acetic algi d?ﬁfr‘g?egﬁs‘?ér@g%“nfg‘ﬁ%‘éﬁ%aég‘qé‘ﬁd@’%% é’i/f‘)ﬂqlprc gaééntgr-’ﬁdolls . t'f)at If’é%cess

f or manuf act urdehglraitoroteaction ofoghy cirylcie rcatried it e therpréedcd of 4 bahlyshe/stem
dehydration reacti.on of glycerol.is carried out in the presence of a

catal yst syst RMBIIEHRAS NG COBYIUCT,A %@{&ﬁg{)ﬁqp@a@pgg)@gtggpg;gltformula:
corresponding to the general fornul EMPXW>§M yOz in which: Mrepresents V, B
or Al;, M represents an elenent selected from hydrogen atomor elenments o
bel onging to @G whprhl to Goup 16 of the Periodic Table ; x ranging fromO.?2
to 3.0, limts inclhuded? ably ranging from0.5 to 2.5; y ranging from
0to 2.0, lints ir‘?}élf‘iP&%SSB{SS{’g%rr‘%y fromO to 1.0; with y different from

0 when M represent MAlreprégiiitsS an Eleingnt Releatd® URAdm Ohydrsy&e mitdiauod déndiie
ot her elenents and that, corresponds to their oxidation state. 2) Process
accor'ing to d ai mbglongingteGrein b taCronpilff the hesipdicskables; v. 3) Process

according to d ai ml,pkind fideh ¥R §0i ﬁﬁlqtsiiﬂclﬁéwg pMdferabR’ ARENE Frdth o£gst one
2.5;
- y ranging from 0 to 2.0, limits included, preferably from 0 to 1.0; with y
ditferent from 0 when M represents Al, and
15 - z is the amount of oxygen bound to the other elements and that corresponds

to their oxidation state.
2) Process according to Claim 1, characterized in that M represents V.

20 3) Process according to Claim 1 or 2, characterized in that M’ represents at least one
of the following elements: Cr, Mn, Fe, Ni, Co, Zr, Nb, Mo, Sb, Sn, Te, Ta, W, Bi,
Ti, S, alone or as a mixture, preferably M’ is Fe, Ni, Co, Nb, Mo, Sb, Te W, and/or
S.

25 4 Process according to one of the preceding claims, characterized in that the catalyst
is supported on a support such as silica, alumina, titanium oxide, silicon carbide,

silica/alumina mixture, silicates, borates or carbonates.

3) Process according to one of Claims 1 to 4, characterized in that a mixture
30 containing at least glycerol, water, oxygen or an oxygen-containing gas, and where
appropriate an inert gas and/or recycle gases is passed, in the gas phase, over the
catalyst system that is maintained at a reaction temperature between 180 and
500°C.
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of the followng elenents: C, M, Fe, N, Co, Zr, Nb, My, Sb, Sn, Te, Ta,
W Bi, Ti, S, alone or as a mxture, preferably M is Fe, N, Co, Nb, M,
Sb, Te Wwaeandioo687 4) Process according to one of the pceE®pdicagesbai ns,
characterized in that the catalyst is supported on a support such as
silica, alumna, titaniumoxide, silicefn carbide, silical/alumna m xture,
silicates, borates or carbonates. 5) Process according to one of Cains 1
to 4, characterized in that a m xture containing at |east glycerol, water,
oxygen or an oxygen-containing gas, and where appropriate an inert gas
and/ or regycl @/sgagascatalyPagsed, cdnprisil 898 nMiRSEnstiovRt, fHISpKRLA sativmy St em
that is naintained at a reaction tenperature between 180 and 500C, 6) Use of
a catal yst sysemplesonidassemiherspracyrsern fopgarying <t the dekystiaians reagiieitiofim
conpl ex oxi deg 1vQErol P)e dolpiecursors for carrying out the dehydration
reaction of gPycero 0 &Cr ol ei n. 7) Process for preparing acrylic acid
fromglycerol conprising a fi rst step of prepari ng acrol ein according to
t he procgss fE)omon of Cl ains grandas p of .oxi |zin8 crolein to
acrylic d¢id. PEcess EB@Q%’&%W‘%“@ OF} GYRETOL CATpRISIRG 21FSh 8P Oh PIRATNgise i s
made of an i NhebREAhAbRIAL RPRTHRRM figh GRIIRNSR OB SindRs@h oRefidving he
heavy by-products derived fromthe dehydration step. 9) Process for
preparing acr géroleirn toidceylicrasid. gl ycerol conprising a first step of preparing
acrolein according to the process fromone of Clains 1 to 5 and a step of
amoxi di zing acrolein to acrylonitrile.

10 8 Process according to Claim 7, characterized in that use is made of an intermediate

step of partial condensation of water and of the heavy by-products derived from the

dehydration step.
9) Process for preparing acrylonitrile from glycerol comprising a first step of
15 preparing acrolein according to the process from one of Claims 1 to 5 and a step of

ammoxidizing acrolein to acrylonitrile.
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