METHOD FOR THE REACTIVE VAPORIZATION OF GLYCEROL SUMMARY In a first aspect, there
is provided a process for the reactive vaporization of aqueous solutions of glycerol in a fluidized bed
containing a reactive solid maintained at a temperature between 180C and 400C. In a second aspect,
there is provided the use of a fluidized bed contaming a reactive solid for simultaneously vaporizing
and purifying an aqueous solution of glycerol, and carrying out the dehydration reaction of glycerol to
acrolein and/or the ¥&&RBH RN TRACHTREF GV EerBRRIPRISHE AN, BF a BiFFEESEct, there is
provided a process for preparing acrolein and/or acrylic acid from glycerol in the gas phase in a
fluidized bed reactor, Wﬁt g,ed in that an agueOus solution of glycerol is sent directly into the
fluidized: bed containing a reactive solid maintained at a temperature between 180C and 400C, in
contact with which the BeHyar aiRsAL BEEIB B YISE R IIPEESaLPHIBRT RIS MRS ERYAB RYBREERS reaction’
of glycerol to acrylic acid is carsies outsDETAILER DESCRIRTION One subject-ef.the present
invention is a method of vaparizing.aqueou lutions of glycerql in a fluidized bed containing a
reactive solid, that Tal?e%yllf 5%@7%%% to%imu%tg%égﬁgflyova%é%é%he g&&&&uasléldltgjtion“oﬁ glyacerol,
remove the impurities pRISEHE fr-this sttt OF thdt aré genératédP dring the .evaporation and carry
out the dehydration reaction of glycerol to acrolein and/or the oxydehydration reaction of glycerol to
acrylic acid Glycerol isTaifemtaiPet theprispanatssthi arsr hadrdezebbatheraitieg piprdidmical
synthesis from propylene; gtasra by-predict foreed=during the-methanplysis-of vegetaple gils. la The
methanolysis of vegetahle oils may be_carri t acgording to various processes, in particular by
using a homogeneous atalyst such as %%o %%ngﬁ‘ygﬁ(ixidqeiﬁc SO ?&r‘n rﬁ(ﬁ%@lgt&eri*’n%ﬁ ioh in methanol,
or by using a heteroger&6us-GatalysE Retérerr @@ may be niatle, i s Sdbjeed, 16 fHeafiele by D.
Ballerini et a/. in L'Actualite/ Chimigue efdNaebed2002-Fhe-methanslysts:of yegetaple oilscresults, on
the one hand, in methyégglgg@car%dcgg_the other hand in glycerol. Methyl esters are used in particular
as fuels or combustibles in“diesel fuel and domestic fuel. With the development offuels of renewable

origins, and especially,of yegelahle aikraihy e rHVQMES i Hosyslionahaseyatin
accordance with this production method increases greatly, glycerol representing around 10% by
weight of the oil convétfed Gy oPderRREron Ved&tablRtilsiS aFfatdral Froduttérréftwable
origin which is thus inéredsinghe =2-ravailabler #tthexcuresnt context bEthe rovel egneept:of green
chemistry, and more generallyof sustainable-developmentit is becoming.increasingly advantageous
to utilize this product. 51I—|qvv,ever,.the elgmds for producing VOMEs result in a glycerol that is more or
less pure and more orliesg gitdt&n wgg : Gen%?&lfy?ft‘i*s}ﬁ%se More 6F1BES plire aqd€dds solutions of
glycerol that are knownsis 1@ glyeerin Zaccording ovtierdéfinition addpted by "The Soapadd
Detergent Associationz {3eaps ang, Detesgents:A theareticalandPractical Rgg@@y@%i@%rﬁeach Fla.,
Oct 12-14 1994, chapter 6 pp. 172-20?. Ed:jlb_ ng;z, AOCS Press, Ci}ampai% he met %nolysis of
vegetable 15 oils is carfiéd outin a Basic nglééfiﬁ‘m’,?%r ex %plea\ﬁf‘tﬁ oaium éﬁae. The effluent is
neutralized with hydro&HIORE He it ewi SURFRCAGI@TThese tréatiments leavedmprritizs irs the

glycerin. y way of illustzatien,ithe fallowing: table g_ive‘s the typical

DETAILED DESCRIPTION

One subiject of the present invention is a method of
vaporizing agueocus solutions of glycerol in a fluidized
ned containing a reactive solid, theat makes 1t possible
to simultaneously vaporize the agueous solution of

glycerol, remove the impurities present in  thi

n

solution or that are generated during the evaporation
and carry out the dehydration reaction of glycerol to
acrolein and/or the cxydehydration reaction of glycercl

to acrylic acid.

Glycerol is a chemical, 1,2,3-propanetricl, which may
be obtained elither by chemicsl synthesis from
propylene, or as a by-product formed during the

methanolyslis of vegetable olls.



20 analyses of various glycerins produced at various industrial sites: Diester Industries Diester
industries Diester Industries Site Robbe 1 Saipoll}flarl(RFA) Production 10 kt/year25 kt/year 1 15kt/year
| Glycerol 65 wt%193 wt% 85 wt% Water 31 wt% £ Wit%10 wt% NGOM 1 wt% 1 wi%0.5 wt% Ash

The methanclysis of vegetable oils may be carried out
according to various processes, in particular by using
z homogeneous catalyst such as sodium hydroxide or
sodium methylate in solution in methanol, or by using a
heterogeneous catalyst. Reference may be made, on this
subject, to <the article by D. Ballerini et al. in

L'Actualité Chimigue of Nov-Dec 2002.

The methanclysis of vegetable oils results, on the one

hand, in methyl esters, and on the other hand in
giycerol. Methyl esters are used in particular as fuels
cr combustibles in diesel fusl and domestic fuel. With
the development of fuels of renewable origins, and
especially of vegetable oil methyl esters (VOMEs), the
production of glycerol in accoerdance with  this

production method increases greatly, giycerol

representing around 10% by weight of the o0il converted.

Glycerol derived from vegetable oils 4is 2 natural

product of renewable origin which is thus increasingly



3 wt% Na2504 , 2.5 wt% MacCi 4.5 wt% Nadi Methanol 0.3 wt% 0.2 wt% <0.01-% NGOM: hon-glycerin
organic matter: fatty acids, ester, other 25 Crude glycerin generally has a composition of the order of
88% glycerol, 9-10% water and 2-3% impurities. In particular, it may contain impurities such as basic
WO 2009/0440%53 PEI9RROBEEAL 1585 - 3 - salts (for example of sodiGEY EREONRAESHHSS
non-glycerin organic compounds, methanol or residues of vegetable oils. In certain applications of
glycerol, the presence of these impurities is particﬁla%'ly_S prejudicial for the reactions carried out or for

the quality of the finished produgts, For example. in the casg of the productign of acrolein, the
(0]

presence of sodium or potassjum salts is prejudicial for the catalytic dehydration reaction of glycerol to
acrolein, 10 as esB'<afiR afe'c5pabi& bf pGiSsnife the alith Sifes of the Catalysts 2ised Ednsequently,
the aqueous sclgtiohsooficsnde glycerols becoming increasingly advantageous

20

to utili

However,

glycerocl

ze this product.

the metheds for producing VOMEs result in a

that i1s more or lessz pure and more or less

dilute in water. Generally, it 1is these more or less

pure agueous solutions of glycercl that are known as

glycerin

. according to the definition adopted by "The

Scap and Detergent Association" (Scaps and Detergents:

A theoretical and Practical Review, Miami Beach Flsa.,
Oct 12-14 1894, chapter & pp. 172-206. Ed: 1 Spitz,

AOCE Press, Champaign). The methanolysis of vegetable

olls is

carried out in a basic medium, for example with

scdium hydroxide. The effluent 1s neutralized with

hvdrochl

oric aclid or with sulfuric acid, These

Treatments leave impurities in the glycerin. By way of

iliustra

tion, the <following table gives the typical

analyses of wvarious gliycerins produced at various
industrial sites:
Diester Diester Diester
Industries Industries Industries
Site Robbe 3aipol Marl (RFA)
Production 10 kt/year 25 kt/vear 15 kt/year
Glycerol 65 wt% 193 wt% B85 wt%
Water 31 wt 4 wth 10 wtk
NGOM 1 wit% 1l wth 0.5 wt%
Ash 3 wt% Nas50y 2.5 wt% NaCl 4.5 wit% NaCl
Methanol 0.3 wt$ 0.2 wt? < 0.01 wt%

NGOM: non-glycerin organic matter: fatty acids, ester,

other

Crude glycerin generally has a composition of the order

of BB8%

particul

glycercl, 9-10% water and 2-3% impurities. In

ar, 1t may contain impurities such as basic



or glycerin generally require a pretreatment before 15 use, or a burification treatment in order to
envisage novel applications. Furthermore, it is often necessary not only to remove the impurities that

are undeSiramﬁJOEHbeg?B\Qﬁ %‘?Ld 20 application, but also to conce%@@%%gg%%ﬁ%g%ion, or even
C

to vaporize the agueous solufion, since certain industrial processes use’glycerol in vapor form. These
operations are tricky as it is known that glycerol may, decompose, in particular to acrolein, 25 or result
in polymers such as polyglycerol. Various technologies for purifying glycerol have been described in
the literature. Spécifically,dtis axproglict thathasardnrertham1560 differsnt applications; 80 all requiring

particular qualitiesin particular there is a;Eharmacopeja: grade that sequires adigh puriey of the
glycerol. Among the methods Used or studied for the purification 35 and evgpor;fltion of glycerol,
mention will eSPEEiF b made 6f those th‘a?ﬁf@ﬂ&cﬁﬁ’éﬁbﬁ@%@ﬁ%oﬁba, ird “Am° Oil Chemists'
Soc. November979¢Vek56)c812A; by Steinberneribetal;inFat. Sei. Teehnslc (1987A)y89 Jahrgang

No. 8, pp=297:303; ahd-by-AndersonD.D. etal4n:Seaps apd.Datergents: A theeratical-and Practical

Review, Miami Be%qq Fla., Oct 1;-1§i19954hggaptero%&pé5172-30@ Ed: L Spitz, ROCS,Press,
Champaign. THe freatmerits of crudé ‘gR/](:ero‘I solutiors prop‘osedD t“arge?afﬂlg rérhoval o Eﬁe dissolved

salts and of the d®corgahic ithpurities ¥Feslting: from fafty substancestihe réBvarsitheccolor, an
increase in thesglyeerpl centent; of thesvaporization of thesglyeerel; depending ondthe firiat application
envisaged. 15 In particular, in order 1o §ct}jhe\4,e these objectives, vaporation, a distillation, a
treatment with Cﬁ?ﬁgea(ﬁ order to meutralize the residual fatty acid%f%i%v@d by a fif?r%tion, an ion
exchangtlor icheexel\fsién Gaathfent L separationt by fevefse®6smbdis of &n 206-dlecirodidlysis may be
carried out. Multiplereffect exaperators axe,.for example, used for concentrating dilute solutions of
glycerol. With a

Consequently, the agquecus solutions of crude glycerol

or glycerin generally regulre a pretreatment before

15 use, or a purification treatment in order to envisage

novel applications.

Furthermore, it i1s often necessary not only to remove
the impurities that are undesirable for the envisaged
20  application, Dbut alsc to concentrate the agueous
solution, or even to vaporize the agueous solution,
since certain industrial processes use glycercl 1in
vapor form. These operations are Tricky as it 1s known
that glycerol may decompose, in particular to acrclein,

25  or result in polymers such as polyglycerol.

Varicus technologies for purifying glycerol have been
described 4in the literature. Specifically, it 1s a
product that has more than 1500 different applications,
30 all reguiring particular gualitiles, in particular there

15 a "Pharmacopeia" grade that requires a high purity

)]

of the glycerol.

Among the methods used or studied for the purification
3% and evaporation of glycerol, mention will especially be
made of those that are described by G.B. D'Souza, in J.
Am. 0il Chemists’ Soc. November 1979 (Vol 56) 812A, by



triple-effect evaporator, it is thus possible to 25 evaporate 2.4 kg of water with 1 kg of steam.
Distillation is one of the techniques used for concentrating and purifying glycerin. As glycerol begins to

decompose at aro §62ﬁ1% i.e..well below 30 its boiling point (293% it js.n sary.t éjgstil glycerin
in several stepvg%s%’r?g) %gespjfessure. In certain cases, the distill tlo%/lg%gﬁﬁgc{%g}\% atch
operations, until the salts and the non-volatile compgunds have accumulated sufficiently in the vessel.

35 The operation is then stopped and the impurities are discharged from the vessel before restarting
the .distillation sThe evaperation iscoarried, putiundes +.5 Svacuume anddhe partizd zondersation of
glycerol (Whichj%ﬂlréoghggrn%obefgce V\%gr)ﬁm% (%tllet C%Epe ygit kes it possible to gigectly obtain
a concentrated glycerol. Typically, pressures of 10 MmHg are uSed, for 5 a temperature of 160-165C,
which gives lo partial PressireEsf glydetol irfhesv5ot phase. The distiéd 'glycetin ndiFstill contain
colored compounds:l tsSontetimeswnecessany to Bleeolorizelthe 10 glycerihAed phairhégeutical and

food applieatiops.. Fypicallyactivated carban is;addeghto the glygerin in orderda degolorze it. The
purification of %I%{cerinﬁby ion exclusion has also been developed and uses ion resins in order to
separate the iori¢8aifs tfat are soluble in aqueous solution from non-ipnic compounds such as

glycerol. This is a technique which avoids the consumption of heat and of chemical regenerants, and

which makes itjpessibledn 20-puriy highly contaminated streamsssuch-as-erside-glyeerin aising only
water as a chemical regenerant. Aqueoussolutions of glycerolthatare weakly _contaminated by salts
may be exchar%e%?%%p%}ldvef gg%E%nabas”f&?rescflr%sgsl%evt%%s Sﬁ\rﬁ:/ﬁ%esd g??c:giero?éolﬁﬁoens may then
be concerfrated iz avap oratior: Thetechi§ue of Tevetse®BshosisYhasEwssi B&epardtioh through a
semi-permeablegmembrane by applying®ior, an increase in the glycerol

content, or the vaporization of the glycerol, depending

on the final application envisaged.

15 In particular, in order to achieve these objectives, an
evaporation, a distillation, a treatment with lime (in
order to neutralilze the residual fatty acids) followed
by a filtration, an ion exchange or ion exclusion
treatment, a separaticon by reverse 03mOosis ©or an

20 electrodialysis may be carried out.

Multipleweffect evaporatcrs are, for example, used for
concentrating dilute scoluticns of glycerol. With a
triple-effect evaporator, it is thus ©possible to

25 evaporate 2.4 kg of water with 1 kg of steam.

Distillation 1is one o©f the techniques used for
concentrating and purifying glycerin., As glycerol
'begins to decompeose at around 202°C, i.e. well below
30 its boiling point (293°C), it is necessary to distil
glycerin 1n several steps using reduced pressure. In
certain cases, the distillation 1s carried out via
batch opesraticons, until the salts and tThe non-volatile
compounds have accumulated sufficilently in the vessel.
35 The operaticn 1s then stopped and the impurities are
discharged from the vessel ©before restarting the

‘distillation. The evaporation is carried out under



30 pressure has been proposed for the concentration of particularly dilute glycerol streams. Solutions
of glycerin and of sodium hydroxide in methanol obtained after transesterification of rapeseed 35 oll

have been demineralize? b4y§membrane electrodialysis to produce pure %Iﬁ(ﬁgrin. ‘gﬂs technique is
described in th&refSt8Rés: (gr"r:'a%ffner, F. et al., Proc. - World WO 2669/ STSEIARIB08/051585

-6- Filtr. Congr. 7th, 1996, Volume 2, 629-633. In_the methods proposed for evaporating aqueous
solutions of glycerol, the control of the temperature 5 is very critical as certain undesirable reactions
may take place;ssuchras thedormatiop:ofnitogen-cortaking eempaunds by astegradation of protein
matter present jn the glycerin, the fo ion of a volatile, glycerin este reaction with soaps of low
molar 10 masé’,J %112“ fo%%%%é?ﬁ%? p(,)%é gI]ggjgegroI‘(A,?%hLe‘e é())krmg_t%orilt ?)}f_cac%fé%Vv%ic%%f:o%%r?bu‘fgslt‘b the odors
of the final proBG¢tEft is theréfofSimpditantto it Be reésiderce tithe 6f tHEGIyEeir atRigh
temperature, andatea-this temngperaturey The evapaoration processes ised 15 canventiohally do not

therefore make, it Qc&%g 1q haye high p_pé@awllpgg.s%{resvg{jgéﬁerglii\rfl@tge vapor M@i gurthermore, it

is often necessary to combine _several treatments in order to obtain the glycerol with a purity and at a
concentration that 8t Sitabid feH-2 thieenviadedCappticatior A Patent application FR 2 913 974,

the Applicant Company describes a single-step process that makes it possible to vaporize an aqueous
solution of glycerel 25and: to; sipwitanequsly. remove.the irpurities presgnt in, the sojufion.or that are

generated during the e , . .

compounds. It 1s sometimes necessary to decclorize the

16  glycerin for pharmaceutical and food applications.

Typically activated carbon is added to the glycerin in

order to decolorize it.

The purification of glycerin by ion exclﬁsion has also
15 been developed and uses ion resins in order tTo separate
the ionic salts that are soluble in agusous solution
from non-ioconic compounds such as glycercl. This i1s a
technique which avoids the consumption of heat and of
chemical regenerants, and which makes 1t possible to
20 purify highly contaminated streams such as crude

giycerin, using only water as a chemical regenerant.

Agueous solutions of glycerol that are weakly
contaminated by salts may be exchanged simply over acid
25 and basic resins. The thus purified glycerol sclutions

may then be concentrated by svaporation.

The technigue of reverse csmosis, based on a separation
through a semi-permeable membrane by applying a
30 pressure has been proposed for the concentration of

particularly dilute glycerol streams.

Solutions of glycerin and of sodium hydroxide in
methanol obtained after transesterification of rapeseed
35  o0il have been demineralized by membrane electrodialysis
to produce pure glycerin. This technigue 1s described

in the reference: Schaffner, F. et al., Proc. - World



evaporation. This process consists in vaporizing the aqueous solution of glycerol in contact with a
fluidized bed containing an inert solid maintained at a 30 sufficient temperature to allow the

instantaneous vapQrizati offg cerol and of water. The impurities present in the agueous solution are
simultaneousl)?] er%éé;bdygﬁ% tXT{\e fluidized bed technique makes |t%%§ém&)0@09rﬁ%ﬁaagly draw off a

portion of the 35 solid in order to regenerate it ex sity. The glycerol vapors obtained according to this
process can then be glycerol in gas form, especially the processes for producing acrolein or acrylic
acid describedy farexamplecn documents WO 0640840832 W@ 06/687084, WO 06/114506,WO
07/090990 and WO 07/090991,0r a 5 process for producing acrylonitrile as described in Patent

Application FR 2 912 742. The production of acrolein and/or acrylic acid from glycerol in a gas-phase
process, especidlly dcedrdiftFId &5 the afdraricttionedprocesdsretiired the &Gt rior step of
vaporization ofsthegtyceral, a Step whielr tigy prowve costly whien the glyieeraldsnpsed nithe form of a

dilute aqueous;solution. Generally..the aguequssolution ofiglycergl, havingundergane, where 15

appropriate, a Eurification pretreatment according to one of the methods described previously, is
vaporized in a hg&fed dhafiber beforé pashiy over'a cataffSt3titable fotithe Ervisaged reaction, in a
fixed bed reactorfiLidized bed reactendirculating figidized=20.bed reactorcardana platetheat exchanger

reactor. The Applicant Comparybasnoy. surprisingly disgoyered that itis possible to.simultaneously
vaporize an . . . L - .
glycerin ester by reaction with scaps of low molar

10 mass, the formation of polyglvcerol, the formation of
acrolein which contributes to the odors of the final
product. It is -~therefore important to limit the
residence time of the glycerin at high temperature, and
aiso this temperature. The evaporation processes used

15 conventionally do not therefore make 1t possible to
have high partial pressures of glycerol in the vapor
phase. Furthermore, 1t i1is often necessary to combine
several treatments in order to obtain the glycerol. with

& purity and at a concentration that are suitable Zfor

20  the envisaged application.

In patent application FR 2 913 974, the BApplicant
Company describes a single-step process that makes 1t
possible to wvaporize an agueous solution of glycercl
25 and to simultaneously remove the impurities present in
the scolution or that are generated during the
evaporation. This process consists in vapcorizing the
agqueous solution of glycerol in contact with a
fluidized bed containing an inert sclid maintained at a
30 sufficient temperature to allow the instantaneous
vaporization of glycercl and of water. The impurities
present in the aqgueous sclution are simultansously
removad, since the f£luidized bed technigue makes it
possikble tc continuously draw off a portion of <the
35 so0lid in crder to regenerate it ex situ. The glycerol
vapors obtalined according te this process can then be

used directly 1n a downstream process that emplovs



aqueous solution of glycerol, remove the impurities 25 presentS in this solution or that are generated
during the evaporation, and carry out the dehydration reaction of glycerol to acrolein and/or the

oxydehydration reaction f%g%}écerol to acrylic acid. Such a process make{s it possible to minimize the
energy costs fgﬂh%%@f'% n of acrolein and/or of acrylic acid &aft r&gc?rﬂ%{q%%{)'ag%olutions of

glycerol and constitutes a single-step process used in a simplified installation. One subject of the
present invention is therefore a 35 process for the reactive vaporization of aqueous solutions of

glycerol (or glygerinkinaa fluidized; bed coptaininga; reactive solid: 18 --Accokding do the process of

the invention, the agueous glyceral,solution is injected directly into.a flgidized. %ed containing a reactive
. . . DYO %.Lfl(%. SaCroiLelll o C\‘-I:\P/ 1C acld eICr1Dedct, ‘ Cf‘u.
solid maintain€éd at a 5 sufficient temperature to allow’the instantaneous vaporization of the glycerol

and of water, &#P4IS0 the reaction BP HE'GES ol oHEhE Feadtivetsolid. THe cohcBAtrafidn of the
aqueous glyceral sofutiondmay 10 viaty to7a targe extent for example fropm20 19 99%:by weight of

glycerol, prefetaply.solytions sar%lésgﬁ'&%%omB@%?Yﬁr%‘ﬁ%olgoo/"a@y,‘%%%@H&é‘é?e% These may

be crude aqueous solutions, thatare more or less dilute and that comprise more or less impurities,

such 15 as carf B& Obtaifigd frofit the’metiarolyis’ of Vegetable oils. The reactive solid is chosen from
the catalysts suitable for carrying out the dehydration reaction of 20 glycerol to acrolein and/or the

oxydehydratiorn ractionof glycerol t@ acryic.acid jthe QH@V@PO%@E%PEOOV%’&QQ by the vaporization
of the glycerol solution, and/or by a stream of inert gas 25 (nitrogen, Of 23 qecycﬂlg)gas,,_xetc. , Or air,
oxygen, or a mixtdre 6 gasel kfowh o & Bgr%gn ?l%l?é’de in-the ggﬁﬁgfdﬁﬂm%inﬁ e ﬁ&ﬁ? ration
reaction o glyderoltto acedleincardior thecosxy detyeratisrereaction of glycéroktowaetylicfacid. 30 The

temperature ofthe fluidized bed,is gengrally. between 180C and-409C, praferably between 220C and
350C, more particularly between 260C and 320C. 35 The invention alsa relates to the use of a
fluidized bed conta(lzning%yregétlve‘”soﬁidsfér gimd’?ta‘rieé’ulsﬁy %ab’&?zﬁﬁg“ and p“ﬂﬁ ing an é‘qﬁeous
solution of form of a dilute aqueous solution. Generally, the

agueous soiufion of glveerel, having undergone, where
15 appropriate, a purification pretreatment according to
one of the methods described previously, 1s wvaporized
in a heated chamber before passing over a catalyst
suitable for the envisaged reaction, in a fixed bed
reactoyr, fluidized bed reactor, circulating fiuidized

20 bed reactor or in a plate heat exchanger reactoz.

The Applicant Company has now surprisingly discoversd
that 1t 1s possible to simultanecusly vaporize an
agueous solution of glycerol, remove the i1mpurities
25 present in this sclution or that are generated during
the evaporation, and carry out the dehydration reacticn
of glycercl to acrolein and/or the oxydehydration
reaction c¢f glycerol to acrylic acid. Such a process

makes 1t pessible to minimize the energy costs for ths

g

30  production of acrolein and/or of acrylic acid starting
from aguecus sclutions of glycercl and constitutes a

gingle-step process used in a simplified installation.

One subject o©of fthe present invention is therefore a
35 process for the reactive vapcrizaticn of @ agueous
solutions of glycercl [(or glycerin) in a fluidized bed

containing a reactive solid.



- 9 - glycerol, and carrying out the dehydration reaction of glycerol to acrolein and/or the
oxydehydration reaction of glycerol to acrylic acid. 5 The invention also relates to a process for
preparing acralein and/or acrylic acid from glycerol in the gas phase in a fluidized bed reactor,
characterized #FtnaP 8% a%ﬁ%)éég' solution of glycerol is sent directly?rﬁB/tﬁg‘%BWé%Pﬁéé éontaining a
reactive solid 10 maintained at a temperature between 180C and 400C, preferably between 220C and
350C, in contact with which the dehydration reaction of glycerol to acrolein and/or the oxydehydration
reaction of glycerol to acrylic acid is carried out. 15 Other features and advantages of the invention will
emerge more clearly on reading the description which follows and with reference to the single
appended figu%ec.cﬁjyagﬁg %efﬁod%gco? |P1g8 %6 %eﬁﬁveﬁ%ibn élgd%,%\é/lhc?ah pz{;:lrfﬁ%l 6%%%8%53 of glycerol
in the vapor plalséswhich B4stheladvahfage 'ofEpotizing the ghicefsl Bhdaf aking #¥8act with a
substantially higher 2% praductivity; thag that-ehiained withc processes thad casy outa vaporization
prior to the reaé;gq_a@iigitgg {nettin_%qng% %rg'{p&to ttgv%inv ntL_pcghIthe jﬂ;]leuriti% Ep{g%ecgtrjlgéhesaqueous

solution are removed 30 simultanecusly, as_the fluidize bed technique makes it possi fe’to
continuously dY&W fff Bortioh df the §G1iPinYGTaERto r@genérate’’ exSitu2 FRuS tRE orgénic
compounds presenttin ¢he glycetat solutioarbit also the: prosuctsiresulting:friam the decomposition of
35 the glycerol during this evaporation step, may result in the formation of coke which is deposited on

the reactive solid. When the aqueous glzgerol solution - 10 - o
The concentratlion oI the aquecus glycercl sclution may

10 wary to a large extent, for example from 20 to 99% by
welght of glyvcerol, preferably solutions are used that
comprise from 30 to 80% by weight of glycercl. Thase
may be crude aguecus sclutions, that are more or less

dilute and that comprise more or less impurities, such

15  as can be obtained from the methanclysis of vegetable
oils.
The reactive sclid 1s chosen from the catalysts

suitable for carrving out the dehydration reaction of
20  glycercl to acrclein and/or the oxydehydration reaction

of glycerol to acrylic acid.

The fluidization may be provided by the wvaporization of
the glycerol scolution, and/or by a stream of inert gas
25 (nitrogen, COp, recycle gas, etc.), ©or alr, oxygen, or a
mixture of gases known to a person skilled in the art
for optimizing the dehydration reacticn of glycercl to
acroiein and/or the oxydehydration reaction of glycerol
to acrylic acid.
30
The temperature of the £fluidized bed 1s generally
petween 180°C and 400°C, preferably between 220°C and

350°C, more particularly betwsen 260°C and 320°C.

35 The invention alsc relates to the usse of a fluidized
b

ed containing & reactive solid for simultaneocusly
vaporizing and purifying an agueous soluticon of



contains salts (for example sodium chloride or sodium sulfate), these salts are also deposited on the
outer surface of the reactive solid during the evaporation of the aqueous glycerol solution. The reactive
solid 5 comprig] g% %e (yb r the mineral salts may then be drawn off continuously in order to be
regenerated in%agno lr}f(gzor% ea%%)ré, ﬁ?efore being sent back into the fluidi‘ggg%'%%?%ﬂgvrga&é&gtion may
also be carried out continuously in the reactor. The removal of the mineral 10 salts may be carried out
by simple washing of the solid with water, or any other suitable technique. It may also be carried out by

continuous attritior-efthe catalyst, dbe salt:depeosit preferably beineg=formed oaLhe periphery of the
catalyst grainsg}:pg Legeneration 15 of the %91:(9 copsists of a c%gu%tli%nt of the solid @le%olsits, itis
generally carrleq__ out with air in a reactor which may be, for exgmp é’ another contintious y operated
fluidized bed, & EirEUWaiTF AdidizedBeth alfixedBét, or any other reactor which may be suitable. 20
Preferably, use will be made of a continuously operated fluidized bed. The combustion of the

carbonaceous dgposits.anthesgactivesolid makes 'twsgb';f'g&ggy fg 5%65?@53&% also to
reheat it be ore returning it to the zed bed for 25 evaporation/reaction of glycerol. This combustion may
be carried out i the PreSentBof Afuédl“fof examplermethan®, WHidk RERps td brifd'the $84ctive solid to
the temperaturelviseeedforthé Yeactivessvapotaticreofithe aqueeus: glyeerot solution 3G Eurthermore,
in a fluidized bed, the RaHicles are maving retative jo.one angtherwhich gauses an attrition of the
solid. In conveg[i]onal f%]j(gljz%g Qg%s, it ,]iga%ought totirqit this attrition which consumes 35 solid and
produces fine pér%cles. Tn“t]he“process a‘c‘:cordir(ljéj o fhe inVéntiorT: the atffition makes ﬁ"’p%)gsible to
remove & PortiBa of e #epbsits whichtder Wo 2009/04405HFCT/FR2008/6515853 041 C formed on
the reactive sofid=The fine particles,thus formed:by atlitionre temaved dewnstream, fer-example by
separation in a gyclone.and/or by filtration, or else by. %Iectrostaot'? Crgg@jtati%n. @sggggt%a solids in
the method according to the invethon, ‘use may bé made of horogerieous 6r muti- phase materials
which have a Irﬁl"‘a"}ﬁﬁ%lft aﬁ&?ﬁl, defoiegydration reaction of glycercl to

acrylic acid is carried out.

15
Other features and advantages of the invention will
emerge more clearly on reading the description which
follows and with reference to the single appended
figure.

20

The method according to the invention leads to high
partial pressures of glycerol in the wvapor phase, which
has the advantage of vaporizing the glyvcerol and of
making it  react with a substantially higher
25 productivity than that obtained with processes that

carry out a vaporization priocr to the reaction.

In the method according to the invention, the
impurities present in the aqueous sclution are removed
30  simulitaneously, as the fluidized bed technique makes it
pogsible fo continuously draw off a portion of the
solid in order to regenerate it ex situ. Thus, the
organic compounds present in the glycerol solution, but
also the products resulting from the decomposition of
35 the glycercl during this evaporation step, may result
in the formation o¢f coke which 1s deposited on the

reactive sclid. When the agueous glycercol solution



Vol. 51, 1989, chaﬁters 1 and 2, the Hammett acidity is determined by amine titration using indicators
or by adsorption of a gaseous base.The solids that 15 correspond to the criterion of Ho acidity of less

than +2 may bg ch f ral or synthetic silaceous material g ites._mineral carriers
such as oxide,%:goa?ea(?%ﬁ%(?gg, di-, tri- or polyacidic inorganic ac%g&z%l eésggrgzﬁfe%%des or else
20 heteropolyacias. Advantageously, the reactive sglids are chosen from zeolites, Nafion(r)
composites (based on sulfonic acid of fluoro polymers), chlorinated aluminas, bhosphotungstic 25

and/or silicotungstic acids andlacid sdltsy artvamdus setids ofithemetal exidestypes sddhias tantalum
oxide a205 niobjun oxide Nh205. alumina Al203, titanium oxide Ti02, zircgnia. 209, fin.gxide Sno2,

silica SiO, or silicoaluminate 5i102/A1203, impregnated with acid 30functional groups such as borate

303., sulfate SBW* {RFStREWOS rpHophated 389 SHikatéSio2:8r Mofybaate Moo Fheteactive solids
may also be chosen feomesolids 3% centaining atleastane:eleniert chosercfromethedist: Mo, V, W, Re,

Cr, Mn, Fe, CogNbeu, LN 18, 3B WQ 2009/044051 PCTIERLO08/Q915854512 -t hen
be drawn off continucusly in crder to be regenerated in
another reactor, before being sent back intoc the
fluidized bad. The regensration may also be carried out
continuously in the reactor. The removal c¢f the mineral

10 salts may be carried out by simple washing of the solid
with water, or any other suitable technigue. It may
also be carried out by continuous attrition of the
catalyst, the salt deposit preferably being formed on
the periphery of the catalyst grains. The regeneration

15 of the s0lid consisits of a combustion of the selid
deposits, it is generallyv carried ocut with air in a
reactor which may be, for exampis, another continuously
operated fluldized bked, a circulating fluidized bed, a
fired bed, or anvy other reactor which may'be suitable.

20 Preferably, use will be made c¢f a continuocusly operated
fluidized Dbed. The combustion of the carbonaceous
deposits on the reactive solid makes it possible not
only tc regenerate 1t but also to reheat it befors
returning it to the fluidized bead for

25 evapcration/reaction of glycerol. This combustion may
be carried ocut in the presence of a fuel, for exampls
methane, which helps to bring the reactive sclid to the
temperature needed for the reactive evapcration of the

agueous glycerol solution.

30
Furthermore, 1in a ifluldized bked, the particlss are
meving relative to one another which causes an
attrition of the solid. In conventional fluidized beds,
it 1s sought to limit this attrition which consumes
32 solid and preoduces fine particles. In the process

acceording to the inventicon, the atirition makes it

possible to remove a portion of the deposits which are



the oxide, mixed oxide, sulfate or phosphate form. The solid used in the method of the Invention must
be not only a catalyst that makes it possible to carry out 5 the dehydration of glycerol to acrolein and/or

the oxydehydr%go%%?gcgié)g 4%f ycerol to acrylic acid, but it must be P%[&?%ﬁ}(ﬁgzg géér?aqf_chanical

strength and especially resistani'to attrition in order to optimiZe its Us€'l 0 Various
methods known to a person skilled in the art may beused to form the reactive solid. According to one
embodiment of the process of the 15 invention, the reactive solid is previously formed by spray drying.
The catalyst may-alsal be prepated-feam ddrge patticles. which areigreundauntil &l particlesize

distribution is gbaineq tat enahes the, catalystig-he,used  afLidizeg bed Howeyey, s type of 20
e

preparation method generally leads to catalysts that have insufficient mechanical strength, reducing
the service life"6f the ERtAR/SE PFthe-feadtor BEpEdAfly BY WESF vid Httrifioh of #ie €atalyStigrains. 25
According to oagsmbagdiaient of the: protessokthernveritionr use is made of a catalyst prepared by
mixing a syspension of precursors of the active material of the catalyst with a colloidal solution
(binder), for example a solution of s':!ic? or aluming, followed by, 30 drying, via spray drying, of the
suspension thas obtaiféd, this me suftirhg iﬁhepo%éﬁl&%p%%%&’ g%ﬁlﬁerid pa%’hges that have
a suitable particiersizé distribution forafluitizedusett: applicationcdewevers thistmethed of preparation

requires bindebﬁ@@t@mﬁé@ Spithe vicipity of SQwitdo, WhEQM@mim&Wﬁs the.ameynt of active
materlallntheglicjal%%t{alysé.f less than +Z2. As indicated in patent
10 US 5,387,720 which refers to the article by K. Tanabe
et al. in "S3tudies in Surface Science and Catalysis™,
Vol. 5%, 1989, chapters 1 znd 2, the Hammett acidity is
determined by amine titration using indicators cr by
adscrption of a gasecus Dbase. The solids  that
15 correspond to the criterion of Hy acidity cf less than
+2 may be chosen from natural or synthetic silaceocus
materials or acid zeollites; mineral carriers such as
oxides, coated with mono-, di-, tri- or polyvacidic
inorganic acids; oxides or mixed oxides or else

20  heteropolyacids.

Advantageously, the reactive =solids are chosen from
zeolites, Nafion® composites (based on sulfonic acid of
flucore polymers), chlorinated aluminas, phosphotungstic

25 and/or silicotungstic acids and acid salts, and various
solids o©f the metal oxide tType such as tantalum oxide
Ta.05, niobium oxide WbyCs, aiumina Al,0:, titanium oxide
Ti0z, zirconia ZrC,, tin oxide 38nC,, silica 3SiC; or
giliceoaluminate Si0s/A1.04, impregnated with acid

30 functional groups such as borate BOs, sulfate B304,
Tungstate WOs, rhosphate POy, silicate Si0s, or
molybdate MoOs.

The reactive solids may alsc be chosen from solids
35 containing at least one element chosen from the list:
Mo, V, W, Re, Cr, Mn, Fe, Co, Wi, Cu, Zn, Sn, Te, Sb,

Bi, Pt, Pd, Ru and Rh, present in metallic form oxr in



Furthermore, during its use, the catalyst will undergo WO 2009/044051PCT/FR2008/051585 - 13 -
attrition which will modify the particlesize distribution over time. This reduction of the particle size

distribution will i e y to replace the catalyst before it is Eeé’;% ivated, in order 5
to avoid hydrol%%]nam?é ngc?b erf‘é?éL in the reactor. According to one prg%?gf em %Zlah%g'r% of the process
according to the invention, use is made, as a reactive solid, of a catalyst constituted of particles formed
10 from a core of active material coated with a harder surface layer, for example a silica shell. There
are several pracessesifaeobtainieg this type, ofscdtdlyst Adguickaeskbeptiortiszgiven in the publication
by Krijn P. De Jong, CATTECK, June 1998, p. 87-95. Two methods are described therein: one,
developed by Shell, consists in coating catalyst particles that are already formed th a silica shell and is
described, for EXampe: 1 dSctfiflents W 97285181 afd EPEO 7947 ThiBth&iHiethda, initially
developed by DutPant} gorsists 20l snixingze: suspersionmofiactive imaterial withr ascotloidal solution of

silica particleshaying; anvgsy §@f£r¢ia@§tergjgy%%@l less than,7-nm; hefore £agrying gut a drying
operation via spray. ryi%%. During the. spray rying, theT water (—E-Lva[%orating 25ltherefrojmwis drawn off
from the droplgﬁ%ﬂ? an 6 the Collgidalsottition and 8iv¥1%erlrsoe to an erfrichiment of the Surface, for
example with $ilica. Thes@iBio methods sasultin atatalyst tiat hashaieiter resistanse td:attrition, and

require a relatiyely lonsgontentiaf 30 silica. dtisreferred toruseithecgoating methed-deseribed by
Shell, which makes it.possible to easily regeperate the ca@LyCESt by addition of silica after embrittlement

of the outer Ia;?é)ri“ﬁg e Uise oi}“csa%aly‘sts thaf are enriched at the surface with binder such as silica,

alumina ¥ titanium oxide, thus having a harder surface layer than the material - 14 - present in the
core, has alreadyrbeern desstihed for arecertain-numbepet-applications; bdt has never been suggested
for the dehydr%' reaction of glyceral fo agrolein, ot the oxydehydration of glycerol to acrylic acid.
Mention may thus be made of patents US 4,849,539 for the preparation of the acrylonitrile from
propylene, US 4,769,477 for the preparation of maleic anhydride by oxidation of butane, US 4,677,084
and US 6,107 238dorithecgeneral preparativrodficatalyst$ 10 thatarersurfacesenriched-with silica,

documents FR; 2 826.959, US.6,261,384,US 6,437,193, US 6,310,240,and WQ 99/03809 for the

oxidation of propylene to acrolein and/or acg/lic acid, and of acrolein to acr%Iic acid. 15 One process

for forming parficiedtby Sp¥aydrying FsuspEfsiss of Magrofarticled&nd 4 toAdidal solution of
microbarticies is:alge descrifed: mspatéritdlS 4477492 nd until a particle size

distribution 1ls obtained that enables the catalyst to
be used in a fluidized bed. However, this type of
20 preparation method generally leads to catalysts that
have insufficient mechanical strength, reducing the
service life of the catalyst in the reactor, especially

by wear via attrition of the catalyst grains.

25 According to one empbodiment of the process of the
invention, use 1ls made of a catalyst prepared by mixing
a suspension of precursors of the active material of
the catalyst with a colleidal sclution ({binder), for
example a solution of silica or azlumina, followed by
30  drying, via spray drying, of the suspension thus
obtained, this method resulting Iin a powder composed of
spherical particles that have a suitable particle size
distribution for a fluildized bed application. However,
this method of preparation requires binder contents in
35 the wvicinity of 50 wt%, which accordingly reduces the
amount of active material in the final catalyst.

Furthermere, during its use, the catalvst will undergo



20 The catalyst constituted of particles formed from a core of active material coated with a surface
layer enriched with binder such as silica, alumina or titanium oxide may also be obtained from two

types of 25 collgidal solutio f binder of different particle size, so as. to ke me hj (é in the core
of the particle Wllg%gaégé%}%&her fraction of binder to migrate to %%%&ﬁ%@eﬁ%’ﬁ?s%/% %cr)f process is
especially illustrated in patents US 5,302,566, 30 Y$ 6,878,668 and US 6,362,128. In general,

polysilicic acid is used as a source of small-diameter colloidal silica. One embodiment of the process
according to the:3% invesntion isrepresenied in thexsingle figuretan agqueeus solytionof ghycerol or of

glycerin (4) is inrodused inia 2 reaelor () gantaing.a 5!%%8956#5 wed gt.a geactive sglid. The

fluidization may optionally Eie’provgl ed by .a stream of .inert gas (nitrogen, 002, recycle gas, etc.), or of
air, of oxygen 8r-6fa fixttfe-6Fgases Kinown 174 person skile85A Brthe Artfdr opfimizing the
dehydration reastiern otglycerdbtosactaoleinsandéon-oxydehydratcrreaction ©f glycerok-tosacrylic acid.
The fluidized bed ig%g@%@égggﬁgﬁlgécm £3)s The glycerollacrplein/- acrylic acid vapors and

water vapor are extracted from 10 the reactor at (8) and a unit (7) makes it possible to recover the fine
particles from the installation, and also, optionally, the salt that is deposited on the catalyst. A unit (6)
makes it possibletowidsiothe solidnused iretherflidizethivedintorder to Fentdve threr 25 asineral salts

deposited. The;reactori(2)isiaregenerator-efithe feactive solid inauhich the solid drawn-pff from (1) is
subjected to a comb stionfjn the presence. of a regeneration gas (5) containing molecular oxygen
and/or fuels, thseor'“ejgctaajhergt‘ed Cs‘oligab“e&}ﬁé/ SslTént“Z%nt%a“cfctg e rector ﬁj.%engseé F&diiting from the
regeneration ubitare dischakged af (93.CTHE proéésscaccordingotthe invéhtionTeduits #¢ «

glycerol/acrolein/fagrylic acid yapors and wateryapor whichi are-then:suhjectedtere are

absorption/purification steps accarding to tec r%igges Lhaéar. wgll Enovgn to-a person gﬂled in the art.
. =N ez~ Ter AT T . @ CI Tatadl [N
This process makes it po sible To obtain acrolein and/or Cl’inC aci 3Fi%vmg m|n|m|ze3S contents of

by-products, sfich @i360-hydxyacétone propanadélijde oF prépibnicatid &fterithe alisorption step.
It is known thatthejdehydration reactipn of giycernl to anrelein generates.seeéandsiy reastions that
lead to the formation, gt hydroxyacetane ar;propanaldehyde, the latterpossibly thendeing 35 ox dized

to propionic acid during the production of acrylic acid. The production of these by-products generally
poses numeroG&¥&paration prétiéms dhdthede Y51 Particles that are’already
formed with & silice shell and is described, for
example, in documents WO 27/263131 and EP 697 247. The
other method, initially developed by Du Pont, consists
20 in mixing a suspension of active materizl with a
colloidal sclution of silica particles having a very
small diameter, in general less than 7 nm, beiore
carrving out a drying operation via spray drying.
During the spray drying, the water evaporating
25 therefrom is drawn off from the droplet, entraining the
colloidal solutieon and giving rise to an enrichment of
the surface, for example with silica. These tTwe methods
result in a catalyst that has a better ressistance to
attrition, and require a relatively low content of
30 silica. It 1s preferred *to use the coating method
described by S8Shell, which makes 1t possible to easily
regenerate the catalyst by addition of silica after

embrittlement of the outer layer.

35 The use of catalysts that are enriched at the surface
with binder such as silica, alumina or. titanium oxide,

rhus aving a arder u e i r th o ' ial
th h g hard surface layer than the materi



impurities présent greatly reduce the field of application of the acrolein and/or acrylic acid. It is
therefore highly advantageous to minimize the content of impurities during the process in order to
facilitate 5 the finaglﬁurification steps. The invention also relates to the acroleingﬁ%((iéor acrylic acid

obtained accorfif Botﬁé %%gesgs defined previously followed, in adBFﬁ'Bﬁ,FB‘f %BFp”-t 10 step,

comprising a content of propanaldehyde, propionic %id_and hydroxyacetone by-products such that the
hydroxyacetone/acrolein molar ratio is less than 0.2, preferably less than 0.05, and the
l(prOPﬁnaldehy@Q & aQRIORIE F@}Q&K@%@l@in t‘)ﬁl@@W'@l&@@b@ﬂ?h@éé@iioﬁ% d@ﬁ@éaanf@@;apreferably
ess than 0.005. Mare.particularly, it is possible to achieve a (propanaldehyde + propigondc
acid)/(acrolein a° g%r%%l ac%%fc%l%r rgf?o of T %Tﬁ§£ 6%’1’ opr %@gn?légss t)rqanr"]eg. 6§5g§8nThe
following examplEsamistaaste tHerpréSént ivenficr hwitlout Fiewevwerlintitingdhe seépe theteof.
EXAMPLES 25:CATALY:ST RREPARATIONExample ik Catalyst A etthetype, WAREO2: Sk(with

polysiiic acid). -ise is e of atupasiated agonia powder g ai30 et KigensalE (batch 2
ngc

1104), having a}csmafl particle size arid the followi aracteristics: 0/9 WO03: 1_141% Specific surface
area (m2/g): 69.8D50:%3'§ umB5Bteparation of silicid*4cid: SoHiliR Rticate!i§ dilutéd®o as to
obtain a solutioncomtdinimg, 6% 0f 5i0269, 477 for the preparaticn of malelc

anhydride by oxidation of butans, US 4,677,084 and
US 6,107,238 for the general preparation of catalysts
10 that are surface-enriched with silica, documents
FR 2 826 959, US 6,281,384, US 6,437,183, US 6,310,240
and WC 99/03809 for the oxidation of propylene to
acrolein and/or acrylic acid, and of acrolein to

acrylic acid.

15
One process for forming particles by spray drving a
suspensicn of macroparticles and a colloidal solution
of microparticies is also described in patent
US 4,477,492,

20

The catalyst constituted of particles formed from a
core of active material cozted with a surface layerxr
enriched with Dbinder such as silica, alumina or
Titanium oxide may alsc e c¢btained from two tTypes of
25 collecidal scolutions of binder of different particle
size, so as to keep some binder in the core of the
particle while causing anothesr fraction of binder to
migrate to the surface. This type of process is
esp@cially illustrated in patents Us 5,302,569,
30 US 6,878,668 and US 6,362,128. In general, polysilicic
acid is used as a source of small-diameter colloidal

silica.

One  embodiment of the process according o the
35 inventlon is represented in the single figure: an
agueous solution of glycerol or of glycerin (4) is

introduced intoc a reactor (1} containing a fluidized



- 17 - 39.6 g of sodium silicate (Si02.Na20) containing 30.3% Si02 160.6 g of demineralized water
158.6 g of Dowex 6500 resin are added in one go. The pH drops to around 3.5 and stabilizes. The
mixture is then filtered through a Buchner funnel and the filtrate (around 0.2 1) is stored in ice in order
to prevent anygglliﬁg.c'%g%%ﬂﬁi%n is preferably used in the hours foo r%?#sogﬁé/p%‘?m
Preparation of the suspension: The suspension is o%ain_ed from the tungstated z rcon a and from the
polysilicio acid, which are mixed in the following proportions: 100.0 g of tungstated zirconia 15166.9 g

of 6% polysilicisagid Approximately #-¢ of-sulfude acid are added tg the mixttre SO as 4@ bring the pH
to around 2. Thesyf;]s_glengi?nis paessed %hrgyg@ad mi%ronizgr ér__o}aetiqrnal S eedi%femg mill; 2500 rpm
and that of the 20 eedleJUn?]p: 50 rpm). The particlesyof soli, are reduced to micron size9d50 - 3 pm,
d95 = 8 pm). Spraydiyfiy: THeCspraysdiyingfopétbtiort (Sodevashray da/efy iscarred s6timmediately
after the preparations inzordes:2% teavaid gpselslem-ofwraturing=of the- selutien: The=drying gas is air.

The sprayfozzlg relies.qn afgréncigtgftq_fngirgggégegg@tliogel?yygpgagigggrorp @%nclélgr&siougg generator

(ultrasound frequency: 20 kHz). The feed tank is kept stirring in ice. The operating 30 conditions are: T
inlet: 220C T o@tlt"$75-118€ FRBHAoUYhFGHE 02180 KHTER BY8FGeCAir thrddghiptit: 4.3/

glycerol to acrylic acid. The fluidized bed is heated
via the heat exchanger (3). The glycerol/acrolein/-
acrylic acid vapors and water vapor are extracted from
10 the reactor at (8) and a unit (7)) makes i1t possible to
recover the fine particles from the installation, and
also, optionally, the salt that is deposited on the
catalyst. A unit (6) makes it possible to wash ths
soilid used in the fluidized bed in order to remove the
15 mineral salts deposited. The reactor (2) is  a
regenerator of the reactive solid in which the solid
drawn off from (1} is subjected to a combustiocn in the
presence of a regeneration gas (5) containing moclecular
oxygen and/cr fuels, the regenerated solid being sent
20  back to the reactor (1). The gases resulting from the

regeneration unit are discharged at {98).

The process according to the invention results in

glycercl/acrolein/acrylic acid vapors and water vapor

o
(#2)

which are then subjected to absorption/purification
steps according to technigues that are well known to a
person skilled in <the art. This process makes it
pessible to obtain acrolein and/or acrylic acid having
minimized contents cf by-products; such as
30 hydroxyacetone, propanaldehyde or propionic acid, after
the absorption step. It 1s known that the dehydration
reaction of glycercl to acrolein generates sscondary
reactions that lead to the formation of hydrozyacetone
‘or propanaldehyde, the latter possibly then being
35  oxidized to propionic acid during the production of
acrylic acid. The production of these ©by-products

generalily poses numerous separation problems and these



'35 The particle size distribution is analyzed after drying overnight in an oven at 80C. The solid is then
sieved so as to remove as many particles with a diameter of - 18 - less than 50 pm as possible and
also the particles greater than 160 pm. Heat treatment: The heat treatment is carried out using a rotary
5 furnace haviW& %\38&(@4%iw of around 500 ml.50 g of solid a?g?i@ﬁ?@aqu %4P368€ under 60
I/h of nitrogen for 4 hours, then at 500C under nitrogen (60 I/h) for two hours. A final sieving is
necessary in order to only retain the 50-160 pm fraction. 10 Example 2: Catalyst B of the type
W/Zr02-Si (by siliga €oating) Useis swade herg-ef:a batch etiungstated:zirconia imthe fogm, of
granules 51044 Peﬁleéa'l%hj.eo(%rag%lg are 15 milled in order /tgvonglcr@tqip LIhe fraction between 50 and
160 microns. ﬁpeptnﬁgstafe zirconia powcfer IS pf“ace ina tyad TR
commericalfluitizedbedesatifgmacRine(NTROAEffEtic STREALL aRf fllidized Withsitat a 20
temperature of-80CG.A ¢eHaidalsalution-ef silica, bHEPEY% ASi40, eontaining 40wt of siliea, is fed into
the coater.via 0. T, lytian, i e Ing( a nozzle with an air pressure of 1 bar. After
addition o?thea:slgﬁlj%}?t e %&gﬁo%(?rﬁg{%i%g%g for 25 30 minutes in order to dry the solid. The
catalyst is recovered and calcined at 500C under a stream of nitrogen for 2 hours. The silica content of
the final catalys$tis 15iwt%éndeéterminet=gy theshass aptake of the tungstated zirconiad 36:Example 3:
Catalyst X of the.type;MoY TeNb with, polysilicic acid) Rreparation.of the dry precyesprpiroduced into

a Rayneri TriMix mixer are: ' R . o
previousty followed, 1in addition, by an absorption

10  step, comprising a content of propanaldehyde, propionic
aclid and hydroxvacetone by-products such that the
hydroxyacetone/acrolein molar ratio is less than 0.2,
preferably less than 0.05, and the (propanaldehyde -+
propionic acid)/{acrolein + acrylic acid) molar ratio

15 dis less than 0.01, preferably less than 0.005. More
particularly, it is possible to achieve a
(propanaldehyde + propionic acid)/{acrolein + acrylic

acid) mclar ratio of less than 0.001, or even lass than

0.0005.
20
The following examples illustrate the present invention
“without however limiting the scope therect.
EXAMPLES
25

CATALYST PREPARATION
Example 1: Catalyst A of the type W/Zr0,-5i (with
polysilicic acid)
Use 1is made of a tungstated zirconia powder from Dai-
30 Ichi Kigensoc KK (batch Z 1104), having a small particle
size and the follilowing characteristics:
% WOs: 11.1%
Specific surface ares (nf/g): 58.9
Deog: 3.8 pum
35. reparation of polysilicic acid:
Sodium silicate is diluted so as to obktaln & sclution

centaining 6% of Si0s



35295 g of niobic acid (51-340 CBMM, 81.5% Nb205) 660 g of oxalic acid dihydrate 5 liters of water -
19 - It takes two hours for the niobic acid (Nb205 hydrate) to dissolve at 65C. The molar ratio of the
oxalic acid to the niobium is 3. The solution is collected and stored in order to be used in its entirety. 6

Next, a mixturgrof tenkofowingsis prepared: 2819 g of ammonium heptayaipndede ¢Stosels) 616 g of
ammonium metavanadate (GFE) 802 g of telluric acid (HeTe06, Fluka) 4061 g of demineralized water
10 The solution is heated with stirring at 90-95C-until dissolution is complete and a clear orange-red
solution is obtained (approximately one hour including the heating time). Finally, the solution of oxalic

acid and niobic acid is 154nfodtifed ARG pretdding <olution: “Fhd Fixture Bétomes Bidudy and the

color becomes orange$y-yeHow:i After stirring for an additional half hour, the heating is halted. The

suspension is then recgyered-and:putdnto-trays in-a ventlated oven at 80C until complete 20
evaporation (on%Bn%:t . Pé%p;ratign oé g&lysiligic,acid Sodium §i{£icate is diluted so as to %btain a
solution contain g 6%-0f Si0 °%56 go sodiun %ﬂicgt%e( i .ﬁlaZ(]J)ncé)ﬁ%gin%Gg' Zg 3% °Si02 1606 g
of deminefalized Water:1586:¢ of: Dowex 650C Fésiy are aéded in one go. The pH drops to around 3.5

and stabilizes.7he mixtire isthen fikered through asBuchnesngel = Buchner funnel

and the filtrate (around 0.2 1) is stored in idce in
crder to prevent any geliing. The scliution 1s
preferably used in the hours following its preparation.

10 Freparaticon of the suspension:
The suspension 1s obtained from the tungstated zirconia
and from the polysilicic acid, which are mixed in the
following proportiomsﬁ
100.0 g of tungstated zirconia

15 166.9 g of 6% polysilicic acid
Approximately 7 g of sulfuric acid are added to the
mixture so as to bring the pH te around 2.

The suspension 1s passed through a micronlzer

(rotational spesd of the mill: 2500 rpm and that of the
20  feed pump: 50 rpm). The particles of scolid are reduced
to micron size: dsg = 3 um, dss = B umj).

Spray drving:
The spray-drying operation (Sodeva spray dryer) is
carried out immediately after the preparations in order
2%  to aveid a problem of maturing of the sclution. The
drying gas 1s air. The spray nozzle relies on a
principle of droplet generation by vibration Lrom an
ultrasound generator (ultrasound frequency: 20 kHz).
The feed tank is kept stirring in 1ce. The operating
30 conditions are:
T inlet: 220°C
T outlet: 115-118°C
Fead throughput: 0.130 kg/h on average
Air throughput: ¢ m°/h
35 The particle size distribution is analyzed after drying
overnight in an oven at 80°C. The solid is then sieved

so as to remove as many particles with a diameter of



30 and the filtrate (around 2 1) is stored in ice in order to prevent any gelling. The solution is used in
the hours following its preparation. Preparation of the suspension: The suspension is obtained from
the dry precursor and 35 from the polysilicic acid, which are mixed in the following proportions: 1000 g
of tellurium-baged prarsase 89 - 1669 g of 6% polysilicic acid Approxineaielyo&y g®=f saifuric acid are
added to the mixture so as to bring the pH to around 2. Thesuspensionispassed througha micronizer 5
(rotational speed of the mill: 2500 rpm and that of thé& feed pump: 50 rpm). The particles of solid are
reduced to micron size: d50 = 3 pm, d95 = 8 pm. Spray dryirgg: IQe spray-drying operation is carried
out as indicatellSiA exampig 1 Bt With £feed tirGdghsut SF 13 Kg#HT Bn Hb?ag@%%lg&gﬁ throughput
of 40 m3/h. Heat #rebtment: Thehgat treatment is carried out using a rotary furnace having a working

capacity of around 4385.15 513 9:0f spld are first treated at 300C under 60 I/h of air for 4 hours, then
at 600C underaniltrog%neé%O 1/h)£%r trvE\l/o_hours. 410 are recover d. %fier\al sieving ig{\gcessary in
order to only retain the 50- 161‘(Tpmﬁa8tl?5:n: 370 g. Example X Cata?ys?g{ ofathertype MovsbNb
(without pélysilicie agiehy Stepvlt Preparaticiy bi-the precersort Preparativfcoftie solbtiohiB: 25 The
following are infrodiiced inte,a Rayped THMbeMiXeFeated at 300°C under 60 1/h
of nitrogen for 4 hours, then at 500°C under nitrogen
(60 1/h) for two hours. A final sieving 1s necessary in
order to only retain the 50-160 um fraction.
10
Example 2: Catalyst B of the type W/Zr0;-81 (by silica
coating;
Use 1s made here of a batch of tungstated zirconia in
the form of granules 71044 Pellet. The granules are
1% milled in corder to only retain the fracticn bestween 50
and 160 microns.
The  tungstated zirconia  powder is  placed in  a
commerical fluidized bed coating machine (NTRO
Aercmatic STREA-1), and fluidized with alr at a
20 temperature of 80°C. A colloidal solution of siiica,.
LUDOX AS 40, containing 40 wt% of silica, 1s fed into
the coater via a pump. The scolution is =sprayed using 3
nozzle with an air pressure of 1 bar. After adadition of
the solution, the fluidization 1s malintained for

25 30 minutes in order to dry the solid. The catalyst 1

n

recoverad and calcined at 500°C under a stream of
nitrogen for 2 hours. The silica content o¢f the final
catalyst is 15 wt%, determined by the mass uptake of

the tungsteted zirconia.

30
Example 3: Catalyst X of the type MoVTeNb (with
polysilicic acid)
Preparation of the dry precursor:
Introduced into a Rayneri Trimix mixer are:
35 . 295 g of niokic acid (HY-340 CBMM, 81.5% Nb:0s)

660 g of oxalic acid dihydratze

5 liters of water



295 g of niobic acid (HY-340 CBMM, 81.5% Nb205) 660-g of oxalic acid dihydrate (Prolabo) 5 liters of
water 30It takes two hours for the niobic acid (Nb205 hydrate) to dissolve at 65C. The molar ratio of
the oxalic acid to the niobium is 3. The solution is collected and stored and will be used in its entire

Preparation ofitae solitipn £ @58090 g of ammonium heptamolybdaied piarelshel® §10f @gnmonium
metavanadate (GfE) 385 g of antimony oxide (Sb203, Campine) - 21 - 9750 g of demineraLized water

The solution is heated with stirring at 99C for three hburs after stabilization of the temperature. An
opaque mixture with a dark blue color is obtained. 348 g of 30% aqueous hydrogen peroxide solution

are added, so as to-8ttaih & BrRarSoliffion with &R Brdhgetoford2455 ¢ BPtrdoxyarate)
colloidalsilica(Gracg;AS<40y= cempfising .40rwtdorof 5iG2 arecaddedtotthe solutivhdA 40 without

modifying the appearance.of the, mixtyre, whichremaips clear Formation of the suspension: The
solution B of oxalic acid and of n obic acid is poured into the solution A/colloidal silica mixture. 15 The
mixture turns cToudyWith the fotiation of 2 precipitate insuspensibi ahd the color becomes orangey
yellow. Precurserfines3y( 1870 y) otiginating<romy the pieceding spraydryifig operation are added to the

solution at this stage.After sfirdig foran2Q.addiienakhalfhour: heating ishalted. The suspension is

then recoyered_ and ng ré)niz%zlf The dSOi{lngﬁe%negia‘rrréeter gftthe E, les ?n suspepsion_, m(_easured by
laser particle sizing on a Horiba LA300) changes fiom 180 to g%pin with the micronization. 25
Micronization: The mi¢foniZation isatied 6uEsn & Labstarappératisifrom Netzsch under the
following operating congitions: Mill speed:s3500irpsd water
10  The solution is heated with stirring at 90-95°C until
dissolution i1s complete and a clear orange-red solutiocn
is obtained ({approximately one hour inciuding the
heating time}.
Finally, the scglution of oxalic acid and niocbic acid is
15 introduced into the preceding solution. The mixture
becomes c¢loudy and the color becomes orangsy-vyvellow.
After stirring for an additional half hour, the heating
1s halted. The suspension is then recovered and put
inte trays in a ventilated oven at 80°C until complete
20 evapdration {one night).
Preparation of polysilicic acid:
Sodium silicate 1s diluted so as to cbtain a sclution
containing 6% of S5i0;:
396 g of sodium silicate (8510,.Nap0) containing
25 30.3% 810,
1606 g of demineralized water
1586 g of Dowex 650C resin are added in one go. The pH
drops to arcund 3.5 and stabilizes.
The mixture 1s then filtered through a BlUchner funnel
30 and the fiitrate (around 2 1} is stored in lce in order
to prevent any gelling. The scluticon i1s used in the
hours following its preparation.
Preparation of the suspension:
The suspension 1s obtained from the dry precursor and
35 from the polysilicic acid, which are mixed in the
foliowing proportions:

1000 g of tellurium~based precursor



Feed pump indicator: 75 rpm 30 The outlet temperature of the product reaches 55C. The micronized
suspension is immediately spray dried (solids content of the mixture, measured with an infrared dryer,
at 33 wt%). Spray drying: The spray-drying operation is carried out immediately after the micronization.

A Niro Minor Mabileddighelaahsspray dryer is used. The drying chamber/ires a packes 1-525%-
heightened by 2 m through which the steam passes. The drying gas is nitrogen. The spray nozzle is
based on the principle of the generation of dropletsddy vibrations resulting from an ultrasound
generator 5 (Sodeva, ultrasound frequency: 20 kHz). The feed tank is kept stirred and the suspension
is preheated to'60C usfiiy’a thérindstaticatly-tontroiéd BatH The operating conditions are: TC inlet:
210C 10TC oullet: A05CEeed throlighputo 5.5 kgl om average Niteogen sideghputt 80m3/h The size

distribution of the particles is analyzed,by laser partigle sizing afterdrying overnight in an oven 15 at
80C. The solid is subsequently sieved so as to remove as many particles with a diameter of less than

50 um as possibiE andalE6 the paticles ot gréatérthan 160'pm- Step 2% Heal treatifiaRAE" 20 The heat
treatment s caffed otitgsing asotary farhace €200 mm incdiamheter: 270 rim eylirder tergth, working
volume of 2.5 Iftees). @nenef thecends:is closed. The gas isintreduced:using:a pipe-amtas@s the inside
of the cylinder.,. 253319 T%of solid are first _mtrejated at gloc; [3800'310]
Tomidron g1ze: dsg = nm, dgy = ShiTIN
Spray drving:
The zpray-drying operation is carried out as indicated
10 in example 1 but with a feed throughput of 1.3 kg/h on
average and an air throughput of 40 m*/h.
Heat treatment:
The heat treatment 1s carried out using a =r

o
furnace having a working capacity of around 4385 ml.

fond
[

513 g of solid are first treated at 300°C under &0 1/h
of alr for 4 hours, then at 600°C under nitrogen
(60 1/h} for twoe hours. 410 g are recovered. A final
sieving is necessary 1in orxder To oniy retaln the 50-
160 um fraction: 370 g.
Z0
Example 4: Catalyst Y of the type McoVSbNb (without
polysilicic acid)
Step 1: Preparation of fhe precursor:
Preparation of the scolution B:
25  The following eare introduced into a Raynerl Trimix
mixer:
295 g of nicobic acid (HY=-340 CBMM, 81.5% Nb;0s)
060 ¢ of oxalic acid dinvydrate (Prolabo)
5 liters of water
30 It takes twce hours for the nicbic acid (Nb;0: hydrate)
to dissolve at €5°C. The molar ratio of the oxalic acid
to the nicbium 1is 3. The solution 1s collected and
stored and will be used in its entirety.
Preparation of the solution A:
35 . 3090 g of ammonium heptamolvbdate (Starck)
615 g of ammonium metavanadate (GIE)

385 g of antimony oxide (Sk:0s:, Campine)



under 900 I/h [100-1200] of air for 4 hours and then at 600C under nitrogen (200 I/h) for two hours. The
temperature ramp is 4.5C/min in the solid, on average. An oxygen analyzer connected to the nitrogen
supply 30 system measures the oxygen content of the gas: typically between 1 and 2 ppm. The

rotational speegqof i@ 8)0a¢@ %3 15 rpm. 2630 g are recovered. A fipahsigwng ikoaisied it in order
to retain only the fraction from 50 to 160 um: 2261 g. The catalyst Y is composed of 6 batches

resulting from analogouspreparationsandhasthefelléwing - 23 - characteristics: Particle size measured
by laser particle S|Z|n%on a Horiba LA300: 050 = 68 pm (mean diameter of the particles) 5> 160 pm =
2 Wi (particlesofmorethan 150°miGEAs) L 56 bht e L ®i%particlesoflessthan 50 microns) Bulk
density (measured by dhe method describeddn standard: ISQ 3923/4) = 445 g/em3. Example 5:

Catalyst Z of theype MoV TeN(uinay polysiieic asid) Step L. Frenaratignof the dry pregtrsor: 15

Preparation of the solution B: The following are introduced into a Raynerl Trimix mixer: g of niobic

acid (HY- 340 CBMM 8. 5% \iP305}660 a]of%xﬁﬁcﬁmdjd?hﬁk?aﬁe“(ﬁ lab)

348 g of 30% agqueocus hydrogen peroxide solution are

added, so as to obtain a clear solution with an orange

color.

2455 g of Ludox colloidal silica (Grace, AS-40)

comprising 40 wt3 of £1i0, are added to the scolution A
10 without modifving the appearance of the mixture, which

remains clear. '

Formation of the suspension:

The solution B of oxalic acid and of niocbic acid is

poured into the scolution A/colleidal silica mixture.

E_I
{831

The mixture turns cloudy with the formation of a
precipiltate in suspension and the color becomes orangey
vellow. Precursor fines (1370 g) originating from the
preceding spray-drying operation are added to the
soluticn at this stage. After stirring for an
20 additional half hour, heating is halted. The suspension
is then recovered and micronized. The d5C (mean
diameter of the particles in suspension, measured by
laser particle sizing on a Horiba LA300) changss from
18 um to 0.2 um with the micronizaticn.
25 Micrenization:
The micronization is carried out on z Labstar apparatus
from Netzsch under the following operating conditions:
Mill speed: 3500 rpm
Feed pump indicator: 75 rpm
30  The outlet temperature of the product reaches 55°C.
The micronized suspension 1s 1immediately spray dried
(solids content of the mixture, measured with an
infrared dryer, at 33 wt%).

Spray drying:

%)
wn

The spray-drying operation 1s carried cut immediately
. after the micronization. A Niro Minor Mobile High-Tech

spray dryer 1s used. The dryving chamber has a Jjacket



205 liters of water It takes two hours for the niocic acid (Nb205 hydrate) to dissolve at 65C. The molar
ratio of the oxalic acid to the niobium is 3. The solution is collected and stored in order to be used in its
entirety. 25 Preparation of the solution A: 2819 g of ammonium heptamolybdate (St ck) 616 g of
ammonium mefavanasate £GH5):1802 g of telluric acid (H6Te06, Flukeg426% apofgiarsinsgalized water
[variation in the 30 amount of water according to the preparations by a factor of | to 3; 4 1 represents
the lowest amount] The solution is heated for onezBour at 90-95C with stirring until dissolution is
complete and a clear 35 orange-red solution is obtained. Addition of colloidal silica: 2655 g of Ludox
colloidalsilica(GRAEASIHY 24 -cdinphidirg-40-with oF 8i02 Sre St (& BeSoiution’ & without
modifying the @ppeargncgsef thesmixturepwhich réains cleay. Formafien dfithéosuspension: 5 The
solution B of oXalic acid and of piobic.acid is,poured.into the:solution A/collpiday silica mixture. The
mixture turns clo dy with the formatign of a precipitate in suspension and the color becomes orangey
yellow. After sﬁﬁ%g%gﬁgﬁlgddiﬁgﬁé}ﬁ“aﬂ%ur, ating iasnhaltg?i. ThHE Stspension’is ther Fecovered
and immetliately: sprayadriett {Soliscontent ofthieanixture, 4edsired using an fifeardckddyer, at 36
Vﬁt%)- Spray dﬁv@%@@@ S@ia»ﬁ—ggangfﬁae@&i@n éﬁ@@f@h@gmﬁ imme@'@gx@é@@fﬁaﬁh% @r}@pag?tion 0(;
the suspension, The Niro Minor Mobile High-Tech spray dryer, modified internally, is preferably used.
The drying gasufSéLrﬂﬁogaen. Jémdﬁsli%%%c%%%rﬂﬁgr, ﬁéﬁ%ﬁ%‘h‘ie ebcil 7 éFﬁt,Phashf':thj%cI?ept)%ﬁfao[;l?fgj]ﬁg\mhich steam
passes. The sprayhiozzei§ based on the 20 principle of the generation of droplets by vibrations
resulting from an ultrasbund:generatot (Sadeva, ultrasound frequency: 20 kHz). The feed tank is kept
stirred and the suspensign is preheated,to-60C using a thermostatically-controlled bath. The
conventional 25 operating conditions are
Feed throughput: 5.5 kg/h on average
Nitrogen throughput: 80 m®/h
The size distribution of the particles 1s analyzed by
laser particle sizing after drying overnight in an oven
15 at 80°C. The solid is subseguently sieved so as 1o

remove as many particles with a diameter of lLess than

50 pm as possible and also the particies of greater
than 160 pm.
Step Z: Heat treatments:
20 The heat treatment 1s carried out wusing a rotary

furnace (200 mm in diameter, 270 mm cylinder length,
working wvolume of 2.5 liters). One of the ends 1is
clesed. The gas 1s introduced using a pilpe as far as
the inside of the cylinder.

25 3319 g of solid are first treated at 310°C [300-310:
under %00 1/h [100-1200] of alr for 4 hours and then at
£00°C under nitrogen (200 1/h) £for two hours. The
temperature ramp 1is 4.53°C/min in the solid, on average.
An oxygen analyzer connected to the nitrogen supply

30 system measures the oxygen content o©f the gas:

typlcally between 1 and 2 ppm. The rotaticnal speed of

the furnace is 15 rpm.

2630 g are recovered. A final sieving is carried out in

order to retain only the fracticon from 50 to 160 um:

2261 g.

The catalyst Y is composed of & batches resulting from

(9]
n

analogous preparations and has the following



TC inlet: 209-210C TC outlet: 105-110C Feed throughput: 5 kg/h on average Nitrogen throughput: 80
m3/h 30 The evaporative capacity of the spray dryer is 3 kg/h of water. The solid recovered is
subsequently further dried overnight in a ventilated oven at 80C. The solid is subsequently sieved, so

as to remove agpmapy panicies 35 with a diameter of less than 50 ppray prasibke/awd sise the
particles of greater than 160 pm. Step 2: Heat treatments - 25 - The heat treatment is carried out

using a rotary furnace (200 mm in diameter, 270-menscylinder length, working volume of 2.5 liters).
One of the ends is closed. The gas is introduced using a pipe as far as 5 the inside of the cylinder.
Various batchéd'4ra1646dshy treGfed were combined (air throughput 150 I/h (100 and 400 I/h),
precalcination femperatgre 800€, mittager thiough putaksiror 20011/l calcinationtemperature 600C,
temperature gradient approximately 3.5 to 4.5C/min). 2913 g of calcined solid were discharged after
creating 3.805 kg of solid. A lg(;éal siev;i?% is necessary in order o retain%qn%the 50-160 um fraction.
This preparation was ?éi)e_ate seVeral'fites it 8Pter 16 15 obtain 10 Kg 0 gtgfyst, which were
homogenized before tis@.5thesatalyst 74§ charasterizéd bysFinal particlesizesdistribution (but the
toot-plant team resievescbefore-eharging): 20050 (mean diameter of the particles, measured using a
Horiba 2A300) - 71 pm ggou%nm ;palrgclﬁg%of Ies§ %haarr%g% microns -Ofilnes) '1%55%“% than
50 microns)
Bulk density {(measured by the method described in

10  standard ISO 3923/1) = 1.45 g/cm’.

Lxample 5: Catalyst 2 of the type MoVIeNb (without
polysilicic acid)
Step 1: Preparation c¢f the dry precursocr:
15 Preparation of the solution B:
The following are introduced 1into a Rayneri Trimix
mixer:
295 g of niobic acid (HY-340 CBMM, 81.5% Nb0s)
660 g of oxalic acid dihydrate {(Prolab}
20 5 liters of water
1t takes two hours for the niobic acid {Np:0s hydrate)
to dissolve at 63°C. The molar ratioc of the cxalic acld
to the niobium is 3. The solution 1s collected and
stored in order tTo be used in its sntirety.
25 Preparation of the solution A:
281% g of ammonium heptamolvbdate (Starck)
€16 g of ammonium metavanadate (GIE)
802 ¢ of telluric acid (HeT=0g, Fluka;
40¢1 ¢ of deminerallized water [variation 1in the
30 amount of water according to the preparations by a
factor of 1 to 3; 4 1 represents the lowest
amount |
Thne solution 1is heated for one hour at 90-95°C with
stirring until dissolution 1s complete and a clear
35 orange-red sclution 1s obtained.
Addition of colloidal silica:
2655 g of Ludox colloidal silica (Grace, AS-40)



> 160 um (particles of more than 160 microns) - 251 wt% Bulk-density (measured by the method

described in standard ISO 3923/1): 1.40 g/cm3. REACTIVE VAPORIZATION 30 Example 6: The
catalysts prepared according to examples | to 5 are used in a fluidized bed, fed with an agueous

solution of glysgsobatds)/wiémard maintained at 310C. A dilute air streaprpmyesdbe feiedization of -
the catalyst. The glycerol solution is directly vaporized in the fluidized bed. The total pressure in the

reactor is 2.2 bar, with the following glycerol/water/@2/N2 molar WO
2009/044051PCT/FR2008/051585 - 26 - ratios: 1/6/1/4, with a linear gas velocity of 10 cm/s. The

b

products are cofEEEd &t THe dtitlet 6fthe reattor arth EontieEEd ih‘ordetto Be-ahatyzed by
chromatographyi. ST resuits Dbtained-appearir theatable befow.'Catalyst Glycerof conversion

|Acrolein yield Agrylicacid. yield- (%) (%) (%)
Formation of the suspension:
5 The solution B of oxallic acid and of niobic acid 1is
poured into the solution A/celloidal silica mixture.
The mixture turns clcudy with the formaticn of a
precipitate in suspensiocon and the color becomes corangey

veliow. After stirring for an additional half hour,

frd
<>

heating is halted. The suspension 1s then recovered and
immediately spray dried (solids content of the mixture,
measured using an infrared dryer, at 36 wi%).
Spray drving:
The spray-dryving operation 1s carried ocut immediately
15 after the preparation of the suspension. The Nirc Minor
Mobile High-Tech spray drysr, modified internally, is
preferably used. The drving gas is nitrogen. The drying
chamber, heightened by 2 m, has a ‘jacket through which
steam passes. The spray nozzle is Dbased on the
20  principle of the generation of droplets by vibrations
resulting from an ultrasound generator (Sodeva,
ultrascund fregquency: 20 kHz). The feed tank I1s kept
stirred and the suspension is preheated to 60°C using a
Thermostatically-controlled bath. The conventional
25 operating conditions are:
T°C inlet: 209-210°C
T°C outlet: 105-110°C
Feed throughput: 5 kg/h on average
Nitrogen throughput: 80 m°/h
30 The evaporative capacityv of the spray dryer is 3 kg/h
of water. ' ' '
The =o0lld recovered 1s subsequently further dried
overnight in a ventilated oven at 80°C. The solid is
subseguently sieved, so as Lo remove as many particles
35 with a diameter of less than 50 um as possible and also
the particles of greater than 160 um.

Step Z: Heat treatments



1002012100101 5523Y 3032.Z35 Example 7: A tungstated zirconia catalyst (batch Z1044)
from Dai

WO 2009/044051 PCT/FR2008/051585
_ 25 —

The heat treatment 1s carried out using a rotary
furnace (200 mm in diameter, 270 mm cyvlinder length,
working wvolume of 2.5 liters). One of the ends 1is
closed. The gas is introduced using a pipe as far as
5 the inside of the cylinder. Varicus batches analogously
treated were combined (air throughput 150 1/h (100 and
400 1/h), precalcination temperature 300°C, nitrogen
throughput 150 or 200 1/h, calcination <tfemperature
600°C, temperature gradient approximately 3.2  to
10 4.5°C/miny .
2913 g of calcined solid were discharged after treating
3.805 kg of solid. A final sieving is necessary in
order to retain only the 50-160 um fractiomn.
This preparation was repeated several times in order to
15  obtain 10 kg of catalvst, which were hcmogenized before
use.
The catalyst Z 1s characterized by:
Final particle size distribution (but the pilot-plant
tean resieves bhefore charging):
20 Dyp [(mean diameter of the particles, measured using
a Horiba LA300) = 71 um
< 50 um ({particles of less than 50 microns -
fineg) = 15 wt%
> 160 pm  (particles of more than 160 microns) =
25 1 wts
Bulk density (measured by the method described in
standard ISO 3923/1): 1.40 g/cm’.

REACTIVE VAPORIZATION

30 Examplie ©:
The catalysts prepared according to examples 1 to b are
used in a fluidized bked, fed with an acguecus sclution
of glycerol at 50 wt% and maintained at 310°C. A dilute

alr stream provides the fluidization of the catalyst.

(oY
(93]

The glycerol soclution is directly wvaporized 1n the
luldized bed. The total ressure in the reactor 1is
P

2.2 bar, with the fecllowing glycerol/water/0,/N, molar



10 ichi Kigenso KK, obtained in the form of granules, was milled to a particle size of less than 315
microns. 150 g of this powder are sieved in order to select the fraction between 212 and 315 microns.
150 g of this solid catalyst were put into a fluidized bed. The fluidized bed consists of a stainless steel
tube with a diatpetenefdlaye end a total height of 790 mm. The flujshaed-Red isipyaceses in a
fluidized sand bath, heated by electrical elements installed 20 inside the bath. Three thermocouples
recorded the temperature gradient along the tube. Aif was supplied at a flow rate of 260 ml/min
(standard conditions), and argon was sulggllied at a flow rate of 260 ml/min, underneath a porous metal

plate that distribGfesthe 25 G4 aéros¥

diametef Bf tHéFatr O 2bXvt% adtie6id olution of

glycerol prepared<ram ctude glyeerol havihgthe following: weight cemposition=Glyceral 85%

NaCl4.5% - 27 ;, Water10%6 Non-glycerin.organjc fatter 0,5% Ashs 0.01%.is fed,

gie a £.mm metal

tube that goes to the bottom of 5 the bed, with a flow rate of 3 ml/min. The total pressure in the
fluidized bed is“t*baFand fié Emiperature is maintained at 350C. The experiment was carried out with
this aquecus 10iglycerelddiatiordverea combiredroperating titnmedf<24-kdurs; which corresponds to a
combined total mass of 41 g of salt supplied at the inlet of the fluidized bed. 15 The products are

collected at th
chromatograg

(cooled with i

atomic absory
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Example 7:

A tungstated zirconia catalyst

Ichi Kigenso KK,

milled to =a
150 g of
fraction
150 g of this
bed. The
tube with a
790 mm. The
sand bath,

he

inside ¢

temperature gradient along the
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at a flow rate of
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underneath a
gas across
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diameter of

heated by
bath.
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41
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Three
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Combined operating time(h) 15 a. 21 24 Amount of salt accumulaiied seen by thecatalyst(c) 25 30 36
41 Acroiein yield(%) 20 29 24 24 Glycerol conversion 100 100 100 100 (%)

WO 2009/044051 PCT/FR2008/051585
- 27 —

Water 10%

o\®

Non-glycerin organic matter 0.5
Ash < 0.01%
is fed via a& 7 mm metal tube that goes to the bottom of
5 the bed, with a flow rate of 3 ml/min. The total
pressure in the fluidized bed 1s 1 bar and the

temperature is maintained at 350°C.

The experiment was carried out with this agueous

10 glycerol solution over a combined operating time of
24 hours, which corresponds to a combined total mass of
41 g of salt supplied at the inlet of the fluldizad
bed.

15 The products are collected at <the outlet of the
fluidized bed and condensed in order to be analyzed by
liguid chromatography after stabilization with
hydroguinone. 12% of the total flow is condensed in an
ice trap (ccoled with ice) filled with 800 ml of water.

20
The content of sodium in the product 1s measured by
atomic absorption; and the result 1is expressed as a
percentage of sodium initially present 1n the crude
glycercl and is therefore expressed as the percentags

25 of residual salt.

The results are given in the table below:

Combined operating 15 18 21 24
time (h)
Amount of salt 25 30 36 41

accunulated seen by

the catalyst (g)

Rcroiein yield (%) 20 28 24 24
Glycerol conversion 100 100 100 100

@

{5

Residual salt (%) 0.12 0.

-
O
O
'_\
o
[

). 10




Residualsalt(%)0.120.09 0.10 "10 - 28 - After operating for more than 24 hours, the catalyst has seen
more than 704 g of glycerol and 41 g of salt pass, and still results in an acrolein yield of almost 5 25%
without visible deactivation. The process is capable of vaporizing the crude glycerol solution, by

eliminating theyggltansbing gaavarting the glycerol to acrolein. WO 2009/G448054 & Lol ir B208/051585
- 29 - CLAIMS 1. A process for the reactive vaporization of aqueous solutions of glycerol in a fluidized

bed containing a reactive solid maintained at a température between 180C and 400C. 2. The process
as claimed in claim 1, characterized in that the reactive solid is a catalyst suitable 10 for carrying out
the dehydration reaction of glycerol to acrolein and/or the oxydehydration reaction of glycerol to acrylic
acid. 3. The pracessrasglaimediinclaim 4 om2rtbcharactefizecd inithat thelreactive solidis a

homogeneous or multiphase, material having A Hammefacidity, dengfed by Ho, gtlegs than +2.
pass, and still results in an acrcelein vyield of almost
5 25%  withcut visible deactivation. The ©process is
capable of wvaporilzing the crude glycerol solution, by
eliminating the salt and by converting the glycercl to

acrolein.



4. The process as claimed in claim 1 or 2, 20characterized in that the solid is chosen from zeolites,
composites based on sulfonic acid of fluor polymers, chlorinated aluminas, phosphotungstic and/or
silicotungstic acids and acid salts, solids of the metal oxide type such as 25 tantalum oxide Ta205,
niobium oxide KB26882AdfELAR03, titanium oxide Ti02, zirconia ZREEAFFSAEE £3B258fica 5i02, or
silicoaluminate 5i02/AI203, impregnated with acid f%tignal groups such as borate 503, sulfate 804,
tungstate NO3, phosphate 30 PO4, silicate 5i02, or molybdate Mo03, and solids containing at least
one element chosen from the list: Mo, V, W, Re, {1z Mn; Fe, Co, Ni, Cu, Zn, Sn, Te, Sb, Si, Pt, Pd, Ru
and Rh, present in metallic form or in the oxide, mixed oxide, 35sulfate or phosphate form. - 30 -
claims, characterized in that use is made, as a reactive solid, of a catalyst constituted of particles
formed from a éore offackiVe asdéridlcdoated with acinder-crrieched Sutface |@yer 6 UH®gse of a
fluidized bed contain .g-a reactive soligfor simultaneeusly vaporizing and-pusifying an agieous
solution of.glycerol, and carrying out the dehydration reaction.of glycerol to acrolein and/or the
oxydehydr:étion reaction %% %%/%gpoq to 3cryﬁcé/§€%.l y.el'hesuosglé{s claime f?]“cl}gi?ln 6,ac%aracterited in
that the reactive solid i€ERaERVSICONETHESGBf particlesFofndd frofit a core of active material coated
with a binder-enriched surface layer. A process for preparing acrolein and/or acrylic acid from glycerol
in the gas phase in a fiuidized bed teactor, charagferizedn that ap agueays.solution of.glycerol is sent

directly into the fluidized- bed containing a reactive solid maintained at a temperature between 180C
and 400C, in contact with Which th8Heh§araltion Tedttion of g céroldEcrdien aioAihes
oxydehydration reactidr of glyeeral to:acrytic acidis earried roptlr@ Therprocesscas.claimedtin claim 8,

comprising, addition, an ahserpiionsstep.acrolein  and/or the oxydehydration

reaction of glycerol to acrylic acid.

3. The process as claimed 1in c¢laim 1 or 2,

-
(§1]

characterized 1in that the reactive solid is

Ak}

homogenecus or multiphase material Thaving a

Hammett acidity, denoted by Hy, ©of less than +2Z.

4, The DIrOCess as claimed in claim 1 or Z
20 characterized in that the sclid is chosen from
zeolites, compecsites based on sulfonic acid of

fluoro polymers, chlorinated aluminas,
phosphotungstic and/cr silicotungstic acids and

acid salts, sclids of the metal oxide tvpe such as

25 tantalum oxide Ta,0s, nicbium oxide Nbs0s;, alumina
B1,03, titanium oxide Ti0,;, zirconia Zr0,, tin oxide

SnQ,, silica 8i0;, or silicoaluminate Si0:/A1,0s,
impregnated with acid functional groups such as

borate B0z, sulfate S0,, Tungstate WC;, phosphate

30 POy, silicate 81i0;, or molybdate MoQO;, and solids
containing at least one element chossen from the

list: Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zrn,

5n, Te, B3k, Bi, Pt, Pd, Ru and Rh, present in

metallic form or in the oxide, mixed oxide,

35 sulfate or phosphate form.

o. The processz as claimed in one of the preceding



- 30 -

claims, characterized in that use 1is made, as =a
reactive solid, o¢f a catalyst constituted
particles formed from a core of active materi

coated with a binder-enriched surface layer.

The use of a fluidized bed containing a reactive
solid for simultaneously.vaporizing and purifying
an agueous solution of glycerol, and carrying out
the dshydration reaction of glycerol to acrolein
and/or the oxydehydration reaction of glycerol to

acryiic acid.

The wuse as clzimed in cleim 6, characterized in
that the resactive solid i1s a catalyst constituted
of particles formed from a core of active material

coated with a binder-enriched surface layer.

A process for preparing acrolein and/or acrylic
acid from glycerol in the gas phase in a fluidized
hed reactor, characterized in that an agueous
solution of glycerel is sent directly into the
fluidized  bed containing a reactive solid
maintained at a temperature between 180°C and
400°C, in contact with which the dehydration
reaction of glycerocl to acrolein and/or the
oxydehydration reaction of glycerol to acrylic

acid is carried out.

The process as claimed in claim 8, comprising, in

addition, an absorption step.



