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WO 2009/044051 PCT/FR2008/051585 METHOD FOR THE REACTIVE
VAPORIZATION OF GLYCEROL One subject of the present invention is
a method of vaporizing aqueous solutions of glycerol in a fluidized 5 bed

ﬁ%ntﬁHBBQ g4 gastive solid, that makes it possible to sigay ;gﬁggqfdy 051585
vaporize the aqueous solution of glycerol, remove the impurities present

in this solution or that are generatedduring the evaporation and carry out
the dehydration reaction of glycerol to 10 acrolein and/or the

oxyd eFEFAT0 T AR CHBE JMBACRRIE (T AENRd ARi8T S QFo RS H-&Rthical,

1,2,3-propanetriol, which may he obtained either by chemical synthesis

from 15 no%o ylene .or E:i%ano }y -9 #Et formed dyring the methanolysis of ¢

vegeta%llle tl'he met gas of vegetable oils may be carried out
HERSTEiTG OV MBS PrECeEsss tinpaticiia sty G5ihg 203 Honfogeritbtis™
patalysbateh as sedinmchydroxide aresadium rhethylatd-mesalatiaripsible

methangl, ety using A, heterogeneous catalyst Referencesmayhen  of

made, on this subject, 1o the article by D. Ballerina et al. in L Actualit

Ehifighe of No§ﬁ5’c"§002t]§§ TheThEthanofgis oPvEGEtable ofls res%ﬁé
entheope hand tihaetiylestees.cad-en théusthaghandsn giyeershtion

M?@d dy!:g§t§§s ?fﬁwsg@k@ mfga@@§Jaelgﬁ@wmus@@e%mi@5eufu@o
an estic fue]. With 30 the d yment of fuel ewable prigins, -
Snd < es%emaﬂyccfg Vege Able oﬁﬁ(\aﬁw %ers?vaﬁlglfo %?é V%roo% })gn )
glycerotin-accctdatice with this productlon method increases greatly,
glycerol representing around 10% by weight of the oil converted. 35

Ehoeradenyed Tonyegetage oils @aﬁ%&w% product of renguable 1z,

orlgln w |ch IS thus increasingly WO 2009/ 1 PCT/FR 08[05158f5
obtained elither chemical synt @SlS rom

propylene, or as a by—product formed during the

methanolysis of vegetable oils.

The methanolysis of vegetable oils may be carried out
according to various processes, in particular by using
a homogeneous catalyst such as sodium hydroxide or
sodium methylate in solution in methancl, 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
glycerol. Methyl esters are used in particular as fuels

or combustibles in diesel fuel and domestic fuel. With

the development of fuels of renewable origins, and

especially of vegetable oil methyl esters (VOMEs), the
production of glycerol in accordance with this
production method increasess greatly, glycerol

representing around 10% by weight of the oil converted.

Glycerol derived from vegetable oils 1is a natural

product of renewable origin which is thus increasingly



10

15

20

25

- 2 available. In the current context of the novel concept of green
chemistry, and more generally of sustainable development, it is becoming
increasingly advantageous to utilize this product. 5 However, the methods

{\% pﬁBﬂ‘%qu%%%Es result in a glycerol that is mor%e&.lpﬁgmg %lgllsss

more orless dilute in water. Generally, it is these more or less pure
agueous solutions of glycerol that aresknown as 10 glycerin, according to
the definition adopted by "The Soap and Detergent Association” (Soaps
and DetergentsirA thieoretical and PracticekReview: MiamicBéachrFRcert

Oet 12-14,1994 .chapter 6 .ppnd 72208, B heSpilzAQES RIess.inable
hampaign). The methanolysis of vegetahle 15 oils is carried. out in
gﬁé’i?f]rﬁg%ﬁ)ﬁﬁ for ekample )v%ﬁﬁ oéﬂéﬂ%m Hydroxic e%%%yeff%(ée%%%éka sous
heutralizetawitty THyRIrserere beid or with sulfuric acid. These treatments
leave impurities in the glycerin. By way of illustration, the following table

gives the typical 20 analyses of yariouls glycerins pieghced aLyarqus; , 4
mdustrla]fsnes: %lester Diester Diester Industriés Industries Industries

Sy FRIbe SEFCH MaFl (REAF PPéduths’s 1PKieards kilaT 15 kuyear®
Glycetel 65Wt%=93wid% @5rvetds I\Water Bd with 4omtds 4 0wi%e NGOM ¢ss

6L %A 0 5,006 5h &t NaZSO4 2.5 4% NaG St Naha e
ethanol 0.3 wt% 0.2 wt% < 0.01 wt% _N .OI\/I'tnon-glggerln organic ... .
matterFatty aGias SesterJothér 28 ErulE lysbrit Gensrany as a-~

compositioh fthexwdear: of88%glycaren '0-1096 skitercard 2gypraents:

IMPUALES dRical and Practical Review, Miami Beach Fla.,
Oct 12-14 1994, chapter 6 .pp. 172-206. Ed: L Spitz,
AOCS Press, Champaign). The methanolysis of vegetable
oils is carried out in a basic medium, for example with
sodium hydroxide. The effluent 1s neutralized with
nydrochloric acid or with sulfuric acid. These
treatments leave impurities in the glycerin. By way of
illustration, the following table gives the typical
analyses of wvariocus glycerins produced at various

industrial sites:

Diester Diester Diester
Industries Industries Industries
Site Robbe Saipol Marl (RFA)
Production 10 kt/vear 25 kt/vear 15 kt/vyear
Glvcerol 65 wth 93 wt% 85 wt%
Water 31 wt% 4 wt3 10 wt%
NGOM 1 wt% 1 wtd 0.5 wt%
Ash 3 wt% NaS504 2.5 wt% NaCl | 4.5 wt% 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 88% glycerol, 9-10% water and 2-3% impurities. In

particular, it may contain impurities such as basic
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particular, it may contain impurities such as basic WO 2009/044051
PCT/FR2008/051585 - 3 salts (for example of sodium or of potassium),
non- glycerin organic compounds, methanol or residues of vegetable oils.

':9009{1(%@ ?%Elli%a)lipns of glycerol, the presence of thg,%eriwg@ (ig 51585

particularly 5 prejudicial for the reactions carried out or for the quality of
the finished products. For example, insthe case of the production of
acrolein, the presence of sodium or potassium salts is prejudicial for the
catalytic dehydra¢isamedction bf glyckroito acrolein, 1046 Higse dalts afs -
%ﬁ%@é%%m@@@mwe acithsies qef the-eatalysisused: Consequendy, of
(he aquaopis solutions of erude ghveetol o1 ghvcern generallereguifea, o;
piet8atReft béforé " 15Use, O a purification treatment in order o '
érvisager AevsicEppli€dtionsREkheriBra Lt is'Giten retes$ity hot BhftoY
rerove1 the impuridies thatareamdesirable forthe efvisagedo?20 for the
appiration. but alsg la-concaniate heaguaous sALION REYEN 1, ¢ne
porize“the aqueous solution, since certain industrial procésses use
GigErol Mt vaPEr fdthY SrHeseBperitiorR are tAcky asiti§ kiowh thaf ©F
glyedralhmaydecpntpose; inrpartiedlas to aeroleny, 25 @k result infpolymérise

%’a@@a%éﬁ@@lé_(g lycetak-arious technelogiesder purifying glycesoldavei ein,
been described in the uterature. Sg)ecmtcall /s itis a, grodgﬁtemaé%s more
fAsin 1860 %iffstehtappiicatione: 30T i

allTeqiining Partictlar qualities, in
pefticidar thete liss"Phepatacopeia” grade that requires a high purity of
the glycerol. Among the methods used or studied for the purification 35

d_evaporation of glyceral, mention will eciall ft
&3P }Eéy ¢ madesaf thase.that
Zcpgn e%é?ﬁgre}g%%@ %%Ss%ggggﬁl\% \gAgm%Oljf C em?sgs‘ Soc. No?‘er?l%er

IQ?Q@Q@Q%E%&ZEE&%KHllY require a pretreatment before

use, or a purification treatment in order tc envisage

novel applicaticons.

Furthermore, 1t is coften necessary not only to remove
the impurities that are undesirable for the envisaged
application, but alsc to concentrate the agueous
solution, or even to vaporize the agueous solution,
since certain industrial processes use g¢lycercl in
vapor form. These operations are tricky as it is known
that glycercl may decompose, in particular to acrolein,

or result in polymers such as polyglycercl.

Varioug technologies for purifying glycercol have been
described in the literature. Specifically, it is a
product that has more than 1500 different applications,
all requiring particular qualities, in particular there
igs a "Pharmacopeia"” grade that requires a high purity

of the glycerol.

Aamong the methods used or studied for the purification
and evaporation of glycerol, mention will especially be
made of those that are described by G.B. D'Souza, in J.
Am. 031l Chemists’ Soc. November 1979 {(Vol 5&%) BLlZA, by
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WO 2009/044051 PCT/FR2008/051585 4 Steinberner U et al., in Fat.
Sc_. Technol. (1987), 89 Jahrgang No. 8, pp. 297-303, and by Anderson
D.D. et al. in Soaps and Detergents: A theoretical and Practical Review,

- %@%ﬁ?@iﬁﬁfﬁ LOct 12-14 1994, 5 chapter 6, pp. 1 %@Pyﬁngﬁbﬁl%@%i%

ampaign. The treatments of crude glycerol solutions
proposed target the removal of the_digsalved salts and of the 10 organic
impurities resulting from fatty substances, the removal of the color, an
increaspamtire giycerol edntent,ror ¥aevapbrizatideohthelglycer®g7) , 89

depending, ogythe final applicadion-anyisageds ap15 Inpatticuar, v order ¢
to achieye these objectives, an_evaporation, a distillation, a treatment with
Ife (in *Stdertedutrai the TESIGULTART Acidd) foch%v?é)d: Bya fzi(lafratié—”‘nr,ld
driontexchhngeeoriion exdiision tréamiént, Biseparalieh bylrevefse 1994,
Qsmgsis er apg, 20 glectrodialysis mayiie carried out.tMultipleseffect press,
ec?ﬁ:lgrgrators are, for example, used for concentrating dilute solutions of

g ycerBEWftlh a 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
teghniguesased-fee cantentratifig angl purfying glyceérit. iAs:glycpralposed

hegins.to degompgse at aroypd 220G, g well heloys3Q its hoiling pointy, o
(2931C), it is necessary to distil _glycerin in several steps using reduced

(HES&HHES In-ERTtai ot sT - diStifdion s BarrRi Ut V> batd 5 £he
opzratienis, unil thésalts:ahdthe nen-volatilieessmpotndstHave ¢lycerol

acsumulated spfficientlyip dhe yessel~3% The gpetationds then stepped i ng
and tt e elm]purlgfs are 1d|g%ryil|rggd gr%rl tsfée Vi sel before restarting the
didtillation. The evaBgraJtion i§ Carried out under .
In particular, in order to achieve these objectives, an
evaporation, a distillation, a treatment with lime (in
order to neutralize the residual fatty acids) followed
by & filtration, an ion exchange or ion exclusion
treatment, a separation by reversge o©smosis or an

electrodialysis may be carried out.

Multiple-effect evaporators are, for example, used for
concentrating dilute soluticns of glycerol. With a
criple-affect evapcrator, it 1s thus poggibkle to

evaporate 2.4 kg of water with 1 kg of steam.

Digtillation is one of the technigues used for
concentrating and purifyving glycerin. As glycerol
begins to decompeose at around 202°C, i.e. well below
its beoiling point (293°C), it 1is necegsary to distil
glycerin in sgeveral steps using reduced pressure. In
certain cases, the distillation is carried out via
batch operations, until the salts and the non-volatile
compounds have accumulated sufficiently in the vessel.
The operation ig then stopped and the impurities are
discharged from the veésel before restarting the

distillation. The evaporation is carried out under
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WO 2009/044051 PCT/FR2008/051585 -5 vacuum, and the partial
condensation of glycerol (which will condense before water) at the outlet
of the unit makes it possible to directly obtain a concentrated glycerol.

%I%{@Ig&%\,ﬁf‘f gs of 10 mmHg are used, for 5 a ter@%ﬁ‘rﬂ‘%fo%/osz;ses

ich gives low partial pressures of glycerol in the vapor
phase. The distilled glycerin may still gontain colored compounds. It is
sometimes necessary to decolorize the 10 glycerin for pharmaceutical
aretfoad applications. Typicady activated satborris @afded to the glydetin ch

in: arder.tg decolarize it The pusificaion,ef ghycerin by ien exgtusionhas ;i «
also 15 been develo& e

/ ?t()j and uses ion re ins i&?%rg%to gepg{r)%tge%l  ated
iBRiEHAlts thatdre Softibfe ifr Aquabus Solution” o nonzionic compounds

sukhcsrglycerBy ol isa  tebisigaaN@fictP avoids & Gorfsifnptioncof 0r
heat-ang.ef- chemicabregenerantssand whieh srakes it possibierto2rcial
purify highly contaminated streams such asc glycerin, using only
v‘v?gt% gtc,%ff.:le%héﬁicn%?’Iecgj@fa“n(tg,\s'rtar';Ltl.fi z:q%%o%siso%]u%g?ws of glycerol that are
weakly contaminated by salts may be exchanged simply over acid 25 and
besic resins: Thedhus parifiegkglycerobsolutionsliay thertbén colored

congsntrated by.evaporation. The technique of reyersg ogmosis, based eRe
a separation through a semi-permeable memhran tyapplélg% a 30
r

g .
FFE¥SFE s Bedn propBsER fii'the Tdncedtrhtion ot particaiany ™= -
diycerokstteamns: [Solatiens ofagiyoetinighdesidediupe hydrexideigerin in
methanol gbtained aftar transesterification of rapeseed 35 oil have been
demineralized by membrane electrodialysis to produce pure glycerin. This

technique is described in the reference: Schaffner, F. et al., Proc. - World
WEe2009/044051 PET/FR2008/051585 By ion exclusion has also

bheen developed and ugesg lon resins in order to separate
the icnic salts that are soluble in aqueous solution
from non-ionic compounds such as glycerol. This is a
technigue which avoids the consumption of heat and of
chemical regenerants, and which makes it possible to
purify highly contaminated streams such as crude

glycerin, using only water as a chemical regenerant.

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

may then be concentrated by evaporation.

The technique c¢f reverse osmosis, bhased on a separation
through a semi-permeable membrane by applying a
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
0il have been demineralized by membrane electrodialysis
to produce pure glycerin. This technigue is described

in the reference: Schaffner, F. et al., Proc. -~ World
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Filtr. Congr. 7th, 1996, Volume 2, 629-633. In the methods proposed for
evaporating agueous solutions of glycerol, the control of the temperature
5 is very critical as certain undesirable reactions may take place, such as

the formation of nitrogen- containing compounds by i

B?%te’n? ?r?a(tpe‘+48|5ejsent in the glycerin, the formation zl?d%el?/{)%g%tgq%@fgg’nlnss >
ester by reaction with soaps of low melar 10 mass, the formation of
polyglycerol, the formation of acrolein which contributes to the odors of

the final. product. It is therefore jmpoitanttodimitthe- éésidence time of the

glycerin at high temperature, and also this temperature. The evaporation
processes used 15 conventionally do not therefore make it possible to

Have higeparifét preSsurePEPEIVESRI in thE vapor “hia<e” Fiftherfvore Cit®
is often necessafy wlcormbing, sevetal treatents infordéicto bbraiRae 1 re
glycerl 'thc%lpy{i%@nda@t ac@om@ﬁﬁatma@@memwtam%f@m%memy
envisage ication. In patent application. FR 2 913 974, the Applic B
é&‘r’ﬁﬁanﬁfgs%?ibes 3%(1”[}11gle-5§5ep p%(%l(:eessr%ﬁaﬁm(ﬁé‘lﬁ“g? it p%ésibﬁé%rggén

\VEpotize Bh el UeDIB BHRGONCOT (lyCRPEIZS drd B3 sifultaRebGSf) rEmbye™
the dppuiitiespregest ig1the=salutjon:atdhat arengeneratesfdutingthieatile

evaporation. This process consists.in.yanorizing the, agueges solytionf .-

y&?gﬁﬁ%onefgct with a f|UI§IZG bed containing an'inert solid

aimFainc & at30 Bafficint fefpRratif- i aliow the iitantandGis e of
vapodzation ofglyderot and:ofiwetes The intfuritiesipresentinthe final

agLequs solutign are simultanegusly.remoyedrsinge the-fluidizedped the
technigue makes it pois@jhe to clontinuousI% gr%w o}fg‘ acg%rtionaotf &h% 35_ &
Sofiti 77 6FeT t& tEGerierate’t eX sitd “Thé glyceror Vapors obtained '

actomingitbghis procasstearcthefbe URedReRily Mila BoRRAsHSaR used

preeessthatemplays WO 2009/04485% REGHFRR2008/0545850ssible  to
have high partial pressures of glycerol in the vapor
phase. Furthermore, it is often necessary to combine
several treatments in order toc obtain the glycerol with
a purity and at a concentration that are suitable for

the envisaged applicatiocn.

In patent application FR 2 %913 974, the Applicant
Company describes a single-step process that makes it
possible to vaperize an agueous solution of glycerol
and to simultaneously remove the impurities present in
the soclution or  that are generated during the
evaporation. This process consists in vaporizing the
agqueocus solution of glycerol in contact with a
fluidized bed containing an inert golid maintained at a
sufficient temperature to allecw the instantaneous
vaporization of glycercl and of water. The impurities
present in the agueocus solution are simultaneously
removed, sgince the fluidized Dbed technigue makes it
possible to continuously draw off a portion of the
solid in order to regenerate it ex situ. The glycerol
vapors obtained according to this process can then be

used directly in a downstream process that employs
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- 7 glycerol in gas form, especially the processes for producing acrolein
or acrylic acid described, for example, in documents WO 06/087083, WO
06/087084, WO 06/114506, WO 07/090990 and WO 07/090991, or a 5

process for producing acrylonitrile as described in Patent licati
¥913645/ @ﬁ%c’pﬁ'&duction of acrolein and/or acrylic a%%dr 14%%% %@/CZ?O{%BS
a gas-phase process, especially accoyding 10 to the aforementioned
processes, requires the use of a prior step of vaporization of the glycerol,

& stepewdtich may peove gestly, whes the: glycerol is hsedinrthe forms of Bor
e agugous soluion Gengially Jhe, adueoussolutionolliertal,  rox
ﬁavmg unﬁgrgone, where 15 agpropria e, a purification pretreatm

nt
SEEETAIG 1o onE of ETHRBHS desirbrd prEOady, is VapotZed g
heated chanthes before pasging Wied a catafyst Wuitabledfor #ie.envisaged

tepgtian,dn aited bedareadior, flidizedbed readlor cculating uidiged; »
0 bed reactor or in a Iat%;hegt >q<c‘%haﬂg§r reactor. The Applicant
@8%%hy%%%§&%?i51nﬁly discdvered” that it is possible to
simultaneously vaporize an aqueous solution of glycerol, remove the
impurities 25, present in this:sohdtion: er that are genesatediduring'the from

oration, and carry out the gghy§£%ti &réegctg)éb g%ggyff | to.acrolein,

ev

gr?/Srefﬁ% oxy&eh;a/dr ﬁgn Freaction of glyceradl to acrylic acid. Such a
processe niakes HSESSINE 6 Mimifiiss BRfendrgiebsRTolthe 3Fe °oF 2
preduetion péacralein aagior Of acriyio acid starting fropregudousa  step

%%Tﬁ{‘sn%fﬁ%%é%a%%%%ﬂt%ﬁé@ singlessteppragessusedin & the
simpli

led installation, One subject of the present inventé%r;lis therefore

[ |
35 pFocess foftheealiive vAFTSADN G atiEots soldtons Sf-glycerot
(errglycedn) o Afluidizedfeds tuntaiting a Feactive soliglaygene, where

W%%%@T/ERM@§é§%ion pretreatment according to
one of the methods described previously, 1s vaporized
in a heated chamber before passing over a catalyst
suitable for the envisaged reaction, in a Ifixed bed
reactor, fluidized bed reactor, circulating fluidized

hed reactor or iln a plate heat exchanger reactor.

The Applicant Company has now surprisingly discovered
that it 1is possibkble to simultanecusly vaporize an
agqueous sclution of glycercl, remove the impurities
present 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 of glycerol to acrylic acid. Such a process
makes it possible to minimize the energy costs for the
production of acrolein and/cr of acrylic acid starting
from aqueous solutions of glycercl and constitutes a

single-step process used in a simplified installation.

One subiject of the present invention 1is therefore a
process for the reactive vaporization of aqueous
solutions of glycercl {or glycerin} in a fluidized bed

containing a reactive golid.
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(RRFSgeh? b2 Fedytle"

- 8 According to the process of the invention, the aqueous glycerol

solution is injected directly into a fluidized bed containing a reactive solid
maintained at a 5 sufficient temperature to allow the instantaneous
\é%)orization of the glycerol and of water, and also the_reactio Oofé 851585

c#8P3H Bt fitktive solid. The concentration of thé gadgggso glycero

solution may 10 vary to a large exteng, for example from 20 to 99% by
weight of glycerol, preferably solutions are used that comprise from 30 to
80% by weight of glycerol. These may be crude aqueous solutions, that

e nore.or less dilute and that comprisg more.Qrless impurities, such. 15 ¢

as can be obtained from'the methanolysis of vegetable oils. The reactive

SBlid S ERdsetPrEmithiR chtalysts SSUikbIE or Ramryihg titthé dénydratin
reactioncafn 26 ghyicerol te acrotein tandéor the bxydehydiationireadtiorfof a

@%%%QUféﬁ%gm; . é@g?w3§ua@y1g?Y%?%”OW@@ﬂb%ﬁﬁ%antaneous
vaporization of the glycerol solution, and/or. by a stream of inert 25

égﬁas, %?é’f 5 eolfo‘s?‘lir, g eon? of amixtu réénc% 3%6%538 the
knewrittbcer persorrskilieklinghe arefortéstinmiging thElebydidtion reaction
of glycerol to acrolein and/or the oxydehydration reaction of glycerol to

rylic acid. 30 The temperature of the fluidize is general etwe
e T e

peRticUldrRy Fetwédi 2660¢ nt 3200, 35HRiRvention afdb refates’o ©Y
the Use of afluigized:betd contaifiag=c-ieactvel solid-fos semdtaneedslyhat
vaperizing and. purifying anagggeus.solytiongfwQg @039_496@951. These

PCT/FR2008/051585 9 glycerol,.an ,carryingtgléttth%rgh%ldorggonor less

r@%ﬁbﬁ%ﬁcrude aguedus gclutions,
dilute and that comprige more or less impurities, such
as can be obtained from the methancolysis of vegetable

oils.

The reactive solid ig chosen from the catalysts
suitable for carrying out the dehydration reaction of
glycerol to acrolein and/or the oxydehydration reaction

of glycerol to acrylic acid.

The fluidization may be provided by the vaporization of
the glycerol solution, and/or by a stream of inert gas
(nitrogen, COC,, recycle gas, etc.), or alr, oxygen, Oor a
mixture of gases known to a perscn skilled in the art
for optimizing the dehydration reaction of glycerol to
acrolein and/or the oxydehvdration reaction o0f glycerol

to acrylic acid.

© The temperature of the fluidized bhed is generally

between 1809C and 400°C, preferably between 220°C and
350°C, more particularly betwsen 260°C and 3Z0°C.

The invention alsoc relates to the use of a fluidized
ped containing a reactive solid for simultaneously

vaporizing and purifying an aguecus solution of
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glycerol to acrolein and/or the oxydehydration reaction of glycerol to

acrylic acid. 5 The invention also relates to a process for preparing

acrolein and/or acrylic acid from glycerol in the gas phase in a fluidized

bed reactor characterized in that an aqueous solution of%&ce& ?108 E%BS
ﬁ?ec')t@/qﬁt/o #% Adidized bed containing a reactive sofid 1 ma| ai g

a temperature between 1800C and 4Q0QC, preferably between 2200C

“and 3500C, in contact with which the dehydration reaction of glycerol to

agroteirsand/enthecaxydehydration reactiod ehghyeenol to: acpdictacichiso £
ged out 15,0lher daaiies.and advantades gibe ettt Wloac s on

gILI more clearly on reading the description' w follows and with

¥& %5 te SifgRCApperfded figure. 20 The method according to the
|nvent|on leads to high partial pressures of glycerol in the vapor phase,
which ;hasdhe adyantage of vaperizing the glygerot and oma@%a@@qg
with a substanu% éy higher 21 roductlwty jIghan tha&obtam
FYoE8dSed thar otita~ gSrlz%%n priorto the Yeaction. Innth

mithoe agcoaad.ﬁ@m tHezipdehtich, ke AhTpUritie s presert - fifadueotisa &

%Qiut@aﬁgdgmgw@t%ﬂm@.ﬂam@m@s the:fluidized bed technjguento

makes |tfﬁossé)le to, continuously, draw off, %8ortu§1 of the solid.in order-o 4
S

regenera et ex sff:u Thus the organlc compounds present in the glycerol
SO ek Chlsdthe prodiEts Taditifg ﬁP@rﬁWﬁ@’aec]o%gsltlﬁﬂ%f é@@nec
giywakdwmg this‘evaparatioristep,amay résule dn the formatidrm ofcoke th
whiehyis %mosagﬂg@ﬁaﬁl@@c%%é%ww the,pauiegus glycerlolein

solution WO 2009/044051 PgT/FR2008/051585 - 10
ration reaction of glycerol to

rhe gas

rand/or the oxydehy

acrylic acid is carried out.

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.

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

carry out a vaporization prior to the reaction.

In the method according to the invention, the
impurities present in the agueous solution are removed
simultaneously, as the fluidized bed technique makes it
possible to continuously draw off a portion of the
solid in order to regenerate 1t ex gitu. Thus, the
organic compounds present in the glycerol solution, but
also the products resulting from the decomposition of
the glycerol during this evaporation step, may result
in the formation of coke which 1g deposited on the

reactive solid. When the agueous glycerol solutilon
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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 agueous glycerol solution. The reactive solid 5

comprising the coke and/or the mineral salts may the pg ff
@gnt%%%%g%ﬁoosraer to be regenerated in another re%%%?r, %ﬁ@g %lsn}gsss

sent back into the fluidized bed. The, regeneration may also be carried out
continuously in the reactor. The removal of the mineral 10 salts may be
carried out by simple washing-ofthe solidowith-watér} oradyg other sodium

Sultgple fechnigug, It may, also be.cagried out by conipuoussatizilen ofthe:
catalyst, the salt deposit pre,ferabI% lielng formed on . the peri heray othheO £
ERHBEREGrairts. THe regferafion 1% df the $bid doréists of & combustion

afithe solid edeposits it issgerierabypéaticdrout Withaair insR Feas®er wiichi d
03y ;'E&%%},(E}H}%% %@Q@Féﬁ@%ﬂ%&loﬂﬁb’ @d@.ﬁf@@lﬂugﬁl%%b%da}a then
circulating fluidized bed, a_fixed bed, or any other reactor whi :

&ﬁta‘%@‘%ﬁ ﬁ%e%erca%ﬁ/? (IS8 Wil bé made 6?¥ae %o%ﬁ)ni%%sﬁ/ gé&%@e% m
fhuidizbabedr Fae tombusieh of the EarboRacests: depsits ot e the
reagtive selid makes itrpossibienet Dnly:to regenerate itibet alsortoaéheatt
iLogfore re&%ff'”ggmﬁl?s fluidized ped for.28 evaporation/reaction of e 21
éﬁycero?.ulghls combUstion may be carried out in the presence of a fuel, for

SrrhleTmetiene; WGt Hels to BYinG tHE réactivg Soltd 15 the-1e 504+
temperataresneeded forthe readtive evapdratior of tee taguaous giyeersley

sojution, 30 Furthermagre Jna flidized bednthe partigles.are: govieg  the
relative to one another \ghicg cause% an _attrition Olf theb%OIid. In

SohventiSial fitidffzed beds, 7S SougHt to m%ﬁ%ﬁisyattrltlérl{l fhich e o
comsumesi3sisclid antl progucestine partieles ithe Protess Sactording o
tg thedpuention ithe altritionsmakesit a combustion of the solid

depogits, it is generally carried out with air in a
reactor which may be, for example, ancther continuously
operated fluidized bed, a circulating fluidized bed, a
fixed bed, or any other reactor which may be suitable.
Preferably, use will be made of a continuocusly operated
£luidized bed. The conmbustion of the carbonaceous
deposits on the reactive solid mekes it possible not
only to regenerate it but also to reheat it before
returning it to the fluidized bed for
evaporation/reaction of glycerol. This combustion may
he carried out in the presence of a fuel, for example
methane, which helps to bring the reactive solid to the
remperature needed for the reactive evaporation of the

agueous glycerol solution.

Furthermore, in a fluidized bed, the particles are
moving relative to one another which causes an
attrition of the solid. In conventional fluidized beds,
it ig sought to limit this attrition which consumes
solid and produces fine particles. In the process
according to the invention, the attrition makes it

possible to remove a portion of the deposits which are
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possible to remove a portion of the deposits which are WO 2009/044051
PCT/FR2008/051585 - 11 formed on the reactive solid. The fine particles
thus formed by attrition are removed downstream, for example by
separation in a cyclone and/or by filtration, or else by, § '
B‘f@c%ﬂ%éﬂ% Qélreactive solids- in the method acco? |%ZH%%S%?§ /051585
invention, use may be made of homogeneous or multi- phase materials
which have a Hammett acidity, denoted by Ho, of less than +2. As
indicated in:patene 10-&45:5,38%, 720 wihich refers fo the articledbylkks thus
Tanabe, efal. in 1Studies n Surface Scienceand.Catalysis”, el elemple
1989, chapters 1 and 2, the Hammett acidity is determined by amine
ttraticithEhg ihdRatdrs ofby“BsoplorfbfH Gasedtis %2‘"5 %“ﬁtéj“s%%ds or
thatEb bprrespond tosthetdritepor of Blotadidigrof less than +2 may be
chosen from natural or synthetic silaceous materials or acid zeolites;
mineral carriers such as .oxides, cqated with mono-, di-, tri--or polyacidi
iﬁgrgaﬁc‘?%iﬁg?oxi%%i il oniss ofr“%?%%]o% fetsropolya e %kfe
Advegtagesusly e régtiveosolidsdre chbsehTmsAcEsslitss, RafioRot t1-
compesites thasedien sulfomic acid-ef Huate pelymers); thlorinatedencted
aluminas, phC())%ph%té_:;n%sti(;c%%L nd/ps silicgtungsticsacids and acid salts, o+
and varidus solids of?t e metal oxide type such as tantalum oxide Ta205,
AigbianP6xidé Nb 205 slamiraE K150 Gitahfifn G¥ide CTiB2, Bircdria Z482°¢
tinroxide. SHE2, siticaGie2 ori siiicoattiminate 8i021AE208;dmpregnateeis"
with acid 30 fuggtionaligroups such as Borate BO3, sulfaleS0acidity is
tun%tstate,WO& hosphate' P0t4, gilicgte Si02 ar molybgaltgal\égg% Ther .
&SI afdb*BE choseh Trom solid€ 38 contaming at least one
glementchogen frofn the listgaseous  base. The solids  that

correspond to the criterion of Hy acidity of less than
+2 may be chosen from natural or synthetic silaceous

materials or acid =zeolites; mineral carriers such as

oxides, coated with mono-, di-, tri- or polyacidic
inorganic acids; oxides or mixed oxides or else
hetercpolyacids.

Advantageously, the reactive solids are chosen from
zeolites, Nafion® composites (based on sulfonic acid of
fluoro polymers), chlorinated aluminas, phosphotungstic
and/or silicotungstic acids and acid salts, and various
solids of the metal oxide type guch as tantalum oxide
Ta,0s, niobium oxide Nby0Os, alumina Al;0;, titanium oxide
Ti0,, zirconia Zr0;, tin oxide Sn0p, silica 8i0; or
silicoaluminate S105/A150,, impregnated with acid
functional groups such as borate BO3;, sulfate 504,
tungstate  WOs, phosphate POy, silicate  Si0, or
molybdate MoO;. '

The reactive sgolids may also be chosen from solids
containing at least one element chosen from the list:
Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, 7Zn, Sn, Te, Sb,

Bi, Pt, Pd, Ru and Rh, present in metallic form or in
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Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Te, Sh, Bi, Pt, Pd, Ru and
Rh, present in metallic form or in WO 2009/044051 PCT/FR2008/051585
- 12 the oxide, mixed oxide, sulfate or phosphate form. The solid used in

the method of the invention must be not only a cataly, j
ﬁ&sﬁﬁ@ ] 83&9%& 5 the dehydration of glycerol to a‘%:r%l&r%aé?%)r%ﬁ& 583
oxydehydration reaction of glycerol tg acrylic acid, but it must be strong in
terms of mechanical strength and especially resistant to attrition in order
teneptimizedts use:inia fuitlived bed. AD-¢arkousmethddstkndiwrto a

person skilled in the art may be used to form the reactive solid. According
to one embodiment _of the process of the 15 invention, the reactive solid lg
Praiodsly formettsy Shray tryifG TR catalystifay 386 be prepiiea- ©°
fram largeypartickesailyich arégroumdagtil Atparticle sires distrilgitioryis out

obtainegdhatenables the gatalystda be used inafluidized beddaweveme
this type of 20 preparation method ner_aLII leads totcatalé/sts t{la(t: ha\ée
REGRHC B chaical SHERGH. retcing G- 58m :

i service Tife Q‘fﬁ?’e (::Latalyst:Trcwi '
the reatorrespeciatly sdyrwear Via atistiortof the Emaliatgrads. 25renath
Agcgrdingde englembodiment ohthe prasess of e invention, usedsr to

made of a catalyst prepared byf i)&il&g a suspension of precursors of the
ac %é Hﬁ%aft%rié?%’f %eecaltglyast W?th a cc?llo%da?%ofution (binder), for
example a solution of silica or alumina, followed by 30 drying, via spray

drying pokthewstuapensidotbus obtairedpthis metheidireseling in acpewder ©
compaosed of gpherical particles thap have a syitable particle size

distribution for a fluidized bed application. However, this method of
preparation requires binder contents in 35 the vicinity of 50 wto, which
decordinglygedaces tee  embodiment of the process of the

invention, the reactive solid is previously formed by
spray drying. The catalyst may also be prepared from
large particles which are ground until a particle size
digtribution is obtained that enables the catalyst to
he used in & fluldized bed. However, this type of
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.

According to one embodiment of the process of the
inventicn, use is made of a catalyst prepared by mixing
a suspension of precursors of the active material of
the catalyst with a colloidal solution (binder), for
example a solution of silica or alumina, folliowed by
drying, via spray drying, of the suspension thus
obtained, this method resulting in a powder composed of
spherical particles that have a suitable particle gsize
distribution for a fluidized bed application. However,
thig method of preparation reguires binder contents in
the vicinity of 50 wt%, which accordingly reduces the
amount of active material in the final catalyst.

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

:ﬁguggﬁgr%jf?%gﬂ%%rticle size distribution will make it S%%r%s ﬁ%t&sf?[??fggs

S it is completely deactivated, in or 0 avoid
hydrodynamic problems in the reactoraAccording to one preferred
embodiment of the process according to the invention, use is made, as a
reactiie: sotid, of7a catalystwddnstituteddf Harticlesformee 40 frons a cereze

of actiye material caated with a hasglers suiface layet, forexample.a silica:
shell. There are several \Br,ocesse%for obtalnlng this tépe of catalyst. A

: t
UG dESCHpTibR|IS GRen'ih the Blbfication By T° Rifit B. D8 Jorg: ~-= ==
CATZECH; Juré 1998 ip. 87595:TW.- dEehethods &ré teserfbed the fsiter

qne, developedy-shell-consists i coating-catalystparticles that are
already formed with a silica shell and is described, for example, in
documents WO 97/263131 and EP 697 247. The other method, initially
deveopaisy @ PERte comsiEs 20 9 mBdHyPa sUispénsioh of aftiverocess
raatesialiwith ar soliidal selusioniafisilicaparticleshaidng avery sealltive

digmeter, in Qe%ef%é%%sb&t@e 7 oo, hefare. carrying out A dying  £ormed

operation via spray drying. During the spray drying, the water evaporati
fifrefrorfiqs @ravn offtrom ?he“?f’rBBF’ejr,aé{ntrSﬁ‘?rjfge%e “eotoidAl s%f'ﬁﬁ%%r
and-giving risetean efrchneertaf lthe surface;. for example. witftsilica. are

Hhesetwp Bﬂ%@%s@é%&a satalyst that hes ashbettprdesistanca-to vt .
attrition, T quire a relatively low content of 30 éﬂiga. It&gﬁ%fggeg o,

use fﬁ%l(%gatlngersﬁcéﬁg& l(?e%cr?gsed g}}"‘éﬁ%ll, Which makes it possmlle (N o
dasily regenekee thercsatalyst By Edditiod WhSilick’after ©- 87-25. Two
methods are described therein: one, developed by Shell,
congists in coating catalyst particles that are already
formed with a silica shell &and is described, for
example, in documents WO 97/263131 and EP 697 247. The
other method, initially developed by Du Pont, consists
in mixing a suspension of active material with a
colloidal solution of silica particles having a very
small diameter, in general less than 7 nm, before
carrying out & drying operation via spray drying.
During the spray drying, the water evaporating
therefrom is drawn off from the droplet, entraining the
colloidal solution and giving rise to an enrichment of
the surface, for example with silica. These two methods
result in a catalyst that has a better resistance to
attrition, and reguire a relatively low content of
silica. It 1s preferred to use the coating method
described by Shell, which makes 1t possible to easily
regenerate the c¢atalyst by addition of silica after

embrittlement of the outer layer,.

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

thus having a harder surface layer than the material
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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, thus
having a harder surface layer than the material WO 2009/044051

5’55%7%%23%%?42%£%85 - 14 present in the core, has a.l;g@,tj)ﬁ.ﬁgbglas /051585

certain number of applications, but has never been
suggested for the dehydration reactign,of.glycerol to acrolein, or the
oxydehydration of glycerol to acrylic 5 acid. Mention may thus be made of
patests14S #:8491639«ford¢he hreparationcl thecaayloniiiefromd for a

ropylene, U3 4:769,4 77 for.the-preparation of maleic ianbydridedy been
oxidation of butane, US 4,677, §4 and US 6,107,238 for%he@generglol o
FrePaRitionor CaklySICLREY Srs Shfate fehichad with silida,’ =©
dooumierits , FR2 826c059: 1B By28123841US6,432198r U5 6,316:240 L1¢
%[%W.Odﬂ%/@@i?glﬁ farthe %i%atig@ gﬁ@@u@y@ﬁe e rasteleinand/osaeryhc 9

id, an acrolein to, acrylic acid. 15 Qne process rming parti
gogprayté%?/ing ] rsefs%%%%f"o%\nof m%%ropagrﬁgles a:g;n%dr gf}gég‘lEli%ljlgsgo%)utior%l ?(%m
ECIpAittes I8 alsh déSorbEd irf paterit 0S BAPPAGS 155 THE cdf@ly st ©
constitutedief patticlesdngmetdfromear core: ohaetive materisd toatsthwitnd
q,surface,layer, enriched with hinder siich.as silica, alumina,er titaniin . o
oxide may also be obtained from two types of 25 colloﬂgg‘ésolutlons of

BiRdér of aifferenfiantiche SF SorEsto kKE&sSomé birde? in thE Cors' 5 &S
the partizle While causSing, &tdtheffactith of bihder i¢ migrafe fo thel, 240

;&%&E?Zcevggh'@tm@ of progess is -especipllydlusteated drpatertsdtSene  to

scroLleln and/or acrylic acid, and of acrolein to

acrylic acid.

One process for forming particles by spray dryving a
suspension of macroparticles and a colloidal solution
of microparticles is also described in  patent
S 4,477,492.

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
colloidal solutions of binder of different particle
size, 80 as to keep some binder in the core of the
particle while causing another fraction of binder to
migrate to the surface. This type of process 1s
‘especially illustrated in patents Us 5,302,566,
Us 6,878,668 and US 6,362,128, In general, polysilicic
acid ig used as a source of small-diameter colloidal

silica.

One - embodiment of the process according to the
invention is represented in the single figure: an
aqueous solution of glycerol or of glycerin (4) is

introduced into & reactor (1) containing a £fluidized
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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 to the 35 invention is represented in the single figure:

an aqueous solution of glycerol or of glycerin (4) is int (f;@&%%%'
Qe 7Y 86tdiing a fluidized WO 2009/044051 pct ‘%@5’%%585
- 15 bed of a reactive solid. The fluidization may optionally be provided

by a stream of inert gas (nitrogen, CO2, recycle gas, etc.), or of air, of
@egen ©f of & mixtuewnfgases kadwe to a person skillediin=a theart foray

Q t'rqii the dehydrati on @f . glycero leip andé
é%/lcdeéi?grla%%n rggctigén?g‘v@%%%?ol%% acrfllic éé%g%?e fl%i,olizegiH egé: IS ges

Hextéd Q& the hidat ex&aget (37 STheglyedrol iorSigird--acryfi¢ agidy 9o
vaporstand watet vaporadre @xtrastedfom 10 thereaetos At (8) hbllednitn

() makesiit pessible o recoverthefine particles.from the installation, and s
also, optionally, the sall’I that is deg{)Psited on Céatalgs% ,_?\ urnita@g 3‘r“rg%ke(s) ¢
iPpESEBIR o Wash i sotitt ugEd if the Ttidized bed in order T0 remove
thiéSemineral salesdepdsited CTHe rédetor {2)4s & régenefatorist theated
reagtive salid iewhich:thenseligk drawp off frome(1)ds subjestethtoradlein/ -
combustion in the presence of a regenerati S (5) containi 5
moletular oai<?/JgCe§n g%}aﬁ)ﬁu&éﬁhg%égge%%%%gso%)%e%gégje%gfg%abafcﬁom

5% FARIG0L). Athe'FasedYesaltimg fromithe FegeRgratbnRmfsBte to
discharged at(9). Theprocessiacoesdirfy torthe inventicrr eesidtsipn, and

glycerol/agralein/acrylic acid vapars,and water vapor (23 wdich-are henche
subjected to absorpthn/purlflcatlonlgt%ps accordin% t%_ILechr%:igues th%t are,
VEEIFRISE to & petRar skilfed iftheart. This Brotess niakes it possible

te@btain agroleinandlor atlylicddcid¢fiaving in order to remcve the

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 combustion in the
presence of a regeneration gas (5) containing molecular
oxygen and/or fuels, the regenerated solid being sent
back to the reactor (1). The gases resulting from the

regeneration unit are discharged at (9}.

The process according to the invention results in
glycerol/acrolein/acrylic acid wvapors and water vapor
which are then subjected to absorption/purification
steps according to techniques that are well known to a
person skilled in the art. This process makes it
possible to obtain acrolein and/or acrylic acid having
minimized contents of by-products, such as
hydroxyacetone, propanaldehyde or propionic acid, after
the absorption step. It is known that the dehydration
reaction of glycerol to acrolein generates seccondary
reactions that lead to the formation of hydroxyacetone
or propanaldehyde, the latter possibly then being
oxidized to propionic acid during the production of
acrylic acid. The production of these Dby-products

generally poses numerous separation problems and these



10

15

20

25

30

35

minimized contents of by-products, such as 30 hydroxyacetone,
propanaldehyde or propionic acid, after the absorption step. It is known
that the dehydration reaction of glycerol to acrolein generates secondary
BacueR that lead to the formation of hydroxyacetong@f,rr2008 /051585
propanaldehyde, the latter possibly then being 35 oxidized to propionic

acid during the production of acrylic a€id- The production of these
by-products generally poses numerous separation problems and these
VWP ROOY/02405 IFFETATR2008/0BA585 - 16Siipifrities Plesent'dreatly ©F
regyce dhe field of fapplieation-ofitheraceeléinandiaractylic acid.dt isTt is
herefare highly paniageos (o minimize dhe sonient oLimpHOteS, ne ot

uring the process in‘order to facilitate 5 the final purification steps. The

iRVentiBrAss RIS tH thE athGleM 6 achylic BlftFobtinedc 1+ tate
aceordihg4a theipridtess defined tpreviously followed, in addition, by an
absorption 10 step, comprising a content of propanaldehyde, propionic

acid and hydroxyacetone by-products such that the .
Hydffoxydtetdteratrolél ?ﬁola‘rr?gn tl%ﬁesg %antgﬁ, pafgffe?%beliﬂessa%%{lor
(0B yarid theqpopanafdiehsde 3c prapidnic atid)/Eerolenor aeRlicaéined
melar ratio 15 is less1har§,01, preferablydess:thang:008-Mos@sorption
particularly, it is possible to achieve a r%?fmgﬂl ehyde + propionic .. ..
a% (écr%fg}}ﬁalgé@ﬁc aci nm%fée% rgt(#g o} ess?ﬁan 0.001, or %venplégg +C

tR&#A 20,0005, 20 THE FMGHiRG Examphes MESFAS ke prekant invention the
Withioes -hesveyes limiting- thesscopettiere of rEXAMPLES 125 CATARYST . 2,

RREPARATRION Example,1; Catalyst A gf.the type WIZHOZ: S Wit nyde  +
propionic acid)/{acrolein + acrylic acid) molar ratio
is less than 0.01, preferably less than 0.005. More
particularly, it is possible to achieve a
{(propanaldehyde + propionic acid)/{acrolein + acrylic
acid) molar ratio of less than 0.001, or even less than
0.0005.

The following examples illustrate the present inventiocn

without however limiting the scope thereof.

EXAMPLES

CATALYST PREPARATION
Example 1: Catalyst A of the type W/Zr0,-5i (with
polysilicic acid)
Use is made of a tungstated zirconia powder from Dai-
Ichi XKigenso KK (batch 7z 1104}, having a small particle
size and the following characteristics:
% WO;: 11.1%
Specific surface area (m’/g): 69.9
Dep: 3.9 um
Preparation of polysilicic acid:
Sodium silicate ig diluted so as to obtain a solution

containing 6% of 510,
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polysilicic acid) Use is made of a tungstated zirconia powder from Dai- 30
Ichi Kigenso KK (batch Z 1104), having a small particle size and the
following characteristics: % W03: 11.1% Specific surface area (m2/qg):
69.9 D50 ; 3.9 um 35 Preparation of polysilicic acid: i ilicate i
#Rié8 83 2%6%ttain a solution. containing 60 of Sigg %jg%%%?gj}ﬁss
PCT/FR2008/051585 - 17 39.6 g_of;spdium silicate (S'02.Na20)
containing 30.3% SiO2 160.6 g of demineralized water 158.6 g of Dowex
650C resinareg adgded swerneigo. IheipH tedraps. tp akeund 3.5@ndaining
stabiliz $ 'Ighﬁe mixjure is then filtered through a Buchner funnel and the
filtrate r%lround 0.2 _iL:) IS stared in jce in_order to prevent any gelling. The
solution-i° pFef8rdbly HE8G TR TS 8fowing its preparation. 10
Rrepatatiprodf thewaspénsion rEwd suspensivtiisdbiained frongthelne pH
tyngstated zicconia angd forvtheqqlysiticie asid, which are mixed in the
following proportigns: 100.0 g of tungstated zirconia 15 166.9 g of 6%
TS0 ApbFox el 74 3T Saluric S e e e raiing
sods toiring the pEI 6 arode 2 Thé stispensioh iSHassed thrdugtFe 10
micrenizer rotational speed efithe mifk 26084pm anddhat of the: 2frfeed. s
U S0 fom)- The-paiclos of.eglid arededuged Jo Bugrop S e =3
m, d95 EfmlfSSpray rying: The spray-drying operation (Sodeva spray
dryer) i$XcErAEd bUEIA di%%‘@y%ﬁt%?%b@bérations in-order

The suspension is obtained from the tungstated zirconia

and from the polysilicic acid, which are mixed in the
following proportions:
100.0 g of tungstated zircoenia
166.9 g of 6% polysilicic acid
Approximately 7 g of sulfuric acid are added to the
mixture go as to bring the pH to around 2.
The suspension is pasgead through a micronizer
(rotational speed of the mill: 2500 rpm and that of the
feed pump: 50 rom). The particles of solid are reduced
to micron size: dsp = 3 pm, des = 8 um).

Spray dryving:
The spray-drying operation (Sodeva spray dryer) 1s
carried out immediately after the preparations in order
to avoid a problem of maturing of the solution. The
drying gas is air. The spray nozzle relies on a
principle of droplet generation by vibration from an
tltrasound generator {(ultrasocund freguency: 20 kHz).
The feed tank is kept stirring in ice. The operating
conditions are:

T inlet: 220°C

T cutlet: 115-118°C

Feed throughput: 0.130 kg/h on average

Ailr throughput: 4 m®/h
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
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25 to avoid a problem of maturing of the solution. The drying gas is air.
The spray nozzle relies on a principle of droplet generation by vibration
from an ultrasound generator (ultrasound frequency: 20 kHz). The feed

tank is kept stirring in ice. The operating 30 conditions_ are. T.inlet:
¥R 4983C Feed throughput: 0.130 kg/h on%\gg‘z%;é-zﬁﬁél %%%'%5
throughput: 4 m3/h 35 The particle size distribution is analyzed after

drying overnight in an oven at 800C. The solid is then sieved so as to
rerpeve assmanyparticlessvith asdiameter abWO £2008/044B51 particles
PICTéFlé{%OQ%/é)gligg 8 less than 50 um as possible and also the_
gar?lcfes greater than 160 pm. Heat treatment: The heat treatment is
carried’8tft ushiFa FB@W 5 furnace having a working capacity of around
50@ mih&-g of sekd arefirst ireaterhat3GEDC under 66 1ty ofMitrogdry

far A nour S’ﬁ%%§55090%9@1%&1@|tr6>c9@1@a&?}.Ocyh)d‘@r t\é@c%mas. Adinak.1 .
sieving is.necessary in _order to_only retain the 50-16Q pm fraction.
ERafpRD2: TatadlystB Bf thetide fﬁ‘)%e-3 i (By si |§a8 c(g]aﬁﬁlg%e sle%ig L/n
made hereofta bérh of tdmystated zieoniain Helorm BRgRMURS I
Reliet: The ararulesare:b-milled i order te Daly: rejainghe fractienry in
between 50 and 160 microns, The tungstated zirconia;powder is placed in
grc%erﬁm%?icgp alidﬁgg] ed C(%aas%in%gém%%?int}e§ (NTRO ~“Aeromatic

STREA-1), and fluidized with air at a 20 temperature of 800C. A colloidal
solutien of silica;alldDEREAS 405 cantainingo40 W5 obsilich, iScfed intdica

coating)

Use is made here of a batch of tungstated zirconia in
the form of granules 21044 Pellet. The granules are
milled in order to only retain the fraction between 50
and 160 microns.

The tungstated =zirconia powder 1s placed in &
commerical Fluidized bed coating machine (NIRO
Reromatic STREA-1), and fluidized with air at a
temperature of B80°C. A colloidal solution of silica,
LUDOX AS 40, containing 40 wt% of silica, is fed into
the coater via a pump. The solution is sprayed using a
nozzle with an air pressure of 1 bar. After addition of
the solution, the fluidization i1s maintained for
30 minutes in order to dry the solid. The catalyst is
recovered and calcined at 500°C under a stream of
nitrogen for 2 hours. The silica content of the final
catalyst is 15 wt%, determined by the mass uptake of

the tungstated zirconia.

Example 3: Catalyst X of the type MoVTeNb (with
polysilicic acid)

Preparation of the dry precursor:
Introduced into a Rayneri Trimix mixer are:

295 g of nicbic acid (HY-34C CBMM, 81.5% Nb:0s)

660 g of oxalic acid dihydrate

5 liters of walter
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the coater via a pump. The solution is sprayed using a nozzle with an air
pressure of 1 bar. After addition of the solution, the fluidization is
maintained for 25 30 minutes in order to dry the solid. The catalyst is

%géﬁrgeggléagr%d{;e%n Icined at 5000C under a stream of gg,gggc?é%ro% |;18g5§585

f the final catalyst is 15 wt%, determined by the mass
uptake of the tungstated zirconia..30 Example 3: Catalyst X of the type
MoVTeNDb (with polysilicic acid) Preparation of the dry precursor:
Introciiceskintose Rayner Trimix mber afe135295q. df nitbicCacilydrate)

(HY-34Q CBMM, 81.5%Nb20g) 66Q g.of oxalic acid debhydrate Siliters0f 1 g
water WO 2009/044051, PCT/FR2008/051585 .- 19 It takes M% hou&s f%rn a

the nibbie abiYRZB5 hfidrate) to dssdive bt BB0C “The Molar ratio of
theoxatic asidotolthe hiobiven is8dTha solutiof’is ésifdeted and stored in
arderto he Hgfg@&&%3§ﬂti@{¥- wmvmrl@étu;@ @fxtéﬁaf@)lawving isf
prepared:; ammonium heptamolybda ta 0
ammon u%%mgtaglgn%%%?bﬁ)gfo%g g ¥3f%(r§|%é1%id{ I—?Ga'l'?e%(% , Fluka)
4061 g bf GeminerafizEdwarst T TRE 3ofitBATs heafed with stirring at
90-950G umntily dissaletian:isicoraplete drdmeclear brange-red solution is

obtaineg {g%Eprox&r@aé?%gﬁgpgyg including the heating.time). Finally, the
an

s'olut?on of oxalic aci niobic acid is 15 introduced int Hle ggeé:egiggil
SIRRIOACTHE hikture bBEGMES cistbl) afd e codr B%CO%HGS9
atangey-yelaw. Afterstirihgfor and@dditiohslzhalchourg therlsshtingl is- 1 on
halted ;The suspensignis-thenigcaueredand putour including the
heating. tine) .
Finafly,'the solution of oxalic acid and niobic acid is
introduced into the preceding solution. The mixture
becomes cloudy and the color becomes orangey-yellow.
After stirring for an additional half hour, the heating
is halted. The suspension is then recovered and put
into trays in a ventilated oven at 80°C until complete
evaporation {(one night).

Preparation of polysilicic acid:
Sodium silicate is diluted so ag to obtain a solutiomn
containing 6% of 85i0;:

396 g of sodium silicate (5i0;.Wa;0) containing

30.3% 510,
. 1606 g of demineralized water
1586 g of Dowex 650C resin are added in one go. The pH
drops to around 3.5 and stabilizes.
The mixture is then filtered through a BlUchner funnel
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 obteined from the dry precurscr and
from the polysilicic acid, which are mixed in the
following proportions:

1000 g of tellurium-based precursor
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into trays in a ventilated oven at 800C until complete 20 evaporation (one
night). Preparation of polysilicic acid: Sodium silicate is diluted so as to
obtain a solution containing 6% of Si02: 396 g of sodium silicate (SiO2

8’\@2%88%%‘% i8g125 30.3% Si02 1606 g of demineralized walgh 4586 95 g5

owex resin are added in one go. The pH drops to around 3.5
and stabilizes. The mixture is then_filteged through a Buchner funnel 30
and the filtrate (around 2 1) is stored in ice in order to prevent any gelling.
The solutién issused fitthec hearslfotlowirgriisipreparation. Preparation of

the stspension; The;suspengionds phtained fremdhe dey preeiyrgorand che

35 from the polysilicic acid, which are mixed in the following proportions:
OGO ol 4osd brEburer WO 200804651
PET/FR2068/653585 - 205166S g B0 polysilicicBcid Apprésirmatsly 26~
g ofsulfurisracid are added ta-the mixture 3@ as tebring-ithe phkto asounde
The suspensipn is passed throu migronizet: S (ratafio p
RN 5500 1o ant it of the ToB mar 56 ore). T parieiesaf >
SodTarE TEAUEEE 36 nflieron sizeXB50%:3 Gt d¥% = 8 um. Spray drying:
The spraysehying:opetation is carried out as indicated 10 in example 1 but

V*fiﬁia é?ae;da hroyghput of 1.3 ka/han average apdandik thrughpyt e4Q.g
m3/h. Heat freatment: The heat trejg%}mgont, is carried out u mg a3ro}'2ar

fﬁ?ha%%"’?%?/ﬁfg & WBrKing' t&padity of afou %rﬁ%%lﬁﬁ{tlg 13 g'of solid ™
aredirstdreated a2 8000C (rdep@@n/nt of 40 m'/h.
Heat treatment:

The heat treatment. ig carried out wusing a rotary
furnace having a %mrking capacity of around 4385 ml.
513 g of solid are first treated at 300°C under 60 1/h
of air for 4 hours, then at 600°C under nitrogen
(60 1/h) for two hours. 410 ¢ are reccvered. A final
gsieving is necessary in order to only retain the 50-

160 um fraction: 370 g.

Example 4: Catalyst ¥ of the type MoVSbNb (without
polyegilicic acid)

Step 1: Preparation of the precursor:
Preparation of the solution B:
The following are introduced intc a Rayneri Trimix
mixer:

295 g of niobic acid (HY-340 CBMM, 81.5% NbyOs)

660 g of oxalic acid dihydrate (Prolabo)

5 liters of water
Tt takes two hours for the niobic acid (Nb,0Os hydrate)
to digsolve at 65°C. The molar ratio of the oxalic acid
to the niobium is 3. The solution is collected and
stored and will be used in its entirety.
Preparation of the solutilon A:

3090 g of ammonium heptamolybdate (Starck)

615 g of ammonium metavanadate {(GLE)

385 g of antimony cxide {(Sby0;, Campine)
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of air for 4 hours, then at 6000C under nitrogen (60 1/h) for two hours.

410 g are recovered. A final sieving is necessary in order to only retain

the 50- 160 um fraction: 370 g. 20 Example 4: Catalyst Y of the type

MoV.S ({}b i polysilicic acid) Step 1: Preparati fglgz [ :
BPepzara |c{r$%firt§1qégsolution B: 25 The following are int%%?tfce iﬁ%g‘é%@{sas
Rayneri Trimix mixer: 295 g of niabig¢ acid (HY-340 CBMM, 81.5% Nb205)
660 g of oxalic acid dehydrate (Prolabo) 5 liters of water 30 It takes two
hogrs ferrthe rgjqbiﬁ acich{Nb205iyaratey tedissolve at 650C. The molar
F%E'Q gémgzeéu%lé? acid feéﬂ%@q@ﬂm iss%-ﬂ:tlei%%'u;é@ﬁ] i§_cp|wecﬂsg apdree
stored and will be used jn its entirety. Preparation of the solution A: 35
36965 o?gﬁﬁﬁoﬁﬁﬁgﬁéﬁtza%%l%lda?§§%?ckse§¥ée Iﬁ%%%?nemo%ﬁm@aqu@
metdvanadaie [GHE) 885 ot aatimehpdxide (SHRB3Eampine) WO
2009/844951 RGI/FR2Q08(05158Rir 33=975pg-okdemineralized wateare
The sqlution is_heated with_stirri 990C for three_ho te
gt%\%ﬁﬁ%étiosnoofatﬁe gmégré%ﬁr%.%n%%gaﬁ% Qh%i%tﬁg?/atﬁg 1g}:grkééjlug color -
igbtdined. 5 348 g of 30% aqueous hydrogen peroxide solution are
addetl, 50 as fo ohtadva cleapsalutica With an orange ¢Olor.c2455 Rrof-40)
Q&%ﬁ%%ﬁ' silica (@rage, ASH0) ComMpIisingr40-Wi% 0f S021a1e: on A
added to the solution A 10 without mode/m th ag earance of the
cEhR R FORATS ofdi, PESHTON ST e Susps

remaing clear.

%S%h3ture, which
Formation of the suspension:

The golution B of oxalic acid and of niobkilic acid is
poured into the solution A/colloidal silica mixture.
The mixture turns cloudy with the formation of a
precipitate in suspension and the color becomes orangey
vellow. Precursor fines (1370 g) originating from the
preceding spray-drying operation are added to the
solution at this stage. After stirring for an
additional half hour, heating is halted. The suspension
ig then recovered and micronized. The d50 {mean
diameter of the particles 1in suspension, measured by
laser particle sizing on a Horiba LA300) changes from
18 pum to 0.2 um with the micronization.

Micronization:

The micronization is carried out on a Labstar apparatus
from Netzsch under the following operating conditions:
Mill speed: 3500 rpm

Feed pump indicator: 75 rpm

The outlet temperature of the product reaches 55°C.

The micronized suspension is immediately spray dried
(solids content of the mixture, measured with an
infrared dryer, at 33 wt%).

Spray drying:

The sgpray-drying cperation is carried out immediately
after the micronizaticn. A Niro Minor Mobile High-Tech

spray dryer is used. The drying chamber has a jacket
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The solution B of oxalic acid and of niobic acid is poured into the solution
Alcolloidal silica mixture. 15 The mixture turns cloudy with the formation

of a precipitate in suspension and the color becomes orangey yellow.
RLecsey fines,@ 370 ) originating from the precedipgspray-6idngs1585
operation are added to the solution at this stage. After stirring for an 20
additional half hour, heating is haltec.ZThe suspension is then recovered
and micronized. The d50 (mean diameter of the particles in suspension,
hveastredby. [dser Particlesizinglon e iiehba bA300) RHANGESREM- 18 e
ggytprgz 4pewithsthe miieronization2b Micrenizationz The micrenization on

I carried out Qn a Labst r apparatus fram Netzsch ynder the, Ig\e@g b
j%eratlﬁ COH&IPOI‘IS Ml speeag E(?)rpmaFeed pump mdmat%gri 75 rpm Y

Se)hﬁh@tdt‘ft%‘% terijserat e o théﬁ%ucﬁ%ac%%té%@uﬂ% mieromiz
$Wﬁmn is inmediately spraycdried:solidd cehAtent ofithe migerk, tank
é;eéj with ap infrared diyer.af 33 wi%), Spray gring-3%dheo 50°c

spray rying operation is carried out imme te y af th |cron|zat|
BN Nﬁno%%&ﬁi%sﬁ%?ﬁféé&%p?gy RINGE $ 1S Hsédr r? ing
hasdjacket WWOr2009/044051 PCT/FR2008/051585 - 22 helghtened by
2 m threugh mgq;thezqt@am passes. The drying gas is nitrogen. The
spray nogéle IS sgd on, L the principle of the generation of droplets by
vibrations FeSulti ing from an ultrasound generator 5 (Sodeva, ultrasound
frequeRSL 20 KHA L TRE féed fank 1KeptStirrddedmfthe suspension is
preheated:-te-6RAC using arthammostaticallyxcontrolled bath. The operating

%ﬁ?“&{@éﬂ%ig%yﬂgﬁééggcof the particles 1s analyzed by

. , £ :
lager particle sizing after drying overnight In an oven

1ﬂg

at B80°C. The solid i1s subsegquently sieved so as to
remove as many particles with a diameter of lesg than
50 um as possible and also the particles of greater
than 160 um.

Step 2: Heat treatments:
The heat treatment is carried out using a rotary
furnace {200 mm in diameter, 270 mm cylinder length,
working volume of 2.5 liters). One of the ends is
cloged. The gas is introduced using a pipe as far as
the inside of the cylinder.
3319 g of solid are first treated at 310°C [300-310]
under 900 1/h {100-12001 of air for 4 hours and then at
600°C¢ wunder nitrogen (200 1/h) £for two hours. The
temperature ramp is 4.5°C/min in the solid, on average.
An oxygen analyzer connected to the nitrogen supply
system measures the oxygen content of the gas:
typically between 1 and -2 ppm.  The rotational speed of
the furnace is 15 rpm.
2630 g are recovered. A final sieving is carried out in
order to retain only the fraction from 50 to 160 um:
2261 g.
The catalyst Y is composed of 6 batches resulting from

analogousg preparations and has the following
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10 TC outlet: 1050C Feed throughput: 5.5 kg/h on average Nitrogen
throughput: 80 m3/h The size distribution of the particles is analyzed by
laser particle sizing after drying overnight in an oven 15 at 800C. The

solid is subs tly sieved so as to remove as man r/t.k_c?[1 i
28’ XPI%%%Q‘% 50 4m as possible and also the)é §§rtic é%% owfggl?r((a?gt%a?85
than 160 m. Step 2: Heat treatments; 20 The heat treatment is carried out
using a rotary furnace (200 mm in diameter, 270 mm cylinder length,
whekiiag: veloie af-2.5 liters). One of the ends is closed. The gas is
iptrodyced using a pipe-as fatas he nside of he-eylinder. 253319 gof &
solid are first treated at 3100C [300-310] under 900 1/h [100-1200] of air
P ERIrEAhdthen at 6000C under nitrogen (200 1/h) for two hours. The
temper&ture=rafip isnd. 50SHmirtirethetsolideén Blveradeier AR bi§den
analyzer connegted-tothgmitrogen supply-3Q:systensmeasufesdhe  than
oxygen.content of the gas: typically between 1 and 2 ppm_ The rotational
speed &éoé;én%u?ﬁggés's 15 rpm. 2630 g are recovered. A final sieving is
carried Ut i ‘Brder telretdift only (ReFraétiorfiom 50%o 16075535 226127
g. The gatalystY-s€pmposed of 6 batches resulting from analogous

E{e¥ ratié)ggsai as(mgafgﬂg\g@gﬂp?@%/%ﬂ%ﬂqd described in
CTIFR2008/051585 - 23 characteristics: JParticle size measured by

|888FpETidle’siZing bhd Horiba L A308? 550 = 68 4m (mean diameter of

the particles) 5 > 160 4m = 2 wt% (particles of more than 160 microns)
Example 5: Catalyst Z of the type MoVTeNb (without
polysilicic acid)
Step 1: Preparation of the dry precursor:
Preparation of the solution B:
The following are introduced into & Raynerli Trimix
nixer:
295 g of niobic acid {HY-340 CBMM, 81.5% Nb:0s)
660 g of oxalic acid dihydrate (Prolab)
5 liters of water
Tt takes two hours for the niobic acid (Nb;0s hydrate)
to dissolve at 65°C. The molar ratio of the oxalic acid
to the niobium is 3. The solution 1s collected and
stored in order to be used in its entirety.
Preparation of the solution A:
2819 g of ammonium heptamolybdate (Starck)
616 g of ammonium metavanadate (GILE)
802 g of telluric acid (HgTelOg, Fluka)
4061 g of demineralized water [variation in the
amount of water according to the preparations by a
factor of 1 to 3; 4 1 represents the lowest
amournt ]
The solution is heated for one hour at 90-95°C with
stirring until dissolution is complete and a clear
orange-red solution is obtained.
addition of colloidal silica:
2655 ¢ of Ludox «colloidal silica (Grace,  AS-40)
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<50 4m = 10 wt% (particles of less than 50 microns) Bulk density
(measured by the method described in 10 standard ISO 3923/1) = 1.45
g/cma3. Example 5: Catalyst Z of the type MoVTeNb (Without polysilicic

aC|d) Pr ratlon of the dry precursor: 15 Pr
%c?utlon é)/ ]% eﬂ‘?f %@Fos:was

wmg are introduced into a Rayneri Trimix mixer:
g of niobic acid (HY -340 CBMM, 81.5% Nb205) 660 g of oxalic acid
dehydrate (Prolab) 20 5 liters of water It takes two hours for the niobic
acichfNb205 dydrate)-fo dissol/eCat 65kC. FAdanolacratibef theloxalien A

agid 19 the pi %91%%515@%8%5%1:%9@@0@9 ande stared-in-Qrderto; cn

be used in its entirety Preparation of the solution A: 2819 g of
dfifforitim feptamolybdate (Starck) 616 g of ammonium metavanadate
(BIEN802 grofetélltnicasid(FTe0B! Fluke) 4061 g of demineralized
W@J@rflgéﬁ@@?%m the 30 ameunt ef vg@tigaacg@mir@ao m@prmlaraa&ims is
a fagtor.of 1 to 41re resentsteo ung[.The so
H%alfe& %or ohe %our At 90- 8%8& Wwith stlrrl\/\ie%%lt %so%[ut& % C%Hn%ggfg =
aiieka clelaf =35 Brafigecred s6lbfighYs oEYt’a’fgéd HRIiticr ST otbfdal sitita: 2
2655-0 pf Ludex colloidalsiicai(Graee,dASHO) WQ 20000440588 orangey

el /f&zoogg §é§85st%%r99@pr!§m 40.Wt% 0 502, ae added fo the .,
solution A without modify ?%B‘?ee appearance of the rpllxture which

rERETSEleaf FHtmaRtn USRS 1 15 en recovered and

immediately spray dried (solids content of the mixture,
measured using an infrared dryer, at 36 wt%).
Spray drying:
The spray-drying operation is carried out immediately
after the preparation of the suspension. The Niro Minor
Mobile High-Tech spray dryver, modified internally, 1is
preferably used. The drying gas is nitrogen. The drying
chamber, heightened by 2 m, has a jacket through which
steam passes. The spray nozzle 1is Dbased on the
principle of the generation of droplets by vibrations
regsuliing from an ultrasound generator {Sodeva,
ultrasound freguency: 20 kHz). The feed tank is kept
stirred and the suspension is preheated to 60°C using a
thermostatically-contrelled hath. The conventional
operating conditions are:

TOC inlet: 209-210°C

T°C cutlet: 105-110°C

Feed throughput: 5 kg/h on average

Nitrogen throughput: 80 m’/h
The evaporative capacity of the spray dryer is 3 kg/h
of water.
The solid recovered 1s subseguently further dried
overnight in a ventilated oven at 80°C. The solid 1is
subsequently sieved, so as to remove as many particles
with a diameter of less than 50 um as possible and also
the particles of greater than 160 um.

Step 2: Heat treatments
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5 The solution B of oxalic acid and of niobic acid is poured into the
solution A/colloidal silica mixture. The mixture turns cloudy with the
formation of a precipitate in suspension and the color becomes orangey

ello ébgt irring for an additional half hour, 10 he%fgp i .
ér%p%'% ioﬁ&lgﬁé‘%‘ recovered and immediately spray ne’féﬁ?g égfst%ﬁts >

of the mixture, measured using an infeared dryer, at 36 wt%). Spray
drying: The spray-drying operation is carried out immediately 15 after the
preparation:of thesauspensioniFhe dNiro:Méndr Mobileighdech sprayary

dryer. madifiedjpterpally is gieferably usegy Fhedryingigasisnitroges
The drying chamber, hei ht@ngd ﬂ,tz m, has 'ackegtﬁhrogg@w%%kés
B et THESpray nod 2R |

a%%é )o'n the 20 principle of the B
genesation dftdroples by vibkatioralvesultingFiors an ulrakBurF far as
9%@3@9& i%@%@, tlﬂﬁa%q#&nﬁqﬁah%quew_t 20 ki zZhaFhefeeddank iskepily
stirred and the suspension is.preheated to 600C usin _

tﬁgren?gsﬁ(;éigﬁﬁ/?co%ﬂ%%ég %S%th ? The cgﬁggﬁ%\%ﬁ%g%}er%t{r% c(oln%?tiO?ﬂ%d
#BOTCliffet, 20028 LS e bhfet: 10T PRI —ERd thEdUghput™s kgReen
aihaverageuNitragen theaughynt: 80 Mi3/h 3The exapaorative eapacity-ofre

the spray dryeris 3 ka/h. of water, The solid tecovered issubsequently o

furth%r dried overnight in a ventilated oven at 800C. The solid is
fibseuéntly sieved, so as to remove as many particles 35 with a |
diameter of fessathanBedim aspossitie and aisd alie particlesof grearr 10y

thar 460 m, Step 2. Heatdreaiments\WoO M@WESLS necessary in
o cn LR ofny TERSSLUERUMER! B Sadiadgu usino 2
This preparation was repeated several times in order to
obtain 10 kg of catalyst, which were homogenized before
use.
The catalyst Z 1s characterized by:
Final particle size distribution {but the pilot-plant
team resieves before charging):
Dsp (mean diameter of the particles, measured using
a Horiba LA300) = 71 um
< 50 um (particles of less than 50 microns -
finesg) = 15 wi%
> 160 um (particleg of more than 160 microns) =
1 wt%
Bulk density {measured by the method described in

standard ISO 39232/1): 1.40 g/om’.

REACTIVE VAPORTIZATION

Example 6:

The catalysts prepared according to examples 1 to 5 are
used in a fluidized bed, fed with an agueous solution
of glycercl at 50 wt% and maintained at 310°C. A dilute
air stream provides the fluidization of the catalyst.
The glycercol solution 1s directly vaporized in the
fluidized bed. The total presgsure in the reactor is

2.2 bar, with the following glycerol/water/0;/N; molar
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furnace (200 mm in diameter, 270 mm cylinder 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 batches analogously treated
were_combined (g'r throughput 150 1/h (100 and 40 % ) Icipati
t‘g%p?quﬁlétg%%)?) t nitrogen throughput 150 or 200 ?é%%:?r%%ﬁgg%as
temperature 600C, temperature gradignt approximately 3.5to 10
4.50C/min). 2913 g of calcined solid were discharged after treating 3.805
kenofisalid. Avfinal sieving. isinecessapain gederte tetairtonly thé 50<160s -
myfraction s Thispreparatign was: tepeated spveraliines prordebto-dsctor

obtain 10 kg of catalyst, which were_homogenized before uselThed "
CHtalyst Z R raRRrized By: FiRA Farticle SiZe distfibutidh (but fhe Y
pilot-plantotearprasieves before charging): 20 Dso (mean diameter of the
particles smeasurgd-using sa kigsibad A300)1re7 1 401 € G0Amsparticles of
less than 50 microns - fines) = 15 wt% > 160 m (particles of more than

1.60.-mickrons) 2

Y- THHeTOT S 1 ‘\In\llt(}/u BU”\ deﬂSity (mcaaUICd by tht: IIIl:'ﬂIUUI . ]
des€ntsed ins standard O 3828H): 1|40 IEHIIREACTIVECTYLic acid

VAPORIZATION 30 Exaraple=6:othe catalysis prepared accordingstod
examples 1 to 5 are used i('%? fluidized bed, fq%)/vith an agueous (s%))lution

of-ghyeerot-at-50-wit%and-maintaimed-at-3100C. A ditute —air stream
provideshe fluidization of 13€ catalyst. 35 The“lycerol solution-is-directly

vaporized in the flpidized hed. The total pressur@ in the reactor is 2.2 bar,

with the Eg\llowing glycerol/v%%ter/OZ/NZ molar WO 2009/044051
PETHR2008/651585
Y 30 3 2
Z 35 1 2

Example 7:

A tungstated zirconia catalyst (batch 21044) from Dail
Tehi 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 betwean 212 and 315 microns.

150 g of this solid catalyst were put into a fluidized
bed. The fluidized bed consists of & stainless steel
tube with a diameter of 41 mm and a total height of
790 mm. The fluidized bed is immersed in a fluidized
sand bath, heated by electrical elements installed
inside the bath. Three thermocouples recorded the
temperature gradient along the tube. Air was gupplied
at a flow rate of 260 ml/min {(standard conditionsg), and
argon wag supplied at a flow rate of 260 ml/min,
underneath a porous metal plate that distributes the
gas across the diameter of the reactor. A 20 wt%
agueous solution of glycercl prepared from crude
glycerol having the following weight composition:

Glycerol 85%

NaCl 4.5%
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- 26 ratios: 1/6/1/4, with a linear gas velocity of 10 cm/s. The products
are collected at the outlet of the reactor and condensed in order to be
analyzed by chromatography. 5 The results obtained appear in the table
?ﬁog‘a ig?[elé/%gaiycerol Acrolein Acrylic acid convermn,ylﬁgbwgl/:b@/ﬁss
0 00201 B100101 X5523 Y3032 23512 Example 7: A
tungstated zirconia catalyst (batch-Z21044) from Dai 10 Ichi Kigenso KK,
obtained in the form of granules, was milled to a particle size of less than
315 midtens:r 150 g 6fthis powder are sieved in order to select the
fractiompetween 212;andh3da mierons: 16450 g ef this solid catalyst were
put into a {,lwdlzed bed Tt@ gﬂwdlzed bed consists of a stainless steel

tube witi & diameter of 21 mm and a total height of 790 mm. The fIU|d|zed
et iESRMErsed il aTidiESd SaRd Mt FeatéP B efstuicdt eldhens

-installed 29 insiderthe kathf Three thermocnfiples retorded.thelhe total

i%eﬁl‘g&%%%e gragient glongdhe tube Air wags supplied at aflow rateiof wne

/min (standard conditions), and gg n was supplied at a flow rate
d%‘?@@%ﬁﬁl%euﬁﬁe%hﬂjfﬁjﬁb?guﬁ% pi&te that distributes the 25

gas across the diameter of the reactor. A 20 wt% aqueous solution of
Gl%éero'eg{ﬁeﬁmﬁﬁ@m cryde glycerobhavingithe fpllewing-weight acqueous
Fgé;pOSltlo L5 )%eréﬂo%S%(gyggI 4,5% V¥8 2003/04%0% ting time of
24 hours, which corresponds to a conbined total mass of
41 g of salt supplied at the inlet of the fluidized
bhed.

The products are collected at the outlet of the
fluidized bed and condensed in order to be analyzed by
liguid chromatography after stabilization with
hydroquinene. 12% of the total flow is condensed in an

ice trap (cooled with ice) filled with 800 ml of water.

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

of residual salt.

The results are given in the table below:

Combined operating 15 i8 21 24
time (h)
amount of salt 25 30 36 41

accumalated seen by

the catalyst (g)

Aorolein yield (%) 20 29 24 24

Glycerol conversion 100 100 1G0 100
(%)

Residual salt (%) 0.12 0.08 0.10 G.10




- 27 Water 100 Non-glycerin organic matter 0.50 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 is 1 bar and the

W@%gty & i%%;sajlntained at 3500C. The experimenty@s/ﬁﬁigg O ¥thg 5

this aqueous glycerol solution over a combined operating time of 24
hours, which corresponds to a combmgd-total mass of 41 g of salt

supplied at the inlet of the fluidized bed. 15 The products are collected at
the outlet of the fluidized bed and condensed in order to be analyzed by
ligtid chromategranhy after stabilizationawith2hydieguinonenk2Y%cetthey st
otal flow is condensed in an .ice trap {co with-ice) filled, with 8 -
v%vgﬁer.sfﬁq'hg%léﬁte% %?sc?cﬂl%m%n EE#e p?(r% lctis jfne%rgﬁrgﬁ)yg a(%gm%g
FSSORpLicIANd the festhsa BkprekBedBs ACHErtBhtagE S KodRim fitams
presentin the arudevglycercd andiis:theteforel expresitkas theocess  is
percentage idual. salt. results are.given in.the w:
e cherana 15 16 51 24 e (1) Amcur o sall 2530 36 a1
ctiftitatet Sbeh'y the tatdyst (P ASORIFYiER @6) 2728 24 Fa - =°
Glyeetat conversion 100 100 100 100 Residual salt (%) 0.12 0.09 0.10
0.10 WO 2009/044051 PCT/FR2008/051585 - 28 After operating for

more than 24 hours, the catalyst
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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

?gnggggg Baegggliand by converting the glycerol to @g@}%imw@ /051585
009/044051 PCT/FR2008/051585 - 29 CLAIMS 1. A process for the

reactive vaporization of aqueous solutions of glycerol in a fluidized bed 5
containing a reactive solid maintained at a temperature between 1800C
and 4000C. 2. The process as claffrédif>claim 1, characterized in that
the reactive solid is a catalyst suitable 10 for carrying out the dehydration

reaction of giyaerol 1g-groleln apdipt (e eyfiahydialian; seacionfhucous
glycerol to acrylic acid. § The process as claimed inclaim 1 or2, 1
charactefized i Tt the Feacfve S6IPis a homogéneodd B tftithase” e

materiat:baviagra Hammett acidity i denoted by #Ho, obless dhared2. 4tThea
process as claimed.in claim, L on 2; ZP-¢haraeterized in that the solid is

chosen from zeolites, composites based on sulfonic acid of fluoro
polymers, chlorinated aluminas, phosphotungstic and/or silicotungstic
acids afitleacid-saltss solips of the miedal bride hppatsuth asRsnaftagmzed

oxide Ta205piebium-oxide Nb205, ajumina A 203 diariurrexide Ti0%1e

zirconia_Zr02, tin oxide Sn02, silica.Si02, or silicoaluminate_Si02/, 03

: : 30102, oL gligoalum %Q%Fﬁ o f

|mpreg?1fé}t5d vﬁﬁwrgéfé?gnct%%gl grou%s sUch as borate BO§, sultate Q4Cf

tungstage: W3 phosphate? S0 P2 BilicafSing, of hfdlystaie Mo angon

solids gentatinghatleast one etement chosen from thiei list: Me, V, W,

Re, Cr, Mn, Fe, Co, Ni, Cu, Zn,

3. The process as claimed in claim 1 or 2,
characterized in that the reactive solid is a
homogeneous or multiphase material  Thaving a

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

4. The process as claimed in claim 1 or 2,
characterized in that the solid 1is chosen from
zeplites, composites based on sulfonic acid of
fluoro polymers, chlorinated aluminas,
phosphotungstic and/or silicotungstic acids and
acid =alts, sclids of the metal oxide type such as
tantalum oxide Tay0s;, niobium oxide Nby0s, alumina
Al,04, titanium oxide TiOp, =zirconia Zr0,, tin oxide
Sn0,, silica 8iC;, or silicoaluminate Si03/Al1,0;3,
impregnated with acid functienal groups such as
borate B0y, sulfate 804, tungstate W03, phosphate
PO:, silicate 8$10;, or molybdate MoOs;, and solids
containing at least one element chosen from the
ligt: Mo, V, W, Re, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Sn, Te, Sb, Bi, Pt, Pd, Ru and Rh, present in
metallic form or in the oxide, mixed oxide,

sulfate or phosphate form.

5. The process ag claimed in one of the precedihg
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Sn, Te, Sh, Bi, Pt, Pd, Ru and Rh, present in metallic form or in the oxide,
mixed oxide, 35 sulfate or phosphate form. 5. The process as claimed in
one of the preceding WO 2009/044051 PCT/FR2008/051585 - 30 claims,

Wbar%%iﬁ% &glat use is made, as a reactive solidpgfaEbdys/ 051585

constituted of particles formed from a core of active material coated with

a binder-enriched surface layer. 5-6. 3the-use of a fluidized bed containing
a reactive solid for simultaneously vaporizing and purifying an aqueous
solutiorr bglyeerok apdaasinigedt the deRfdraticitreactiondfglycérdl 2

to acro@aé@g@/orgb@ oxydehydration reactioy ot glycerot ta. tactyit of
acid. 7, The use a3 C'%&@%%g claim.6, ghatacterized in, thatshe reaclive ,;
solid is% catalyst constituted 15 o? particles formed from a core of active

materiaffo@d'é%éj ‘Witha Birfderftichad Lufrace Bkt 28 A pPaEss for

preparing acrolein and/or acrylic acid from glycerol in the gas phase in a

fluidized, 20 hed reaetor, charagterized indhat apamiequs solutionat « 1 ve
glycerol is_sent directly into the quidiz](id bed containing a regctive so%id .

maintaifBd &t a temhpératite HETRER 180T EXand ibﬁgc,aiﬁ coRtactwith ™
which the dehydration 26 eadtion offylyrkysles atroleiR@ndmrtiéng out
oxydehydration reaction of:glysernt ta asrylic- agjdys:cawied out. 9cTheein

process as claimed I claim 8, comprising, 1030 ddiion AN ABSOPHAN

step. 167 THE &crotéin andior agry ic acid obtained as claimed in the

proces$6fglhiri edfprising a content of propanaidehyde, propionic
acid and

7. The use as claimed in claim 6, characterized in
that the reactive sgolid is a catalyst constituted
of particles formed from a core of active material

coated with a binder-enriched surface layver.

8. A process for preparing acrolein and/or acrylic
acid from glycercl in the gas phase in a fluidized
bed reactor, characterized in that an agqueous
soclution of glycerol is sent directly into the
fiuidized bed containing a reactive solid
maintained at a temperature Dbetween 1803°C and
400°C, in contact with which the dehydration
reaction of glycerol to acrolein and/or the
oxydehydration reaction of glycerel to acrylic

acid 1s carried out.

9. The process as claimed in claim 8§, comprising, in

addition, an absorption step.

10. The acrolein and/or acrvlic acid obtained as
claimed in the process of claim 9, comprising a
content of propanaldehyde, propionic acid and
hydroxyacetons by-products such that the
hydroxyacetone/acrolein molar ratio is less than
0.2, preferably laess han 0.05, and the



35 hydroxyacetone by-products such that the hydroxyacetone/acrolein
molar ratio is less than 0.2, preferably less than 0.05, and the WO
2009/044051 PCT/FR2008/051585 - 31 (propanaldehyde + propionic

iy @es9lei b sacrylic acid) molar ratio is less than @4, rreberaplysiess s
than 0.005.
- 31 -
(propanaldehyde + propionic acid)/{acrolein +
acrylic acid) molar ratio is less than 0.01,

preferably less than 0.005.



