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WO 2006/087083 PCT/EP2006/000735 PROCESS FOR
DEHYDRATING GLYCEROL TO ACROLEIN The present invention
relates to a process for manufacturing acrolein by dehydration of glycerol
Whthes sRrgsence of molecular oxygen. Acrolein is the sig@%gﬁgtﬁ%m
unsaturated aldehydes. It is also known as 2-propenal, acrylaldehyde or
acrylic aldehyde. As a result of its structure, acrolein has high reactive
power by virtue of the presence 10 of its two reactive functions, which are
capable of reacting individually or together. it is for this reason that
acrolein findsocany appticationskespecialywEacsynthelicAntermediate. it
is in particular a key intermediate for the synthesis of methionine, a
synthetic 15 protein used as an animal feed supplement, which has
establisHE itsBF SR SubSHtRB ToPfishAfeA LAGrolé ifa iorRRRsted °*
symiheticdntermhegliate 0f betylickacididhstiedndustrialtprotiuction of acrylibe
acid by catalytic axidatign of &9§gg§:pe in the gas phase. The importance

of 20 the chemistry of acrylic acid and its derivatives is known. Acrolein

also leadS T idFHActionfwithihigthy FiSE Eifier fGfowelSy hydFsI§Eisr 369
glatataldeinae, whichshasl snarinhuses isledther dgening, aaca.fbib@igd@lhyde
agent in oll, el drlling,angd. during the progessing of cutting oilg, 2a and-e ,
as a chemical disinfectant and sterilizing agent for hospital equipment.

AGIEhTS Ustfy tsdl 48 adyithieRE itermedidE " BF dBfivafed it ahes
sythesized amthe siéeafi peodiictont tonsinimizeithie tramspodatiehisf of

acrglein from 304he;maniacturer g jeclignt. fhe gsseqiial{gason-isson
i

linked to the toxicity of acrolein, which leads industrials to avoid the

stBFﬁ&e%ﬁéﬁ%Bor&fb‘?ﬁofmany applications, especilally as a
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synthetic intermediate. It i1s in particular a key
intermediate for the synthesis of methionine, a synthetic
protein used as an animal feed supplement, which has
established itself as a substitute for fishmeal. Acrolein
is a non-isolated synthetic intermediate of acrylic acid
in the industrial production of acrylic acid by catalytic
oxidation of propylene in the gas phase. The importance of
the chemistry of acrylic acid and itg derivatives is
known. Acrolein also leads, via reaction with methyl vinyl
ether followed by hydreolysis, to glutaraldehyde, which has
many uses. in leather tanning, as a biocidal agent in oil
well drilling and during the processing of cutting oils,
and as a chemical disinfectant and sterilizing agent for
hospital equipment.

Acroliein 1is usually used as a synthetic intermediate
of derivatives that are synthesized on the site of
production to minimize the transportation of acrolein from
the manufacturer to the client. The essential reason is
linked to the toxicity of acrolein, which leads
industrials to avoid the storage and transportation of

this chemical product.
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this chemical product. WO 2006/087083 PCT/EP2(_)O6_/OOO735 2 The
most commonly used process for producing acrolein is based on the

as-phase catalytic oxidation reaction of propylene with atmospheric )
‘g fééﬂ?sfﬁgé’ acrolein thus obtained may then be incorporat@&ﬁ#@@ﬂ&?"mfﬁh

an acrylic 5 acid manufacturing process. When acrolein_ is used as
starting material for the synthesis of methionine or for fine cher_nlstry
reactions, a purification section allows the removal of the reaction

by-proditats, mairly eathemn 19xides achyis-aed, %@ﬁti"pﬁl@%@é‘gﬁge acrolein
depe

cet . 10 The productjon of acrolein is thus hj nt on
e S%%%ee"é%a&ﬂg’a miateral obtaired By Stekim Rn{w caedgtidon of

CRICKRYG B petraietim fractionphEhissstaringyeateriathef fosskerigion  thus
futhermare saptribuies @avamz%&%89%@.9&'1sgé%%@,&g;sﬁin%fée%h“&érym

thus appears necessary to have available an acrolein 'Synthesis process

tHSHIS noPHRPERGERE SR DropyieRess: rekbsree amrthte ises tmotered  as

starting materiak: shieh, iSfB!iefQiﬁ@yg?ki:l%W@Qfl?s T!tah;§ Hﬁ@%&%ﬁ}%’ﬁ%gﬁ for
icularly advantageous, far the synthesis of methionine, whict _
gg’%%]n gg Said %orge -%%?e‘%}f%:éar}?dm BiorRHE T SpREHfRAIYS &ftfrirrpits diskows

irFBRimapfeet Inettfioniriesis rapidlyi metabplipedandibe cakondjoxige bon

int pre ributes.towards increasing.th
Sérfffr!]i %gdseg%lf eji:%gl? %%Frlglgéina%oo ltgintaegc;ilf(?or%na(ij;i rgnceev%glggs}gr%ﬁg 25
material T6r BERABRISINAINGE fraft pikeivil the €O ehigsidys nependent

lomgerterier poghe eiecess:balane 15m&@eg‘he(¥lco@ﬁgg§%t§éor]& £ steam
arh ifgpe ihe;cbiomasssfor its growth; there is therefor% no

icr%r%%%grll%x;ﬂg)rugsr%iaﬁb;r%ou‘éel&fe&? h W prodesPiiticSdtishesthact ions.
This starting material, of fossil origin, furthermore
contributes towards increasing the greenhouse effect. It
thus appears necessary to have available an acrolein
synthesis process that is not dependent on propylene as
resource and that uses another starting material, which is
preferably renewable. This process would be particularly
advantageous. for the synthesis of methionine, which might
then be said to be "obtained from biomass”, Specifically,
during its use in animal feed, methionine is rapidly
metabolized and the carbon dioxide expelled into the
atmosphere contributes towards increasing the greenhouse
effect. If acrolein is obtained from a renewable starting
material, for example obtained from plant oil, the (O,
emissions no longer enter into thé process balance, since
they compensate for the carbon dioxide used by the biomass
for its growth; there is therefore no increase in the
greenhouse effect., Such a process thus satisfies the
criteria associated with the new concept of T"green
chemistry" within a more global context of durable

development.

It has been known for a long time that glycercl can
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30 criteria associated with the new concept of "green chemistry" within a
more global context of durable development. It has been known for a long
time that glycerol can WO 2006/087083 PCT/EP2006/000735 3 lead to

s REeRgsion of acrolein. Glycerol (also known as glycegpe).is derivess

from the methanolysis of plant oils at the same time as the methyl esters,
which are themselves used especially;as fuels or combustibles in 5 diesel
and domestic fuel oil. It is a natural product that has an "environmentally
friendly” image, is available in large amount and may be stored and
transported withoub diffictittyeoMany dfudieshave b&@ﬂéiﬁy_otedatﬂstheknown

financigh Ypgrading OEQ'VSi%?P‘}%&OVPr%Q\ tqcfi%%d%%ﬁ‘-?ﬁa 1,30 PUL ”%Pngiﬁ‘it

dehydration of glycerol to acrolein is one of the routes envisaged
reS&then |ﬁ*\’70l(?é3&fo?%Eﬁalr*ﬁh’@eacﬁ‘ﬁelﬁ%ni“gw&érol%temr which are

CHaat-CHeOH-GHROH2 £d2aCHCHE +2HPY 1bASEgenermlsules in
the hyglratiqn feagfion is faveyred ,qt low femperatyres, and the ;. oy that

dehydration reaction is favoured at high’ temperatures. Too tan acrol ein,

it 82thudhecBR¥ARPIGRE ALy fieheehberatiifdandiér paailable in
vatauge tosshufi:the reattianyTheoeactiormayhe 20rpedeaneddn thechout

iyickpbase. in the gas pligse, Ihis fypg of seagtion jskown tobe 4

catalysed by acids. According to patent FR 695 931, acrolein Is obtalne
by%&@giﬁgag}iyaamsbﬁw tajéc&ﬁe"%t|9crﬁgﬁ%?ﬁp&%tu@%m% of
of mcids gontaidinghat leasythreeidh acid jupetions, fepinstavdein is one

pnplsp&%lcr%ggessalg“;r l’geagg_lids indicated are greater than 75% after

fractional
The reaction involved for obtaining acrolein from

glycerol ig:
CH,0H-CHOH-CH,0H ? CHy=CH-CHO + 2H;0

As a general rule, the hydration reaction is favoured
at low temperatures, and the dehydration reaction is
favoured at high temperatures. To obtain acrolein, it is
thus necessary to use a sufficient temperature, and/or
partial vacuum to shift the reaction. The reaction may be
performed in the liquid phase or in the gas phase. This
type of reaction is known to be catalysed by acids.

According to patent FR 695 931, acrolein is obtained
by passing glycercl vapours at a sufficiently high
temperature over salts of acids containing at least three
acid functions, for instance phosphoric acid salts. The
yields indicated are greater than 75% after fractional
distillation.

In patent US 2 558 520, the dehydration reaction is
performed in the gas/liquid phase in the presence of
diatomaceous earths impregnated with phosphoric acid
salts, suspended in an aromatic solvent. A degree of
conversion of the glycerol into acrolein of 72.3% is

obtained under these conditions.
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distillation. In patent US 2 558 520, the dehydration reaction is performed
in the gas/liquid phase in the presence of 30 diatomaceous earths

impregnated with phosphoric acid salts, suspended in an a}romatic
%E?@Fgﬂsﬁ?@egree of conversion of the glycerol into acroleinf&FAE Y0735

obtained under these conditions. WO 2Q06/087083 PCT/EPZQOG/OOO?SS
4 The process described in patent application WO 99/05085 is based on
a complex homogeneous catalysis, under a CO/H2 atmosphere at a

ressurerpb20/40hasand inetheiesence pf a sglvept suchas an. . 4 WO
gqg% E%Iutioﬁn of 5 sulfola@ne. Chinese paten?applicatiocr%.b N1 ?93}%%9
re

ates10w protess ?ﬁreﬁrep%ﬁingaB-WBQf@?op%ﬂ‘aW@Wﬁor_rﬁatalysis )
giyedrt. Eheadijemtprashicedasareagtionénerpediate 39 obtaingd.b¥na in
Qver a 10 catalyst of potassium sulfate or

passin rized pure glycerol ]
m%%%e%ﬁ%e%é%e%%eg Oe{?reea{lc%ior% YVield$'EreHbt ‘R}é%?lﬁ’%te?ﬁ]tj’stﬁon of
387 oo detribes a process for producing acrolein by dehydration of

glycerolcmitiediguishplase dorinduegasqhase ayer @&BﬂiC%%Cﬂ%*tes to a
catacl)ysts defined by their Hammett acidity. The catalysts must have a

HARTHet® acidityof lesBTRRAGP nd prstoipiesRiiRAn8 1 Hrbgde  from

catajysts correspund atoreXaiaplg to dedeidl issypthedic: shcepfermediate
nl%terigi;t&fgrnigéta@) moardenite, 20 montmorillonite, acidic zeolites;

supports, such as oXideS 6F ailiceolia MAtEFass, fBP&anﬁJ]_té’ %ﬁﬁﬁﬂwa over a
(R2203) Starfifim xide 6T0R), soatedtwittomonagdbsdnimiaciditfate type.

ino{ganieA8ds PXjdes gs myxed 9&(@?1%9@ as gamma- alumina, the
mixed oxide ZnO-Al2031 or alternatively

Patent US 5 387 720 describes a process for producing
acrolein by dehydration of glycerol, in the liquid phase
or in the gas phase over acidic solid catalysts defined by
their Hammett acidity. The catalysts must have a Hammett
acidity of less than +2 and preferably less than -3. These
catalysts correspond, for example, to natural or synthetic
siliceous materials, for instance mordenite,
montmorillonite, acidic zeolites; supports, such as oxides
or siliceous materials, for example alumina (Al1;0;),
titanium oxide (Ti0,;), coated with mono-, di- or triacidic
inorganic acids; oxides or mixed oxides such as -gammam
alumina, the mixed oxide 4n0-Al,03, or alternativeiy
heteropolyacids. According to the said patent, an agueous
solution comprising from 10% to 40% of glycerol is used,
'and the process is performed at temperatures of between
180°C and 340°C in the liguid phase, and between 250°C and
340°C in the gas phase. According to the authors of the
said patent, the gas-phase reaction is preferable since it
enables a degree of conversion of the glycerol of close to
100% to be obtained, which leads to an agueous acrolein

solution containing side products. A proportion of about
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25 heteropolyacids. According to the said patent, an agueous solution
comprising from 10% to 40% of glycerol is used, and the process is
PerRengiesdods temperatures of between 180C and 340C in tR€ TidjiRg06/000733
phase, and between 250C and 340C in the gas phase. According to the
authors of the 30 said patent, the gas-plfase reaction is preferable since it
enables a degree of conversion of the glycerol of close to 100% to be
obtained, which leads to an aqueous acrolein solution containing side
prodlittsCA prdiSortiohy 6F 4Bdut YO QVVEFTFATE3 T/ PRYBOBTIIT REs 1P ne
10%n atthe glycereldsconyerteth iteanhydioXyprapasone: Whickisspresedtein
as the major by-product in the acrolein. solution. The acrolein is recovered

and Ui Tiod by factondl Gondensation or GiSHIAToR: For a6 s Y
redctift &BohverSrrirnfed 10115-950% ¢ dssikdd.t toavoid excessivéiquid-~
lossrofseledivity : Batent USn3 426:249 desgrikes the sameHasRhage: i rea,

pracess for the dehydration of glycerol to acrolein, but followed by a
a é%atent us

hydfatiof 6F e a&BfiA ahtFa hydidenstion BIE8G TG V1G4 2-
1,$pﬁ@‘;hr%¢ﬁol.d’¢@déb¢drattdmre§@m o@g@qﬁualst@ apm:d:eigeis tHies: the
gepgerally.ancompagied §i/y%9§c5§a‘198”5a'8§9!@i§9 theformation Qs py a
by-products such as hydroxypropanone, propanaldehyde, acetaldehyde,

aceite? btitticts of ARFOIGR™S Rith gffterdl, JiycererpaRtbfbefsatibfad to
praducts aeyelic , glyseeq atbats; eic., but also phenol and polyaromatic

compoun{gﬁéw ich are the cause of the formation of coke on the catalyst. .
This results, firsﬁgﬁz’?ﬁ{%argeld)unctigﬁ?nc Fhléj nyiecf o] gﬁ’g réjzelggtivﬁﬁmﬁgm 18
tokdnes agfiieina hhy 20seanpaini piddartivaition oftectamlyst. Teeding to

presencerel-hyROHUCEs in (he SEERIGI,: SUCH RS hYdOXYRIEPERYRe Yanone,
propanaldehyde, acetaldehyde, acetone, adducts of acrolein
with glycerol, glycerol polycondensation products, cyclic
glycerol ethers, etc., but also phenol and polyaromatic
compounds, which are the cause of the formation of coke on
the catalyst. This results, firstly, in a reduction in the
yield of and the selectivity towards acrolein, and
secondly in deactivation of the catalyst. The presence of
by-products in the acrolein, such as hydroxypropanone or
propanaldehyde, some of which are moreover difficult to
isclate, necessitates separation and purification steps,
which lead to high recovery costs for the purified
acrolein. Moreover, it i1s necessary to regenerate the
catalyst very regularly in order to regain satisfactory
catalytic activity.

The Applicant Company has sought to solve these
problems and has found many advantages in using molecular
oxygen during the reaction for the dehydration of glycerol
to acrolein. It has been observed, surprisingly, that
supplying oxygen reduces the formation of aromatic

compounds such as phenol, and of by-products originating
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propanaldehyde, some of which are moreover difficult to isolate,
necessitates separation and purification steps, which lead to high
recovery costs for the purified 25 acrolein. Moreover, it is necessary to
regenerate the catalyst very regularly in order to regain satisfactory
catalytic activity. The Applicant Compagy has sought to solve these
problems and has-found many advantages in using molecular 30 oxygen
during the reaction for the dehydration of glycerol to acrolein. It has been

ahesived, syavisiegiy: et PphEyaygesdedieasibedornmiioniefstance
aromatic compounds such as phenol, and of by-products originfting 6
g%ce alsc from

FRARRRGHLYYERon of 8% drate§ BROTRE, for in
frppanaigietwrersrkacdhee foute o fsomo fiydrokgpropanbee cEtalyst is

SRR 55 B ey NS e ialigaelon o

chalysiat@ditain yosroaassiareIBEndBIRNGESEACH MArkEER RRlalyst.
araewRt which facilitaies dheasubsewiand pUdficglon:seRen©Na fUBIEGtkedly
of the disclosure is thus a prqcess for _10 manufacturing agrolein b
dEMBFation YRgRRRrol in Wit Pesend@EHmbRRLHT oxyddif In oﬁyélb sequent
aspett therelisnprovetesl. a process for manufacturing acrolein by

dehydration of glycerol in the presence of molecular oxygen, in an
amount@hesensbes: 150 becoutdias s Ranmability Fhge &ERFFGInt °F

i, the. plant, The molecular pxygan may. peRresent inthegormafoair of inthe
the form of a mixture of gases containing
presence of molecular oxygen.

In one aspect, there is provided a process for
manufactuﬁing acrolein by dehydration of glycercl in the
presence of molecular oxygen, in an amount chosen so as
to be outside the flammability range at any point in the
plant.

The molecular oxygen may be present in the form of
air or in the form of a mixture of gases containing
molecular oxygen. The amount of oxygen is chosen so as to
be outside the flammability range at any point in the
plant. From Figure 4 of US patent application 2004/15012Z,
the maximum oxygen content, in an acrolein/Op/N; mixture
is about 7% by volume in order to be entirely outside the
fiammability range. The oxygen content in the process
according to disclosure will generally be chosen 30 as
not to exceed 7% relative to the mixturé of gasses
entering the reaction (mixture of
glycerol/H,/oxygen/inert gases). Preferably, the oxygen
content is less than 7% relative to the dry gas mixture

leaving the reactor (mixture of acrolein/oxygen/inert

gases) .



20 molecular oxygen. The amount of oxygen is chosen so as to O be

outside the flammability range at any point in the plant. From Figure 4 of

US patent application 2004/15012, the maximum oxygen content, in an

acrolein/02/N2 mixture is about 7% by volume in order to be entirely

outside the 25 flammability range. The oxygen content in the process

according to disclosure will generally be chosen so as not to exceed 7%

relative to the mixture of gasses entering the reaction (mixture of

glycerol/H2/oxygen/inert gases). Preferably, the oxygen 30 content is less

than 7% relative to the dry gas mixture leaving the reactor (mixture of

acrolein/oxygen/inert gases). 6a The dehydration reaction is performed

on acidic solid catalysts. The catalysts that are suitable are homogeneous

or multtpRase fdeasisowhkensieiinsoliblene tomeadtion nwedidhc asd 1id

whichesa Harmegacigibed oteh ool lass than 2. ASndisaied i ous

%\ﬁten}mglﬁﬁ_?) 7 720, which refers to the article by K. Tanabe ‘et al. ir

Brudies in Sersce SclAtE - EatalyiidcRol aFE 1988 cddd.el a2, the

thealdarrnetiecidityis deternwhediby amiee WOH2006/087083 dity, noted
TIERP2 0 7 Ytrati |ng indicators_or by, adsorption of a

Egé_e 'iéng tr?eg @/§S %%%%e.%ﬁe c%%{a%%tﬁsgsca%gﬁén glfhepa%?&?yt c%l?e ridn}id 720,

[BRETRan BOERES b Bhoddis frod BaEkal obvyniheticTeiliodsus matedadls  in

osacidicezealitess iinged SseuRRWIES, sHeh 88 0Xides; ceatagwith g10N0rg g4

iﬁ,atri- o pgl dacll)‘dic iri%)éganic achg; oxides or mixed oxides, or )
altelfﬁétively eterdpcﬁyacigg.me acidity is determined by amine



The catalysts are advantageously chosen from zeolites, Nafion(r)
composites (based on sulfonic acid of 10 fluorinated polymers),

ehoripatethgluminas, phosphotungstic and/or silicotungstic ae¢igls@iaeka6ie:s
salts, and various solids of metal oxide type such as tantalum oxide

Ta205, niobium oxide Nb205, alumina A1203, titanium oxide TiO2,

zirconia Zr02, tin oxide Sn02, silica 15 SiO2 or silico-aluminate

SiO2-Al203, impregnated with acidic functions such as borate BO3, g
sulfate8GAtung S iR WES L phoSpRateTPOY sifiEgR Si2Br fblybdkgse in
Mofi3 Acgasdingniathe literature:data, jbese catalysispliaverde acidity
Hammet, geiditHo ofless.thay +2, 29 Te prefened catalyets are sulfatp.
zirconias, phosphaté zirconias, tungsten zirconias, Siliceous zirconias,

sulfate thtghibm oritd exiries, aad Phbsphater alrdifas orsititaseTheseineral

5 catghyste all have.a-Harunelt agidity Ho oflessy28khan#3..theacidity Ho oy
ma C)tyen v.acgg within a wide rar;%%,. u%)'to values that may reach -20 in the
scal® ot tefstaRce With IR HanhetTndiCHtO e ThE TabBigiGen S¥page: o

71 o tirenputilicatipniort acidelvdsecatidysis (C. Marcilly) Vol. 1, published
by Technif, ISBN. No, 2,2108-0841:2) 30 Jlustiates sxamples of solid .o

catalysts in this acidity Tange. The content of molecular oxygen '
introtRtEESAto tHE ek tiof A REM-fay HepeRE oRtheSkbRNéFthacid of

10 catalysirised.dts acidity ghtyite:eapacity to fasAn eake:aWE:2006/08/083 nas ,

PCTKEP 006/000735_ 8 The,reaction cor%in to the inventign ma ge .
£
peﬁo?nc’;l n th S@%écphagg%/r%fﬁ theslfqullaop %% ?tﬁ“r%fer%ljyglﬁ theeya g acid

phéde “Wheitise rEastions pFaricdseddn theafas phasbgeariovsgrovess as
techyQiodies oxide Taz0s5, niobium oxide Nb;05, alumina Al.0j,

titanium oxide Ti0;, zirconia ZrQ,, tin oxide Sn0,, silica

15 8i0; or silico-aluminate Si0,-Al,0;, impregnated with acidic
functions such as borate BO;, sulfate 80,4, tungstate WOs,
phosphate PO;, silicate $i0; or wmolybdate MoO3;. According
to the literature data, these catalysts all have a Hammett
acidity Hy of less than +2.

20 The preferred catalysts are sulfate zirconias,
phosphate zirconias, tungsten zirconias, siliceous
zirconias, sulfate titanium or tin oxides, and phosphate
aluminas or silicas.

These catalysis all have a Hammett acidity Hy of less

25 than +2; the acidity He may then vary within a wide range,
up to values that may reach -20 in the scale of reference
with the Hammett indicators. The table given on page 71 of
the publication on acid-base catalysis (C. Marcilly) Vol.
i, published by Technip {ISBN  No. 2-7108-0841-2)

30 illustrates examples of solid catalysts in this acidity
range. The content of molecular oxygen introduced into the
reaction medium may depend on the nature of the catalyst

ugsed, its acidity and its capacity to form coke.
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5 may be used, i.e. a fixed-bed process, a fluidized-bed process or a
circulating fluidized-bed process. In the last two processes, in a fixed bed
or a fluidized bed, the regeneration of the catalyst may be separate from

YRS PELETIBR. 1t may take place ex situ, for example by 10 exXfatEBHFHISS

catalyst and combustion in air or with a (gaseous mixture containing
molecular oxygen. In this case, the temperature and pressure at which
the regeneration is performed do not need to be the same as those at

WhiCh'thfhéeacﬂgﬂdﬁﬂ@ﬁfor@ggpéggﬂ 'ng:g) th@fgocg%@ti%qé may be
mven%%r}h{ggmy,take lace continuously in situ, at the same time as the

réaction. given the pré&&ncd8fa AP amEint difmoleRalar bh§géa orRgiase,
apfesioordihing moleduiar oxygen ipthe seactomimthizease, thection is

reﬁggf@éﬁ%is iigencefgeto inhigition of deactivation 20 and taggéﬁrlgo e gies

at the reaction temperatuéggndppraéss%lﬁre?alﬁltﬁélsciré)ujigffﬁgsﬁui I

pitesP el Eathlysticifeulates i wed-conthinerscemactor andlaidized-bed
regenesalor. #ds known thatithe dehydration feacianis endothermic, apnd .y,

energy rjgust therefore be supplied to the 25 first container, whereas the

rélgeneraﬁ]é)n BORSETRG B tHE cBMbUEHBNRA LoRE iceddthéfhiteankigtbat the
musgetherefbiebe takentawaydeom the seapad copfainipliv-thes casenf the
the.girgulating flvidized bed, the two systems may compensate each

other: accg‘rdingklg th?ré% roc%%slaéeof tﬁg Coeinvee}r{ltioﬁfﬁ%’regr%e%%raﬁgﬁ%?ﬁ‘?e by
catARGIntRR afovE I ox§eR1tcambustiorbleatis o heating of the with a

Catatysiuancheqrsequenth sunpligs the eperayreauireddar the, 1y o case,
dggédrgtlon reaction when the heated catalyst returns into WO '
2006/0

FOBS PCT/ED 2008/ O3B 5% & FeatidCThehesiderea arntiion is
epelr Contaiderxidependsmeed to be the same as those at which the

reaction is performed. BAccording to the process of the
invention, it may take place continwvously in situ, at the
same time'as the reaction, given the presence of a small
amount of molecular oxygen or of a gas containing
molecular bxygen in the reactor. 1In this case, the
regeneration is likened to an inhibition of deactivation
and takes place at the reaction temperature and préssure.
In the circulating fluidized-bed Drocess, the
catalyst circulates in two containers,. a reactor and a
regenerator. It is known that the dehydration reaction is
endothermic, and energy must therefore be supplied to the
first container, whereas the regeneration consisting of
the combustion of coke is exothermic, and heat nust
therefore be taken away from the second container. In the
case of the circulating fluidized bed, the two systems may
compensate each other: according to the process of the
invention, the regeneration of the catalyst under a flow
of oxygen by combustion leads to heating of the catalyst
and consequently supplies the enerqgy regquired for the

dehydration reaction when the heated catalyst returns into
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on the rate of deactivation of the catalyst and on the level of coke formed

on the catalyst. Specifically, a minimum level of coke is desirable in order

to be able to 5 bring the solid to the correct temperature, and a maximum
WEAEPEURE is necessary in order to prevent the solid from RISHFRaMe/49¢735

sintering during combustion. The selectjon of the optimum process is

made as a function of various criteria. The fixed-bed process has 10 the

advantage of simplicity. The fluidized-bed processes make it possible to

continuously discharge the spent catalyst and to permanently recharge
ere% c%?ﬁ;%toﬁvith%%stggsfgg%gepr% Lﬂnﬁioﬁ?w%lct’hg; pOSSibitity of %epends
beihgidetheratie. Theé cireakatibydfuidizedefediprocesstE3 has thend on  the

afyantage,ef optimizing thesgacon selectivity. by.permanently atumning
freshly regenerated catalyst into the reactor, while at the same time

BhipeHEAtinG frthefe forEy ek@nsfge bakiGenithededtior Emdipeable to
regdmeyattieAceOrdingde ofieepariearembegipeatofibe 2adNventiand num

the pracess is performed in a reactor of the plate heat exchanger %{fe. .
?s‘? F}éiac?o%r c%%%%tslosf. plates 16rming %eﬁ/vpe%nxthié?nsgﬁ/%‘éecwcul gnsotid

chunnedahadanacontamia caralyst. ﬁhisite@hnordgyEimmany
advantages in; deuns 9&968&@X%ggg%am@t%&%@&ghﬂe%adfe as a
(0}

exchange 25 capacity. Thus, this type of reactor is particularly suitable for

réMRY g Real Easipin BHe caseldieBibtherihie rebttieAs bedfors@smying has

heré in dbe starkgep RITses ableactions oribthe case Df eNdtREPiGcesses
r%%%té)onsi @/Iore Sar}.‘i this reactor makes it 30 possible either to

larly
heat or to cooMt es’ca%aﬂﬁ"/st.tl%e REATERERERGY is Saticliiflefitint Spent
withtdnbyeitculation of ta heateexchamyeifiuid inethieasyptem fTkeplatestalyst

ax RBuassemiled i medules, Which.giugs 9retsy IeXbioscinitity of
being isothermic. %The circulating fluidized-bed process
has the advantage of optimizing the reaction selectivity
by permanently returning freshly regenerated catalyst into
the reactor, while at the same time compensating for the
energy exchange between the reactor and the regenerator.
According to one particular embodiment of the
invention, the process 1is performed in a reactor of the
plate heat exchanger type. This reactor consists of plates
forming between themselves c¢irculation channels that can
contain a catalyst. This technology has many advantages in
terms of heat exchange, associated wiﬁh high heat exchange
capacity. Thus, this type of reactor is particularly
suitable for removing heat easily in +the case of
exothermic reactions, or for supplying heat in the start-
up phases of reactions or in the case of endothermic
reactions. More particularly, this reactor makes it
possible either to heat or to cool the catalyst. The heat
exchange is particularly efficient with the circulation of
a heat-exchange fluid in the system. The plates may be

assembled in modules, which gives greater flexibility,
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WO 20061087083 PCT/EP20061000735 10 whether as regards the size
of the reactor, its maintenance or the replacement of the catalyst.
Systems that may be suitable for the process of the invention are, for

VEQAMPIS 78R reactors described in documents EP 995 5 49 PGF EROPGHHT3S

807, the content of which is incorporatgg, by reference. These reactors
are particularly suitable for the catalytic conversion of reaction media,
specifically gaseous reaction media, such as those used in the present

i%@@ﬁﬁ@ﬂh%@at%‘?%%lﬂ@ha%fé used far the, 20 prgparationuof. . 14
(meth)acrolein or (meth)acrylic acid via catalytic oxidation of C3 or C4

pPECUE6RE Weserited #%o&&ﬂéﬁ?@%e%o%%zm, fiftyPdEd e Systems
stitahlerdfarthes manufastuse obacraleinpiadebydrationiof ghceseoh Whichire
is;the subject of the present invention. 15 The dehydration of glycerol may

aifs(!c;?begﬁ{éarlpgr%éd in&%eﬁaaﬁtﬁgse%%cﬁéﬁggrd Jfgac%rc%gr'gngs 2B 995
li§ditl-phasieP relactién ohld solitheatalystdnit afsb intaldactor of neatafyicated

disyillation pie. Siven the large difference between the bolling paints of. o,
glycerol (280C) and 20 acrolein (53C), a liquid-phase proceSs ata
rélafivefi? fFowtE e atiecirat Ghovi cortintibhenisimdioh of mecifically

agealeisuprodueed kay alsabe envisagess Thaseactionds permanenlyesent
sgwedhgq%snlimit'gg%}e c s%:utiv}_e1 reactions gn the acrolein in an th

eguilibriam-shifte continucus reaefor. THE 8RB fihentdF&hditidRE of the
ther grs-piiasereaction meéipreferallly imtemperature lof betwédrn 250Gd  via
apd:3p0f: ;and A PEessUEg of.etween, 1 apd Shar.Inthe liquid; Dhasey .o 1p

the reaction is preferably e‘Ejerformed at a 30 temperature of between 150C

afBBEBeRI End’s preleardi#851, may also be suitable for the

manufacture of acrclein via dehydration of glycerol, which
is the subject of the present invention.

The dehydration of glycerol may also be performed in
the liquid phase in a standard reactor for liguid-phase
reaction on a solid catalyst, but also in a reactor of
catalytic distillation type. Given the large difference
between the boiling points of glycerol (280°C) and
acrolein (53°C), a liguid-phase process at a relatively
low temperature that allows continuous distiliation of the
acrolein produced may also be envisaged. The reaction is
permanently shifted, thus limiting the consecutive
reactions on -the acrolein in an equilibrium-shifted
continuous reactor.

The experimental conditions of the gas-phase reaction
are preferably a temperature of between 250°C and 350°C
and a pressure of between 1 and 5 bar. In the liquid
phase, the reaction is ©preferably performed at a
temperature of between 150°C and 350°C and a pressure that
may range from 3 to 70 bar. It has been observed that a
lower temperature leads to a reduction in the degree of

conversion of glycerol, but, at the same time, the



10

i5

20

25

30

may range from 3 to 70 bar. It has been observed that a lower
temperature leads to a reduction in the degree of conversion of glycerol,
but, at the same time, the WO 2006/087083 PCT/EP2006/000735 11

WA ASsTRsE®I ctivity is increased. To avoid consecutive reactPéiisFERHEN0735
formation of unwanted products, it is important to limit the residence time
in the reactor; moreover, by increasing the residence time, it is also 5
possible to have higher conversions. It is especially desirable to increase

t ontact time (resjdence time) of, the reagents in the regjon of the .
c%\%a ?sﬁltﬁﬁ%rdsé?% ccgcolr‘r';%|0LCJetP{saiLegforlél1 ic:lre%?esgl%s%]'in ﬁ?e dae‘écrgelg ofconsecutive
comesisienwhenda [biver eactioh temperfituraicnsed. 10:Gleetal is it is
avgliablednexpeasivelyinithe form of agueous sqlufigns; Advapiageausly.,.,
an aqueous glycerol solution with a concentration of between 10% and

5008 SR8° preferbly- BERGSEH- 150 Hidl 3096 bYaWigt isiB6ed ifthels also

reactoLblike cepcentiaton shenid-nokbatee Nigh$0 agds tosaveldpecially
S&’UQQ%% rﬁ%ctggns such as the formation of  glycerol ethers or reactions

betwaan the acroléil prodticed Bhd i G5 Cerot Riorkbtar 4By derBe ) ©f
sbhgiorr shaehit aotiye tbbailutegimaccofintidf¢hecenerhysdostinveiveckr to

in.the,evaparation of the;aguequs glygcergl solutiop, In 20 a@efnvg& N8 when

concentration of the glycerol solution may be adjusted by recycling the
VatdPERIUCRYBY IR FERBSRSIR tH R déBtd iRRice the glycerol

transpodatiee rd sterage £0stss the reastgrdnay beifed With ¢he form of
concentrated so_lllugion of 40% to 100% by weight, dilution 25 to the
n

BEmUM content being performed by R find sonfd? of HE$Pém 9lycerol

optimum ‘conte
produdeicbhy thetieaetionoaad of the: dibutiont waterwSimilarlys then@covery and

%P@@E?Egﬂ;egg%reen 15% and 30% by weight is used in the
reactor. The concentration should not be too high, so as
to avoid spurious reactions such as the formation of
glycerol ethers or reactions between the acrolein produced
and the glycerol. Moreover, the glycerol solution should
not be too dilute on account of the energy cost involved
in the evaporation of the agueous glycerocl solution. In
any case, the concentration of the glycerol solution may
be adjusted by recycling the water produced by the
reaction. In order to reduce the glycerol transportation
and storage costs, the reactor may Dbe fed with
concentrated solution of 40% to 100% by weight, dilution
to the optimum content being performed by recycling some
of the steam produced by the reaction and of the dilution
water. Similarly, the recovery of heat at +the reactor
outlet may also allow the glycerol solution feeding the
reactor to be vaporized.

Glycerol derived from the methanolysis of plant oils
in basic medium may contain certain impurities such as
sodium chloride or suifate, non-glycerel organic matter,

and methanol. The presence of sodium salts is in
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outlet may also allow the glycerol solution feeding the reactor to be
vaporized. 30 Glycerol derived from the methanolysis of plant oils in basic
medium may contain certain impurities such as sodium chloride or

VR pate 0%l glycerol organic matter, and methanol. The preBERERY6/000735

sodium salts is in WO 2006/087083 PGTIEP2006/000735 12 particular
detrimental to the catalytic dehydration reaction since these salts are
capable of poisoning the acidic sites. A pretreatment of the glycerol by ion

exehangs;may be govisaged: » Compared ydth the, caRvantional IRGASS .t 1 on
for preparing acrolein by selective oxidation of propylerie, the acrol€in
pfcﬁﬂfc‘%hoé’ccﬁﬁcﬁ“ﬁéato?%@ HroRRE G i MvEitRPhay Tontaf fRpdfitesthe
otdiffetent natues:or indiffpreriramaemicAceardingto the gavdsaged yge, ion
sg&t@ggi& of %Oaacggc ggifdissg/néléesis of methionine or fine chemistry
reactlons,gl? ma)}’be enwsagedgto purify the acrolein according to the
techniquéesiadaed tothoze skitled dmtta tar M drepartieslarly dhe preparing

byredusts may Be recqusredoand inaipgrated, faus praducing yapQuran o ;
energy. The 15 energetic upgrading of the by-products of the glycerol

dBRYAATBH re3thiBhdtrferiforetiakediPpessibieto Shantly FéReipR may
greertholise-gapenissions ofthel preeass€ompaigdwiththein  different

cQ %%rglt'o'n_al proces i%‘lor_wl,gié:h Ehe CO2 produced is derived from fossil
carbon &urlng the 3—2% incineration of the By prodatts. TR exafipiedshas ©f
fotlowy llistrate ise pregaihdmientiond witleolt] howeverphmitingéts stepe.stry
Exemple$dd, it may be envisaged to purify the acrolein
according to the techniques known to those skilled in the
art. More particularly, the by-products may be recovered
and incinerated, thus producing vapour or energy. The
energetic upgrading of the by-products of the glycerol
dehydration reaction furthermore makes it possible to
greatly reduce +the greenhouse-gas emissions o©f the
process, compared with the conventional process, for which
the CO; produced is derived from fossil carbon during the
incineration of the by-products.

The examples that follow illustrate the present

invention without, however, limiting its scope.

Examples

In the examples, a tubular reactor consisting of a tube 85
cm long and with an inside diameter of 6 mm is used to
perform the glycerol dehydration reaction in the gas phase
at atmospheric pressure. This reactor is placed in a
heated chamber maintained at the reaction temperature,
which is 300°C, unless otherwise indicated. The catalysts
used are ground and/or pelletized tg obtain particles of

0.5 to 1.0 mm. 10 ml of catalyst are loaded into the
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In the examples, a tubular reactor consisting of a tube 85 c¢cm long and

with an inside diameter of 6 mm is used to perform the glycerol

dehydration reaction in the gas phase at atmospheric pressure. This
Wge?gpéf“fg%ced in a 30 heated chamber maintained at the RSaE#BA06/000735
temperature, which is 300C, unless otherwise indicated. The catalysts

used are ground and/or pelletized to obtain particles of 0.5to 1.0 mm. 10
ml of catalyst are loaded into the WO 2006/087083 PCT/EP2006/000735

13488E10F t%@f@@rﬁﬁt%'y%QQQf?ﬁ“ ing- 1Bis fed s, mainfgined 4l 4 ;4
the reaction temperature for 5 to 10 minutes before introducing the

rERgE R PRE rédctSR f883FtH-Uh AGIRSURSHERoF e8ntiriify 2Bombputes

weighiref giycereldnat anearsfeed digynrate ofrhd MyBaaed Withaa QW witn
rate %f%.801/h ofS gﬁﬂll cular oxa/ggn.for. the examples according to the

invention. 1A this case. the 0Vaperzed Glyeerol/Baiftrefiiive Progorich=ot
i6/455/89 %1 Theedqudaus giyterchSolutiomls aparizédvit the hedteslilGate

champes, angthep p@é&%%_eys&th&&ﬁgtaly%JPG%CU$§§ﬁ8E%%ta%Cti@gding

is about 2.9 sec. The duration of a catalyst test is about urs, whic
chbfrespoifils to-AFERTEE I of Auedisi§lycef@sdlution passelkdveptieized

calatysir Aftes veagtionsdha products,aspsppdsnsed i a Yap, 3589 . 5.  rhe
refrigerated Wiih crushfd ice Samrples of the effluents are collected

periodically. Bor t5eh sampe dodRtion Sthe fRF Ts-Hishrupidd anfa Peated
gehtsifon ofmittogjbris passedthroegh thereacterltp2Q poige italhelated

tapmatibe reaglar qutiehiz thenyreplaced, the pitrogen floy is,stopped ) o
-and the reactor is returned under a flow of reagent. The testis contlnued1
uhfif aphfe GROTR dehchPaEsn ofthc bataRET ReRSERES to about 80 ml of

agueous glycerol solution passed over the ca£alyst. After
reaction, the products are condensed in a trap

refrigerated with crushed ice.

Samples of the effluents are collected periodically. For
each sample collection, the flow is interrupted and a
gentle flow of nitrégen is passed through the reactor to
purge it. The trap at the reactor outlet is then replaced,
the nitrogen flow is stopped -and the reactor is returned
under a flow of reagent. The test is continued until

appreciable deactivation of the catélyst is noted.

For each experiment, the total mass of products entering
and leaving is measured, which allows a mass balance to be
determined. Similarly, the products formed are analysed by
chromatography. Two types of analysis are performed:

- an analysis by chromatography on a filled column
(FFAP column 2 m*1/8") on a Carlo Erba chromatograph
equipped with a TCD detector. The guantitative analysis is
performed with an external standard (2-butanone):

- an analysis by chromatography on a capillary column
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25 For each experiment, the total mass of products entering and leaving
is measured, which allows a mass balance to be determined. Similarly,
the products formed are analysed by chromatography. Two types of

ARSI performed: - an analysis by chromatography onP& Filf@ae06/600735

column 30 (FFAP column 2 m*1/811) op a Carlo Erba chromatograph
equipped with a TCD detector. The quantitative analysis is performed
with an external standard (2-butanone); - an analysis by chromatography

on@eanillagy Galimn \WQ,2806/08 3P&1T'EA°£0%§/&)Q9335C&(§0§E

Eyraph
column 50 m*0.25 mm) on an HP6890 chromatograph equippe Wlt{ arglgrap

FRYUERRSEr Withthé BafPsalnphsstemrad tHt -15€. FREGrSanetre istored
patticutayrhesuitable for rapid 5 analysis of the products, and especially

t Fgeldfof agrolein. Th§nsecond method is used to have a more precise
anasisorailthe T8 5e8Sh by HroBidE Fbtasver, a6y GEolus pppid
by whtgmatog@phytafter silyldtion syerepérfaemesctoeconfirntihesgield of
rertlion IO herpipducts s quanibed g dog Lteadled oy ceidl, ecs se
acrolein formed, and the by-products such as hydroxypropanone,

akBaldetiyitle, Blopanaltiehdle, acet@se- s plahalrosingitfe exdfaplesver,
thatdolawstheglyerroligonyersion, e  agrlein.salectiviteand theyields: 1 on

of the vario%sojprogug‘%tg are defined as follows: glycerol conversion (%) =

186~ Smber mdlesof YRicerBl retRaRinfifdmber of moles of glycerol

introduced; 20 acrolein yield (%) = number of moles of acrolein
PEQIEJCSQ/@&%Q%Y 0{H‘uoé,esq%fa%'¥‘£%&0é§‘”é’9é'c%% unreacted glycerol,
the acrolein formed, and the by-products such as
hydroxypropanone, acetaldehyde, propanaldehyde, acetone
and phenol.
In the examples that follow, the glycerol conversion, the
acrolein selectivity and the vyields of the wvarious
products are defined as follows:

glyce:ol conversion (%) = 100 ~ number of moles of
glycerol remaining/number of moles of glycerol introduced;

acrolein vyield (%) = number of moles of acrolein
produced/nunber of moles of glycerol introduced;

acrolein selectivity (%) = 100 * number of moles of

acrolein produced/number of moles of glycercl reacted.

The acetone or hydroxypropanone yield is calculated as for

the acrolein vyield:

acetaldehyde yield (%) = 2/3 * number of moleg of
acetaldehyde produced/number of moles of glycerol
introduced.

phenol yield (%) = 2 * number of moles of phenol

produced/aumber of moles of glycerol introduced.
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acrolein selectivity (%) = 100 * number of moles of acrolein
produced/number of moles of glycerol reacted. 25 The acetone or
hydroxypropanone yield is calculated as for the acrolein yield:
W etardsmide yield (%) = 2/3 * number of moles of a(:etaldel’\‘}@@l’m06“}90735
produced/number of moles of glycerol 30 introduced. phenol yield (%) =
* number of moles of phenol producedl/?\umber of moles of glycerol
introduced. WO 2006/087083 PCT/EP2006/000735 15 All the results are
Eiess as molar ercent es relative toép \% cerol i | troduced.
xampl (compara K2 art ccor(}ﬁ%get%ﬁﬁ inventiofly’ a’Fhe E’ﬁtﬁ‘ﬁ%?tages
usedads aveediite HESM Sy(Zevcat Prt12/84Eed5% Aerosil - Ueticon). 10
ml, representing a mass of 6.41 g, were loaded into the reactor. The
results are given |n Table 1 below 10 WO 2006/087083

16 24 (g) Addition of oxygen no no yes yes yes Glycerol conversion 79

96 88 83, Ac oleln Id 39.1 24.3 4Q.6 40.9 37.5 Acrolein select|V|ty
4558 5% g%%—lyﬁroxypfopaﬁonze Cielf8 67 4 sepgat PE - T2/54H
Atetaldemyde. Yietd I£2:0.6ch 2 1.8 A. HilRrapapakdehydengeld nb 046 6. 41

Ogg, Ofere ioaded into the reactor. The results are given in
Table 1 below:
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Acetone yield 0.1 0.5 0.0 0.2 0.1 Phenol yield 1.0 0.0 0.0 0.0 0.0 Material
balance 97.7 98.0 97.2 98.8 98.9 (mass collected/mass intro duced)

Vngguantified tS{;kroduct balance 69.2 65.0 49.9 57.7 59.8 (products

AU YRterol introduced) The addition of molecular oxy & ETARREIR0T3S
possible to 5 maintain the glycerol conygrsion and the acrolein yield by
inhibiting the deactivation of the catalyst and the formation of certain
by-products. Example 2 (according to the invention) 10 In this Example 2,
two types of catalyst (10 ml) are testggi @ sulfate zirconia (90% ZrO2 -

10% S04) from Daiichi Kigenso (supplier reference H1416) and a
tungsten zirconia (90.7% ZrO2 - 9.3% WO3) from Daiichi Kigenso 15

shippliba reéfesenge +tl4iy). Thetfirsticatadyst has a loss dn ignition B¢ 24
1000C of 8.81% and a specific surface area WO 2006/087083
PCT/EP2006/000735 17 of 54.3 m2/g (BET, 1 point). The second catalyst
Fefhrdcerigdd PyvERIss on ignition at 1000C®f 1.78% andea spaeific  ves
SHAIER AhEa DL A & BZ4 (BET, I point)— T e gesuitg gre|grggnin-Tghte 253
below: 5 Table 2 Cumulative glycerol 9 18 27 21 33 introduced (g)
CREA9LCSHIAtESifbonia Tungsten 16.5 g ziftonta £ 98 1 40.6 "40.9 37.5
Acrolein selectivity ' 49 38 42 46 45
Hydroxypropanone yield 5.6 3.7 1 1.5 2.2 2.4
Acetaldehyde yield 1.2 0.6 2.2 1.8 1.7
Propanaldehyde yield 1.5 0.0 1.6 0.9 0.8
Acetone yield 0.1 0.5 0.0 0.2 0.1
Phenol yield 1.0 0.0 (0.0 0.0 0.0
Material balance 97.7 98.01(97.2 98.8 28.9
{mass collected/mass intro-

duced)

Quantified product balance 69.2 65.0149.9 57.7 59.8
{products assayed/glycerol

introduced)

The addition of molecular oxygen makes it possible to
maintain the glycerol conversion and the acrolein yield by
inhibiting the deactivation of the catalyst and the

formation of certain by-products.

Example 2 (according to the invention)

In this Example 2, two types of catalyst (10 ml) are
tested: a sulfate zirconia (90% %r0; - 10% 8504) from
Daiichi Kigenso (supplier reference H1416) and a tungsten
zirconia (90.7% ZrO; - 9.3% WO;) from Daiichi Kigenso
(supplier reference H1417). The first catalyst has a loss

on ignition at 1000°C of 8.81% and a specific surface area
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Glycerol conversion 100 100 100 100 100 Acrolein yield 42.3 53.8 52.5
54.9 53.0 Acrolein selectivity 42 54 52 55 53 Hydroxypropanone yield 0.0
0.00.00.0 0.0 Acetaldehyde yield 10.3 9.1 8.2 9.8 8.7 Propanaldehyde
WRI%SPE%$4.02.1 1.4 Acetone yield 0.0 0.4 0.0 0.1 0.1 PREAGIRARIE000735
0.0 0.0 0.3 0.0 0.0 Material balance 96.% 98.0 98.0 97.2 97.9 (mass
collected/mass introduced) Quantified product 57.5 66.9 65.0 66.9 63.2
balance(products aassayed/glycerol introduced) The formation of
hydros/propandne andefrphenol isccoropletelytshibiteddndhequesenes:  is

ofsmalecular oxygen. 10 Example 3 (comparative an erdin fo the __
ié\%ﬂﬁ%%%eiﬁlr%fggf ?golf?e “Beta trom VAl oJF?EPaglﬁEg?lﬁ§5 V\?Cg 5955 and
20608708 3P CHEFROD6/0007 3% £184Bpleseiting @Hiass bf #@B¢ ). The
wergloaded into 4he eactory £QL this example, the flow rate of molecular
oxygen used is 0.34 1/h. The results are given in Table 3 below: 5 Table

3 Cumulative glycerol 8 16 25 35 9483£33 introduced (g) Addition of

oxygen no No no no yes yes yes yes Glycerol conversion 100 99 97 89

100406300100 - Aecraoleinvipld- A5 G BEA Q B2 2. A7.090.42.0 57 A ER A ER R
U LUV VU T OU T NCTOTCILIT TCTO™ I O I I IO LINCE™ Al o =ivr4 A4 O OO0
Tuntlative glycerol R 18 2 21 33

introduced (g)

Catalyst Sulfate zirconia Tungsten

16.5 g girconia 17
g

Glycerol conversion 100 100 100 100 . 100

Acrolein vield 42,3 53.8 52.5 | 54.9 53.0

Acrolein selectivity 42 54 52 55 53

Hydroxypropanone yield 0.0 0.0 0.0 0.0 0.0

Acetaldehyde yield 10.3 9.1 8.2 9.8 8.7

Propanaldehyde vield 4.9 3.7 4.0 2.1 1.4

Arcetone yield 0.0 0.4 0.0 0.1 0.1

Phencl yield 0.0 0.0 0.3 0.0 0.0

Material balance 96.5 98.0 98.0 | 97.2 97.9

(mass collected/mass

introduced)

Quantified product 57.5 66.9 65.0 ] 66.9 63.2

balance(products

aassayved/glycerocl

introduced)

The formation of hydroxypropanone and of phenol is

completely inhibited in the presence of molecular oxygen.

Example 3 (comparative and according to the invention)

10 ml of zeolite H-beta from Valfor (CP 811BL-25)
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Acrolein 46 57 54 54 43 57 56 56 selectivity Hydroxypropanone 6.9 9.6
9.59.70.40.90.2 0.4 yield Acetaldehyde yield 5.1 5.25.14.86.6 7.2 6.8
6 1 Propanaldehyde 7.2 5.4 4.6 3.4 4.9 3.9 3.2 2.6 yield Acetone yield O
‘@636 0 Phenol yield 1.30.7 0.50.4 1.2 0.5 0.4 0.1 Mfatdifap06/000735
balance 95.6 - 98.6 98.9 97 99 98.9 99 gmass collected/ mass introduced)
Quantified product 66.2 78.7 74.8 77.2 56 69.8 67 65.5 balance (products
assayed/glycerol introduced) The addition of molecular oxygen makes it

pﬁé@icb&mlm@i@taiath&@é}ﬂ:ereEcowasion@nmmacm&%iaqdeld;Li;@o the

Whl|e t the e time reducin formation f b products @)

%@ agn 6/866q%§ ?(“amp flxl'comparatlv\gandj lecular
aeam@mg tosthe mx%erﬁlo’m Alyzihosp?Me zieeorliag 915660 Zi@2n 8i15%RAEe 3
from Paiichi Kigenso (Ref H1418) is used. This catalyst has a loss on 5
ignition at 1000C of 4.23% and a specific surface area of 128.7 m2/g. 10

ml of this catalyst, representing a 2.7 g, are loaded into the
reactor. The results are given in Table 4 below. WO 2006/087083

CTIER2006/000735

Cumnlative glycerol I OBO N ?601 Nz g‘! 0 ri35 9 16 24 32
introduced (g)

Addition of oxygen no No no no yes ves yes ves
Glycerol conversion | 100 59 87 89 100 100 100 100
Acrolein yield 45.6 56.9 52.3 47.9 | 42.9 57.3 56,4 56.3
Aerolein 46 57 54 54 43 57 56 36
selectivity

Hydroxypropanone 6.9 9.6 9.5 9.7 0.4 0.9 0.2 0.4
vield

Acetaldehyde yield 5.1 5.2 5.1 4.8 6.6 7.2 6.8 6.1
Propanaldehyde 7.2 5.4 4.6 3.4 4.9 3.2 3.2 2.6
yield

Acetone yield 0 0 0 0.2 o 0 ¢ 0
Phenol vield 1.3 0.7 0.5 0.4 1.2 0.5 0.4 0.1
Material balance | 95,6 - 98.6 98.9 97 99 98.9 99

{mass collected/
mass introduced)
Quantified product | 66.2 78.7 74.8 77.2 56 69.8 67 65.5
balance
{products
assayed/glycerol

introduced)

The addition of molecular dxygen makes it possible to

maintain the glycerol conversion and the acrolein yield,

while at the same time reducing the formation of by-

products.
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Example 4 {(comparative and according to the invention)

A phosphate =zirconia (91.5% Zr0; - 8.5% P0O,) from Daiichi
Kigenso (Ref H1418) is used. This catalyst has a loss on
ignition at 1000°C of 4.23% and a specific surface area of
128.7 m*/g. 10 ml of this catalyst, representing a mass of
12.7 g, are loaded into the reactor.

The results are given in Table 4 below.
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>1UU.Cb r<xo..caZuCD (a-aHWO 2006/087083
PCT/EP2006/000735 21 Example 5 (comparative of the prior art) 10 ml of
H3PO4/alpha- alumina catalyst prepared as. described in patent US 5
WP PEbresenting a mass of 10 g, were 5 loaded into tHEFERAE/OPRESS
catalyst was prepared in the following nanner: 15.9 g of alpha-alumina
from Ceramtec (Ref EO-19 - specific surface area 0.7 m2/g - mean pore
diameter 2.5 pm - apparent porosity 65% - supplied in the form of rings
anggroundssa as e, selain galyJee Q. particlss ghdigmeter 1-1.4 mm)
were impregnated with 4'g of a 20% by weight phosphoric acid solution
(prepared by addition of 16.25 ml of water and 5 g of 85% by weight
phosphobe agido Jhel solid-isthrndriethan Byrotaviepop ate30 G andaises: bed

irectly., The results are co din 15 Table 5. Table 5 Cumulati
RSB eg (3) 16 20137 B ee] boMertioh S e 6 An 1 9 vere
N@@wyi‘md:m.‘s@.ma@g;& %Ie%@é%ﬁty%4@49@3red in the
Hiroxyaropanoneeld 1753 9.35.5,2.1 Acelaldenyde vield-0.1,0.8 0 e ec
0.0 Propanaldehyde yield 0.3 0.2°0.1 0.0 Acetone yield Q.0 0.0 0.0 0.0
Pifsiol - 2.0 0. 15980 6 MafeHal #efandE 98.6%08.7 R 98.9 (AR pore

callesteeémass ntreduced)fPuantifiedpraskict balapge 77 £:626:84H%in the

§3§%m of rings and ground so as to retain only the

particles of diameter 1-1.4 mm) were impregnated with 4 g
of a 20% by weight phosphoric acid solution (prepared by
addition of 16.25 ml of water and 5 g of 85% by welight
phosphoric acid). The solid is theq dried on a rotavapor
at 80°C and used directly. The results are collated in
Table 5.

Table 5
Cumulative glycerol introduced (g) 8 16 25 32
Glycerol conversion 921 69 42 17
Acrolein yield 54.5 32.2 20.6 3.8
Acrolein selectivity : 60 46 49 23
Hydroxypropanone yield 12.3 9.3 6.5 2.1
Acetaldehyde vield 6.1 0.0 0.0 0.0
Propanaldehyde vyield 0.3 0.2 0.1 0.0
Acetone yield 0.0 0.9 0.0 0.0
Phenol yield 1.0 0.1 0.1 0.0
Material balance 98.6 98.7 nd 98.9
{mass ccllected/mass introduced)
Quantified product balance 77.6 72.6 B4.9 89.4
(products assayed/glycerol intro-
duced)
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(products assayed/glycerol intro duced) WO 2006/087083
PCT/EP2006/000735 22 Example 6 (comparative of the prior art) 10 ml of
an H3PO4/alpha alumina catalyst, representing a mass of 8.55 g, were
WELI8Y 4B e reactor. The catalyst 5 was prepared in the S&HERHIAAEYT35
as for Example 5, but, after drying at 8§¢, the solid was activated in air at
300C for 3 hours in order to fix the phosphoric acid to the support. 10 The
results are given in Table 6 below. Table 6 Cumulative glycerol
intsachiced () Bckingd 32t Ghucere! caaversion.7Q 3¢9 8 Acrolein yield
42.1 18.2 4.6 3.1 Acrolein selectivity 60 50 50 4T Hydroxypropanone
yield 10.3 4.8 0.0 0.0 Acetaldehyde yield 0.0 0.0 0.0 0.0 Propanaldehyde
yield GaQ@ 04X0.8.0.CHAcatoaeptield H140:i0 0.0t Rherql yielg D0k ing a

0 . terial balance 98.5.98.9 98.0 99.0 ass collected/mass

intt%(lng uce )%U%#iﬁéd greorcfuc%%%?a%(ge%ES . 9§%a§g%r (prodc pralyst

angé@yt@@ﬁint?@ dd@e@)_ FRapd eeectivatiorfofithE catmdyst isS,  but,

ngiedip tf(a)%%% gemparative fxamplas 5 apd 6. WQ 2006087083 55 ¢ at
for

PCT/EP2 00735 23 CLAIMS
300°¢C 3 hours in order to fix the phosphoric acid to

the support.

The results are given in Table 6 below.

Table 6
Cumulative glycerol introduced (qg) 8 16 24 32
Glycerol conversion 70 37 9 8
Acrolein yield 42.1 18.2 4.6 3.1
Acrclein selectivity 60 50 50 41
Hydroxypropanone yield 10.3 4.8 0.0 0.0
Acetaldehyde yield 6.¢- 0.0 0.0 0.0
Propanaldehyde yield 0.0 0.0 0.0 0.0
Aéetone yield ¢.¢ 0.0 0.0 0.1
Phenol yield 6.8 0.0 0.0 0.0
Material balance _ 98.5 98.9 98.0 99.0
{mass collected/mass introduced)
Quantified product balance 83.2 86.2 95,5 95.6
{products assayed/glycerol intro-
duced)

Rapid deactivation of the catalyst is noted in these two

comparative Examples 5 and 6.
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1. Process for manufacturing acrolein by dehydration of glycerol in the
presence of molecular oxygen, in an amount 5 chosen so as to be outside
the flammability range at any point in the plant. 2. Process according to

LAMeA8 Eracterized in that the molecular oxygen is in theP foRFP04{pag73s

in the form 10 of a mixture of gases cgntaining molecular oxygen. 3.

Process according to Claim 1 or 2, characterized in that the glycerol is in

the form of an aqueous solution with a concentration of between 10% and
50% and preferably 15 between 158%.and530% by weight in the reactor. 4.
Process according to one of Claims 1 to 3, characterized in that an acidic
solid catalyst with a Hammett acidity Ho of less than +2 is used. 20 5.
Preces$ accurgingfiorClaim 4f sharactedz egdndhat. thebgatalybyidchiosen of

frong patyal %symeeés%é@g%%s Jraigrials.on acidic.zeolifes; mingral o unt

ports, such as oxides, coated with mono-, di-, tri- or; polyacidic 25
ﬁcﬁ@%ﬁﬂ: ARis? Oxilies BE niteP e d 6t aﬁémwmeréﬁé%cﬂ‘é. any
Bpfraeessaecydiihio-Claim 4 or 5, characterized in that the catalyst is
chosen from zeolites, Nafion(r) 30 composites (based on sulfonic acid of
fluorinated polymers), chlorinated aluminas, phosphotungstic and/or
sHicoturigsbichsaarmbaditbsﬁltsoarIdl\aaini@uﬁ solidsaafa metaliexide fypethat

S{:'ﬁg axﬁc@g@ili@ro %@gogs n!ﬁp"'gﬂeyv 90%‘%064%87% or. in e form

PCT/EP2006/000735 oxide Nb205, alumina A12 titanium OXI
TG 22z iFdaTiR T Zrog, ﬁfﬁ%ﬁﬁjeCSﬁ@’Z,lﬁﬁé@ SHO2 & sl - QtivtiAgte S|02-
Al203, impregnated with acidic functions such as borate

3. Process according to Claim 1 or 2, characterized in
that the glycercl is in the form of an agueous soclution
with a concentration of between 10% and 50% and preferably

between 15% and 30% by weight in the reactor.

4. Process according to one of Claims 1 to 3,
characterized in that an acidic solid catalyst with a

Hammett acidity Hg of less than +2 is used.

5. Process according to Claim 4, characterized in that
the catalyst is chosen from natural or synthetic siliceous
materials or acidic gzeolites:; mineral supports, such as
oxides, coated with wmono-, di-, +tri~ or polyacidic
inorganic acids; oxides or mixed oxides, or alternatively

heteropolyacids.

6. Process according to Claim 4 or 5, characterized in
that the catalyst is chosen from =zeolites, Nafion®
composites (based on sulfonic acid of fluorinated
polymers), chlorinated aluminas, phosphotungstic and/ox
silicotungstic ?cids and acid salts, and various solids of

metal oxide type such as tantalum oxide Tas0;, niobium
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BO3, sulfate SO4, tungstate W03, phosphate P04, silicate 5 SiO2 or
molybdate MoQO3. 7. Process according to one of Claims 4 to 6,
characterized in that the catalyst is chosen from sulfate zirconias,

iR S¥EtE%irconias, tungsten zirconias, 10 siliceous zircon/BST&TA9E/000735

titanium or tin oxides, and phosphate aluminas or silicas. 8. Process
according to one of Claims 1 to 7, characterized in that the dehydration
reaction is 15 performed in the gas phase. 9. Process according to Claim

& ehaeactasizeg indhafihe reaciioy is petonhed ira fiked-bedreactbrcania

flyidized- bed reac circylating fluidized-bed 2Q reactor. 1(1 Proge _
a%lédé?'dlngzto one o(feCIéu?no én tolégL, e argc &rized in mﬁ% tis pe 3?rﬁe %%02

aPplebe hedtmpxebanged 25111hPréGe§§acc@m1ﬁgwme gichaings 1 %@orate
Cﬁégacte;{?fﬁal@ethaééﬁl,e defydrationdeagdion is,pesfarmed ind)e liquid i cate

phase.
$10; or molybdate MoOs.

7. Process according to one of Claims 4 to 6,
characterized in that the catalyst is chosen from sulfate
zirconias, phosphate zirconias, tungsten zirconias,
siliceous =zirconias, sulfate titanium or tin oxides, and

phosphate aluminas or silicas.

8. Process according to one of Claims 1  to 7,
characterized in that the dehydration reaction is

performed in the gas phase.

9. Process according to Claim 8, characterized in that
the reaction is performed in a {fixed-bed reactor, a
fluidized-bed reactor or a circulating fluidized-bed

reachtor.

i0., Process according to one of Claims 1 to 8,
characterized in that it is performed in a plate heat

exchanger,

1i. Process according to one of Clains 1 to 7,
characterized in that the dehydration reaction is

performed in the liguid phase.



