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PROCESS FOR DEHYDRATI NG GLYCEROL TO ACROLEI N The

wo B6RRE | nvention relates to a process for pcr/Ep2006/000735

manuf acturing acrolein by dehydration of glycerol in
the presence of nol ecul ar oxygen. Acrolein is the
sinpl est of the unsaturated al dehydes. It is also
known as 2-propenal, acryl al dehyde or acrylic
al dehyde. As a result of its structure, acrolein has
hi gh r @ROCESE PORe DEBYDRATLINE GLYCEROHr 89 ACKROME It s
two reactive functions, which are capable of reacting
individually or together. It is for this reason that
acr opigé n f)i:@ﬂénﬁan)(nﬂﬁﬁi:héﬂti ges atespedicdl lay asrécess for
synt hetic, internediate. is in particular_a key
M3 R Ged bR @ ﬁemlﬁéns;}?ﬁ h§§P§d6fith€Ph|%| géycgrol in the
| e n ani mal feed suppl enent,
p@% Iﬁﬁidgfgg?% %%dg??ie?f as a substitute for
flsWnea¢leﬁmrolxﬂr1|ﬁhaa n@nﬂ@é@&&tedoiynthb5|c unsaturated

he i ndust.ri al

di f i i d
2 PURAES b1t s IR T by R CARH TR gt PERL B dehyde

oPpr 0@&£§D§cl na‘ll’:l@h?aé .phase. aThe-dgiiar t asice Ofst hetructure,

chem stry of acrylic acid and its derjvatives is
AGFRYRLD ARR B aftahaf@écrtéaaspoweé FYactitgmen h Hee hpresence

o%% s eLAgE fPéé@%{‘@ery a%%afé' S, whPch! ukpgal éspggf

has nmany uses In er tanning, as a bioc
re@midngnludHVWHMbldmIdnr@ogadhdurlﬂg:the ﬁpmcdﬁawngreason
of cutti 0|I§ %ﬁd as a chenlcal di si nfect ant.
et 14em e & o PRBE o e | e EeR | SR nY gas 2
Wﬁéfﬂcusﬁ%t@%n@d&\é@ehetlﬁtlnﬁgrnﬁﬂiatﬁaﬁfclcular a key
derivatives that are synthesized on the site of

inreeediahet o fihd zevrhees aneporeatiion igre ack oPERRhetic
péééEQn 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 its derivatives 1is
known. Acrolein also leads, via reaction with methyl vinyl
ether followed by hydrolysis, 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.

Acrolein is 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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the manufacturer to the client. The_essential reason
is linked to the toxicity of acrolein, which | eads

wondsasrasal s to avoid the storage and transpor PariE®m006/000735

this chem cal product. The nost comonly used process
for producing acrolein is baséd on the gas- phase
catal ytic oxidation reaction of propylene with

at nospheri c oxygen. The acrol ein thus obtai ned nay

then beei REBLP@ILAIRM 19 MAE] YordHd: ANEGET Y¥EbGuBELEY acrolein
manuf act uri ng process. Wen acrolein is used as _
$BaPEisRE At ekhal IperrhAsesgatthdyitd cofoxistatiion neeaction of

[ heoi st [ , urificagion sectjon
2P e Faehy ol e o Ry prdto: S5 nb ey ehus
clat bbnedxindgs thaar el aram@or&ﬁﬁf d Cdlli':ﬁ'édi:@']djt_rl}]to an acrylic

| deh .. Th duction of acrolein is thus
%%g ?ymgﬁﬁgﬁasﬁfsa r?ﬂggﬁﬁﬁﬁyleWEe§ta??Fﬂbehﬁte%PalUsed as

obhatied Ratsraam cfeeking @y el g i Gr CB@‘E‘EE@%:L% or for
etroleum fractions . This starting material, o _
538 |IChAMIRtEY f Heprdlodse cantpubifias tionar dection allows

LnGr ' h r house effect. 1t thus appears
e S Lo 0 SR 100 L NS AP B Sy carbon
prodess abaylis aoiddegestedt a®Nd PARRYLEELa BEchPEBYI CE

and that uses anqther starting material, which Is
pr ef et 2B PIPNSke. OFhPSTpEBdBs s sotihdsbéiighly dependent

@@rtiﬁ@!aﬁf&aﬁﬁéﬁ@ta@@&P@in%orm£@§r§¥fthﬁ%%é%@%d. by steam

nmet hi oni ne, ich mght thenh be sard to ai ne

FF P DR DOMEES " .Ca8pelgitfiic aldrpckd g ngfitgeﬂselénmanfﬂ%&tions.
, ionine is rapidly t abol i zed anpd, t he carbon
fFes, ELBLRNL Doud o o0l et gl 7o a0t FOLERT v
¢avar dsutesr easiangist hengreeahoysenefl f @edenhduder Y. 1t

i.s obtained froma renewable starting nmaterial, for .
Xl FPRBAES neRCFPHRREY anto oi Rave hed'Goplable 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 wuse 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 CO,
emissions no longer enter into the 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 glycerol can
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em ssions no |onger enter into the process bal ance,
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the biomass for its growh; there is therefore no

i ncrease in the greenhouse e%fect. Such a process thus

satisfies the criteria assocrfrated with the new concept

of "green chem stry" within a nore gl obal context of

dur abl e devel opnment. It has been known for a long tine
lehdt tgl yides obrodnkcéadnt @f hecpobeint i Glyokradr ol®&iso known

A ycerol (also.known as gl yceri IS rived fromthe
e ST of Spidan e s FEph: e fieCirng s et blant
oMt ht esher Ssambi cin@ eabhermel m@%hgaede&@@ﬁgi kWi @S are
fuels_or conbustibles in diesel and donestic fuel oil.
thempglyefatyged FroArialilivat apastanls ermy r ombvsdligles in
LendLy" i .S il abl e d rge
IRRbETCRlg WAL A Pt T AL RRSSUBE cha
hasudines" daverbeeantdeldy ed rienidie "f | aange al iwpgiedi hgpble in

of glycerol according to its degree of purity, and the
LAERG drai U o PG yRRY 01P] oslﬁergei ‘?’ln‘f?s *%ﬁ"éisé%gnt & without
aLevieslepyi sagad, THeugeasti oRiNvobyed fobyeRR NiRY the

acrolein fromglycerol is: CH20+4 CHOH CH 2CH ?
f CppECH: CHOPY r2H20JAS fa gferrersll raferding hyelr &t ofegree of

SRS B o AL B e SR 4o one

oTothbt abntaer eheiibagetl.i s t hus necessary to use a
sufficient tenperature,_ and/or partial, vacuumto _shift

the FBEctFBACEHAR rHRAte 1R neyPbe Pridvimsy Asrodein from
ghi/@u¥id1phase or in the gas phase. This type of

reaction is known to be catal ysed by acids.
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 glycerol wvapours 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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According to patent FR 695 931, acrolein is obtained
by passing glycerol vapours at a sufficiently high

woenp@sassr e over salts of acids containi ng at PCEa®2006/000735

three acid functions, for instance phosphoric acid
salts. The yields indicated ar®e greater than 75% after
fractional distillation. In patent US 2 558 520, the
dehydration reaction is performed in the gas/liquid

phase ®He t hgrpeesgnceat-rdivalyomgeou a@@ﬁ%hsaﬁgl&cation WO
gﬁﬁéf nated wi th phosphoric acid salts, suspended in

i dSsob@sed. Andegr e@ompl@&n\kmm%nmuat heatalysis,
i ' .3% i s _obtai r ,
thaer ol core, SrRlANLOL 42 201 5 O0LA BRI bar ana 1n

ese conditions . The pro

apy | poesenc\0o¥9/D508bvé st bageH @B aarCoaRhe3us solution of
ho neous catal ysis, under a CO H2 atnbsphere at a
ﬁigiﬁiﬁp%ﬁ 20/ 40 bar and in the presence of a sol vent

such as ks Q’Hén@oh%bi.'LQEa@ftoﬁu'CfNo'Pnﬁll @981 ates to a
pat ent application CN 1°394 839 relates to a process

Eﬁ%xbﬁébariﬁ@FB-hydﬁpﬁypngpanékdgﬁydaypmogagbﬂdgmgbe from
| ei raoduyced .as reaction internedjate is )

g@ﬁé?%%%”byaggségﬁﬁﬁ§§ﬂ5r958 uﬁﬁaeéﬁﬁy5$?6#189e99¥ermedlate
dat abpstinbdpobasspaws snd f atapdari ARONGSi-EM yw:éks% over a

type.. The reaction yields are not given. Pafent US
%%aﬁﬁtde%r PRESSE oo cessiate® prodirdnRs laut obeiliabg type.

dely diaid for 11 r it i quid phase or in the
gagypﬁ§§gﬁg§§9mg%¥§féﬂ§%f#ﬂ:égsg%ysts defined by their
Hammett acidity. The catal ysts nust have a Hammett

These TE5eAiy S5 tort bephhai=T5r L Gxanp! BEorasRagarab sucing
symolletine 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 (Al,03),
titanium oxide (TiO;), coated with mono-, di- or triacidic
inorganic acids; oxides or mixed oxides such as ‘gamma—

alumina, the mixed oxide Zn0-Al,03, or alternatively

heteropolyacids. According to the said patent, an aqueous

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 liquid 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 aqueous acrolein

solution containing side products. A proportion of about
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siliceous materials, for instance nordenite,

wo J¥bisamsi | 1 onite, acidic zeolites; supports, pg4@pP2a6%/000735

oxi des or siliceous nmaterials, for exanpl e al um na

(Al2G3 ) , titanium oxide (Té , coated with nono-,

di- or triacidic inorganic a |ds oxi des or m xed

oxi des such as gammal um na, the m xed oxi de

ZnO- Al 208, or alternatively heteropol yacids .
1pgcoridi et ogineesal d isat eanyenhedquietis ledupkyprOPanone,

ri,sjn fron11 96 40% of _gl ycer.al used
ngggpﬁﬁk se?e e 3%% %&3?%n%érgfﬁggg oﬁjbéYﬂ%eﬁcrOleln
s380t06nand T340 %@ﬁdletﬂme ligui fedhasited angndet peenr28Q by
0C and 340 0C in the gas phase, Accordjing to the
faAFRoPEAS! ERRAGRFATHERerT tciﬂe‘sfgla}slaptrm- réfd i 6n fdquid-

e nce | nygest an
spagbersice puice (o wlian o dechas @ sonysisgnhsren

tbeadwaigl aneagessizeacrigss n csfal uisuedlecd:amlym ngPate,het Us
5P u . A proporti of about 10% of _t he cerol is
S RGer i FREGTRORE ol of A SaRPLACPS THYSeRT dor the
dehedrairebnbyo Pr edyeleridl t e atd: b Bdih SOkl ORe1ThRed by a
acrolein is recovered_and purified by fractiona

h¥grathent i bhe drSEPLRARi giid Rr hxdrpgendphase to lead to

1reackhgng a_ Egg gﬁgﬁggllln1ted to 15-25%is desired,
fo avoid éxc 'oss of selectivity. Patent US 5

426 Zhe(ﬂﬁhydﬂﬁnndmersantlgas<phagby©encbs$dﬂnc1©bein is
ehydrat i | ycerol .to acrolein, but followed by, a
cRSaY Y R rReie oY o Sl RS LBRST o gatiy to
the lfdrmafdod, Jopr appnedidlcts Thaidehydr ahearokeaebbafone,
of glycerol to acrolein is thus generally acconpani ed

pPE9rsndédpiige oRs dteddiohydeo taneuravata@duets of acrolein

DL RS Ll DU YA B OPRPBAIEDN P
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
isolate, necessitates separation and purification steps,
which lead to high recovery costs for the purified
acrolein. Moreover, it is 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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with glycerol, glycerol polycondensation products,
cyclic glycerol ethers, etc., but also phenol and

weoabossTsat i ¢ conpounds, which are the cause oPCTmE®2006/000735

formati on of coke on the catalyst. This results,
firstly, in a reduction in theyield of and the
sel ectivity towards acrolein, and secondly in
deactivation of the catal yst. The presence of

-dit oflugtarbBehhe 136 Al dehpdicd: &8 BYIHAXYR! ORYIONEstance
or propanal dehyde, some of which are noreover

drdrend idehydesol at @ndnecesatebors, sepakatti on aadso from

BT LEAL) A AP o PheLptlogh SDLCERISEY SO ee 1o

tredwgenereites t heseatal yat ivatipiceoul af he dWadetivarion of
regain satisfactory catalytic activity. The Applicant
égf?pa%@tﬁkgsgoeﬁﬁt GBI EGIURN S HEREE R BT BPR fd thes catalyst.

feunds iRNYyagdyaatages 4k Ushbiggmilgcykar elfaﬁ&tﬁg dur i xedly

the reaction for the dehydration of gly
davsirei n. ampuhds beewhbbler vedcidurgmtesi ngl yhet hatsubsequent

%l{pﬁ!é/ll Qxyaen rseduces the formati on of aromatic

onpounds'such” as"phenol, and of by-products

ori gi ratd ngfutpjede hysif oganat ipresdnilehyrdrad®ibn is thus a
products, for instance propanal dehyde and acet one, but

T F5om Hyidr oRIPROPARBRENI ThECKBE-RERI oRYof dedRiration of
t %dﬁy&ﬂysinisﬂﬁgumﬁgesgﬁb regul t oiéEﬁIQQb'Bk9Be9ﬁ The

thé deactivation of the catalyst and continuous
meyeatarlatd opxpfen hmayattaed ystesdBet t ann thy- ffootlucé® ale or in

(09 450D JE 228 Y ML TP ST e
sfjrat. afhd henPiesest bRYEBAI OB thobBUS s8 RE0ERSHd Butside
r{:%r']em %E&%gg%ﬁ%m regr?geby a?:ehgr% atplo?'er]ltOf in the plant. From
Figure 4 of US patent application 2004/15012, the maximum
oxygen content, in an acrolein/0,/N, mixture is about 7% by
volume in order to be entirely outside the flammability
range. The oxygen content in the process according to the
invention will generally be chosen so as not to exceed 7%
relative to the mixture of gases entering the reaction
(mixture of glycerol/H,0/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).

The dehydration reaction is performed on acidic solid
catalysts. The catalysts that are suitable are homogeneous
or multi-phase materials, which are insoluble in the
reaction medium, and which have a Hammett acidity, noted
Ho, of less than +2. As indicated in patent US 5 387 720,
which refers to +the article by K. Tanabe "et al. in

“Studies in Surface Science and Catalysis”, Vol. 51, 1989,

chap. 1 and 2, the Hammett acidity is determined by amine
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gl ycerol in the presence of nolecul ar oxygen. The

Wozr(;pd/@&%gﬁr oxygen may be present in the for mP@fl"/]ﬁjzﬁ%%OBS

In the formof a m xture of gases containing

.mol ecul ar oxygen . The anmpunt of oxygen is chosen so
as to be outside the flamuability range at any point
in the plant. From Figure 4 of US patent application

2004/ 15012, the paxjmum oxygen content, ip an )
CREFBEEPR/ 1S4 MIXTAEPTS QBolY 798Py Rt eeofn ripfe in
the bgagnt ihelsy outgide ézﬂ%]fylsawabéétié/f%}%‘?e-tﬁge acidity

oXygén content in the process according 1o tThe
crhventpon Hai | Jegfenthahl yrhemahoden sossn ndtromo mxcwerll or

7% ive.t.o the mxture of gases .entering, the = .
SPERRERER Einta i it bt A G et hbrges mineral
sgppes}ts, Peeler ald yoxides pxygatebontient nichd-§ssdi-hant¥¥% or

relative to the dry gas m xture |eaving the reactaor
PPAY REUFACOf IRRF OPRE P/ BGAGE | R&ice§ases) . Miged oxides, or

aﬂ@@¥95§§beﬁ!¥r ﬁeegke%g?aeﬁa&,@r med on acidic solid

catal ysts. The cata s that are suitable are
hono@baeousabrlpeksi - phase nmatierpnabgeovkilyh ackosen - from
insoluble in the reaction, nedi and which, bhave a |,
SPRTREEE ol 19 1OPBRORBEeRr (RASSY ngh +oulRobte” acid of
findikcateddi n pat gBllylSrd)387 720chubiceRaketiers toathRinas,
article by K. . Tanage " et al. in "Studies in Surface

PhepeheEuRAatEat aldpd/er, \eflicatunggbicchagide amne | acid

shihesHanmes t agiidjdy Eglqgger&l_ n%@%ﬁ a%@ﬁ%’ .t{?%%onsuch as
usi ng i ndi cators or y adsorption of a base In e gas

tphaséunmThex ot allpsds, satibbfipymngoxde adibdDé y aditrdmniaonAl,Os,

<DRhEER, PR I OSSR HESLIEH S0 sqon, sivics
sionesal s SUPHOL & BumSHEe 881 0XILED,, CORbLHGNLERIMINGY, acidic

di-, tri- or polyacidic inorganic acids; oxides or
faigedoBRi Fash opS borate BO3, sulfate S04, tungstate WOs,
phosphate PO;, silicate SiO; or molybdate MoO;. According
to the literature data, these catalysts all have a Hammett
acidity Hy of less than +2.

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

These catalysts all have a Hammett acidity Hy, of less
than +2; the acidity Hy¢ 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.
1, published by Technip (ISBN No. 2-7108-0841-2)
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

used, 1its acidity and its capacity to form coke.
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alternatively heteropolyacids . The catalysts are
advant ageously chosen from zeolites, Nafion conposites

woOhews@d788 sul fonic acid of fluorinated pol ymeP€Y/EP2006/000735

chl ori nated al um nas, phosphotungstic and/ or
silicotungstic acids and acid &%alts, and various
solids of netal oxide type such as tantal um oxide Ta
Os, ni obi um oxi de Nb20Cs, alumna A 1203, titanium

oxi de THeO , r&dd€nom a Zé&»rdii(u]g oxbde +§R0 ,irﬁziéﬂt%%nSi @ay be

or silico-alumnate Si O -Als i mpregnated wit

RardirMashctibnsthaicloas hrade BOB, Wul fadte Jomguid phase,

. - ph hat e PO [lic [ r . .
RS 00 PR SR PO n L YRS, B pection i
tdeesimmEdl yat ha | ghavehaskdgmedt iees dikwcdse ofedi@sSlogies
than +2 . The preferred catalysts are sulfate L,

A4 oRFasiSPhosphdte #i rebiPdeded umfSIcEsSzi r Bonf Haldized-bed

HAdLEBAIS o2 T gONd Bseu i {24 € AidAli AR Hed | Bro%des, Fn the
and phosphate alum nas or Silicas. These catalysts al
adranpeeceseedli t yn HY bfixkdsdbethanr €2;fhelimsdliigd, the

1Ry, ddhen, vary whi ' range, up _to_val ues

Flhe% nﬁfyé%he(ghch%-fzo%% t'ﬁ%ggti:\%gg ol?agefbe?reﬁgga\ﬂattﬁ t fgom  the

Heerametitori ndiltat atay.  Elaket abllecg ver osipage To# ofxdfiele by
i d-base catalysis (C. Marcilly) Vol.

licati \ . .
Uil catlon o SCLG-Rese, CRaLMSLS (SRSl YL i o

Idd JEIUAURS QAP S5 81 n $8G T HotBEAL YS! 8xbBebNl §n this case,
acidity range. The content”of nolecul ar oxygen

ither dermpeir 2 hieoe t Radr gactsisoraneali uwh iely dbpentbgemetriaion is
DR 0 gk Lol LB RS LY A% unicn ene
ireseticm a8y per perhod redddbidiiPgasophese Prddesisheof the
lﬂﬁygﬂlﬂgk¥*?t may take place continuously 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 oxygen in the reactor. In this «case, the
regeneration is likened to an inhibition of deactivation
and takes place at the reaction temperature and pressure.
In the circulating fluidized-bed process, 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 must
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 energy required for the

dehydration reaction when the heated catalyst returns into
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preferably in the gas phase. Wen the reaction is
perfornmed in the gas phase, various process

woeatsrstosgi es nay be used, i.e. a fixed-bed preCcesE®2008/000735

fl ui di zed-bed process or a circulating fluidized-bed
process. In the last two procésses, in a fixed bed or
a fluidized bed, the regeneration of the catal yst may
be separate fromthe reaction. It may take place ex

%hguré%gﬁxﬁfanpﬂ§ P¥s§é%ﬁ8&tEQQeOHJ{h§a§%t85¥§5%ﬁgg.depends

combustion’in air or W a gaseous m xt'uré containing
ool eche araaxygeh. deacthivatdase,of heheenmpetatiyse amnd on the
ressure_at ich the regeneration is_ performed do not

8¥81t e TNEL sAFTRS t RBsetAE WA TH YPer r SRAGOH G 1Y, 2
pehhahed.c AOCHdi Agkd 01 5hacRiea83e G tdidNVESt b8Nable to
it may take place continuously in situ, at the sane .
brimgaghenesebiadt fonthgi vornaed prampgiatwie a ap@l B maximum

t cul.ar_ o n.or. of S .,COo [N ;
18PeLE SRhSens e o BB ene so1ia
fegeneeatriadinigs blyi kdnee rtio garlurihigoicombusafion.
deactivation_ and, takes place at the reaction

{ enpeFaeur $eLREE bPRs S ethfn AHS YD cBFQEPRG 1S made as a

fhuidiiggd-bed (RACRSS. cthectabal ¥@le Cirigdlbiabed 1 Prdd®ss has
contal ners, a reactor and a regener ator. It is khown
thet adreantehyelr atfi onimehttion. i Shendbihedhied-bed processes

energy .nust_therefore be supplied to the first

BBREDY 4T bomat et ket seiRR kB sn Yo ol g et thge SPEnE
@@lﬁ‘au?tsiton afd coke | penRhReINC, Pdhdlepd MESksh catalyst
therefore be taken away fromthe second container.

PREDERSe TRORPENEI £OEI RTIPIH AT z¥dtBed P foeaebilicy of
R T
galsaltﬁm addentagkl awf o’ptimizing 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 circulation channels that can
contain a catalyst. This technology has many advantages in
terms of heat exchange, associated wiﬂh high heat exchange
capacity. Thus, this type of reactor 1is 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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of oxygen by conbustion | eads to heating of the
catal yst and consequently supplies the energy required

woéanostosmsslehydr ati on reacti on when the heat ed earaPy®t/000735

returns intothe reactor. The residence tinme in each
cont ai ner depends on the ratel®f deactivation of the
catal yst and on the | evel of coke forned on the
catalyst. Specifically, a mninmm]level of coke is

dasikhakl e 4d ondehrlse bergdl estigbring theesol pdakfor, its

the correct tenpéerature, and a maxi num | evel of coke

Mg ipgeagvgey ¢h diderreplpeevent tde &bk docdvahyst. Systems
adgj ' i r i Qn. €. ;

SERRCTIABN Y U 00 SEOORE BF LM spyenicion are,

dbrvasxamsles i tehrel areddreot s x edshed bpdocess deasunidnes EP 995

vantage of sinplicity. The fluidized-bed processes
U oL R TP B T ortinen SRR Sh Gl SEndRoEn, HE. dparporated

63t Aol | oresdrBnet L yr & eghar gerthieshacatakystaple for
wi t hout stopping the production, with the posSibility

thebetagrl pothecoinyertionci o £ulratiotg onl unedzad- Isgcifically
raocess, has the advantage of. optim,zing the.reactian

SaREEER, Sy B HETAC 5 2P e en o 94 carrg TR Eh8 present
iegenerianed cahal ygdlddyd o hBetr eagtdHanydt | e udledt hefor  the

sane tinme conpensating for the energy exchange_between )
PREPREACHON aff t TR LRt . OA&ccodMBFRYaFEYdAE acld via

BalhiGilidr Sredi 1Nt o@f ddheyi n&qntegs uddie- DI 06888 riBed in
performed in a reactor of the plat eat exchanger
tppameTiyi sUS eattlh/ W85t s obypl ates flor nisngthbilweefior the

t hensel yves circul ati.on. channel.s. that can cantain a .
mAE RS e e A B P bR ano 8, S5 au TR ool which
ak heat sexchanger ansogralsedtWinydttdlbheat exchange
capacity. Thus, this type of reactor is particularly .
sui t aBhe fahyErmviary deaglEasipy mMan T@skeoperformed in

the liquid phase in a standard reactor for liquid-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 liquid-phase process at a relatively
low temperature that allows continuous distillation 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 1is ©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
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exotherm c reactions, or for supplying heat in the
start up phases of reactions or in the case of

wenawtosassi ¢ reacti ons. Mdre particul arly, thi BCTER2H06/000735

makes it possible either to heat or to cool the
catal yst. The heat exchange ikl particularly efficient
with the circulation of a heat-exchange fluid in the
system The plates may be assenbl ed in nodul es, which

' e } pi it S regar t he
YT eSReA oL BN I 14y WRLUSECAS TR L0e cBZBoutive
thectdbakysind Sycstéenﬁoztﬂtmttlmyolﬁe m&mtbé@ baobdiukees, it is
grocess f t he nventl are, .for exa

nEIe, t he .
BREEGPETdeber | uﬁ@ﬁﬂgeéﬁeggﬁ Mgl H EPQ Fgpctor;
f8feot/Be Coﬂﬁ]e@n@eavéﬁu@ kel NEOE P LD Be, it is also
ref erence ese reactors are particularly sui'tabl e
popsthéecatal ybaee convaher on:cmvermmrmn nedi d,s especially
éBEg abi?lk% GREUR S qgtlg {at'ﬁ%c? gé'&gﬁég time) of
esent 1 nvent i on- pfa e'hear
ehehmemgdlﬁuortm@er@@emr abf orhef daeihys@crel evder to
(meth) acrylic acid via catalytlc oxi dati on of

C3
SPm€&n§P§€urf§6r§ RGP d- T nthpcirghee B conversion when
%OQQQQQZQééétlg%Yt% Rrag 3¢ tablhgeor the manufacture
of acrolein via ration of glycerol, which is the
subj e€tlyefroie p$e§wwulwﬁﬂehtLnﬁxpéheluehydnat|@heofforﬂl of
glﬁcerol ﬁ g sQ be %%r ormed in.the Liquid phase in 1
d$F8NGar d°r8actof f o |"|a&&|a§eﬁ’ﬁ§sléf re&fti GHYGRVE  9-YCeEO
sollud ioat alnst , ab@bn@lesl@rlar&l@nreﬁ&tﬁéteéeﬁatl@l 2ytdred 50% and

distillation type. Gven the large difference between
PﬁéfﬁéﬁplﬁgkﬁﬁWﬁ%@oﬂ5gly%E*o$o%29®(ﬂ?%g%%dlécﬂﬁﬁﬂrﬂn the

(réé@aora l'f‘l'PéJ'goRg?ﬁ@rQE?BﬁS%h%hl% Jﬁl

tenperature that OWs conti nuous atlon the
aorohepmdprsﬁureduaayraasbibssenwmsmgeﬂs Hﬁeare%mmnahlon of

biycerol ethers or reactions between the acrolein produced

SO as

and the glycerol. Moreover, the glycerol solution should
not be too dilute on account of the energy cost involved
in the evaporation of the aqueous glycerol 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 sulfate, non-glycerol organic matter,

and methanol. The presence of sodium salts is in
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permanently shifted, thus Iimting the consecutive
reactions on the acrolein in an equilibriumshifted

woamiciosussls react or. The experinmental conditi oReTaEP2106800735

gas- phase reaction are preferably a tenperature of
bet ween 250 0C and 350 OC andl@ pressure of between 1
and 5 bar. In the liquid phase, the reaction is
preferably performed at a tenperature of between 150

Peranduda@ 0CiandiAcRE8ISUrD t haheMYcs 80D { & OMddHyAration
70 bar. It has been observed that a | ower tenperature

reagsdiog asitedactit®sd nsehbs dégiceecapakbbavearfsi paispning the
I rol ,.:hut, at,t ||, thea ei .

SRHE0 e Ty ST, PR Sdhperot by son
reeatizingres meayd Meherfwarsmjeddan of unwant ed products, it

is inmportant to |imt the residence tine in th

r eact o1 BTG \&ﬂ?hb§hﬁn&ﬂﬁ¥ﬁqﬁjQHﬂ;r@%ﬁ%@%%e%PFmﬁreparing
lale o3 edlnS P ossi dd€1 §@ Bﬁy@a@wneef%%g?%a@%; thle I&xrolein
especially desirable to increase the contact tine .
PresiugascearaENing the rtdggepraceast Ml r sheoninferhion may

tnacla&‘?xt LB BEg%rieEo %npaeﬁféreerftor n%t%ﬁ:%r es%e i tc{']iefferent

egree of conversron ena’lower reaction tenperature

iasoused. @Gopeardiing s tavaidhabl enviexpansi wale), | kyitthesis of
f or m_af aqggaus sol.uti ons. Advant ageously, an_aqueous

GOVTerS  S6Fti GG cBhc MR T B PDITDF Bet htkp Fwmistry

ae RA%mand pref ghablye beiiween A0 aad 30% by wWehdhtacrolein
is used in the reactor. The corncentration shoul d not
B€ coseiinigg o sbhasteghavaudsspmowsusa etlees@onsksidhdagdn the

he fap i f. gl rol q% ers or reactions between

PRE ‘aciOrel BAANOS0Ed o (He. BF7B8PBRC Cho Bk oo pirovered
ghhyiceiakiselratiedn shaukd pobdbeihgo dipobe Obr acEMMyy. The
of the energy cost involved

energetic Upgrading of the by-products of the glycerol
dehydration reaction furthermore makes it possible to
greatly reduce the greenhouse-gas emissions of 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 to obtain particles of

0.5 to 1.0 mm. 10 ml of catalyst are loaded into the
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in the evaporation of the aqueous glycerol solution.
In any case, the concentration of the glycero

weabastosTns3 may be adj usted by recycling the wat 8CT/EP2006/000735

produced by the reaction. In order to reduce the

gl ycerol transportati on and stdrage costs, the reactor
may be fed with concentrated solution of 40%to 100%
by weight, dilution to the opti num content being

?%EEQBEFE%&ny?ﬁy%:Ci&Qt§ L of phge ﬁte&mEBHQ‘JC%i%%’h]%ed is

e reaction and of the dilution water. Sim/larly, _
medotverpedf ateatheatradwt ravacteowpaatete nbyr af sboallPowinutes

h | ycerol solutiop feeding the reactor to be, .
baBsrEy ] HBPT vad EPom -t et RGPy < ofed vith
Bhardquidiss | Bobasi 6nMe@ntRimnCondfi ByCefdigit of glycerol
inmpurities such as sodiumchloride or sulfate,

AGnPgIMRSeY of e*A ghkPE HaEeePf dRd Mettharisld whieh a flow rate
Bresence af §9thggéﬁ Le Ik d@%ﬂfdf“%ﬁg gggﬁhgggtgbcording

to the catal ytic hydration “reaction since t
sel t stlaee capabltelwf. poilsonitiyid he casiedi ¢ Shées.Ovaporized

etreatnment of th | ycerol by ion exchang
PSR 5d S Heapar i SHTTF | R SRR onss pP6Resd SPos-  The
BHERalisNg gagicelreiln Ry 1%@lieet | V@ OXagatiieRdof in the heated
propyl ene, the acrol ein produced according to the
FREEess ot chehaiy PR S 99F neNeE ok @i AatapLiPtt i Egeofcalculated

dbhigeent, Ral U e 9ok P gi.Bf glent ﬁ@%raéfc%?ré?kng Ytalyst
the envi saged use, synthesSis of acrylic aci
sesthes shafutret honrse wiidh neochespetdy teaabbohs80 ml of

it may be envisaged to purify the acrolei.n accordin
P uRRb s, G SabaRTeh bhssBas Aot he SREalyRe. after
MoeetRamt, i cukael y, pt-BguBYsPr ogHEt s dBYadesdgcovigied s trap

and incinerated, thus producing vapour or energy. The
refrigerated with crushed ice.

Samples of the effluents are collected periodically. For
each sample collection, the flow is interrupted and a
gentle flow of nitrbgen 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 catalyst 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 quantitative analysis is
performed with an external standard (2-butanone);

- an analysis by chromatography on a capillary column
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energetic upgradi ng of the by-products of the glycero
dehydration reaction furthernore nmakes it possible to

waQanremtosyss educe t he greenhouse-gas eni ssi ons oPCTmE®2006/000735

process, conpared with the conventional process, for

whi ch the CO2 produced is derl4ed fromfossil carbon

during the incineration of the by-products. The

exanples that followillustrate the present invention

g’k%‘ﬂgmcokﬂgfﬁﬁveﬁ {49 19 ES SAOPE, B ES chRoB®ograph
xanpl es, a tubular reactor consisting of a tube 85 cm
bEgngpaed wiitthh a&m iR déeithainet ewiofi Bhensameusedpiles stored
ﬁrfg%q1the gl ycerol dehydration reaction in the gas

E as aF'atnDspheric pressure. This reactor is placed

iTRed fraatad chayld neg ntghpredc@lathe reagcthBle for rapid
tenperature, which is 300C, unless otherw se

PRALYSLEd. ofhethat asaductbed 28de §FBAAAAAAN/ ofhe yield of
B?Engﬁﬁqdfﬂé(ggé% Eﬁgéﬂé&e soﬁsgd5t5oh;¥8 oMy o1 @recise
of catalyst are loaded into thereactor to forma

cabdlyptiisc befl 381tm lthreg. Adacstimd | byapratiached aMoreover,

the reaction temperature for 5 to 10 m nutes_before ,
PRELIGGE gy t 17 PlngBht £Y TRETPRALPGF PLYT R Wt h SartyLation

QLR BS rFIrtlcddO R o @ndH IHM & 2% e swaitght of gl ycerol
at a nean feed flowrate of 12 m/h, and with a fl ow
rate of 0.8 1/h of nolecular oxygen for the exanples

AEE0NGLAG L0 LG VAL 49 LOLS §A5en LDECtad_glycerol,

orized glycero eam el atrve propor
Gihé. 5/ 89rSleThe afpeeids, gl wadr ol tisol ublyepriogiueagor i gedh  as
in the heated chanber, and then passes ove

t he
AR CRRE e ) S 2R LOTEAE 1| REPahahdtTdeq acetone

S$86 phlggduration of a catalyst test is about 7 hours,
whicﬁ corresponds to about 80 m of
In the examples that follow, the glycerol conversion, the

acrolein selectivity and the vyields of the various
products are defined as follows:

glycerol conversion (%) = 100 - number of moles of
glycerol remaining/number of moles of glycerol introduced;

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

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

acrolein produced/number of moles of glycerol reacted.

The acetone or hydroxypropanone yield is calculated as for

the acrolein yield:

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

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

produced/number of moles of glycerol introduced.
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aqueous gl ycerol solution passed over the catalyst.

After reaction, the products are condensed in a trap
woebosiogeisat ed with crushed ice. Sanpl es of thePCT/EP2006/000735

effluents are collected periodically. For each sanple

collection, the flowis interruupted and a gentle flow

of nitrogen is passed through the reactor to purge it.

The trap at the reactor outlet is then replaced, the
rogen fI sto d -and the 4 eactor returned
Bhter G4 | o TrEaghhE. FRbTresed o St TRIRE URPFEEntages

aamaemvablte deaciilyakiron ahttbeueadal yst is noted. For

each experinment, the total nass of products entering

and | eaving is neasured, which allows a nmass bal ance

Egaggl@etle rs @oﬁ%@r aPiWel Al ackle dﬁﬁgd Yot $nkohMREndEen )

perforned - an analysis by chromat ography on a filled
Iunn FARP col u

RO Sorath SafPpgey B chod Feo Heie, bFeSdps Pz - 2/54m

geankhictralsiive artaiﬁ/ﬁdcm)l.s PRriDf Nneso e édneingxbemnnsk  of 6.41

standard (2-but anone) - an anal ysi s by

Ehr HP&COGFRAIRA RN BO cAPPI FERFtO81- uMNEFF/S Wt unAr&0given in

50725 1Ma @7, .an HP6890 chr omat ogr aph equi pped with an

FI'D etector With the sane sanples stored at -15 0OC .

The first nethod is particularly suitable for rapid

anal ysis of the products, and especially the yield of

acrol ein. The second nmethod is used to have a nore

preci se analysis of all the reaction by-products.

Mor eover, anal yses by GC-Ms or by chromatography after

silylation were perforned to confirmthese results.

The products thus quantified are the unreacted

gl ycerol
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the acrolein formed, and the by-products such as
hydr oxypr opanone, acet al dehyde, propanal dehyde,

weaceisga®sand phenol . In the exanples that foll e@r/EPk®6/000735

gl ycerol conversion, the acrolein selectivity and the
yiel ds of the various productk®are defined as foll ows:
gl ycerol conversion (% = 100 - nunber of noles of

gl ycerol remaini ng/ nunber of noles of glycero

i ntroduced; acrolein yiel drg¥le=1nunber of noles of
acrol ei n produced/ nunber of noles of glycero

i ntroduced; acrolein selectivity (% = 100 * nunber of

] O g ot tycer gt
T 2 e T hEaP b0 or Th D] opgnond yi ol 1 - 18 24
¢alcul ated as for the acrolein yield: acetaldehyde

= 2/3 * nunber of noles of acetal dehyde

|eLd,gw
éﬁG&G& &/ REnBEY I6P mol es of gl ycer 8P i nt}odycess Yes ves

BRI eb¥vleAsipns & NUMDEr of 'MjlgeS 04 Pheneq 88 83
produced/ nunber of nol es of gl ycerol introdiliced. A

Bheoledml ydedde expressed as nol aBd9%ércehthgdd.6 40.9 37.5

el ative to th [ cerol i nt roduced.
% rﬁpgﬁgts é &% 8brd|ng to the iﬁvention %ﬁe 46 45

cgdabysh Gon® Fizqel Ite HZSMb|(¥epcat, BZJ] 128544, 2
15% Aerosil - Ueticon) . 10 m, regresentln a nmass-
dregaddegydewielidoaded into the|reett ol 6THe? resullt-$

2
1
bel Tabl mulya I
PR 1Y 5186 24 (o) Addi i on of Qkygbh no g O
0
0

pestpase ydeld 0.1 0.5 0.0 0.2
Phenol yield 1.0 0.0} 0.0 0.0

[ B N B -

Material balance 97.7 98.0(97.2 98.8 98.9
(mass collected/mass intro-
duced)

Quantified product balance 69.2 65.0(49.9 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% 2Zr0O, - 10% SO4) from
Daiichi Kigenso (supplier reference H1416) and a tungsten
zirconia (90.7% 2r0, - 9.3% WO3) from Daiichi ZKigenso
(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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G ycerol conversion 79 64 96 88 83 Acrolein yield 39
.1 24 .3 40 .6 40.9 37.5 Acrolein selectivity 49 33 42

wa@okHstgslr oxypr opanone yield 5 .6 3 .7 1 .5 2PRT/EPZ006/000735

Acet al dehyde yield 1 .2 0 .6 2 .2 1.8 1.7

Propanal dehyde yield 1 .5 0 01 .6 0.9 0.8 Acetone

yield 0 .10 .50 .00.2 0.1 Phenol yield1 .00 .00

.0 0.0 0.0 Material balance 97 .7 98 .0 97 .2 98.8

98. 54 nBssn/e) | q@mEED/ mass godnkg .ducad) ébanhﬂfiedtalyst is
product bal ance 69 .2 65 .0 49 .9 57.7 8 ( g

%%%5%*6?5%%&8&/ F‘ntlloéc?uc%ﬁ)lgﬂféﬂéﬁhlaﬁ oho%q (Em‘P ﬁ ?Z?f and

QX%GRR i FRIeSs £ NOSSHBLE (& MRy N ah¥y ¢ hﬁBﬁT%’qu Point). The

conversion and the acrolein yield by Tnhibiting the

deseitvasirengdtenhéncdehlys? hadowhe formation of

certain by-products. Exanp&gbg (accordlng to the

invention) In this Exanple types of catalyst
(10 M) are tested: a sulfate zirconia (90% ZrQ2 - 10%

SO4) _fromDaiichi Kigenso (supplier reLngnsﬁ_hQA;ﬁ}_______

%ﬁ@uéaﬁﬁﬁ@sﬁéﬁcﬁFPéonla (90. 7% zr 0218 9. 394 WB) 2fr om 33
thgﬁgggzo (supplier rleference H1417). The first

cata yst | oss on ignijtion at 1000 OC of| 8.81%

aataayspecific surface aregofubfaBe nRlgedBEA,| 1 Tungsten

point). The second catal yst} is Chﬁéa terized b%. | oss 17

on ignition at 1000 OC of 1.75% a peci filc?SaFPAcE

area of 47.4 n2/g (BET, 1 goint). The results are g

given in Table 2 bel ow

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 0.0 0.0 0.0 0.0
Acetaldehyde yield 10.3 9.1 8.2 9.8 8.7
Propanaldehyde yield 4.9 3.7 4.0 2.1 1.4
Acetone yield 0.0 0.4 0.0 0.1 0.1
Phenol 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
aassayed/glycerol

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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Table 2 Cunul ative glycerol 9 18 27 2 1 33 introduced
(g) Catalyst Sulfate zirconia Tungsten 16.5 g zirconia

wazo/o8fogser ol conversion 100 100 100 100 100 ACTmiP2i06/000735

yield 42.3 53.8 52.5 54.9 53.0 Acrolein selectivity 42

54 52 55 53 Hydr oxypr opanone §3eld 0.0 0.0 0.0 0.0 0.0

Acet al dehyde yield 10.3 9.1 8.2 9.8 8.7 Propanal dehyde

yield 4.9 3.7 4.0 2 .1 1.4 Acetone yield 0.0 0.4 0.0

Qe%r@sénEﬂﬁ@0|ayimbdso-QfO-Q.Q33 Q. 0Ower@ Miberied into the

bal ance 96.5 98.0 98.0 97.2 97.9 (rmass col | ect ed/ mass

rREESAGcedyoOQuAn1S | ekqIRIduct tHR. 5E68Y9 BEE@ e gmolecular

Bdygebalance (Produet o pasragyedc gibcdl dndpdisedhple 3
ormat1on of hydroxypropanone and of phenol is

beiplvetely inhibited in the presence of nolecul ar

oxygen. Exanple 3 (conparat.i and according to the

invention) 10 m of zeolitgééiﬁega fromVal for (CP

811BL- 25)representing a nmass of 4.23 g were | oaded

into the reactor. For this exanple_ the flowrate of

rerdetive Bx§een [usdd i s0. 3251/ h.35The resul t¥ ar e 24 32
ghmerdutéd [abl e 3 |bel ow

Addition of oxygen no No no no yes yes yes yes
Glycerol conversion | 100 99 97 89 100 100 100 100
Acrolein yield 45.6 56.9 52.3 47.9 | 42.9 57.3 56.4 56.3
Acrolein 46 57 54 54 43 57 56 56
selectivity

Hydroxypropanone 6.9 9.6 9.5 9.7 0.4 0.9 0.2 0.4
yield

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 3.9 3.2 2.6
vield

Acetone yield 0 0 0 0.2 0 0 0 0

Phenol yield 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 oxygen makes it possible to
maintain the glycerol conversion and the acrolein yield,
while at the same time reducing the formation of by-

products.




Table 3 Cunul ative glycerol 8 16 25 35 9 16 24 32
i ntroduced (g) Addition of oxygen no No no no yes yes
we@eesiesrs& ycer ol conversion 100 99 97 89 100 ROD/ERAD6/000735

100 Acrolein yield 45.6 56.9 .3 47.9 42.9 57.3 56.4

56.3 Acrolein 46 57 54 54 43 57 56 56 sel ectivity

Hydr oxypr opanone 6.9 9.6 9.5 9.7 0.4 0.9 0.2 0.4 yield

Acet al dehyde yield 5.1 5.2 5.1 4.8 6.6 7.2 6.8 6.1

Propphal delgdrpdrativé 4n@ 8cdo4d9nd. 8o3tBe2ifvenslidn)

Acetone yield 0 0 0 0.2 0 0 0 O Phenol yield 1.3 0.7

0.50.41.2 0.50.4 0.1 Material balance 95.6 - 98.6

28 %03 _h%gceq&ﬁr@&limgglcgbal ociogdl ress i pbfpdEesd) paiichi

Quantified product 66.2 78.7 74.8 77.2 56 69.8 67 65,5

Babenee ((Heddutisléssagedisagl.ycBirid FatpbéHBEedpsSTHe loss on

%gHEiSH %tt '1‘6'0%6‘8 £ OFYREN Mea? éf)(taﬁffﬂ:bgﬁrkgce area of
I'ntarn the glycerol” conversion and e acrolein

ypeld, mihgl elat mihefsate d i awtabhtci ngepheséot img i enmass of

f roducts . Exanple 4 (conparative and accordin
2e T Bt PaHE A B 0o Ak SoBErobn 5 (01 Botorcp
8na%BOA) tEr aeDRiieli in Table 4 below.
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Ki genso (Ref H1418)

on ignition at 1000
weanew/08708128. 7 nR/ g.

is used. This catalyst has a | oss

P

OC of 4.23% and a specific surface

10 M of this catalyst, CT/EP2006/000735

representing a mass of 12.7 g , are |loaded into the
r eact o—¥Hhe—+resu-ts—are—given—+n—Table 4 below Tabl e
4 Cunu| ative gl pcexol intwoduced (B 8 16 24 3R 41 9.8
17.9 25¢33§ 43296\d§i1$059i'¢9x¥g@n000o000.34
0.34 034 Q.34 D.82 dycerol convefsion 100 100 190
100 99| 100|100 {100 100|100 Acroleiph yield 16.6 484
46. 7 45‘;?2 16.2 3.3 42|10 %#3r0 44-2/°38.2 Actolejn=
sel ect [wityo17 #0 d7745° 46 28 42243 44 38 7 I
Hydr oxypr opanone yield[0.0 9.4 13.p 13.5 14.7 D.E0.0
0.0 0.f 0.9 Acefal dehyde yield 6.9 6.3 5.0 4.7 4.3
12.2 13,7 979 7. 30.36 PrBpaha® dehyde vyi el d 15, 0 @4. 2
11.7 1N 1 998 6|3 %.9 542317 3.9 Jcetone Hield 0, 0
0.0 0.0 0.0 0.0/2.0 0.6 0.0 0.2 0.p Phenol yield%. 2
4.4 2.92,2.9,1.8/ 0.9 0.4 0,2 0.1 0.p Material baldhce
95.0 98:2 98.2 &.7 97|% - 97.8 §7/.0 98.898. 6| (mmss
col | ected/ na@ss jnt¥oducedy Cuant fjeed product palance
(produtts assaypd/ gl ycerol 42.7 74,6 79.3 77.0| 7% 4
44.8 60,7 98.5 p6.0 531 introduced) The v
hydrox%prop’anong C|;§ré}pacl;]a‘l\;dé.lzhycgleo-anld phenaq} g
by- product §ar e} | " mar kedry 1 ower gnount When {t he
processg S pCIf rred—h—the preésence of oxygeu.Eiénple
5 (conparative pf &he prigr art) 1 ml of 0
H3Pg4/ B pha<al ul na &at<al yst; pgegarped as déscrjibed in
patent{ US 5 387/ 720, representing @ mass of 10 g ,
were | paded into the reactor. The [catal yst was| H
preparpd in the/d okl omg._manner;, 5.9 g of 9
al pha-;ﬁum"ﬁa eromvCera«mgcv(RefNE'@w - emficg
surface arega 0.7 n%/g nmean pore di ameter” 2.5 m
appar ent porosity 65%; supplied ijn the &
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formof rings and ground so as to retain only the
particles of dianeter 1-1.4 mm were inpregnated with

wa 20060087083 20% by wei ght phosphoric acid sol uti 8aT/EP2006/000735

(prepared by addition of 16.25 m of water and 5 g of
85% by wei ght phosphoric aci®l. The solid is then

dried on a rotavapor at 80 OC and used directly. The
results are collated in Table 5 . Table 5 Cunul ative

gky¥genal si fboadueadite) o8 $6e2pr33rGhyegrol conversion

9169 42 17 Acrolein yield 54.5 322 20.6 3.8 Acrolein
selectivity 60 46 49 23 Hydroxypropanone yield 12.3

b3S SRS AS o0y 8Bl g apageivec
QnOp&Hédl(U§MEn@$7yTE®d ieﬁr@sénﬁlﬂgOaOMHﬂﬁwdﬁJ10 g, were
balance 98.6 98.7 nd &nass col.l ect ed/ nass

LapAsdudade @%w??%a%ro et CRAPANSE 7P % %el%a%%dgln the

§8lio@gh%d49£§n@§saﬁﬁﬁ@9|¥0Qﬁ9|aﬂBhéQa@HﬁﬁﬂﬁEﬁﬁﬁﬁhec@ramtec
(conparative of the prior~art) an

HBEE4/EQ-pha aImmau&ﬁmxaSysfaCeepnﬁgen@Lﬁgﬂa/ﬁass Bgan pore
re | oaded into the reactor...the catalys
%é?mﬁggﬁaﬁgé iM t he*BRAESHaNREF 8¢ 6§Ekanp %p%¥ fba in the
lutm abtrer rdhyisng aad 8QrBGend t Be S@bldtwasré&humateﬁly the
in air_at 300 OC for 3 hours in order to fix the :
PRESpRELSc ci 4lametdle dupphrmm) 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
phosphoric acid). The solid is then 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 91 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 yield 0. 0.0 0.0 0.0
Propanaldehyde yield 0.3 0.2 0.1 0.0
Acetone yield 0.0 0.0 0.0 0.0
Phenol yield 1.0 0.1 0.1 0.0
Material balance 98.6 98.7 =nd 98.9
(mass collected/mass introduced)
Quantified product balance | 77.6 72.6 84.9 89.4
(products assayed/glycerol intro-
duced)
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The results are given in Table 6 below. Table 6

Cunul ative glycerol introduced (g) 8 16 24 32 G ycero
woams@szisen 70 37 9 8 Acrolein yield 42.1 18. 2PdT&P3008/000735

Acrol ein selectivity 60 50 50 41 Hydr oxypropanone

yield 10.3 4.8 0.0 0.0 Acetaldehyde yield 0.0 0.0 0.0

0.0 Propanal dehyde yield 0.0 0.0 0.0 0.0 Acetone yield

0.0 0.0 0.0 0.1 Phenol yield 0.8 0.0 0.0 0.0 Materi al

balaane B. AP 38L ¥F Aremss £oldeot ed/ mass

introduced) Quantified product balanceé 83.2 86.2 95.5

95.6 (products assayed/ glycerol intro duced) Rapid

activ on_ o ot es
5okl VB R ohbbE Al VS Lohdp A0 B oo e sgncing @
meizef act 8 J5® @crweeenlbyddehydtat kae ekaghypeer dhd matalyst
the presence of, nol ecul ar oxygen, in an_anpbunt chosen

43 SasPTePpECutidy dEh?h@aﬁT}ean%BPFthsraﬁ@E gtxaé‘}ﬁ/l 5, but,

RGHYr | BrihggPladntgo &, PRACE :ACCRLLI RE L9 Eld r@.r;- air at

characterlzed in that the nol'ecular oxygen'is in the

B3O0mf £ r 3ohoumrst hien fordenf ta rfiixt urke ophgagkeric acid to

%ﬁptamlg?ﬁ~ nol ecul ar oxygen. 3 . Process according to
characterized in that the glycerol is in

the form of an aqueous solution with a concentration

of between 10% and 50% and preferably
The results are given in Table 6 below.

Table 6
Cumulative glycerol introduced (g) 8 16 24 32
Glycerol conversion 70 37 9 8
Acrolein yield 42,1 18.2 4.6 3.1
Acrolein selectivity 60 50 50 41
Hydroxypropanone yield 10.3 4.8 0.0 0.0
Acetaldehyde yield 0.0- 0.0 0.0 0.0
Propanaldehyde yield 0.0 0.0 0.0 0.0
Acetone yield 0.0 0.0 0.0 0.1
Phenol yield 0.8 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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bet ween 15% and 30% by weight in the reactor. 4 .
Process according to one of Clains 1 to 3

woherestossi zed in that an acidic solid catal ysPCWiEPE008/000735

Hanmett acidity H o of |ess than +2 is used. 5 .
Process according to Claim4 23 characterized in that
the catal yst is chosen fron1natura| or synthetic
siliceous materials or acidic zeolites; mnera
supports, such as oxides, ci#mégwth nono-, di-, tri-
or polyacidic inorganic acids; oxides or m xed oxides,
or alternatively heteropolyacids . 6 . Process

@Ccorﬁkesege @l Mn@faémcmg agtebhged iy t@@}a¥af1§tlon of

catal yst is chosen from zeolites, Nafion conposi
gbgsedobnlsuhm@nlpmewameofoﬁImmlremaltaard @Oy yerer sjn an amount

chlorinated al um as, hot ungsti c_and/lor
SRP P B s cthepae i CHUEr R sRaBR S ko ane at any
§@hhdslﬁftﬁ§tguaﬁxlde type such as tantalun1OX|de Ta

OB, ni obi unpxi de Nb20b, alum na Al 203, titanium oxide
Ti2, zirconia Zr@2, tin oxide Sn®2, silica Si Q2 or

?| licp; Bkg%n%&ﬁbor{ﬁ Al—,é%q i fg?g%é%%a Wit i8I £1 that

unctions such tungstate
VWB mphesphate P@tersils cat etBeOfoom il ydhidater Mo@Bthg form
oces§ accor.di ng to _on e of .C ainﬁ 4 ho 6
OhaPabLeLrI8qonoehge £AB BaPaPPstorECBhBE e R*Y I6R:
sul fate zirconias, phosphate zirconias, tungsten
zi rconi as, S|I|ceous zirconias, sulfate titanium or
8in ORIQ§§SSaﬁﬁI§H6§ﬁhhtboaﬁ&ﬁﬂﬁa§-oPrsﬁhld%%ar@Cterlzed in

e c tq.on g % 1ution
cﬁ%r%a%i%eefl §9ggé£]g hatst e s gél'gﬁtl1 on reactl %e?%s so-Lutio
pethoamedncentthe tgas p:l’ﬁ‘;ls’cmtween 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 Hy 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 zeolites; mineral supports, such as
oxides, <coated with mono-, 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/or
silicotungstic ?cids and acid salts, and various solids of

metal oxide type such as tantalum oxide Ta,0s, niobium
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9 . Process according to daim8 , characterized in
that the reaction is perforned in a fixed-bed reactor,

wa 20dei8tiszed- bed reactor or a circul ating fl ui gcTaEe20ed00735

reactor. 10. Process according to one of Clains 1 to 8
, Characterized in that it iégberforned in a plate

heat exchanger . 11. Process according to one of

Claims 1 to 7, characterized in that the dehydration
6RBEEI Ab,05, perlferined Ab,dshe tigamiuphaseéde TiO,, zirconia

7r0,, tin oxide Sn0O;, silica Si0, or silico-aluminate Si0z-
Al,0;, impregnated with acidic functions such as borate
BO;, sulfate S04, tungstate WOs;, phosphate PO4, silicate
810, 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

reactor.

10. Process according to one of Claims 1 to 3,
characterized in that it 1is performed in a plate heat

exchanger.

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

performed in the liquid phase.



