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CATALYSTS CONTAINING TUNGSTEN COMPOUNDS AND METHOD
FOR DEHYDRATING GLYCERINE The invention relates#qa/progess faf s 4040
preparing acrolein from glycerol using an acidic catalyst which comprises
tungsten compounds and at least one further promoter. Acrolein is an
important intermediate and is of great economic significance for the
preparation of acrylic acid, D,L-methionine and the methionine hydroxy
analogue 2-hydroxy-4-methylthiobutyric acid (MHA). Methionine is an 10
es<ehtialdmino SERTTRHER G SEBT GRBENiL Q6P Suipysie MRt MEfEBAD. FOR
Nutrition-improving feed asislitiveszaremowadaysaipdispensable
constituent in animal nutrition. They serve for better utilization of the food
supply, stimulate growth and promote protein formation. One of the 15
ThEstimporantof fhese aaditves is Bresssentifhaminbeacid Mathienine] e in
fwhich asgumes’a prominenirpositionias afeed additive: in-poultry,breediag

i j r is field, g ignine replacements such a
e Pty aalog s (AbLATa B (L AT S5 hat Hot 367
pig%%risgiaq_eﬁrage %igni{iz%agceﬁ sir%ce.th% have similar growth-stimulating
properties t6 thé aming. acid Known for thig puipose™ ATyt defd Bt
Sifporant starfiig isterdsl forfsrepating potynrers which, d6r examplec acid,
Towingda thein water-ahsorplion-capaciy. are useshas25 guperabserbents.

A i 0 th [ ¢, acrolein is.synthesize eterogeneousl ,
S0 Seleie S S Sy H sy e beidh et gpts a0
CRLFII3 GesGbEs thé Synthikis Gvet Borpsk mixeieriukifictal oxide:
seatalysteeatt30. tenfperdtures ot 300 te38AG@aNcharesswes @f Aktn-22e= are

n@ﬂa@ﬁg@% Eﬂ@ﬁ%%%%ﬁﬁ@dgég@é gl?é@ﬁt%’r:@tﬁgg%gf’ I%%%%ition.
TElescrlbes the Jg)vgr?;lfl process including workup, in which several
Fiix

y-products are fermoved: Orite'the 78ac(aHt Mixtlretof i 6pefe R and
Sivater-hashetrP WO 2008/092583PE TWEP2007/064060 Riconvetiad abf the
mieast ﬂ&’f@&hﬂy@ﬁﬂl?&a@fyébﬁU@ﬂ@:liﬂgx}%grsi @lffeﬁ@gég %%W@Mgl am oo
e o eat ADSoa her e Rt atr ol ARG e foorator® =
fﬁﬁg additive in poultry breeding in particular. In thig
field, though, methionine replacements such as methionine
hydroxy analogue (abbreviated to MHA) also have not
incongiderable significance, since they have similar
growth-stimulating properties to the amino acid known for
this purpose. Acrylic acid is an important starting
material for preparing polyvmers which, for example owing to
their water absorption capacity, are used as

superabsorbents.

According to the prior art, acrolein is synthesized by
heterogeneously catalysed selective oxidation of propene
over mixed oxide catalysts. EP 417723 describes the
gynthesis over complex mixed multimetal oxide catalysts at
temperatures of 300 to 380°C and pressures of 1.4 to

2.2 bar. Ullmann’s Encyclopedia of Industrial Chemistry,
6th edition, 1999 describes the overall process including
workup, in which several by-products are removed. Once the

reactant mixture of propene, air and water has been
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absorbent is recovered by purifying the crude acrolein obtained by

wWistilation/ incseyetal stages. It is known that glycerol can @%g E&%r@&e)d/i&; 40ED
the presence of acidic substances to various products. According to

Organic Synthesis I, 15-18 (1964), treatment of a mixture 10 of pulverulent
potassium hydrogensulphate, potassium sulphate and glycerol at 190 to
200C affords acrolein in a yield of between 33 and 48%. Owing to the low
yields and the high salt burdens, this process is, however, not suitable for

therindustiial scale=454n the-equrse ek studies ofapadelsubstancesiof . o
biomass pyrolysis;oils, the catalytic treatment of glycerol over H-ZSM5
zeplites at 350 to 500C has glsgbﬁee%%stl?&fég %%%e ao, %%%.Céttsal.gﬂﬁg as
RYPISEr: S IPYroly S Gl BionfReS 32834141988). Hyerotarbens eam
cavedorred only:in 20low yields: Mareover: EPO5982290h0SH3874201 on . the
lescribe the acid; catalysed.conversion of glycerol to acrolein in the.gas
d??f}age arE:g I}r; thﬁﬁ%uid H{}as,e.olﬁr%ythls caseg,/git%?e sc?[%ﬁ/ tﬂjéuég;:&?d gﬁgﬁ&?ﬁm
ammett adid fanclion) that Gteringg ¥8 SthabliFas a catalyst. DE 42
38 492 relates to the synthesis of 1,2- and 1,3-propanediol by dehydrating
Glydetol MR Righ yiEIdsL Wi 20b6aB7088 dittlusésatprbcess fite presence
cpreparing acraleint anfrem glycetot over-acidic satalystsin which gxygen
ds30-add +he Leaction mixture. Asimilar process is described in WO
2006/087084. The catalysts ,used?thgrgé;lgélﬁe’a F@‘r’n%&? %téidﬂ?/ Ho fithet=®
“range of 5§t °18: B1tiE R objedtiot Hrsaisleshrefoprovide s edtatyst
sfok tHerdehydrdtion pEglycéroh whielh has axetatively 1oy earbonization, in =
vieadaneyapd is,easy tosreggnperaie. Owing to the low vields and
the high salt burdens, this process isg, however, not

guitable for the industrial scale.

In the course of studies of model substances of biomass
pyrolysis oils, the catalytic treatment of glycercl over
H-Z8M5 zeolites at 350 to 500°C has also been studied - see
Dao, Le H. et al. ACS Symp. Ser.: 376 (Pyrolysis Qils
Biomass) 328-341 (1988). Hydrocarbons are formed only in

low yields.

Moreover, EP 05$822%, US 5387720 describe the acid-
catalysed conversion of glycerol to acrolein in the gas
phase and in the ligquid phase. In this case, 1t is solely
the acid strength (Hammett acid function) that determines
suitability as a catalyst. DE 42 38 492 relates to the
synthesis of 1,2- and 1, 3-propanediol by dehydrating
glycerel with high vields.

WO 2006/087083 discloses a process for breparing acrclein
from glycerol over acidic catalysts, in which oxygen is

added tc the reaction mixture.

A similar process is described in WO 2006/087084. The
catalysts used there have a Hammett acidity Hy in the range

of -9 to -18.



In a first aspect, there is provided solid-state catalysts which comprise
tungsten compounds and have a Hammett acidity Ho of < +2 and which
comprise one or more promoters selected from compounds from the

group of elements comprising gold, silver, copper, platinum, rhodium,
palladium, ruthenium, samarium, ceriugn, yttrium, scandium, lanthanum,

zinc, magnesium, iron, cobalt or nickel and/or montmorillonite or acidic
zeolites. In a second aspect, there is provided a process for preparing
atfoléip yrdelyteatingeglycérel inithe presercetof sofidsiate catalydts Lyst for
wihieh cemprse: tungstenfcampoundsianddavena Hammett aciity Holof < cw
+Zandwhich.comprise,Qne or, mare:promalers, selected from compounds
from the group of elements comprising gold, silver, coppér, vanadium,
platinum, rhodium, palladium, ruthenium, samarium, cerium, yttrium,

seandiumy, Janthanun -zinc, magnesium, cabalyepnickeland-eptionally
cggn&oy{)g&ofm% elements lithium,.so éjlgnegotassium or caesium, and/or

montmoarilionite or acidic zeolites. The disclosure provides solid-state
CERAISIE IR EOMPASE LM R RIS MpSiidsiand Ravea Hammeft ™S
agidiyrHe ohs t2-andwbich:compriseranerorragte priketersiseleciad
f@é&ﬁSﬂE’&E”??%”ﬁtﬂg qroup of elements comprising, espacially o1 s,

consisting- of, gold, silver, copper, platinum, rhodium, palladium,
rEithenfim, SEPREftim, éeriting Yifiunt, Sednditim Fanthardii™zinc,
maghesitimirorscobalt orn nickebormixtgres thereof. sSuitadlepromoters
are- 150, in,particular acidic zealites, or mantmorilienite, whichare;then
present optionally in each case in an amaunt of 0.1 - 3a 30% by weight,
AP P 0555 by Weigh, Basét on e Eatyst 3 addition to the
abovementioned promoters or alone. Depending on their standard
potenrtiad dndinitduakele ments-amprg thosermentiened:alpovecmay also be
present in metallic form on the catalyst, Preference is given to catalysts
it RTS8 Ha Btk Ho of S5 G 50t Remag Hrodded
accotdance nthethe disefosairel st froeess forreparity Yerofén from
alyoerel; inwhich thesercatalygis areibiseddt hasbean foumndsthat thei dicy
Rresenge of Bronsied agidie. sttes on.he catalyst.suriaoeds potaufficient
t6 achiieve godd Yields of acrolein. In a éai,tion, It has been found that the
PESeiEeSS taAtRerT CORBGEIS arkt the-ComBMatEh theraor Wi Acidic
sitesireproves theoyieldssSince glyceralis a resethacmoleculeviRieh u,,
tends fo, frm relatively high-balling-compoungs-atnigh jeraperaiufies by
the Leqction of two qr more glgcg[gl mugilrleculcalsrl \c/:vith I%rl\ena}:n&tq%, thg Al
citaiyst ’earboRiz8d BY ‘deposits of carbon- 7 TAEHES S

or nickel and optionally compounds of the elements
lithium, sodium, potassium or caesium, and/oxr

montmorillonite or acidic zeolites.

The disclosure provides sclid-state catalysts which comprise

.

rungsten compounds and have a Hammett acidlt Ho of <« +2

=

and which comprise One C©Ir MOrse Promolers selected fTO
compounds from the group of elements comprising, especially
coneisting of, gold, silver, copper, platinum, rhodium,
alladium, ruthenium, samarium, Csrium, yitriam, scandium,
anthanum, zZind, mégnesium, iron, cobalt or nickel or
Gyxtures thereof. Suitable promoters ar
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WO 2008/092533PCT/EP2007/064060 4 containing molecules on the

surface. This leads to a reduction in activity. To achieve a high space-time

yield, it is not only the Hammett acid strength of the catalyst that is

important, 5 but also the regenerabilitj and the tendency to carbonization.

The inventive catalyst comprises one or more promoters which
Heeeleratets)Ihe regeneration. sttheicatalyst, baddionydifetimte afsed on
tspaceding yietd ingreasadOsignifieantlyn singesleagtivationys promoters
sarbanization in particular is at least for the most part eliminated in the

case of these catalysts, and the activity is significantly increased. The

conversijon of glycerol.and the yielg,of acrolein can thus be maintqineq at
L RIEHI&0S] depending 15T Feie SHIE R dfreat SoMcatEe. =1 Sments
sagpegiafip foraamipdustiakinplomentation of e syrthesis sginde am metallic
iexehange ofthe-catalyst-and associated plant shutdowns cause high

costs. In addition to the Bronsted-acidic groups, it is also 20 possible for

spgrpd granpe ordeyis-acilic.sites GJpluence e AEMINANL e o
selectivity. Equally; irrespective of the promoters, the ‘addition o
decofdneormofeéof the elements selected from the group

comprising silicon, phosphorus, niobium, zinc, tin, 25 magnesium,
Lakitiemeaomohdatenumdoa catalyst.campesngtungsien €ompounds
reascmedify the surtace of the gatalyst onreduce the ceacentration ofr.ich
-active sites, sy h.that tlh selectivity is improved further. This especially

reduces t%eafo rﬁgtlsonaof%iaﬁ%%ﬂers or coke precursors which are 30

_formed from two_or more adjace tgadsorbed glycerol moleculesor
“intethidites and B adstitbed iF afixed Tharmer THesEtompbiras 2 ¢
sthbe serve tollewerthe contentatiorref the active sites’an thencatalystichieve
ptaceandtbus 0 acrolein. In addition, it has been found
that the presence of tungsten compounds and the combination

thereof with acidic sites improves the yields.

Since glycercl i1s a reactive molecule which tends to form
relatively high-boiling compounds at high temperatures by
the reaction of two or more glvcerol molecules with one

another, the catalyst is carbonizsd by deposits of carbon-
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WO 2008/092533PCT/EP2007/064060 5 increase the distance between
HejaeenBdétiessites (site isolation). This in turn reduces thepyobahilty /054050
that two glycerol molecules or reactive intermediates or coke precursors
which have been formed react with one another on 5 the surface to give
higher hydrocarbons. Suitable solid-stat& catalysts are especially also the
types known from US 5,387,720 (EP 0 598 229 Al), when they additionally
comprise a tungsten compound and one or more of the promoters
HrertioredThasd eatalysts are soliel H0isubstanceBhwhich saed essentially

irsbluble imthereactior-megium, have a mono- or polyphasic structure
and have an H, of less than +2, preferably less than -3. The Ho

songenouda o.the Hammell.acid Tynetion and can he determined by the,
.S0-called aming titration using 15 indicators or by adsorption oﬁa gaseous

Hae< deeSttidies ih S0facte Stiehts andicatalydis Wal- 512198 o Neant |
olid akids dntEbasess tveintdtalytiy progerties” byeKdFangbe: et al.

<hapter 2 espeeially pages 5-9. Chapter 1 (pages 1- 3) of the
aforementioned document mentions numerous solid 20 acids from which

p ski in.t r %fa ropriate after determining the Ho value,
jt%%] %ﬁhéﬁtgﬁg%%;% stéjc()prm%reﬁﬁ\?esntf?/%emgaifiggtfo S UEBe" ©
“&%%%%%%k%@%&ﬁth%)in\? iVEcdetyaratfor satalyststire préferatiy (i) In
aatirtal and syntheticsilicatic substances, 25 espetiallymerdepite, acidic
Zeglites; ang,agtivated garbos,. (i Qrf materials, sych as oxidic or,
%i?%agigusij bstqr?}é/es,i_fo[g exar%%lg(la%gl%%%, écl%ag Sz%‘zéaﬁ%;? nﬁﬁ5§§ %o&ﬁed
RWith monio-,di- or Polyb&SIE inorganic Atid 6adid saltS b MbFgaricl in the
Cadas;(fi) eRrrRs anditmixed 30, oxidds, forexampley:AI208 antini ficantly
iZn(—BeAJB@&,.5i@2ré\|Z%%x%!’@%iéi@zwdir%&mgﬂxe%ﬁﬂgﬁ%Ogrield of

ids. Suitable compouynds for. providing the active fungsten

a%&%%ﬁ%%@{%%%xﬁgél&% amr%r%%%lﬁjlrﬁl%?ngas%at%, g‘ﬁ?ﬁ%rﬁﬁﬁﬁE1 epending
“Metdtfingetite; wiystic s&id furigatesilicé asidt 35annystephosphaticy for
aacidytimgsteneoxides-0rheteropolyacids the synthesis, since an

exchange of the catalyst and associated plant shutdowns

cause high costs.

In addition to the Brensted-acidic groups, it is also
possible for hydroxyl groups or Lewis-acidic sites to
influence the activity and selectivity. Equally,
irrespective of the promoters, the addition of compounds of
one or more of the elements selected from the group
comprising silicon, phosphorus, niobium, zinc, tin,
magnesium, aluminium or molybdenum to a catalyst comprising
tungsten compounds can modify the surface of the catalyst
or reduce the concentration of active sites, such that the
selectivity is improved further. This especially reduces
the formation of high boilers or coke precursors which are
formed from two or more adjacent adsorbed glycerol
molecules or intermediates and are adsorbed in a Ffixed

manner .

These compounds thus serve to lower the concentration of

the active sites on the catalyst surface and thus to
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WO 2008/092533PCT/EP2007/064060 6 with tungsten as a constituent.
THedé ¢8npduRds or mixtures thereof are then either useddiretty @sthe 540560
catalyst or used as catalyst precursors. In the case of addition of further
elements, preference is given to a preceding mixing 5 as a powder, in a
solution or in a melt. In one embodiment of the invention, the catalytically
active compounds are bound on a support. The support materials used
may, for example, be aluminium oxide, titanium dioxide, silicon dioxide,
HEoRiBRT 16 toxide: wriivaeBTarsoor Mhdgres thereof Ehesstpportss i te
senieapresominanthystoiincrease the specific §wega§9@q§@kgr1tggg tgga% I

j ites. i ive catal are prepare processes known to
e?k%c;)}éée% sﬁ%ﬁeén%%lgxgtg%vﬁgﬁ t %ggg[ﬁ/%egolrﬁggnre%?}éé?eF 5 a%%ligé) ]t{oea
BUPRBRE S i preferably Gone A infpregaating the Suppoh, forexa er on
tByemeans af thetincipient-wetness-methiocbby spraying. The active
components may also be obtained by precipitation or extraction from a
solutiam Subsequentlys the %%I@_B@Ex%%%t%b"e%?%%‘?da 1&%& ag@r&p@ﬁ&e

ith. additi f suppor. ion moters or pore formers, by N

t\gﬁ%gnglﬁg)?iﬁjs%r%p%oéﬁqnagbgggglﬁnger i%n.%h%@atﬁq@& fypically'ha8 a-hey
S5rtidie iarheter BeRREER0.08 MRnand 20 mmnpraferdbirbetween:1more
ceind: 1@ mmpespeciallyrhetween 85, and dsmm: Theactive 25.compounds

Su8%elao-bs appledinbe g ofa coaling Whey o supportissed, .
P ference is given to cat_:atlyst preparation by extrusion, pressing of tablets
gr%lﬁf&Up Vagdtorfighition® EoP therdetififtatioh-inthé ¢S phasgehave an Ho
cpartieglar preforenee 30+4s Divenktbicatalyststhiaving-an Hotketween -3 and
e aifitabies catalysh systemsvhich comprise tungsten campoungds and
gRromoters fort%(gm CI)em, Pdé/Tez 04, Pt/H2WO04, Pd/\NOx/ZrOZ,_
Uu/ﬁ&ﬁﬁ%ﬁﬁﬁe mven%oncil‘? wise rovites'a procesS forteparing
LRGtoleEHT BY HehidRiting harslinB51he presercewsf solidstatesatalgstadies
iwhiehrcomprise: Yence and catalysis, Vol. 51, 1989: ,New solid
acids and bases, their catalytic propertieg® by K. Tanabe
et al. chapter 2, especially pages 5-9. Chapter 1 (pages 1-
3) of the aforementiocned document mentions numerous solid
acids from which the person skilled in the art, 1if
appropriate after determining the H, value, can select the
suitable catalyst for the inventive modification. Suirable
base substances for the inventive dehydration catalysts are
preferably (i) natural and synthetic gilicatic substances,
egpecially mordenite, acidic zeolites and activated carbon;
{11} support materials, such as oxidic or silicatic
substances, for example Al,0:, S$i0,, Zr0,, Ti0s; Nb:Os,
modified with mono-, di- or polybasic incrganic acids or
acid saltes of inorganic acids; (iii) oxides and mixed
oxides, for example y-Al.0: and Zn0O-Al,05, 8i10:-21,0,, Zr0,-

S10y, Zr0,-HfO, mixed oxides or heteropolvacids.

Suitable compounds for providing the active tungsten sites
may, for example, be ammonium tungstate, ammonium
metatungstate, tungstic acid, tungstosilicic acid,

tungstophoesphoric acid, tungsten oxides or heteropolyacids
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tungsten compounds and have a Hammett acidity Ho of < +2 to preferably
W20 andaytietr epmprise one or more promoters selected freny e@MPOHNES; 4 050
from the group of elements comprising, preferably consisting of, gold,
silver, copper, platinum, palladium, rhodium, ruthenium, samarium,
cerium, yttrium, scandium, lanthanum, zinc, magnesium, iron, cobalt or
nickel, or mixtures thereof and optionally additionally comprising
compounds from the group of elements lithium, sodium, potassium or
vCadsiumandiormenstnioriionite ot 18:acidic zealites;these 6@mpounds <t ures
theing present optienally:in;an.amount of 0.1 to 30%,hy weight, especially_
2,10,25% t%ya%/g' ht,tbased on the gatarjl}/st. The dehydration is e=fe(;§/ed
re?eraﬁly in the AbseRce of SXygen. Inohé emboaffeftt akddn tHen of
fg‘ré*ééﬁé”e BRRy0gEn 1548 dazancenticf 0zl teL0%byevelumes it ng mixing
am;rﬁcwﬁwawﬁ t@&%,f@@ﬂaﬁm@;ﬁ%@t@l@r@@g Ehefﬁ?a&ﬁj%n %é%’cgiment
ration is performed. in the presence of the catalysts describe
O:agbg\%g. qu‘l%ée%gé"r?c%e’ntrg‘é%n of the gl)%g%qfcilry thaFeadtior MRRGIESE i@ re
bigtetabRy 1BwWRYEPPBY the addition of suitable gaseous compounds inert
under the selected reaction conditions. As a result, side reactions to give
Toligornersy polymers ahd btherssigh theiterstare minimized., The salvemtsn < um

cand diluents known tethese:skilled in;the artare used, fogim%#
6wg}t(qrdgitroggp,{ %iari,e_caébon dioxide, methane and/or hydrogen, a cohols,

for examplé methanol and ethanol, ac8tofik foffene brifigthyl SEBufjpPPoTts
SRétoRePPrtereheens givehdto diltien arediawhiche aftéli thesurface area

ocondersationhear:be iselateddraun acrolein in a simple manner by phase
30 separation. In the reaction mixture, the glycerol concentration is

TE@WW%ﬁb%ﬁﬂqégggéQY?@%@h%P§#§¥gﬁé@@%ﬁ§?:59@%gg%%gyﬁﬁg%g to

~and especially between 5 and 40% by weight. )
88§/o%%%3§égﬁ€p5%“&7/665066%66néga%vaﬁalg‘éeofffﬁéﬁ}a?a@e%%s are
ABBASISEs ih thé fact st glycerbisoldtionsriaiinga ontent of 5ito 40% by
imeighirare also usable.Sesalied erudeglycerols withant preceding o

s Soneaniration o puiicplion gan s be used 3 digelly for e Sy esls encs
may also be obtained by precipitation or extraction from a
solution. Subsequently, the catalyst can then be shaped, if
appropriate with addition of supports, adhesion promoters
or pore formers, by pressing, extrusion, coating or
agglomeration. The catalyst typically hag a particle
diameter between 0.04 mm and 20 mm, preferably between 0.1
and 10 mm, especially between 0.5 and 7 mm. The active
compounds may also be applied in the form of a coating.
When no suppert is used, preference is given to catalyst
preparation by extrusion, pressing of tablets or buildup by

agglomeration.

For the dehydration in the gas phase, particular preference
is given to catalysts having an H, between -3 and -8.2.
Suitable catalyst gystems which comprise tungsten compounds
and promoters are, for example, Pd/H.WO,, Pt /HWO,,
PAd/WO,/Zr0y, Cu/WO./Zr0,. The invention likewise provides a
process for preparing acrolein by dehydrating glycerol in

the presence of solid-state catalysts which comprise
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The reaction is performed at a temperature between 150 and 450C,
prefefdbly befireen 180 and 350C, more preferably betweenr223-a0d7 /064060
320C. Typically, the pressure is between ELI and 200 bar, preferably

between 0.5 and 50 bar, more 10 preferably between 0.9 and 10 bar. The
process can be performed in the liquid phase or in the gas phase_. In both
embodiments, the same acidic solid-state catalysts can be used in

principle, but it has been found that particular catalysts are preferably
SuitEblesfor $5HaByaRionlid theyas phasenand others dpreferably for thatio +o
g e liguid phase. elﬂi@ rpaction _Ebﬁ!atggﬁ@@r@ﬁ% L%gz@tg/ygr%%%@g@ds

e-glycerol conversion s virtually complete ( 95%
e Soahon TR i thi 20 K Sttt G o CoTERE®A or
EBSorbett dectly 16 GhtdiA-an &IOS tecraleintsolgtidriwhichladditionatipper ,
réomprises ,byp@la@mawhi@hb@u@bge{rwf@mmﬁ Cgadq%llsﬁi ts_% Fa@%r;:ium,
a se sed further directly.. The partial condensation and/or

yrz?bbsgoy;pﬁ %)'n %fgt%wlg%%%%iiongrgn%x%%%n%égl’ 2% be effected in several stages. fobalt
“dediredrol&if cA B StainedsT o the Fehctibh Finture vif approphiateal 1y
Ctogethes With & pogionrefthé water: by frectiopal.condensations 1:ithium,
=ReoiRflon siesgmiion i subseauentdiiation Anerion oLile Waier

is .cérculated in the course of 30 which it is evaporated and condensed

Uit UtiliZation of Therntal ThtegFtBRC AH dfert Gas or B diR@RE cam alsorsel Ly
18iréilateBoWO 20081092533 ROHERPZ00Z/0640609specially 5 to 25%

by weight, based on the catalyst.

The dehydration is effected preferably in the absence of
oxygen. In one embodiment, also in the presence of hydrogen
in an amcunt of 0.1 to 10% by volume, in particular of 0.5
to 5%, based on the total amount of the reaction mixture.
The dehydration is performed in the presence of the

catalysts described above.

The concentration of the glvcercl in the reaction mixture
is preferably lowered by the addition of suitable gageous

compounds inert under the selected reaction conditions.

As a result, side reactions to give oligomers, polymers and
other high boilers are minimized. The solvents and d&iluents
known to those skilled in the art are used, for exampie
water, nitrogen, air, carbon dioxide, methane and/or
hydrogen, alcohols, for example methanol and ethanol,
acetone, toluene or methyl isobutyl ketone. Preference is
given to dilution media which, after the condensation, can
be isclated from acrolein in a simple manner by phase

separation.

In the reaction mixture, the glycerol ceoncentration is
between 1 and 100% by weight, preferably between 1 and 70%
by weight and especially between 5 and 40% by weight.
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Acrolein formed is removed from the reaction mixture alone or together

withZzopartion of e water and small amounts of by-produg@ﬁpw/ 064060
manner, typically by distillation, by absorption or by N2 stripping. The 5

acrolein can be isolated by condensation or scrubbing with water. The
glycerol-containing reaction mixture freeg of acrolein is recycled into the
dehydration stage. One advantage of dehydration in the liquid phase over

that in the gas phase consists in the lower energy demand, because 10

@nly théaersleperenfovedkromdhe reaction amixture andwa, portign of water

gihjelisddistlled avarudithjLbaye fo be.guaporated: The defydrafionin
the 9as dghasp isﬁ ffected preferably within the temperature range tweer
D40 arid320C ARafin 15 tHeiqUid phas preferabhi Betesh 20oand

BT e casecefliguid phasecdehydration; the appatatus is.subjected =4

de a¢ teast-such-apressure which is sufficient to maintain the liquid phase.

The dehydration is effected in a fixed bed reactor, a 20 fluidized bed

T8actpL,Jn a;reactor wi ireulating fluidized bed, a moving bed reactor
or a reactor with r%égélﬂl%gtéﬁ{%gea} (%ov@nersz%giﬁﬁ? H%%n%getﬁ’é"‘r%?mb%io and

“continuotly br hatehiviss MEreves theesmbiriation ofee rezction withl v
Dehetant 28 Workip ob produict Workupshy meansof areastive-distilation s «
Rossitie and @AYisaPle, SGE, 18 AP INGRAINLITICIENSas DEWERN. e

%!é%eergg rid acro;%;g are ve_rr%y large. In this case, the cata ysf is positione
Feither in the' bottom and/or in thie ColaMnFdrt. The catalyst 30 introduced
_may, for example, be present in the form of a bed, suspension or a

T ESating> AGERhEFEdENtaGE 6PiFBTadtve-distillationichnsistssin the fact the
ottt highs boiling imputitiesrarediseharged from srude glyserolatdhe : q_giaee
chettory of the-column ‘ME@&J@*}WH@!&‘%@E?I% W%% it has been found
that particular catalysts are preferably suitable for
dehydration in the gas phase and others preferably for that

in the liguid phase.

The reaction in the gas phase is particularly preferred
because the glycerol conversion is virtually complete

(> 95%) and the gaseous reaction mixture leaving the
catalyst can be condensed or absorbed directly to obtain an
agueous acrolein solution which additionally comprises by-
products which have been formed; this condensate can in
many cases be processed further directly. The partial
condensation and/or absorption of the reaction mixture can
be effected in several stages. If desgired, acrolein can be
cbtained from the reaction mixture, if appropriate together
with a portion of the water, by fractional condensaticn,

absorption, desorption and subsequent distillation.

A portiocn of the water is circulated, in the course of
which it is evaporated and condensed with utilization of
thermal integration. An inert gas or a diluent can also be

circulated.
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WO 2008/092533PCT/EP2007/064060 10 can be formed as by-products.
WSoreleirt 4A8 36w boilers are then removed via the top. AcraleifEformed/c 54060
can also be removed from the reaction mixture in a known manner, alone

or together with a portion of the solution or dilution medium, by stripping,
distillation or extraction. Unconverted gB/cerol can then be recycled into

the reaction stage. The invention also provides a process, especially for
preparing methylmercantopropionaldehyde (MMP) from 10 glycerol,
Aithouit isolatig Riterhfedistesvindviick the: brultistage: symthesis oh MMB 1one
caccordingite thesprer art sar nownbe perarmed in-one, stageusing theouns «

- ' ds of
inventive catalyst. The roge: relgtes to the preparat on ofbcompoun _
C)the gg_ér%al ‘forn?ulallS(l in W%F?ﬂ:% géﬁ?%i’to%sﬁéﬁ&ﬁ y] b)?’ the reaction
“Wwith Ylyterol SF witha EafpbHRd FontWhich 20 ghjcerslts farmethwith a
acompetind ofthergenerallfermdlarR-Sk imwhichd: B:Chie:C3malkv 2% ch
win-dbe presenceof the inventive catalyst. The preferred product is, MMP, .
whic |s£repared using methyl mercaptan. }
acro.ieln is recycled into the dehydration stage. One
advantage of dehydration in the liguid phase over that in
the gas phase consists in the lower energy demand, because
only the acrolein removed from the reaction mixture and a
porticon of water which is distilled over with it have to be

evaporated.

The dehydraticn in the gas phase is effectad preferably
within the temperature range between 240 and 320°C, that in
the liguid phase preferably between 200 and 200°C. TIn the
case of liquid phase dehydration, the apparatus is
subjected to at least such a pressure which is sufficient

to maintain the ligquid phase.

The dehydraticn is effected in a fixed bed reactor, a
fluidized bed reactor, in a reactor with a circulating
fluidized bed, a moving bed reactor or a reactor with
regenerator-riser {(-downer) design. It can be performed

continuously or batchwise.

Morecver, the combination of the reaction with reactant
workup cor product workup by means of a reactive
distillation is possible and advisable, since the boiling
point differences between glycerol and acrolein are very
large. In this case, the catalyst is positioned either in
the bottom and/or in the column part. The catalyst
introduced may, for example, be present in the form of a
bed, suspension or a coating. A further advantage of the
reactive distillation consistg in the fact that high-
boilling impurities are discharged from crude glycerol at

the bottom of the column with further high boilers which
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WO 2008/092533PCT/EP2007/064060 11 In this case, for example, a
WilyGeroBhetiad Biercaptan mixture, optionally in the presence’ aba solvgnt 4060
is converted over an inventive solid-state catalyst either in the liquid phase

or in the gas phase. 5 When the synthesis is effected in the liquid phase, a
reaction temperature between 50 and 500C, preferably between 80 and

350C, more preferably between 120 and 300C is employed. The pressure

is adjusted such that the liquid state of the reacton mixture is maintained.
CRybiedllyE BEE0 presshive sisetwers 1 &mt-806: bar, prefetablybetieers5are
ranch2@ehat.emore; preferablyhetween 20 and 150 bar. The inventive

catalyst also features good regenerability and slow

adeactivation/sarhonizatign  The regeneration canbe effected either under

oxidation 15 conditions or under hydrogenation conditions. In both cases,

"thia ‘Coke which has I8P Sl BH e sGrtalofthe CaB Sty depdsitforrer tion
cHydrbearbohs diring dhie fedotionds remdvedncompletely orpartly,. The
asuitable prametess-which.are pastof the catalyst age, inthe.case of 29 1.,
Lregeneration by. ozt(:ldatl(iglné greggra”%/ components which accelerate the

. act

C I i Ay
conversion oi? h]yaro%afbons 16 carbon oxides For example compounds

which comprise gold, silver, copper, cerium, iron or platinum, individually
T Fin & Hiktbre Wb pioRallyPihade Sfsmentelif fifetdllic TSt When the 25
Pregemerationyis ipeyformed anden hydrogenatikg canditions, the acidic
ogCgtalyst preferably,comprisas;proqoters with.strongly hydrogenating ;..
mgﬁ(%oingggr exam ngggsmpoun sl\gf _the elements cobalt, mckgl, palladlgm,
platinum . Fathenium or rhoditim vty Or iHFa mixturé, IPapproptiate ©an

ngkobe performed in one stage using the inventive catalyst.

The process relates to the preparation of compounds of the

general formula

I(/S\w//\\4?0

in which
R: H, ¢ to Csy-alkyl,

by the reaction with glycerol or with a compound from which

glycerol is formed with a compound of the general formula
R-SH (IT)

in which
R: H, C; to Cg—al}{y}_

in the presence of the inventive catalyst.

The preferred product is MMP, which is prepared using

methyl mercaptan.
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30 in elemental form. Also possible is a combination of several effects by
vadditiaregfogresazmore promoters. The regeneration is effegtetlico 007 /064050
separately from the conversion of glycerol, either in time or in location. In

the case of time separation, the feeding of glycerol into this reactor WO
2008/092533PCT/EP2007/064060 12 1is stopped and then the

regeneration is performed before the reactant mixture is fed in again. This
operation is then repeated periodically as often as desired. For the
Tperfdrinance =f thi§ segeneratidr method,stitable-mamrapgementssaresn

«aspecially the cyelic.operation of,2 or mare.fixed bed reactors in order to
be able to obtain a continuous prodtct stream. In this case, one of the .
Featiors regéRtrated Whils it 1edst e 'df Hiie rddctorsis bggd fértheer 1in
throdleting of adrakein. Theltimelinteprds dbD.dorereaction and regeneration

can be selected as desired. Preference is given to the uninterrupted

wpreduction ef-acmtein within a time-intervakof 240 3000.h.cespesially 4:t0
-400., Before he catalystis ggeneted within a e nienval oL 9.5 19,

100 h, especially 1 to 10 h. 15 When the regeneration is effected at & o
Pedpiiate 108afidi tHe BafalyStas moves ConthticushFbemmien prefersBly 3 00°C
12 reagidrsy niong oéthereastors, the glycereleanversion thaerotgis takesuid

splace ceﬁti%w%é%é%om%{%%%éh%gé_@kyﬁ!%e@geﬁgﬁ%%l1y, the

continuously. Suitable reactor 2Q designs are the moving bed reactor or
P f%%sr%blgﬁe%?or@reizstevfe(’?&bv&near?gegiaf? TRE mavhir ed s fotableor: > and
2 felativiety |owWPtro LG of tiey catalyseand dsaoatalySttalivasion and is
preferred here. Between the regeneration and the reaction, it is in each 25
Toasel atvisabledo petfaim aflushestepepreferablyswithinitregene retbel i t

=6856;9LKp0gnsalioN higher temperatures pf, 100 to 800C, preferably 200
to 700C, especially 300 to 550C, are employed. These need not

THYTERANGLDS SR ISIPRIpRLE AN [% QYOS TRl SPNYSIPN: 1N,
conditions or under hydrogenation conditions. In both
cases, the coke which has formed on the surface of the
catalyst by deposition of hydrocarbons during the reaction
is removed completely or partly. The suitable promoters
which are part of the catalyst are, in the case of
regeneration by oxidation, generally components which
accelerate the conversion of hydrocarbons to carbon oxides,
for example compounds which comprise gold, silver, copper,
cerium, iron or platinum, individually or in a mixture,
optionally these elements in metallic form. When the
regeneration is performed under hydrogenating conditions,
the acidic catalyst preferably comprises promoters with
strongly hydrogenating action, for example compounds of the
elements cobalt, nickel, palladium, platinum, ruthenium or
rhodium, individually or in a mixture, if appropriate also
in elemental form. Also possible is a combination of

several effects by addition of one or more promoters.

The regeneration is effected separately from the conversion
of glycercol, either in time or in locatiocn. In the case of

time separation, the feeding of glycerol into this reactor
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30 case, corresponding heating and cooling steps are required. For the
wegereratiors obthe catalyst, preference is given to employing a=higher /o s4 050
temperature than in the reaction. The pressure in the regeneration is
preferably between 0 and 50 bar, especially between 0 and 3 bar. 13 To
regenerate the catalyst, at least one additive is used. This is preferably
gaseous. When regeneration is effected under oxidizing conditions, it is a
gaseous oxidizing agent. Preference is given to using air or oxygen or
icarlsorosdickidedVhenregéreratioreiseffectech by hygrogepation, ibisfyre
tgaseous keduging,agent-In that ease, 'Q{egegﬁ&%e. is,given E%)%%ig%ion is
%Wgrogren.éraot%\{%om Eﬁh %ﬁ:esi ]temrggratlgres in the catalyst zone as a
‘Tesult of the exoth&rntic TemGialof thé coké, the F6dGETg §aslis For the
Heréferablgusedan diltited TOforme for which ek exalple,hitroges or
cseamde sed Duriag the-egeneraionaf tbe catalysl,ibe gonceniation .

e additive,is preferably increased stepwise. The catalyst may be |
m%iﬁﬂ%edg by %%{Iié) eléngerff r%%(t:etglé?a]f%r é%e%%égﬁaﬁ&d:’ﬁi different Zore&akr @
CPRE- d8sIFBLF caraftie Propertiesand/or thé asidfanctioncafehe Cataiyst
r@@e?ﬂﬁiﬂiﬁ@g@j@mﬁ}ﬁa@@ﬁsefﬁiﬁ%eﬁ\@r@t@%ﬁ;}B%@\é?f‘tiﬂﬁe rea%tors
.cat , a8 0 Y mple, in the case of the_catalysts prepare
1%3%9% %gsg%él gg%:,}gsru%: L%&;@%spﬂ%rig%rcﬁ 6r hydroc ﬁor}:l/é“ @é) a“‘(‘:Ei21 - Hhg? e
teads t6 Cathiyst YRActhvERIBRE 454 EXamples CompardiveEkarpléds Ared.
PeatalyseaccordingtoRatemcSpecification RE- 4288493 wasused: 360 gof
agllicon-oxide supparthavinga diameter.of 5 about 4, mym were mixed with, ;.
4Z%gj oggg%gl byk\)/\ée?g ht pht%ghorlc acid for 1 h. On a rotary evapora%r, the

excess water was thén removed afappiox  Fo& CHERT bf tHis catalystn 2
Cwigfe interval of 0.5 to 100 h, especially 1 to 10 h.

When the regeneration is effected at a separate location,
the catalyst is moved continuously between preferably

2 reactors. In one of the reactors, the glycerol conversion
to acrolein takes place continuously. In the other reactor,
the catalyst is regenerated continuously. Suitable reactor
designs are the moving bed reactor or the regenerator-riser
(-downer) design. The moving bed is notable for relatively
low throughput of the catalyst and less catalyst abrasion

and is preferred here.

Between the regeneration and the reaction, it is in each
case advisable to perform a flush step, preferably with
nitrogen. In the case of regeneration, higher temperatures
of 100 to 800°C, preferably 200 to 700°C, especially 300 to
550°C, are employed. These need not correspond to the
reactor temperature during the glycerol conversion. In that
case, corresponding heating and cooling steps are required.
For the regeneraticon of the catalyst, preference is given
Lo employing a higher temperature than in the reaction. The
pressure in the regeneration is preferably between 0 and

50 bar, especially between 0 and 2 bar.
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introduced into a fixed bed reactor with a diameter of 15 mm. The reaction
Woas theh/Hestéd to a temeprature of 10 250C. By means mfa/mpap,0t2.654 060
g/h of a 20% by weight aqueous glycerol solution were passed into the
reactor through an evaporator heated to 260C. By means of gas
chromatography, the stream was analyised at the reactor outlet. Up to an
operating time of about 15 h, full 15 conversion of glycerol could be
observed. The selectivity and thus the yield were 79%. After approx. 15 h,
ltne convEBiGH-and heneeé tiielyield fel stelephs suchehatdhlyrave is used.
mﬂ ;ﬁsioméhz&%ﬁw% p@%f@@&l ﬁﬁgr %&@%ﬁ@g%@?@%&é‘%?&% ected
0 r exclusjvely hy.a rogen 20 stream of 4 1 (STP)/h at a
lt%%pfer%tﬁ%%? 356 for b,é/ﬁg I%pro%%mle’g’ht in ﬁwaesy@iglﬁs(réjgxejh%%&t%}ﬁ
St be ‘YetetEq Aferthe Tatalyst Had Besisflgvwed throagly exelusivelyarbon
Awith: aneair stream oé4<h(SER)vat a teraperature Dl 3506 0r8du@arion, it
sfurtherdeterioration.n the %&gfﬁé evep 25 datected, Compayatve, .
Example 2: Comparative Example 1 was repeated, excéptthat mofybd‘l"c
TadiG PréSe et tHbRETAT fRed TS tRe CAfalySt IRt £ FSRI6T tefifferaareures
ipf 286C cayieldrof:9%awas achieved:30 WithirFthe-first5 bt Regenerationowval
owas dispenged V\ﬂ.'}@e %m@% '%@%rétiﬁ%gfég@ﬁ wasJsepeated, 1 . g
%xrcrgpt Oa}} tl‘{\?[l]i sctg: ac%g)g%esse tci tablets was used as the catalyst. At a
reactor tempeérattre of 280C S Toi ‘conversidi8id aSfield of 7806 -weles e -
Daghieged-Withincethe firstes- h oWithih thenexe opétating Houes,thecentration
ogoressiaaand; cerrespendinglydhe yield wese seduced-significantly. in
f r se,.a ine in the yield by approx. 5% per 10 h was
C%?[%g e%s A%%é!tﬁeecéﬁigﬁg% ﬁé?d %Xeﬁ’ cﬁ%\"}vxédill)ﬁ%ug hmgxg usive y With elbsae be
ARyErogen streaf 6 TR T PHH%E B temperature of 350C for 10 h, the
activity of the catalyst was improved significantly. The glycerol conversion
ThasAain esmpkete v thecstart clpethie fashercbirse, the cenvetsibmand on
ometyi@_ldc\a@fr@lzrygﬂcl@;@%gdhe&eclhl%d é%@féb@fatigﬂ-éﬁgﬂi @éﬁhifléé of
ration .of glyce ehydration and regeneration of the catalyst wa
e DAy e e s sty ady Tor
Shask tdinstatlet f WasHlaek intdiloda TheXarson sententesf the batalyst
civas229% byareight, whichhindicates-considerable-catbenization-20n1oric
-Examele.2: ComparatyeBxarmple ] was lepedlpd, gcept that tungstic
acid pressed to tablets was used as the catalyst. Jl'ﬁls catalyst was
additionally impregnated with 1% by weight of Pd. To this end, lead
acetate was used by means of

1
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25 incipient wetness. At a reactor temperature of 280C, a full conversion
wanc ayseld ©f 7% were achieved within the first 5 h. Withinrthesnext 7 /064060
operating hours, the conversion and, correspondingly, the yield were
reduced significantly. After the catalyst had been flowed through
exclusively with 30 a hydrogen streamaf 4 1 (STP)/h at a temperature of
350C for 10 h, the activity of the catalyst was improved significantly. The
glycerol conversion was then complete again at the start. Compared to
ekExamptes1, the decline in the conversion in the dehydration reaction was
WO 2008/092533PCT/EP2007/064060 16 significantly lower after the

cregenesation, andthe high conversion level was maintained for longer.
Example 3: Comparative Example 1 was repeated, except that a powder 5

' f£.15%_hy weight o illoni _f’/ye'bt w
Awég%?(% %11%/0 y\%\%elg&t (gfg\}vogg%%plzl‘?(;%g p%dé%gfpﬁgb egh Wasz;2 88864 3 was

uggtHe LafAlySt OAt & feadtorteftiberaurfdlaP280C e flilPcbriversiaiakga ©F
alyteld ofi 7980 were=achievet withih the ficst &th. AWikhimythe snextopeifatisgpheoric
adPdours, theconuersion and,.corespandingly,-the.yjeldweresedyced - 55
After the catalyst had been flowed through exclusweh%t\év\%th an air stream
CIoFR TP afa téhBErture of 300Ckor Bh, the Bty Githe Cafalyit ™ e
i wascifhpreved: signifieafitys SBurigthe fiestthour of the &5 degeneratiorm £
1 ghenair V‘f@?ef s dé%%@éalo}ﬂitf@ﬁgrog%wk in ﬁ@é@iﬂé@ Ii?ajt thecexibermicipeas,a
%tote urning-oif of the coke. g ro onvrp was aga
2 %%rrlgplet%yat[?ﬁg Start’ égftear tﬁén?}ggenl(}ra%’o% ?A?fte? ‘gyc%egs°or}aafeﬁ’§/%?§lo%
2@RRIOTFegenstation had beehpassed 20RRM, e regeherationctor
tHemperatare was increased 1030064 Inthe subsequent dehydsation Jhis
chgdina S!;,gxf'éffaﬁ%\Pt_'y @ﬂ@ag%%de%{“(&é%’,o%éﬁgﬁe‘é{h%@ theolycerol o
conversion was still more than 90% after apgr X. 20 h. 17
outlet. Up to an operating time oI about 15 h, full
conversion of glycerol could be observed. The gelectivity
and thus the yield were 7%%. After approx. 15 h, the
conversion and hence the yield fell steeply, such that only
a conversion of 20% was present after 23 h. After the
catalyst had been flowed through exclusively by a hydrogen
gtream of 4 1 (8TP)/h at a temperature of 350°C for 5 h, no
improvement in the yield (regeneration} could be detected.
After the catalyst had been flowed throuch exclusgively with
an alir stream of 4 1 (8TP)/h at a temperature of 350°C for
5 h, a further deterilorvation in the vield was even

detected.
Comparative Example 2:

Comparative Example 1 was repeated, except that molvbdic
acid pressed to tablets was used as the catalyst. At a
reactor temperaure cof 250°C, a yield of 9% was achieved

within the first 5 h. Regeneration was dispensed with.
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Claims 1.Solid-state catalysts which comprise tungsten compounds and
wWraveoa Banmett acidity Ho of ¢ +2 and which comprise QregEmom 7 /064060
promoters selected from 5compounds from the group of elements
comprising gold, silver, copper, platinum, rhodium, palladium, ruthenium,
samarium, cerium, yttrium, scandium, {anthanum, zinc, magnesium, iron,
cobalt or nickel and/or montmorillonite or acidic zeolites. 10 2.Catalyst
according to Claim 1, which has a Hammett acidity Ho of ¢ +2 to -20.
E3&atdlysts according to Claims 1 and 2, which comprise, as the
tungsten-containing constituent, one or more compounds selected from
cthecgreup p@@mmwmelituwg%ta%gs@@%@ph@%t@i_@ agif_ahﬂu Rgstiest ic
acid, tungstosilic acid, tungsten oxides or heteropplyacids with fungsten
e AR obing 8 o B b 548 3L koh e =
réGIfipAse hENPEIG SyhtheliE, 3 fifalic oPoxXidie 20comipoimbsrsand a yield
o€atadystyaceordintgiteofdaims dn2:anghd; whielkc 5 h. Within the next

operating hours, the conversion and, correspondingly, the
yvield were reduced significantly. In the further course, a
decline in the yield by approx. 5% per 10 h wasg detected.
After the catalyst had been flowed through exclugively with
a hydrogen stream of 4 1 (8TP)/h at a temperature of 350°¢C
for 10 h, the activity of the catalyst was improved
significantly. The glycerol conversion was again complete
at the start. In the further course, the convergion and the
yvield were reduced as before the regeneration. Thisg cyelic
operation of glycerol dehydration and regeneration of the
catalyst was repeated three times within 300 h. After the
unregenerated catalyst had been deinstalled, 1t wag black
in colour. The carbon content of the catalyst was 22% by

weight, which indicates considerable carbonization.

Example 2:

Comparative Example 1 was repeated, except that tungstic
acid pressed to tablets was used as the catalyst. This
catalyst was additionally impregnated with 1% by weight of
Pd. To thisg end, lead acetate was used by ms=ans of
incipient wetness. At a reactor temperature of 260°C, a
full conversion and a yield of 77% were achieved within the
firet 5 h. Within the next operating hours, the conversion
and, correspondingly, the yield were reduced significantly.
After the catalyst had been flowed through exclusively with
a hydrogen stream of 4 1 (STP)/h at a temperature of 350°C
for 16 h, the activity of the catalyst was improved
significantly. The glycercl conversion was then complete
again at the start. Compared to Example 1, the decline in

the conversion in the dehydration reaction was
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comprise support materials modified with mono-, di- or polybasic inorganic

racids opgajtsefinorganic acids. 6. Catalysts according toElaims 09054060
which comprise, 25as support material, aluminium oxide, titanium dioxide,

Nb203, silicon dioxide, zirconium oxide, activated carbon or the mixtures
or mixed oxides thereof. 7. Process for preparing acrolein by dehydrating
glycerol 30in the presence of solid-state catalysts which comprise
tungsten compounds and have a Hammett acidity Ho of ¢ +2 and which

sdemprise-ane oy Mosepromotess tiseleetgd:feor comppunds fram thei gh
<ghoyp.of glements comprising gold, silver, @@peﬂovg;#gg[um, platinum,

rhodium, palladium, ruthenium, samarium, cerium, yttrium, scandium,
Ianthafum zinc, magnesium, cobalt 5or nickel and optionally compounds

S e e

gfeménts lithium, sodium, potassium or caesium, and/or
montmorillonite or acidic zeolites. 8. Process according to Claim 7,ich

CeRaRASEdctOrdg T Eraim WARh ESriprisecoftrisionitE D 1Daefiitc e
mzealitesincah ampuny ot 1dh 3094 byweightare Uusglre and 85% by

weight of WO3/Zr0, (11% by weight of WO; on Zx0,;) pressed to
tablets was used as the catalyst. At a reactor temperature
of 260°C, a full conversicn and a yield of 79% were
achieved within the first 5 h. Within the next operating
hours, the conversion and, correspondingly, the vield were
reduced. After the catalyst had been flowed through
exclusively with an air stream of 4 1 (8TP)/h at a
temperature of 300°C for 5 h, the activity of the catalyst
was improved significantly. During the first hour of the
regeneration, the air was diluted 1:1 with nitrogen in
order to limit the exothermicity ag a result of the
burning-off of the coke. The glycercl conversion was again
complete at the start after the regeneration. After

6 cycles of dehydration and of regeneration had been passed
through, the regeneration temperature was increased to
3%0°C. In the subseguent dehydration, this led tec a
significantly enhanced convergion profile, where the
glycerol conversion was still more than 90% after approx.

20 h.



9. Process according to Claim 8, in which the dehydration is effected in
Re AB8EAEF 8F6¥ygen. 10. Process according to Claims 7&8 12 Whitho 64060
the 15dehydration is effected in the presence of catalysts according to

Claims 1 to 6. 11. Process according to Claims 7 to 9, in which the

dehydration is effected in the presence-af hydrogen. Process according to
Claims 7 to 11, in which glycerol 20is used in an amount of 1 to 100%

hased on the total amount of the reaction mixture, the remaining amount

0% consisting of compounds inert under reaction conditions.
13. Process according to Claims 7 to 12, in which the 25inert compound
lused iBhitedgett aiid/oF watery $4 5Procesh accordingste Claims 7<to 13, in

whichqregsures betweeml-aad-300-haand temperatures,between, 15Q, -,

and 4%91966}{6 g@gplogegd. 1gf1Pro%esr§ a§gordgngﬂtotCIaims 7lto 14,
characterized in 3bthat It is effected at presstres bétveen T &5d 190 bar™

and attémmperatited befiveédi180- ane 3506Ce Fgnents comprising gold,

gilver, copper, platinum, rhodium, palladium,
ruthenium, samarium, cerium, yttrium, scandium,
ianthanum, zinc, magnesium, iron, cobalt or nickel

and/or montmorillonite or acidic zeolites.

2. Catalyst according to Claim 1, which has a Hammett
acidity He of « +2 to -20.

3. Catalysts according to Claims 1 and 2, which comprlae,
as the tungsten-containing constituent, one or more
compounds selected from the group of ammonium
tungstate, tungstophosphoric acid, tungstic acid,
tungstosilic acid, tungsten oxides or heteropolyacids

with tungsten as a constituent.

4, Catalysts according to Claims 1, 2 and 3, which
comprise natural or synthetic, silicatic or oxidic

compounds.

Catalysts according to Claims 1, 2 and 3, which

Ut

comprise support materials modified with mono-, di- or

polybagic inorganic acids or salts of inorganic acids.

& . Catalysts according to Claims 1 to 5, which comprise,
ag gupport material, aluminium oxide, titanium
dioxide, Nb;O;, silicon dioxide, zirconium oxide,
activated carbon or the mixtures or mixed oxides

thereof.

7. Process for preparing acrolein by dehydrating glycerol
in the presence of solid-state catalysts which
comprise tungsten compounds and have a Hammett acidity

Ho of < +2 and which comprise one or more promoters



16. Process according to Claims 7 to 15, in which the reaction is effected
in the gas phase. 17. Process according to Claims 7 to 16, in which the
dehydration is performed in a fixed bedgeactor, a 5fluidized bed reactor,
in a reactor with a circulating fluidized bed, a moving bed reactor or a
reactor with regenerator-riser (-downer) design. 18. Process according to
Claims 7 to 17 in which the reaction mixture is worked up with

utilizati Opartial condensation, absorption, desorption and/or
distinagt%%‘.g%?@roﬁé%?a%86”r%?n%“%5c§f‘n‘%%7%ﬁ8% Rich'a SortiBAToF S

the WA cifctilsted and-is @@éﬁ@r:ated:@mp@efndér@@a@mwtiqtzhagm ofim,
thermahintegratiom =151 201 iRrecess:acearding fo Claims: (40 19.ip which

an inert gas grdilugnt js.circulated, 21. Process accordin toé:jaim_s?_to .
20, ine}th\;hiﬁ unéonvertggjgérllgi%erolgig seﬁiitomdn izhcf}l%’raﬁnognggr & tidtination ="

for criide Giycéfot. 70'92. Brobass Adcordingis CIsimsT7 to- 2, invehieht s
the glycerol used basibeen obtairedsfrom the hydeolysis of fatsi,23:

Processacearding to,Claims 7 to 21, in.whichthe glycerol used has been
obtained from the generation of 25fuels from natural raw materials. 24.

Proc rding to Claims 7._to 17, in which the catalyst, after the
Bdehy(cejﬁrgfd?()&rig %rs((j)c%(%séo éc?éa .ng'riétedL lfﬁérérlgkidrzr}ngﬁlt?i%ﬁ%itﬁﬁst.ﬂ°ts |
Process @ccordifg o Clalms™ to 17 irwhichithe L se montmorililonite ox

acidic zecolites in an amount of 0.1 to 30% by weight

are used.

9. Process according te Claim 8, in which the dehydration

is effected in the absence of oxygen.

10. rocess according to Claims 7 to 9, in which the
dehydration is effected in the presence of catalysts

according to Claims 1 to 6.

11. Process according to Claims 7 to 9, in which the

dehydration is effected in the presence of hydrogen.

12. Process according to Claims 7 to 11, in which glycerol
is used in an amount of I to 100% based on the total
amount of the reaction mixture, the remaining amount
up to 100% consisting of compounds inert under

reaction conditiocns.

13. Process according to Claims 7 to 12, in which the

inert compcund used is nitrogen and/or water.

14. Process according to Claims 7 to 13, in which
pressures between 1 and 300 bar and temperatures

between 150 and 450°C are emploved.

L5. Process according to Claims 7 to 14, characterized in
that 1t is effected at pressures between 1 and 100 bar

and at temperatures between 180 and 350°C.



30catalyst, after the dehydration process, is regenerated under reducing
Weoneitiohs 0 20526: Process according to Claim 24, in whielra/aatalyst7 /064060
which comprises one or more promoters selected from compounds of the
group of elements comprising gold, silver, copper, cerium, iron or platinum

is used. 5 27. Process according to Claitn 25, in which a catalyst which
comprises one or more promoters selected from compounds of the group

of elements comprising cobalt, nickel, palladium, platinum, ruthenium or
Irhodiurr Egsed. 1028 Processraétording t@ Clainis7 ta 23 Woriprepatiag
compeungds-afthe generaldemnaula; () innuhigh R:4h Ll to C3-alkyl, 15in

which glycerol is reacted with a compound of the general formula R-SH(ll)

1@)”“%Q5%£&é3%ﬂ%8§éﬁﬁé te Claims 7 to 16, in which the
dehydration is performed in a fixed bed reactor, a
filuidized bed reactor, in a reactor with a circulating
fluidized bed, a moving bed reactor or a reactor with

regenerator~riser (-downer) design.

18. Process according to Claims 7 te 17, in which the
reaction mixture is worked up with utilization of
partial condengation, absorption, descrption and/or

distillation.

1%. Process according to Claims 7 to 18, in which a
portion of the water is circulated and is evapcorated

and condensed with utilization of thermal integration.

20. rocess according te Claims 7 to 19, in which an inert

gas oxr diluent ig circulated.

21. Process according to Claims 7 to 20, in which
uncenverted glycerol is sent to an incineration or a

distillation for crude glycerol.

22. Process according to Claimsg 7 t£to 21, in which the
glycerol used has been obtained from the hydrolysis of
fats.

23, Processg according to Claimg 7 to 21, in which the
glycercl used has been obtained from the generation of

fuels from natural raw materialg.

24, Procesg according to Claims 7 to 17, in which the
catalyst, after the dehydration process, is

regenerated under oxidizing conditicons.

25. Process according Lo Claims 7 teo 17, in which the
catalyst, after the dehydration process, is

regenerated under reducing conditions.
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20 in the presence of a catalyst according to Claims 1 to 6.
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26.

27 .

28.

PCT/EP2007/064060
20

Process according to Claim 24, in which a catalyst
which comprises one or more promoters selected from
compounds of the group of elements comprising gold,

silver, copper, cerium, ircn or platinum is used.

Process according to Claim 25, in which a catalyst
which comprises one or more promoters selected from
compounds of the group of elements comprising cobalt,
nickel, palladium, platinum, ruthenium or rhodium is

usad.

Procegs sccording to Claims 7 to 23 for preparing

compounds of the general formula

Rf/s\\//A\\¢§O

in which
E: H, C; to Ciy-alkyl,

in which glycerol is reacted with a compound of the

general formula
R-SH (I

in which
R: H, C; to Cy-alkyl

in the presence of a catalyst according to Claims 1

Lo 6.



