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WO 2008/092533 PCT/EP2007/064060 1 CATALYSTS CONTAINING
WEURESTEN €EOMPOUNDS AND METHOD FOR DEHVASRAFTNEC7/ 064060

GLYCERINE The invention relates to a process for preparing acrolein
from glycerol using an acidic catalyst which comprises 5 tungsten
compounds and at least one further pr&moter. Acrolein is an important
intermediate and is of great economic significance for the preparation of
acrylic acid, D L-methionine and the methionine hg%%)xy analogue
2-hyaroXy-4-Methy RNIOBUMMIE actd (VFA). MEthIOMNE Ts A0 G EIIRRaF O
amino acid which is usedPFHEPREL B SuppPRRIEH in feeds.
Nutrition-improving feed additives are nowadays an indispensable
gopstituent inanimal putrtion. They serve for hetter utlization of the food ,
supplly, Shimutate growiah and promoPe pro?eln formation; One ofthe 15 :
fest imporanedf theseaduitieslisite easentiaf Aniiie Beid AiatribRfR,
svhielk assumesecpintinentipesitidn-asa feed additive:in podiyter.
breeding in particular. In this field, though, methionine replacements such

M@@l@‘ﬂi@% EXW%%@Q%QQH%QQ@@H@%%&%W@ %'éoé‘fw@f&lgo
inconsiderable sg ficance, since t%% have S|m|Iar,growt -stlmulgtlng a4
Propettias 15t amh G R6a Knon-for i Birhosa “Aciyiic Acibis n <+
Imbonaitstartinge nsatdriahfor pragaringpety ek whicha forloaintple
DVHRE 1 sthelr watehahsorpten eapacity, AIQUSeEAS 23ethionine is an
superabsorberys. According jo.the prior art. erolelnds synthesized by
eterogeneously cataEflysed seléctive oxidation of propene~ over mixe

TRl eatalstsl EF 2 £7723 HEsdribe s thel StREdis Dver eoniikimixes are
multinetal oxidel eatalystshab B0 temperatures f 3000 880@ancdutrition,

Pressues-0L1 A0 g2 bar Ylimanns Encyclapedig of dndustdal, ;-
STEMIPIY. S Saran, 137) descines the overallprocess eaNg or the
most important of these additives is the esgsgential amino
acid methiconine, which agsumes a prominent position as a
feed additive in poultry breeding in particular. In this
field, though, methionine replacements such as methionine
hydroxy analogue {abbreviated to MHA} also have not
inconsiderable 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 polymers which, for example owing to
their water absorpticn 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
synthesis over complex mixed multimetal oxide catalysts at
temperatures of 300 to 380°C and pressures of 1.4 to

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

reactant mixture cof propene, air and water has been
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workup, in which several by-products are removed. Once the reactant
TRixELTE bf pFasere, air and water has been WO 2008/092638EP2007/064060
PCT/EP2007/064060 2 converted at least partly over the catalyst,

guenching is first effected to remove high-boiling by-products such as
polymers, acrylic acid and acetic acid. th the downstream absorber,

acrolein is washed out. After the desorption, the S absorbent is recovered

by purifyinfg;he crude acrolein _obtained by distillation in several stages. It

FERNEWR THatdly CEDPEamBE dehyaFitad i fhe Fredthes ofaddiening is
Substancés$ ¢a vadous products: Accpndihg 16 1@rgamic Syothesiss|, 4518 as

%QQ%EEE?UHQQyﬂf&”ESEEB%Q&fQHQ@ﬂHGBE@é@S$H”the downstream
drogensulphate, potassium ggﬁgﬁte and gl gerol at 190 to 200C

BrdCEEroldT 1T A yiRId 5f B $nd 4856 0wty (9IRS TEW Yidtas E0©
apelo teehighisalttmadeas afispropess &y howevee notusisdtable forthe

dnpdustrial sogle. dodnithe course obstudigs.of medel substances of

biomass pyrolysis oils, the catalytic treatment of glycerol over H-ZSMS

Zeolitesat 330 @@P%E%Qis&b%%&sﬁygie&%%%% LeH glal Als nee

Symp. Ser.: 376 (Pyrolysis Oils Biomass) 328- 88). Hydrocarbons
e ForhiedForilyi SE0 0 yiehisy Wordbe B EP 9566229 196 5387926 °
Clesenbe thiyacide eatalysedicoriversian 6t glycerotsaaerdleiniin thewjjas ure

Phase andhin 1he Hiagidphase. in Hys case. s solely Lheacid stengih
%Igf mett acid funétlor%‘:tlh t determines 25 %wgablhtéfls a catalc}/st.lDE 42
refatal o tHe EyhithedtS of 1.2- aRdAC3-propanedisiby-crotetn in &
dehydratihgtglycerot with lkigh vidlds. \WOL2006/08 7083 Hiselaseslals and
precessfar pegnarpgraniaiein Jrom ghesselyer acidicGatalys(s, i which
XYgen s, 3paddag lo;hg reaction Mg,

In the course of studies of model substances of biomass
pyrolysis oils, the catalytic treatment of glycerocl over
H-~-ZSM5 zeolites at 350 to 500°C has also been studied - see
Dao, Le H. et al. ACS Symp. Ser.: 376 (Pyrolysis Oils
Biomass) 328-341 {1888} . Hydrocarbons are formed only in
low yields.

Morsover, EP (0598225, US 5387720 describe the acid-
catalysed conversion of glycerol to acreclein in the gas
phase and in the liguilid phase. In this case, 1t is solely
the acid strength (Hammett acid function) that determines
suitability as & catalyst., DE 42 38 492 relates to the
gynthesis of 1,2- and 1,3-propanediol by dehydrating
glycerol with high yvields.

WO 2006/087083 discleoses a process for preparing acrolein
from glycerol over acidic catalysts, in which oxygen is
added to the reaction mixture.

A similar process ig described in WO 2006/087084. The
catalysts used there have a Hammett acidity H, in the range
of -9 to -18.
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A similar process is described in WO 2006/087084. The catalysts used

Hrere Hife’s Badimett acidity Ho in the range of -9 to -1BCW/@GP2007/064060
2008/092533 PCT/5P2007/064060 3 It is an object of the invention to

provide a catalyst for the dehydration of glycerol, which has a relatively

low carbonization tendency and is eas§/ to regenerate. The invention

provides solid-state catalysts which comprise 5 tungsten compounds and
have a Hammett acidit f < +2 and which comprise one or more

HqQ o
PromOteHS SELTSH figh CBmpGtHER oM (he QR dfSlefers 8 1yst for
ebmprising especiallyp fcansistigodf, gold; sitverzeoppersplatinumly low

FRQUAY, ZRaltashur c RHBRIHIM: SR U, LU, SALAYL s¢aadium, 10
lanthanum, zinc, magnesium, iron, cobalt or nickel or mixtures thereof.

é%@ﬂPH%Q%%@Hﬁr %%%@385m58§@@95¥a%%d@ éT %’which comprige
ly in eac

montmorillonite, which are then present optiona case in an

RS DT 0PI D636 By IS ghE 117 pantieelir s to Z59hblweidhit, Hased+2
ondl SvthiecCatalyst i addition totheabevementiored: prametets cratane.

Dependingon thgir standard, potential. indiidual elemepts. among thase; 411,
mentioned abov\g ma\b/fl 0 be present in metallic form on the catalyst. 20
Praferdncd'’ Given B catalyists Which FSFES Harfmatt G5y HEorE%e

re 12 dikewise progdedin aseoaance wittethéinventionds am presessdonm,
Paepaing:acrolein fromglyceralin whieh-these catalysts arg zed. 231t

fies heen found thatthe gresence.of Brzpsied:acidic.sitgs,on the. catalyst
surface is not suﬁ'ﬁment to achieve oodﬂylel%ls of Acroléin: In a&gﬁtlon, it

Pras Deenltind Ahat e BrbhES Of BindterT BoFpolRad BAd theich are
‘Combipatione therept with #cidic stteg improvesdhea yields. amount of 0.1 to

30% by weight, in particular 5 to 25% by weight, based on
the catalyst, in addition to the abovementioned promoters

or alone.

Depending on their standard potential, individual elements
ameng those mentioned above may also be present in metallic

form on the catalyst.

Preference is given to catalysts which have a Hammett
acidity He of < +2 to -20.

Likewise provided in accordance with the invention is a
process for preparing acrolein from glycerol, in which

thege catalysts are usged.

It has been found that the presence of Brensted-acidic
gites on the catalyst surface i1s not sufficient to achieve
good vields of acrolein. In addition, it has been found
that the presence of tungsten compounds and the combination

thereof with acidic sites improves the yields.

Since glycerol is a reactive molecule which tends to form
relatively high-boiling compounds at high temperatures by
the reacticn of Lwo or more glycercl molecules with one

anocther, the catalyst is carbonized by deposits of carbon-
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30 Since(?lycerol Is a reactive molecule which tends to form relativel
Higr-B8MiAG Eorripounds at high temperatures by the reathion of a8 bf 064960

more glycerol molecules with one another, the catalyst is carbonized by
deposits of carbon WO 2008/092533 PCT/EP2007/064060 4 containing
molecules on the surface. This leads t¢a reduction in activity. To achieve
a high space-time yield, it is not only the Hammett acid strength of the

catatl stthatis i ortaEt, 5 but g{qso the r%genera?'ulity arid thde tetndency
N ncarl%%ﬁlrzl%ttiE)nrn?‘.ﬂs"ﬁ:é’1 inventive catalyst comprises ‘ohe ormore pronioters
Pislelr héealefdte &) Hie'iégeneration of the catalyst. In addition, lifetime
and space-time yield increase 10 significantly, since deactivation by

Tarkanization i padicularasat Iteas_efqr_jtlaé_. cm,t_)_si paﬁl&_lim’natam[ljp thee
©agef these; catalysts, apd the activity.isisignificantly, increased, Fhe, nr. |

conversion of glycerol and the yield of acrolein can thus be maintained at
BHrigR 165! depehBRG 5 61 the lithe™ Thid e of Gre@ignificahce
expeoiafly fdri an industrial implementation of the synthesis, since an
exchange of the catalyst and associated plant shutdowns cause high

Thstsi hivaddiion te &h@ Bym_s@edrgapidi@gmmse itds aﬁ@r_aogmsﬁm&)j
YL ar e - C ence [pe Vi L at . "
@%?e%?yéﬁc%g}%%?ﬁ%%%e e s et T
S

ToMPotds of 16 oFfctea of TR Efemierits sélettet framtthidtioup
sopprisingsiticon, phosphoris: nicbiam; zinchtn,2&imaghesiubyn in
Sumpinim oF malybdenwndo acatalystcampesing AUngsten: correaunds the
can mo%lfytg]e surfacg cif th% catal s& ggeducg the congentration, of €1
Atiive Sites; SUth that the” Seletivityis m%réal\fedlﬁﬁh%\ér.lﬁ]ig’ edpacialiy - Y
redueased. The conversion of glycerol and the yield of
acrclein can thus be maintained at a high level depending
on the time. This is of great significance especially for
an industrial implementation of the synthesis, since an
exchange of the catalyst and associated plant shutdowns

cauge high costs.

In addition to the Brensted-acidic groups, it is also
possible for hydroxyl groups or Lewig-acidic sites to
influence the activity and selectivity. BEqually,
irrespective of the promoters, the addition of compounds of
one or more of the elements selected from the group
compriging silicon, phosphorus, nicbium, =zinc, tin,
magnesium, aluminium or molybdenum to a catalyst comprising
tungsten compounds can medify the surface of the catalyst
or reduce the concentration of active gites, such that the
gelectivity ig improved further. This especially reduces
the formation of high boilers oxr coke precurscrs which are
formed frcm twe or more adjacent adsorbed glycerol
molecules or intermediates and are adsorbed in a fixed

manner.

These compoundsg thus serve to lower the concentration of

the active sites on the catalyst surface and thus to
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the formation of high boilers or coke precursors which are 30 formed from
o of W r%9£d?§€’ent adsorbed glycerol molecules or intgr(ﬁ?e@gt%g%%o 54060

are adsorbed in a fixed manner. These compounds thus serve to lower
the concentration of the active sites on the catalyst surface and thus to
WO 2008/092533 PCT/EP2007/06406G 5 increase the distance between
adjacent active sites (site isolation). This in turn reduces the probability

that two glycgrol énolgcules q%r%active in'grmedia&es 0£coke é)rgtcurs IS,
10Creas e dilstance between a Cen ive gites . [gite
Which have been formed react with one andther on S the surface to give

highiet hiardcarBers Sutable Boli:state satalyastParbaspdaidlly alse thewo
typesdrawmBEtl S 387, 720 EPi 0 598229} anber theyr coke
898%‘89@!%80%9988 %tél@gs&?@e%?r%%%% ar:‘f%%”% QF M reogfetha? other on
promoters mentioned. These catalysts are solid 8 substances which are

E88emtiHIyaRS0IGRIeTA TRe Téattioh MEYHASAAREE mono- or polyphasic

structure and have an H. of less than +2, preferably less than -3. The Ho
Boirespdrdsolthe 19ampretradid fusctioreart earbe idéteyminstbytie

soadledamine titr@ionsIsng 1y indicators-orbysadsorption of a dASERUS hey

base - see Studies in surface science and catalysis, Vol. 51, 1989: .New
S T e A el St Hore

Shaptet 2p ESPEEERF pAGES 3T Thapters fpatesivPief thee solid
aforementionedddoement mentions Twimerous solihR20-acids from whicht 1on

fespgmonaifiediniBaar I-apuppiale.alierdalpunioing Wedniueas «,
can select the suitable catalyst for thé inventive modification. Suitable

Base SBBsintBs for theTmmérve dehyarsion Gltalysts drepfaferably (i)
paturekancSpnthetit siticitoseitstances] 25wespetiallyamordenite bacidic
Zeelites and-actiyateckcarbon; {i)suppeitnaterials, sych asoxidic or
fwgggétors or by adsorption cof a gaseous basge - gee Studies
in surface science and catalysis, Vol. 51, 1989%: ,New solid
acids and bases, their catalytic properties™ by X. Tanabe
et al. chapter 2, especially pages 5-9. Chapter 1 (pageg 1-
3) of the aforementicned document mentions numerous solid
acids from which the person skilled in the art, if
appropriate after determining the E, value, can select the
gsultable catalyst for the inventive modification. Suitable
base substances for the inventive dehydration catalysts are
preferably (i) natural and synthetic silicatic substances,
especially mordenite, acidic zeoliteg and activated carbon;
(ii) suppecrt materials, such as oxidic or silicatic
substances, for example AlL,0;, 8i0;, Zr0,, Ti0,; Nb,yOs,
modified with mono-, di- or polybasic inorganic acids or
aclid salts of inorganic acids; (iii) oxides and mixed
oxides, for example y-Al;0; and Zn0-21,0;, 8i0,-Al;0;, Zr0O.-

8§10,, Zr0,-HfO; mixed oxides or heteropolyacids.

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

tungstophosphoric acid, tungsten oxides or hetercpolyacids
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substances, for example A1203, Si02, Zr02, Ti02; Nb205, modified with
AoRE-2 BiL Gt 4solybasic inorganic acids or acid salts of iférgaRRatids: it 060
oxides and mixed 30 oxides, for example y-A1203 and Zno-Al203,

Si02-Al203, Zr02- Si02, Zr02-HfO2 mixed oxides or heteropolyacids.

Suitable compounds for providing the ctive tungsten sites may, for

example, be ammonium tungstate, ammonium metatungstate, tungstic

acid, tungstosilicic acid, 35 tungstophospharic acid, tungsten_oxides or

"HetErop AR WRS 280870762533 BEFIEP2RT06408B0° B iith fingteh-ures
wsear eonstituent: These tohmpoundsdrdnixesed vtharedf aee tiarneiftsdr or

Hsed directly asithecatalyst ar-used as catalystyyeeursers: i the case.¢f

dditjon of further elements, preference is given to_a preceding mixing 5. _ .
?urtth g # %gﬁ-e@lngg MixXing

as a p%&vd%r,%ﬁ%%oﬁdtic?n%# g mett. fiv o %%?n%&d?m%n?%

dventiopviRr cathlytieafpatihicsompodadSare bound®rrasuspsediient

StippRE Matesials used By, fofexampleshe aluminiume axdteditarismare

kgioxigie, silicon_di xidg zirconium 10 dioxide, activated carbon or mixtures
Tirl A support’ . . ipe

thereof. The sup orts serve predominantly to increase the specific

surface area or to fix the active sites. The inventive catalysts are

PrEp&I SR brotESes RiGwh 85 thBSE skitied i e &t SWhah thé dbtfe 1™
cohiponents arel 1B ajiplietide a supportthidispieferabhl done bym
dmpregnatingthe-ssppart-forexample hy-meansotthe-nsipientriaettessort s
method by spraying, The aclive components, may alse be obianed by . ..
precipitgtlon of extraction froma sofution. Su seé)uenjt Y, fhe cataﬁls can
tHert Be Shapeleif 20tdppropridtésvith addition of supports, adhesion
promoters or pore formers, by pressing, extrusion, coating or
HyglomertionyEhe zhtalystiypieally basagpasticleydiametersetweenown to

0,04 mnajandi2ymim, preferably beiwegnO.l active components are
applied to a support, this is preferably done by
impregnating the support, for example by means cf the
incipient-wetness method by spraying. The active components
may also be cobtained 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 preseing, extrusion, coating or
agglomeration. The catalyst typically has 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 ceating.
When no support is used, preference is given to catalyst
preparation by extrusion, pressing of tablets orxr 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 systemg which comprise tungsten compounds
and promoters are, for example, PA/H,W0,, Pt/H.WO,,

PAd/WO./ Zr0,, Cu/W0O,./Zxr0,. The invention likewise provides a
process for preparing acrolein by dehydrating glycerol in

the presence cf solid-state catalysts which comprise
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and 10 mm, especially between 0.5 and 7 mm. The active 25 compounds
Wﬁa)? 8%%@egéé%l?ed in the form of a coating. When no s%%ﬁéﬁ% %8&,064060
preference is given to catalyst preparation by extrusion, pressing of
tablets or buildup by agglomeration. For the dehydration in the gas
phase, particular preference 30 is give?1 to catalysts having an H.
between -3 and -8.2. Suitable catalyst systems which comprise tungsten
compounds and promoters are, for example, Pd/H2WQ4, Pt/H2WQ4,
O 6o EA R0 oM ks BroTded d Plocess? =
doeprepakihy ackdleiiisy dehydratingglyiceol i 35dke Préserivecsioters
é@ﬂ%ﬁ@ﬂ@(E%@MS@OM@QUﬁ@BWIE@ﬂNEh%%%ygggﬁ%i elements .
PCT/EP2007/064060_ 7 sten compaounds ave.a Hammett acidi

A RESE g ST S SR e ek S
Bhicted fronPechpounds frofrthe gtoup Ot efdtheRts E8MpHSIRY; cerium,
preferaply censisting:of, goldtsilvetcoppend, platignes paltadiupyn, cobalt
Jhodium, rythenium,; samandum, gegun.e Yiym, scandivm.Janthanum, . 5
zinc, magnesium, iron, cobalt or nickel, or mixtures thereof and optionally
HeBtionaly CSRPRSIHG LBmpctds Horf TR grdtp 6FE18fTenhts hithfum, =/
sodium,, pgtassismioncaesiumsamdior modthariltemitererzillacidicte oxr
Zeolites, ti@éfiqpé@rz%}@és%ei% QPE@EE%@’ ragamountof O-L to
30% by WEI%ht, es%e%lally D to 25% %}/ we(gh%tl,kbased on the (iataléls;[:. Th2e5
HehUratiBRIs effdtted grefétably in the 4bsehce of BRygeR 1hone —°
embsisent, dis@ifthepresencaobhytitbgen 15 in an amount of 0.1 to
10% by volume, in particular of 0.5 to 5%, based on the total amount of
the redtiptimaixiure. fEhe=dehydrationissferfarhied inithelpsesénceafdhe £
&§¥§£ﬂ$dfﬁcw%%i@HB%EiH&%EO”%E&&?“QH(%EQ? Q@Qgﬁgéﬂgf hydrogen

reaction mixture 2}9 is preferably [owered by the addition of suitable
bﬁsggugmount of 0.1 to 10% by volume, in particuiar of 0.5

to 5%, based on the total amount of the reaction mixture.

g
5

The dehydration is performed in the presence of the

catalysts described above.

The concentration of the glycerol in the reaction mixture
ig preferably lowered by the addition of suitable gaseous

compounds inert under the selected reacticn conditions.

Ag a result, side reactions to give oligomers, polymers and
other high boilers are minimized. The solvents and diluents
known to those skilled in the art are used, for example
water, nitrogen, alr, carbon dioxide, wethane and/or
hvdrogen, alcoholg, for example methanol and ethanol,
agetone, toluene or methyl isobutyl ketcone. Preference is
given to dilution media which, after the condensation, can
be isolated from acrolein in a simple manner by phase

separation.

In the reaction mixture, the glycerol concentration is
between 1 and 100% by weight, preferably between 1 and 70%
by weight and especially between 5 and 40% by welght.
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compounds inert under the selected reaction conditions. As a result, side
Yeactibhd 46 Yivel ligomers, polymers and other high bOMSTE /482007 /064060
minimized. The solvents and diluents known to those skilled in the art are
used, for example 25 water, nitrogen, air, carbon dioxide, methane and/or
hydrogen, alcohols, for example methafiol and ethanol, acetone, toluene

or methyl isobutyl ketone. Preference is given to dilution media which,

after the condensation, can be isolated from acrolein in a simple manner

ByoorlEasty e85aration IR (REFESGRNTIHENRS the Blyesfol EoRteriition
s oetween 4aind-100% haweigiht,spreferablytbetwesn tlcard Z0%y bye ight

yueightiand espacially etween:o.and. 40%6. by, weight WO 2008/092533
PCT/EP2007/064060 8 One advantage o% the Erocess con 51hts u;k;[he fact

R &Gyt Brol SoRitions Habirg a conint bf 5 16 1055 by Weidht- &re’a1sh =S¢
dsaplet Sp-datheddrade giydessls sithout Qarededing concentration or
purification can thus be used 5 directly for the synthesis of acrolein. The

Teaction:s pesiormedat aftempeiatire Hetweere 150 and 360G prefermblyand
Depween ﬂ:@% £0d.350C, BBQE%%E‘?“%@B'VaHGt"%%ed% 220 and 320G £ 1151y

e£|cally ressure is between 0 d 200 bar, preferably between

YREBOYHT, Aore i%)%r@ferg%'@%ééﬁ\%@m o@ﬁnHﬁW?hé%r%&é’é@en
cah bm@rftﬂmddam,thgmqﬁﬂkpﬁrdse treinthergds phasel |1Abotlar, more

shmbadiments, the same acidic sglid-statg¢atalysts can be used in
principle, but it has been found that particular catalysts are preferably

I dehyd d I
e KUId phase T abCion T o G ik Aty pretores =

Getauie i, g|§8eﬁa?e8n€@7%%%@%ﬁﬁ%4ly%ﬁ1p?@@@ (59590 arkfthed -state
gasedysreactian mixktuwredeaving theinciple, but it has been found

that particular catalysts are preferably suitable for
dehydration in the gas phage and otherg preferably for that
in the liguid phase.

The reaction in the gasg phase ig particularly preferred
pecause the glycerol conversion is virtually complete

(> 95%) and the gaseous resaction mixture leaving the
catalyst can be condensed or absorbed directly to obtain an
agueous acrolein solution which additicnally comprises by-
products which have been formed; this condensate can in
many <ases be procegged further directly. The partial
condensation and/or absorption of the reaction mixture can
be effected in several stages. If desired, acrolein can be
obtained from the reaction mixture, 1f appropriate together
with a portion of the water, by fractional condensation,

absorption, desorption and subseguent distillation.

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

circulated,.
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20 catﬁg t can be condensed or absorbed directly to obtain an aqueou
Wierofé Ition which additionally comprises by- produgf;t ik %%R/éo 64060

been formed; this condensate can in many cases be processed further
directly. The partial condensation and/or absorption of the reaction
mixture can 25 be effected in several s%ages. If desired, acrolein can be
obtained from the reaction mixture, if appropriate together with a portion

of the[ Wate fr tlonaIr%%nden thon ﬁorptron gesorptlogc 9@96 a1
A& sequent é‘sﬂ? ion. A por lon of the water is crrcﬁiatled[1 in'the course o

B0 Whithttsrevepotate destictéshidens el ifitiatatisaof Sﬂﬁehﬁaﬁmourlts

JnAtegyatiomn Ar-inertigasona dite i-aan-also bepeireulatedo WO

dZ 108/992333 ECTY] F’%%%W §49§> 2 é\crﬁe'ﬁ formed gﬁf%@ove%gom
ereactlon mixture alone or together with a ortrono ater and

asmal &itourtd d?%yﬂp?e&a&e% %wwr%%%r Wpieally By Ehstingion: th

waytahsorptien of by N-3trippinga Therkaeretein tan beigolated byeed of
a@?f@f@%ﬁ“%%é@;‘z‘@?w with water. Tne,glycerol-containing reggtion

mixture freed of acrolein is recycled into the dehydration stage. One

R oFdel o in e Iid BRade GVerthat e the §as pFrQE-é‘r in
donsists ipthedowerenergyedemanticoecause k¥henlytheavroigin because

Jemoveddrqm the seactionmixdiureand.a prtion of water which is-distilled »
over with it 1r»;ave %o be a%%pratedd'.l'he dlepggratron in the astpr%asg IS 1e
ESectéd'ph pre erably y Withirm fLempera urerange Beﬁ/veen a:%zef)Ct
akabpr a5¢he liquid phase preferably between 200 and 300C. In the case

of liquid phase dehydration, the apparatus is subjected to at least such a
Tressweywhieh isufficienhdognaintdia tire liguid phasesethedehydrtion
W%@H?gegﬁgEk@%ﬁ%@%%ﬂ%%ngﬁﬁbe between 240 and 320°C, that in
the ligquid phase preferably between 200 and 300°C. In the
cage of liguid phase dehydration, the apparatus is
subjected to at least such a pressure which is sufficient

to maintain the liguid phase.

The dehydration ig effected in a fixed bed reactor, a
fluidized bed reactor, in a reactor with a circulating
fluidized bed, & moving bed reactor or a reactor with
regenerator-riger (-downer) degign. It can be performed

continuously or batchwise.

Moreover, the combination of the reaction with reactant
workup or product workup by means of a reactive
digtillation is possible and advisable, since the boiling
peint differences between glycercl 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, suspensgion or a ccating. A further advantage of the
reactive digtillation consgists in the fact that high-
boiling impurities are discharged from crude glycercl at

the bottom of the column with furxther high boilers which
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RoviRg bedeadtor or a reactor with regenerator-riser (-downerydésign. Gt 060

can be performed continuously or batchwise. Moreover, the combination

of the reaction with reactant 25 workup or 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 positigned either in the bottom and/or in the column part, The
Al 30 MHOAUEEd TayP 6 Xarples bé Bresdh Thhe o 574 e, 22
Suspersionord coatingA further advantage of the reactive distillation
consists in the fact that high- boiling impurities are discharged from crude
lyeeteliat therbeitormat the eolumn withdurdaerhigh boHersnahich WO

1@)9@(9:9@5%% %CEEM%OQ&{Q%%%O ag"_po(r\‘?éq %%— fq:rg?:eéjcﬁ% p yﬁ?ﬂu %ts%lo rtion

Acrolein and low boilers are_then' removed via the top. Acrolein forme

TanHiSo BerBmovRdHror tHé Fedtliolieixtlire YA RGWRP&%her, alone
af sagether with aoportivh raof theisolUtiororditutiah mediemroy can then

%i%@g&%@'a@ﬂ@&r% actignYnconuerted glycerol can then be

recycled into the reaction stage. The invention also provides a process,

ecially for. preparing methylmercaptopropionaldehyde (MMP) from 10
D e e ?ﬁﬁé&%@yﬁ%sis
o NP ake ofdiRg o T5e BRBI-aR taR 1 RO bépeifsm@diR orle siage

abingethelinveritiveccatalyst: 1Ehe ngacﬁssqebmﬁ@tt@e,prepan&tmmft he
fompaunds of the general IgemyacR 15 - 40 Whieh cre pricr art can

now be performed in one stage using the inventive catalyst.

The process relates to the preparation of compounds cof the

general formula

R/S\\//\\¢90

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

by the reaction with glycercl or with a compound f£rom which

glycercl is formed with a compound of the general formula
R-S5H (11,

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

in the presence of the inventive catalyst.

The preferred product is MMP, which is prepared using

methyl mercaptan.
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R: H, C1 to C3-alkyl, by the reaction with glycerol or with a compound

Yirom Wiy 2P giycerol is formed with a compound of thE G8hERR G4 060
R-SH (1) in which R: H, C1 to C3-alkyl 25 in the presence of the inventive
catalyst. The preferred product is MMP, which is prepared using methyl

- mercaptan. WO 2008/092533 PCT/EP2007/064060 11 In this case, for

example, a glycerol-methyl mercaptan mixture, optionally in the presence
of a solvent, is converted over_an inventive solid-state catalyst either in

te igaid ﬁ%%forﬁﬁ?h@ﬁ%@%%se 5 %H’&?ﬁ%ls”ﬁﬁﬁgé’lé iSEFEERETH
nthe tiguid phase] aneeacfion temperatursbetveenbRand 500C;, is

dreferably sberween0 and 3p0Cvmare prefesably between 340 andiher in
t%(’)ocl lsem Io%led. ghglpressure IS adéust%d such that the liquid state of

e Uld Onase 1N Che_das & .
e reacton mixture Is malnltalne . Tgplcaﬁ)y,%ﬁe 10 pressure IS between 1

and 300 bar, preferably between 5 and_200 bar, more preferably between
Werand 150 BAR TS ivenfive caafyst AlsbTeattites yobd Fegefitability
wadcidwrd eastivation/carbohizatien T Be regehetatifCcan be feffectdd,

gither underoxjdation; da-conglifions or.yndenhydregenation congitions. Wy go ¢
both cases, the coke which has formed on the surface of the catalyst b

y .
R pBLRIOR G hydrotarBdis ity tie ASAEIGH S rEMiovet tdmpidtely ¢rv+a
pagthe The suitablepronoters whitk ake part ol tled vatdlystard,datle . the
sase o 20 regeperation by;0deation; gepgrallycompanants Whithveen 5 and
f\gge@rate the convers'kon oqu drgc%rbons tq 8arb0£ %Jjge% for example
compo%%dsﬁ\}volﬁ(cih %grenpef%% gold, s‘?lvvézﬁec%pper,agerium, iron of platinum,

individually or in a mixture, o
The inventive catalyst also features good regenerability

and slow deactivation/carbonizatiocn.

The regeneraticon can be effected either under oxidation
conditionsg 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 oxidaticn, generally components which
accelerate the conversion of hydrocarbons to carbon oxides,
for example compcunds which comprise gold, silver, copper,
cerium, iron or platinum, individually or in a mixture,
optionally thesgse elements in metallic form. When the
regeneration isg 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 ig a combination of

several effects by addition of one or more promoters.

The regeneration is effected geparately from the conversion
of glycerocl, either in time or in location. In the case of

time separation, the feeding of glycercl intoc this reactor
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optionally these elements in metallic form. When the 25 regeneration is
Berfordhiddistdet hydrogenating conditions, the acidic catalysEpreterabhf 4060

comprises promoters with strongly hydrogenating action, for example
compounds of the elements cobalt, nickel, palladium, platinum, ruthenium
or rhodium, individually or in a mrxturéLzrf appropriate also 30 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

Jc%n%%ﬁ’ér‘r‘dofagﬁ%e’?&e&t SEin 18 B i fosatfor InTR& taSERF thfd o
Separation; #e feediig okglyeerdtinto thisgedctor WQ 20080925830 1is

PEHERZDOT/Q6AQ00,- 1248 stoppgdand thenrthe segenaratian isror the
E?erfgrmed before th reactantmlxture |s fedr @ a§1 ThIS ogg{atron is
e

orma 8 6 ﬁ nerat F
en repea e perlo Ically as en as esrre per ormance of

anisFegeneraisnaiethoaPsdltable B érr@gew’?éﬁrt@ areespédially te 2 or
rRyelc @@ereaiioeézi 2 mase dixed bedyeactass proiierdo be able tan =
ﬁ%i ntrn% %odérgf%tr am&gl ttrhs %aseagne of the re d%ors is
lle at

regenerate ast one of ihe reactors is Used for the production
H AeFREm. Thetrrerevart 0ok readiion 8A6 Fegaiferafiory 88n peactors
selected asclesirad. Prefénencests given ta-thiealinintentupted peoductienvals

f . agrplein within,a §me.interyal C&fl?oﬁ) 3900 h.especially. 4 thf‘Oc?e%l red.

befare the catalyst is regénerated within a time interval of 0.5 to 100 h

RESpEERAY I’ 1fb Fiys V\/Pfé?r ﬁw%ereaaﬁEfaﬁuﬁﬁ%‘éﬁéct%ﬂoé%%‘%éﬁé}aféf
docatiohi rthe datalystas maovedicontinuausly between pigferably @specially

4€3CJOES) dn@ne@ﬁe%eeqrers@&%wgeroi goRversion-1a agroleintakes,
tplace conﬁtmuoui e ot er eoaoct%r the catalg%_t is reLgeMner'i\%edh

on?nuousﬁy urtaQo e reactor 2 desrghs arg?he mo reactor or

the re enerator riser (-downer) desrgn The moving bed IS notable for
e regeneration 1is effected at a separate location,

the caealyst is moved continuously between preferably

2 reactors. In cne of the reactors, the glycercl conversion
to acrolein takes place continuously. In the other reactor,
the catalyst is regenerated continucusly. Suitable reactor
designs are the moving bed reactor or the regenerator-riger
{-downer) design. The moving bed is notable for relatively
low throughput of the catalyst and lesg catalyst abrasgion

and i1s 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 Lo the
reactor temperature during the glycerol conversion. In that
case, corresponding heating and ccooling steps are reguired.
For the regeneration of the catalyst, preference is given
to employing a higher temperature than in the reaction. The
pressure in the regeneration is preferably between 0 and

50 bar, especially between 0 and 3 bar.
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low throughput of the catalyst and less catalyst abrasion and is preferred
THere CBét the regeneration and the reaction, it is in B&&H B84/ 064060
advisable to perform a flush step, preferably with nitrogen. In the case of
regeneration, higher temperatures of 100 to 800C, preferably 200 to
700C, especially 300 to 550C, are em]p%yed. These need not correspond
to the reactor temperature during the glycerol conversion. In that 30 case,
corresponding_heating and cqoling steps are required. For the _
TBgBRHEION BT The Eatayat rbRirencs is GRaH (3emBOyy Fightr 2524
Tompetaturs thaarinthy reactiopl TheWprssursiprtheabgeneration fifected
preterably betwean O-ach30 banespecially betweenr 8 and-3 bat. AWy
20081092533 PCTIER2007/064060 13 To regenerate the catalyst atlesst,
Ohe additive is Used. This igpreeferatb?y gaseaous. Whéh rege%%rgtion IS
et undler oxiaidng esnditions litis §asecud Sudizigragepation, it
Ryeferenee is givendausing aibenhexygen ercarben sdioxidesrWhetce is
2generation Is effe rogenation, i is.a_gaseous reducin nt.
e e I e e
tEmpBRathifds 1Y fife @ABF/stForfe S BTESURBf tHerefStRERRTE e MovAICVal
of theneokesithe retucing gasis.greferablysusec inediiiteéd 105erinifordiluted
#ieh, ferexampls, ,mtfeﬂerza%%#@@@, is.used,, Lyring thesegenerationof |
the catalyst, the concentration of the additive is preferahly increased ,
Ldpwide “The “EAGNEE fayBe Giutcd by Solid Natt matsial SretsdpEation
afrangedaddiffarent zenas; AT desitet-cataltic propenties andidrahe
agichfupstionof the catalystdpesnaidlisappeas it theseQurse Of or else be

a{g:%%%eragog r(1)f %} @é/gg%\ée c%trzilg/sts, as observed, for example, in the

5 =i . . .
case e catalysts prepared using classical acids, such as phosphoric

acid or hydrochloric , ] _ ,
The deglred catalytic properties and/or the acid function

of the catalyst does not disappear in the course of
regeneration of the inventive catalysts, as observed, for
example, in the case of the catalysts prepared using
classical acideg, such ag phosphoric acid or hydrochloric

acid, and leads to catalyst deactivation.
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20 acid, and leads to catalyst deactivation. WO 2008/092533

THC BEEDODT7064060 14 Examples Comparative Examplelt-E& ¢4falyst 64050
according to Patent Specification DE 4238493 was used: 100 g of silicon
oxide support having a diameter of 5 about 4 mm were mixed with 25 g of

20% by weight phosphoric acid for 1 #.%On a rotary evaporator, the

excess water was then removed at approx. 70C. 18 ml of this catalyst

were introduced into a fixed bed reactor with a diameter of 15 mm. The
FE38orRRas then heated to a temeprature of 10 250C. By means of a

pump, 12.5 g/h of a 20% by weight aqueous glycerol solution were

Pasped iitd the ¥&aetBr ehrbugh an evaporator heated to 260C. By means

of gas chromatography, the stream was analysed at the reactor outlet.
Aptocan pperatingdime of aboukt bntullskecarfversionat giytetalzcoutl was

beobserved. Therselestivity, apd thus theyield.were, 19%. Aftgr apRrOX,- ¢
15 h, the conversion and hence thegleld fell steeply, such that only a

YRVErsTorBr ?ﬁ%%&%’é?é%e‘ﬁ% Gitef 3. Akef the I%?étéffﬁét%‘a pegprphoric
Fonedthroughexdlusivelybyea iydrogen20-stroarmof 4k (SER)/Watar was
E%@%e@!ah@{@?@i %t@fp%hbxnot"ﬂlmﬂfﬁvgfﬁe&@igéhe%’Eﬁ'}g ('@e%@é@%aé@ﬁ):ere
cO e detecied. er.ine al een TIowge o exciusively
B e o) T 1R B A% crr o mu i EraB0d TP g o7
¥arifer-deteforation in the Yield WasvBaGdetbeted. [CHvpamtvee of
Example 2y Gompayative £xpiile 1ivasrepsated; exceptthay malybdie
id_press ts he c ALa . rea t re
I e o LR o e

WHS diSPerde FWRRORAS 20080925633 PCHEPY0077064T60 S ©f gas

chromatography, the stream was analysed at the reactor
outlet. Up to an cperating time of about 15 h, full
conversion of glycerol could be cbserved. The sgelectivity
and thus the vyield were 79%. After approx. 15 h, the
conversion and hence the yvield fell steseply, such that only
a conversicon of 20% was present after 23 h. After the
catalyst had been flowed through exclusively by a hydrogen
stream 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 through exclusively with
an air stream of 4 1 (STP)/h at a temperature of 350°C for
5 h, a further deterioration in the vield was even
detected.

Comparative Example 2:

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

within the first 5 h. Regeneration was dispensed with.



10

i5

20

25

30

15 Example 1: Comparative Example 1 was repeated, except that
Hihgtit 84885t éssed to tablets was used as the catalysE Kt/ FE4&dr 064060

temperature of 260C, a full conversion and a yield 5 of 79% were
achieved within the first S h. Within the next operating hours, the
conversion and, correspondingly, the yield were reduced significantly. In
the further course, a decline in the yield by approx. 5% per 10 h was
detected. After the catalyst had been flowed through exclusively with 10 a
%8 % stream of 4 1 (STP)/h at a temperature of 350C for 10 h, the

activity of the catalyst was improved significantly. The glycerol conversion
WeRREGEY LB pretRTBE thelstiR SIntBearfer cAirse Fihe'dohversioW &hd
$he Jieldsvarededucedins deforedhe tegenerationsThis cytiesty At a

pperation of glycerol dehydration ged regengration. of the calysStas, ie14

repeated three times within 300 h. After the unregenerated catalyst had

Beed Heinstalfed HWaY Brack: inddloliThe cafbort conteht ofitie the next
cptatystivas 22%sy, wdights erivehrindicates:donsiderabiecarbonizhtion the

g@é’%ﬁ%@'?@%@%@t@@g@@ﬂﬁgﬂt‘&’% rquagg_g, except thatdungstic
cid pressed to tablets sed as the catalyst. This c?gtalyst W§aS fed
SaitioNaly Inpregnatat it 198 By wlightof PA To A &M Il =ot=d-

hEetie Was usedeby AledmsbfPSanciplent etidss iia reaelorsively with
iemperatdre-of260Gra dull gonversion)gnd a yield ek Af¥%-werg-achieved ;oc

l\zlvci)tgirh@eh rsct 5 h._.within .ttee ng%t %@l%ragg%n%urssc the conversion $nd,

fi
corresponding ?thaécﬁéi\alwgre reduced sig c%ntly?g%%telr[?ﬁé: Cata yst

hagbeehd throti§h exZIEsiely Witk 8o esHydioyen sieamiorgrlete
£8TR)Ih at aztemperature of Bo0ChHEar 1-hthe activity otthescatalyst wasl the
imprayed. significantly.oThe glycerol conyersion was then complgte again; ; .
at the start. Compared to Example 1, the decliné in ,

operation of glycercl dehydration and regeneration of the
catalyst was repeated three times within 300 h. After the
unregenerated catalyst had been deinstalled, it was black
in colcour. The carbon content of the catalyst was 22% by

weight, which indicates considerable carbonization.
BExample 2:

Comparative Example 1 was repeated, except that tungstic
acid preseged to tablets wasg used as the catalyst. This
catalyst was additionally impregnated with 1% by weight of
Pd. To this end, lead acetate was used by means of
incipient wetness. At a reactor temperature of 260°C, a
full conversicn 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 10 h, the activity of the catalyst was improved
significantly. The glycercl conversgion 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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the conversion in the dehydration reaction was WO 2008/092533
BCREPLODT5E4D60 16 significantly lower after the regBherationd Arid 064060

the high conversion level was maintained for longer. Example 3:
Comparative Example 1 was repeated, except that a powder 5 mixture of
15% by weight of montmorillonite and %;65% by weight of W03/Zr02 (11%
by weight of W03 on Zr02) pressed to tablets was used as the catalyst. At

a.reactor temperature of 260C, a full conversion and a yield of 79% were
oI e THS AR TS (S PGy noER, e Lo
COnVErsicrrand bt le sponditigly: the yidd rere Lredpead. After the
catalyst had been flowed through exclusively with an air stream of 4 1
KsdR)heatm: temperature of 300C for 5 h, the activity of the catalyst was
improved significantly. During the first hour of the 15 regeneration, the air

d?%@ikf%qjlél wj&arﬁ%]t@qg wb%ﬁr%]@@aliq@at,hee@e@ks%rmw ag ayesuk
e L S
ERdTregéndtationttad bebh passed iz threfighCtheregareratioressed to
tempertureawas defeased i 39065 1p #ie, subsequent debydratiopthis-ure
dad 103 ?%59“iﬁc%%tl![yle%%%'?%exdsﬁ%%’e%%i&“£r g, where the, glycerol
conversion was still more than 90% after approx. 20 h. WO 200§ 092533
FEHEPO0TIoe4T80" 17 Eldifs £ Solidistafe CatakyRts Riich Gpdises
hangsten té¢ompaunds-aricdhaved, Hanmmettacididy Holef < tBangdi aihichvere
LOMRriSg ONEreIIPOre promoters selecled kam,> compounds fromthe
rouR, ot lements CpMPsIg 9910, o of 4 1 (sTR)/h at a
temperature of 300°C for 5 h, the activity of the catalyst
was lmproved significantly. During the first hour of the
regeneration, the air was diluted 1:1 with nitrogen in
order to limit the exothermicity as a result of the
burning-off of the coke. The glycercol 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
380°C. In the subseguent dehydration, this led to a
gignificantly enhanced convergion profile, where the
glycerol conversion was still more than 50% after approx.

20 h.
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silver, copper, platinum, rhodium, palladium, ruthenium, samarium
Wé%riatﬁ'ﬁ,%}iﬁi?ﬁ?’s%andium, lanthanum, zinc, magnesium? T ?%88&?6%4060
nickel and/or montmorillonite or acidic zeolites. 10 2. Catalyst according

to Claim 1, which has a Hammett acidlriT%/ H. of < +2 to -20. 3. Catalysts
according to Claims 1 and 2, which comprise, as the tungsten-containing
constituent, one or more compounds selected from the group of

rg&nzgnium 15 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
Tatural Of $§rthefiE Ssiffétit o oxidit 26 RofpBRindS 55 }CaRR/TE
accordinggoGlaimsah? haws, avhichrreconpriseistipportimaterials +2 and
modifigd mith mongmwdi=0t, polyhasicinorganic.acids or saits of Jpprganic
acids. 6. Catal})ﬁt [

S %ccording to Claims 1#]) 5, which comggse,. 25 as 14
suppo?f) THREEHAT Saldmimium oxide At&nit edjf&gﬁ‘&g,tﬁbf Hiifdon'e 9+
dioxid@; ZiveoniurAaxit; : asthvatéd earborordhemixnirés o hixed
oxides-theresf.uf Pregess-foi-prepaning:acrolein by dehydrating glycerol
30in tfg Iﬁ__rﬁ%%nce on%oIid-st%ge caetgl. Sts WQirChnCOVQQQSE tungsten kel
compounds Shd have arf—(faimmeci acl i\tly H6 OF 2 42" SR W comprise
one oPRIJEBréRbiere Wo onhico B3RP EFIEPZ607HD64660 18

selected from compounds from the group of elements comprising gold,
Silver, Goppér,aanadivrr elatntim, Ghedmn, paltadicm rathenitianmet t

samariymgeenum, Wium,scandiumlanthanum, zinc, magnesium,
cobalt 5 or nickel and optionally compounds of the elements

3. Catalysts according to Claimg 1 and 2, which comprise,
as the tungsten-containing constituent, one or more
compounds selected from the grcocup of ammonium
tungstate, tungstophosphoric acid, tungstic acid,
tungstogilic acid, tungsten oxides or heteropolvacids

with tungsten as a constituent.

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

5. Catalysts according to Claims 1, 2 and 3, which

comprige support materials modified with mono-, di- or

polybasic incrganic acids or salts of inorganic acids.

g. Catalysts according to Claims 1 to 5, which comprise,
as support material, aluminium oxide, titanium
dioxide, Nby0;, silicon dioxide, zirconium oxide,
activated carbon or the mixtures or mixed oxides

thereof.

7. Process for preparing acrolein by dehyvdrating 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
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lithium, sodium, potassium or caesium, and/or montmorillonite or acidic
R it B0 PrScess according to Claim 7, in which catalfﬁg/%Qgi?léqg4O6o

Claim 1 which comprise montmorillonite or 10 acidic zeolites in an

amount of 0.1 to 30% by weight are used. 9. Process according to Claims
8 and 9, in which the dehydration is effected in the absence of oxygen.

10. Process according to Claims 7 to 9, in which the 15 dehydration is
effected in théa %@{egence of cata{}/sts according to Claims 1 t0 6..11.
Proce§S accor ing o-Claime 7169 5n whith et d%ﬁ%ll%ti%h iS %ﬁ@@fé%s

in the prasEnceisichydfagen. S12 vBroceSSBBEsTdingEio-Claims 7otball nim,
which-glyceroh20 {sausegdman, ameuntafi Lo, 100%:hased, orthe: tetal
amount.of the reation mixyre, {he remaining amount WpA9100%  copats
con5|s}f|ng 0 cofnpoun%ls inert under reaction éonditions. 13. Process
accordifigté €1&ims7:fo PRLiRRRiEh ThE 2P RieRccorRpolittusedrent s

nitrogén andion waier i4m Proeesssacdcording te £daimsn/ tadd/mrwhich
pressyeshetween J,and-300 ba. and temperatures between 150 and

450C are employed. 15. Process according to Claims 7 to 14,

characterized in 30 that.it is effected at pressures between 1 and 100 bar
End st oo 66 Heridlh 160 G J505 VIO Ze0G0ssar voe.
PCT/ERZOGHO64060° 19LE6."Process 88codiftoClatag e ds: kpnite or

which ke geactensiefiected inthesgas:phases 17, Precesscacoppdingtght
Claimg /7 to 1F6e' which the dehydration is performed in a fixed bed
reactor, a 5% uidized bed reactor, in a reactor with a circulating fluidized

bed, a moving bed reactor or a reactor with _ , ,
9. Procegs according to Claims 8 and 9, in which the

dehydration ig effected in the absence of oxygen.

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

according to Claims 1 to 6.

11. Procegs 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 glycercl
is uged in an amount of 1 to 1CC0% based on the total
amount of the reaction mixture, the remaining amount
up to 100% consisting of compocunds inert under

reaction conditions.

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

inert compound used is nitrogen and/or water.

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

between 150 and 450°C are employed.

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

and at temperatures between 180 and 350°C.
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regenerator-riser (-downer) design. 18. Process according to Claims 7 to
WL%, %@%H‘P%@B reaction mixture is worked up with utiliz tion %F%Q?Ea{r%ﬁ%ﬂ

condensation, absorption, desorption and/or distillation. 19. Process
according to Claims 7 to 18, in which a doortion of the water is circulated
and is evaporated and condensed with“utilization of thermal integration.
15 20. Process according to Claims 7 to 19, in which an inert gas or

fluente drculated 21 Processacqording 1p Ciaims 7 to 20, which,
unconverted glycerol'is Sentto an incineration 6r a “distillation for crude
glycerE 2022 Process-accoraigits ClaimeZso1a#ewhich the glycerol
used has been obtained from the hydrolysis of fats. 23. Process

dtcordingte Saimscbtai2 hgintwhich dhensglycerol used has beeéniobtdised

from the generation of; 25 fuels from. Ratyfalraw; matenals 24. Frogess o
accordln%s{o Claims 7 to 17, in which the catalyst, after the dehydration

process; 15 TegEfteratét GA&T Gidiziny Gorfditons> 25" PritdssC T culating
according tel ClaithsoE th 17, inavhich the B0-eatalyst, aftergsheeactor with

dehydrationprogess: is ;regenerajedgader reducing conditions. WO
2008/092533 PCT/EP2007/064060 20 26. Process according to Claim
24, in which a catalyst, which comprises, ane;,or moye P“l'%o § sglected
from compounds of the group ot elements comprising gold, silver,

coppef, Sriuht hrdf S plafinui i€ tsEE 5 27, Pidcessactofding to Cdim
25, in pduichia tatatystewhichicomprsescane 0omore prompteissekectbth
from cgmpoynds ofthe group of elements comprising cobalt,

19. Procesgs according to Claimg 7 to 18, in which a
portion of the water ig circulated and is evaporated

and condensed with utilization of thermal integration.

20. Process according to Claims 7 te 1%, in which an inert

gas or diluent is circulated.

21. Process according te Claims 7 to 20, in which
unconverted glycercol is sent te an incineration or a

distillation for crude glycerol.

22. Procegs according to Claimg 7 to 21, in which the
glycerocl used has been obtained from the hydrolysis of
fatre.

23. Procegs according to Claimg 7 to 21, in which the
glycerol used has been obtained from the generation of

fuels from natural raw materials.

24. Process according to Claimg 7 to 17, in which the
catalyst, after the dehydration process, is

regenerated under oxidizing conditions.

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

regenerated under reducing conditions.



nickel, palladium, platinum, ruthenium or rhodium is used. 10 28. Process
%@cSRﬁﬁg/ ¥’ Etalims 7 to 23 for preparing compounds 0@[;%%%%%97/064060
formula R () in which R: H, C1 to C3-alkyl, 15 in which glycerol is reacted

with a compound of the general formula R-SH (II) in which R: H, C1 to
C3-alkyl 20 in the presence of a catalﬁ& according to Claims 1 to 6.

26.
5 27
10 28.

i5

20

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

gsilver, copper, cerium, iron 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 cokalt,
nickel, palladium, platinum, ruthenium or rhodium is

used.

Process according to Claimsg 7 to 22 for preparing

compounds ©f the general formula

R/S\\//\\47O

in which
R: H, C: to Ciy-alkyl,

in which glycerol is reacted with a compound of the

general formula
R-SH (IT)
in which

R: H, C; to Cz-alkyl

in the presence of a catalyst according to Claims 1

Lo 4.



