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WO 2008/092534 PCT/EP2007/064080 1 METHOD FOR

WRESENERATING A CATALYST FOR DEHYDRATING &d2Y/GREBINE /064080
The invention relates to processes for regenerating a catalyst used in the

preparation of acrolein from glycerol 5 which comprises tungsten
compounds and has acidic properties and at least one promoter. Acrolein
is an important intermediate and is of great economic significance for the
prepatatieodf #Cylic acENERADTEHIiGNI0ABRAUTEE NFEIRiOPiE DRNOXY G
analogue 10 2-hydroxy-4-methylthiopuhgieaeid (MHA). Methionine is an
essential amino acid which is used, inter alia, as a supplement in feeds.
Nutrition-improving feed additives are nowadays an indispensable
Tenstitueat intanimad Tatrition: oT eyoserve dor Heiter wifizatormofithe feod

SUpRly, 15 stimiategrowth apdpromote proteinformation, @ne.af e cerol

most important of these additives is the essential amino acid methionine,
G aSSTRES o BronTHERE BSOS & e d AT oy
toreeding i partictl &t Inlgis fieldiehsagi diéthionine replacements such

as methionine 20 hydroxy analogue (abbreviated to MHA) also have not
zineersiderable significance, ssincel they hawa simi#argrowth-stimglatag
Qraperties ta the amina acid known for this.purpose Acrykic acidis 80 acig,

important starting material for preparing polymers which, forlexameple

WA T 25 e WS alb<tiptisi Capacitys afey 1esd gs e +09¢
SupecabsorbentseAbgordingriothgprior artl dcroféif is syisthesigedy 1s an
dieterogeneously catalysed seleetive; exidation ofipropeng1aver mixed

sogi( Ideé(é%{[alﬁ/gts,. EF:’EéelléEZ?) llgxel%crnlbcesotp ?i??r(z) Sa_yon\;quiS YENC Bke%(* ves are
m&% ml?l |me3féﬂ OXI&G cata ySts at %erﬁpera?ures 0?930 tQ%S ana
qﬁggﬁﬁggOmgxﬂﬁﬁispensable constituent in animal nutrition.
They serve for better utilization of the food supply,
stimulate growth and promote protein formation. One of the
most important of these additives is the essential amino
acid methionine, which assumes 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) alsoc have not
inconsiderable significance, gince they have gimilar
growth-stimulating properties to the amine acid known for
this purpose. Acrylic acid is an important starting
material for preparing polymers which, for example owing to
their water absorption capacity, are used as

gsuperabscorbents.

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 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
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2.2 bar. Ullmann's Encyclopedia of Industrial Chemistry, 6th edition, 1999

Wge%i@ggdlg% gyerall process including workup, in whick-geveraboo7 /064080
by-products are removed. Once the WO 2008/092534

PCT/EP2007/064080 2 reactant mixtuse of propene, air and water has

been converted at least partly over the catalyst, quenching is first

effected to remove high-boiling by-products such as polymers, acrylic
racid andacetic agitk 1 the;dewasiseam S-absorbes werolrimssweashed

out. After the de tiQn, ahsa isrec e uri . .
G erslon bt by et Sovoral caad Tt koo hap ©°

EdREdroréds BETRehyArdted H the prélehed oradidie ststdhceS i uch 28
pedariousprodactsyAceordingtost@Onganic Syathiesis FA5:18 (1884)stream

tearment of a mixture ,of;pulyerent potassium hydragensyiphai®c ion, the
otassium_sulphate and&g%%erol at 190 to ZOOC‘r%ffords acrolein inla .
BRFOTbEtwesn B3HhH 4806, Dwing o the Tl iatds and tha High sart
oburdens ahinyprotess is. Abwewer; ot 25s0fabRfaE e industrial scale.
In the course of studies of model substances of biomass pyrolysis oils,
Ttheicatalytic/ite atmaentof ghyeerdl aven H<Z SMBzéolitesdati35040500C: sence

o?asa%'jsapgegﬁgcéisﬁéégetQaQamcthset RS Symp. Serr 376y co
Pyrolysis oils 20 Biomass) 328-341 (1988). Hydrocarbons are formed

OgiIs it Tow YRS Mbrebvel, EP D588224  US 5387 756 testribe thie &t ©
oGatplyded cofversioncsfaglycerol tovabroletnipithelyase phase afd intthe
slf{m%%@i%ﬂa tl@iw@é%oii,i_sa%g_llglycz&@eﬁﬁdﬁ @traa%rglé%%rgrzaet%mﬁl in a
unction t determings suitabjlity as a catalyst, tes t
ytﬁ%(jéyr%%#egg%f]i% a%% f%gprégéhe(ﬁoﬁ&g dgﬁy%r%ﬁnd“ O&ygelr%eft\%ﬁh =4d
thighWields, salt burdens, this process is, however, not

suitable for the industrial scaie.

In the course of studies of model substances of biomass
pyrolysis oils, the catalytic treatment of glycerol over
H-78M5 zeolites at 350 to 500°C has also been studied - gee
Dao, Le H. et al. ACS Symp. Ser.: 376 (Pyrolysis Oils
Biomass) 328-341 (1988). Hydrocarbons are formed only in

low yields.

Moreover, EP 0598229, U8 5387720 describe the acid-
catalysed conversion of glycerol to acrolein in the gas
phase and in the liquid phase. In this case, it is solely
the acid strength {Hammett acid function) that determines
suitability as a catalyst. DE 42 38 452 relates to the
synthesis of 1,2- and 1,3-propanediol by dehydrating
glycerol with high yields.

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

added to the reaction mixture.
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WO 2006/087083 discloses a process for preparing acrolein 30 from
w9lYser0s pyenagidic catalysts, in which oxygen is addedge-he:peaionos4o0s0
mixture. WO 2008/092534 PCT/EP2007/064080 3 A similar process is
described in WO 2006/087084. The catalysts used there have a Hammett
acidity HO in the range of -9 to -18. The catalysts used in chemical
technology are subject 5 virtually without exception to deactivation, such
sthat the catalysthasdo e exchanged at periadicintesvals iy erder toe
Jenanan seanomic spacg ime yied The felpe af e aalySisl range
very different dependinig on the reaction system and may be a few hours
Odip té mighyyears. A periodic 10 regeneration of the catalyst counteracts
the deactivation at least partly and again significantly increases the
Taetivity of the tatalyst.dThis isosed rriustdprfrdisntlia syrtrieses

ywhen £arhon;cemHainingdepesitss foraontha-catalyst, omhich geverther the

active sites, 15 According to the reaction system, these depaosits-are.

< iﬁ%%éffﬁ?A?%sreAEﬁlt %? th%ﬁ%%gﬁﬁ/ee&se 5cr¥o%%ﬁ é%aﬁ%%%%“é% the oraer
tadditiém bR promcte ASRRIChIf preve ek Fagenatatebility. 1eis poseibl&fo °F
tiﬂéaor@!iﬁéfl%z%lﬂ%cejzﬁmee yieldiinsthe dehydeatioarof glycesal. 204t issaction
ohject of the invention to pravid c erati cat i odi
S\%ﬁfé trt|1s asﬁ%ag]g%forg t egdé%yd r%ﬁlolrr}}r%f %Ecg%lﬁﬁg{)ca aly%gsﬁav%naéyfhédlc
rrR¥sVRRP IdwkafbonitiorrteRdEnty SR BERYEHSY thitegeférate. ithad™
shearefoumndithat-dolidestates gataty stsiwhichicomprise 25dungsten the

s¢ampaunds.and have. adHammett aqidity He of 542 sand.which-conprise
fone or more promoters selected gom com ounds frgm. the roup of . -
SIBHEHES Cemphising. pret&rably donsisting oF gold, sal‘l\llrelrl,r%ppeip,os:L ®
fyamadiumtplatidama Lyst, which cover the active sites.

According to the reaction system, these deposits are
different. As a result of the inventive selection of the
catalyst and the addition of promoters which improve the
regeneratability, it is possible to improve the space-time

yvield in the dehydration of glycerol.

It is an object of the invention to provide a process for
regenerating a catalyst which is suitable for the
dehydration of glycercl, the catalyst having a relatively

low carbonization tendency and being easy to regenerate.

Tt has been found that golid-state catalysts which comprise
tungsten compounds and have a Hammett acidity Ho of < +2
and which comprisge one or more promoters selected from
compounds from the group of elements comprising, preferably
consisting of, gold, silver, copper, vanadium, platinum,
rhodium, palladium, ruthenium, samarium, cerium, scandium,
vetrium, lanthanum, zinc, magnesium, iron, cobalt or nickel
and optionally compounds of the elements lithium, sodium,
potassium or caesium, and/or montmorillonite or acidic

zeolites solve this problem.
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rhodium, palladium, ruthenium, samarium, cerium, scandium, 30 yttrium,
lanthan zinc, magnesium, iron, cobalt or nickel and qpfi
W@or%Bgugr?(}sgéfst%gelements lithium, sodium, potassium%%%oé?é%%?wosm%
and/or montmorillonite or acidic zeolites solve this problem. WO
2008/092534 PCT/EP2007/064080 4 The latter two compounds are
present in the catalyst as promoters, optionally in an amount of 0.1 to
A tyvelht preferabiinde 2336 by weldlit Preference s glvepde oo
catalysts which have a Hammett 5 acidity HO of ¢ +2 to -20. Since E
EIGE&tor S rédctive Mdleduleiith THEEYD f8rm CrefativRIy HighToiltig 97 ¢
reampowidsyatthigh terbpeiaturesiiyithe reaction of two or more glycerol
molecules with one another, the catalyst is carbonized by deposits of

wgarbendQcontainingaaleculessamthessyfacei ThisHeads to daredsction

a@;‘%?&“{ 40 gﬁhigvgfl Qigh Space-time yield, it is not only the Hammett
acid strength of the catalyst that is important, but also the regenerability

and the tendency. to,15 carbonization. The catalyst used.in accardance
Wity ﬁmqii%ﬁﬁc%l comptises it 18ast ohe &Slrgio?erkv&\}ﬁi% a]?cec:él%re%atgcs) e ™
rregenération di i carlystitfatine ana dpasé-tifeyielE TRéwREUYes bY
dnereasesignificantly: since dleastivation by 20 tathonizatipadn patticutare
58t ieast fon e [ost paut. elipinaled n e, ease, Ol408ee CRIAIAS. ANthor, -
Fhe ac%wty IS significantly increased. The conversion of glycerol and the
R8I HETSle e HiiSh & MaiRtairretk 484 RighT Tev@l g@ﬁ*@ﬁ’diﬁﬁ ofi the
tisecthisis atigreat sighificance 25 especially for an industrial
implementation of the synthesis, since an exchange of the catalyst and

@ssoeidted e 5 high space-time yield, it is not only the
Hammett acid strength of the catalyst that is important,
but also the regenerabillity and the tendency to

carbonizatiorn.

The catalyst used in accordance with the invention
compriges at least one promoter which accelerates the
regeneration of the catalyst. Lifetime and space-time yield
likewise increase significantly, since deactivation by
carbonization in particular i1s at least for the most part
eliminated in the case of these catalysts, and the activity
is significantly increased. The conversion of glycerol and
the yield of acrolein can thus be maintained at a high
level depending on the time. This is cf great significance
especially for an industrial implementation of the
synthesis, since an exchange of the catalyst and agssocliated

plant shutdowns would 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, in
addition to the promoters, the addition of compounds of one
or more of the elements selected from the group comprising

silicon, phosphorus, niobium, zinc, tin, magnesium,
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plant shutdowns would cause high costs. In addition to the

w%r%éeadfggigg‘gg‘roups, itis also possible for hydroxyl gpeds9b o007 /064080
Lewis-acidic sites to 30 influence the activity and selectivity. Equally, in

addition to the promoters, the addition 9f compounds of one or more of
the elements selected from the group comprising silicon, phosphorus,
niobium, zinc, tin, magnesium, WO 2008/092534 PCT/EP2007/064080 5

AU YD, ,tmq{)sl%%mx%V@gae}iyﬁaaag?tiv?ie@@@rp@m@@ catalyst to a
comprising tungsten compounds can modify the .surface of the catalyst or
Crae%%%g the %gﬁ%gn%ﬁa%%% o%ug&ﬁ/%eé}te%?gglc%%dé? the S/‘ielfld3 éjirffrvpr%\?/{e%d
sfartheE TS 5 espetially Fediiceethed6/HAS O 6f NG BRllersSdricoke” t
aprecyesoss which arednrred frommiwg oe Imbre adjagent-adsofbedt hexr . This
Yyaarel malecles,artarpediates and greqadsprbad in 2 flxed mannely.
itable sofid-state catalysts are especially also theé 10 types known from
PYSBEE P20 (BRI 584 225 AN Shhert ey “¥ompRsd A ttingSteR==""
scompauntd gidadditibnathiene bemare ofthexprombidrs memibrice

sHese.catalystsare;solid substances which are essentially insoluble in
the reaction medium, have a mono- or polyphasic structure and have an

Ho 15 of less than +2, preferabl than -3. . COHES the
Hamhet adil funciior and sg%%é?f%t%n%fn%}%gt I

CHRRBNUSING: IREIEEdRS of by Bdsértiontdt Algastous base:'see " Sfiiies =Y
dorsuirface seienceand-catalysisoWoll 5ind 988 Nevwselld 20 @acisandnore

Jasss, their catalytic proparties; by Kolgnabe. gt 2 chapter.2, especially
_pages 5-9. Chapter 1 (pages 1- 3) of %\;ﬁl‘aforemegtl ned doc%rqent .
PBRHGIE AGmE St aGias Ftom whieh fh%sf?er%%’ﬁ kilidd i the" &R S O
repropriatesafter determiningthe ¢l wales tanselattthge and have an He

of legs than +2, preferably less than -3. The H,
corresponds to the Hammett acid function and can be
determined by the sc-called amine titraticn using
indicators or by adsorption of a gaseous base - see Studies
in surface science and catalysis, Vol. 51, 1989: “New solid
acide and bases, their catalytic properties” by K. Tanabe
et al. chapter 2, especially pages 5-9. Chapter 1 (pages 1-
3) of the aforementioned document mentions numerous solid
acids from which the person skilled in the art, if
appropriate after determining the H, value, can select the
suitable catalyst for the inventive modification. Suitable
base substances for the inventive dehydration catalysts are
preferably (i) natural and synthetilc silicatic substances,
especially mordenite, acidic zeolites and activated carbon;
(ii)} support materials, such as oxidic or silicatic
substances, for example A1,0;, 810,, Zr0O;, TiOs; (1ii)

oxides and mixed oxides, for example gamma-Al,0; and ZnoO-
21,0,, 8i0,-A1-0;, Zr0,-810,, Zr0;-HIO, mixed oxides or

heteropolyacids.

Suitable compounds for providing the active tungsten sites

may, for examplie, Dbe ammonium tungstate, ammonium
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25 suitable catalyst for the inventive modification. Suitable base

substanac/es for th inventive dehydration catalysts are %gffy%lgjg )
A .

WRattiral W%Fn%hetic silicatic substances, especially mordenite, acio’l7ic/O 64080

z_e_olites and activated carbon; (ii) support materials, such as oxidic or
silicatic 30 substances, for example A1203, Si02, ZrO2, TiO2; (iii) oxides
and mixed oxides, for example gamma-A1203 and ZnO- A1203,

10Q2- JI )3, Z102:Sij 2-Hf )&g&&)@ : er. acids.
m%ﬁ ita q\é %(%)Fnap%%’ndfcl%ftl()?rgpsr%%ﬁi?jir?thé t%g' g}:{tive tu n%%?e%%ﬁfé g&? g%%/

- . , for
- SRATPIEE BB S HIBA R ipsERe B PG WD 20081069554 5= o0 a2
2P EF1ER206040640805:metatungstats; tamgsticoid;aangstesHieit agig then

egﬁﬂé@%géeh@é%@@ﬂ{ h@éerﬁHQW?Qi@él\#iﬂttU@ﬁstm Sconstisuentc
ese compounds or mixtures thereof are then ejther used direct

PE&SIVECOr tsed Bs E%l’t%lfs? %eprggu r%%%?lﬁ?ﬁle 8£se% of. gglﬁﬁor? %%%%%h%?’
velefrentsicprefrents $Sigivendo RISTEREdIAG Mikint ds & povderiner» 1 2
ssolutionber iva melt Imene embodimentofibeineentionf the<ataiyticatly on,

cagiive compaunds, ars bound.an & sypead JheLppatMatsals usgthor .
(rjr)ay.,d or example, i allgmlnlLilm 1(()j OXIdbe, titanium dioxide, silicon
ioxide, zirconium dioxide, activated carbop or mixtures thereof. The . .,
TP serveredom agntll}llstg%itﬁggse e specitic. z*t?rfac%eearaégmgrl%lum
dfixithie activeasitesnTHe eatadists B5ed APaccbrazicEwith e fivertion
Bre: 15 prepared-py-Rracessesdnayn ko those skilleddn the artrWhem theort s
active components ace abplied (o supportJis. s preferably doned - v
|mpreg|§)at|ng the support, for example by means’of the incipient-wetness
anetHodBysragin: Thecaéthve®éomponents may also be obtained by

precipitation or 20 extraction from a solution. Subsequently, the catalyst
Tean catalysts used in accordance with the invention are

prepared by processes known to those skilled in the art.
When the active components are applied to a support, this
is preferably done by impregnating the support, for example
by means of the incipient-wetness method by spraying. The
active components may also be cbtained by precipitation or
extraction from a soluticn. 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 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
coating. When no support 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 systems which comprise tungsten and
promoters are, for example, S10,/H,WO,, PA/HWO,, Pt/HWO.,
PG/WO.,/Zr0,, Cu/W0O./Z2r0z, WO,/ 810,/ 210, .
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then be shaped, if appropriate with addition of supports, adhesion

Wgr%q)tg%grzggrg formers, by pressing, extrusion, coatiggOrer2007/064080
agglomeration. The catalyst typically has a particle diameter between

0.04 mm and 20 mm, preferably 25 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 support is used, preference is given to
realialysbpeeparation by exkusian, pressingiof tabletsor, buldumby glycerol
;aoglemeration, 30 Forbe debydiationp the, gaa phase palledal o e wnscn
preference 1S given to catgljf/sts aving an H, between -3 and -8.2, _.
CSURABIE Tatalyst sy e RRRM M BSe RiGRieh ST Homotsrsaréy H°
ofor exampte; SIOH2A04; P EH2W0O4wRI/HZWOap POAYCylEra2; more

CUANO./Z002, WO.ISIQ2K2192. WO 20081092534 PCT/EP2007/064080 7
The process for preparing acrolein %édehydratlor}% lycerol is perffémed
SThREPrEs BT sotidState Cataly S which & .? detungsten
sédmpeundsane have aridrmett acidity Hemof 2aPltpdpreferabic2o and
rﬁ@ﬁ@r@?&ﬂ%ﬂs%ﬂﬁ%@&mpr@&ﬁ@mm?lﬁ&ﬁ@@twéﬁﬂiﬂﬁamﬁ)puma&fﬁn@mmm,
the group of elements,comprising, preferably.consisting of, 9ol ilver,
‘_Zé%lpcg’er,mv%naedgld"rﬁnplaﬁﬁa%’, p%ﬁa% |%r%,?ﬁoé)|{ﬂ”h% er%fhe%]iru%%gagr%%\ém,
CESHURR Syttrivitn 2SEhERAR, [BATHAPETTSZIRE S afR&siBrCTBn EolsAEFE RS
1aickak:er, n&)@d&eﬁﬂo ;kteusa@fs ﬂma_ddiﬂona:@gmundsdrwrthe group of
oSIRTents Jithim, sodium, potassium oricaesium andior s montmoyillonite .
or acidic zeolites are optionally present. The latter two compounds are
resent in the catalyst as _promoters, optionally in.an amount of 0.1 to
BTNt 15 S0 S (6 S by Rt e Aemh a2
vefferted preferably imthelabstnca®f sdigen. Mforte émbdditAéntEIseaASRE
ptheqresence ef hydrogen by weight.
The dehvydration ig effected preferably in the absence of
oxygen. In one embediment, also in the presence of hydrogen
in an amount of 0.1 to 10% by volume, in particular of 0.5
to 5% by volume, based con the total amount of the reaction
mixture. The dehydration is performed in the presgence of

the catalysts described above.

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

compounds inert under the selected reaction 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, 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 condensgation, can
be isolated from acrolein in a simple manner by phase

geparatfion.
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in an amount of 0.1 to 10% by volume, in particular of 0.5 to 5% by

w¥oluBes pased o the total amount of the reaction 20 mixteresbeo7 /064080
dehydration is performed in the presence of the catalysts described

above. The concentration of the glycergl in the reaction mixture is

preferably lowered by the addition of suitable gaseous compounds inert

under the selected reaction conditions. 25 As a result, side reactions to
Tgivepiigemers,polymers-ane otherxhighhodersiarecminimizea: The is

b3 ancdiliepty ¢ *@gw& age slied e, BEe ysed: far ana 705

example water, nltrogen ir, car dioxide, methane and/or hydrogen,
PalcBRaS M ordXantite RrstRarial éﬁ?ité“fﬁﬁﬁol%é%%eﬁo%é BSiushe Pt

methyl isobutyl ketone. Preference is given to dilution media which, after
Othe colidensation, cantbe isolateeSforiersl6intin disifipte ﬁ%e?]’b‘?/t

ghRase-separation: W 20081002534 RGTAER2007/64080: Bdnithe weight

reaction mixture -the glycerghconeentration bgl etween. 1 and 100% by
welg%t preﬁara Iyebetween 1 and 70% %feeéht and especially between

PS QREUEIE by WEGRE Crie: alvattage bt £E8s CERSISEYR s fatt e
dthat 5 glycefeksalutions,havirg aconfertof 51te 40% by weight are also
usable. So-called crude glycerols without preceding concentration or
Teurification £@ﬁ tfﬂ@s p@mgmameaw for thersynthesis of aeroleianThe o and
reaction da between 150 a
Si@fét‘lrab een OEj and’ Cailr*?\rgre %}%fgrga(%lyg bgt%e}gn@ec‘fembly
bgz:o@eryﬁ@émmﬂe ar?e%%ﬁre Ewgéﬁm 1GHe BOFBaHPrefefably = ween
ohetween &5 @and:h0 bar; aterea prefetabtyvbetweens0.Qahds10 bar Theore

botﬁg%@g gbgéqqﬂgoeggmeg ig the liqyid phase or in the 15 gas phase. In

embodiments, the same acidic solid-state

The process can be performed in the liguid 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 suitable for
dehydration in the gas phase and others preferably for that
in the liguid phase. '

The reaction in the gas phase ig 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
aquecus 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 desired, acrolein can bke
obtained from the reaction mixture, 1f appropriate together
with a portion of the water, by fractional condensation,

abgorption, desorption and subsequent distillation.
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catalysts can be used in principle, but it has been found that particular

Wgat%@gs/%rgz%rﬂerably suitable for dehydration in the gagphaseand/os4080
others preferably for that in the liquid phase. 20 The reaction in the gas

phase is particularly preferred becausg the glycerol conversion is virtually

complete (> 95%) and the gaseous reaction mixture leaving the catalyst

can be condensed or absorbed directly to obtain an aqueous acrolein
~sQlution whichraddiionally-gomprisesdy:25 peeducts,which haverbeern £
W{Qrmed; this condeneate can 1, many,gases o piagessed Jyrher diaetly.

he partial condengaﬁon andfor absorption of the Teaction mixture can

L Bffacted Ht S8YEfal Sthges. If desired, acrolein can be obtained from

the reaction mixture, if appropriate together 30 with a portion of the water,
nhy fraetionat @endensatitn] vasorption, alesorpgtionaiidcsussegdent

distillation. WO 2008/092534 PCT/EP2007/064080 9 A portion of the
TwateRds eiseudated, in-thercotise of which itds:evaporated, aridt candensed
= lization of thermal infegrationARinstdas s adluent,can.alse he

Ircu Eed. 5 In the case of reaction in the Ilqug§°hase,, it is appropriate to

IPeifSRPtheddirGgeiation Gy Ub toa §i§cerdF coriersion ot about 15
=t0126% sinte thie cselectivity deereases whervthescobiversiorn isinermessed.
phfterthe;stated.canyersion-bas begn:attaineds ackalein kformedis 1e in

removed from thg ere%ctl n mlxtt:%re algge or éog%tfﬁéwith a R%rrtlign é)f the
TWATRTTh aknoWh-main f, “tpicaly by didtiiation or by N2 Stripping. The
tagroleive caniéisolaed byTondénsaforver-serubbing Wit Wateh 2 TheY -
tghycergt-contgining reactivamixiure freed of.acroleind s recystedsinimlein
JQE‘E@ygE%%Qé%%g%yoggéﬁgﬁgg@féﬁ or scrubbing with water.
The glycerol-containing reaction mixture freed of acrolein
ig recycled into the dehydraticn stage. Cne advantage of
dehydration in the liquid phase over that in the gas phase
consists in the lower energy demand, because only the
acrolein removed from the reaction mixture and a portion of
water which i1s distilled over with it have to be

evaporated.

The dehydration in the gas phase is effected preferably
within the temperature range between 240 and 320°C, that in
the liquid phase preferably between 250 and 300°C. In the
case of liguid phase dehydration, the apparatus is
subjected to at least such a pressure which is sufficient

to maintain the liguid phase.

The dehydration 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-riger (-downer) design. It can be performed

continuously or batchwise.

Moreover, the combination of the reacticn with reactant

workup or product workup by means of a reactive
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dehydration in the liquid phase over that in the gas phase consists in the

W}p%@&eﬁ%ggq’uand, because only the acrolein removegrffamnihes /os4080
reaction mixture and a portion of water which is distilled over with it have

to be 20 evaporated. The dehydrationip the gas phase is effected

preferably within the temperature range between 240 and 320C, that in

the liquid phase preferably between 250 and 300C. In the case of liquid
apbase dehydiatiar, the apparatusigi2S subjectac:to atileast stioh &oiling

ressure, which is sufficient. to maintaj iqui i
oot 1 Toa bed E30ar & MUKTSed et toactor 1 & toaior mih”

Lasreulalifg Hiigizea Hed, BltRoving dedTeadt®r BP areatlFhithidger 1
t regenetatomriserd(/dawner)desigrn ltoan Ipeperfoffhed ccordihyesly or

; hatchwise. Maregver; the cambination;of the reactionawith ieackantn of

workup or product workup by means of a reactive WO 3008/092534
LPET/EPSE671664556 L0 disfAtiords posSibre arid aavisable™dinca thé
rbeiting vpoirtidifférentes betweer geerclantiseréleitatevery ihgge. In
b&ﬁ&@@e,iﬁ%@ﬁ?@@# aes;ti@&?i:g%&@'aa ]}flﬁclaottﬁfl&@@d@lmmeai at

olumn part. alyst 5 introduc ay.,.for example,.be.present j

W L e
crsachive HisHNatbrPEomTSRYR TS it tHst FigHR BoifFimpufites khers are
rdisgharged-feam etude-glycerabat the bottom of the column with further

high boilers which 10 can be formed as by-products. Acrolein and low

aboilers are then cemoyed yiasthedap Asiolein ferraed ean alsode: ion
removed from th?C reaction mixture in.a known ann%rl,lalone %rhtogethg!iﬂ .
portion

mhﬁﬁ%ﬁ%xﬁ&na nown manner, alone or ctogether wi
of the solution or dilution medium, by stripping,

distillation or extraction. Unconverted glycerol can then

be recvycled into the reacticn stage.

The catalyst used in accordance with the invention is also

notable for good regeneratability.

The invention provides a procegs for regenerating solid-
state catalysts which comprise tungsten and have a Hammett
acidity H® of < +2 to preferably -20, and which comprige
one or more promoters selected frowm compounds from the
group of elements comprising, preferably congisting of,
gold, silver, copper, vanadium, platinum, palladium,
rhodium, ruthenium, samarium, cerium, yttrium, lanthanum,
zinc, magnesgium, rhodium, iron, cobalt or nickel or
mixtures thereof, opticnally additionally compounds of the
elements lithium, sodium, potassium or caesium, and/or
montmorillonite or acidic zeolites, which, after use in a
process for dehydrating glycercl to acrolein, have a lower
activity and/or selectivity than before this use, in which
the catalysts are exposed to an oxidizing or reducing
astmosphere for the regeneration, without reactants from the

glycerol dehydration being present.
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of the solution or dilution medium, by stripping, 15 distillation or extraction.

w&negpyeried glygerol can then be recycled into the reaeiinry stegeoThe 64080
catalyst used in accordance with the invention is also notable for good

regeneratability. The invention provides a process for regenerating solid-

20 state catalysts which comprise tungsten and have a Hammett acidity

H of < +2 to preferably -20, and which comprise one or more promoters
pselested-fromrcompaundsdsomdhe grouprof elemeritsconiphisiig,elements,

= Preleraply.cosiaing af. 0ld. Siver, LOppeL JADRIIAURM. i ng
palladium, 25 rRodium, ruthenium, samarium, cerium, yttrium, Ianthanul[ln,
ol nkgResiuRf FhBditith, SforP CoBAR br AitkEFdP MixtireS tHer&dy, -7
captdnally .additionally compounds of the elements lithium, sodium,
potassium or caesium, and/or montmorillonite or acidic zeolites, which,

Taterusey e 30 precess-fongebydiating gy cerel te @Cealein havem lower
SRSl andirssieellyity than befare thisyiee. K which - iescatalysts are
expc?se‘ to an oxidizing or reducing atmosphere for the regeneration,
CRABGEeabfis frEH " giiterd] dehydrstion BEWE prEsert RS ©F
12008/092534 RGTYEP2007/064080 tiDependingsorttheircstaatarigent .
pRotentiak individualelements, . afterthe regeneration,af themsatalysbynder

reducing conditions, may also be present in metallic form on the catalyst.
PEY e et ﬁ%ﬁ‘iﬁ%‘n%%émpounds are selected from the group of

ammonium tungstate, tungstophosphoric acid, tungstic acid, tungstosilicic
TG d RiPSIEH-GxiBES 6P FeteiophoSBRorEacias With tuRgsteh Hs the™
seQristitient. Particulary: suitatpe exampies areRd/H2W04, Pt/H2WO4,
10 PdWO,;/ZrO2, Ce/WOX/ZrO2.

Also suitable are catalysts which comprise support
materials modified with mono-, di- or polybasic inorganic

acids or salts of inorganic salts.

Preference ig also given to catalysts which comprise, as
support materials, aluminium oxide, titanium dicxide,
silicon dioxide, zirconium dioxide, activated carbon or

mixtures thereof.

The regeneration can be effected either under oxidation
conditions or under hydrogenation conditions. In both
cases, the coke which has formed on the suriace of the
catalyst by deposition of hydrocarbons during the reaction
ig removed completely or partly. The suitable promoters
which are part of the catalyst are, in the cage of
regeneration by oxidation, generally components which
accelerate the conversiocn of hydrocarbons to carbon oxides,
for example gold, silver, copper, vanadium oOr platinum,
optionally in metallic form; when the regeneration is
performed under hydrogenating conditions, promoters with
strongly hydrogenating action are added to the acidic
catalyst, for example ccbalt, nickel, palladium, platinum

or rhodium.
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The catalysts preferably comprise natural or synthetic silicatic or oxidic

wEOMPELNES 8§ Hupports. Also suitable are catalysts whighcgriprise7 /064080
support materials modified with mono-, di- or polybasic inorganic 15

acids or salts of inorganic salts. Preference is also given to catalysts
which comprise, as support materials, aluminium oxide, titanium dioxide,
silicon dioxide, zirconium dioxide, activated carbon or mixtures thereof.

TRE Thesegenaration can e eected eithps underlgxidation Coaditionsorsion

%”d‘ie'%é%ydr Qe“%t%%%f‘ Ehmﬁrl%b%‘ £ases,dhe coke Which as cage of
on the' sur ace of the catalyst by d grosmon of hédrocar ons

L dlifing BRAFREtioR /is T8fmoved CotpletelyPor party. THe Shitasle ©=><=~
i promoters:35 avhich arenpaitof theyeatalyst am] in theosagecsfied before

-fegeneration by xidation, generally compeaents whigh: w@iﬂamnem
conversion of hgmpocarbo s to (iarbon ox es, for eé? Idanvellg,h e

CEPper SR AR o PR, o\ﬁtlonaﬁyln ShefilicTorm: when the
pregEneratiorss 30 MWW@W@QW%@%h@%P@%%%mOterS
aﬂ%gnﬁFﬁ&ﬂ%BYQ%feféﬁ%@ﬁ@ﬂQ@aﬁhadd@iMI&Eﬁ@H@atmﬁawsﬁfGror
Lexample ¢ ickel, p aqslurln P m .or rhodi )2 534
BCT/ ﬁ?&é’%ﬁ%ﬁoéﬁ 3121(:il he reger%)ggl%n %ef?gctgﬂgggatg?%%%t%

CEBEISIBHSoFGIPERYST: efthef fiitimetor i idtatiBf Sin theTale d
rseparatien, the feeding of ghyterdl iite the réactor isstoppédtant th@ﬁqrﬁ@m

;tegenegation is performed befare b the reastant mixtuie,is feddn agaiervals
This operation is then repeated perlodlcalg/%D ofterlas dealred Iéor the
ita

£ R&ridmRarice 0t tRistelERErATIOR MEthod Euitablé arrangements are
respeciallycthe tyclipioperation vt ominterrupted production of

acrolein within a time interval of 2 to 3000 h, especially
4 to 400 h, before the catalyst is regenerated within a
rime 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 continucusly. In the other reactor,
the catalyst is regenerated continuocusly. Sultable reactor
designs are the moving bed reactor or the regenerator-riser
(-downer) design. The moving bed ig notable for relatively
low threoughput of the catalyst and less catalyst abrasiocon

and ig preferred here

Petween the regeneration and the reaction, it 1s in each
case advisable to perform a £lush 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 requiredﬁ
For the regeneration of the catalyst, preference is given

to employing a higher temperature than in the reaction. The
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more fixed bed reactors in order to be able to obtain a 10 continuous

wbrogbiek shgams In this case, one of the reactors is regepengte¢ ndule 4080
least one of the reactors is used for the production of acrolein. The time

intervals for reaction and regenerationtan be selected as desired.

Preference is given to the uninterrupted production of 15 acrolein within a

time interval of 2 to 3000 h, especially 4 to 400 h, before the catalyst is
phegenerated withir artimeriatesval @f 0i% tp1@F brespecially-litet0.0h.and

SWQ%%trheerg gggr%iiagtisb%%gg at a_sgpasate_location, the catalyst is

moved continuously bétween preferably 20 2 reactors. In one of the
reactors, the cherﬁll conversion to %cgo@n tages IE)Iace %o%tinuous

sly. In
Tfhe StREr Feattor, THE catanstis rtégenerat%%sconﬁnﬁoﬁgy. Uitablé ¢ Ukea.

Thelagtcrs desighs ardihe mavirgitsed EatorctIRaE P&gdrictatorTisef fected
ubdewner) design: d hedgnavingdies, is notakle forgelatively 25cloid z i ng
-fPiouahut of le.cpialystand ess cajelystabyasiop adispislerredarnon
ﬁere: Between the regeneration and the reaction, it is in each “case
S4Qudalle 16 peFBRm fush-4epIpRISHRbR WRK ritSGerIn1RE Casd Bf
arbgienerationyhigher temperadures=30 bf1001d=8000C preferaily200ttbon 1is

= F3QC especially. 300 10. 530C are employed. These need natcomespansh: .
to the reactor temperature during the glyceroécopveir%ionhln that case,,

T0orr&&hondititfheating-ard BOsling steps are requiret Fartha o=

aregefeldtion ofthe eatalystpgretarence 18 1givas 35abHIFIBY MG hjhe

Aemperature than indbheneastion. Jhe- WO 20@8/092534ke, the reducing
PCT/EP2007/064080 13 pressurejn.the reg tion-is preferably -
pétweent gr% rﬁ% %Xr,%%%gciéﬁy %e%t]\”/‘\“/le%eér?;L O%Gg%’ bar. To ré@enératg the ,
CEREIYSE atTodst feadeltiveis #8eds THIST preferably galBots ARMBAZ O
oegenerationsis-effectethe concentration of the additive is

preferably increased stepwise. The catalyst may be diluted
by solid inert material or else be arranged in different

Zones.

It is also possible to use a mixture of oxidizing agent and
reducing agent for the regeneration. In this case, however,
one of the regenerating agents used is preferably present

in excess compared to the other.

The desired catalytic properties and/or the acid function
of the catalyst does not disappear through use of tungsten
and promoters by the regeneration, as observed, for
example, in the case of the classical acids, such as
phosphoric acid or hydrochloric acid, which leads in turn

to catalyst deactivation.
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5 under oxidizing conditions, it is a gaseous oxidizing agent. Preference is

waiven ¢@ pstngsai or oxygen. Carbon dioxide or other oxidizingragems 064080
may also be used. In addition, water or steam may be added. When

regeneration is effected by hydrogenation, it is a gaseous reducing agent.
10 In that case, preference is given to using hydrogen. To avoid high
excess temperature in the catalyst zone as a result of the exothermic
=iemeval ©f the coke, the reducing gas is preferably used in diluted form,
for which, for example, nitrogen or steam is used. During the regeneration

Cg%ggm%a;@lygkgn@g:@nge_ntration of the additive is preferably increased
stepwise. The catalyst may be diluted by solid inert material or else be

Aargg@%%&i%digg%dziq@stg i @lsg-posgible 1G-use amMXIHEe 0235493 was

oxidizing agent and _29 réducing agent for the regeneration. In this case,
UiSiRéver brié Gfthe regéfgrating %eﬁib%’é%‘dtisgfb%’ﬁe?é’b@} &é&é‘hﬁitﬁﬁr ot
aéxoessicompareddo thecetheriThe desiwed CataBAicproperiies angiorihaoric

agg_ia flg%giOﬂ of th%ac{aﬁa%t:g%s @_%@J@@@%@%,thggggh@&ee@fstuwg&t@ﬂ was
and promoters by the regeneration, gs,observed, for. example, inthe
F&8e SRR CisssTdal aa%%%?%dcggs phgzgphrgsﬁc %%idtogrlﬁydcr%c% ic acid. -

iwhichdeadslinitub® 18 chialpst desetiVaicH: WOv20eB/69sbgyneter of
1BRCIAEP20Q7/064080 J4 kxamples Compasative-ExamplectA catalyst £

ﬁ%%‘?'i”gb}orﬁ’%%@ %%e%fir@m'?'iﬁ?éﬁig%w@ﬁ yseds1Q0,9.0f silicen

oxide support avmg a diameter of 5 about'4 mm were mixed with 25 g of

2906 BY- v eigAtPHoRphAd U@ For Eh CORASFSTary SV oraltr, tfid ektdss

rnatenyrasa thenvegmovedbat approxd70C. &t of thiy catadyst wefegas
chromatography, the stream was analysed at the reactor
outlet. Up to an operating time of about 15 h, full
convergion of glycercl could be observed. The selectivity
and thus the vield were 72%. 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
stream of 4 1 (STP)/h at a temperature of 350°C for 5 h, no
improvement in the vield {(regeneration} could be detected.
After the catalyst had been flowed through exclusively with
an air stream of 4 1 {(8TP)/h at a temperature of 350°C for
5 h, a further deterioration in the yield was even

detected.
Comparative Example Z:

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

within the first 5 h., Regeneration was dispensed with.
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introduced into a fixed bed reactor with a diameter of 15 mm. The reaction

wwas dhaer heategsto a temperature of 10 250C. By mearscaf/@panp? 12464080
g/h of a 206 by weight aqueous glycerol solution were passed into the

reactor through an evaporator heated to 260C. By means of gas
chromatography, the stream was analysed at the reactor outlet. Up to an
operating time of about 15 h, full 15 conversion of glycerol could be
eebserved.iThe selectivity and thus the yield were 796. After approx. 15 h,
the conversion and hence the yield fell steeply, such that only a
c%%\éﬁdf?'r?@ﬁ 2@(&?&@§@@S%sﬁﬁf§<§a&%ﬁe@ﬁ@ cgatalysthad beestic
qwed through exclu y.a hydrogen tr fa1 /h
*fe pét)rateureggsgac g I% no %r/npt“c%’/emen%r?t %lgdl%l (fg-sreg;\)erﬁ%o?la
rEEE Be ctét@@t@ﬁam@% tRE CREMSE hadl t?ééwﬂétﬁ@df BrSagR: e?caﬁsﬁ'zeixxleld
owith can airstreasnet444STP)hiat a lempdratureof B50Cifoh iSthfae next

g&?‘st ?S%eft&)é%ttﬂg‘ in.the vield was qven 25 detected. . Comparat the

xam Comparative Example 1 was repeated, except that m dic

ya&a%réf%a t%%ﬁ%@ﬁé%éﬁ%@ééta@& nES Fe%t&etlémcpé‘% tre *
def-250, a yietchef Qaids aghieped 30 .witthin tiee fifst Sth. Regebretaticred -

AW@%9'%@%Qﬂﬂ%ﬂ%@@%%%&@%@%@%%@:@%E%@mplemth
1. Comparative Exampl glw %%%t ? ept that tun%stg: aC|d 5000
prl?%g‘é 5 RIEETAS Gded as the'éata yst ta rea0lD rtemperature 0

£260Q Ca full ¢arversitn ahtla YiEldbef 780awERS attievedRAmRAI HRe first

s@@myWHﬁﬁﬁﬁiQeﬂTQ@e@m?gémhﬂsdbﬁ@@ﬁﬁ&ﬁﬁﬂ%@ﬁdagaln complete

sgorrespondingly, the yigld V#%b eteduced significantly. Indhe Judher, ang the
course, a decline’in the yield by approx. 5% per 10 h was detected.
vield were reduced as béfore the regeneration. This cyclic

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 colcur. 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
Dd. To this end, lead acetate was used by means of
incipient wetness. At a reactor temperature of 260°C, a
full conversion and a yield of 77% were achieved within the
first 5 h. Within the next operating hours, the conversion
and, correspondingly, the yield were reduced significantly.
Lfter the catalyst had been flowed through exclusively 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
gignificantly. The glycerol 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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After the catalyst had been flowed through exclusively with 10 a hydrogen

welrean Q} ¢<L ESTP)/h at a temperature of 350C for 10 hpthe/agtivity 0f os4080
the catalyst was improved significantly. The glycerol conversion was

again complete at the start. In the furthgr course, the conversion and the

yield were reduced as before the regeneration. This cyclic 15 operation of
glycerol dehydration and regeneration of the catalyst was repeated three
dimes yk\ﬁt@{h%@@z hlz After ﬁm uareganeratedcatatystihad, beenideinstatiedn

it was black in colour. The car content talyst was 22% by
cv?@é‘ﬁ{ %Nlr%élhrllr?d\fgaﬂteg%gné grga?b e? géﬁgoﬁ%)z%]%%% (%y EE'xample 2:
Comparative Example 1 was repeated, except that tungstic acid pressed
F¥AABIbEs was used as the catalyst. This catalyst was additionally

impregnated with 1% by weight of Pd. To this end, lead acetate was used
UsrietnG Bf 25hHEPIRE Wetness, APRTRREEr teipeiture 51260 A FiiF
nonyersion andsyield ofefMiwererachievedwithinthetlirstbd. 8¥ithiny
g fext gperaling;beurs, fha conuersion, and.afeespandingly, thedeldea o
Wel% reduced significantly. After the catalyst had been flowed through
teeh eIy At S8 Hyardgen Strdin 6F 41 (STRY/R 584 temperatire sr-r ©
F50G For10 4, the activityof tive catadyst wasyipicvert sighificaitl§. The

agémeé%@owg%@ﬁly@%thghﬂm@e@. agﬁi@ﬁﬁlﬂhﬁﬁéarf}&(@nﬂﬁ@ﬂat@ing
xa[np e% , the decline In the conversmg Int g e ration reaction S
G 00808065k B REPA00 0080 16 SRRty ot e *e+
regenedtiohf S6d théhigha EervuerSiondevélsrds hafitsined ooRger.

Exanmple & Gomparative Example tasas tapeated, excepl/thaka powder
tset@é)g%raq:%fr]és%)fb yB\fygi‘gBt ggqlogtrﬂ(?r”@@tea%@i%%b}ﬁf the catalyst
was improved significantly. During the first hour of the
regeneration, the air was diluted 1:1 with nitrogen in
order tc limit the exothermicity as a result of the
burning-off of the coke. The glycerol conversion was again
complete at the start after the regeneration. After

5 cycles of dehydration and of regeneration had been passed
through, the regeneration temperature was increased to
390°C. In the subseguent dehydration, this led to a
significantly enhanced conversion profile, where the
glycerol conversion was still more than 90% after approx.
20 h.
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weight of WO3/ZrO2 (11% by weight of W03 on ZrO2) pressed to tablets

wHas gggq @@i@g gatalyst. At a reactor temperature of ZQQ%,@MIO 07/064080
conversion and a yield of 79% were achieved within the first 5 h. Within

the next operating 10 hours, the convergion and, correspondingly, the
yield were reduced. After the catalyst had been flowed through
exclusively with an air stream of 4 1 (STP)/h at a temperature of 300C for
A ki the activity of the catalyst was improved significantly. During the first
hour of the 15 regeneration, the air was diluted 1:1 with nitrogen in order

110 'im%&t&%@h_@@ic%@%&%w the, jouming-pftotthecoker Thenich
glycerol conversion was a%aln complete at the start after th%

regen&Fatich™ Aftel 61/ tiee ortishy Bfatforiantr B fegendratioh had BeSh
passed 20 throlighh i regenerdtion effperatureWasHneeased fo selected

390C.dndhe é%ﬁ@%%ﬁh dﬁfwﬂlraéi@@lgﬁ&ﬂgd tora significantlyenhancedng,
conversion profile, where the cerol conversion was still 90%
after epprper%xg_r?é . Vganf’do%ﬁ S%PC% ééZOOsﬁzgggSOn}%%%%?ﬁns 1.
Proceés ferdégeneratimg 1St stare cataysis whiER SCotfipride tungRten

and havenaHammettadidity, Hptof <i 42 and ahich comptise Onerommoreinc,
promajers selected S.from compounds from the group of elements tneveot,

comprising, prefgrably consisting of, gold, silver copper%vanagium,
platinGR - paEtidm, ABthimCRRHeRiuRT " SAHRRTm Eerflin, Jtofim:tS
scandium Hanthansng izimc, pragaesiinm iron, cebalt ornickeloramixtures

th%r,e%o%%e%@lm@tiwlIa(&pmp,onmépﬁ@% elepents lithigms: use

sodium, potassium or caesium, and/or._montmorillonite.or.acidic zeoljtes,

thh}5ﬁ5?§§§cess %01 gghygratlng giycercl tO acro?élg,
have a lower activity and/or selectivity than before
this use, in which the catalysts are exposed Lo an

oxidizing or reducing atmosphere for the regeneration.

2. Process according to Claim 1, in which catalysts
having a Hammett acidity Hy ©f <« +2 to -20 are

generated.

3. Procegs according to Claims 1 and 2, in which
catalysts in which the tungsten-containing compouncs
are selected from the group of ammonium tungstate,
tungstophosphoric acid, tungstic acid, tungstosilic
acid or heteropolyacids with tungsten as a constituent

are regenerated.

4., Procegs according to Claims 1 and 2, in which
catalysts which comprise natural or synthetic,

gilicatic or oxidic compounds are regenerated.

5., process according to Claims 1 and 2, in which
catalysts which comprise support materials modified
with mono- or di- or polybasic inorganic acids ox

salts of inorganic acids are regenerated.
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in a process for dehydrating glycerol to acrolein, have a lower activity

wend/ppgolgetidtysthan before 15 this use, in which the catalygtsareo7 /064080
exposed to an oxidizing or reducing atmosphere for the regeneration. 2.

Process according to Claim 1, in which gatalysts having a Hammett acidity

Ho of < +2 to -20 are generated. 20 3. Process according to Claims 1 and

2, in which catalysts in which the tungsten-containing compounds are
sselecteddrors the groupiohammonium twsgstate; thngstophbspiioricacid,ysts

tungstic acid, tunastosilic aggd Q] @gsw%&wﬁh IAGREN 23R oxcice,

constituent 25 are regenerated. 4. Process according to Claims 1 and 2,

in whith SERtaRREWRiIEh Comptise ratlral br &y fithetié - STRRHCBr Sxidic* 2
compeundsaresrdgenetated of. Process accordirgetoiClaims Tegri2ipted.
which 30 catalysts which comprise support materials modified with mono-

7or di- ok-pelybasigdrerganic:acids on salkis of inosganic acidadreh catalysts

regenegatgg ‘%’ ”%90%@9& f ﬁ%ﬂ@@@i@@é&éof}%@ PrCeSS oy of

accordin lto5,i catalysts which comprise, as support
materf&F, umﬂﬁ&ﬁhedmdéoﬂf*ﬁﬁummﬁﬁé%ﬂlc%’ﬁ dositerPonidh —°e
dioxideqactivated carhonondixturésithesesflaré regensratac: Srkgenerated

Process according;to, Claims 1.19:6, 40, which catalysts which comprise a

promoter selected from the group of gold, silver, copper, vanadium or

Flainum. ibe formola compound o metalic farm ars Jegeneraied 1 ys e

under oxidizing conditions Process according to Claims 1to 6, in
which"datalysts SWhich"Sorfp SR PrSHhofeT Sefech ffr(‘:)ﬁi“th’éh(jﬁoﬂE?oLm

cobalt, nickel, palladium, rhodium or platinum, in the
form of a compound or in metallic form are regenerated

under reducing conditions.

9. Process according to Claime 1 to 8, in which the
regeneration time of the catalyst between the

dehydration of the glycerol is less than 24 h.

10. Procesgs according to Claims 1 to 9, in which the
reaction time for the dehydraticn of glycerol of the

catalyst is mere than 10 h.

11. Procegs according to Claimsg 1 to 10, in which the
regeneration temperature of the catalyst is between
260 and 550°C.
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Process according to Claims 1 to 11, in which the

regenerating agent used 1is air.

12. Process according to Claims 1 to 11, in which the

regenerating agent used is hydrogen.

14. Process according to Claims 1 to 13, in which the
regeneration is performed in a fixed bed reactor, a

fluidized bed reactor, in a reactor with a circulating



cobalt, nickel, palladium, rhodium or platinum, in the form of a compound
w18 gnetalie ferm are regenerated under reducing conditonseRS ®7/064080

Process according to Claims 1 to 8, in which the regeneration time of the

catalyst between the dehydration of the glycerol is less than 24 h. 10.

Process according to Claims 1 to 9, in which the reaction time for the

dehydration of glycerol of the 20 catalyst is more than 10 h. 11. Process

according ta Claims-k: 60 18, inowvhich the degereration temperaaretofthgith

catalystis hetween . 260 and 5506, 13- Procgss according to Claims 1 to

11, in which the 25 regenerating agent used is air. 13. Process according

to Claims 1 to 11, in which the regenerating agent used is hydrogen. 14.

Process according to Claims 1 to 13, in which the regeneration is

performed in a fixed bed reactor, a 30 fluidized bed reactor, in a reactor

with a circulating WO 2008/092534 PCT/EP2007/064080 19 fluidized

bed, a moving bed reactor or a reactor with regenerator-riser (-downer)

design.



