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METHOD FOR REGENERATING A CATALYST FOR DEHYDRATING
GLYCERINE The invention relates to processes for regenerating a
watalystaisesidn de preparation of acrolein from glycerol BGWHIER2007 /064080
comprises tungsten compounds and has acidic properties and at least one
promoter. Acrolein is an important interinediate and is of great economic
significance for the preparation of acrylic acid, D,L-methionine and the
methionine hydroxy analogue 10 2-hydroxy-4-methylthiobutyric acid
(MEAYBVIERROMAR iIFEHFENESH T Binifo GRitAWRiER i i8eB ARG Hha L HE

a supplement in feeds. Nutrition-irgpravirg feed additives are nowadays

an indispensable constituent in animal nutrition. They serve for better
utilization of the food supply, 15 stimulate growth and promote protein
ToematoreOiesf e lRostimporiaht ofthee ddehtivesds ire essetiiaf
@anminnasid methionine; which-agsurses aprarhinent positionase fegty cercl
Aldiive i paultoe breedine.partisyiar, in dis fgld ouah gtbionine
replacements such as methionine 20 hydroxy analogue (abbreviated to
IMARY Bl fadd Rofihcdiidderablesighifitaiéd, since they have similar
growth-stimulating properties to the amino acid known for this purpose.
erglicacidis animporRantsaiing Thatel ict Prepaihd pomeFs Sitich,
deraxample:awing#e 251beir feater absqrptipnr capacity, ate asegasc acid,
SiPerahsorBRntz. Agcerding.to esprioh arl, actolein.ls sypfhesized by

eterogeneously catalysed selective oxidation of propene over mixed

oTE ety s T BT 7 753 a@g&m@ﬁh@@dﬂswﬁﬁ is JVBFEdmplexe 1= an
aniedmultimetahaxide:catalyists-at temperetiires 0f:380 #4. 380Caande

éﬂﬁﬁ%gﬁéﬁﬁlf%ﬁfééégﬂ-Hﬂ%%%@%ﬁ%ﬂ@%&%%%&%@fHE%@UEEQitives are
Chemistry, 6th edition, 1999 d%scrlbes the overall process, mchudrllragcrition

NREEPY i WRichSevERT By Produdisars témbled “Onte the:

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 peoultry 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 purpese. Acrylic acid is an important starting
material for preparing polymers which, for example owing to
their water absorption capacity, are used as

superabsorbents.

According to the prior art, acrolein is synthesized by
heterogeneously catalysed selective oxidation of propene
over mixed oxide catalysts. EP 417723 describes the
synthesis over complex mixed multimetal oxide catalysts at
temperatures of 200 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 reactant mixture of propene, air and water has been converted at least
partly over the catalyst, quenching is first effected to remove high-boiling
Wy-products sueh as polymers, acrylic acid and acetic acigdCh/the2007 /064080
downstream 5 absorber, acrolein is washed out. After the desorption, the
absorbent is recovered by purifying the £rude acrolein obtained by
distillation in several stages. It is known that glycerol can be dehydrated in
the presence of acidic substances to various products. According to 10
CrgahierSynthesis tel 5> £8 ¥1964) freafmBnteoic ddare sBpulAsalent
@@M@OOC 'ﬁ @ygmgpéﬁgwh@éeslﬂasﬁ}@m siﬂé@ai@a@@gﬁyécerqh@tnkﬁ&@g is

a s acroleip in a yield of between 33.an 0, Owing to t
ylejf S an%rghe ﬁlg% salt buéé]ens thi \gro%cg%sf) f’sn r n%t %uﬁegé)ﬁ, s
RoriiaSHGuStAEISChie |ﬁﬂ4éicém%ead¥@sff&die§t%f~ ﬁqodéﬁs&@ﬁaﬁi@é@éﬂem
JHeroass: pyrolysis-ails; the gatadytictreatment of glyeercheveeHASMbon, the

gﬁg&eée%{@%o;@é’&@%a' ib tugiedy SeeDao e, elah 865
Symp. Ser.: 376 r1r1f,ls Olls |omass 8341 (1988).

HRRoesHoRE aﬁﬂéﬁfr PTG Th I §iRids %ré&@&eﬁp 0598229, US

5387720 describe the acid- catalysed conversion of glycerol to acrolein in

ke §asiphase andds e igEd phagenibhiseasei 1as edlely 25 ife RERESNCE
@ﬁre@@mi@dargawét@@iﬁ@m%i@n)rm determines:stitability as:aicaialyst

E 42.38 492 relates to nthesi an ropanediol b
(gre% ratlné ycerollwnh hi %gyltg%s&%fsjﬁéo %%§%§8%9§s§%sés§lXture

beroE SToF B ingcEIei B0 FonT GRER R OvBREIdi RS Th
amhiphoxygemis addedtocdthexeadtion mixt@reQ °C affords acreolein in a

vield of between 33 and 48%. Owing to the low yields and
the high salt burdens, this process ig, however, not

suitable for the industrial scale.

In the course of studies of model substances cf biomass
pyrolysis oile, the catalytic treatment of glycercl over
H-7ZSM5 zeolites at 350 to 500°C has also been studied - see
Dac, Le H. et al. ACS Symp. Ser.: 376 (Pyrolysis Cils
Biomass) 328-341 (1988). Hydrocarbons are formed only in

low yields.

Morecover, EP (0598229, US 5387720 describe the acid-
catalysed conversion of glycercl te acrolein in the gas
phase and in the liguid phase. In this case, it is solely
the acid strength (Hammett acid function) that determines
suitability as a catalyst. DE 42 38 492 relates to the
synthesig 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.



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 virtually without exception to
deactivation, such that the catalyst has to be exchanged at periodic
intervals in order to maintain an economic space-time yield. The lifetime of
the catalysts is very different depending on the reaction system and may

A bs% Z%1.ff\élvrhourg()ugjetgsmaﬂ)é yegé%&ggggdlcirggew@rag@@ .@j tlae catalystthe
countéracts the n S|g]9|f|cantI¥he

eactivation at least partly and ag
catipbisses 18 Achilify 6 tﬁ@%%tﬁy&?%%%% usé %cfuystn'&llylﬁequent@%ﬁge

of syntheseswhen carbon-containing deposits form on the catalyst, which
cover the active sites. According to the reaction system, these deposits
theareddiffarept.cAs aresdlt of the irlventive selectiohof e gatalyst andithgect
TN e Spacectirne e e dehycaton of dveerol 1t & an pbisch.
improve the space-time yield in ration, of glycerol. It is an pbjec
catsrhs didticsure t& %ro?/)ly %3%?86%3%%3% €F3(=1Tpgleonoglejigtin%jgaegatal st which is e
o suitablesontherdeRyaration of §ieefol tHeccatalfstthaviiyta refativelrow®t
¢ hcarhonizationstendeney and beirfg-easy: tocregenerate. Ina firsteaspeét; tion
sy {here is proyided a process, for.preparing agrolein by dehyeating glyeersk i
In the presence of solid-state cgtal){[sts<E saldasq:hdé%tgtefpagtzalgég comprise.,
reggfigsten cinpdunds, Said $ofid-State catalysts have a Hammett acidity
at Hd ehst2, saidisalid-stae catalysts comphsé promblers selsciéd i  t7°
actCompaunds from the gredp of lamentsiconsisting ofypalladiumdestrially
exJipmorionite. said solid slate cafalystabhave,a lowaradyandloposics
Selectivity after usein the process for dehgdratlng g%cerol to acrolelnS -
£0%Han Beforé fifis uSB ghbiy 3y  WhiCh  Cover® the nactive Bites.
Acsaidsolid-statecatalystsareregeherate wWihemY reabEmts froRFikeSgycerof <
41 Behydration being present in that said:solighstatei catalysts are sxposed tahe

an_oxidizing or reducing atmosphere fo regeneration it h e

& ¥Sdnd thaf' gé%id@tlgte %%t%h%f? %vhié% cgr%%%ﬁse tun sﬁeamggmgc?ﬁ%%e:ngfh

repave EeRakinet Acidiy HODF 4% aRd Wwhich c’é?ﬁ%r?sveeonte 6r More © —TE

vipramotersiselested froat compolinds froms the group of elements
comprising, preferably consisting of, gold, silver, copper, vanadium,

Tt plaginum, ghodium, pdlladium druthenisny samaripmy ceédame seamdians for

re YU, lanthanum, zing, magnesiumgy, oR, cobalt orsnickekand optienally the
compounds of the elements_lithium, sodium

otassium.or caesi
de shitmbrilonitd-or ACHIC 2&dlites Solve this %go %er%.azj“ﬂ?e Igtte%gt}vgggwly
logompolunds zeé brasdrit i e tatalist agiprenfoters, bptisRAR M at < -
amount of 0.1 to 30% by weight, preferably 5 to 25% by weight.
tnPreferenicess giventocatalystsewttich havemrHaniastt Sacidi 16 df < 0T

pr@%&gi%% acrolein by dehydrating glycerol iIn the presence

of sclid-state catalysts, said solid-state catalysts
comprise tungsten compounds, said solid-state catalysts
have a Hammett acidity Ho of «+Z, said solid-state

catalysts comprise promoters selected from compounds from
the group of elements consisting of palladium or
montmorillonite, said solid-state catalysts have a lower
activity and/or selectivity after use in the process f[or

dehydrating glycerol to acrolein, than before this use and



Since glycerol is a reactive molecule which tends to form relatively
high-boiling compounds at high temperatures by the reaction of two or
more glycerol molecules with one another, the catalyst is carbonized by
deposits of carbon- 10 containing molecules on the surface. This leads to
a reduction in activity. To achieve ahigh space-time yield, it is not only the
Hammett acid strength of the catalyst that is important, but also the
saE%gengsF%E'i'E%’-%q@%q%%? ‘e”cdtae{‘ﬁ \O}% &2 Caré’]‘i’g'za“%@%&% Egﬁae'#t usedin .
accordance wi e’invention comprises at feast one promoter which .
reaecélefdtes thieiredetferalibrioitRe catalyst dfetifie aprlSpacatifmesyield 1n
thikewisedncerease signifieantly: sihge eastvationsbys 20 catbanizationdnz ing
or Padicylarjs atieastiotthe most paid eliminated.in the case of these
catalysts, and the activity is significantly increased. The conversion of
e dhyggral and the yield of acroleln canJhus pe.meinjajned ataigh eyel. ;o

depending on the time. This Is of great significance 25 especially for a

FUlitistial ifipreTtaticH of the EjntResis Sitide arPéxchange 6 thet < *+2
andatalystdnd @sspciated ptare shutdownsavopldocausertighsgosts: lad  from
corgdditiondo the Bronsted-acigic groupseitds alsopgssible ferhydioteraniy

rqoups. or Lewis-acidic sites 10.30 influence the activit}{ acrgd selecti i'g. .
co%;1 ln% 81.. qg%ﬁ silver cogﬁfr ¥a adiumn, Tinum,
qually, in addition*to thé promoters, the addition of compounds of one or
TNARbreTof thHe elements seleeigdfomthe §FGL- eofprisifg sifeon,Scandium,
vt phosphorusnhiohium, zind fin, magnesiimp,5 ircn, cobalt or nickel
ancd optionally compounds of the elements lithium, sodium,
potassium or caesium, and/or montmerillonite or acidic

zeolites solve this problem.
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aluminium, molybdenum or vanadium or activated carbon to a catalyst
comprising tungsten compounds can modify the surface of the catalyst or
weduesytheosanseatration of active sites, such that the yiehdi&/iIBEROVId 064080
further. This 5 especially reduces the formation of high boilers or coke
precursors which are formed from two ar more adjacent adsorbed glycerol
molecules or intermediates and are adsorbed in a fixed manner. Suitable
solid-state catalysts are especially also the 10 types known from US
;387,720 <EPtv598 229 Al);dvhentheycopapriseia tUnystare cehpelind s
itionally one-or.mete ofthepromaters mentioned: Jhese catalysis gnt,
are solid substances which are ess ngally insoluble in the reaction
BhEdiGHT Rave A hons- dr%gly‘f)’ﬁé}igc structure and have an Ho 15 of less
than +2, preferably less than -3. The Ho corresponds to the Hammett acid
RURETSTEANE caF b8 detarntined bythd SoScatied Hmile {frafiod TEkg©
dadigatoys By byfadsorationof-&gaseous base - see Studies in surface
science and catalysis, Vol. 51, 1989: "New solid 20 acids and bases, their

catlptic;prapertiss” by I Tapabe: etalnehapien 2, espesiallyqeages»9.£orn

Chapter 1 (pages 1- 3) of.the aforementioned docyment mentions . b
rn#n%%r%ﬂ% s%li%‘la%%ds %Lr% Which the Berson sal(jﬁ)led in the a?&tgif nres by

tHpprosrats e ebteriniAg RO HINE St sBIBLERB U5 s ithble ©me
gatalystfor thesinveative,modificatian:-Suitatse bage Sapstances fof the rioon-

é%‘v’l%%{kvﬁiqg ygration catalysts arg.preferably (i) natural and sunthstic
silicatic substances, especially mordenite, acidic zeolites and activated
TG AT sdpp Gt hmaterfais, such as oxidic or silicatic 30substances, for
example Al203, Si02, Zr02, Ti02; (iii) oxides and mixed oxides, for
Texaaaplé gamraaliighs 8Ra Znot AIZ03, BIGSLAIZ03, ZH02SH0 S 2o 12
Haixedaxidesier hetetapolyacids. cheSuitabie gempohiads for proyidinggthe ,
AV NI slgs 33402 {94 PR DREMTRALIR Jngstate,
carbonization.

The catalyst used in accordance with the invention
comprises 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 is 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 of great significance
especially for an industrial implementation of the
synthesis, since an exchange of the catalyst and associated

plant shutdowns would cause high costs.

Tn addition to the Brensted-acidic groups, it isg also
possible for hydroxyl groups or Lewlg-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, nicbium, zinc, tin, magnesium,
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metatungstate, tungstic acid, tungstosilicic acid, tungstophosphoric acid or
heteropolyacids with tungsten as a constituent. These compounds or
weixieEsthesedidre then either used directly as the cataBST@EGSEPEg 064080
catalyst 5 precursors. In the case of addition of further elements,
preference is given to a preceding mixifag as a powder, in a solution or in a
melt. In one embodiment of the invention, the catalytically active
compounds are bound on a support. The support materials used may, for
akampld, e aluminiofe 10voxde ragid i dioRid e Sllitva diskigerbon to a
Zireaniydiexider agtivajed garkoreer mixigesithereninT ke supports.e
Serve predominanty o ingrease he specific surface. area.gciafixthe o
active sites. The catalysts gsed in accordance with the invention are 15 ,
HrEparedby sroceS8E8 kit td- tHosE Kkilledif tHERFC VA e aGke THi8
components,/are=applied toteesuppornt thisns preferadly doné bys or coke
Ampregnating the suppgrtcfor sxample:by,meaps ofthencpigat wetnass
method by spraying. The active components may also be obtalr&ed b
ISR orF o 26 ERtaBiorF TR SoTtton SURSSHARTS, e catavst
acapcther deishaped;. i apprepriate with addition of supports, adhesion
promoters or pore formers, by pressing, extrusion, coating or
agolerperation) The eatalystdypiealyshas aparticiediametey behweert 804

theg‘e%”q{%gmlmf%%e@@'ys%é between Qd-and 19mm; espegially,nen they
ween

.5 and 7 mm. The active compounds may also be applied in the

oW ot B Fating A HeR & STBIHTER Getd, prtererdetis given'fo Stal)st©
qgireparatipndycedrsions pressieg of Ebets or buildup by aggformeration.
38 Eerthedehydration.in the gas.phase; parfigylar preferenceris givesstor i on

catalysts having an Ho. between -3 and -8.2. Suitable catalyst systems
RN BomgHEE nBER and B O e Ior SxAt SROTINeT, = P

OB d/H2W04, RIH2W 04 PEARORIZYD2 18RV GIZF02, W0XISi0212r02. 7
~The-prcess fordrepadng acrolein by-dehyeiating glycerod is-perfarened in
dheqresence of saligstate catlysts whish commyise dyRgsten coppounds

and have a Hammeétt acidity Ho of ¢ +2 to preterably -20 and whiCh ,
Lpehhpadesiie BF ntfe B iSeRUERSlcted HoMT eBMpotnas Troff the® “udies
i grogia:of elementsomprising, prefetably epnsisting df, gold,:¢: “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 gubstances for the inventive dehydration catalysts are
preferably (i) natural and synthetic silicatic substances,
especially mordenite, acidic zeolites and activated carbon;
(ii) support materials, such as oxidic or silicatic
substances, for example Al;0;, S10;, Zr0,, TiO; (111)
oxides and mixed oxides, for example gamma-Al,0; and Zn0-
21,05, Si0,-A1,0;, Zr0,-810,, Zr0,;-HfO; mixed oxides or

heteropolyacids.

Suitable compounds for providing the active tungsten sites

may, for example, be ammonium tungstate, ammonium
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silver, copper, vanadium, platinum, palladium, rhodium, ruthenium,
samarium, cerium, yttrium, scandium, lanthanum, zinc, magnesium, iron,
wobal ©¢ pickes 05 mixtures 10 thereof. In addition comp&GATEREMAHE 064080
group of elements lithium, sodium, potassium or caesium and/or
montmorillonite or acidic zeolites are optionally present. The latter two
compounds are present in the catalyst as promoters, optionally in an
amount of 0.1 to 30% by weight, 15 preferably 5 to 25% by weight. The
ngehydratipntis effectadpreterabbcndhe absercesfidbiijen. #v dhe
embodimentalso in the.pregence of hydrogen i an@meurrof Oubist% as
by volume, in particular of 0.5 to 5%c?glsv%lgm&}lgg%%%gnét{wl%}tf%jglfa@%ntthen
Sf TRETEAHION 20 mitare: THe Gehydration is' performed in the presence
«of the catadysts deserbetyabeve: The cortbrfratiod offHE'gféerofirPthest -
Jeaetionmibdureris praferablydoweredday thecadditiort of-stitable gaseouss,
Eomaouds ner Under ihe selgciedyeaaton.condiions. 25 4s pdeadl, in o
side reactions to give oligomers, polymers and other high bojlers are .
SHiHREZRE. The SolentEand dittteMEknoWr 10 tRESE skified irrthe ATt Bfe- O™
Hised; far-exaniple Water oitiogen; @inpoarbds dioxidecwethane andfopport.
hydrogen, alcohols, for example methanol and ethanol, 30 acetone,
~teluene-grinethyl isebutyl ketopeaPreferenterds giventodilutien miedid nium
ynigh, atter the condensation, cag %ﬁ'é%@%%&‘d%‘%m“ﬁ%bﬁﬂgﬂple
manner by pﬁase separaﬁon. 8 In'the reaction mixture, the glycerol
Seoneehtration SietRencPERE100% By Weight SpretsrabR between TPPOrts
sand, 20%rhysweighi :and-especially betweert b ansapt09% Hioweight Ore area

3vaptage ol the ragesscansists in the fact that

The 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
ig preferably done by impregnating the support, for example
py means of the inciplent-wetness method by spravying. The
active components may also be obtained by precipitation or
extraction from a solution. Subsequently, the catalyst can
then be shaped, if appropriate with addition of supports,
adhesion promoters or pore formers, by pressing, extrusion,
coating or agglomeration. The catalyst typically has a
particle diameter between (.04 mm and 20 mm, preferably
between 0.1 and 10 mm, especially between 0.5 and 7 mm. The
active compounds may alsc 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, S1i0,/H.WO,, PA/HWCO,, PL/H.WO,,
PA/WO./2r0,, Cu/WOy/Zr0s, WO, /810,/Z2x0;
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5 glycerol solutions having a content of 5 to 40% by weight are also
usable. So-called crude glycerols without preceding concentration or
warificatiyoeasthws be used directly for the synthesis of BERIER2TAB /064080
reaction is performed at a temperature between 150 and 10 450C,
preferably between 180 and 350C, more preferably between 220 and
320C. Typically, the pressure is between 0.1 and 200 bar, preferably
between 0.5 and 50 bar, more preferably between 0.9 and 10 bar. The
PBrecgssocarelse perfoprned &1 thedlicid phadeobin thelnsigas pRasglincerol
i@%@%@%ﬁ@%ﬁ@{@ﬁ?@@cﬁ@%ﬂ%@&%&@atf@&%@awfaqggﬁti@ which
rinciple, but it has been found that particular cata are preferably. .
Cg%ﬂ%gllesfeor Bélﬁ%r%ﬁéln ?noﬁ%oéléls,% Shggegabg g&e%%p%e e?e?btly %c()%t étt ih °°
afe fiquiel prasered Thelredcton ifde ¢as phaseBiatficulQF prafefred &
hesause the glycerot eanversiondswirtuallycompletet(050panddiie
JreRaKe dées%%&%gﬁ%&q{s leaying the catalyst can beicondepsed of 4
absorbed directly to obtain an aquequs acrolein solutioni which additionally
SComifsestEP 25 prodaeR With have beshTorriéd; A cBhdenaafe el
nntrhanyi casesseerprotessed: furthen dirgctly. ithe patial:éondenshtivhihanum,
Ahglor Rtion.ef the reaction,mixture.cambe effected-insaverdle s
tages. If desired gcrolein can be obtgine rféomgge reg_ﬁc{:)tion rgmlérfé{igents
tz’peggﬁ Fate 10gGHET 30 Wit DBFIGH GF the Water. by Fractionar
Iedndensaticmn Gbstrption; deséiption anesubseguentdisdlation. 9 A

rRQrtion of theqmates iseircilatedcindbeicotkse atwhishit isrevappratedsent .
and condensed with utilization of thermal integration.

The latter two compounds are present in the catalyst as

promoters, optionally in an amount of 0.1 to 30% by weight,

preferably 5 to 25% by weight.

The dehydration is effected preferably in the absence of
oxygen. In one embodiment, alsc 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 on the total amount of the reaction
mixture. The dehydration is performed in the presence of

the catalyste described above.

The concentration of the glycercl in the reacticn mixture
is preferably lowered by the addition of suitable gaseous

compounds inert under the selected reaction conditionsg.

As 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, methane and/or
hydrogen, alcochols, for example methanol and ethanol,
acetone, toluene or methyl iscbutyl ketone. Preference is
given to dilution media which, after the condengation, can

be isolated from acrolein in a simple manner by phase

separation.
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An inert gas or a diluent can also be circulated. In the case of reaction in

the liquid phase, it is appropriate to perform the dehydrogenation only up
wo acglyeereb ganversion of about 15 to 25%, since the SEleTHEB2007 /064080
decreases when the conversion is increased. After the stated conversion

has been attained, acrolein 10 formed & removed from the reaction

mixture alone or together with a portion of the water in a known manner,
typically by distillation or by N2 stripping. The acrolein can be isolated by
nondeasatier od serubbinguith water. Fheaiycelolecontaningreaction s
Jaixire freed,of-acrglein 15 isrecycled ipta-the.dehydration.stage.Onag 705
advantage of dehydration in_the liquid phase over that in tge gas .qua,ge
RHRERS TH i BwWR T BRErdy demard, becauge Bl the actoleli removed
from the reaction mixture and a portion of water which is _distilled over with
GRRavet:BE 20%VaboFdted PTRE B8Ry Giaisn it thelGad PRadésteffdtddd
Jqureferably within the temperaturg rangebetweerp246 and 320€  thatiright
Ahe liguid phass preferably hetwegn 250:and300C Imthe case gt diquid

phase dehydration, the apparatus is 25 suhjected to at least such.a
Hressare WhicR TS Siffitient 5 matainthe tigaid ohase: T he tehydratighnc®
dseffecled fluidizetlbeslyreatior lin soffuidized bediia moving bed 30
regenerator-riser (-downer) continuously or batchwise, in a fixed bed
Meactesaa feactor withaGirettaiifigareastor @npareactor svithedesigm. 10.6an and

4@%96ﬁ059%%erably between 180 and 350°C, more preferably
between 220 and 320°C. Typically, the pressure is between
0.1 and 200 bar, preferably between 0.5 and 50 bar, more

preferably between 0.9 and 10 bar.

The process can be performed-in the liguid phase or in the

gasg 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 1s particularly preferred
because the glycerol conversicon is virtually complete

(> 95%) and the gaseous reaction mixture leaving the
catalyst can be condensed or absorbed directly to obtain an
agqueous acrolein sclution 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, acrclein can be
obtained from the reaction mixture, if appropriate together
with a portion of the water, by fracticnal condensation,

absorption, descrption and subseguent distillation.
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10 distillation is possible and advisable, since the boiling point differences
between glycerol and acrolein are very large. In this case, the catalyst is
Resitigned sithenip the bottom and/or in the column part. ddegatalysty /064080
introduced may, for example, be present in the form of a bed, suspension
or a coating. A further advantage of thegeactive distillation consists in the
fact that high-boiling impurities are discharged from crude glycerol at the
bottom of the column with further high boilers which 10 can be formed as
byrpreduets. Agrofeia apgdew hiailers arasthepgemovedusia thestopse of
pcrolgin;formed can also be femoved fom (he reacfion mixtue 0 a; o o
nown manner, alore or together with a portion of the solution or dilution
REditim by 3EFSPIRG, ‘TS5 distillation or extraction. Unconverted glycerol
can then he recycled into the reaction stage. The catalyst used in
Zmocoriante Yeith the invetitioass alsehotabiefdrgootiegeadiadability.
The invention provides a process for regenerating solid- 20 state catalysts
whietheompsise diEngsten andmhaie & Hanmett adiditydtof ¢ #2 tos

Hreferably =20, and which comprise one, o more premgters selected fram,

compounds from thé group of elements com rising, preferably r%onsisting

Bt §6E CSiNVE PSR FAnRdi R “piatindm” Baltadium® 28 tRodid,

Fathenium, isamasumeeedumpatiurh anticances,sZing, aghiesinessed.

Ahedium,jirong cobaltoppickelarimixtyres thereef optionaly additionally:
or%%%imds of the ele %r}tg Iithti%réu, §8di&_{n, J)rgt%%gi%rg or caafg:i(%nba}:nd/or
oAtRoritionite 'BY A&idic ze&fites, Whicﬁ, arter use’ina 36 process for

ety breting glyéeral teradrélein, Havehe | ovrerHetivity BndfoP $elseavRET /

dhan before this usesiniwhich 1he catalystsiayesexposed tg anmddiziogare in

deduging almesprerefor the feengraign. sdingutteagtans (oM Me cer

%ycerol ehydration being present. . - .

The glycerol-containing reaction mixture freed of acrolein

is recycled into the dehydration 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 ig disgtilled over with 1t 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

te maintain the ligquid 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-riser (-downer) design. It can be performed

continuously or batchwise.

Moreover, the combination of the reaction with reactant

workup or product workup by means of a reactive
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11 Depending on their standard potential, individual elements, after the
regeneration of the catalyst under reducing conditions, may also be
waresert 4y pvetallig form on the catalyst. 5 The tungsten-cattaiBng0o07 /064080
compounds are selected from the group of ammonium tungstate,
tungstophosphoric acid, tungstic acid, tungstosilicic acid, tungsten oxides

or heterophosphoric acids with tungsten as the constituent. Particularly
suitable examples are Pd/H2W04, Pt/H21404, 10PdW0,12r02,
DeMNQ2102 oFhe satatysts pieferahdy esmprse haturatiorcsyntheticooiling
piligatic or pxidic compoupds,as,supRYHs.-Alse suitableare catalystSvery
1yvhlch comprise support matelfllals modi iedtwith mono;tdi- or Bolcy’b%%ic .
liRoanicts adid? orafts of iHorgamic safts. Preference Is also given to. -
tdatalystswiich mdrprisénas seppert widtepalst aluAiiBiuBRBRIFESfitanium
sqiexide. silicon-dipxides zireaniwmdioxide, activated carbon@r Mixtues £ a
thceireof. 20 Thg :{e%eneranoré can be eff%t%qlglg %&u%qua%&dﬁaé@nof the

ed, L sSuUsSperl O a 1L .

condltlpnsporlund%r hyatogenatlon andltIQnS. n both cases, the coke
rRkieh Has fefied bhaké QUrfaes o fiescataly st By tRpbsitibA bf 290~
rhydreegrbongduring ¢he eactionssremgeed Completelydsr pattly.cfhel at

tﬂé“%%%ﬁ%%ﬁ%@“%he column with further high boilers which
can be formed as by-products. Acrolein and low boilers are

then removed via the top.

Acrolein formed can alsc be removed from the reaction
mixture in a known manner, alone or together with a portion
of the sclution or dilution medium, by stripping,
distillation or extraction. Unconverted gilycerol can then

be recycled intoc the reaction stage.

The catalyst used in accordance with the invention is &also

notable for good regeneratability.

The invention provides a process for regenerating solid-
state catalysts which comprise tungsten and have a Hammetl
acidity H° of < +2 to preferably -20, and which comprise
one or more promoters selected from compounds from the
group of elements comprising, preferably consisting of,
gold, silver, copper, vanadium, platinum, palladium,
rhodium, ruthenium, samarium, cerium, yttrium, lanthanum,
zinc, magnesium, rhodium, iron, ccbalt or nickel or
mixtures thereof, optionally additicnally compounds of the
elements lithium, sodium, potassium or caesium, and/or
montmorillonite or acidic zeolites, which, after use in a
process for dehydrating glycerol to acrolein, have a lower
activity and/or selectivity than before this use, in which
the catalysts are exposed to an oxidizing or reducing

atmosphere for the regeneration, without reactants from the

glycerol dehydration being present.
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25 which are part of the catalyst are, in the case of regeneration by

oxidation, generally components which accelerate the conversion of
vhydrocespong &3 garbon oxides, for example gold, silver, RESpPBEE2007/064080
vanadium or platinum, optionally in metallic form; when the regeneration is

30 performed under hydrogenating comditions, promoters with strongly

hydrogenating action are added to the acidic catalyst, for example cobalt,

nickel, palladium, platinum or rhodium. 12 The regeneration is effected
rsepanatetyfrom theebnversiomiefrglycerotreithet in tim@icHiAyschtiDhSMERES .

the caseof time separation, the feeding of glyserel iniethe reactorisng

stopped and then the regeneration is performed hefore.5 the reactant
RGdre iSREd i'GdaiR ﬁ}ls}%(‘lfoe]irjé'ﬁtelaogngf%{thérrli rgg%gte lp%r%aﬁﬁllé%gsthe

C@‘t.mrﬂ-ag%desired. For the performance of this regeneration method,
s..unable arrangements are especially the cyclic operation of 2 or more
Tfixedrhedeeactorsdn bedet todhecahie touohitain ol G edntirvolis fpreductine

Stream.Ja thisease,qne ohhe @@&FQ@&%%}%@}%@@@H&@E@H@Q&LOne
of the reactors is used for the production ot %croéein. The time iingg?[\éal% for

CRREHGT SndTedendrRiiStT CRR be Seléctad a3 desited: Praferance is gen
netthe pinterrbptetiprodudtionof1s serseiRsHtig atiife itef/al 6HS 1S -

3000, by aspecially 4 10400 hehefora the eatalystijaregenertetiwithin a
Ptéms }:?Ee]%?[ Ofcoe'?v\}Bxlszer especially 1 to 10 h.

The catalyste preferably comprise natural or gsynthetic

gilicatic or oxidic compounds &as supports.

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

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.

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

or rhodium.
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When the regeneration is effected at a separate location, the catalyst is

moved continuously between preferably 20 2 reactors. In one of the
wWeaswss the ghyrerol conversion to acrolein takes place eamtiErously 964080

the other reactor, the catalyst is regenerated continuously. Suitable

reactor designs are the moving bed reagtor or the regenerator-riser

(-downer) design. The moving bed is notable for relatively 25 low

throughput of the catalyst and less catalyst abrasion and is preferred here.
Betweendhe rageneratien antdhe seactiopa itas il eachr caselagvisableetos ion

o%_effcifr-;“c%{lgﬁh step, jpreferably with nitrogen. lnthe case of regeneration: of
higher temperatures 30 of 100 to 800C, preferably 200 to 700C% es eciaILy
tm@%ﬁ&%@%w%@&aﬁ?ﬁ@&%&& dotrespondt6 thé Yéacter =
itemyenatueel daring theglycbrol copversion® ipthat taBereoTrEspdnBfg-r e
tcg;%t%]gp_olmg}ggw% ar%r%@eﬂTFg@m@ﬁegﬁn@@ti@p@famon is
, preference is given o emplo a higher ten tu '

CiheTtehttom é] 1?LE§rp]r‘(gss?“uc’%ﬁlr%L ¥hear%g%%n§a%io%%is%?§f%?§éq b%qtjv%]eagr%{%
p&mif5@@@?&@@@@”?%@\7&76@@0%&%&fﬂ%t?éﬁf%neﬁé&ét’tﬁg%ﬁtalyst, at
aleastonamaddiive issused dhisisipreferably gaseouspétheniregeneration
mig,ecten upder oddieing, conditionsy s dgaseous Qxididng 202tk &

reference Is given to using air or oxygen. Carbon dioxide or gther
co¥iBiHECAeriS Aty alsS besied. filaddition SRafer of Stedt nial be
raddeth V¥her regenenaticrt iscefféctdd: by hydrogenation, ivls &gaseqictors

s tedyging agent. 10 Inthak case Jyeference isigiven torusing hydragere Feals
for reaction and regeneration can be selected as desired.
Preference is given to the uninterrupted production of
acrolein within a time interval of 2 to 3000 k, especially
4 to 400 h, before the catalyst is regenerated within a
time 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

5 reactors. In one of the reactors, the glycercl conversion
to acrolein takes place continuously. In the other reactor,
the catalyst is regenerated continuously. Suitable reactor
designs are the moving bed reactoxr or the regenerator-riser
(-downer) design. The moving bed is notable for relatively

low throughput of the catalyst and less catalyst abrasion

and is preferred here.

Between the regeneration and the reaction, it is in each
case advisable to perform a flush step, preferably with
nitrogen. In the case of regeneration, higher temperatures
of 100 to 800°C, preferably 200 to 700°C, especially 300 to
5509C, are employed. These need not correspond to the
reactor temperature during the glycerol convergicn. In that
case, corresponding heating and cooling steps are required.
For the regeneration of the catalyst, preference is given

to employing a higher temperature than in the reaction. The
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avoid high excess temperature in the catalyst zone as a result of the
exothermic removal of the coke, the reducing gas is preferably used in
viblused forew derswhich, for example, nitrogen or steam isruseaEERAING ARG 4080
regeneration 15 of the catalyst, the 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 20 reducing agent for the regeneration. In
dhissease: however, onesefithe aegemerating agéntsaused isgreferably and

preseqt ingxcess compared fa.the ofhenThe desired catalytic properties

and/or the acid function of the catalyst does not disappear through use of

tungsten 25 and promolers by the regeneyalion. a5 obsenvad. forexamelecq.
: _

iR thE $386 of the éa%sical acuj.fss, such as phosphoric acid or hydrochloric

TaGid, WHiICHIESGS RN BFCABNSt dUEGTaKBA 1A Barfifles® Stiected
JCemparative;xampleckid catalyst atcordingtoRatent Specifidation:DE
24238493 was used: 100 g of silicon pxidessupposthaving g.diameteral Boon
gbouj[ 4 mm were mixed with 25 g of 20% by wei htfhosghoric atc:ijd fgLr 1

H. ok & 0By SVRPBIr AT T é?@e?sg\ﬁgt%?yw%a than Femoved At approx.

afG c1®ml ofthis catalyst were may bé added. When regeneration is

effected by hydrogenation, it 1s a gaseous reducing agent.
In that case, preference is given to using hydrogen. To
avoid high excess temperature in the catalyst zone as a
result of the exothermic removal of the coke, the reducing
gas is preferably used in diluted form, for which, for
example, nitrogen or steam is used. During the regeneration
of the catalyst, the concentration of the additive is
preferably increased stepwise. The catalyst may be diluted

by sclid inert material or else Dbe arranged in different

zones.

Tt 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 cother.

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 rhe clagsical acids, such as

phosphoric acid or hydrochloric acid, which leads in turn

to catalyst deactivation.
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introduced into a fixed bed reactor with a diameter of 15 mm. The reaction
was then heated to a temperature of 10 250C. By means of a pump, 12.5

wth Ha 2006 by Ideight aqueous glycerol solution were pASSERIO #e/ 064080

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
observed. The selectivity and thus the yield were 79%. After approx. 15 h,

Hemphearsion and hence the yield fell steeply, such that only a
conversion of 20% was present after 23 h. After the catalyst had been

Flowedrthrough exclugively by a hydrogen 20 stream of 4 1 (STP)/h at a
temperature of 350C for 5 h, no improvement in the yield (regeneration)

rcouid-be detected Aftanibe catalystdiad been-lowed tronghmexehusiveds was
with.an strea of4 STP)/h at.a tem eratur of3 0C for
11‘ur€flglier§l terlgracg%on In éc ylel was even féogetected rr%péiar:éait&%ter of

FoRiMIE 2XTOMRBET NS Exaiiplé 137a8 répeatéd, excepEdft malysERhoric
=acidipressed ta tabletsavas used asthe catatyst., Ataseactoetemperature was

9100 AEld of 9% was achieved-30 yithin thecfirst,3 b. M@'%@re
was dispensed with. I5 Example 1. Comparative Example 1 was

repEay %Qcéﬁittﬁa?tuﬁéﬁéiaa a%rﬁggéjdtfﬁrtaﬁljet@v\?asq}ﬁae&se the”
1catalyst. Bta reastor i@np@%umﬂmf‘e&tﬁlllmn@emaﬁa@yélwf

250¢C., By means of a pump, 12.5 g/h of a 20% by weight
agqueous glycerol solution werse passed into the reactoxr
through an evaporator heated to 260°C. By means of gas
chromatography, the stream was analysed at the reactor
outlet. Up to an operating time of about 15 h, full
conversion of glycerol could be observed. The selectivity
and thus the yield were 79%. 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 temperxature 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 {(8TP)/h at a temperature of 350°C for

5 h, a further deterioration in the yield was even
r

Comparative Example 2:

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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5 of 791 were achieved within the first 5 h. Within the next operating

hours, the conversion and, correspondingly, the yield were reduced

g rificeatly s nsthe further course, a decline in the yield byEppE®?R BV pe64 580
10 h was detected. After the catalyst had been flowed through exclusively

with 10 a hydrogen 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 was again complete at the start. In the further course, the
Eomversioriand the yield were reduced as before the regeneration. This

cyclic 15 operation of glycerol dehydration and regeneration of the catalyst
wastepeatecthiga tigies withia S00dpAfterdhe entegenetated catalystt: ic

had.pean deipstalled, it washlackin colowr. The carbon cantent.of the

catalyst was 22% by weight, Whichoindicates considerable carbonization. |
AP EXSRpEIRES AP EFRiVRTEXHMPIE 1 Fas Tegedtl  Sxcepthat tingstit: ¢+
HCid presseddo datletsweds wsed as théeatalyst L THis lcatdfystiwas the next
Sdiditionglly irﬂ@{g%,at%%wit@%@wﬂ@ghwwdcmAmﬁagdlgag1y, the
acetate was used. by means of 25, incipient wetness. At a reactor

OB 7S of 606 A 1T SOV eI G At bt OE7 7ok i cHaVRR" 2
dgitintise first Blie Witkindhbnexpoperating hobes, thé convésiciedisd ted.
xcareespendinghys 4he yield were erduced sigrifieantly. Afteetheicatalyst v with
had heen flowed through exclusiv ith.30_a hyd f o
T R e ot 2600 Tt L0 (s e DS oty s 0

figgpréPed sighlfitafthy THelyBdrof E6nGérsniFas theh commpietéEgain
sdicthe StarkrGamparsc:toixamnplell, thadeclinein the coaversiorrimthéete

=dehygratign reaction was. 16, signiicantly; lower afier the.rpgenefalioning the
and the high conversion level was malnﬁ%ned for IonIger.,Exam e.3: 1
YEGnpatative BXXTHFRA GAsTEpEAtEd "Except BTt H powder s mixdirs F ¢
ots%auyiweight ofimonanofilictiievanck83%hyEwaight of WOIIZI0X (149 the
cew%'t t%é(@%@@@ﬁ@%%lpé%ﬁégl t@i@q@gtwaaﬁéﬁe@_@lsdtm? ;:gtza&;es}/ . Ate

a reactor temperature o a full conversion an ield of 79% wer.
R RS Fa R e P SERa e U LT B P

in colour. The carbon content of the catalyst was 22% by

weight, which indicates considerable carbonization.

Example 2:

Comparative Example 1 was repeated, except that tungstic
acid pressed to tablets was used as the catalyst. This
catalyst was additionally impregnated with 1% by weight of
Pd. To this end, lead acetate was used by means of
incipient wetness. At a reactor temperature of 280°C, a
full conversion and a vield of 77% were achieved within the
firgt 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 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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10 hours, the conversion and, correspondingly, the yield were reduced.

After the catalyst had been flowed through exclusively with an air stream

wb4 Ao&TR)ée ata temperature of 300C for 5 h, the activity of thiezcanalysts 4 080
was improved significantly. During the first hour of the regeneration, the

air was diluted 1:1 with nitrogen in orderdo 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 6 cycles of dehydration
androf fegemeratiod hadbheehpassed 2 0rthpsughy; dhe regersstdtidine high
temperatyre was ncreased 19:390G. indhe subsequent dehydration, this

led to a significantly enhanced conversion profile, where the glycerol
Q}ggr\ﬂerf&orgv:vas still more than 90% after approx. 20 h. Claims 1. Process

1f“or preparing acrolein by dehydrating glycerol in the presence of

solid-state catalysts, said solid-state catalysts comprise tungsten
CORBBLPTS. Sai 5B State (ATl SHS PAVE Y HAMFAR: abiamy Ho SPYCT
P saidesalitl-Stafe catalystsadomprisanpiinsteisiselaéted frord 85% by
&@ﬂ@qwryﬁ§ f@?ﬂb@(ﬂ}?ﬂ@ﬁ eigmwlétﬁgz@@stsﬁin?@f nﬂllagii_tm@>or§ressed to
montmorillonite, said, solid-state catalysts hav ower activity and/or
tl%%?e%ﬁvi‘f’f gftéirsﬁgie %Sthg%?oge%t%%g}/aghygrgti% %?é%%glgto%a%r&%%?ture
ahart Befdre this listlarftPsaig s6hdstate tatalysts %ge Pégerictatétffithout

deg@tamtﬁjfromaherglyae@olﬂiahydraidm .beiﬁlgzpi;esemén ﬂﬂsa@erat ing
150/id:state,catalystsare exposedito %%}é@ég&mﬂg%ugm ield were

atmosphere for the regeneration. 2. Process according laim 1, in
RIER egtalysts RavingT FaRfete Aciiiy HEER< 5298230 Hré Gehbrated.

exclusively with an air stream of 4 1 (STP)/h at a
temperature of 300°C for 5 h, the activity of the catalyst

was improved gignificantly. 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 glycercl conversion wag agailn
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
390°C. In the subsequent 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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3. Process according to Claims 1 and 2,.jn which 20catalysts in which the
tungsten-containing compounds are selected from the group of
ammonium tungstate, tungstophosphoric acid, tungstic acid, tungstosilic
acid or heteropolyacids with tungsten as a constituent are regenerated. 25

4Process according to Claims 1 and 2, in which catalysts which comprise
Claims . e L .
natararor synthetic, silicatic or oxidic compounds are regenerated.

5.Process according to Claims 1 and 2, in which catalysts which

comprise"sifispvtt imaterliSTidaifict SGWwith frichd or dr"of Polybaiic 9+veero.
inorganicracits op salts ot-imorganic acidssare regenerateds t18 6sRriatess ] id-

according 5%&'%_'%%%%@si”é’éﬂ%ﬁ39@@'!65}%_%@'{@?10%955%’%5,’“%0&{8

I
material, aluminium oxide, titanium dioxide, silicon dioxide, zirconium

dioxide “5actiafde Carbon o ikfutes théredf ardFegeheftied 7-Pritesd <
according to Staimssbio.6,-intwlich saitisolititstatecvatalysts areomoters

regenerated under oxidizing.conditions. 8 Broeess ageording fo Claims:k s

t06’"]%g%ghg%gng of palladium or montmorilleonite, said
solid-state catalysts have a lower activity and/or
selectivity after use in the process for dehydrating
glycerol to acrolein, than before this use and said
gsolid~state catalysts are regenerated without
reactants from the glycerol dehydration being present
in that said solid-state catalysts are exposed to an

oxldizing or reducing atmosphere for the regeneration.

2. Process according to Claim 1, in which catalysts
having a Hammett acidity H, of < +2 to -20 are

generated.

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

are regenerated.

4. Process according teo Claims 1 and 2, in which
catalysts which comprise natural cor synthetic,

silicatic or oxidic compounds are regenerated.

5. Process according to Claims 1 and 2, in which
catalysts which comprise suppcrt materials modified
with mono- or di- or polybasic incrganic acids or

salts of inorganic acids are regenerated.
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10solid-state catalysts are regenerated under reducing conditions.

99Process according to Claims 1 to 8, in which the uninterrupted

preparation of acrolein in the presence of said solid-state catalysts is

carried out within a 15time interval of 4 to 400h before said solid-state

catalyst is regenerated within a time integval of 1 to 10h. 10. Process

according to Claims 1 to 9, in which the regeneration temperature of the

catalyst is between 20260 and 550C. 11. Process according to Claim 7, in
vhich the PégeheratiriePagentiused isafrt12. Prdcess actbrding fo'Claima Lysts
8, in whichi thie regeperating agent used is hydrogen=25 131Processm oxide,
according to, Glajms L 9, 12.in whieh the, regeneration is performed in a...; e,

fixed bed reactor, a fluidized bed reactor, in a reactor with a circulating 19
activated carbon or mixtures Lhereof are regenerated.

7. Process according to Claims 1 te 6, in which said
solid state catalysts are regenerated under oxidizing

conditions.

8. Process according to Claims 1 to 6, in which said
solid-state catalysts are regenerated under reducing

conditions.

9. Process according to Claims 1 fto 8, in which the
uninterrupted preparation of acrolein in the presence
of said solid-state catalysts is carried out within a
time interval of 4 to 400h before said sclid-state
catalyst is regenerated within a time interval of 1 to

i0h.

10. Process according to Claims 1 to 9, in which the
regeneration temperature of the catalyst is between
260 and 550°C.

11. Process according to Claim 7, in which the

regenerating agent used is air.

12. Process according to Claim 8, in which the

regenerating agent used is hydrogen.

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

fluidized bed reactor, in a reactor with a circulating



fluidized bed, a moving bed reactor or a reactor with regenerator-riser
(-downer) design.
WO 2008/092534 PCT/EP2007/064080
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fividized bed, a wmoving bed reactor or a reacter with

regenerator-riser (-downer) design.



