Method for the production of nanocrystalline bismuth- molybdenum mixed oxide The invention relates
to a method for the production of a 5 nanocrystalline bismuth-molybdenum mixed oxide, the use of the
bismuth-molybdenum mixed oxide as catalyst for cht]amical conversions as well as a catalyst which
contains the bismuth-molybdenum mixed oxide. 10 Until now, bismuth-molybdenum mixed oxides
have been obtained in the state of the art by precipitation methods, sol-gel methods or solid-state
reactions. US 2007/0238904 Al discloses a bismuth-molybdenum mixed oxide 15 which is obtained by
precipitation and subsequent calcining. The bismuth-molybdenum mixed oxide is suitable as catalyst
for the conversion of propylene or isobutylene to acrolein or methacrolein. 20WO 2008/028681 and DE
10 2006 032 452m4 elissdostoa methog fordthe iproductid rreinraror Aistdl fria e drdlsxiddsor mixed
metal oxides. There is no indication in these document shecjal nanocrystalline
bismuth-molybdenum mixed oxides wﬁgﬁgﬁr’g %ﬁﬁf‘éu air ygs%ité%g%%s catalyst for the conversion of 25
for example propylene to acrolein can be produced with the method. A crystalline molybdenum
mixed oxide and thus also a bismuth-molybdenum mixed oxide can be obtained only with difficulty
30via conventional methods. Thus, G.A. Zenkovets et al., "Th structural genesis, of a complex
(MOVW)5014 dxide during thermal tréatments and i%%e%c?& bﬁ%ﬁvié%% a%%%%%fe? téenmpgeratures",
Materials Chemistpy anetPRydies, 103320070 2958054 Hiscbsethat ¥ WislybdERtim Hiked dxide
obtained via precipitatien.and spray-deying has-amametphoussstruetureéy This mixedoxidess-present in
the form of 1arg5, aggregates anprgximalely 3 m In size: A padially nanoerystalline stiugluea forms
inside the aggregates due to subsequent calcining. A pure crystalline phase with crystallites more than
1000 nm in SiZBFOVREEHR dHter3proicngéd thermal treatment at approximately 440C. The production
of a nanocrystalline molybdenum mixed oxide can thus be accomplished only with difficulty, in
particular with regard to the production of small crystallites. A disadvantage of the Ieag_l-rpolg/bdenum
mixed oxides Jfthé statevof the At 8 ThAS TR HartiCuIEr iRt 2GRS PaficlESe Griha malybdenum
mixed oxides cannatlee abtaired@andaheontnot ofithe prystallizationpin pagticulas witls vegard to the
crystallite size, is.not possible. The BET surfage area.of the molybdenum mixed oxides of the state of
the art is likewise mostly too small. A small particle size with as large as possible a BET surface area
is desired, in particular for catalytic uses. The object of the present invention was thus the provision of
a method with ﬁ@i%%f‘?@%ﬁ@”ﬂ‘f bismuth-molybdgnum, mixed pxide can be obtained which, as

catalyst in catalytic gonﬁ_versmgs,_‘has an mcregged %ac:[ivit%é and sdelesc&g/;tg fo&[j the deasi{r:eld le_vr11d product.
In one aspect, theretis brovided SfetHon for tie prodhclion 674 nahcerystaline Bismuth-molybdenum
mixed oxide, comprisingthersteps dfdenun mixed oxide 1is suitable as catalyst

for the conversion of propylene or 1scobutylene to acroleln or

methacrolain.

20 WO 2008/028681 and DE 10 2006 032 452 Al disclose a method
for the production of nanccrystalline metal oxides or mixed
metal oxides. There is no indication in these documents that
special nanocrystalline bismuth-molybdenum mixed oxides which
are particularly suitable as catalyst for the ¢conversion of

25 for example propylene to acrolein can be produced with the

method.

A crystalline molybdenum mized oxide and thus also a bismuth-
molybdenum mixed oxide can be obtained only with difficulty

30 via rconventional metheds. Thus, G.A. Zenkovets et al., “The



3 a) the introduction of a solution, suspension or slurry, containing a molybdenum starting compound
and a bismuth starting compound, into a reaction chamber by means of a carrier fluid, b) a thermal
treatment of the solution, suspension or slurry which gontains the molybdenum starting compound and
the bismuth starting compound in a treatment zone by means of a pulsating flow at a temperature of
“from 200 to 700C, c) the formation of a nanocrystalline bismuth-molybdenum mixed oxide, d) the
discharge of the nanocrystalline bismuth-molybdenum mixed oxide obtained in steps b) and c) from
the reactor, characterizedin thganke yaolyb8enam staringEompbeil ia motyiidate ahd iig bismuth
starting compound:isa1bisawdh salh4a angther aspect hess is penddeda-nanecrysteding ed
blsmuth-molyb(genumYAmlxer((je S0),<|de]\]l'h'%1t can.be cggamed_accordl&]g Ina Smgglodlgc?depg%iﬁ\k’)ove. In

) emperatil ;. D rials emlistr 11 .
still another aspeclz,)%here IS prowdea the Use of a nanocr)}étafllne bis u%h-moly enum mixed oxide

as defined abo¥é zs>E4taly3t fS-CREMicaR EoRvEPSIBRITR Bt Andithier S8pett, rsreRtovited a
catalyst, contaipirg-thel nanocrystalithe disathanpiybdehum nainedoxidehas defined:abave. In

another aspe%mesreda&&%vi%gﬂ@etn%@ggxfgg&% cqpvergion of propyleng 1o actolein.andior acrylic

acid or of isobutylene to methacrolein and/or methacrylic acid, characterized in that a catalyst as

defined above RPEEEE 1 BA N Was surffisingly fotirifthat & urifstin Bartcle BF&GHHE8btainEd
bismuth-molybeémuatrmixed bxide:scan el dbtainéd byahemraaticd acdording o thedmeentiars and a

control of the crystallizatign, in pagticularwitbuggard 4o thecrystallite, size,isachieved. TheBET
surface area of #e thujgé% tained bismuth-molybdenum Irlqixeda%xige was Iili_<ewis be increased

able to
compared with The State-of the art: The bismut C—ﬁ]%?ybé)en m mn%e& ox‘FcfeOOB{leﬁﬁ%d aif’c?é%rrgﬁllg to the

invention is charaeterizst-by atcrystalesizafitthie rahte 6f-frorite niero06 $itn, iR partfeular from
10 nm to 750 naypreferably 10mam torkQgmme-ant mote psaferablyi 8@ nm ¢@:300 rmuand fasher

preferably 10 nm.{o,100.nm. In Rarfisular 10 nm de.,30,am, The catalytic acfivity of & cajalyst, £ontaining

the bismuth-molybdenum mixed oxide according to the invention; in particular in the casé of a
conversion of prEpyRASTEPIEE RGNS el able fOrBEfAcredsEd by up to 10%, compared with
catalysts which contain conventionally produced bismuth-molybdenum mixed oxides. 5Through the

increased activiy and; sglectivilysuch@ the 1ead-molybdenum mixed oxides of the
state of the art- ig thus in particular that a uniform
particle size of the molybdenum mixed oxides cannot be
obtained and a control of the crystallization, in particular
with regard to the crystallite size, is not possible. The BET
surface area of the wolybdenum mixed oxides of the state of
the art is likewise mostly too smali. A small particle size
with as large ag possible a BET surface area is desired, in

particular for catalytic uses.

The object of the present invention was thusg the provision of
a method with which a nanocrystalline bismuth-molybdenum
mixed oxide can be obtained which, as catalyst in catalytic
conversiong, has an increased activity and selectivity for

the desired end product.

Summary

In one aspect, there is provided a method for the proeduction
of a nanocrystalline bismuth-molybdenum mixed oxide,

comprising the steps of



catalyst according to the invention, a production of acrolein from propylene that is clearly improved
compared with the state of the art is possible. A conversion of isobutylene to methacrolein or
analogous compounds is also possible with 10 this caalyst. This catalyst also displays in particular a
very good activity in the case of a direct conversion of propylene or isobutylene to acrylic acid or
methacrylic acid, wherein the conversion can preferably take place in one step according to the

invention. 15 Preferably aa5‘n%{Qda&%&%r&l&g@irgﬁpreggrgbéy agunopiuy hepta EQ%E‘? tetrahydrate,

is used as molybdenum starting compound. However, it is clear to a person skilled in the art in this

field that other molybdates aRd"hEKhdERTHTLBITBUARISSE KROWHTR ti& SRS tFEBRPCEAR also be
used. A bismuth salt, such asiismuttrthioride, bismatngulplvates bishmuthraoetate, Pismutiooxide,

particularly preferably bismuth,nitiate, is,preferably used-as pigmuth stagting 95compound. The

molybdenum starting compound and the bismuth starting compound are greferabl used togrether as
. . 2 Fherma ke at%F?% of, the solutio su§§§n51on .
solution, suspension or slurry. ITiSTMOSt préfefred It the starting compounds aré 30 preésent as solution.

In order to obtain an optimurfi s&f¥tion, W diticutanirpiieScaselst pasthy Sekible: staffiig tbispounds,
the solution can additionally bedieated, fanexagaple 1a znb0C. Siaapadgicuarppraterred =

embodiment, still further metg;;gg%aéipl'%ngz% gin om %usndg Lan %g Lﬁrgggg}léogﬂg%r vryliéh the
molybdenum and bismuth starting compound In the solution, suspension or sldrry. Metal compounds
of nickel, iron and/or 5 zinc ar&retéed $n tisEshedfon-Td 3hdMn are also preferred metals.
These metals are preferably tised asonetal salts, inpartisulares:oxides; ddlides, sulplatesh nitrates or
acetates. 10 Further preferably; me{al,compaungs,or gon-metal compounds, selected from Li, Na, K,
Rb, Cs, Mg, Ca, Ba, Sr, Ce, Mn, Cr, V. Nb, Se, Te, Sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au, Si, Al, Tl, Zr, W

and/or P, can also be addtioh&fly ugéﬁ?ﬁf%ﬁ?‘\?vas%%rpr%ﬁglyrfgﬁﬁﬁ TK&F the iBtho® t8R15E carried out
relatively low temperatures offfarh@g0:1to POGES praefefsblypP08itess000, particalarly greferably from

250 to 450C, particularly preferahly from 3008:4940Q0C. Hitherta peafered temperatyras ofdnere than
700C, indeed up to '

molybdenum starting compound is a molybdate and the

bismuth starting compound is a bismuth salit.

In another aspect, there is provided a nanccrystalline
bismuth-meolybdenum mixed oxide that can be obtained according

to a method as defined above.

In s=still another aspect, there is provided the use of a
nanocrystalline bismuth-melybdenum mixed oxide as defined

above ag catalyszst for chemical conversions.

In vyet another aspect, there is provided a catalyst,
containing the nanocrystalline bismuth-molybdenum mixed oxide

as defined above.

In another aspect, there 1s provided a methoed for the
conversion of propylene to acrolein and/or acrylic acid or of
isobutylene ro methacrolein and/or methacrylic acid,

characterized in that a catalyst as defined above is used.



20 1400C, were known in the state of the art. Quite particularly surprisingly, it was also found that the
crystallization process of the bismuth-molybdenum mixed oxide can be controlled in a targeted manner
by the method according to the invention, in particul athe size of the crystallites and the 25 pore-size
distribution of the corresponding bismuth-molybdenum mixed oxides. This can further be
advantageously influenced by the residence time in the flame or by the reactor temperature. The
nanocrystalline bismuth-molybdenum mixed oxide particles that form are prevented from
agglomerating by thepuisating SOrthéymabtredtrhbat Bypivalllctive nranbir/stalfihegparficlessare
immediately tragsferred by thestiaamofholgasinte: acaldexzone, wherain seme0hide by
bismuth-molybggnurpmry%(ecg g Cg)é(id cryst Ilcgte%iaere ggtain%ci v%ithaqligmeteé% o,;lreg_s tggn g?enm. In the
case of the thus-obtainabie bismu?ﬁ-mgéb énum mixed 5 oxide crystalﬁtes, this feads to clearly
increased BET&UfAcd af¢as bP5 1 Ap/Faparticlaty prdterabiF21e 5oPmel§ afd ety
preferably 5 to 3b#e2/gi § he BEE-seffacerareans determined aceardirig t:BIN66d-3Iband: 66132 (using
the Brunauer, mmettand Tellar. method): 10;in the;methagd, according iq the gyen ion, suspensions

can be calcined within a very short period, typically within a few milliseconds, at comparatively lower
temperatures thER 578 & WHPAREhBUEDLItHE SthfEBf e SRS witHout additional filtration and/or
drying steps or without the addition of additional solvents. The bismuth-molybdenum mixed oxide
nanocrystallites that form have significantly increased BET surface areas. Thus, fn a further

embodiment of th préSBHERVRRTIBRIGR R aDSHEONtAIING th%bﬁi%i‘ﬁﬁtﬂ-r%ﬁfb%%}ﬁﬁn ffixed'®

invention is characterized by a crystallite size in the range
of from 10 nm to 1000 nm, in particular from 10 nm to 750 nm,
preferably 10 nm to 500 nm and more preferably 10 nm to
300 nm and further preferably 10 nm to 100 nm, in particular

10 nm Lo 30 nm.

The catalytic activity of a catalyst, containing the bismuth-
molybdenum mixed oxide according to the invention, in

particular in the case of & conversion of propylene to



20 oxide according to the invention ("bismuth-molybdenum mixed oxide catalyst") with increased
reactivity, improved rate of conversion and improved selectivity, in particular with regard to a
conversion of propylene to acrolein and/or acrylic acid or isobutylene to methacrolein and/or
methacrylic acid can he 95provided. The nearly identical residence time of every bismuth-molybdenum
mixed oxide particle in the homogeneous temperature field created by the method results in an 30

extremely homogeneous eng.product with nagrow monomadal partigle distriution. A device for
. : lpts |

carrying out the method according to the invention in the broduction of such monomoda
nanocrystalline”metal Gxide powders 1§ knGrm ol example T rom D E-10 PA§ BFEAI Uriike the device
described 7 there gndethermethed disdldsed there, the present method does not, however, require an
upstream evaporation step in which the starting material, i.e the molybdenum starting compound, is
heated to an evaporation temperature. 5 The molybdenum, starting comgound, the bismuth starting
compound’and the“fifther starting %ﬁﬁ?ﬁg%dgqrdy%ﬁﬁich“ﬂ‘noe bigmith-molyBdeRtm frixed dxide
according to thedhgertion ésproduiced are insertetvdiractiy viaza cavienfluidnncl0 particutara carrier
gas, preferably-aninef.carties gas, swch asforexample nitiegen.eic. -t so-calladrgaction
chambers, i.e. int the combustion chamber, Attached exhaust side to the rggggﬁq chamber is a
resonance tubé Wit a flow cross-section which is clearly feduced compared with tHe 15 reaction
chamber. The fi6ér6f e edmbirstior Ehamitsersis EGTpPEH Withiseverat valvss forthe etfrifof the
combustian airintosthe combustionehamber: Thesaeradynamic aralves arerfluigically-ahd-aceustically

matched with the sombystion,chatbes and the resanance dube geamelry such that the pressure 20
t

waves, created in the combustion chamber, of the homogeneous "flameiess” temperature field spread
pulsating preddthftRantR/n the reS6rdhde e "R soSCalted HefmHoltz ré¥oridtor fortfis #ith pulsating
flow with a pulsatirsfrequéncy-otivetween: 3 @nd 156 Hz; gréferablyss tol210 Hz 76 Material is
typically fed intg the reagtiop.chammber sither with an injector or with a suitable two-component nozzle,
three-com}gonent 'nozzle or in a Schenk dispenser.

Preferably a molybdate, particularly preferably ammonium
heptamolybdate tetrahydrate, is used as molybdenum starting
compound. However, it is clear o a person gkilled in the art
in this field that other meolvbdates and molivbdenum compounds

20 known in the state of the art can also be used.

A bismuth salt, such as bismuth chloride, bismuth sulphate,
bismuth acetate, bismuth oxide, particularly preferably
bismuth =nitrate, 1s preferably used as Dbismuth starting

25 compound.

The molybdenum starting compound and the bismuth starting
compound ars preferably used together as scolution, suspension
or slurry. It is meost preferrsd if the starting compounds are
30 present as scolution. In order to obtain an optimum solution,
in  particulazr in the case of poorly scluble starting
compounds, the solution can additionally be heated, for

example to > 50°C.



30 Preferably, the molybdenum starting compound, the bismuth starting compound and optionally the
further starting compounds are introduced into the reaction chamber in atomized form, with the result
that a fine distribution in the region of the treatment zones is guaranteed. 8 After the thermal
treatment, the nanocrystalline bismuth-molybdenum mixed oxides that form are immediately
transferred into a colder zone of the reaction chamber, if possible by 5 means of the carrier fluid, with
the result that they, can be separated and gischarged in the.colder zone: The yieldrof the amethod
according to the invention is aimost 100%, as all of the pl;g)é:lucg tg%tnfprrpg ca%gg (¥§%partg,1eed from the
reactor. 10 TyFiEHy> tHe fnethod is CaniedRut &t a prasstite i the range of from normal pressure to
40 bar. A subject ebtheninventioh ifurthermore e hasocepstaflitecbishiuti-Afolybeientiiixed oxide
that can be obtained-hy the oto the.ipvention: duwas faynd:that the naneesystallinen and/ox
bismuth-molybdenum mixed has a crystallite size in the range of from TIM,.preferably of from 10 nm to
800 nm, quite préferabiy 15 %5%% J:rgfr%, v:\L/Hicﬁ?lfiSS already gé%l'logréfeqr{;ablyg\ég séﬁftl by%?hé p%Ts%gtT;on of the
treatment. Thecpaficle e ersir be delérpiine@ by Kriowit o & persoit ekiled #F the?drt, §tich'as XRF or
75 Furthermore; bismuthrmelybdesum: oxide particles, whieh have, a BETpsarface ared of preferably > 1
m2/g, particulaorlly C%rceefgg%lglg 21050 rig and quite particularly preferably 5 to 35 m2/g are obtained by
the method according to the invention. 30 A preferred bismuth-molybdenum mixed oxide according to

the inventioncanbedescribed bythegeneralformula Mo,Fib(CoNi),Fed1{0,. This formula gives the active
catalyst

10 Further preferably, metal compounds or non-metal compounds,
selected from Li, Na, K, Rb, Cs, Mg, Ca, Ba, 3r, Ce, Mn, Cr,
v, Nb, Se, Te, Sm, G4, La, ¥, Pd, Pr, Ru, Ag, Au, 8i, R, T1,

7r, W and/or P, can also be additionally used.

15 It was surprisingly found that the method can be carried out
o ol ~ - Lol
at relatively low temperatures of from 200 to 7067C,

preferably 200 to 500°C, particularly praferably from 250 to

ey

50°C, particularly preferably from 300 o 400°C. Hitherto,

e

referred temperatures cof mwmore than 700°C, indesed up to
20 1400°C, were known in the state of the art. Quite particulazrly
surprisingly, it was also found that the crystallization
process of the bismuth-melybdenum mixed oxide can @ be

i

controlied in a targeted manner by the method according to

ot
O]

h

pore-size distribution of the corresponding bismuth-molybdenum

invention, in particular the size of the crystallites and

¢t
1]

[
h

mixed oxides. This can further be advantageocusly influenced by
rhe residence time in the flame or by the reactor temperature.
The nanocrystalline bismuth-melybdenum mixed oxide particles
that form are prevented from agglomerating by the pulsating
30 thermal treatment. Typically, the nanocrystalline particles
are immediately transferred by the stream of hot gas into a

colder zone, wherein some of the bismuth-molybdenum mixed



9 mixed oxide with the formula MoBIO, is particularly preferred. A further formula for a
bismuth-molybdenum mixed oxide in which still further elements are present is for example
MoaBib(CoNi),FedMneKfPgAIh5i,Sm10, wherein preferably a is 5 10-13, b 1-2,¢ 7-9,d 1.5-2.3, €
0.05-0.3f=0.02-0.1, g 0.01-0.1, h 270-280, i 0.4-0.9, j 0.05-0.15 and x = 2 or more. A particularly
preferred composition within this general formula can be represented by the formula

Mol2B11,5(Colj)8;0FeleQ 06R0.0.AI2Z551Q,6651:149. 107: 10 Thenmelyhdenum raixed txide
according to the invention is suitable in preferred developments of the present invention for use as
catalytrcaily a(?cR/e“E”bmponent of a catalyst, for example of a catalyst for the conversion of propylene
to acrolein and/or acrylic acid or isobutylene to methacrolein and/or methacrylic acid. In particular, this
catalyst according tg,the invention is adsossuitable feria direct eanversionof prepylene orisabutylene to
acrylic acid or methacrylic acid, wherein the conversion can, adyantageously, 20 comparegewith the

i

state of the art,of%I?e‘“placey in‘one step.’ In industry, acrolein serves as starting maEeriaIOfor;the
production of atiylic agic 1srgecscale industial HroHucHOR USUaM YaREE PiAcE instate of the art by a
two-stage 250xidatien of propylene withthezait:of tatalysts.dn/the first siije, propylenedsconverted

with air to propepal (acrol inT)éJ he oxidatiqn. of propene’ taacrylic.acid takesplacesinthe sgeond
stage. The main use of acrylic acid is pol ‘mJerizvation to superabsorbent polymers(use e.g.in 30
nappies), acryl%f@%%f@ré*(v@ﬁi@ﬁ HreRtul’ tised BFNe %POduction of polymers) and as comonomers

in the production of polymer dispersions. The water-soluble polymerisates of acrylic acid are used as
finishes and thickeners as wellas,coatings for-solid losagedarmsrandas intmenihases. TEO
caleined within a very short period, typically within a few
nilliseconds, at comparatively lower temperatures than are
usual with methods of the state of the art, without additional
15 Filtration and/or drying steps or without the addition of
additional sclvents. The bismuth-molybdenum mixed oxlde
nanocrystallites that form have significantly increased BET
surface arezs. Thus, in a further embodiment of the present
invention, a catalyst containing the bismuth-molybdenum mixed
20 oxide according to the invention {(“bismuth-molybdenum mixed
oxide catalyst”) with increased reactivity, 1lmproved rate of
conversion and improved selectivity, in particular with regarc
to a conversion of propylene to acrolein and/or acrylic acid
or iscbutylsne to methacrelein and/or methacrylic acid can be

25 provided,

The nearly identical residence time 0I every pilsmuth-
molybdenum mixed oxide particle in the homogeneous
temperature field created by the method results 1in  an
30 extremely homogenscus end product with narrow moncmodal
particle distribution. A device for carrying out the method
according to the invention 1in  the production of such
monomodal nanccrystalline metal oxide powders 1s Xnown for

example from DE 101 0% 892 AL. Unlike the device described



Polyacrylic acid ethyl ester has proved its worth as copolymerization partner for the Production of
weather-proof elastomers. It was surprisingly found that a single-stage synthesis of 5 acrolein and/or
acrylic acid from propylene or methacrole'n and/or methacrylic acid from isobutylene can be carried
out with the bismuth-molybdenum mixed oxide catalyst according to the invention. 10 A subject of the
invention is thus also a catalyst which contains the bismuth-molybdenum mixed oxide according to the

invention. The gatalyst can be.a supported.aran Uosupparted catalyst: 15.The bismuth-malybdenum

mixed oxide can be processed together with a suitable binder to an extrudate %tablets, shaped bodies,
honeycomb bétigs aRd'tREdike). % birftdef that R faimitir 674 petéon SKilSd TR the ar ahgfhappears
suitable, in partictlas silicatesmatariats zaluninitim dxider2ikconiRmR0ToMponads ianiid oxide, as
well as their mixtures, .and materials, syeh as:e.9. cements elays silica/alumina, can be used as binders.
Preferred binders are, among others, pseudoboehmite as well as siliceous binders such as colloidal
silicon oxide or silica sol. 75 The bismuth-molybdenum mixed oxide can furthermore be processed
together with dther compopentsiipreferablyiwith a Biiger particutafy preférabhy with@r otgdnic binder,
for example organic-alues pelyrmees, resins or waxes;tna 3@ washeoat which-cambetapplied to a

metallic or ceramic ggéphp%rtl %ti%ql%lyhggggiogali?gborgg@%@r&gg&ep&or%cirﬂggéggpgrpagstake
place. 11 Pre eraﬁy, the brsmut -molybdenum mixed oxide according to the invention is present as
coating on a sEFF6HECATDretéited StpporEMateraris stéatite* Stedtite Sphetés ard particulaty
preferred;Prefesahly-also-called {luidized bed Scoating:device issusetrtorcarrysoutithe coating. A

 subject of the ipyeqtian.is also a methad for the,cenversion of propylene 1o acralein-and/or acrylic acid
or isobutylene to methacrolein and/or methacrylic acid, wherein a catalyst ,10acgg(5dig%o the

invention, as JdE8ERBEA HooveS s ustd ThRmetHod Sreterably fiikes piade it Ghe stage The method

IS side to the reaction chamber is a rescnance tube with a flow
cross-—section which is c¢learly reduced compared with the
reaction chamber. The floor of the combustion chamber 1I1s
eqgquipped with several valves for the entry of the combustion
air into the combustion chamber. The aercdynamic valves are
fiuidically and acoustically matched with the combustion
chamber and ths resconance tube geometry such that the presssure
20 waves, created in the combustion chamber, of the homogeneous

“filameless” temperature Ifield spread pulsating predominantly

in the resonance tube. B so-called Helmholtz rescnator forms

with pulsating flow with a pulsation freguency of between 3

and 150 Hz, preferably b to 110 Hz.

o]
wh

Material is typically fed into the reaction chamber either
with an injector or with a sultable two-component nozzle,

three-component nozzle or in a Schenk dispenser.

30

rd
H

eferably, the molybdenum starting compound, +the Dbismuth
starting compound  and ocptionally  the further starting
compounds are introduced into the reaction chamber in
atomized form, with the result that a fine distribution in

the region of the treatment zones 1s guaranteed.



carried out by passing a mixture of propylene or isobutvlene, oxygen and nitrogen at 300 to 600C over
a bed of the 15catalyst. The bed can be a packed bed or a fluid bed. The invention is described in
more detail with reference to the following embodiment examples and figures, which are not to be
regarded as limitative. The device used corresponds 20 largely to the device described in DE 101 09
892 Al, with the difference that the device used for carrying out the method according to the invention
had no preliminary evaporator stage. 25Figure 1 shows the particle-size distribution of the suspension
from Example 2. Figure 2 shows the XRD spectrum of the bismuth- moI Jt;genum mlxed xide
according to tﬁéﬁ?\}éntﬂ?'?wh?&?%aslobtra?ﬁ@ B 504500 Figlitd ¥ sHowa the particle-size distribution
of the suspension ftoiarExample=8. 42:Figare-4shois theaXRDIspectHarhesitheBisARRIFBlybdenum
mixed oxide ageqrding to.dhe dpveption which-was ebtained;at 500&h SFigure Swshows the particle-size
dlstnbutlon of the suspen3| n frognrrEfg:[npl.ﬁ éidl‘:rigl{’\ggt% si%%ws yel% gagtl% size { \iesytriglétlilorbgf the
suspen5|on fr%%fample 10” . _

separated and discharged in the colder zone. The yield of the

method according to the invention is almost 100%, as all of

the product that forms can be discharged from the reactor.

10 Typically, the method 1s carried out at a pressure in the

range of from normal pressure to 40 bar.

A subject of the invention is furthermore the nanocrystalline
bismuth-molybdenum mixed oxide that can be obtained by the
15 method according to the inventlion. It was Zfound that the
thus-obtainable nanccrystalline bismuth-molvbdenum mixed
oxide preferably has a crystallite size in the range of from
5 nm to 1000 nm, preferably of from 10 nm to 800 nm, gquite
particularly preferably 15 to 550 nm, which, as already
20 stated above, can preferably be set by the pulsation of the
thermal treatment. The particle size can be determined Dby

methods known to a person skilled in the art, such as ¥RD or

25 Furthermore, bismuth-molybdenum oxide particles which have a
BET surface area of preferably > 1 w/g, particuiarly

~

preferably 2 to 530 n’/g and quite particularly preferably 5
to 235 m‘/g are obtained by the method according to the
invention.

30
2 preferred bismuth-melybdenum mixed oxide according to the
invention can be described by the general formula
Mo, Biy (CoNi) FeKC,. This formula gives the active catalyst

component without the carrier material. A bismuth-molybdenum



Figure 7 shows the XRD spectrum of the bismuth-molybdenum mixed oxide according to the invention
obtained at 600C. 13 Embodiment examples: General: The essential advantages of the preparation
with the aid of the pulsation reactor are the reduction of the overall preparation time, the small outlay
(only the reactor is needed) and the fact that there is no drying and treatment of the product. The
desired BET surface areas, particle sizes and 10 also the crystallinity of the material can be varied in
one step by the: pulsatiog,reactor. Example;L: comparison exampie (accarding 1o D 10:2006 015710
Al) 15 A solution | was produced by dissolving nitrates of iron, Cobn%lglrn—i%% l, man amnesgk%%assium in
the proportion8 By ass 3. 247 36155 58:0°064670.2067 irf 3.5 IitFes of water, hea ing to 4
accompanied by:stirringrand addingsa hittic 20acidesolutioRrei 0.1 nfo! BmiB4<aRd 2 mdl HNG3. For a
solution Il,a salytion of 2%18:6 g @mmoniim. Reptemelybdate in7d: waterewasnrepaced at 40C, 4.4
g phospharic aflc_i,las w Il as_9.42§ 975 roscq 2995@2e_%ussg) %r!(a 25&439 glgm_mlryyab%l_dﬁmgl_ 1 water
were addéd to'it. Sélun n it wds added slowly and accbmpanledby,!nten5|veﬂst|rr|ng to solution I. In a
separate vessél, @sélution i, €IAsidfiRg of 790 § Bisthuthhittate it 65723181 HNO3, wa&30
prepared. Thexcoprecipitate far-the-Rradustion-ektheraetive catalyst phase was obtained-bysadding this
SOMHOHtOthe&ggg&g&ﬂve%8%%Engnuka%4 be represented Dby  the formula

MooBis 5 (CoNi)g oFer sMno i Ko.osPo.0aRlosSie, 6e5M0.10:
10

The molybdenum mixed oxide according to the invention is

suitable in preferred developments of the present iInvention

for use as catalytically active component of a catalyst, for

sxample of a catalyst for the conversion of propylene to
15 zcrolein and/or acrylic acid or iscbutviene to methacrolein

and/or methacrvlic acid. In particular, this catalyst

according to the invention 1s also suitable for a direct

conversion of propylene or isobutylene to acrylic acid or

methacrylic acid, wherein the conversion can, advantagesously

20 compared with the state of the art, take place in one step.

it

In industry, acrolein serves as starting material for th
production of acrylic acid. Large-scale industrial production
usually takes place in the state of the art by a two-stage
25 oxidation of propylene wit the aid of catalysts. In the

first stage, propvlene 1is converted with alr to propenal

53
Q
[
O
o
[t
]
]
b

e oxidation of prepenal to acrylic acid takes

place in the second stage. The main use of crylic acid is

polymerization to superabsorbent polymers {use e.g. in
30 nappies), acrylate esters (which are in turn used for the

3

production of polymers) and as comonomers in the pvreoduction

i

of polymer dispersions. The water-soluble polymerisates of
acrylic acid are used as finishes and thickeners as well as

coatings for solid dosage forms and as ointment Dbases.



The coprecipitate was stirred intensively for 12 hours. The obtained suspension was dried in a spray
dryer with a rotary disk at a gas-entry temperature of 350C. The quantity of air was set such that an
exit temperature of 100 +/- 10C was 5obtained. The obtained average particle diameter of the

. 4] i :
thus-produced powder was 55 m. This powder was treated in a convection oven at a temperature of
445C for 1 hour, until a mixed oxide 10 formed which was ground in the next step to an average

particle diameter of 1.pm. The mixed oxide, was sprayed as,aquegus suspension fhrough a .

two-component nozzf nto a ceramic spherlcal catalyst support and dried at 60C in the air flow.
These were cireeigtedinta BRI HEMogaRize the féﬁel%@&iﬁﬁe‘oﬁaﬁéd BFSGUGWRS Bated to
540C for 1 housltessalidifysthe applied active material. Thethus-producedcatalysthadthecomposition
(M0113i15(Co+Ni)8pTelMniKok620(NAI2p 20 Test of the catalyst: The catalyst of Example 1 was
coated with a mixture compasedsat ¢ 5ot dmpropylene échemicakgrade): 5&vokb=air, antl 25 inert

gas (total 100 yol,-%). thea%@'cgasa!@%ms 36.94L/min, The temperature of the-heat-cawrier was
365C. The rate of conversion of the propylene was 89.5 mol-%, the produ%t select|VItXCIor acroleln and

acrylic acid was'55.3% [See dISoExample 7, TabI8 1) 50" 45 ~=7s °3° Lrie

with the bismuth-molvbdenum mixed oxide catalyst according to

rhe invention.

10 A subject of the invention 1is thus alsc a catalyst which
contains the bismuth-melybdenum mixed oxide acceording to the
invention. The catalyst can be a supported or an unsupported

catalyst.

15 The bismuth-molvbdenum mixed oxide can be processed together
with a suitable binder to an extrudate (tablets, shaped
bodies, honeycomb bodies and the I1ike). Any binder that 1is
familiar to & person skilled in the art and appears sultable,
in particular silicate materials, aluminium oxide, =zlrconium

20 compounds, <Titanium oxide, as well as their mixtures, and
materials such as e.g. cement, clay, silica/alumina, can be
used as binders. Preferred binders are, among others,
pseudoboehmite as well as siliceous binders such as colloidal

silicon oxide or silica sol.

' The Dbismuth-molybdenum mixed oxide can furthermore Dbe
processed together with other components, preferably with a
binder, particularly preferably with an organic binger, for
example organic glues, polymers, resins or waxes, To a

30 washcoat which can be applied +to a metallic or ceramic
support. Optionally, additional impregnating steps or

calcining steps can take place.



Example 2 (according to the invention) 60 1 dem neralized water was weighed into a 100-1 vessel.
This was heated to 50C. The followings substances were added 5to the demineralized water in
Succession: Substance Quantity [g] Colour of solution after addition Nickel nitrate solution ( :12%)
6599.25 green Iron nitrate x 9H20 1664.68 green ZiHc nitrate x 6H20

Preferably, the bismuth-molybdenum mixed oxide according to
the inventicen is present as coating on a support. A preferred
support material is steatite, steatite spheres ars
particularly preferred. Preferably, a so-called fluidized bed

3 coating device is used to carry out the coating.

A subject of The invention is also a method for the conversion
of propylene to acrelein and/or acrylic acid or iscbutylens to
methacrolein and/cr methacrylic acid, whsrein a catalyst

¢ according to the inventlon, as described above, is used.

The methed preferably takes place in one stage. The method 1s
carried out by passing & mixture of propylens or iscbutvlene,
oxygen and nitrogen at 300 te &00°C over a bed of the
15 catalyst. The bed can be a packed bed or a fiuid bed.
The invention is described in more detail with reference to
the following embodiment examples and figures, which are not
to be regarded as limitative. The device used corresponds
20 largely to the device described in DE 101 09 892 Al, with the
difference that the device used for carrying out the method
according to the invention had ne preliminary evaporator

stage.

25 Figure 1 shows the 9particle-size distribution of the

suspension frem Example Z.

Figure Z shows the XRD spectrum o¢f the bismuth-molybdenum
mixed oxide according to the invention which was obtained at

30 450°C.

Figure 3 shows the particle-size distribution of the

suspension from Example 3.



1202.67 green Ammonium heptamolybdate x 4H20 4344.48 green-yellow The suspension was
heated to 75C accompanied by stirring. The suspension was cooled to 64C and then 3290 g Ludoxe
9S40 10 was added. The bismuth nitrate solution (2.5 1 10% nitric acid -s 991.04 g bismuth nitrate x
HBO) was then added at a temperature of 62C. The@uspension now had a temperature of 58C and
was stirred for 10 minutes. Theparticle-sizedistributionofthesuspension was determined: the results are

to be seen in Eigure 1. The suspension was injected intg the pulsation reactor at a dispensing rate of
20 kg/h. The tgﬁﬁjté“rgtur@e V\%’sO fgocf.?fhe%%jxﬁﬁescpé&?um??of the obtained sgmeles shows the
following resultiTRE niaterial prodhiceddt 450C i the Jarshtion rékdfor agas cPbrainec at

500°C.

5 Figqure & shows the particle-size distribution of the

suspension from Example 4.

Figure & shows the particle-size distribution o©f the

suspension from Example .

Figure 7 shows the XRD spectrum of the bismuth-molybdenum

mixed oxide according to the invention obtained at 600°C.



catalyst has a BET surface area of 23 m2/g and is 25 characterized by the powder diffractogram
(XRD) shown in Figure 2. 16 The decomposition of the nitrate precursors as well as the formation of
metal-molybdate phases such as e.g. bismuth molybdate can be seen from the XRD diffractogram.
5For the coating tests described below, 1.45 kg of the material atomized at 450C in the pulsation
reactor was produced. Example 3 (according to the Invention) W60 1 demineralized water was
weighed into aErlnggallves§eIéJ;I'hi%¥\é%s. heated to 50C. The following compounds were added to the

mnan am

demineralized water in succession: Substance Quantity 1g1 Colour of solution after addition Nickel
nitrate solution(N: 12%) 6599.25 green Iron nitrate x 9H90

General:

3 The essential advantages of the preparation with the aid of
the pulsation reactor ars the reduction of the overall
preparation time, the small outlay (only the reactor is
needed) and the fact that there is no drying and treatment of
the product. The desired BET surface areas, particle sizes and

10  also the crystallinity of the material can be varied 1n one

step by the pulsation reactor.

Example 1: comparison example (according to DE 10 2006 015710
Al)

15
A solution I was produced by dissolving nitrates of Lilron,
cobalt, nickel, manganese, potassium in the proporticns by
mass 23.2:47.26:29.28:0.0646:0.2067 1in 3.5 litres of water,
heating te 40°C accompanied by stirring and adding a nitric

20 acid solution of 0.1 mol Sm® and 2 mol ENO;.

rrt

or a solution II, a2 sclutien of 2118.6 g ammonium
heptamolybdate in 2.7 1 water was prepared at 40°C, 4.4 g

phosphoric acid as well as (.428 g Rerosil 200 (begussa) and

25 14 g aluminium oxide in 1 1 water were added to it.

Solution I was added slowly and accompanied by intensive
stirring to solution I. In a separate vessel, a solution ITI,
consisting of 790 g bismuth nitrate and 0.7Z mol HNO;, was
36 prepared. The coprecipitate for the production of the active
catalyst phase was obtained by adding this sclutlon to the

other active components.



1664.68 green Zinc nitrate x 6E90 1202.67 green Ammonium heptamolybdate x 4E90 4344.48
green-yellow The suspension was heated to 75C accompanied by stirring. The suspension was
cooled to 64C and then 3290 g Ludoxe AS40 was aqgled. The bismuth nitrate solution (2.5 1 10% nitric
acid + 991.04 g bismuth nitrate x 5E190) was then added at a temperature of 62C. The suspension
now had a temperature of 2058C and was stirred for 10 minutes.

Theparticle-sizedistributionofthesuspensionwas determined. The results arg;to e found-ipFigure 3.
25 17 The sus%enslon was injected into the pulsation reactor at a dislpensirj rate of 20 kg/h. The
obtained matefial WA atoMizBa Bt SB0C T the pifsatién featior The XRD difffactogram of the

obtained samplés ishews:the#feflewing résuiperature of 350°C. The quantity of air
was set such %that an exit temperature of 100 +/- 10°C was

5 obtained.

The obtained average particle diameter of the thus-produced
powder was 55 pm. This powder was treated in a convection oven
at a temperature of 445°C for 1 hour, until & mixed oxide
1¢ formed which was ground in the next step to an average
particle diameter of 1 pm. The mixed oxzide was sprayed as
agueous suspension through a two-component nczzle onto a
ceramic spherical catalyst support and dried at 60°C in the

air flow. These were circulated in a drum to homogenize the

15 pellets. The cbhtained product was heated to 54C°C for 1 hour
to solidify the applied active material.
The thus-produced catalyst had The composition
(Mo::Bi: 5 (CO+NL) g cFey sMng 1Ko cePo.oaBAlorsS1s e65Mg. 1) Ok
20
Test of the catalyst:
The catalyst of Example 1 was coated with a mixture compcsed
of 7.5 vol.-% propylens {(chemical grade;, 58 vol.-% air, and
25 inert gas ltotal 100 wvol.-%). The total gas flow was

36.9 1/min. The temperature of the heat carrier was 365°C.

The rate of conversion of the propylene was 8%2.5 mol-%, the

e

product selectivity for acrolein and acrylic acid was §5.3
{see also Example 7, Table 1).

30



The material produced at 500C in the pulsation reactor has a BET surface area of 21 m2/g and is
characterized by the 10 diffractogram shown in Figure 4, The decomposition of the nitrate precursors
as well as the formation of metal-molybdate phases such as e.g. bismuth molybdate can be seen from
the XRD diffractogram. Because of the li deficit, the main fraction of the examined catalysts consists of
iron molybdate in all cases. For the coating tests described below, 1 45 kg of the powder atomized at
500C in the pulsation reactor as produce X .(according to theinvention) 60 1
demineralized%v%gfé?&ﬁag W%fé:ﬁg%%%ga%%S%%e%@%gfﬁi%%\?vas hegted to 50C. The)following
substances were added 25to the demineral zed water in succession: Substance Quantity Colour of
solution after agdditiondNicket pitrate=splutionéN: 12%) 669925 reen irorenitiate-x 926 4664.68 green

Zino nitratex@%ﬂ.ngngZh zdted to 50°C. The following substances were added

5 to the demineralized water 4in succsssion:

OQuantity Colour of solution
Substance X ‘ o

ig] after addition
Nickel nitrate solution (Ni: 12%) |6592.25 grean
Iron nitrate x 9HO 1664.68 green
Zinc nitrate x 6H,0 1202.67 green
Ammonium heptamolybdate x 4H:0 4344 .48 green~yellow

The suspension was heated to 753°C accompanied by stirring.
The suspension was cooled to ©4°C and then 32%0 ¢ Ludox® AS40
16 was added. The bismuth nitrate solution (2.5 1 10% nitric
acid + ©91.04 ¢ bismuth nitrate =x 5H:0) was then added at a
temperature of 62°C. The suspension now had a temperature of

58°C and was stirred for 10 minutes.

i5 The particle-size distribution of the suspension  was
determined: the results are to be seen in Figure 1.
The suspension was injected intc the pulsation reactor at a
dispensing rate of 20 kg/h. The temperaturs was 450°C. The
20 XRD spectrum of the obtained samples shows the Zfollowing
result:
The material produced at 450°C in the pulsation reactor as
catalyst has a BET surface area of 23 m*/g and 1s
25 characterized by the powder diffractogram (XRDE] shown 1in

Figure 2.



green Ammonium heptamolybdate x 41120 4344.48 green-yellow 18 The suspension was heated to
75C accompanied by stirring. The suspension was cooled to 64C and then 3290 g Ludox(9 A540 was
added. The bismuth nitrate solution (2.5 1 10% nitric acid 5 + 991.04 g bismuth nitrate x 5H20) was
then added at a temperature of 62C. The suspensiorjlﬁnow had a temperature of 58C and was stirred
for 10 minutes. Theparticle-sizedistributionofthesuspension was 10 determined: the results are to be
found in Figure, 5. The suspension was injected into the pulsation r or Ispensing.rate of 20
kg/h. The obtaﬁ‘lﬁri;‘éed r%”a%é)ﬁ‘ Iovflééla%m?z'“ed%a%e608&%ﬁ%h%ppﬁ%a%%n%%%ctoﬁg&%%atg%gl p%duced at
600C in the pUlgatian edctot had a BETSUrfECE BfeadfABM6/g Hnd iféhafacterizéd BiHie
diffractogram represented irekigtres£:20 Therdecenmpositibnt 6f the nitrate .precursors and the
formation of a BiMo04 phase can be seen from the XRD diffractogram. For the coating tests described
below, 1.45 kg of the powder atomized at 600C in the pulsation reagtor was produceq:. 19 FTxampIe 5

1

(according to thefinV8ftiGH “15¢sditifion: 40°f derfinerdlizdd waterwas weighed iffoa =~

atomized at 450°C in the pulsation reactor was produced.
Example 3 (according to the invention)
14 60 1 demineralized water was weighed into a 100-1l wvessel.

This was heated to 5C°C. The following compounds were added

to the demineralized water in succession:

Quantity Colour of sclution
Substance i ; o
[o] after addition
Nickel nitrate solution (Ni: i}
£599.25 green
12%)
Iron nitrate x 9H.0 1664.68 greaen
Zinc nitrate x 6H:0 1202.¢7 green
Bmmonium heptamcliybdate x .
4344.48 green-yellow
4H,0

°C accompanied by stirring.

n

15 The suspension was heated to 7
The suspension was cocled to 64°C and then 3290 g Ludox® AS40
was added. The bismuth nitrate solution (2.5 1 10% nitric
acid + 991.04 ¢ bismuth nitrate x 5H;0) was then added at a
temperature of 62°C. The suspension now had a temperature of

20 58°C and was stirred for 10 minutes.

The particle-size distribution of the suspension was

determined. The results are to be found in Figure 3.



100-1 vessel.This was heated to 55C. The following 5 substances were added to the demineral zled
water in succession. Substance Quantity [g] Temperature [C] uN value Colour of solution after addition
Iron nitrate x 9H20 587.12 55 2.73 orange Nickel nitrla,}te solution(Ni:12%) 7108.15 50 1.92 green

The suspensicn was injected into the ulsation reactor at a
P

dispensing rate of 20 kg/h.

The obtained material was atomized at 500°C in the pulsation
3 reactcr. The XRD diffractogram of the obtained samples shows

the following result:

The material produced at 500°C in the pulsation reactor has a
BET surface area of 21 m®/g and 1is characterized by the
10 diffractogram shown in Figure 4.
The decomposition of the nitrate precurscrs as well as the
formation of metal-melybdate phases such as e.g. Dbismuth
molybdate can pe sgssgen from the XRD diffractcgram. Because of

15 the Bi deficit, the main fraction of the examined catalysts

33

consists of iron molybdate in all cases.

For the coating tests described below, 1.45% kg of the powder

atomized at 500°C in the pulsation reactor was produced.

20
Example 4 (according te the invention)
60 1 demineralized water was weighed into a 1006~1 wvessel.
This was heated to 30°C. The following substances were added
25 to the demineralized water in succession:
Quantity Colour of solution
Substance o
fol after additicn
Nickel nitrate solution {(Ni: R _
£589.25 green
120/\
£ =
Iron nitrate x 9HC l664.68 gresn
Zinc nitrate = 6HO i20z2.67 grean
Ammoriium heptamolybdate x R o
4344 .48 green-yellow

4H.0




Cobalt nitrate x 6H20 563.93 SO 1.84 green Potassium nitrate 12.24 50/30** 1.84 green LUDOX AS40
3638.04g 1.92 dark green The =ONO A540 was not added until the next day. For this 10reason,
the solution was cooled to 30C.  solution: 20 1 demineralized water was introduced into a 100-1
sheet metal drum and then heated to 57C (pH-value!%.00). The following substances were added to
the demineralized water in succession:

The suspension was heated to 75°C accompanied by stirring.
The suspension was cooled to 64°C and then 3290 g Ludox® AS40
was added. The bismuth nitrate solution (2.5 1 10% nitric acid
5 +  891.04 ¢ Dbismuth nitrate = BH,0) was then added at a
temperature of 62°C. The suspension now had a temperature of

58°C and was stirred for 10 minutes.

The particle-size distribution of the suspension wWas

10 determined: the results are to be found in Figure 5.

The suspension was injected into the pulsation reactor at

o))

dispensing rate of 20 kao/h. The obtained material was
atomized at 600°C in the pulsation reactor.

15
The material produced at 600°C in the pulsation reactor had a
BET surface area of 18 m?/g and is characterized by the

diffractogram represented in Figure 7.

20 The decompositien cof the nitrate precursors and the formation

of a BiMoO, phase can be seen from the XRD diffractogram.

For the coating tests described below, 1.45 kg of the powder

atomized at 600°C in the pulsation reactor was produced.



Substance Quantity [g] Temperature [C] pH value Colour of solution after addition Ammonium

heptamolybdate x 4H20 5131.56 50 5.46 colourless/ greenish Phosphoric acid 280.09 50 5.42 light
green 20 -

Example 5 (according to the invention)

15 seclution: 40 1 demineralized water was weighed 1into a
100-1 wvessei. This was Theated to 53°C. The following
5 supstances were added to the demineralized water in
succession.
Colour of |
Quantity |Temperaturs ) solution
Substance . pH value
{gi ["C] after
addition
Iron nitrate x 9H0 587.12 55 2.3 orange
Nickel nitrate )
‘ ‘ 7108.15 50 1.92 green
solution {(Ni: 12%)
Cobalt nitrate x R >
563.93 50 1.84 green
6H,0
Potassium nitrate 12.24 5 / 30x¥ 1.84 green
LUDOX AS40 3638.04g (28%* 1.82 dark green
The LUDOX® AS40 was not added until the next day. For this
10 reascn, the solution was cooled to 30°C.

2% gnlution: 20 1 demineralized water was introduced into a

100-1 sheet metal drum and then heated to 57°C (pH-value:
5.00) . The following substances wWere agded TO the
15 demineralized water in succession:
Colour of
. Quantity |Temperature solution
Substance e pH value .
(o] [ C] after
addition
Ammonium o colourless/
] ) 5131.56 50 5.46 _
neptamolybdate x 4H,O greenish
Phosphoric acid 280.08 50 5.42 light green




solution: 2115.4 g demineralized water (20C) was weighed into a 10-1 vessel. Substance Quantity PO1
Temperature [C] pH value Colour of solution after addition Nitric acid(65%) 384.6 28 colourless

Bismuth nitrate x 5520 1174.90g 25 colourless .

solution: 2115.4 ¢ demineralized water (20°C) was weighed'

Colcour of
Quantity |Temperature ) sclution
Substance ) . pE valus
fg] -] after
addition
Nitric acid {(65%) 384.6 28 - colouriess
Bismuth nitrate x i
1174.20g |25 ——— colourless
5HZ20
5
The 1%  solution was combined with the 2™ solution

accompanied by intensive mixing (temperature!: 34°C; pH value:
4.76). Thereafter, there was a light green suspension. The
379 golution was then added (temperature: 34°C; pH value:
10 2.02). The suspension {ochie/yellow) was stirred for one

hour. A slight gas formation was then observed.

The particle-size distribution of the suspension was

determined. The results are to be found in Flgure 6.

3]

The suspension was injected inte the pulsation reactor at

dispensing rate of 20 kg/h.

The suspension was injected with the above-named parameters
20 at 600°C. The formation of a BiMoO, phase is clear from the
¥RD that d1s not shown. The XRD spectrum is esgsgentially
identical to the XRD spectrum for Example 4 shown in Figure

7.

2
L)

2.06 kg of the powder atomized at €00°C in the pulsation
reactor and 1.07 kg of the powder atomized at 400°C in the

pulsation reactor were avallable for costing tests.



5 The 1' solution wascombined with the21(7) solution accompanied by intensive mixing (temperature:
34C; pH value: 4.76). Thereatfter, there was a light green suspension. The Fre solution was then
added (temperature: 34C; pH value: 102.02). The s ?pension (ochrelyellow) was stirred for one hour.
A slight gas formation was then observed. The partiCle-sizedistribution ofthesuspension was
determined. The results are to be found in Figure 6. 15 The suspension was injected into the pulsation
reactor at a dispensing rate of 20 kg/h. The suspension was injected with the above-named
parameters 20 at 600C. The formation of a BiMo04 phase is clear from the XRD that is not shown. The

XRD spectrunfiagadental (PrRAR T 85 t17E XES FettRimI8FEXGRTSIE 4 shown in Figure 2.06 kg of
the powder atomized at 600Cthe pulsation reactor and 1.07 kg of the powder atomized at 400C in the

pulsation reacfor were availablg Jor coating tests.. .21 Example &(roduction of the coated:-eatalysts)
A fluidized bed coating device was used to carry out the 5coating. The steatite spheres were coated
with the variod€Bishiiith-molybdenum mixed oxide active materials from Examples 1 to 4 under the
following conditions:

The steatite spheres were coated with the wvarious bismuth-
molybdenum mixed oxide active materials from Examples i to 4
under the following condltions:

16

==

22.22 g of the material was weighed into a measurin

te]

cylinder, made into a slurry with 500 ml distilled HU. Th

h

resulting suspension was stirred intensively. §.89 g bindse

[

was +then added and the mixture stirred feor 1 hour on a

15 magnetic stirrer.

The coating of the produced suspension tock place on &
weighed-in sample of 80 g steatite spheres of (2 - 4 mm),
wherein the active material charge was 20% (50 g powder per
20 200 g steatite spheres). The catalyst was then dried in air

at 11i0°C.

Example 7 (determination of the catalytic performance dataz of

the catalysts)

21 g catalyst, diluted with 330 g steatite spherss [4.5 mm in
diameter) to avold hotspots, was poured into a 120-cm long
reaction <tube with an internal diameter of 24.8 mm to a
length of 105 cm. The reaction tube was 1in & liguid salt bath
30 which can be heated to temperatures of up to 500°C. In the
catalyst bed there was a 3 mm protective tube with an
integrated thermocouple via which the catalyvst temperature
over the complete catalyst combination can be displayed. To

determine the catalytic parformance data, 7.5 vol.-%



10 22.22 g of the material was weighed into a measuring cylinder, made into a slurry with 500 ml
distilled H20. The resulting suspension was stirred intensively. 8.89 g binder was then added and the
mixture stirred for 1 hour on a 15magnetic stirrer. The coating of the produced suspension took place
on a weighed-in sample of 80 g steatite spheres of (2°- 4 mm), wherein the active material charge was
20% (50 g powder per 20200 g steatite spheres). The catalyst was then dried in air at 110C. Example
7 (determination of the catalytic peformance data of the catalysts) 21,9 catalyst; dilytedwith 250 g

steatite spheréjsr?f% mmin diameter) to avoid hotspo;;\wz;s ooured into a 120-cm long [%action tube
with an interndl &Rt 6r2458 fnifdtoa érigth of 108'c M The F&adtivittube Was Tt Biitfiiid salt bath.
30 which can ke heated ¢e teraperatures 0fup20:500C nin the atalyst bed there 3¢ds @8 mm

protective tube, with.an integrated thermpcouple via which the catalyst temperatire-avardhescomplete
catalyst combination can be displayed. To determinle the cegt;gléléic p_prformancehdataé7.5wvoI.-%

propylene’ 58 ¥01.-85air&iid hitrdgett ttotal 100 V6 .-'%S)evflier%*pas?se”deoa\}férnﬁetda?a@stagf'i%o NI/h at
most. The propylene cbrversionirate ahd ithe aerslem gélettivity weré Set at ancaveragecatalyst
temperature of:365¢; and-the constituents 510fthe reastion gasawere anatysed afterdeaving the
reaction tube. The results of the tests with the materials obtained in Examples 1 to 4 as catalyst
(produced accorcﬁn@jioﬁxarhple %§ arelisted in Table 1. 10Table 1: Performance data of catalysts
according to the invention and of a comparison catalyst method of the state of the art (comparison

example’igxar@gLeL%)' %?C@I@§o:mance data of catalysts according to the

inventiocn and of a comparison catalyst

 Example 1 Example 2 Examplie 3 Example 4
(comparison {according to (according {according to
axampie) the invention) | to the the
inventilon) invention)
Propyviene 29.5 91 93.5 94
conversion
rate
Acroleln 855.3 90.5 96.5 S6
selectivity
Yield 85.2 87.8B1 80.3 90.3
i

As can be
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15 selectivity

seen from Table 1,
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1.Method for the production of a nanocrystalline bismuth- molybdenum mixed oxide, comprising the
steps of 5 a) the introduction of a solution, suspension or slurry, containing a molybdenum starting
compound and a bismuth starting compound, into a reaction chamber by means of a carrier fluid, 10b)
a thermal treatment of the solution, suspension or slurry which contains the molybdenum starting
compound and the bismuth starting compound in“a treatment zone by means of a pulsating flow at a
temperature of from 200 to 700C, 15c) the formation of a nanocrystalline bismuth-molybdenum mixed
oxide, d) the discharge of the nanocrystalline kisath-molybdenum mixed oxide obtained in steps b)
and c) from the reactor, characterized in that the molybdenum 20starting compound is a molybdate
and the bismuth starting compound is a bismuth salt. 2. Method according to claim |, characterized in
that the malybdereanhstartifgrcobsountadusiiapnieh heptafistybdaie 25idtfanydrdies3. Method

according to claimk 0r2. characterized inthathebissmuth stestisggempound is bismuth nitrate. 30
4.Methg)d according to one of claims 1 to 3, characterized in

a) the introduction of a solution, suspension or slurry,
containing & molybdenum starting compound and a
bismuth starting compound, into a reaction chamber by
means of a carrier fluid,

10 b) a thermal treatment of the solution, suspension or
slurry which contains the molybdenum starting compound
and the bismuth starting compound in a Trealment zone
by means of a pulsating flow at a temperature cf from
200 to 700°C,

15 ¢) the formation of a nanccrystalline bismuth-molybdenum
mixed oxide,

d) the discharge of the nanocrystalline bismuth-
molybdentm mixed. oxide obtained in steps k) and <)
from the reactor, characterized in that the molybdenum

20 starting compound 1is a molybdate and the bismuth

starting compound is a bismuth salt.
2. Method according to claim 1, characterized 1in that the
molybdenum starting compound 1is ammonium heptamolybdate

25 tetrahydrate.

3. Method according to claim 1 or 2, characterized in that the

bismuth starting compound is bismuth nitrate.

30

=y
.

Method according to one of claims 1 to 3, characterized in
that further metal-containing starting compounds, selected
from nickel, iron, cobalt, manganese and/or zinc starting

compounds, are used in the solution, suspension or siurry.



that further metal-contain Lng starting compounds, selected from nickel, iron, cobalt, manganese
and/or zinc starting compounds, are used in the solution, suspension or slurry. 24 5.Method according
to claim 4, characterized in that the further metal-coftaining starting compounds are selected from
nickel, iron and/or zinc starting compounds. 56.Method according to one of claims 1 to 5,
characterized in that the carrier fluid is a gas. 7. Nanocrystalline bismuth-molybdenum mixed oxide
that can be obtained:aegerding:te-adnethodacebeding to oneof elaimsiktoi6.:81 Nargcrystalline
bismuth-molybdenum, mixed oxide.according fa claim.7, characterized.indhatits cawstaliite sizelies in
the range of from 10 nm to 1000 nm. 9. Nanocrystalline bismuth-molybdenum mixed oxide according
to claim 7 or 8, chardéfétiZetFiktthat it17ds A BET suidte Sréd of fonT 150 H2/g. 20 10. Use of a
nanocrystalline bismuth-molybdenum mixed oxide according to one of claims 7 to 9 as catalyst for
chemicalconyersiong. 11, Use acgording to,claim 104orthe.qenversion of 25propylens:tesacrolein
and/or acrylic acid or |sobut\tllene to methacro_lﬁln.%nd/or methg\cryllc acid. 12. Use according to claim
11, characterized in thatthe c&ﬁ\?er%%nmo%rdpﬁénejta acroleir and/or acrylic acid 30or isobutylene to
methacrolein and/or methacrylic acid takes place in one stage.

7. Nanccrystalline bismuth-molybdenum mixed oxide that ca

]

be obtained according to a method according to one of

10 claims 1 to ©.

g. Nanocrystalline bismuth-molybdenum mixed oxide according
to claim 7, characterized in that its crystallite size

lies in the range of from 10 nm to 1000 nm.

15
9. Nenocrystalline bismuth-molybdenum mized oxide according
to claim 7 or B8, characterized in that it has a BET
surface area of from 1 to B4 m'/g.

20 10. Use of a nanocrystalline bismuth-molybdenum mixed oxids
according to one of claims 7 to 9 as catalyst for
chemical conversions.

11. Use according to claim 10 for the conversion of

25 propylene to acrolein and/or acrylic acid or isobutylene
to methacrolein and/or methacrylic acid.

12. TUse according to claim 11, characterized in that the
conversion of propylene to acrolein and/or acrylic acid

30 or iscobutylene to methacrolein and/or methacrylic acid

takes place in cne stage.



- 25413. Catalyst,containingthenanocrystallinebismuth- molybdenum mixed oxide according to one of
claims 7 to 9. 14. Catalyst according to claim 13, characterized in that the 5molybdenum mixed oxide
is present as coating on a support. 15. Catalyst acco gling to claim 13 or 14, characterized in that it
comprises a binder. 16. Method for the conversion of propylene to acrolein and/or acrylic acid or of
isobutylene to methacrolein and/or methacrylic acid,characterized in that a catalyst according to one of

claims 13 to 15 is used, 17 Method aggording 1o claim, 16, characterized in that the method takes

place in one stage. 18. Method according to"claim 15 or 16, characterized in that 20a mixture of

propylene or isobutyl8fie YGR5ger dhdfitrdyelts passed bver A&d 6f tie Catalfst at 360 %0 600C. 26

Method for the production of nanocrystalline bismuth-

14. Catalyst according to claim 13, characterized in that the

5 molybdenum mized oxide 1s present as coating on a
support.

15. Catalyst according to claim 13 or 14, characterized in

that 1t comprises z binder.
10

21N

16. Method for the conversion of propylene to acro

prt

3

and/or acryvlic acid or of isobutylene o methacrolein
and/or methacrylic acidg, characterized in  that a

catalvst according to one of c¢laims 13 to 15 is used.

o
-1
.

Method according to claim 16, characterized in that the

method takes place 1in one stage.

18. Method according to claim 15 or 16, characterized in that
20 & mixture of propylene or isobutylens, oxygen and
1itrogen i1s passed over a bed of the catalyst at 300 to
g00°C.



molybdenum mixed oxide 5Abstract: The invention relates to a method for the production of a
nanocrvstalline bismuth-molybdenum mixed oxide, the use of the bismuth-molybdenum mixed oxide
as catalyst for chemical IC conversions, in particular for a conversion of propylene to a.crolein and/or
and/lie acid or of isobutylene to methacrolein and/or methacrylic acid as well as a catalyst which
contains the bismuth-molybdenum mixed oxide. 1.5(Fig¢

i0

Method for the production of nanocrystalline bismuth-

molybdenum mixed oxide

Abstract:

invention relates to a method for the production of a

nanocrystalline bismuth-molybdenum mized oxlide, the use of the
bismuth-molybdenum mixed  oxide as catalyst for chemical
conversions, in particular for a conversion of propyiene tTo
acrolein and/or acrvlic acid or of lIsobutylene to methacrolelin
and/or methacrylic acid as well as & catalyst which contains the

bismuth-molyhdenun mixed oxide,

{Fig. 7



