10

15

20

25

30

1 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 chemical 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

bismpythaolypdenump ixed axide; I WHC, SoRtained Ny BIECIALANRR +1, -

and subsequent calcining. The bismuth-molybdenum mixed oxide is

suitable as catalyst for tHeCafversigR orpipSerieisissobutylene to

acrolein or methacrolein. 20 WO 2008/028681 and DE 10 2006 032 452

Al disclose a method for the production of nanocrystalline metal oxides or
mixed metal oxides. There is no indication in these documents that
speéial'maradrystallinesisatuti-mofybeRiiRrmiked okites WwhiehCaien of &
pasgicidarly siitable ascatalystfan the eonvarsinn:ef?5 jor examplee use of

ProRylene fo,acralein can e pradyced with dhe Joethod, A crystalline .y, s 02y

molybdenum mixed oxide and thus also a bismuth- molybdenum mixed

OXIIE’ BAA B SbRin et dnly3Rith difficdty 30 Via'cohvetitiotat inétheds L smuth-
ThosyiBiduZenkoxveds akatie'The 2 structural genesis of a complex
(MoVW)5014 oxide during thermal treatments and its redox behaviour at

elevated .
Until now, bismuth-molvbdenum mixed oxides have been obtailned

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
which 1s obtained by precipitation and subseguent calcining.
The bismuth-molybdenum mixed oxide is suitable as catalyst
for the conversion of propylene or ischutylene to acrolein or

methacrolein.

WC 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 Dbismuth-molybdenum mixed oxides which
are particularly suitable as catalyst for the conversion of
for example propylene to acroclein 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

via conventional methods. Thus, G.A. Zenkovets et al., “The
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temperatures”, Materials Chemistry and Physics, 103 (2007), 295-304,
disclose that a molybdenum mixed oxide obtained via 5 precipitation and
spray drying has an amorphous structure. This mixed oxide is present in
the form of large aggregates approximately 5 um in size. A partially
nanocrystalline structure forms inside the aggregates due to subsequent

calcining. A pure crystalline phase with crystallites more 10 than 1000 nm

i SzeFormlonl§ &He? Prolongedihe MRAP tReatmERt At bphroxiffaefy during
44D€rTde productioenofsa randcerystallinesmiolybdesiun nixed axide eaavated

thus,be raccomplisheg; pply; with difficylty, in-particulagpwith regard 49 the, g o7,
przogdqwcgtloén ofdsmag crystgllltes. 15 A dlsadvanta%e, of the , _ ,
leadmolybdéntimiied oXides of theY State Bt the 4itis Hhg5n paridaar via
thater Uniforh partieldsizerof the Molybdesn mixedoxides wahncttyacture.
omﬁiae@halja@lda esntel Q;fgh%ﬁ);sﬂaﬂri]za&ipnum p%ﬁiﬁhﬂ% £0§W%ﬁée%r&@gates
t ystallite size, is.ngt possible, The BET surface area of the .
%%g%a%%ﬁ%%&ed%x%s of the State of t%]e éﬁ?@hﬁé@ﬁ’se mosty o e
SN AC 8Rfall partitfe sizes With as#erge®as pBeaibte a BET surfaceapsgauent
issdésitednin. partiqulaeforecgtatytic tises. 253Ekre objest of the presepts more

invention; yas thys the provision of, amethad, with:which g nanocrystalline . -,

bismuth-molybdenum mixed oxide can be gptained which, as catalyst in

cAtaIPiEonverdion§ A A iRcFeased adtivity antf SeleGthvifyfor 30 thet @
desiredrsivd pidduet. Thecdbjeéeischieveddsy a methie forthe  thus  be
preduetion ohad only with difficulty, in particular with regard

tec the prcduction of small crystallites.

A disadvantage of the lead-molybdenum mixed oxides of the
state of the art 1is thus in particular that & uniferm
particle size of the melybdenum 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 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 1s desired, in

particular for catalytic uses.

The object of the present invention was thus the provision of
a method with which a nanocrystalline Dbismuth-molybdenun
mixed oxide can be obtained which, as catalyst in catalytic
copverslons, has an 1increased activity and selectivity for
the desired end preduct.

The object is achieved by a method for the production of a
nanocrystalline bismuth-molybdenum mixed oxide, comprising the

steps of
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nanocrystalline bismuth-molybdenum mixed oxide, comprising the steps
of 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 carrief fluid, 5 b) 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 mexnd 0f a pulSA6AY fibwat a temperatird 5 fiom 28818%760€™  °F
10 c) the formatiorrof/a nanocp/stallice bismerivomoiydentas pixed compound

oxide, d) the disgharge of the:panaarystallige kisnpshnaolyhdenum mixee i on
oxide obtained in steps h) and c¢) from the reactor. 15 It was surprisingly
found that & uri o e A T s Eiemhte oy bdomum
mixed oxid& tah H&dbtaihed 2 tHE Hiethbd Httofding td%he ifveREsF1on or
and a control of the rerystatlizationcorpatticulariwith regarddosthen  starting

crystallite 20 sizg, js, achieved; The BET: syrface area.ofithe thugobtained , o

bismuth-molybdenum mixed oxide was likewise able to be™ increased

compared with the S8 bf tha"4rt. TheBidAtuti - mafybdehtit thiked oXide® ™ 2
obtained accorckmgp to e r25 drivention éharactéiZéd by a crystallite

size in the range, of frepr-AQ+p:to 180 nm, in particwas from 2 NMEe syt h-
750 nm, preferatilgg 10 nm to 5000{1m argid more preferably 10 nm to
mo bdenum mixe oxide,
d) the discharge of the nanocrystalline Dbismuth-
molybdenum mixed oxide obtained in steps b) and c¢)

from the reactor.

It was surprisingly found that a uniform particle size of the
obtained bismuth-mclybdenum mixed oxide can be obtained by
the method according to the invention and a control of the
crystallization, 1in particular with regard to the crystallite
size, is achieved. The BET surface area of the thus-obtained
bismuth-mclybdenum mixed oxide was likewise able to be

increased compared with the state of the art.

The bismuth-molybdenum mixed oxide obtained according to the
invention is characterized by a crystallite size in the range
of frem 10 nm te 1000 nm, in particular from 10 nm to 750 nm,
preferably 10 nm tec 500 mm and more preferably 10 nm o
300 nm and further preferably 10 nm fo 100 nm, in particular

10 nm to 30 nm.

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

particular in the case o0f a conversion of propylene to
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300 nm and further preferably 10 nm to 100 nm, in particular 10 nm to 30
nm. 30 The catalytic activity of a catalyst, containing the bismuth-
molybdenum mixed oxide according to the invention, in particular in the
case of a conversion of propylene to 4 ‘crolein, was able to be increased
by up to 10%, compared with catalysts which contain conventionally
produced bismuth- molybdenum mixed oxides. 5 Through the increased

a%ﬁﬁ?)}%hla selctivity OF such a° Cataly/st EEeordiny tothe ierition, a=ompared
préduction-ef aeroteinhfrom propyiene thatis cldariy inhpravedicomparegrnuth-

withhthe, state of thesad.is possible. A conversion of isobutylene to
methacrolein or analogous compounds is also possible with 10 this

catalyst. This catalyst also displays in particular a very good activity in the
cABE B dirett cohversiBhcst prepyenevor istbutyferistol #éiic adid grch @
methacpdic acidy wherein theceenversion can preferablytakeqlaes imenelein

Sﬁﬁ%m”‘c% qrdling 1o the ipyentipp. ]élgé‘%@ab%m&é?d@&nd&ﬂ%u'%@th the

referabyammonlum heptamolybdate tetrahydrate, is used as

n?&l%aer?&m%%ﬁrt - compBRnd: ]Fﬂo?me\%‘érc?néf‘éfésarc’d} apersdikifed it “°
tllr@ahtammlglﬁeldcmatmhépgmlybdatefsvanddﬂoly@deﬁuﬁpconmﬂﬂﬁ with

20rknowpsinsthesstaterefithe %t&@@fgksoa%gseﬂlﬁbgs;aut%algasﬁtmﬁar a
bismuth chl%rlde lem th su %e blsmuth acetate blsmgth oxide,

conversion o©
partlélula?fil prefséraﬁly smitith i rate i pref)erab[Ty usede as blsmutﬁ g
Sgﬂﬂﬂ@iene or isobutylene to acxyllc aclid or methacrylic acid,
wherein the conversion can preferably take place in one step

according to the invention.

Preferably a molybdate, particularly preferably ammonium
heptamclybdate tetrahydrate, 1s used as molybdenum starting
compound. However, 1t ls clear to a person skilled in the art
in this field that other molybdates and molybdenum compounds

known in the state of the art can alsoc be used.

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

compound.

The molybdenum starting compound and the bismuth starting
compound are preferably used together as solution, suspension
or slurry. It is most preferred if the starting compounds are
present as solution. In order to obtain an optimum solution,
in particular in the case of pocrly soluble starting
compounds, the scolution can additionally be heated, for

example to > 50°C.
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25 compound. The molybdenum starting compound and the bismuth
starting compound are preferably used together as solution, suspension
or slurry. It is most preferred if the starting compounds are 30 present as
solution. In order to obtain an optimum 3olution, in particular in the case
of poorly soluble starting compounds, the solution can additionally be
heated, for examlple to >50C.5 In agarticularl referred embodiment,

Stiff fuFthBF Fietal- @ontainiig SEring coMPOURES ban be'greséittogethdle t2 1 -
withnthel imelybdeaud anmddsismuthdtartitily éempoedelin thesglogonwith the

suspension.r sy . Metaleempounds: ebnickehdremand/ar 5:ziBC &1 ution,
preferred in this conneclion. Cl\?e%n% Mn are aiso. pé%feglegk@fta'%- THese 4/or
metals are preferabfy uséd as meta sacits? In particuilar as oxides, ﬁaﬁdes,
slgHatesr hitrated Sorracetates. T Furtherpreterably, fRetaFonPoundis 2150

op nenemedal compaundsrhselectediftam LiNa d¢.Rby 05| Mg; Gal Bay metal
Séa%?s M%r?r}:ée}étw Qu%gr Tgs S@kﬁg’slra'hY'ﬁgegt' %l’%gfa'%gs; ,S_" ﬂ Lrates

T1, Zr, W and/or P, can also be additionally used. 15 1t was surprisingly

f§iind tatthe method can be carried out at relatively low temperatures of
from 200 to 700C, preferably 200 to 500C, particularly preferably from

250 to 450C, particularly preferably from 300 to 400C. Hitherto, preferred
teraperattresrefaanse than #Q0€] indeedaum i 20 1400C ~were kKnawhgddunds ,

the, siate of the git. Quitg particulagly SHER”%JQQ'Y(:E was.alsg found thaf, = .,
the cgstalllzatlon process of the bismuth-molybdenum mixed oxide can
bg’ ;, Se, Te, Sm, Gd, La, Y, Pd, Pt, Ru, Ag, Au, Si, Al, T1,

Zr, W and/or P, can also be additicnally used.

I't was surprisingly found that the method can be carried ocut
at relatively low temperatures of from 200 to 700°C,
preferakly 200 to 500°C, particularly preferably from 250 to
450°C, particularly preferably from 300 to 400°C. Hitherto,
preferred temperatures of more than 700°C, indeed up to
1400°C, were known in the state of the art. Quite particularly
surprisingly, it was also found that the crystallization
process of the Dbismuth-molybdenum mixed oxide can be
centrolled in a targeted manner by the methed according to the
invention, in particular the size of the crystallites and the
pore—-size distribution of the corresponding bkismuth-molvbdenum
mixed oxides. This can further be advantageocusly influenced by
the residence time in the flame or by the reactor temperature.
The nanccrystalline bismuth-molybdenum mixed oxide particles
that form are prevented from agglomerating by the pulsating
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
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controlled in a targeted manner by the method according to the invention,
in particular the 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 résidence time in the flame or by the
reactor temperature. The nanocrystalline bismuth-molybdenum mixed
oxide particles that form are prevented from agglomerating by the

pRisating B0/ themal tréatieht. Y dicalRf tHE handtry8lie paricle§ Sret 2™

irediately transferred by the stream of hot gas into a colder zone,
wherein some of the bismuth-molybdenum mixed 6 oxide crystallites are
o?%alr(}bd with diam ersh%f I%%su than .20 nm..In ﬂ};ei caa%g)f th

fis-ObiBINSBIE bistnutHmolybeenl MAeA5 oxide crybtalited ™ ™73

leadsio cleaYl§tinérédset BETP isurfdct®afeaster > A1/, parfisgrsysed  BET
pseferably 2@ 50 m2/g anearticularky: prefetably Srtords an24g. ThesBET m2/g

Sé!ﬁé‘%ﬂ@%lﬁ@?ﬁ”}k@%@@zc&?{g'”g 0 PIN:66131 and 66132 (Using the ...,
Brunauer, Emmett and Teller method). 10 In the method according to the
imven(ion SSUepErsichs Can b cditinéd Witlfif'a very short petfod, 1sne  the
typicabywithidarfew rmlliséedrids; atsdgmparatively lower temperatures

than are usual with methods of the state of the art, without additional 15

filtration and/%dgyin%sterps or wjtho tﬁthe.additi(gn of additional solvents.

. the ﬁ$ ﬂ cO digg to.g e inven %?ﬁ' ?HSPFnSlﬁnS can ke
e bismuth-molybdenum mixed oxide "nanocrysfallites that'form have
sigrificanty inéfddsed BEE TsurfiterareBS T This, invpiitierertibsdimert fov
of.the psesenidinvention angatalyisi containingrthe bismuth-malybdenian  are
nﬁéﬁgi with methods of the state of the art, without additional
filtration and/or drying steps or without the addition of
additional solvents. The Dbismuth-molybdenum mixed oxide
nanocrystallites that form have significantly increased BET
surface areas. Thus, in a further embodiment o¢f the present
invention, a catalysf containing the bismuth-melybdenum mixed
oxide according to the dinvention (Mbismuth-wmolybdenum mixed
oxide catalyst”} with increased reactivity, improved rate of
conversion and improved selectivity, in particular with regard
e a conversion of propylene to acroleln and/cor acrylic acid

or isobutylene to methacrolein and/cr methacrylic acid can be

provided.

The nearly identical residence time of every bismuth-
molybdenum mixed oxide particle in the homogeneous
temperature fileld created by the method results in  an
extremely homcegeneous end preoduct with narrow monomodal
particle distribution. A device for carryving cut the method
according to the invention 1in the production of such
monomodal nanoccrystalline metal oxide powders is known Zfor

example from DE 101 09 89%2 Al. Unlike the device described
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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 be 25 provided. The nearly identical residence time

of every bismuth- molybdenum mixed oxide particle in the homogeneous
tdmpéfatare!fisiatereatét By the mettod restie in BE3G EXBRMeljetnod does
homogeneeds«end preduct svithmarnost: menonwmodalo patticle distebution. Ahich

dewvice for, carrying.qui-the.method accarding tohejnyentianin the conpoung,
pr.od%ctlon of such monomodal nanocrystalline metal oxide powders is

kAW for “Example fiomIE 101789 695 Af Akiike the device described 7

there and the method disclosed there, the present method does not,
howevekseguiera upsiteami evaporatign sten in Which thesstarting starting
matenal, L. tie,molybdenur h%%”'”gbacqcr“iﬁoungcsm'so@%%tsed AN \hich the
evaporation temgerature. 5 The mofy enum starting compounci?the . .
bishitith-Starfing “CompPbuRd Rt tPefifthéFseifing Tohfpotitls Frorntion is
winichi the dbisath-nmobdadentim dixedraxide acecordingderthesinventionds  in
praduced. are ingerted dirgetlyvia a carder fluich in 10 patticular a.carrier .

gas, referabl¥ an inert carrier, %as, such as for example nitrogen, etc.,

int So-cHled téactibh" thambers *PE “intothe comBlstionclfamber. “eaction
Attawheeirexhaust -side o thereactivh chaimberds artessonahteaabedvitixhaust

flews grass-sedionawbictbis deardyseduced:conpared vathiiee with a fiow
cross-section which 1s clearly reduced compared with the
‘reaction chamber. The floor of the combustion chamber is
equipped with several valves for the entry of the combustion
air into the combustion chamber. The aerodynamic wvalves are
fluidically and acoustically matched with the combustion
chamber and the resonance tube geometry such that the pressure
waves, created in the combustion chamber, of the homogeneous
“flameless” temperature field spread pulsating predominantly
in the resonance tube. A so-called Helmholtz resonator forms
with pulsating flow with a pulsation freguency of between 3

and 15C Hz, preferably 5 to 110 Hz.

Material 1is typically fed into the reaction chamber either
with an injector or with a sultable two-component nozzle,

three-component nczzle or in a Schenk dispenser.

Preferably, the molybdenum starting compound, the bismuth
starting compound and optionally the further starting
compounds are intreduced into the reaction chamber in
atomized form, with the result that a fine distribution in

the region of the treatment zones 1is guaranteed.
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15 reaction chamber. The floor of the combustion chamber is equipped

with several valves for the entry of the combustion air into the combustion
chamber. The aerodynamic valves are fluidically and acoustically

matched with the combustion chamberdand the resonance tube geometry
such that the pressure 20 waves, created in the combustion chamber, of

the homogeneous "flameless" temperature field spread pulsating
predominantly in the resonance tube. A so-called Helmholtz resonator

férms: rwithipulsatirgflow withea puisation fleguencycafdyetveddn 3e arldi smuth-
11%91'?%(1@@1%@@&@@@0@1%& gﬁé\éat]%.@ilr is:typicallyfed-inta ghec rans Ler red

reactlon chamber either wrth an i éector or with a %urt ble two- ;componen

nd2zfe, hrea cSmpdiiait nozzIe o in a°Schenk GispRsar. 30TPréferably, Yo by

the arslybderidin stadingecompoiifd, thetbisimgh mstartig @emouhwar@n be
oe&ipeaﬂyét}e iur&herietahmm&omﬁouﬂes ase dtrodused inteéhereeeti@”ﬁ the

CH%@PO%I i tomized form, With the 1 %%LkégjaE%‘f'Q? %%‘i{'b%@“ M0€a11 o2

éc};éon of the freatment zones is guaranteed. 8 ‘After the thermal’
?nﬁe?ﬁdﬁfetnéﬁééry%?éﬁiﬁe%l%ﬁﬁhdh’?&ﬁ)@ﬂ@ﬁ@nﬁﬁﬁ%&%&r&@@ﬂﬁtr
form are immediately transferred into a colder zone of the reaction

chamber, if,possible Qy. Bimgans, of the cargerfluid, yiththeresultthat o, cpe
they can be S GParated ahd dlschar&ed in Erbe colder zone. The yield of the
n?eath%%l Secortity 16 HE mvdtion s alhfost"160%: as all of the product

that forms can be discharged from the reactor. 10 Typically, the method is

carreg-eutat a pressure-drdhe : mngesoffrerrrernakpressure e 40Ram111ine
bismuth-molybdenum mixed oxide that can be obtained by the
method according to the inventicn. It was found that the
thus-obtainable nanccrystalline bismuth-molybdenum 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, guite
particularly preferably 15 to 5530 nm, which, as already
stated above, can preferably be set by the pulsation of the
thermal treatment. The particle size can be determined by
methods known to a person skilled in the art, such as XRD or

TEM.

Furthermore, bismuth-molybdenum oxide particles which have a
BET surface area of preferably > 1 m?/qg, particularly
preferably 2 to 50 n’/¢ and gquite particularly preferably 5
to 35 m’/g are obtained by the method according to the

invention.

A preferred bismuth-molybdenum mixed oxide according to the
invention can be described by the general formulia
Mo.Bip, (CoNi) . FesKO,. This formula gives the active catalyst

component without the carrier material. A bismuth-melybdenum
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A subject of the invention is furthermore the nanocrystalline
bismuth-molybdenum mixed oxide that can be obtained by the 15 method
according to the invention. It was found that the thus-obtainable
nanocrystalline bismuth-molybdenum nfixed oxide preferably has a
crystallite size in the range of from 5 nm to 1000 nm, preferably of from

10 nm to 800 nm, quite particularly preferably 15 to 550 nm, which, as

alte 38§ 20 Safed abBvEcanPreferdbiybe Ret By pulsdtion gthetcularly
therafaltreatment. Thetparticlécsize lcan be determined Hy-méthistisium  mixed

kpowito aperson-skilled:inithesant: such as XRRQr TEM. 25 -csent is  for
Furthermore, bismuth-m')(;fl)étédenum oxjdgipgrticles which have a_ BET

SUFACE ared of preferably SoF mefg: particulany préferaply 24650 rizlgY ¢ *°
ahdguite particdlarly preférabfy S -to-35 m2/§ are Bbtdined by the niethded:, 9
acconding 1o the inventien, 3G A preferred bismuthamotylbdenapumixed 2 or
oxide according to.the invention escri the.general.formula . .

(N R P o e St e SoRL LTy ol 1 et
WitHott He carA&FHidteriaf oA bismtith-mERBERATRT® mixéd oxXide withormula

thin fearmMuaMBBI@  Fis peErticiHandyr preferredhi Asfarthed formula for a
bismuth-molybdenum mixed oxide in which still further elements are

present is_for example Mo8Bithé,o i)cFedMneK=PgAlhSi,Sm-,0x ) ‘
wheteil préfe?abRa i€5°6-13 b 12, 87074 1'8-2.37 e O5-0' 3 ft=0n &8
002-02blg 0101-01 Fe276D80V 014G T3 05:0. 15 @ndox =S20F nmpkention

Arpartigularly prefereed, eomposition-witiin thissponent 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 to the invention 1s alsoc suitable for a direct
conversion of propylene or iscbutylene to acrylic acid or
methacrylic acid, wherein the conversion can, advantageously

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

In industry, acrolein serves as starting material for the
vreduction of acrylic acid. Large-scale industrial production
usually takes place in the state of the art by a two-stage
oxidation of propylene with the aid of c¢atalysts. In the
first stage, propylene 1is converted with air to propenal
(acrolein). The oxidation of propenal to acrylic acid takes
place in the second stage. The main use of acrylic acid is
polymerization to  superabsorbent polymers {use e.g. in
napples), acrylate esters (which are in turn used for the
production 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 well as

coatings. for scolid dosage forms and as  ointment bases.
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general formula can be represented by the formula Mo12Bil1.5 (CoNi)
8.0Fei.Mno0.1.K0.06P0.04AI275Sia.66Sm0.1.0. 10 The molybdenum

mixed oxide according to the invention is suitable in preferred

developments of the present invention f8r use as catalytically active
component of a catalyst, for example of a catalyst for the conversion of
propylene to 15 acrolein and/or acrylic acid or isobutylene to methacrolein
ahf/cranethacyliGacd. I paiiculdrs s catdlyst BECHRfing td the Worth  as
invemtioyrisalse suitablesfor eedirett reoriversion of prapylend oreather-proof
isobutylene,to acrylic acid or methacrylic acid, wherein the conversion

can, advantageously 20 compared with the state of the art, take place in

one step, Indndustry; acrolein serves.as stagting material fanthes ninesis of
prodrucjyo,n of acry//llc acid. Lgr,ge-sca,le, mglustrlal production usuaﬁ tgkes le

PRTENthe STAR SFthé Gty a o Stagd I5 oxiddtion 8F prapyl8R& it °+¢+7
thengithoef catalysts vhithe afirsd stager propierie iseenvertedwitheair toed out

propenatntacralein)-nThe oxidation otpropenat taacpdieacid takes.placey to

intglhee se%%nd stage. The main use of acrylic acid is polymerization to

Il L1lO . . .
superalbsorBent polymers (use e.g. in 30 nappies), acrylate esters (which
are in turn used for the production of polymers) and as comonomers in

the production of palymer, dispersigns. ;the water-sglyple polymerisaies ... o
of acrylic acid are used as finishes and thickeners as well as coatihgs for

sGfid dosafe fofimS aft-dLofthe Tagbs 18 Polyatfiic Hoid ethiylester the
hasprovedrits Worh astebpelymerization pastmerdaorthe prodeastiomefpported

weathersproof

The bismuth-molyvbdenum mixed oxide can be processed together
with =a suitable binder to an extrudate (tablets, shaped
bodies, honeycomb bodies and the like). Any binder that is
familiar to a person skilled in the art and appears suitable,
in particular silicate materials, aluminium oxide, =zirconium
compounds, titanium oxide, as well as their mixtures, and
materials such as e.g. cement, clay, silica/slumina, can be
used as Dbinders. Preferred binders are, amocng  others,
pseudoboehmite as well as siliceous binders such as colloidal

silicon oxide or silica sol.

The  bismuth-molvbdenum mixed oxide can furthermore be
processed together with other componénts, preferably with a
binder, particularly preferably with an organic binder, for
example organic glues, polymers, resins or waxes, to a
washcoat which c¢an be applied to a metallic or ceramic
support. Optionally, additional impregnating steps or

calcining steps can take place.
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elastomers. It was surprisingly found that a single-stage synthesis of 5
acrolein and/or acrylic acid from propylene or methacrolein and/or
methacrylic acid from isobutylene can be carried out with the
bismuth-molybdenum mixed oxide cataklst according to the invention. 10
A subject of the invention is thus also a catalyst which contains the
bismuth-maolybdenum mixed oxide according to the invention. The

catdlyStédit be a'SlippBrEddrad unsbippored cataly st 15 fhetccording to
bismuthrrrolybdenum misxeteoxide tandsd pracessed togetivert with @referred

syilgblerbinder e angxtrudate (tablets,shaped bodigsihaneyembres  are
bodies, and the "ke%éé*“é’r%'é‘?e%ﬁ;hea%e'% alm"'aratos%Peﬁ‘i{%ék@‘igi‘ﬁ%d bed
art an& appearg stii a fe; “in particular si icaté maténals, aluminium oxide,
zifEBhitA 2SR ot dss ttartitint dkide, A weleas it Rfixtures, and
materials such as e.g. cement, clay, silica/alumina, can be used as

binders Prefested binders are, among athers,, Regudoboghmite aswell as.; o

siliceous binders such as colloidal silicon oxide or silica sol. 25 The

bismtHRROITBGe rimPrned oXidd ¢4l furtfieiore be* Prédessigutyiene to
together witte otherasohiponentst ipreferably withial bindes peirticularlycatalyst

preferably-withan eeganichinder, fok example geganic gldes :polysers,
resins or waxes, to a 30 washcoat which can be applied to a metallic or

ceramic support. Optionally, additional impregnating steps or calcining
SﬂﬁﬁSéﬁﬁ%@@EEﬁﬁ%ﬁ@ﬂply takes place in one stage. The method is

carried out by passing a mixture of propylene or iscbutylene,
oxygen and nitrogen at 300 to 600°C over a bed of the
catalyst. The bed can be a packed ked or a fluid bed.

The invention is described in more detaill with reference to
the following embodiment examples and figures, which are not
to be regarded as limitative. The device used corresponds
largely tc 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.

Figure 1 shows the particle-size distribution of the

suspension from Example 2.

Figure 2 shows the XRD spectrum of the bismuth-molvbdenun
mixed oxide according to the invention which was obtained at

450°C.

Figure 3 shows the 9particle-size distribution of the

suspension from Example 3.



Preferably, the bismuth-molybdenum mixed oxide according to the
invention is present as coating on a support. A preferred support material
is steatite, steatite spheres are particularly preferred. Preferably, a
so-called fluidized bed 5 coating devicels used to carry out the coating. A
subject of the invention is also a method for the conversion of propylene
to acrolein and/or acrylic acid or isobutylene to methacralein and/or
metRReRIic actd Whersiita ﬁglysﬁpig A&8ordidg th'the MvEREDR, Gl yPdenun
dessrbed abdve sisapsed.Thecmethisd preferabilytakes. placedn opetained at
stage T he method is carried out by passing a mixture of propylene or
isobutylene, oxygen and nitrogen at 300 to 600C over a bed of the 15
catalyst. The bed can be a packed bed or a fluid bed. The invention is
deseHBed inmord astail Wilt? reféreheetos i f6llowirg erbedintent ©f  the
examples and figures; wihicheare.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 carr out the
methot® accordifif the fiventish hattné preffinaty & %/5 Pt stagé.  the
25 Bigere loshdwsithé:particke-8ize distribution of the suspension from
Example 2. Figure 2 shows the XRD spectrum of the

muth- ma beqfnum |xe |de acc rdlng to.th inve tlon h|c
0 %gne%l at %‘6& |gure hoﬁs fhg%nértlcffe SQICZE dlstr%u%n o %%denum
slispeAsm-RENEEXARPIeS. 12 THiguré 2esHdws the )RDSpedtréilofthe
bismuth-molybdenum
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mixed oxide according to the invention which was obtained at 500C. 5
Figure 5 shows the particle-size distribution of the suspension from
Example 4. Figure 6 shows the particle-size distribution of the suspension
from Example 5. 10 Figure 7 shows thelXRD spectrum of the
bismuth-molybdenum mixed oxide according to the invention obtained at
600C. 13 Embodiment examples: General: 5 The essential advantages
oF RS BiaFR atd  MRASAE aid of the pulsation reactor are the reduction of
the overall preparation time, the small outlay (only the reactor is needed)
apgd,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 pulsation reactor. Example
1TcemparisoniexXamplesaceording to DEe1(:2006 OS540 AlLES Ahe aid of

selion ) was produced by dissolving nitrates of jron,; gobaltenickgl, (i ora1y
manganese g)otassmm in the pro ortions b}:/ mass

BSHY 55908 0:0646:0-2567 T35 litf ofWatef "héatifigto 4G@ 0T 18
acesAfsanicd By Sivridg ahd-addingre nitrié s20acidrsclutionrsf Otk eastment of
Sta3’ gndaduset HNO34Eer -s0lbtion M, selition:af2 11869 AMBMONE and
thg%m%bed%th@t%‘Zl]iz\{\_{agﬁ? r YJ\@ S gl%pafr';ggeaili%qc’c%é goe varied in one

step by the pulsation reactor.

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

A solution I was produced by dissclving nitrates of iron,
cobalt, nickel, manganese, potassium in the proportions by
mass 23.2:47.26:29.28:0.0646:0.2067 4in 3.5 litres of water,
heating to 40°C accompanied by stirring and adding a nitric

acid solution of 0.1 mol Sm™ and 2 mol HNO-.

For a solution II, a solution of 2118.6 g ammonium
heptamolykbdate in 2.7 1 water was prepared at 40°C, 4.4 g
phosphoric acid as well as 0.428 g Aerosil 200 (Degussa) and

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

Solution II was added slcowly and accompanied by intensive
stirring to solution I. In a separate vessel, a solution III,
consisting of 790 g bismuth nitrate and 0.72 mol HNG., was
prepared. The coprecipitate for the production of the active
catalyst phase was obtained by adding this soluticn to the

cther active components.
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phosphoric acid as well as 0.428 g Aerosil 200 (Degussa) and 25 14 g
aluminium oxide in 1 1 water were added to it. Solution Il was added

slowly and accompanied by intensive stirring to solution I. In a separate
vessel, a solution Ill, consisting of 790 & bismuth nitrate and 0.72 mol

HNOS3, was 30 prepared. The coprecipitate for the production of the active
catalyst phase was obtained by adding this solution to the other active
CcONTORBRATS TA RS Ropietipitatd Wis stitred Mtfisiely¥or 12 hBGr s - ™he
Thiet obtaimed suspension was difed:ih d spraydryer withva rotafyidigk atotary
acg%%e@t;ryéew@?@%%@ﬁfeé%oc -rE'ﬂﬁzﬁBJba(E‘ﬁit}%@baE.W@§e§eﬁa§éh§him§t 8R air
exit temperature o +/- 10C was 5 obtained. The gbtai erage.
Ao Aanmtey of e ik prothbed RaaE, Whb SE pr Shie powes® =2
was-fréRfst 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

ayfLads, Pg{trll%lg d% ?gegreOf ﬂ'a'%rpi J ﬂ? rgli(gzqe% g € Was sh éay"ggu%s—_p roduced

agueous suspension through'a two-component nozzle onto a ceramic

SPRETiCAl ¥atalyst StipportandUiELF At BOE inthe™ &t fid *THEEE Wire®™ oven
circulatedénpedraumte hoMmogéhize tfie15pekletsr Thewbtained produtt oxide

was-heated;ta SA0G, fer 1 hourto solidifythe applied aetiye material. Thearage
thus-ﬁ%%léce .c%'l[g s} had th comp%@on §Mo 2Eii.§ Co+Ni spraved as
StOF el 8Mno. 1KB.66P0.04A12755i6.665mo. 1 f)e 20 Test of the cat%lfyéf:

THECal StOFELARDIE 1 WS Coftedavitli 4OmPaURS EBRfpogedzle ~onto  a

ceramic spherical catalyst support and dried at 60°C in the
air flow. These were circulated in a drum to homogenize the
pellets. The obtained product was heated to 540°C for 1 hour

to solldify the applied active material.

The thus-produced catalyst had the coemposition

(Mo:;Bi; 5 (CO+Ni) s oFeq sMne. 1Ko 06P0. 0481295510, 665mg.1) Oy
Test of the catalyst:

The catalyst of Example 1 was coated with a mixture composed
of 7.5 vol.-% propylene (chemical grade), 58 vol.-% air, and
inert gas (total 100 wvol.-%). The total gas flow was
34.9 1/min. The temperature of the heat carrier was 365°C.
The rate of conversion o¢f the propylene was 89.5 mol-%, the
product selectivity for acreolein and acrylic acid was 95.3%

(see also HExample 7, Table 1}).
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of 7.5 vol.-% propylene (chemical grade), 58 vol.-% air, and 25 inert gas
(total 100 vol.-%). The total gas flow was 36.9 1/min. The temperature of
the heat carrier was 365C. The rate of conversion of the propylene was
89.5 mol-%, the product selectivity for &crolein and acrylic acid was
95.3% (see also Example 7, Table 1). 30 15 Example 2 (according to the
invention) 60 1 demineralized water was weighed into a 100-1 vessel.

THEHRRE N EatRFPSIERT eProBfing @ibstafdes were added 5 to the

demineralized water in succession: Quantity Colour of solution Substance

[gdpfter addition. Nickehnitrate.solution (WL 12%),6599.25 greendron ,egse1 .
nitrate x 9H20 1664.68 green, Zinc nitrate x 6H20 1202.67 green

Amrronilith HEptamolyb %a?e X AH20'4348 45 Gresh- féi?o%a?ﬁss were added
stispéhsictewassieatedad FECaccompanietky stirring. The suspension

was cooled to 64C and then 3290 g LudoxOO AS40 10 was added. The

sismuth-pitrate-solution{2-5-1-10%-nitric—apid -+ 991-04-g 'E“l"fh “'*mfﬂ X%
L solution
bk120)wasdhen added at a temperature of 85& 1heysuspen5|on nOW h dl

a temperature of 58C and was stirred for 10lMinutes. 15 TRE particldcsizéon

3!&@@@@08@35@@'3%5{51@@1 was :del[@'im eg5the FESUMS|iesibe Seen

i Elnllro s cnansionwas iniactad-idto-the nIIICQf reactor-at-a
TeUAGLIUT  UALT U

:[.,I (lﬁlu - I Il\.' U, T \JI\.III VVCAI 1T IJU\:L\.’\J LILJ YGG \JMLIUI e
dlspensmq rate of<28’ g/h. The temperaturé ' was 4 C.The"

Zinc nitrate x 6H0 1202.67 grean
Ammonium heptamolybdate x 4H;0 4344 .48 green-yellow

The suspension was heated to 75°C accompanied by stirring.
The suspension was cocled te 64°C and then 3290 g Ludox® AS40
was added. The bismuth nitrate solution (2.5 1 10% nitric
acid + 991.04 g bismuth nitrate = 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.

The particle-size distribution of the suspension was

cdetermined: the results are to be seen in Figure 1.

The suspension was injected into the pulsation reactor at a
dispensing rate of 20 kg/h. The temperature was 450°C. The
XRD spectrum of the obtained samples shows the following

result:

The material produced at 450°C in the pulsation reactor as
catalyst has a BET surface area of 23 m?/g and 1is
characterized by the powder diffractogram (XRD} shown in

Figure 2.



20 XRD spectrum of the obtained samples shows the following result:

The material produced at 450C in the pulsation reactor as catalyst has a

BET surface area of 23 m2/g and is 25 characterized by the powder
diffractogram (XRD) shown in Figure 2!66 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.
51061 thE CHRMY st déstribéd befow AT 25 RgGTthethatefial fdrhizéd the
at450&rirthe palsatiorreactdrywastproducesk: sExampie 3acceording o smuth
the invention) 3, 601 demineralized,watenwas syeighedinte a 100-1

vessel. This was heated to 50C. The following compounds were added

to the demineralized water in succession: Substance Quantity Colour of
sBRitiopRegFaréei additont Niekelagitrate sefution (Ni: 1296599 PBgrediprial
Iretcniirada x:9H20:T664.68tgreen: Ziae nittatesx 6H20 120266 green .
Ammonium heptamolybdate x 4344.48 green-yellow 4H20 15 The

suspension was heated to 75C accompanied by stirring. The suspension
WEHEEBIR o (GFCHH-RerF 828Ry 1Tk EA 340 was added. The

bismuth nitrate solution (2.5 1 10% nitric acid + 991.04 g bismuth nitrate x

SE@q)Wa%%y}leenrg‘ggggc?‘t%ater was weighed intc a 100-1 wvessel.

10
This was heated to 50°C. The following compounds were added
te the demineralized water in succession:
Quantity Colour of sclution
Substance
(gl after addition
Nickel nitrate scluticon (Ni:
6599.25 green
12%)
Iron nitrate x 9H,O 1664.68 green
Zinc nitrate x 6H,0 1202.67 green
Ammonium heptamolybdate x
4344.,48 green-yellow
44,0
15 The suspension was heated to 75°C accompanied by stirring.

20

25

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 + ©981.04 g bismuth nitrate x 5LH;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 suspensiocn  was

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




temperature of 62C. The suspension now had a temperature of 20 58C

and was stirred for 10 minutes. The particle-size distribution of the

suspension was determined. The results are to be found in Figure 3. 25

17 The suspension was injected into th€ pulsation reactor at a

dispensing rate of 20 kg/h. The obtained material was atomized at 500C in

the pulsation 5 reactor. The XRD diffractogram of the obtained samples
s%gvs Stfoliotiflg Fésult The hateridl produtedat SB0C I tHe2 ctos &t 2
pdisatiorsreactorhase BETisUiface 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-malybdate phases ,
R e D e bAdE oo LA S o The YR dapan =2
Beratiserof 15:the’Bideticht 156 Fraihfaction Bithekkamiifed tatalyses shows
censists Df traimmaohgledate:in all cases. For the coating tests described

below, 1.45 kg of the powder atomized at 500C in the pulsation reactor

was produced. 20 Example 4 (according to the invention) 60 1

deMinBraized waltiWHs Skighed o 1001 8881 *FHis WS Aehtdd t5s @
5BE Thefdhowing sabstarices weré added 25 te theldemineralized water the

10 Inysuecession: Skibstanee QuantityColpur of solution [g] after addition
Nickel nitrate solution (Ni:
The decomposition of the nitrate precursors as well as the
formation of metal-molybdate phases such as e.g. Dbismuth
molybdate can be seen from the XRD diffractogram. Because of
i5 the Bi deficit, the main fraction of the examined catalysts
consists of iron molvbdate 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 to the invention)
60 1 demineralized water was weighed into a 100-1 wvessel.
This was heated to 50°C. The following substances were added
25 t¢ the demineralized water 1n succession:
Quantity Colour of solution
Substance L
lg] after addition
Nickel nitrate solution (Ni:
£6589.25 green
12%)
Ircn nitrate x 9H0 1664.68 green
Zinc nitrate x 6H,C _ 1202.67 green
Ammonium heptamolybdate x
LH.0 4344.48 green-yellow
2
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6599.25 green 12a) Iron nitrate x 9H20 1664.68 green Zinc nitrate x

6H20 1202.67 green Ammonium heptamolybdate x 4344.48

green-yellow 4H20 18 The suspension was heated to 75C accompanied

by stirring. The suspension was cooledio 64C and then 3290 g Ludox(r)
AS40 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 suspension now had a temperature of 58C and was stirred for
10mminatese e partivtessizes distdbution 6F tiie suspensionsvasb$0 stirring.
d@;?@wgqegéﬁﬁel&ﬁ%sar@o@l@%fw%db Figurg Sedde Wf : rﬁ@_}gﬁ@@ AS40
injected jnto t ulsation reactor at ispensing rat . The , .
e ater i e FOThren S LCOC T 18 Plestion foatiar T e =c1d
matefidgl pfdddced at60BC iR thé ptisation t8aetor Had a BET swfacsl at 2
ateaod 180m24g and ¢e tharacterizetsby tbe odiffraciogram sepresentettinne of

Figure .20 The deg¢amposition of the aitrate precursors and the

formation of a BiMoO4 phase can be seen from the XRD diffractogram.
For the coating tests described below, 1.45 kg of the powder atomized at
600€ in the pulsation reactod was produced. 19 fExamgle S{asperdingrno was

the invention). the results are to be found in Figure 5.

The suspension was injected into the pulsation reactor at a
dispensing rate of 20 kg/h. The obtained material was

atomized at 600°C in the pulsation reactor.

The material produced at £00°C in the pulsation reactor had a
BET surface area of 18 m?/g and is characterized by the

diffractogram represented in Figure 7.

The decomposition cof the nitrate precursocrs 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.



I" solution: 40 1 demineralized water was weighed into a 100-1 vessel.
This was heated to 55C. The following 5 substances were added to the
demineralized water in succession. Colour of Quantity Temperature
solution Substance pH value [g] [C] afté? addition Iron nitrate x 9H,0
587.12 55 2.73 orange Nickel nitrate solution (Ni: 12%) 7108.15 50 1.92
green Cobalt nitrate x 563.93 50 1.84 green 6H20 Potassium nitrate
OB ARFF5838/04g 28+ 1.92 dark green
The LUDOX(c) AS40 was not added until the next day. For this 10 reason,

1573809

the solutipn-wag coolgd:to 3QG; 24d-salution: 20-1 demiperalized
introduced into a. 100-1 sheet metal dru(rgnggnd then heated to 5

PtV alue: " B500) The faNdwing SubStSACES wer€ addédto thé “fs  following

3D-ACETSHRR

%@tgr Wa%o a

5 derdirerdlizedl waterin sucééssiontColotibef SdbstarceaQueadity water in

TemperaturenpH value solution [g] [C] after addition Ammonium

colourless/ 5131.56 50 5.46

Colour of

Quantity |Temperature solution
Substance . pH wvalue

fgl [°cl after

addition

Iron nitrate x 9H,0 587.12 55 2.73 orange
Nickel nitrate

7108.15 50 1.92 green
solution (Ni: 12%)
Cobalt nitrate x

563.93 50 1.84 green
6H-0
Potassium nitrate 12.24 50 / 30++* 1.84 green
LUDOX AS40 3638.04g |28** 1.92 dark green

The LUDOX® AS40 was not added until the next day. For this

10 reason,

27 solution:

the solution was cooled to 30°C.

20 1 demineralized water was introduced into a

100~1 sheet metal drum and then heated te 57°C {(pH-value:
5.00). following substances were added to the
15 demineralized water in succession:
Colour of
Quantity |Temperature solution
Substance . pH value
[¢] ["C] after
addition
Ammonium colourless/
5131.56 50 5.46
heptamolybdate x 4H:0 greenish
Phosphoric acld 280.08 50 5.42 light green




heptamolybdate x 4H20 greenish Phosphoric acid 280.09 50 5.42 light
green 20 3r solution: 2115.4 g demineralized water (20C) was weighed
into a 10-1 vessel. Colour of Quantity Temperature solution Substance
pH value [g] [C] after addition Nitric acil (65%) 384.6 28 --- colourless
Bismuth nitrate x 1174.90g 25 --- colourless 5H20 5 The 15" solution was
combined with the 2na solution accompanied by intensive mixing
(temperature: 34C; pH value: 4.76). Thereafter, there was a light green
sBSpersiotithe Srbldoldtion Hras frsmadaed (Entpératfe: BUCypH vweighed
values X0 202). ddhessuspension (ochre/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 ta he found in Figure 6

15 The suspension was injected into the pulsation reactor at a d Qélr‘r%iﬁg‘)f

rate of 20 kg/h. The suspesian was injeatedmwith the above¥narr edlution
SuBardtheters 20 at 600C. I"[%Lormation{ ef-a BiMoO4 phas&isClear from
the XRD that is not shown. The XRD{spectrum is esgentially .
addition
Nitric acid (65%) 384.¢ 28 -—— colourless
Bismuth nitrate x
1174.90g 125 -——= colourless
5H2Z0
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 suspensicn. The
3% solution was then added (temperature: 34°C; pH value:
10 2.02). fThe suspension {ochre/yellow} was stirred for ons

hour. A slight gas formation was then observed.

The particle-size distribution of the suspension  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 &00°C. The formation of & BiMoO., phase is clear from the
¥RD that is not shown. The XRD spectrum 1s essentially
identical tc the XRD spectrum £for Example 4 shown Iin Figure
7.

25  2.06 kg of the powder atomized at 600°C in the pulsation
reactor and 1.07 kg of the powder atomized at 400°C in the

pulsation reactor were avallable for coating tests.
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identical to the XRD spectrum for Example 4 shown in Figure 7.25 2.06
kg of the powder atomized at 600C in the pulsation reactor and 1.07 kg of
the powder atomized at 400C in the pulsation reactor were available for
coating tests. 21 Example 6 (productiof!of the coated catalysts) A
fluidized bed coating device was used to carry out the 5 coating. The
steatite spheres were coated with the various bismuth- molybdenum
mixed oxide active materials from Examples 1 to 4 under the following
c8rditivhs: 40(222ug bf dhe qfiatdrenl evas erdighdd Iometa measuring
cylinder, made into a slurry with 500 ml distilled H20. The resulting
suspensijon was stirred intensively. 8.89 g binder was then added and the
rhixtdre &hirtE8Yor Thour S 8°15 Maghetic Srer ThE coating gt the °2°  ©he
preduéed 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 20.200.9 sleatlte spheres), . Thg catalyst was then drled 1, alty..ep.-

at 110¢. xample 7 determlnatlon_o the catalytic performance data o

i EAPAIGRIEY 2B P CAtAlyEt, UNGISE WitR 350 § StedttesphetBE (&85 rhn© ¢

inurdiametes) thcaveidinetspots]iwaspoured into a 120-cm long reaction

tube with an internal diameter of 24.8 mm to a
22.22 g of the material was weighed into a measuring
cylinder, made into a slurry with 500 ml distillied H;0. The
resulting suspension was stirred intensively. 8.89 g binder
was then added and the mixture stirred for 1 hour on a

magnetic 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 ¢ powder per
200 g steatite spheres). The catalyst was then dried in air
at 110°C.

Example 7 (determination of the catalytic performance data of

the catalysts)

21 g catalyst, diluted with 350 g steatite spheres (4.5 mm in
diameter) to avoid hotspots, was poured into a 120-cm long
reaction tube with an internal diameter of 24.8 mm to a
length of 105 ¢m. The reaction tube was in a liguid salit bath
which can be heated to temperatures of up toe 500°C. In the
catalyst bed thers was a 3 mm protective tube with an
integrated thermocouple via which the catalyst temperature
over the complete catalyst combination can be displaved. To

determine the catalytic performance data, 7.5 vol.-%



length of 105 cm. The reaction tube was in a liquid salt bath 30 which can

be heated to temperatures of up to 500C. In the catalyst bed there was a

3 mm protective tube with an integrated thermocouple via which the

catalyst temperature over the complete’¢atalyst combination can be
displayed. To determine the catalytic performance data, 7.5 vol.-s 22
propylene, 58 vol.-% air and nitrogen (total 100 voI.-%LV\gere assed over

the CR¥AIGECat 4500 R4t oSt THe propyRése comv ?éioﬂ.Grgté’ Ghdthe vere
acrclefitiselgetivityhwereagetlatsdn svetagé datalystaemperaturélof 365G,y lene

apdithecanstituents 5.0fihe reactiongas were apalysed afterdeavingthe ¢ ap
reaction tube. Ttle g%sujfts of the tests wi;h tggsm(atterials btgined in
ording

o .

E?%?ﬁ:ﬁ%% 1% 4 adtata ?ﬁp@%&ﬁggd &cc 0 E%(%?ine %) refistédents
irPfabies1. "FR Fabler 1.9PErformance days of cathhsts Aeedidiag tdthereaction
invertionrard of aicanparisamcatadysisExarmplect Example: 2 Exampleided in

I (comparisqn ( rding t ' ccording.to. ex I
bt 1 the the indantot) miiton) Propsloss 808 o1'og ey e
cBhbersiBhTate "AdrditdiR 95.3 96.5 96.5 96 selectivity Yield 85.2 87.81
90.3 90.3 As can be seen from Table 1, the advantages of the catalysts
ajcg:cording to the invention are a higher yield and acrolein

a

10 ble "1: Performance data of catalysts according to the
invention and of a comparison catalyst
Example 1 Example 2 Example 3 Example 4
{comparison {according to {according {according to
example) the invention) | to the the
invention} invention)
Propylene 89.5 81 93.5 94
conversion
rate
Acrolein 95.3 96.5 96.5 96
selectivity
Yield 85.2 87.81 0.3 90.3

15

As can be seen from Table 1, the advantages of the catalysts
according to the invenitlion are a higher vield and acrolein
selectivity than with a «catalyst in which the bismuth-
molybdenum mixture active material was produced according to a
method of the state of the art (comparison example, Example
1y.
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15 selectivity than with a catalyst in which the bismuth- molybdenum
mixture active material was produced according to a method of the state
of the art (comparison example, Example 1) .23 Claims 1. Method for
the production of a nanocrystalline bisn#dth- 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 chamisr by means of a carrier fluid,
10 b) a thermal treatment of the solution, suspension or slurry which

centains.the,molyhdenun stgrting -carpound and the bismuth S1aling ; smuth-
compourgglinba treatment zone bg means orf.aS QHIsatt'n% fsl%vev ata .

temperatur of’l from 20 to%(%é, 15 c3 the formation of a na%ocrystalline
bismuth- molybdenum mixed oxide, d) the discharge of the nanocrystalline
bismuth- melybdenummixesi.exitlerobtainedsin stepsit)and ckrfsertiieon  or

reactor. 20 2. M?M?‘chéqipgi@iﬁlﬁlmél’_ Bgﬁfﬁﬂﬁﬁd é@zy}@uﬂf compound

molybdenum starting"compound is ammaonium heptamolybdate

tetrahydrate. 285! MetHod 3EEG dimtio-ciafm T6H2 Chtractehized inthartion
the bismuth startipglcompsunedss bisrhuth gitratesr fluid,

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

¢} the formation of a nanocrystalline bismuth-
molybdenum mixed oxide,

d) the discharge of the nanocrystalline Dbismuth-
molybdenum mixed oxide obtained in steps b) and <)

from the reactor.

2. Method according to claim 1, characterized in that the
molybdenum starting compound i1s ammonium heptamolybdate

tetrahvydrate.

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

the bismuth starting compound is kismuth nitrate.

4, Method according to one of claims 1 to 3, characterized
in that further metal-containing starting compounds,
selected from nickel, 1ron, «cobalt, manganese and/or
zinc starting compounds, are used in the solution,

suspension or slurry.
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4..Method according to one of claims 1 to 3, characterized in that further
metal-containing starting compounds, 30 selected from nickel, iron,
cobalt, manganese and/or zinc starting compounds, are used in the
solution, suspension or slurry. 24 5. Méthod according to claim 4,
characterized in that the further metal-containing starting compounds are

selected from nickel, iron and/or zinc starting compounds. 5 6. Method
accordingto'6He dFEREAS"E to™8, chettaltefizedF ARG e Eafiet FluidPRE the
a gas. 7 fNaroerystaltineismuth=roly belenum mixedoxide dzatcan delected

obtained-aggording 4o a meshod aceording to ane of ; 10 claims 1.196. 8.

Nanocrystalline bismuth-molybdenum mixed oxide according to claim 7,
characterized in that its crystallite size lies in the range of from 10 nm to
1600 nniels: od Namerrystaflinebismatriohisdarsum miged oxideracterized

according, texclaim =0r-8 reharacterized in thatit has a BET surface area

of from 1 to 50 m2/g. 20 10. Use of a nanocrystalline

bismuth-molybdenum mixed oxide according to one of claims 7 to 9 as
cdtalyst 167 ¢henticat EoRberSioTes 11 1fse Seearting o Crhint 1t fr figt can
conversion afn25 prepylenedodicroleand/orecrylic acidcordsobutytenens of
to methagcrolein and/gr methacrylic acid. 12. Use according to claim 11,
characterized in that the conversion of propylene to acrolein and/or

acrylic acid
8. Nanccrystalline bismuth-molybdenum mixed oxide according

to claim 7, characterized in that its crystallite size

lies in the range of from 10 nm to 100C nm.

g, Nanocrystalline bismuth~molybdenum mixed oxide according
te claim 7 or 8, characterized in that it has a BET

surface area of from 1 to 50 m°/g.

10. Use of a nancocrystalline bismuth-molybdenum mixed oxide
according to one of claims 7 to 8 as catalyst for

chemical conversions.

11. Use according to claim 10 for the conversion of
propylene to acrolein and/or acrylic acid or iscbutylene

to methacrolein and/or methacrylic acid.

12. Use according to c¢laim 11, characterized in that the
conversion of propylene to acrolein and/or acrylic acid
or iscbutylene to methacrolein and/or methacrylic acid

takes place in one stage.
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30 or isobutylene to methacrolein and/or methacrylic acid takes place in

one stage. 25 13. Catalyst, containing the nanocrystalline bismuth
molybdenum mixed oxide according to one of claims 7 to 9. 14. Catalyst
according to claim 13, characterized in #iat the 5 molybdenum mixed

oxide is present as coating on a support. 15. Catalyst according to claim

13 or 14, characterized in that it comprises a binder. 10 16. Method for,
tH"e3Con\;eargﬂ)]rVSFpropﬁS%‘?é%c?gleint%d/or%%?ﬁ?crgéitba&rléfle bismuth-
isobutylewe Yomethacrokesint and/de methactylic atid, charaétetizedtin thato ©.

" a catalyst according to one of claims 13 to 15 is used. 15 17. Method

according to claim 16, characterized nthatt%e ethod takes place in one
e, 16 RPN AC > LTS or 1h, Raraderaen Inak 2050 the
mixture B pr&fRRE oFisEBityléré I6xydeén ahde hitfdgert s passédifercn 2

a bed ofsheceatalyst at 300 to 600C.

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

that it comprises a binder.

16. Method for the conversion of propylene %o acrolein
and/or acrylic acid or of iscbutvlene to methacrolein
and/cr methacrylic acid, characterized in that a

catalyst according to one of claims 13 to 15 is used.

17. Method according to claim 16, characterized in that the

method takes place in one stage.

18, Method according to claim 15 or 16, characterized in that
a mixture of propylene or isobutylene, oxygen and
nitrogen is passed over a bed of the catalyst at 300 to
600°C.



