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AVMONI A OXI DATI ON CATALYST COVPRI SI NG ALUM NI UM OXI DE, BI SMJUTH OXI DE AND
MANGANESE OXI DE The present invention describes catalysts to be used for
nitrous oXPE®2¥PBducti on by ammoni a oxidation with nol ecul UG8 n
chem cal industry. 5 Along with a high activity, understood as
conversion at a definite residence tine, catalysts for amonia oxidation to
produce nitrous oxide should also neet the foll owi ng demands: * they shoul d
pr ovi [ ni [
Fover aznh SREAHIRF kM EOMBERG b Biou e AR GOl SERREMOANE | o,
|0 * they should performwell under conditions, when reaction

m xture contai ns oxygen in stoichionetry anount or bel ow the stoichionetry
amount. As a-tule, the known catalysts . do .not mply wth all . abov

dermnds.  Thadbapise Hrenan deERbR R PoeE B d PR tont e tagy By

Bi [ err] &héiohla 3t %iled10aRr 8xygRW iR ehdnyicdlndiryd tenperature of

200[ err] C, when the selectivity towards nitrous oxide is 15 maxi mum and
equalss 88. 5%Adengawith al kigh activityi endeostemhasrcaniersionfat 4 Gefthiteaksibérica tibee oxygen
excess, a conpl ete anmmoni a.conversi on.occurs, a resi denc [ ,0of 5 s.
Vbanan] PR S TR raEO Mg A G RTE GG PiffcrsNede Srog)doaiso fmech e Fellcpas s

t enper afihsndsncreases to 300[err]C, the yields of nitrous oxide and NO+NO2
are 79 and 3.1% respectively. As anmmonia concentration decreases to 3.02
vol . % the selieytshoildyprovided Hiphrselettvisy oxiath niwbdsoxide H3%loRGelettidtyef or e,
beside a low activity in ammoni a oxi dation by the oxygen excess, the

catal yst showdovards gitrogen exde i thy whelglempenstire rgen obanmenia oidativgr cat al yst
for amonia gyl ' ' f X f 1ron, .bi th. ganese
i et ol | oniey R seRAEh el iyt b el rotcB Bl Kb BB
-maxi mum yi el dipétoith @rdudeor Belbw ehesAbiGhiealel Walouhs 82% and it is

attai ned under the 25 ol l owi ng conditions: tenperature - 350[err]C, inlet

concent r at i ofi§ 2 ralenihgikaown catalysis dmnoprgmply witlod! ghpverdepandsver . at thi s

t t l.ectivit it i de,j . 6% A Cth
selbot ity Th BT nEatebe SRARLE SarBvi R PEGuisiRen Bl  radoshoBibd "
respect i kb Yotivitfe ACh @insperdthiR FF200Y0, Shhed USseMRtivitR Bfwardd ni%ﬁ@&dg% i concern,

because it has a |ow selectivity towards nitrous oxide at a hig
sel et | maxiynunaead ¢quals B8 6%eat apjinlgbammonia concentration of 10.8 vol.% in the oxygen

excess, a complete ammonia conversion occurs at a residence time of 5 s. Meanwhile the
selectivity towards NO and NO, is 0.9%. As the process temperature increases to 300°C, the
yields of nitrous oxide and NO+NO, are 79 and 3.1% respectively. As ammonia
concentration decreases to 3.02 vol.%, the selectivity towards nitrous oxide falls to 65%.

20 Therefore, beside a low activity in ammonia oxidation by the oxygen excess, the catalyst
shows a high selectivity towards nitrogen oxides.

Another catalyst for ammonia oxidation consists of the oxides of iron, bismuth and

manganese in the following ratio: 79.45% Fe,0;, 11.53% Bi,04, 7.21% MnO, [2]. The g
maximum yield of nitrous oxide in the said catalyst is 82%, and it is attained under the

25 followihg conditions: temperature - 350°C; inlet concentrations: ammonia - 10 vol.%, oxygen
- 90 vol%. However, at this temperature the selectivity towards nitrogen oxide is 6%. At
300°C the selectivity towards nitrous oxide and nitrogen oxide is 79% and 1.5% respectively.
Therefore, the catalyst does not meet all demands in concern, because it has alow selectivity

towards nitrous-oxide at a high selectivity towards nitrogen oxide.
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-2 - Catalyst with a conposition of 5% M2, 5% Bi 203, 90% Fe203 [3] is
nost close in performance and properties to the catalyst clained in the
present iWOOBRIIB. 1t shows the fol lowing results. The maBGHERH*¥*®us
oxide yield is 87% when reaction m xture containing 10% of amonia in air
(thus in oxygen excess, concentration 18.9 vol.%. If 5 reaction m xture
contains 1 amonia part, 5 air parts, &nd 5 nitrogen parts, and so it is
close to stoichionetry (9.1 vol.% amoni a and 9.55 vol . % oxygen), then the
yield of nitrous oxide is 81% At 275-300[err]C the residence tine for

conpl et e congefaiisoWiths dnfposition BEFR MHO,, I BiLA! 909 Fe, D3] & heWcRBE invi ty
and not hi gh enough selectivity towards nitrous oxi de under conditions,

when r epefarpnanes and prepertiet ieithe caalys slaamed i B prpsentiinveationdt shavsgbe to 10
stoi chi try. T esent invention.ai atoprovi ding catal ysts that are
hi ghly gﬂﬁ“ﬂ’%g {?ﬁ@gﬁ' %Bmﬁ"{q“&mg}‘r%é’ﬁ“ﬁég%ﬂ ilso%ﬂ/ﬁ’i ‘%ﬂ_fet?rrgg‘if’(?ﬁt“%f?‘ ©oxygen in
amount ¢l ASRing" 1%!&%mé§ﬁoalip(ﬁmq§w 2eARKcess KONt Aratol | 9 v'éﬁ%%g' vity

towards nitrous oxide, and a | ow selectivity towards nitrogen oxide. 15
For tshereactigsixtireeontanisieanmearia lpyst Saif parts, bed finttroges parks, ded o mihkddseon by
anmoni a oxi dation have the foll ow ng conmposition (mass.%: 5. 0-35.0 -
manganessteichigmetry £9-4 viobe argmepiepnd 1.5 veh 7poxy genks SR Rheowipideof plirouspiide

90. 5- 3.5%5931%.%‘(%- @ﬂchgsi&élc%%ﬁ'}e fofgom le}e con;!-é}gioﬁ?sf]ﬁk¥.s'f'lfer§ﬁ)ret f said
conposition are prepared by rnmpregnating alumna w a solutron of M and
Bi ni t r edtslgst has a how attiitytand it pighaassehodeleMiviantbwBrdsaiiréiesoxidd uhdehe powder
of al um num hydroxide to be then npl ded, or depositing the said conponents
on an i fraditionspwhen reagtionmixtyre gentains agmopiand pXaRysnamauatsglesedo and

cal clione 01%&- g,geg@SSO[ err] C. Thus obtained catal ysts show a high activity,
when'®t hg°§ v tontent in the reaction mxture is 25 close or |ower the

st oi chi onet r yhopesend leftidd Hids a provitling Qh@gtsisvthzmaré Kigak/Getité uh@ats oxi de,
and a |l ow selectivity towards nitrogen oxide. At a tenperature of
350( or r janitinne, WhererepgisdaOEe COMENS pXIEER 8 SROUBHSACAPERYABA I at i 0 bei ng
G R R R T e A
oxi des {owaffitegendXide? 1-
15 For the purpose the claimed catalysts for the nitrous oxide production by ammonia
oxidation have the following composition (mass.%):
5.0-35.0 - manganese oxide (referred to MnO,)
4.5-30.0 - bismuth oxide (Bi,0;)
90.5-35.0 - aluminum oxide (Al,03).
20 The catalysts of the said composition are prepared by impregnating alumina with a
solution of Mn and Bi nitrates, or by mixing the powders of Mn and Bi oxides with the
powder of aluminum hydroxide to be then molded, or depositing the said components on.an
inert support. At the final stage the catalysts are dried, and calcined at 375-550°C. Thus
obtained catalysts show a high activity, when the oxygen content in the reaction mixture is
25 close or lower the stoichiometry one, and exhibit a high selectivity towards nitrous oxide, and
a low selectivity towards nitrogen oxide. _
At a temperature of 350°C, and at a residence time of 0.7 sec, ammonija/oxygen ratio

being 1.44, and ammonia concentration being 7.3 vol.%, ammonia conversion on the said

catalysts is 82-99.2%. The selectivity towards nitrous and nitrogen oxides is 82-84.6 and 2.1-
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-3- 2. 7% respectively. After water and ammoni a separation the final product
contains 79.6-81. 7% of nitrous oxide, 4.1-5.25% of nitrogen oxide _and
0.82-0. s¥Q 8258%,gen. At a tenperature of 300[err]C, and SFTASPU&SHENce
time of 1.6 sec, ammoni a/ oxygen ratio being 1.44, and ammoni a concentration
being 7.3 vol.% amoni a conversion on,the said 5 catalysts is 82.5-99. 0%
The selectivity towards nitrous and nl%rogen oxides is 83-86 and 0.3- 0.35%
respectively. After water and anmoni a separation the final product contains
82.2- 84.9% of nitrous oxide, 0.6-0.69% of nitrogen oxide, and 0.75-0.77%

of oxygRWAs réfprctivg ARéd watbyandrehreli sdparition 1Y fifd) @ratfusi coRehiRSTB6B$17%% 1 N
anmoni a oxidation to nitrous oxide is provided by its conponents at the

sai d pevfgetieusrariderd.1-3.85% of nitrqggnaxidst anid82-0i&4%s of 9xygen.ar ea al so has a
positive eff The tes (?3‘0 at_at. a tab h act|V| t he catal yst
Shows 't he méh%gﬂfnpséﬂre 303 o rePeRs Ry L £ ot Al B Sem it hi
5- 80 nMiesho FX H%ﬁnoxﬁé‘%&lc\éﬁﬁm’&ntﬂh% LOVEPS Exh%nﬁifconversmn on the said
139%vh 2/ 11Y8i 203/76%N 203 is prepared as folfows. 100 g of al um na granul es

are b npuacdysts s 325y99.0%. fhe mlemtmeemxm hitroas aad nisogen oxidesat §8486amd OE3-

nitrates re drie air and_then in a dryi hanber at 30[err]C for
2-4 h. §r69rBF%H‘f?g‘ﬂ %%d‘(?&r and agyRODIAFRATRUP é@ﬁé?@é“%wwa&ls t41t i on of

M and B | \ t 1 30 C
0 g el 1 B st SO

for 2-4 h. mxglb)balmchndambtyﬁty dfshd elained dafuiests inedrhorda okidagion 1ooNs
simlar to those described in [3], reaction m xture conposition being 9%N\H3
and 9ugtrous oxxde is preyided hidtsepmpanents abtie gaidereenhaaties. 0.7 s ammoni a

< 85 and 2. QA RSBReE e i N R GRS, I, B B ORI T

at a cangleadtivity ke edialystGhowaieliiglesCRIveavity, Avhendts3Becdfie sibfice afea\thigest owar ds
nitrous oxide and nitrogen oxide is 88.6 and 0.30%respectively. Ssp is 10

n2/ g. B@MISESOZD 'fgat al yst prepared as in exanple 1 is tested at ammmnia to
" The T oacERRAT brca syt B ap R G S L ARt B A0 B 0.7 &
anmoni GréearetedsToRews. Sl 082061 aRehE ghanlules aieoxwrégﬁlawdtayqﬁﬁpfem Wemandwith & ogen
oxide is 84.6 and 2. 7% respectively. In the final product
15 solution of Mn and Bi nitrates, are dried 1n air and then in a drying chamber at 130°C for 2-4
h. Thus obtained product is once again impregnated with a solution of Mn and Bi nitrates,
dried in air and in the drying chamber at 130°C for 4 hours. Then the granules were calcined
in a furnace at 375-550°C for 2-4 h. Thus obtained catalyst is tested under reaction conditions
similar to those described in [3], reaction mixture composition being 9%NH, and 9%0,. At
20 350°C and at a residence time of 0.7 s ammonia conversion is 99.2%. Selectivity towards
nitrous oxide and nitrogen oxide is 87 and 2.8% respectively. At 300°C at the same gas
composition and at a contact time of 1.6 s ammonia conversion is 99.4%. Selectivity towards
nitrous oxide and nitrogen oxide is 88.6 and 0.30% respectively. Ssp is 10 m2/g.
Example 2. Catalyst prepared as in example 1 is tested at ammonia to oxygen ratio
25 equal to 1.44 and ammonia concentration equal to 7.3 vol.% in the reaction mixture.
At 350°C and at a residence time of 0.7 s ammonia conversion is 82%. Selectivity

towards nitrous oxide and nitrogen oxide is 84.6 and 2.7% respectively. In the final product

nitrous oxide to oxygen ratio is 97.4, nitrous oxide to nitrogen oxide ratio being 15.6. After



nitrous oxide to oxygen ratio is 97.4, nitrous oxide to nitrogen oxide
rati o being 15.6. After WO 98/ 25698

PCT/ US97/ 20830 -4 - ammoni a and water separation the final product contains
82% of ni twows2s28de, 5% of nitrogen oxi de, and 0.84% of oXECFEIS7/24830
300[err]C at the sane gas conposition and at a contact tinme of 1.6 s
anmoni a conversion is 82.5% Selectivity towards nitrous oxide and nitrogen
oxide is 86 and 0.35%5 respectively.-*¥n the final product nitrous oxide
ratio to oxygen is 110, while nitrous oxide to nitrogen oxide ratio is 121
The final product (after ammonia and water separation) contains 85.2% of

it L de. O Of 1 oyl : le 3.
Cat ol yat SerD e 20 S e R0 o A nct Byl SRS RO SRR °
descr i begitroger] éiide dd OBstedf axyged. t he fol l owi ng conditions: reaction

m xture conpositign - o 0.75%\H3, 1. 5%X; residence tine - 0.072 s,
t enper at ure -AB3H G0 thersame gapeorspeNitiay Ing ah Averipet tiemokl-6 5 emmaniay 30,

Sel ectivity towa i toL.ouUs. .oxi de_an | trogen . .oxide is.76.9 an %
Pespect | GavsHRS 3,508, SR R MR Dl SR Bl il B BRE0 3% s
ni troys RYdAvaPdnihé fRARodEt fifrous ofile AR td 04PRenaS DEG; WMRI NirouRIXideSto 4
n2/g. Exanple 4. Catalyst wth a conposition of 1 5%hQ2/ 15%Bi 203/ 70%Al 203

is 15 puitpgencakidsratin iek2ivdhe finakbprdduct ¢afted amsnania andawmstresearathon)300faimnsr | C
anmoni a version is. 38% Selectivity,to nit rous oxi de and nitrogen
oxi de i sgs? °é1§&“i°.“&f5’oxf‘ésg§%t ?f{}lﬂr?/g.e % @V@@‘;ﬁﬁ’/f&.oxmm e 5. Catalyst with
2,00mpost 1 OnEgimghe 34 L 6 3F8oiNIn O/ SRRY,BF FRs) 1 pRamalg 1 and
tested as in exa Fe 2.% 350[ err pé arrm)?lga conzvers:izoﬁ [ 376‘%?8%0 2

Sel ect i vdesyritiedvia [3sanditested iendex thd doldovding icomditens: eeactien mixtieompdsiBoB Yo
respectively. At _300[err]C ammoni a conversion is_39% Eel ectivity towards

nitr ldes L BN Hank > WAz sskknesdime- P973s, t/awaerft.ug% ?%0;5@3’ i 08P Y0 Crammona 6a
Ca i.t.h:.a: it Lo Q . .50Bi '
ta yStxfo‘eMz%ljgmﬂ d§ 93%%%}&&&@@%\»%? rffﬁtebgg ongté @%éﬁgfg%{f 8‘3%\&52’%39 hmd Po&Parea as

i n exanp and teste n exanp anmonia conversion is
93. 2% 2ABspeBavelpt AV300)Ct anmonia condersions is®56l Sebeatlviny towagdmimaistexidesands. 7%
and 3. 9% respectively. At 300[err] C anmoni a conversion is 58. 7%

Sel ect i VIHTQRENIRAGEHS G\éiwdtﬁé’% &oPeRivalye Sen S AJBE- oxi de i s

Example 4. Catalyst with a composition of 15%Mn0,/15%Bi,0,/70%Al,0; is
15 prepared as in example 1 and tested as in example 2. At 300°C ammonia conversion is 38%.
Selectivity towards nitrous oxide and nitrogen oxide is 79 and 1.4% respectively. Sspis 11
m2/g.
Example 5. Catalyst with a composition of 13%MnO,/11%Bi,0,/76%A1,0; is
prepared as in example 1 and tested as in example 2. At 350°C ammonia conversion is 76%.
20 Selectivity towards nitrous oxide and nitrogen oxide is 76% and 3.8% respectively. At 300°C
ammonia conversion is 39%. Selectivity towards nitrous oxide and nitrogen oxide is 83 and
1.3% respectively.
Example 6. Catalyst with a composition of 15%Mn0,/7,5%Bi,0,/77.5%Al,0; is
prepared as in example 1 and tested as in example 2. At 350°C ammonia conversion is 93.2%.
25 Selectivity towards nitrous oxide and nitrogen oxide is 78.7% and 3.9% respectively. At
300°C ammonia conversion is 58.7%. Selectivity towards nitrous oxide and nitrogen oxide is
80 and 1.2% respectively. Ssp is 11 m2/g.
Example 7. Catalyst with a composition of 10%Mn0O,/5%Bi,04/85%Al1,0; is

prepared as in example 1 and tested as in example 2. At 350°C ammonia conversion is 92.5%.



86 énd 1. 2% respectively. Ssp is 11 nR/g. Exanple 7. Catalyst wth a
conposition of 1 0%NQ2/5%Bi 203/ 85%Al 203 is prepared as in exanple | and

tested as_in exanple 2. At 350[err] C ammoni a conversion i 9 WO
98/ 25698 WO 98/25698 BEHBADs30 5.

Sel ectivity towards nitrous oxide and nitrogen oxide is 80% and 3. 7%
respectively. At 300[err]C ammoni a conyersion is 62.4% Selectivity towards
nitrous oxide and nitrogen oxide is 77 and 1.3% respectively. Ssp is 11
mMerr]/g. Exanple 8. Catalyst with a composition of

169%vhQ2/ 1698i 203/ 68%Al 203 is 5 prepared as in exanple | and tested as in
exanpl eSeectitity 3504rds nitfouaoxidaiand oirogen skide is 809 34d 3586 ecspeativiely. 40300
nitrous oxide and nitro en oxide is 78.8% and 3.9% respectively. At

300 er rFENMASAP ETHBRYESLT BnSslectiyiytowads pitioys pyidﬁamipm@gﬁm p¥idass thade and

nitrog I i: Y/ respectively. Ssp is 39 nR/g. Exanple 9.
Cat al yg{h%%%%gﬁg%i’psosg?g}%rﬁé% 590h02/ 4. 59Bi 208/ 90. 5%Al 203 is 10 prepared

as follows. Hffnge 8f Catalysi With 6b@zﬂpbs&ﬁozﬁbﬁlG%Mﬁlegﬂat/ﬁiz@a%%ﬁgbﬁd on of M
and Bi nitrates, dried in air and in the drying chanber at 120-130[err]C
for 4 rpreprmed asbingxaapleph anfitestediessinexpoplesd Atd50 Keammoniasenyersign is Z3%.
375-550ferr] C for 2-4. h. Thus obtai ned cat al wa ted as in exanple 2.
AL 3sol ety ks R G F aRThEroRgs0 SR Flho B 4 Bl tirar afs " oxi de
and ni t30poE rhbAR cofvetilh 8. RYectionp ebdriShironbxidOMERitrbferPbBNsa
conversion is 40% 15 Selectivity towards nitrous oxide and nitrogen oxide
is 80 a&iVdand. IArespectivaly.dspis ¥bvm2igs 5 n2/g. Exanple 10. Catalyst with a

conposi tion of 379 / 309Bj 208/ 35%A. 203 pr epar ed_ ni xin JTRSS contai ni ng
520 of | M dRRARDIS SRR S e OBt AT S AP b MR S P0fs e powder
i 2 ety ig?an% Frgg} t t :20 was
oedslggﬁ%ﬁ %Jnfggéwg'r amﬁ %fs)ahgrgﬁn% In 1i anﬂ?’glrr,ggr%?ei%e aas;UT'\?i(;bcr)x nmﬁp%z&r g’% ure for
10 h, diirates,idniet ireaic badiethe dtying Camitrel & F20:130°G forahhl, Tiel abitaisell prododie
furnace at 375-550[err]C for, 2-4 h,_ Thus obtajped catalyst was tested as in
exanpl eV&, C_aﬁeeneslse[ﬂ& o& A _?fé@g?ﬁ%@g%%giths Thpmpbiagareeatlysiovas eVt ¥
ni trousy, axhdmeands @Sé‘f@@@%@?&'c%vér@oﬂ %%9’%‘.(’5%30&%4{’ sy ﬁi}éghs}’ oxigé antpOlerr]C
ammoni a conversion’is 39% Selectivity towards nitrous oxide and nitrogen
oxi de irdtrdgenaoxide is 76% and 3.6% respectively. At 300°C ammonia conversion is 40%.

15 Selectivity towards nitrous oxide and nitrogen oxide is 80 and 1.3% respectively. Ssp is 5
m2/g.

Example 10. Catalyst with a composition of 35%Mn0,/30%Bi,05/35%A1,0;
prepared mixing a mass.containing 52 g of Mn oxide and Bi oxide powders and 35 g of
aluminum hydroxide powder with 25 cm’ of water to obtain a moldable paste. Then the paste

20 was molded as cylinder granules 3 mm in diameter, dried at room temperature for 10 h, dried
in the chamber at 120°C for 2 h, and calcined in the furnace at 375-550°C for 2-4 h. Thus
obtained catalyst was tested as in example 2. At 350°C ammonia conversion is 77%.
Selectivity towards nitrous oxide and nitrogen oxide is 78% and 3.1% respectively. At 300°C
ammonia conversion is 39%. Selectivity towards nitrous oxide and nitrogen oxide is 74 and

25 1.1% respectively. Ssp is 80 m%/g.
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PCT/ US97/ 20830 -6- Table 1 exanple content, .mass. % conversion, %
SN20,% SNO, % T[err]C M2 Bi[err]O[err] 1 13 11
99. 2 87 2.8 350 994 88. 6 0. 35 300 2
13 11 82 84.6 2.7 350 82.5 86
0. 35 300 3 5 5 73 76.9 3.9
350 35 68 1.4 15 15 38
79 1.4 300 5 131;5%%fl 11 76 76
3.8 exa@ple 39content, mass.%83  converslor3% Syy0. %00 Byo,%  T°AS5 7.5
93. 2 78. 7 3.9 350 58.7 80 1.2 300
7 10 MnO, 5 Bj,0; 92.5 80 3.7 350 62. 4
77 1.3 300 8 6 73 78. 8
3.9 17350 3713 g, 992 g, 8% 500 38 3565 4.5
79 76 3.6 99350 40  g8.6 088 300L. 3 300
10 35 30 77 78 3.1 350 39
74 211 i3 300 11 82 84.6 2.7 350
, 82.5 86 0.35 300
3 5 5 73 76.9 39 350
35 68 14 300
4 15 15 38 79 14 300
5 13 11 76 76 3.8 350
39 83 1.3 300
6 15 7.5 93.2 78.7 39 350
58.7 80 1.2 300
7 10 5 92.5 80 3.7 350
62.4 77 1.3 300
8 16 16 73 78.8 39 350
37 74.7 14 300
9 5 4.5 79 76 3.6 350
40 80 13 300
10 35 30 77 78 3.1 350

39 74 1.1 300
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PCT/ US97/ 20830 -7 - CLAIMS: 1. A catalyst for production of nitrous

oxi de, ri sing vhQ2, Bi 203, and A1203. 5 2. The catal yst of claim 1,
wher e ther@gtéll2 corrpri ses: about 5.0-35.0 % MnQ2; about ?%U%"@/.ZWBi 208;
and about 35.0-90.5% Al 203. 10 3. The catal yst of clai m 1, V\/nere t he
specific surface area of the catalyst |§ about 5-80 rr[err : The

catal yst of claim1, where the specific’surface area 011 g Eﬁllﬂwﬂfl
about 10-40 n2/g. 15 5. The catal yst of claim1, wh
consi sts essentially of: about 5.0-35.0 % MQ2; about 4.'5- b Bi 208;* and
about 35C0AIMSH% A1203. 20 6. The cat al yst of claim1, where the

catal yst conprises: about 13 % MnhnQ2; about 11 % Bi 203; and about 76 %
Al 203. 25 7. The catal yst of claim1, where the catal yst conpri ses:

0 0 9
about 15, % Mz data?ys?lfltr p]fc5)du{: 1'3’}1 3 Bitroly gx Q,Oc%tmngmé)l\'ﬁdné ?sz(i, and Al,0s.

5 2. The catalyst of claim 1, where the catalyst comprises:
about 5.0-35.0 % MnO,;
about 4.5-30.0% Bi,0;; and
about 35.0-90.5% Al,O;.

10 3. The catalyst of claim 1, where the specific surface area of the catalyst is about 5-80

4. The catalyst of claim 1, where the specific surface area of the caialyst is about 10-40

15
5. The catalyst of claim 1, where the catalyst consists essentially of:

about 5.0-35.0 % MnO,;
about 4.5-30.0% Bi,0;; and
about 35.0-90.5% Al,0,.
20
6. The catalyst of claim 1, where the catalyst comprises:
about 13 % MnO,;
about 11 % Bi,0,; and
about 76 % Al,O,.
25
7. The catalyst of claim 1, where the catalyst comprises:
about 15 % MnO,;
about 15 % Bi,05; and
about 70 % Al,O,.

30



-8 - 8. The catalyst of claim1, where the catal yst conprises: about 15

% MhQ2; about 7.5 % Bi 203; and a . . 5 9. The catal yst of
claim1l1, where the catal yst conpﬂlmunﬂmummljlﬁm) MQ2; about 5 % Bi 2C3;
and about - $#0 98/28k9803. 10 10. The catdl y&t &6f tlaiml, wheperiberagial yst
conpri ses: about 16 % MhQ2; about 16 % Bi 203; and about 68 % Al 203. is 11.
The catal yst of claim1l, where the catal yst conprises: about 5 % MhQ2;
about 4.5 % Bi 203; and about 90.5 % Al 2@3. 20 12. The catal yst of claim
1, where the catal yst conprises: about 35 % VnQ2; about 30 % Bi 203; and

about 35 % Al 203. 25 _
8. The catalyst of claim 1, where the catalyst comprises:

about 15 % MnO,;
about 7.5 % Bi,05; and
about 77.5 % Al,O,.

9. The catalyst of claim 1, where the catalyst comprises:
about 10 % MnO,;
about 5 % Bi,0,; and
about 85 % Al,0,.
10
10.  The catalyst of claim 1, where the catalyst comprises:
about 16 % MnO,;
about 16 % Bi,0;; and
about 68 % Al,0,.
15
11. The catalyst of claim 1, where the catalyst comprises:
about 5 % MnO,;
about 4.5 % Bi,0;; and
about 90.5 % AL, 0;.
20
12.  The catalyst of claim 1, where the catalyst comprises:
about 35 % MnO,;
about 30 % Bi,0;; and
about 35 % ALO;.

25



