MIXED OXIDE CATALYSTS The present invention relates to mixed oxides catalysts comprising
oxides of manganese, copper and rare earth metals, usable in particular for the full oxidation of
organic compounds (VOC) to CO2 and H20, the conversion of nitrogen protoxide to 5nitrogen and
oxygen, and the combustion of CO, H2 and CH4 off gases from the anode of fuel cells. STATE OF
THE ART US. Pat. 5,260,248 discloses catalysts‘comprising oxides of manganese, copper and
lanthanum having composition, expressed as MnO, CuO and La203, of 60-75 wt% 10 MnO, 15-23
wt% CuO andVviiS-1Bwis ba203 THIevtREsMal stability of the catalyst is not higher than 700C: in any
case, higher than that of perovskite E%Pe ca}alésts, Whicla)is of about 650C. A typical dserogskite
. 5

oxidation catalyst has foRFIR L AMAHECEYS 33 UEP Y8 448551 SPREEHG, RIS 95 Pat.
5,260,248 aremargpaceel bypippraghatior-afialmtiis withequesits sokstionsief fittateslafddrmfCu and
La, followed by drying and calcination.at 400-700 P 1197259 Al describes mixed.oxides
catalysts com(ffﬁgﬂ\;\% %%Hé@%?%\/&@@atﬂdgéf‘ea grﬁ?%e ﬁsc,(ﬁgf\?ﬁ?b%o?%&%ﬂ%ﬁl  Bprdige as Mno,
CuO andsoxidesaferana 0xg@tth metals abtheuawesifvaiende stdteHof dH-G8 wvttoM i, A6 wi%
CuO and 2-20fv¥th quos. The preferred composition is 44-55 wt% MnO, 33-43wt% CuO and 10- 13

wto% La203. ' "R préparation of the catalysts of EP 1197259 Al, when supported on a carrier,
require in the industgalsstRI®PrERarafoh two impregnation steps made after the first 25impregnation

with the lanthanum [@t%a , egpég (g%%v}?a:h %girried togtl %fter d{)};in.%gand.ﬁal%igation at 600C. The above
multistep operation i x%%tn i ing RESGFIEERSIVE. COMPIERESHAT0 15 1841 EAT ik TOBBY mixed
oxides of catalysteohenmpasitiop expiessechaswidessieiaMiEI3QUCandba/BYp MBaNS W% 10% Ce
wherein Ce can be Sé) bstjtuted with, Pr or 0.2-5 wtgg‘n : 2&? DE 1§ﬁ521£ Al discloses mixed
oxide cafalys et 1?1%@@6‘5( ( apd AR-L8eEH L@B% e HARHEN e%?‘f?%’é’é{ﬁ 8P4 in an
amount lowerhtlgag: ihah g the .Ge axidase QBIECRE, thatlbiparveiljactippdristglsess pttitorentidn to
provide mixed oxid§§ catalysts suitable for the selective oxidation of VOC compounds to CO2, as well
as for the dec%’r?fbto 90 ‘of nitrogen protoxide to nitrogen and oxygen and the combustion of CO, 112
and CI-14 off gases fagpthe asedsigffusii¢eisn eadoywedaf highihelmeatrstability ard Gigfuactivity
even after ageing_at high temperatures, and not requiring in the industrial
Pat”3,914;389).
15 The catalysts of US Pat. 5,260,248 are prepared by impregnation of alumina
with aqueous solutions of nitrates of Mn, Cu and La, followed by drying and calcination
at 400°-700°C.
EP 1197259 Al describes mixed oxides catalysts comprising oxides of Mn, Cu
and rare earth metals, having composition, expressed as MnO, CuO and oxides of rare
20  earth metals at the lowest valence state, of 14-88 wt% MnO, 10-66 wt% CuO and 2-20
wt% LayOj;. The preferred composition is 44-55 wt% MnO, 33-43wt% CuO and 10-
13wt% LayO5.
The preparation of the catalysts of EP 1197259 A1, when supported on a carrier,
require in the industrial scale preparation two impregnation steps made after the first
25  impregnation with the lanthanum nitrate, each of which carried out after drying and
calcination at 600°C.
The above multistep operation is expensive being labour intensive.
US 2004/0151647 A1l discloses mixed oxides of catalysts of composition
expressed as wt% metal: 15-30% Cu, 55-77% Mn and 7.5-10% Ce wherein Ce can be

30  substituted with Pr or 0.2-5 wt% La.




10 preparation more than one step impregnation after the impregnation with the lanthanum nitrate
solution. The above and other objects will be apparent from the following description of the
invention. DESCRIPTION OF THE INVENTION 15The mixed oxides catalysts of the present invention
comprise mixed oxides of Mn, Cu and La having the following composition expressed as percent by
weight: 35-56 wt% MnO, 19-3! wt% CuO and 20-37 Wt% La203 and/or Nd203. The preferred
composition is: 40-48 wt% MnO, 26-30 wt% CuO and 26-30 wt% La203. 20[2203 can be used in
mixture with Ce oxidss pigddeghthat thrdoatenmertent @l canfihewnkisiie s isgethar 2% by
weight with respect to the La g-atom content. | Surprisingly, the catalysts of the invention are more
active, even SASPHALTAGEPHGh teATRTRIMEifa i (R CAEITSA Grest {f@fﬁt\%@%ﬁhawzggquently
are endowed withkajlenger li ['clime, and offer with respect to said catalysts a simpler method of
25preparation not requiring in the industrial scale operation, two impregnation steps after the
impregnation made &rﬁﬁﬁfgg%nthanum nitrate solution. The catalysts share with the catalysts
described in EP | 197 259 Abfhe «capahilityeat thecsalactyeroxidatigingf Miesearmpatyngstiglonly CO2.

Furthermore, they are more active than_ the catalysts of EP 1 197 259 Al ll_? thFI decompositjon of
nitrogen protcf%déetée#ﬁﬁ%}j%ﬁxéﬁ%fl@ybfe%%(ﬁ&QWH%‘ GSthororErsHe A %I‘%??Mﬁsété%s from

the anode of fieligelisn Brohsimixeciexides that. formihaactve componanis ocOhe casalysts have the
characteristic of being p-type semiconductors (in these semicondu%tlgg% ﬁgﬂ conducti\?/:%( i,glzu_creases
r

exponentially WitB¥siperaths 2008kt 1 b heay S pe 13 KEYE Ve 1% electron

vacancies). Inghese exidesfithegasaous anjigemipahemisosbadontetiertg surineeiandpalticipates
in the oxidation reaction together with the lattice oxygen. The oxides are pref raljal sed as
supportéf onPeRaTdHoRARIL R SSD R RS HaRMRATETIS, mﬁggﬁﬂﬂ%‘g}'ﬁtgﬁ ?‘%tgﬂ%’a’e
magnesium oxjdse Ganpa alumina, in the form of microspheroidal particles with an 15 average
diameter of 30-80 microns, is the preferred carrier for using the catalysts in fluid-bed reactions. For
fixed-bed reactions, prefabaresns givish Wiasts (gd @F(?é?l??é?@thgﬁﬁgté? deHRRAg et Ehe, such
as a hollow cyjingear.araithree-lobed cross-section cylindrical granule with mutually equidistant through
bores at the lobes. The dimensions of the three-lobed 20 granules are generally from 3 to 10 mm in

height, the diameterldF e BiFuMSefinddrclrbymerEite is 5 to 10 mm, and the ratio between the

geometrjg area and the veiuse.Rfdbe SeiE Radohtheeanuievismateatentpas Indvednotidthe oxides
are supported in an amount of generally 5 to 50% by weight, preferably 1.5-25% by weight. The

catalysts are Praparchfy-imarauh gty e g SenpRaLIRN GRS Sl e R SNt gH editiambm or

cerium or of agetheiarewathmetalcdingdhe caniaraod shencrigiong it at a temperature around
600C. The carrier is then impregnated with a solution of a salt of cogé)er and manganese
I

subsequently drying Herrolosetcapesiimiing 18 25U abak)-d0mble Suf B e
Lay0s.
20 La,O; can be used in mixture with Ce oxides provided that the g-atom content of
Ce of the mixtures is less than 50% by weight with respect to the La g-atom content.
Surprisingly, the catalysts of the invention are more active, even after ageing at
high temperatures, than the catalysts of EP 1 197 259 Al: consequently are endowed
with a longer lifetime, and offer with respect to said catalysts a simpler method of
25  preparation not requiring in the industrial scale operation, two impregnation steps after
the impregnation made with the lanthanum nitrate solution.

The catalysts share with the catalysts described in EP 1 197 259 Al the




4  Examples of salts are nitrates, formates and acetates, Lanthanum is used preferably as
lanthanum nitrate La(NO3)3; copper and manganese are preferably used as nitrates, respectively
Cu(NO3)2 and Min(NO3)3. The preferred impregnation method is a dry impregnation, using an
amount of solution equal to, or smaller than the volume of the pores of the carrier. As already
indicated, the catalysts selectively oxidize the VOC compounds to carbon dioxide; this occurs even
when working for a limited time with an oxygen deficit with respect to the stoichiometric value required

by the oxidatj tion [ ct 1o catalysts be n noble metals, the catalysts according
to the inventicg))#a&?g%grggtg%\é\;gég’g%%g%té%h%%xa s%%%.ﬁ@e CROF g%&fﬁf)léﬁ?aﬂgc}a ret)aﬁ%‘ent at
1000C in drylairthdiedhe toeypieteraonyersiorete¢mpetbturatises slighBy for the caalystsiaccording to

the invention,,it rises considerably for.catalysts based pn nohle metals, due to ic the remelting of the
surface areatélfuggﬁ%‘ﬁ}%?ﬁlgﬁﬁgggf mg?rﬁf%él Bé?ﬁefé‘é%h‘éﬁ B}g%ggge?ﬂ(gﬁ’fﬁé%rﬁgﬁ itht8%atalysts of

the inventionaygbsetdn the Ceatmentof Gaseusatluars patcary fomdlaatsfor the production
of nitric acid and atgpic acid, which constitute the main industrial sources of generation of nitrogen 20

protoxide? in the tirelmhariHxedirexKisshEebIsNmY, Wissesiaterrsannaerisnalothiecataliing. Another
application ojpjerestis thepuyificatian of gases frem ?""}%2%3 s plghiate polyegndensation of
aromatic polyester resins e.g. polyethyleneterephthalate (the impurities are mainly constituted by
ethylene glycsilisaisisatere, cdluysendicbapabinofeasempstoyrextiding wehirtpupte with
exclusive for@@émqﬁia&p di&g}ﬁg q&g%eqat{%in%lt@etﬁéoigpt%orrpeetrigé?ggntg}(eog fex%ggg relative to
the methane equwa]Ie s of the |mpur|r%|est t are present. In tests gonduc eosby continuously feeding
a nitrogen streagargortining 166 ppodet ethyleneaghmal oxpdixe dsbeltbof itwieatalysiohdwing the
ifi [ ' le 1, it found that 30 the ethylene glycol is removed ntitatively b
ﬁg{:g?ﬁg'@ ?o%c%%g}%%t%)éa Ig)a%t1c1}|)§%/e%s n fhe ongatmn reaction %ggetlhelr with the latdice Yoy
oxygen.
The oxides are preferably used as supported on porous inorganic
carriers such as alumina, silica, silica-alumine, titanium dioxide, magnesium
oxide. Gamma alumina, in the form of microspheroidal particles with an
15 average diameter of 30-80 microns, is the preferred carrier for using the
catalysts in fluid-bed reactions. For fixed-bed reactions, preference is given
to the use of carriers having a definite geometric shape, such as a hollow
cylinder or a three-lobed cross-section cylindrical granule with mutually
equidistant through bores at the lobes. The dimensions of the three-lobed
20 granules are generally from 3 to 10 mm in height, the diameter of their
circumscribed circumference i1s 5 to 10 mm, and the ratio between the
geometric area and the volume of the solid part of the granule is greater than
1.3 mm™. The oxides are supported in an amount of generally 5 to 50% by

weight, preferably 15-25% by weight.

.l
wh

The catalysts are prepared by impregnating the carrier initially with a
solution of a salt of lanthanum or cerium or of another rare-earth metal,
drying the carrier and then calcining it at a temperature around 600°C. The
carrier is then impregnated with a solution of a salt of copper and manganese,
subsequently drying at 120-200°C and calcining up to 450°C.

30 Any soluble salt can be used.



amount of oxygen (5/2 moles per mole of glycol) working at 310C and with a space velocity of 10000
la-1. Selectivity to CO2 is complete. When used to catalyze the decomposition of nitrogen
protoxide the performance of the catalysts is improved with respect to the catalysts 5 described in EP
1197 259 Al. Another application of the catalysts is the catalytic combustion of methane on
thermal power stations for generating electricity. In this application, the catalysts have the advantage,
with respect to combustion with a catalyst of a knowh type, that they can operate at lower

temperatures 10 at pi ismehgengeaterdfis alowsdeaviid hepast reaiments;fergemoval of

this oxide that are instead required with known types of catal¥st. A further application is the
removal of CBSFd Papis by oif Jastharom drHb@éan fadNEslls, parisuland mottegacaisontte fuel cells

(MCFC), wherel I omb is.use il gas toyr 5 yseful heat
producing Cgﬁ%‘gﬁﬁ%&gﬁéﬁgic’%@ s'glﬁg{lr%%in n%é%%@é%ﬁﬁ%@éﬁ %r%ﬁ@ﬁ%tm@%n to
environmentpreferFoe folipriggaéxamplehadeipravitteditaittagtratehut nginto imitthewstop® of the
invention. EXAMPLE | 20A catalyst supported on gamma alumina is prepared having the following
compositi%n, (= ggéggea%@%ﬁepgeiﬁé%%g%g\%iéh? Sfcf%r&f&?e] ﬁ§?8£eﬁé%€6§%ia%§% 36.5% wim,
Ivi.n0 = 39.3% wiw EuOalrea@d2% dityrdie firepatativfsis pafestadibydititipapregnatiogwith an
aqueous solution of Iar#?anum nitrate, (1.,a(NQO:)3) microspheroiclal gamma alumina which is then

dried at 110CCSAPEHIHCL SPEBRE . FREH ARl R iy nERSR WA A o 41886 6on of
manganese nigatexiin (NOSY9:aRd BFeppRamhnitiaie dCie(bi @i dhisdafollowad bydryiag at

120-200C and 6 calcining at 450C. The carrier is impregnated by using an amount of solution equal to
100% of the Vluthé ¢h% pefed##tHeRarrier. The amount of supported oxides is 25% by weight. The

surface gfea (BET) of ifecaflystyvas e/ e BBRTN e Retals, the catalysts according

to the invention are characterized by greater thermal stability.

For example, after treatment at 1000°C in dry air, while the complete
conversion temperature rises slightly for the catalysts according to the
invention, it rises considerably for catalysts based on noble metals, due to

15 the remelting of the surface area caused by sintering of the metal particles
that are present on the carrier.

The catalysts of the invention are used in the treatment of gaseous
effluents particularly from plants for the production of nitric acid and adipic
acid, which constitute the main industrial sources of generation of nitrogen

20 protoxide; in the tire manufacture, asphalt blowing, wastewater treatment
and offset printing. Another application of interest is the purification of
gases from reactors for solid-state polycondensation of aromatic polyester
resins e.g. polyethyleneterephthalate (the impurities are mainly constituted by
ethylene glycol), in which the catalysts are capable of completely oxidizing

25 the impurities with exclusive formation of carbon dioxide even when using
the stoichiometric quantity of oxygen relative to the methane equivalents of
the impurities that are present. In tests conducted by continuously feeding a
nitrogen stream containing 1600 ppm of ethylene glycol on a fixed bed of
the catalyst having the composition given in example 1, it was found that

30 the ethylene glycol is removed quantitatively by using the stoichiometric




5cm3/g.  Syngas combustion tests were carried out using fresh and at 900C aged catalyst. The
results are reported in Table 1. Operating conditions: CH4 0.8%, CO 1.8%, H2 1.6%, 024% - Balance
He. COMPARISON EXANPLE 1 10The preparation of the catalyst of EXAMPLE | was repeated with
the only difference that the catalysts had the following composition, expressed as percentage by
weight of the oxides listed below: La203 r. 9.3% MnO = 53.2% CuO =37.5%  Syngas tests were
conducted using fresh and catalyst aged at 900C. The results are reported in Table 1. The operating
conditions w ' I L T lysts MPLE 1 and

COM PARISCe)C{ @%%&gﬁéig&lﬁé %sl\%%}lgst %N(%gégocs%%%%?% %.%ﬁeﬁ%@uﬁggr\g@ported in
Table 2. CatalyseceToth donveidiontdrpSeiratisitg)o D isCRMpIetesh

When used to catalyze the decomposition of nitrogen protoxide the
performance of the catalysts is improved with respect to the catalysts
described in EP 1 197 259 Al.

Another application of the catalysts is the catalytic combustion of

(9, ]

methane on thermal power stations for generating electricity. In this
application, the catalysts have the advantage, with respect to combustion
with a catalyst of a known type, that they can operate at lower temperatures
10 at which NO is not generated: this allows to avoid the post-treatments for
removal of this oxide that are instead required with known types of catalyst.
A further application is the removal of CO,H, and CH, off gases from
anode in fuel cells, particularly molten carbonate fuel cells (MCFC),
wherein a catalytic combustor is used to burn the anode tail gas to recover
15 useful heat producing CO, for a recirculation systems in MCFC cells, and
in general for lowering emission to environments.
The following examples are provided to illustrate but not to limit the
scope of the invention,
EXAMPLE 1

20 A catalyst supported on gamma alumina is prepared having the

following composition, expressed as a percentage by weight of the oxides
listed below:

La;O; = 36.5% w/iw

MnO = 39.3% w/w

25 CuO = 24.2% wiw

The preparation is performed by first impregnating with an aqueous
solution of lanthanum nitrate (La(NO;);) microspheroidal gamma alumina
which 1s then dried at 110°C and calcined at 600°C. Then the carrier is
impregnated with an aqueous solution of manganese nitrate (Mn(NGOs),) and

30 copper nitrate (Cu(NOs),). This is followed by drying at 120-200°C and



1 | Ex. 300 1590 Comp. Ex. 1 240320 580 Aged Ex. 11 350 650 Comp. Ex. 1 300385 720 5 Table 2
N20 Decomposition - Conversion Temperatures | Conversion temperatures

6
calcining at 450°C. The carrier is impregnated by using an amount of
solution equal to 100% of the volume of the pores of the carrier. The
amount of supported oxides is 25% by weight.

The surface area (BET) of the catalyst was 110 m%g; porosity 0.40

5 om/g.

Syngas combustion tests were carried out using fresh and at 900°C
aged catalyst. The results are reported in Table 1. Operating conditions: CH.
0.8%, CO 1.8%, H. 1.6%, O, 4% - Balance He.

COMPARISON EXAMPLE 1

10 The preparation of the catalyst of EXAMPLE 1 was repeated with the
only difference that the catalysts had the following composition, expressed
as percentage by weight of the oxides listed below:

La,0, =9.3%

MnO = 53.2%

15 Cu0=37.5%

Syngas tests were conducted using fresh and catalyst aged at 900°C.
The results are reported in Table 1.

The operating conditions were the same as in EXAMPLE 1.

EXAMPLE 2

20 The catalysts of EXAMPLE 1 and COMPARISON EXAMPLE 1
were used in tests of decomposition of N,O. The results are reported in
Table 2.




Catalysts | Start Light-o (50%)I End (100%) Fresh 480 E 590 Ex, 1 380 Comp. Ex. 1 430 520 1620
Aged 530 635

Table 1
Syngas Total Conversion Temperatures
' Total Conversion temperatures (°C)

Catalysts coO H, 1 CH,
Fresh |

Fx. 1 225 300 590
Comp. Ex. 1 240 320 580
Aged

By 1 275 350 650
Comp. Ex. 1 300 385 720

5 Table2
N,O Decomposition - Conversion Temperatures
‘ Conversion temperatures
Catalysts Start Light-off (50%) |End (100%)

Fresh

Fx 1 380 1480 590
zComp. Ex. 1 430 520 620
Aged

Ex 1 380 530 635
Comp. Ex. 1 455 580 700




Ex. 380 Comp. Ex. 1 1455.580 700 8 CLAIMS 1.Catalysts comprising mixed oxides of manganese,
copper and lanthanum having the following composition expressed as percent by weight: 34-59%
MnO, 19- 31% CuO and 21-36% La,03. 52.The catalysts according to claim 1, having a composition of
40-48% as MnO, 26-30% as CuO and 26-30% as La203. 3. The catalysts according Rﬁ)bqjgrps 1
and 2 wherein La203 is mixed with cerium oxides and the g-atom content of Ce is less than 50% the
g-atom content of La. 4. The catalysts according to any one of claims 1 to 3, wherein the mixed
10oxides are supported on inert porous inorganic carriers. 5. The catalysts according to claim 4,
wherein the carrier has a porosity of more than O.@W@flé and a surface area of more than 30 m2/g

and is selected fromlalumir@ tsilic{a %Q% sriliscg-alumig%. ides gf r‘{'lgg catal stg, a%cor%mg %8 claim 5,
wherein the alumina’is gamn;i!‘aa st Prising mixed ox ‘ ganese, copper and fanthanum
having the following composition expressed as percent by weight: 34-59% MnO, 19-

31% CuO and 21-36% LayOs.

5 2. The catalysts according to claim 1, having a composition of 40-48% as
MnO, 26-30% as CuO and 26-30% as La, 0.

3. The catalysts according to claims 1 and 2 wherein LayOs is mixed with

cerium oxides and the g-atom content of Ce is less than 50% the g-atom content of La.

4. The catalysts according to any one of claims 1 to 3, wherein the mixed

10 oxides are supported on inert porous inorganic carriers.

5. The catalysts according to claim 4, wherein the carrier has a porosity of
more than 0.3 cm’/g and a surface area of more than 30 m?/g and is selected from

alumina, silica and silica-alumina.

6. The catalysts according to claim 5, wherein the alumina is gamma
15 alumina in the form of microspheroidal particles or a hallow cylinder of single- or three-
lobed cylindrical granules provided with a through bore at the lobes, parallel to the axis

of the lobes.

7. The catalysts according to any one of claims 5 and 6, wherein the

amount of supported mixed oxide is from 15 to 25% by weight.

20 8. Use of the catalysts according to any one of previous claims 1 to 7 in the

combustion of volatile organic compounds (VOC).

9. The use of the catalysts according to claim 8 in the combustion of VOC

compounds present in gaseous effluents.

10. The use of the catalysts according to any one of claims 1 to 7 in the
25  decomposition of nitrogen protoxide to nitrogen and oxygen, present in geseous

effluents from nitric acid and adipic acid plants.

11.  The use of the catalysts according to any one of claims 1 to 7 in the

combustion of CO, H; and CHy off gases from the anode in fuel cells.



15alumina in the form of microspheroidal particles or a hallow cylinder of single- or threekitobeid
cylindrical granules provided with a through bore at the lobes, parallel to the axis o the lobes. 7.
The catalysts according to any one of claims 5 and 6, wherein the amount of supported mixed oxide is
from 15 to 25% by weight. 208.Use of the catalysts according to any one of previous claims 1 to 7 in
the combustion of volatile organic compounds (VOC). 9. The use of the catalysts according to
claim 8 in the combustion of VOC compounds presertt in gaseous effluents. 10. The use of the
catalysts according tp_.any one of claims 1 to .7 in the 25decomposition of nitrogen protoxide. to nitrogen
and oxygen, presentﬁ%‘ gé%%di% &?JE%&WWH@%@E‘F%%%iﬁWa%f&Fp?frné?mP ﬂlﬁq h&'use of
the catalysts ftylﬁgt ARy ong dieairasckdes7 forthdcombidstionoho cbirdandLibk4 off gases
from the anode in fuel cells. V! C3LLP 9 12. The use of the catalysts according to any one of
claim 1 to 7 irAOPF iR RRIVESIELERNY R actors for the solid-state polycondensat on of aromatic
polyester resins.  {£3. The yse obtheratalysts accoidingdinsaiy dhereinghrpyfication is
carried out by using the stoichiometric amount of oxygen required for the combustion of the impurities
to carbon Slioxieifisativateris camadsewf bie aiagsthactoremgmsHIy 6MOUIEIAMSEST in the

catalytic comiusian. 4Ty drRCHAMLL BH M T IpIRAl ARSIl AP REE g plectricly.
14.Use of the catalysts according to any one of claims 1 to 7 in the
catalytic combustion of hydrocarbons in burners of thermal power stations

for generating electricity.




