AMMONIA OXIDATION CATALYSTS  The present invention relates to an ammonia oxidation
catalyst unit formed of a pair of honeycomb-type blocks comprising an ammonia oxidation catalyst and
having interplaced between them a layer of foamed material.  For many years, the catalysts for
ammonia oxidation have been termed of meshes or gauzes of platinum or its alloy with other precious
metals. 1()Such catalysts have good activity and selectivity but suffer from the disadvantage that the

catalyst is not only v ensi t& Iso it exhibits an appreciable loss of platinum at the high
temperatures ﬁ%&ﬁ?ﬁ)@f@ﬁ% i Lﬁ@?ﬁ éoingé*qbg’ﬁT catalyst life, which requires frequent

replacement. 15It is tlzqe{gﬁ{.gs%%?rﬁﬁ)gﬁﬂ &Iioi’é(fgté‘sr%l%%e%%@gifﬁgﬁ%ﬁ‘%gﬁ%fﬁfﬁtﬁy% It

is well known that oxi metals such as manganese, iron, n or, especially co often used in
conjunction witthomedr afore rarerearth hvetayoriaidsyxhibi acksitye fonpnsuisaoxigationnia

20CN-A-86/10 d criézrt c m t composition,of formula Lal x Ce Co 03 whﬁe_ X IS & number
from O to 1) ha\%/l)%?%%;‘aogvg |e%%§a§rtu% ureﬁ%}]wglc‘%a/?e%k%% %388%56 a%%f%“&tr?bﬁ deidc ?\XFé W egﬁ%gls?gd on
small scale; whititelegteases when operating at temperatures (800 - 1000C) normally employed for
ammonia oxidation. US P 4 963 521 describes an exhaust gas catalyst which, in one embodiment,

is formed of honeycomb cordierite coated with a first layer of gamma alumina mixed with minor

proportion of zirconia [ econd o xide :or plagin hpdiym and
palladium. No mentiof?frr%g%?tﬂg??ﬁgcg}gag:yé?g%k %eénlﬁ%d %gggggl%ng%g%aﬁno%%é Bg&{n
formed of meshes or gauzes of platinum or its alloy with other precious

metals.

10 Such catalysts have good activity and selectivity but suffer from the
disadvantage that the catalyst is not only very expensive but also it exhibits
an appreciable loss of platinum at the high temperatures of the oxidation
reaction with consequent low catalyst life, which requires frequent
replacement.

15 It 1s therefore desirable to provide a replacement of such precious

metal catalyst.

It 1s well known that oxides of metals such as manganese, iron, nickel
or, especially cobalt, often used in conjunction with one or more rare earth
metal oxides, exhibit activity for ammonia oxidation.

20 CN-A-86/108 985 describes a catalyst composition of formula
La;x Ce Co O3 (where x 1s a number from 0 to 1) having perovskite
structure, endowed with good activity and selectivity when tested on small
scale, which decreases when operating at temperatures (800° - 1000°C)
normally employed for ammonia oxidation.

25 US P 4 963 521 describes an exhaust gas catalyst which, in one
embodiment, 1s formed of honeycomb cordierite coated with a first layer of
gamma alumina mixed with minor proportion of zirconia and ceria, and a
second layer formed of cobalt oxide or platinum, rhodium and palladium.

No mention is made that the catalyst can be used for oxidizing

30 ammonia.




US P 5 217 939 describes an ammonia oxidation catalyst obtained by coating a reticulated foamed
ceramic or metal substrate with cobalt oxide or with a noble metal. The coating is obtained by
immersion of the foamed substrate in a 5 solution of a carboxylate of cobalt, or of a noble metal,
removing the substrate from the solution and calcinating at temperatures from 260 to 800C at which
the cobalt carboxylate is convened into oxide and the carboxylate of the noble metal is reduced to the

metal). The cer z‘ﬁszh er of ores r linear, inch of 10,to to 5%“ Olcm) 30
pores in the example Q’f? r‘?fﬁ %ﬁ % %8?8&%1@%8 aé/g oX U8}

92-95%; usingdbgtfnana eeatad wsh Ri&ﬂetp@%amld:wthﬁt@TmiﬁwW@S%@ﬂy tsmﬁmvsert nitric
oxide (NO to NO2) and then to nitric acid. isMore efficient and economical catalysts in the production

of nitric acid ar\é{ fefstelpdea More efficient catalysts producing relatively high yields of NO2
are described in US Prﬁeﬁ%%gﬁﬂ Tﬂe 'MéE§ % fﬁiﬁ%@%ﬁi@%@%ﬁf?&%&&%%@%C&J'%per
square inch i.e. 14 -24 cells per [mear inc 9 cells/cm) coated with at least three layers: the

first is formed ebalinaokith mmbopsdpmnoﬁ @D&mﬁé arid Qﬁc@rﬂmh]fﬁa suiehd shaideg ofrebbal,
zronium and cerym, I PIRUNSIE) co T FYers a1 aRIANERby mmersing e porous

ceramic body in‘a'suspension o mina, zirconium oxi cerlu itrate, removin
impregnated c&GHRIC s@aMcwmcémd}mIcmbﬂhg@rb@&y(bai@(l@&dih&mImg)suvﬁadm amhithO 120

m2/g.  The thus coa eramic is then |m ersed.in a on of alt acetate, cerium nitrate and
zirconium acetSte! P@?Hf%}fdofﬁ tﬂg@&lﬁﬂg éﬁd%%%iﬁ (%888(15 000C. 30The last layer is
obtained by immersiomiig, %é%%‘ﬂﬁ@a@ﬂﬁt'ﬂﬂ% a number of pores per linear inch of 10 to

10 100 (4 - 40/cm); 30 pores in the examples.

The conversion of ammonia to NO using the foam-Co oxide coated is
92-95%:; using the foam coated with Pt 97-100%.

Further processing is necessary to convert nitric oxide (NO to NO,)
and then to nitric acid.

15 More efficient and economical catalysts in the production of nitric
acid are therefore needed.

More efficient catalysts producing relatively high vyields
of NO, are described in US P 5 690 900. The catalysts are formed of porous
ceramic (200 - 600 cells per square inch i.e. 14 - 24 cells per linear inch =15 -

20 9 cells/cm) coated with at least three layers: the first 1s formed of alumina
with minor proportion of ceria and zirconia, the second of oxides of cobalt ,
zirconium and cerium, the third of platinum metal.

The layers are obtained by immersing the porous ceramic body
in a suspension of alumina, zirconium oxide and cerium nitrate, removing

25 the impregnated ceramic structure and calcinating at 600° to 1000°C.

The resulting surface area is 80 - 120 m*/g.

The thus coated ceramic is then immersed in a solution of cobalt
acetate, cerium nitrate and zirconium acetate, removed from the solution,

and calcinated at 600 - 1000°C.

30 The last layer is obtained by immersion in a solution of platinum




3 oxalate, and calcination at 600 - 1000C of the structure removed from the solution of the previous
treatment.  The ammonia conversion to NO/NO2 is 95-100% with NO/NO2 ratio of 75/25 to 60/40.
5US 4 820 678 describes honeycomb-like alloy tapes coated with a catalyst having the perovskite
(ABO3) or spinel (A2BO4) structure, wherein A comprises cations of rare earth metal, B, in the
perovskite structure, is selected from manganese, copper and nickel cations, in the spinel structure is

selected from iron and nickel. 10The catalyst is used f e purification of industrial waste gases,
exhaust gases Qﬁﬂﬁ%téﬁﬁ)ﬁﬁi@%&)ﬁﬁ%@@oh b@gf?g@?ﬁﬁiﬁ)ﬁg}%ﬁﬁ f5haevgd g&’éﬂr‘%@ by
perforating Fe ¢1uAbardithAhateysitreafakaut 0.05-0.12 mm thickness at distance of about
1.1-1.2 mm apart to form small holes of 0.4x0.4 mm. 150BJECTS It is an object of the present
invention to provide afinsorianonitiaticrnoatsigsisteoMEIDEd inshdhel/dothbatibe Stidilre satherein,
due to their tub&ayg%%cggrg@%radial gas flow mixing occurs and therefore no satisfactory conversion
of the reagents) capable of giving high catalyst performance in terms of activity and selectivity and

high specific productivitg réfeyped 69 she aitites ohtir-Deseicoikb allvsturepbecdancthemigignt of the
catalyst. The ammania gxidation catalysts of thz greient invention are formed 25 of one or more unit

structures eactF8fANRERRIRERE RFAY SFibfo i BBH bRy pb Sichiore SBRHBA%SINg
catalyst material, thenhlocks hanginioriaced hetverndhem adayrr phagsRermeahiq matqyal

wherein a radial mixin% of the reagent gas flow is obtaine_d. , , _
selected from manganese, copper and nickel cations, in the spinel structure

is selected from iron and nickel.
10 The catalyst 1s used for the purification of industrial waste gases,

exhaust gases from automobiles, and purification of air.

The honeycomb tapes are obtained by perforating Fe - Cr - Al or
Fe - Ni - Al alloy strips of about 0.05-0.12 mm thickness at distance of
about 1.1-1.2 mm apart to form small holes of 0.4x0.4 mm.

15 OBJECTS

It is an object of the present invention to provide ammonia oxidation
catalysts comprised in honeycomb-type structures (wherein, due to their
tubular structure, no radial gas flow mixing occurs and therefore no
satisfactory conversion of the reagents) capable of giving high catalyst

20 performance in terms of activity and selectivity and high specific
productivity referred to the volume of the honeycomb structure bed and the

weight of the catalyst.

The ammonia oxidation catalysts of the present invention are formed

25 of one or more unit structures each of which formed of a pair of blocks
having honeycomb-type structure comprising catalyst material, the blocks
having interplaced between them a layer of gas permeable material wherein

a radial mixing of the reagent gas flow is obtained.

30 The blocks have height of not more than 15 cm, preferably not more




4 than 10 and more preferably not more than 6 cm and more than 2 cm. The height of the interplaced
layer is more than 0.5 cm and not more than 3 cm preferably not more than 2 cm. A foamed
material having open, randomly connected cells is usable to 5 form the interplaced layer.  For
honeycomb-type structure it is meant a structure formed of tubular not interconnected through bores.
As indicated, in the above structure the interplaced layer performs the function of thoroughly mixing

the gas flow exiting the first honeycomb block wherein, due to laminar piston-type flow inside the
tubular not intef&éAn&Et884HrRKkhINEIEE Y malaMAsEHG Fe QS ANeREnE1BBteICEBNV&Sion

inside the secondiblocks the e /ARNRAT RISLOTIMPS OV NSNS th HRHIALIhRYED hores Qf the

blocks favors the maintenance of constant reagents concentration at contact is with the catalyst
covering the wamsEind YrHrotgroerdsn 2 qhe material of honeycomb-type block preferably is

ceramic or metallic; any ?ther r%aterial.r istant to the hi{%h Eﬁm eratures fé&he mmoniaﬁgi ation
reaction can also be used FoF )E%%% 1ea,t Aty or tHE %rﬁ%;g&gl.%e&% R Eal¥, Rrovskite
of the ABO: s tydemhereimfebl asedrérgcgarth-element or an alkaline-earth element or mixtures thereof
and B is a transition metal element or mixtures thereof  The density of the cells ranges from 3 to 10

cells/cm; that of the pdrek Sraneveamed YRSt BT WIEA 16 20/dRfant Cosifvsraiss heneyEesmdLtype
blocks are availaﬁ;glfc{p%ﬁmggg@ﬁgmﬁ W%r&{%gfoams from Hi-Tech Ceramics - NY, USA.

Foamed alpha. alumina and reticulated foams with open cells randomly connected are preferred.
Usable honeycomb-types atidychlecks cahcatdmbe stitaitertftbmitepes! arepdesd npeofdingsohdS P 4
820 678. BOAnny?/rPC%%ag}m[ %if’jlo%)é yti%qig%tl%lyagec aé‘a'geﬁ’g%d é?(ittkllrelg the first honeycomb
10 block wherein, due to laminar piston-type flow inside the tubular not
interconnected through bores, no radial mixing occurs, thus allowing better

conversion inside the second block.

The laminar piston-type flow inside the tubular through bores of the
blocks favors the maintenance of constant reagents concentration at contact

15 with the catalyst covering the walls of the through bores.

The material of honeycomb-type block preferably is ceramic or
metallic, any other material resistant to the high temperatures of the
ammonia oxidation reaction can also be used. For example, the material of
the honeycomb type block can be a perovskite of the ABO; type wherein A

20 1s a rare earth-element or an alkaline-earth element or mixtures thereof and
B is a transition metal element or mixtures thereof.

The density of the cells ranges from 3 to 10 cells/cm; that of the pores
of the foamed material 1s of 4 to 20/cm.

Commercial honeycomb-type blocks are available from Emitech-

25 Germany; commercial foams from Hi-Tech Ceramics - NY, USA.
Foamed alpha alumina and reticulated foams with open cells

randomly connected are preferred.

Usable honeycomb-type alloy blocks can also be obtained from tapes
prepared according to US P 4 8§20 678.

30 Any type of ammonia oxidation catalyst can be used in the




honeycomb-type structure unit according to the invention. The final catalyst can be obtained by either
a) coating an inert honeyconib monolithic structure with the active element or b) extruding the active
element powder to a honeycomb monolithic type structure. A preferred catalyst comprises mixed
oxides of cobalt, manganese and rare earth metals having composition expressed as percentage by
weight of Co 0, Mn 0 and rare earth oxide in the lowest state of valence as ic follows: 20-45% Co 0,
50-60% Mn 0, 0.5-20% rare earth metal oxide, preferably La203 and jts mixtures with Ce02. The
mixed oxideBHIEYSEIPBrERONPETBUS iHOIGAORERE Siths 1preatibly dhaMnakictEsCatalysts of
this type com&qa%&p@c&g{é‘o 0, and the preparation thereof are described in WO
2008-090450. IsExamples of other usable catalysts are described in US P 5 217 939 and 5 690 900,
and WO 99/25666ti0¢her examplessmthe peoavskitectype: cataty sti(ABDS )aand ¢hel apiae type
(AB204) The catalyst unit allows to obtain high conversion of ammonia to NO. The oxidation
reaction corfdfitions are: temperature from 200C to 20 900C, pressure 1 to 12 bar abs., CH4SV

8.000-140.089 el g e watpnksdp fivsperiic auetiure pfRE BduanARSR i cespect to the
back pressure and increases the space-time yield since the throughput of the existing plants can be
more heavilptoadede EXAMPLE A catalyst unit formed of three units of honeycomb-like structure

ceramic blocks each having 5 ¢cm hejght, 62 cells/cm2 and jncluding two layers of foamed alfa alumina
each 2cm thick int IBE%%%@@I?@%L%E% GREIDTISES m1xed oxide (‘)I%O co%alit, manganese

and rare earth metals having composition expressed as percentage by weight
of Co O, Mn O and rare earth oxide in the lowest state of valence as

10 follows: 20-45% Co O, 50-60% Mn O, 0.5-20% rare earth metal oxide,
preferably La,O; and its mixtures with CeO,. The mixed oxides are
supported on porous inorganic metal oxides, preferably gamma alumina.
Catalysts of this type containing Cu O in place of Co O, and the preparation
thereof are described in WO 2008-090450.

15 Examples of other usable catalysts are described in US P 5 217 939
and 5 690 900, and WO 99/25650. Other examples are the perovskite type
catalyst (ABO;) and the spinel type (AB,Oy).

The catélyst unit allows to obtain high conversion of ammonia to NO.

The oxidation reaction conditions are: temperature from 200°C to

20 900°C, pressure 1 to 12 bar abs., GHSV 8.000-140.000 h™".

The unit, thanks to 1ts specific structure offers advantages with
respect to the back pressure and increases the space-time yield since the
throughput of the existing plants can be more heavily loaded.

EXAMPLE 1

12
(o

A catalyst unit formed of three units of honeycomb-like structure
ceramic blocks each having 5 cm height, 62 cells/em® and including two
layers of foamed alfa alumina each 2cm thick interplaced by alternating one
block of monolith and one foam until the five structures are arranged in
cascade, was prepared by immersing the blocks in a slurry containing gamma

30 alumina milled to 1 to 10 um having supported on it a mixed oxides catalyst




block of monolith and one 1'.o0arri until the five structures are arranged in cascade, was prepared by
immersing the blocks in a slimy containing gamma 30 alumina milled to 1 to 10 tiff, having supported
on it a mixed oxides catalyst 6 of composition expressed in percentage by weight of Co 0, Mn 0 and
La203 of 37.4% Co 0, 53.4% Mn 0 and 9.2% La203. The supported catalyst comprised also Pt in
amount of 0.1 - 0.2 wt%. Said transition metal oxides ate supported on gamma alumina in a global
amount equal to 20% by 5 weight. The s&llr,ry is further composed of deignized water and made acidic

to pH 4 with acRlic AROSIIPRECEIAYSEN S PrapRirbeesy TnprebHanh garkmY @ drhmtWite&h
aqueous solutigq. 9flanthanygmitretesaii@3)$)and o The impregnated S‘W?’M@S thex ijed at
(0]

110C, calcined at 600C i and thereafter impregnated with an aqueous solution of manganese nitrate

(MndNO3)2.), ceBartsgdtalcoior)amemambaNed)4 €19 wWhd dnetiarapecon mefalupradss
solution equal 0Q9 p IR, 0 ina was, u ri ion.15Thgdmmersed
blocks were re%(%/(%ﬁ%gén‘q@e glgfr and ca c%{gge}& a%\%o%ogt?g% ta%%%?% 8% pagti?]g%ios s to
metal. 5 weight. The slurry is further composed of deionized water and made acidic to

pH 4 with acetic acid.

The catalyst was prepared by impregnating gamma alumina with an
aqueous solution of lanthanum nitrate (La(NGOs),).
The impregnated support was then dried at 110°C, calcined at 600°C
10 and thereafter impregnated with an aqueous solution of manganese nitrate
(Mn(NOsj),), cobalt nitrate (Co(NOs),) and Pt(NH3), Cl,, and dried at
120°C.

A volume of solution equal to 100% of the pore volume of alumina
was used for impregnation.

15 The immersed blocks were removed from the slurry and calcinated at
500°C to obtain reduction of platinum ions to metal.

The thus obtained unit was inserted into a reactor for ammonia
oxidation. The reaction conditions were: GHSV = 10.000 h”', temperature of
the gas mixtures taken at the inlet of the catalyst unit 550°C, pressure 1 bar

20 and ammonia concentration equal to 1% v/v in air.
The conversion of ammonia to NO was higher than 96%.
COMPARISON EXAMPLE 1

A catalyst unit similar to that used in Example 1, but not comprising
the foamed alumina layers, was used in a test of ammonia oxidation carried
25 out under the same conditions as in Example 1.
The conversion of ammonia to NO was 87%.

COMPARISON EXAMPLE 2

A catalyst unit formed of a single honeycomb-like structure ceramic
block having 15 cm height, 62 cells/cm2 was prepared according to the
30 procedure already described in the EXAMPLE 1 and was used in a test of




The thus obtained unit was inserted into a reactor for ammonia oxidation. The reaction conditions
were: GHSV = 10.000 h.-1, temperature of the gas mixtures taken at the inlet of the catalyst unit 550C,
pressure 1 bar and ammonia concentration equal to 1% WYV in air. The conversion of ammonia to NO
was higher than 96%. COMPARISON EXAMPLE 1. A catalyst unit similar to that used in
Example 1, but not comprising the foamed alumina layers, was used in a test of ammonia oxidation
carded 25 out under the samg conditions as in Example 1. The conversion of ammonia to NO was

87%. COMPARISBNEX AMEEES $eEAEMH URRISHHAE SHASSHYIE RO oMbk Sficlure
ceramic block having %ﬂ&%‘ﬁ%@@%&%ﬁ%&%ﬁi‘é@é ﬁ\f@owggwrding to the 30 procedure already

described in the EXAMPLE 1 and was used in a test of 7 ammonia oxidation carried out under the
same conditions as n Example 1. The conversion of ammonia to NO was 74%. 8 CLAIMS




1. Catalysts for ammonia oxidation formed of one or more catalytic units each of which formed of a
pair of blocks having honeycomb-type structure comprising an ammonia oxidation catalyst, each of
said blocks having height o-f less than 15 cm and 5 more than 2 cm and interplaced bet\é\g‘ m%rlgg,em a
layer having a height of more than 0.5 cm and not more than 3 cm and at least of 0.5 cm, formed of
foamed material having open, randomly connected c@lls. 2. The catalyst unit according to claim
1, wherein density of cells of the interplaced foamed layer ranges from 3 to 10 cells/cm and the density
of pores is 4 to 1020/cm. 3. The catalyst unit@t:gi(fmgwg to claims 1 or 2, wherein the height of
each of the blocks is from 2 to 6 cm. 4. The catalyst unit according to anyone of claims 1 to 3,
wherein the height of .tAetihystpfacechayeiaisfrdatih SotmnR ol 0h6r Therceatdidiumiitaceohdifg to

anyone of clair%s }Ht%df w eriein the blgcbkls re Igjrmedhof ceramg:_tor mettalli{; materialﬁ . ghThe
catalyst unit aCCSrHiING TS Ao B chaims 110 & Witerein the Ceramic matenal of the BIGeks having
honeycomb typerstructeifiamaperaskitit sifuaidrelof theABQ Jéyge wheysinhAns A carend
earth-element or an alkaline-earth element or 20mixtures thereof and B is .a transition metal element or

mixtures ther8t5re thanz2 pReaag aNriplated REBFamg S RAYAKE Seiamds beighb chvmareilMiAd Blocks
have a numbey, of cells PeLAMnWickican b the same srliffesenbdromsaie.d Gangdiwherein the

number of pores per crn of the foamed layer is 4 to 20. 8. The catalyst unit according to anyone
of claims 1 tooPewhendimthecfoaséer 25idyer is formed of foamed alumina. 9. The catalyst unit

according to claims 1 tq.8, whereln e ammonia,oxidation cptalystis indarm o' cating:otained by

immersing the blocks in a slurry ‘containing gamma alumina having supported on it a mixed oxides
catalyst of compopition dxpresstgin pegeniage byowdightlot @0 Uhe demdyarepesgshindetal oxides

in the I\/1I63 ELZB)/cm.

3. The catalyst unit according to claims 1 or 2, wherein the height of each of the
blocks is from 2 to 6 cm.

4. The catalyst unit according to anyone of claims 1 to 3, wherein the height of
the interplaced layer is from 0.5 to 2 cm.

15 5. The catalyst unit according to anyone of claims 1 to 4, wherein the blocks are
formed of ceramic or metallic material.

6. The catalyst unit according to anyone of claims 1 to 5, wherein the ceramic
material of the blocks having honeycomb type structure has a perovskitic structure of
the ABO; type wherein A is a rare earth-element or an alkaline-earth element or

20  mixtures thereof and B is a transition metal element or mixtures thereof.

7. The catalyst unit according to anyone of claims 1 to 6, wherein the blocks
have a number of cells per cm, which can be the same or different, from 3 to 10 and
wherein the number of pores per cm of the foamed layer is 4 to 20.

8. The catalyst unit according to anyone of claims 1 to 7, wherein the foamed

25  layeris formed of foamed alumina.

9. The catalyst unit according to claims 1 to 8, wherein the ammonia oxidation
catalyst is in form of a coating obtained by immersing the blocks in a slurry containing
gamma alumina having supported on it a mixed oxides catalyst of composition

expressed in percentage by weight of Co O, Mn O and rare earth metal oxides in the




9 lowest state of valence of 20-45% Co 0, 50-60% Mn 0 and 0.5-20% oxides of rare earth metals,
removing the blocks from the slurry and calcinating them. 10. The catalyst unit according to claim
9, wherein the rare earth metal oxide is La203 and its mixtures with CeO2. 511. The catalyst unit
according to claim 9, wherein the catalyst coating present on the blocks comprises 0.001-1"Wt% of Pt.
12. An ammonia oxidation process, wherein the empfoyed catalyst is formed of one or more catalyst
units according to any one of claims 1 to 8. 13. An ammonia oxidation process according to claim

12, conduct 0 f :
12 sonductest B TOIRTBETaIHES (1ofD 480D IR PAERRINS Alilo!9- A9 HRKRRS AR SHSY from

earth metals, removing the blocks from the slurry and calcinating them.
10. The catalyst unit according to claim 9, wherein the rare earth metal oxide is
La;O3 and its mixtures with CeO,.
5 11. The catalyst unit according to claim 9, wherein the catalyst coating present
on the blocks comprises 0.001-1 wt% of Pt.
12. An ammonia oxidation process, wherein the employed catalyst is formed of
one or more catalyst units according to any one of claims 1 to 8.
13. An ammonia oxidation process according to claim 12, conducted at
10 temperatures from 200°C to 900°C, pressure of 1 to 12 bar abs. and GHSV from 8.000
to 140.000 h™".




