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AVMONI A OXI DATI ON CATALYSTS The present i nvention

relates to an ammoni a oxi dation catal yst uni-t - f-ormed

of a pair of honeyconb-type bl ocks conpri si

amoni a oxidation catal yst and having int m&wmﬂmmmm“m

between them a | ayer of foaned 5 material.

years, the catalysts for anmoni a oxi dation havé>h®en

formed of nmeshes or gauzes of platinumor its alloy
AMMOMXINe OXHA TN GATAEYSIDS Such cat al ysts have

good_activity and selectivity but suffer fromthe ]

di sadiharpregent mayenthen gelaiey 40 ars anumoord pxidatjon catalyst unit

expensiye but. al so,it exhibits reci abl e | oss of X
Qe o 2 P O BANEECRIBPaIREe DIBFKY heOmRISHE op ammonia
oXRBEIOCBatl it £RNIRANR tin{ér?ryl&%tdatg%i/?éﬂ e ii&Yer of foamed

requires frequent repracenent. 15 1 It is theretore
nmd¢etialabl e to provide a repl acenent of such precious

nmetal catalyst. It is well known that oxides of netals

such as manganese, iron, nickel or, especially

coba#t, often used i.n conjunction wth gne or_ npre
. rarelt'@hr

r e 85 ANYnyEars; ol ctalysin BPT apmaniay okilatigadiave been
FARFcshl . Sy 87 RGPy B TpE U e recions

metagiger fromO to 1) having perovskite structure,
endowed with good activity and selectivity when tested
on sBath catalyises hahe goateacargsamhseleepeit bogsaffer from the

00 - .1000C || I df . o
I enper at ur%&&ﬁ%ﬁ_ﬁt ajs’sﬁ}% t488 %gﬁe&%%%@lt%w it exhibits

o R 5L B e 18 B0 FRRPMTRES o ovidton
rda@yieh Olith consequent low catalyst life, which requires frequent

replacement.

It is therefore desirable to provide a replacement of such precious

‘metal catalyst.

It is 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.

CN-A-86/108 985 describes a catalyst composition of formula
La;x Ce Co O; (where x is a number from O 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.

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 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

ammonia.
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ganma al um na- m xed with m nor proportion of zirconia
and ceria, and a second |ayer forned of cobalt oxide
or platinum rhodiumand palladium.- No nmention is made
that the catal yst can be used for oxidizing 30
amonia. 2 US P 5 217 939 descri bes an ammoni a

oxi dation catal yst obtained by coating a reticul ated

f oaned. cerani_c_or tal substrate.with _cobalt qxide, or
wi t hUD Robizd 7n@? %ldgfm es @BtaTREINEa Srdatian ogfalyst obtained by

| arer si on: of_thef St ) A |
PR BHichairtoaBRET Py o bl dsiegvith o gide or
wiflea noHIs i@he fromthe solution and cal ci nati ng at
tenperatures from 260 to 800C (at which the cobalt

car b@hyl edating is abtainiet bynimnersidm efidtheh®amed substrate in a
carboxylate of the noble netal is reduced to the

solaitn ofTRecadoxyilater oAneobalteorn Glumbaoble metals rpmoving the

linear knch of 1 Q41 - 40/ : : j o
SUBFL HORDFC 4, bRa kbl U PR ot 260° o
800eCt pamuddcRxftée coBaltedarbdxydRedR constneadt firof ORide and the
coated with Pt 97-100% Further processing is

casmesdateyof thecooblkermetdltis redesedito iidomesalic?)  and

then to nitric acid. .is Mre efficient and econoni cal

cat allyast eeramichtogsms havei » Musrber of iporesdica lear inch of 10 to

R SOR P TR, LA L8 T
000 L Sy, PO B iy AT comed i

0pe95%4; naaung ithe loamacoa€d witke Pt &7ciPOPoat ed with at
| east three layers: the first is formed of alunm na

wi t h Furtheer prooeesinigors nécessaia tarmdmyiercoitrig, oxide (NO to NO,)

sgcgnd of .oxi des, of cobalt
and then to nitric acid.

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

More efficient catalysts producing relatively high yields>
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 =5 -
9 cells/cm) coated with at least three layers: the first is 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 aIumina, zirconium oxide and cerium nitrate, removing
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 solutién of cobalt
abetate, cerium nitrate and zirconium acetate, removed from the solution,

and calcinated at 600 - 1000°C.

The last layer is obtained by immersion in a solution of platinum
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zirconiumand cerium the third of platinumnetal. The
| ayers are obtained by i nmmersing the porous ceramc
body in a suspension of alumna, zirconium oxide and
ceriumnitrate, renoving 25 the inpregnated ceramc
structure and calcinating at 600 to 1000C. The
resulting surface area is 80 3220 n2/g. The thus coated

cefam c i s then.i mer i Sl utjon of cobalt

oxalafes an &éﬁqmﬁnﬂnt@ta@(ﬁ arlDONL ohithnsristuRTeRaKed dgom the
s | cinated at 600 - 1000C. 30

S%ugfq&ats}ft}fé;ét%dlﬁgsge?g@ﬁgg by imersion in a solution

of Pl é}ﬁm&liﬁ)&‘)’n@%?siogr}? aaOAVORLE 93-8H080% ith #@@@Oz ratio

of the structure renpve romthe” solution of the

op7ev2 dus 604Gt ment . The anmoni a conversion to NO NO7

i's 95-100%w th NONO7 ratio of 75/25 to 60/40. 5 US
4 820/ 78 8285 617 B bdesanthasybondycamb-lake allaypapesc oaated with a

A B AR R M A e, whern
ACRnIEs cadbss oF fabe ?a?ﬁi md&al,! B, iRSHREHGVEKIe structure, is
structure, 1s ‘selected Trom mangahese, “copper and oC

seliecke] fioah imasgandaset kopppt aatd mwicket tations, t ded gpinet! structure
.fromirop and nicrﬁejl,lq}q?The catalyst is used for the
lspﬁﬁlF:P'ieéia PEhITEN AKHBKXSlal wast e gases, exhaust gases

honey én B Re s 88 oY theu DBty B ingelrial spaste gases,
e%at%ti %zis%g from) augoﬁ{otﬁlés‘,)ﬁPat%%rﬁgﬁggqu%Er. 0.05-0.12

ness at I stance’ o mm apart to

f or Mg hbnBot@mbofages4dR bbfathed Sb{BEEdmatids Fe alCr - Al or
obj ect of the present invention to provide armoni a

‘Fext d¥t oAl 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.
OBJECTS

It 1s 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
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
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.

The blocks have height of not more than 15 cm, preferably not more
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catal ysts conprised in honeyconb-type structures
(wherein, due to their tubular structure, no radia
gas flow m xing occurs and therefore no satisfactory
conversion of the reagents) capabl e of giving high
catal yst 20 performance in terns of activity and
selectivity and high specifica4 productivity referred
to the volune of the honeyconb structure bed and the
thasi gHtanst more praferaply notijaorentban & omi erd inere than 2 cm. The

at al s 0of th sent. i_nventd on formqed ., 25 of
hERER W Dtenpifcd] F s BOES BAD P Rt A Gisa0s? than 3 cm
pf@fbfatﬂ MItaakee tHhay 2 Rgn honeyconb-type structure
conpriSing catalyst material, the bl ocks having

i nt eApfaRed bedteeab hhheie apeayRinddmBasomesorediekts is usable to
material wherein a radial mXxing of the reagent gas

 fonmashe sntenplacedday®o The bl ocks have hei ght of not

nore_th 15 cm preferably not nore 4 than 10 and . .
mreFergﬁ@an;nhotwpﬁoﬁgup § & dfn BRANHo? eStipeiyTe fopmed of

tmargsﬁg’?&@gnﬁﬁ%‘?ﬁ@@%@%e |l ayer is nmore than 0.5

cm an nor e : _ erably not nore than 2 -

cm Asfi%‘i’@éfefiﬂr?fh@bb?@é st cAR@ the' i 'I‘édé&}ég‘é?‘ﬁe?ﬂ)rms the
cells is usable to S formthe interplacCed |ayér. For

finocteyr afbthonoaghiy unixing the igasnHamt exitshg uthieufiest honeycomb
ornmed of . tupul ar pot.interconnecte hr oug

t bores.
black wihersirg dyen toh i PPICY B IONG. IMSHS dhgcBibular not

RS RSSOl 54 PRARL SRR, Tt e betr

coheesion inkldettRe lsadbRdbletiet on-type flow inside the
tubul ar not interconnected through bores, no radial

m xi Theolaminar pibtom-apeofliong ihsatdeahe twbolar dironghniso@s of the

he second ﬁl ock. The lanm.nar piston-type flow inside
bi(pfgcst fpy@rg,t ¢ FA@NGENaceal gpngtgat reagents concentration at contact

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
is 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 is of 4 to 20/cm.

Commercial honeycomb-type blocks are available from Emitech-
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 4 820 678.

Any type of ammonia oxidation catalyst can be used in the
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bl ocks favors the nmaintenance of constant reagents
concentration at contact 15 with the catal yst
~covering the walls of the through bores. The nateri al
of honeyconb-type bl ock preferably is ceram c or
metallic; any other material resistant to the high
tenperatures of the ammonia @xidation reaction can
al so be used. For exanple, the material of the
haveypgembetypyg strudtonk un tradeerdingetamthk ineendion. REheAfi@al catalyst

type erein A20 is arare earth-elenment or an
Cﬁ%&l‘%@”@ﬁﬂ?%egg@ﬁent or nmixtures thereof and Bis a

L t el enent _or . xtures. thereof. The.
TS B o RonsBl ST SO FIHSl SR girEGR B theatfjve clemen
O,;hat of the pores of the foanmed material is of 4 to
20/ cm Commerci al honeyconb-type bl ocks are avail abl e

b“@dﬁ@m el a2GvERI|BRNY fabah H oMW%onogthic type

- Tech ramcs - NY, USA Foaned al pha-alum na an
strgctuwral ated foans with open cells randonmy connected
are preferred. Usable honeyconb-type alloy bl ocks can

al sofp@refereadhsatalysimconpgisesprypad eax wesoptiicobaltp mmganese
apd fefeu Aty RV RnBysti fypeSed Bsatresinge by weight
0faCHrAi NQVHoOt ARdI FMENEARR - oXide [ MRE AT Y§ ‘crsb%?nvél@nce as

obtai ned by either a) coating an I nert honeyco
folboeti 2A0-45% e tQr S0a60% tMa a5t 0\5e26Vemard casth Bdihl oxide,

PRRREATY N 22 pad stiey SR RTesANHBT GieGa 2Bearyed oxides arc
S, ol 6818 BRIGR g "B Shumina
Caeslgstyt @0thi®Yypecantaining Cu O in place of Co O, and the preparation
thereof are described in WO 2008-090450.

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,O,).

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

The oxidation reaction conditions are: temperature from 200°C to
900°C, pressure 1 to 12 bar abs., GHSV 8.000-140.000 h™',

The unit, thanks to its 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

A catalyst unit formed of three units of honeycomb-like structure
ceramic blocks each having 5 cm height, 62 cells/cm’ and including two
layers of foamed alfa alumina each 2c¢m 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

alumina milled to 1 to 10 um having supported on it a mixed oxides catalyst
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of Co 0, Mh 0 and rare earth oxide in the |owest state

of valence as io follows: 20-45% Co 0, 50-60% M O,

0.5-20%rare earth netal oxide, preferably La203 and

its mxtures with CeQ2. The nmi xed oxi des are

supported on porous inorganic netal oxides, preferably

gamma al um na. Catal ysts of this type containing Cu 0

in place of Co 0, and the- preparat|on t hereof are
ofjeegiaseidon @xmmd&mp@zﬂeotagts Emmghé@fcﬁo éh¥in O and La,0;

of;%s%%o@t S S A ME S R R T af0 T Seped catalyst
E?i’s%ﬁ' 8180 1PPh a ﬁ?dlﬁ&tyéf o(ﬁBC@)z R, tégﬁdsghﬁggilgwafétal oxides

204). The catalyst unit allows to
amorsuppert@d oh gammaaalumhm 1nTaegb)badiaamount eapidloto 20% by

di are; erature P0C to 20 900C,
Qgts filuflb’ 180 eras@nposﬁév? eiovized ovass and made acidic to
Hniltwu}tlgé&lfé a%ﬂdl ts specific structure offers

advantages w respect to the back pressure and

of { FEESEHA B 08¢ It AR it Seghatt epn O YANRH with an
adSNR o 111tidh oﬁf kamttlazluymh niniate {Da@ed;pf). t hr ee units of

honeyconb-1i ke structure ceram c bl ocks each having
cm héhghmpregnatsd supmnamls then dmedgatthw%,agaicmaoh‘ at 600°C

g ABE et i BT e Fonaneess RBTIH, OF GHanbanese nitrate

(ﬁél?lgpar%g) SES ATt UhRPatdr f(ﬁgﬂgl@(}?ﬁgahﬂ P‘f Iu 21502, 2nd dried at

by I mrer si ng In a
1207Cai ni ng gamma 30 alumina mlled to 1 to 10 gm
havi ng supported on it a m xed oxides catalyst 6 of
co npAs volwne expselsision equpleta d00%g o fhthenpoghvobimemalumina
8q§ La203 of 37.4% Co 0, 53.4% Mh 0 and 9.2%
“@Qé@@. PhATLEBRIRY cat al yst conprlsed al so Pt |n

amouiph Qi fletsed Broek¥werefliflobed o' &) sqﬁ}‘r%ll af cHftSnated 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
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
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
procedure already described in the EXAMPLE 1 and was used in a test of



are supported on gamma alumna in a gl obal anount
equal to 20% by 5 weight. The slurry is further
conposed of deionized water and nmade acidic to pH 4
with acetic acid. The catal yst was prepared by
I mpregnating gamma alumna wth an aqueous sol ution
of lanthanumnitrate (La(NO03)3). The i npregnated
support was then dried at 110C, calcined at 600C io
amomWeQ)@dfitl@n carpiedgnituniiari the samexepirditions sisuni Brample 1.
ese nitrate _(M(NQ3)2), cobalt nitrate
( Co( %@)%nvgmomﬁ\m;mrea to Nwasi’ddoat  120C. A
vol ume of solution equal to 100% of the pore vol une of
alum na was used for inpregnation. 15 The inmersed
bl ocks were renoved fromthe slurry and cal ci nated at
500C to obtain reduction of platinumions to netal.
The thus obtained unit was inserted into a reactor for
amoni a oxidation. The reaction conditions were: GHSV
= 10.000 h-', tenperature of the gas m xtures taken
at the inlet of the catalyst unit 550C, pressure 1 bar
20 and amoni a concentration equal to I%v/v in air.
The conversion of amonia to NO was hi gher than 96%
COWPARI SON EXAMPLE 1 A catalyst unit simlar to that
used in Exanple 1, but not conprising the foaned
alum na layers, was used in a test of ammonia
oxidation carried 25 out under the sanme conditions as
in Exanple 1. The conversion of ammonia to NO was 87%
COVPARI SON EXAMPLE 2 A catalyst unit forned of a
si ngl e honeyconb-1ike structure ceram c bl ock having
15 cm height, 62 cells/cm2 was prepared according.to
t he
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30 procedure al ready described in the EXAMPLE 1 and

was used in a test of 7 ammoni a oxidation carried out

under the sane conditions as in Exanple 1. The

conversion of ammonia to NO was 74% 8 CLAIMS 1.

Catal ysts for ammoni a oxi dation fornmed of one or nore
units each- of which formed ok a pair of blocks havi ng
honeyconb-type structure conprising an ammonia

oxi dati on catal yst, each &LA&MS bl ocks having 5

hei ght of less than 15 cm and |nterpl aced between them

a | ayefatal yathfsg ampBrasasxadaaen fpamediel ene of maeg ynits each

Oﬁle‘ivbl@‘ SorbBf REPERHa 5% Rt BB BoReds BV BB structure
lpmfi‘n ajl Mametiat oRERRIGH %télgspl &h¢h Jof WART edlﬁck’é‘ehavmg

erplaced gas flow m xing r'is a foaned | ayer
hmgHu el ggist thams 4 St tranasd anterpd)adi:d_ boeveeat ahgmt aulaiyer of a gas

accorlgheng to CL 1l or 2 erein th ht of
PeHBRARC fAcHRp eénfaotmdza HUE 1SN O aggnh gasy flow is
opfHihed HERLY AhcignearOe reqhamscrglrom gugva{g%gors ERE

e 1n erp ace ayer 1S

5. The
o 4Q Rlercgiltﬁﬁlsﬁ H!l‘iﬁht,tl %&gﬁggr%'ﬂ@ A1y Werin ﬂﬁ@hﬁ'ﬁérﬂlaced gas

, are formed of ceramic or
flost atiking begeeris al foatedTayec avish feightrliess B dimg t o
anyone of clains 1 to 5 wherein the ceramc nateri al
of  t Be Thieoeatslysawinigaeeoréyre o algises dtew; wheramsthe height of

r Ki structure of the ABO3 type wherein Ais a
© <§l’,1 \lea H]O“éﬁs Pt tO z§n Bt kal i ne-earth el ement or
m xt yr t 0
T <L TRgLORERRL B B L6 RGHRL 0 RHRL 1, 03, wherein the
haignroti the 1h€erplwé@ela9ér o gofs 015 t@263m.Wher ein the
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 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 1s

4 to 20.

8. The catalyst unit according to anyone of claims 1 to 7, wherein the
foamed layer is 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,
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bl ocks have a nunber of cells per cm which can be the
sane or different, from3 to 10 and wherein the
nunber of pores per cmof the foaned layer is- 4 to
20. 25 8. The catalyst unit according to anyone of
claims 1 to 7, wherein the foaned |layer is forned of

- foamed alunmina. 9. The catal yst unit according to

claims 1 to 8, wherein the amonia oxidation catalyst
szr, Q anflorane sarth mesali exidsstiai ﬁ@lmstrﬁ’i&ﬁesfi)ﬁgaleme of 20-45%

LD b Dt TS B R hoving tne

bERKRAT B2 SHAYARPLalc] %{?ﬁ% hage by weight of Co O,

0O and rare”eart es in the |l owest state

Of V&l()ef’mﬁ%: ehtalPst4 0t é‘@c@rdlﬁg ©0UdYh T, apticfoih- ﬁfé"/‘rare earth

oxi des of rare earth netals, renoving the bl ocks from
mefiel exideriy La@;amdchisanixgresnsith €e@O;The catal yst uni t
accoifl to claim?7, wherein the rare earth 5 netal

oxi déli sThecasalysh wiis agoarding te chaigecp. whereimdhe catalyst

c&é’t{ngé ?f‘(%selh@' t’?l;é;&pr eg%ﬁ)%ﬁp é%n(ﬁnoél owféé’@pﬁtr ses
0.0 :
vvhegg n%%aﬁlgfr?pﬁyeﬁagté@gl yst | § ﬁ gfrérzlrgdfh %nerﬂﬁ)ﬁ?}%?fcatalyst s

foroned ofivakystmord tatakgstarmtngcdordany toagy @necoélabms 1 to 8.
to 8. 10 13. An ammoni a oxi dation process according to

cI aulrﬁ 1An aomonia exkidationgpmoeess ace@rdlngmozol@ﬁnt b2, conducted
Fressure Of%&OJ;@ tlo 9%%rca presgl?rcje 0 ﬁsr%ar abs. and
GHSV from 8.000 to 140.000 h', -



