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(57) ABSTRACT 

A method of converting nitrogen oxides in a gas to nitrogen 
by contacting the nitrogen oxides With a nitrogenous reducing 
agent in the presence of a Zeolite catalyst containing at least 
one transition metal, Wherein the Zeolite is a small pore Zeo 
lite containing a maximum ring siZe of eight tetrahedral 
atoms, Wherein the at least one transition metal is selected 
from the group consisting of Cr, Mn, Fe, Co, Ce, Ni, Cu, Zn, 
Ga, Mo, Ru, Rh, Pd, Ag, In, Sn, Re, Ir and Pt. 
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TRANSITION METAL IZEOLITE SCR 
CATALYSTS 

[0001] The present invention relates to a method of con 
verting nitrogen oxides in a gas, such as an exhaust gas of a 
vehicular lean-burn internal combustion engine, to nitrogen 
by contacting the nitrogen oxides With a nitrogenous reducing 
agent in the presence of a transition metal-containing Zeolite 
catalyst. 
[0002] Selective catalytic reduction (SCR) of NO,C by 
nitrogenous compounds, such as ammonia or urea, Was ?rst 
developed for treating industrial stationary applications. SCR 
technology Was ?rst used in thermal poWer plants in Japan in 
the late 1970s, and has seen Widespread application in Europe 
since the mid-1980s. In the USA, SCR systems Were intro 
duced for gas turbines in the 1990s and have been used more 
recently in coal-?red poWerplants. In addition to coal-?red 
cogeneration plants and gas turbines, SCR applications 
include plant and re?nery heaters and boilers in the chemical 
processing industry, fumaces, coke ovens, municipal Waste 
plants and incinerators. More recently, NO,C reduction sys 
tems based on SCR technology are being developed for a 
number of vehicular (mobile) applications in Europe, Japan, 
and the USA, eg for treating diesel exhaust gas. 
[0003] Several chemical reactions occur in an NH3 SCR 
system, all of Which represent desirable reactions that reduce 
NO,C to nitrogen. The dominant reaction is represented by 
reaction (1). 

[0004] Competing, non-selective reactions With oxygen 
can produce secondary emissions or may unproductively con 
sume Ammonia. One such non-selective reaction is the com 
plete oxidation of ammonia, shoWn in reaction (2). 

Also, side reactions may lead to undesirable products such as 
N20, as represented by reaction (3). 

[0005] Aluminosilicate Zeolites are used as catalysts for 
SCR of NO,C With NH3. One application is to control NO,C 
emissions from vehicular diesel engines, With the reductant 
obtainable from an ammonia precursor such as urea or by 
injecting ammonia per se. To promote the catalytic activity, 
transition metals are incorporated into the aluminosilicate 
Zeolites. The most commonly tested transition metal Zeolites 
are Cu/ZSM-S, Cu/ Beta, Fe/ZSM-S and Fe/ Beta because they 
have a relatively Wide temperature activity WindoW. In gen 
eral, Cu-based Zeolite catalysts shoW better loW temperature 
NO reduction activity than Fe-based Zeolite catalysts. 
[0006] HoWever, in use, ZSM-5 and Beta Zeolites have a 
number of drawbacks. They are susceptible to dealumination 
during high temperature hydrothermal ageing resulting in a 
loss of acidity, especially With Cu/ Beta and Cu/ZSM-S cata 
lysts. Both Beta- and ZSM-S-based catalysts are also affected 
by hydrocarbons Which become adsorbed on the catalysts at 
relatively loW temperatures and are oxidised as the tempera 
ture of the catalytic system is raised generating a signi?cant 
exotherm, Which can thermally damage the catalyst. This 
problem is particularly acute in vehicular diesel applications 
Where signi?cant quantities of hydrocarbon can be adsorbed 
on the catalyst during cold-start; and Beta and ZSM-5 Zeolites 
are also prone to coking by hydrocarbons. 
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[0007] In general, Cu-based Zeolite catalysts are less ther 
mally durable, and produce higher levels of NZO than Fe 
based Zeolite catalysts. HoWever, they have a desirable advan 
tage in that they slip less ammonia in use compared With a 
corresponding Fe-Zeolite catalyst. 
[0008] It has been reported that aluminophosphate Zeolites 
that contain transition metals demonstrate enhanced catalytic 
activity and superior thermal stability than aluminosilicate 
Zeolite catalysts for SCR of NO,C With hydrocarbons (also 
knoWn as lean NO,C catalysis or “DeNOx catalysts” (e.g. Ishi 
hara et al., Journal of Catalysis, 169 (1997) 93)). In a similar 
vein, WO 2006/064805 discloses an electrical processing 
technology for treating diesel engine exhaust gas Which uti 
liZes corona discharge. A combination of a device for adding 
a NO,C reducer (hydrocarbon or fuel) and a Cu-SAPO-34 NO,C 
reducing catalyst can be disposed doWnstream of the electri 
cal processing apparatus. HoWever, to our knowledge, there 
has been no investigation of transition metal-containing alu 
minophosphate Zeolites for SCR of NO,C With NH3 (or urea) 
reported in any literature to date. 

[0009] WO 00/72965 discloses iron (Fe) exchanged Zeo 
lites for the selective catalytic reduction of nitrogen monox 
ide by ammonia for controlling NO,C emissions from fossil 
fuel poWer plants and engines. The Fe-exchanged, and 
optionally Fe-rare earth-exchanged, e.g. Fe-Ce-exchanged, 
Zeolites suggested include: ZSM-S, mordenite, SAPO, cli 
noptilolite, chabaZite, ZK-4 and ZK-S. No speci?c SAPO 
Zeolites are identi?ed and no experiment using SAPO Zeolites 
is disclosed. Moreover, WO ’965 teaches that the disclosure 
has application to Zeolites With a range of pore siZes, i.e. large 
(mordenite), medium (ZSM-S, clinoptilolite) and small (cha 
baZite, ZK-4, ZK-S) pore Zeolites, With Fe-ZSM-S preferred. 
There is no teaching or suggestion of any advantage in the use 
of small pore Zeolites compared With medium and large pore 
Zeolites. Moreover, ZK-4 Zeolite is potentially hydrother 
mally unstable. 
[0010] US. Pat. No. 4,735,927 discloses an extruded-type 
NH3iSCR catalyst With stability to sulfur poisoning com 
prising a high surface area titania in the form of anatase and a 
natural or synthetic Zeolite. The Zeolite must be either in the 
acid form or thermally convertible to the acid form in the 
catalytic product. Examples of suitable Zeolites include 
mordenite, natural clinoptilolite, erionite, heulandite, ferrier 
ite, natural fauj asite or its synthetic counterpart Zeolite Y, 
chabaZite and gmelinite. A preferred Zeolite is natural clinop 
tilolite, Which may be mixed With another acid stable Zeolite 
such as chabaZite. The catalyst may optionally include small 
amounts (at least 0.1% by elemental Weight) of a promoter in 
the form of precursors of vanadium oxide, copper oxide, 
molybdenum oxide or combinations thereof (0.2 Wt % Cu and 
up to 1 .6 Wt % V are exempli?ed). Extruded-type catalysts are 
generally less durable, have loWer chemical strength, require 
more catalyst material to achieve the same activity and are 
more complicated to manufacture than catalyst coatings 
applied to inert monolith substrates. 

[0011] US. Pat. No. 5,417,949 also discloses an extruded 
type NH3iSCR catalyst comprising a Zeolite having a con 
straint index of up to 12 and a titania binder. Intentionally, no 
transition metal promoter is present. (“Constraint Index” is a 
test to determine shape-selective catalytic behaviour in Zeo 
lites. It compares the reaction rates for the cracking of n-hex 
ane and its isomer 3-methylpentane under competitive con 
ditions (see V. J. Frillette et al., J Catal. 67 (1991) 218)). 
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[0012] Us. Pat. No. 5,589,147 discloses an ammonia SCR 
catalyst comprising a molecular sieve and a metal, Which 
catalyst can be coated on a substrate monolith. The molecular 
sieve useful in the invention is not limited to any particular 
molecular sieve material and, in general, includes all metal 
losilicates, metallophosphates, silicoaluminophosphates and 
layered and pillared layered materials. The metal is typically 
selected from at least one of the metals of Groups of the 
Periodic Table IIIA, IB, IIB, VA, VIA, VIIA, VIIIA, and 
combinations thereof. Examples of these metals include at 
least one of copper, Zinc, vanadium, chromium, manganese, 
cobalt, iron, nickel, rhodium, palladium, platinum, molybde 
num, tungsten, cerium and mixtures thereof. 
[0013] The disclosure of Us. Pat. No. 5,589,147 is 
ambiguous about Whether small pore Zeolites (as de?ned 
herein) have any application in the process of the invention. 
For example, on the one hand, certain small pore Zeolites are 
mentioned as possible Zeolites for use in the invention, i.e. 
erionite and chabaZite, While, among others, the molecular 
sieve SAPO-34 Was “contemplated”. On the other hand a 
table is presented listing Constraint Index (CI) values for 
some typical Zeolites “including some Which are suitable as 
catalysts in the process of this invention”. The vast majority of 
the CI values in the table are Well beloW 10, of Which erionite 
(38 at 3160 C.) and ZSM-34 (50 at 3710 C.) are notable 
exceptions. HoWever, What is clear is that intermediate pore 
siZe Zeolites, eg those having pore siZes of from about 5 to 
less than 7 Angstroms, are preferred in the process of the 
invention. In particular, the disclosure explains that interme 
diate pore siZe Zeolites are preferred because they provide 
constrained access to and egress from the intracrystalline free 
space: “The intermediate pore siZe Zeolites . . . have an effec 

tive pore siZe such as to freely sorb normal hexane . . . if the 

only pore WindoWs in a crystal are formed by 8-membered 
rings of oxygen atoms, then access to molecules of larger 
cross-section than normal hexane is excluded and the Zeolite 
is not an intermediate pore siZe material.” Only extruded 
Fe-ZSM-5 is exempli?ed. 
[0014] WO 2004/002611 discloses an NH3iSCR catalyst 
comprising a ceria-doped aluminosilicate Zeolite. 
[0015] Us. Pat. No. 6,514,470 discloses a process for cata 
lytically reducing NO,C in an exhaust gas stream containing 
nitrogen oxides and a reductant material. The catalyst com 
prises an aluminium-silicate material and a metal in an 
amount of up to about 0.1 Weight percent based on the total 
Weight of catalyst. All of the examples use ferrierite. 
[0016] Long et al. Journal of Catalysis 207 (2002) 274-285 
reports on studies of Fe3+-exchanged Zeolites for selective 
catalytic reduction of NO With ammonia. The Zeolites inves 
tigated Were mordenite, clinoptilolite, Beta, ferrierite and 
chabaZite. It Was found that in the conditions studied that the 
SCR activity decreases in the folloWing order: 
Fe-mordenite>Fe-clinoptilolite>Fe-ferrierite>Fe-Beta>Fe 
chabaZite. The chabaZite used for making the Fe-chabaZite 
Was a naturally occurring mineral. 

[0017] Us. Pat. No. 4,961,917 discloses an NH3iSCR 
catalyst comprising a Zeolite having a silica-to-alumina ratio 
of at least about 10, and a pore structure Which is intercon 
nected in all three crystallographic dimensions by pores hav 
ing an average kinetic pore diameter of at least about 7 Ang 
stroms and a Cu or Fe promoter. The catalysts are said to have 
high activity, reduced NH3 oxidation and reduced sulphur 
poisoning. Zeolite Beta and Zeolite Y are tWo Zeolites that 
meet the required de?nition. 
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[0018] Us. Pat. No. 3,895,094 discloses an NH3iSCR 
process using Zeolite catalysts of at least 6 Angstrom inter 
crystalline pore siZe. No mention is made of exchanging the 
Zeolites With transition metals. 
[0019] Us. Pat. No. 4,220,632 also discloses an NH3i 
SCR process, this time using 3-10 Angstrom pore siZe Zeo 
lites of Na or H form. 
[0020] WO 02/41991 discloses metal promoted Zeolite 
Beta for NH3iSCR, Wherein the Zeolite is pre-treated so as 
to provide it With improved hydrothermal stability. 
[0021] There is a need in the art for SCR catalysts that have 
relatively good loW temperature SCR activity, that have rela 
tively high selectivity to Nziin particular loW N20 forma 
tion, that have relatively good thermal durability and are 
relatively resistant to hydrocarbon inhibition. We have noW 
discovered a family of transition metal-containing Zeolites 
that meet or contribute to this need. 

[0022] According to one aspect, the invention provides a 
method of converting nitrogen oxides in a gas to nitrogen by 
contacting the nitrogen oxides With a nitrogenous reducing 
agent in the presence of a Zeolite catalyst containing at least 
one transition metal, Wherein the Zeolite is a small pore Zeo 
lite containing a maximum ring siZe of eight tetrahedral 
atoms, Wherein the at least one transition metal is selected 
from the group consisting of Cr, Mn, Fe, Co, Ce, Ni, Cu, Zn, 
Ga, Mo, Ru, Rh, Pd, Ag, In, Sn, Re, Ir and Pt. 
[0023] By “Zeolite catalyst containing at least one transi 
tion metal” herein We mean a Zeolite structure to Which has 
been added by ion exchange, impregnation or isomorphous 
substitution etc. one or more metals. “Transition metal-con 
taining Zeolite catalyst” and “Zeolite catalyst containing at 
least one transition metal” and similar terms are used inter 
changeably herein. 
[0024] It Will be appreciated that by de?ning the Zeolites by 
their Framework Type Codes We intend to include the “Type 
Material” and any and all isotypic frameWork materials. (The 
“Type Material” is the species ?rst used to establish the 
frameWork type). Reference is made to Table 1, Which lists a 
range of illustrative Zeolite Zeotype frameWork materials for 
use in the present invention. For the avoidance of doubt, 
unless otherWise made clear, reference herein to a Zeolite by 
name, eg “chabaZite”, is to the Zeolite material per se (in this 
example the naturally occurring type material chabaZite) and 
not to any other material designated by the FrameWork Type 
Code to Which the individual Zeolite may belong, e.g. some 
other isotypic frameWork material. So for example, Where the 
attached claims disclaim a Zeolite catalyst, this disclaimer 
should be interpreted narroWly, so that “Wherein the transition 
metal-containing small pore Zeolite is not Cu/chabaZite” is 
intended to exclude the type material and not any isotypic 
frameWork materials such as SAPO-34 or SSZ-13. Equally, 
use of a FTC herein is intended to refer to the Type Material 
and all isotypic frameWork materials de?ned by that FTC. For 
further information, We direct the reader to the Website of the 
International Zeolite Association at WWW.iZa-online.org. 
[0025] The distinction betWeen Zeolite type materials, such 
as naturally occurring (i.e. mineral) chabaZite, and isotypes 
Within the same FrameWork Type Code is not merely arbi 
trary, but re?ects differences in the properties betWeen the 
materials, Which may in turn lead to differences in activity in 
the method of the present invention. For example, in addition 
to the comments made hereinbeloW With reference to Long et 
al. Journal of Catalysis 207 (2002) 274-285, the naturally 
occurring chabaZite has a loWer silica-to-alumina ratio than 


























