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(57) ABSTRACT 
The present invention relates to Sulfur tolerant catalyst 
composites useful for reducing contaminants in exhaust gas 
Streams, especially gaseous Streams containing Sulfur oxide 
contaminants. More specifically, the present invention is 
concerned with improved NOx trap catalysts for use in 
diesel engines as well as lean burn gasoline engines. The 
Sulfur tolerant NOX trap catalyst composites comprise a 
platinum component, a Support, and a NOX Sorbent compo 
nent prepared by hydrothermal synthesis. The NOx sorbent 
component comprises a first metal oxide and a Second metal 
oxide. The metal in the first metal oxide is selected from the 
group consisting of aluminum, titanium, Zirconium, Silicon, 
and composites thereof, and the metal in the Second metal 
oxide is Selected from the group consisting of Group IIA 
metals, Group III metals, Group IV metals, rare earth metals, 
and transition metals. The metal in the first metal oxide is 
different from the metal in the second metal oxide. The 
Sulfur tolerant NOX trap catalyst composites are highly 
effective with a Sulfur containing fuel by trapping Sulfur 
oxide contaminants which tend to poison conventional NOX 
trap catalysts. The Sulfur tolerant NOX trap catalyst com 
posites are particularly Suitable for diesel engines because 
the composites can be regenerated at moderate temperatures 
with rich pulses, rather than at high temperatures. 
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SOX TOLERANT NOXTRAP CATALYSTS AND 
METHODS OF MAKING AND USING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to Sulfur tolerant 
catalyst composites useful for reducing contaminants in 
exhaust gas Streams, especially gaseous streams containing 
Sulfur oxide contaminants. More specifically, the present 
invention is concerned with improved NOx trap catalysts for 
use in diesel engines as well as lean burn gasoline engines. 
The Sulfur tolerant NOX trap catalyst composites comprise a 
platinum component, a Support, and a NOX Sorbent compo 
nent prepared by hydrothermal synthesis. The NOx sorbent 
component comprises a first metal oxide and a Second metal 
oxide. The metal in the first metal oxide is selected from the 
group consisting of aluminum, titanium, Zirconium, Silicon, 
and composites thereof, and the metal in the Second metal 
oxide is Selected from the group consisting of Group IIA 
metals, Group III metals, Group IV metals, rare earth metals, 
and transition metals. The metal in the first metal oxide is 
different from the metal in the second metal oxide. The 
Sulfur tolerant NOX trap catalyst composites are highly 
effective with a Sulfur containing fuel by trapping Sulfur 
oxide contaminants which tend to poison conventional NOX 
trap catalysts. The Sulfur tolerant NOX trap catalyst com 
posites are particularly Suitable for diesel engines because 
the composites can be regenerated at moderate temperatures 
with rich pulses, rather than at high temperatures. 
0003 2. Related Art 
0004 Diesel powered vehicles represent a significant 
portion of the vehicle market worldwide. In Europe, the 
market Share of diesel passenger cars is about one third and 
is expected to grow even higher in the years ahead. Com 
pared to gasoline powered vehicles, diesel vehicles offer 
better fuel economy and engine durability. AS diesel pas 
Senger cars become more popular both in Europe and 
elsewhere, emissions reduction is an increasingly urgent 
issue. In fact, Euro Stage IV regulations (year 2005) are 
calling for a 50% reduction of NOx emissions (0.25 g/km) 
compared to the Stage III (year 2000) level (0.5 g/km). For 
Some vehicles, it would be difficult to meet the Euro IV NOX 
emissions target by engine improvement alone. It may be 
impossible to meet Euro V NOx regulations (0.125 g/km) 
without highly efficient after-treatment technologies. 
0005 Reducing NOx from diesel exhaust is very chal 
lenging. The 3-way catalyst technology, which is widely 
used in the gasoline cars, is not operational in diesel 
vehicles. A 3-way catalyst requires the exhaust emissions 
near a Stoichiometric point, neither fuel rich (reducing) nor 
lean (oxidizing), while diesel emissions are always lean. In 
the early 90's, the concept of NOx trap catalyst was explored 
for gasoline partial lean burn (PLB) engines where the NOx 
catalyst would trap NOX in a lean environment and reduce 
it in a rich environment. 

0006 To apply the NOx trap concept to diesel passenger 
cars, Some Special issues related to diesel emission charac 
teristics needed to be addressed. The exhaust temperature for 
light-duty diesel vehicles is typically in the range of 100 
400 C., which is much lower than the gasoline exhaust. 
Therefore, low temperature oxidation activity and reduction 
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during a rich Spike is critical. One of the most difficult 
challenges in applying this concept is the issue of Sulfur 
poisoning. The exhaust Sulfur forms a very Strong Sulfate on 
any basic metal Site, which prevents the formation of nitrate, 
rendering the catalyst ineffective for trapping NOX. AS with 
other catalytic converters, thermal Stability is another impor 
tant issue for practical application. 
0007. The operation of a NOx trap catalyst is a collection 
of a Series of elementary Steps, and these Steps are depicted 
below in Equations 1-5. In general, a NOX trap catalyst 
should exhibit both oxidation and reduction functions. In an 
oxidizing environment, NO is oxidized to NO (Equation 1), 
which is an important Step for NOX storage. At low tem 
peratures, this reaction is typically catalyzed by precious 
metals, e.g., Pt. The oxidation process does not stop here. 
Further oxidation of NO to nitrate, with incorporation of an 
atomic oxygen, is also a catalyzed reaction (Equation 2). 
There is little nitrate formation in absence of precious metal 
even when NO is used as the NOx source. The precious 
metal has the dual functions of oxidation and reduction. For 
its reduction role, Pt first catalyzes the release of NOx upon 
introduction of a reductant, e.g., CO (carbon monoxide) or 
HC (hydrocarbon) (Equation 3). This may recover some 
NOX Storage Sites but does not contribute to any reduction 
of NOx species. The released NOx is then further reduced to 
gaseous N in a rich environment (Equations 4 and 5). NOX 
release can be induced by fuel injection even in a net 
oxidizing environment. However, the efficient reduction of 
released NOx by CO requires rich conditions. A temperature 
Surge can also trigger NOx release because metal nitrate is 
leSS Stable at higher temperatures. NOX trap catalysis is a 
cyclic operation. Metal compounds are believed to undergo 
a carbonate/nitrate conversion, as a dominant path, during 
lean/rich operations. The Sulfur poisoning of a NOX trap 
catalyst is depicted below in Equations 6-7. In Equation 6, 
S occupies a site for NOx and in Equation 7, SOX replaces 
CO or NOX. 
0008 Oxidation of NO to NO, 

NO+%O->NO, (1) 
0009 NOx Storage as Nitrate 

2NO+MCO+%O->M(NO)+CO, (2) 
0010 NOx Release 

M(NO)+2CO->MCO+NO+NO+CO, (3) 

0.011) NOx Reduction to N. 

2NO+2CO->N+2CO, (5) 

0012 SOX Poisoning Process 

SO+MCO->MSO+CO, (7) 

0013 In Equations 2, 3, and 7, M represents a divalent 
metal cation. M can also be a monovalent or trivalent metal 
compound in which case the equations need to be rebal 
anced. 

0014 Comparative investigations on the currently most 
discussed lean burn DeNOX technologies comprising the 
continuously operating Selectively catalytic reduction (SCR) 
of V-, Pt-, Ir-technologies as well as the discontinuously 
operating NOx adsorption technology Suggest that the latter 
technology shows the most promising overall performance 
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in terms of NOX, HC and CO removal in view of the 
proposed EURO III/IV legislation. The Sulfur concentration 
yields decisive influence on the long-term activity of the 
NOX adsorption catalysts and it is shown by a worst case 
study, that even the use of low-sulfur fuel does not prevent 
the accumulation of sulfur on the NOx adsorption catalyst. 
The accumulation of Sulfur on the catalyst has to be coun 
teracted by an engine induced desulfation Strategy, by which 
the Sulfur is driven out of the NOx adsorption catalyst. This 
requires the provision of reducing exhaust gas at elevated 
temperature for a short period of time. An optimization of 
the desulfation parameters is mandatory in order to SuppreSS 
the formation of HS. It is conjectured that the thermal 
degradation of the NOx adsorption catalyst proceeds via two 
different deactivation modes. The first one is based upon the 
loSS of Pt dispersion and is accelerated by the presence of 
oxygen while the Second one can be traced back to the 
reaction between NOX Storage components and the porous 
Support material. Wolfgang Strehlau et al., Conference 
“Engine and Environment” 97. 

0.015 Direct injection technology for diesel engines as 
well as for gasoline engines are the most favored ways to 
reduce the CO2 emissions in the future. NOx adsorber 
technology for gasoline DI engines as well as for HSDI 
diesel engines is the favored technology to meet future 
emission limits. Adsorber catalysts have demonstrated their 
potential to meet future emission legislation levels on pro 
totype basis for gasoline and diesel engines. Improving the 
NOx adsorber technology and the integration of the adsorber 
System into the powertrain for the introduction into the 
European market is the challenge for the near future. 

0016. Using a catalyst cannot reduce much NOx pollutant 
in a lean burn condition. Abating NOx by a catalyst is very 
difficult in a lean (oxidation) environment. So far, use of any 
known catalysts (without a NOx trap) has achieved only 
very low conversion %. In order to convert NOx to N2, a 
reducing atmosphere is required. In the normal working 
condition of a diesel or lean burn engine, there is no reducing 
atmosphere, but always a lean (oxidation) engine out gas 
flow. Under such lean condition, NOx goes through the 
exhaust, as a pollutant, with little or no reduction. 

0017. A NOx trap traps (adsorbs) NOx in a lean envi 
ronment so that NOx is depleted from the exhaust gas 
Stream. However, once the limited capacity of the trap is 
used up, no more NOx will be trapped. A NOx trap is useful 
only when it can be regenerated. For instance, barium oxide 
can be used as a regenerable NOx trap. In lean (oxidation) 
environment, barium oxide continues to trap NOx and form 
nitrate until its capacity being used up. To regenerate the 
trap, the gas flow is Switched to rich (reducing) for a short 
period of time, when NOx is desorbed quickly from the trap, 
forming N, and the trap is regenerated back to barium 
oxide. Engine management or a hydrocarbon injection can 
be used to create this rich environment. After regeneration, 
the NOx trap (ideally) recovers its full capacity as a fresh 
trap. Thus, an ideal NOx trap continuously works in the 
alternative lean/rich environment. 

0018. During the regeneration (rich) period, NOx is 
released but not out the exhaust as a pollutant. Because a 
catalyst is used in conjunction with the trap, the released 
NOX is reduced to N in the reducing (rich) environment. 
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Therefore, in the regeneration period, not only the NOX trap 
is regenerated, but also the released NOX is converted to 
harmless N and CO. 
0019. If no SOX appears in the gas stream, many NOx 
traps, including barium oxide, work well. Unfortunately, 
there is always SOX. Although the amount of SOX is much 
less than NOx (e.g. SOX:NOX=1:100), SOX will eventually 
poison the NOx trap. This is because that SOX is a much 
stronger reactant than NOX. Once SOX is adsorbed on a site 
of the NOx trap, it sticks (forms sulfate). SOX competes for 
sites with NOx and the trap is eventually poisoned. In 
addition, Sulfated barium NOX trap cannot be regenerated 
(Sulfated barium oxide needs a much higher temperature to 
regenerate than that of a normal NOx regeneration process). 
0020. The underlying theory of hydrothermal synthesis 
and the apparatus used is described in “Hydrothermal Syn 
thesis', George W. Morey, Journal of the American Ceramic 
Society, Sep. 1, 1953. By way of illustration, the determi 
nation of the Solubility of quartz in Superheated Steam at 
high pressures and the determination of the compositions of 
coexisting gas and liquid phases in the system HO 
Na-O-SiO2 at 400° C. are discussed. 
0021. The hydrothermal synthesis of lead titanate is 
reported to involve the treatment of lead and titanium 
containing aqueous feedstocks attemperatures ranging from 
200 to 300° C. at autogenous pressures. Suitable sources of 
lead and titanium can be the oxides, or metal hydrous oxides 
derived from perchlorates, nitrates, acetates or alkoxides. 
Titanium isopropoxide and lead acetate have been used to 
Study the hydrothermal Synthesis of lead titanate particles. 
Two mechanisms are involved in the synthesis of lead 
titanate particles: 1) dissolution of the hydrous metal oxide 
feedstock followed by precipitation and, 2) in situ crystal 
lization of the hydrous oxide particles. “Hydrothermal For 
mation Diagram. In The Lead Titanate System” D. J. Watson 
et al., Ceram. Trans, 1988, Vol 1, Ceram. Powder Sci. 2, Pt. 
A, 154-162. 
0022. The advantages of the hydrothermal synthesis of 
Ba-polytitanates in the form of fine powders has been 
reported in connection with microwave applications. 
“Hydrothermal precipitation and characterization of polyti 
tanates in the system BaO-TiO' T. R. N. Kutty et al., 
Journal Of Materials Science Letters 7, 601-603 (1988). 
0023 U.S. Pat. No. 3,963,630 (Yonezawa et al.) discloses 
a process for producing crystalline powder of a composition 
represented by the formula, PbTi, ZrOs. In the formula, q 
and p represent mole ratios, the Sum of q and p is equal to 
1.00, the mole ratio q is not smaller than 0.45 and not greater 
than 0.90, the mole ratio p is not smaller than 0.10 and not 
greater than 0.55. The proceSS comprises the Steps of pre 
paring an acidic aqueous Solution of the metallic elements in 
the mole ratioS given in the formula, neutralizing the aque 
ous Solution to provide a Suspension of hydroxides of the 
metallic elements, Subjecting the Suspension in an autoclave 
under pressure to a temperature between 150 and 300 C. 
for a time Sufficient to produce precipitate of the composi 
tion and of an average particle Size between 0.02 and 0.2 
micron in a mother liquor, and Separating the precipitate 
from the mother liquor. 

0024 U.S. Pat. No. 5,727,385 (Hepburn 385) discloses 
a catalyst System, located in the exhaust gas passage of a 
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lean-burn internal combustion engine, useful for converting 
carbon monoxide, nitrogen oxides, and hydrocarbons 
present in the exhaust gas. The catalyst System comprises 
two-components: (1) a lean-burn nitrogen oxide catalyst 
being a transition metal Selected from the group consisting 
of copper, chromium, iron, cobalt, nickel, iridium, cadmium, 
Silver, gold, platinum, manganese, and mixtures thereof 
loaded on a refractory oxide or exchanged into Zeolite; and 
(2) a nitrogen oxide (NOx) trap material which absorbs NOx 
when the exhaust gas flowing into the trap material is lean 
and releases the absorbed NOx when the concentration of 
oxygen in the inflowing exhaust gas is lowered. The nitrogen 
oxide trap material is located downstream of the lean-burn 
nitrogen oxide catalyst in the exhaust gas passage Such that 
the exhaust gases are exposed to the lean-burn catalyst prior 
to being eXposed to the nitrogen oxide trap material. 
0025 U.S. Pat. No. 5,750,082 (Hepburn et al. ’082) 
discloses a nitrogen oxide trap useful for trapping nitrogen 
oxide present in the exhaust gases generated during lean 
burn operation of an internal combustion engine. The trap 
comprises distinct catalyst phases: (a) a porous Support 
loaded with catalyst comprising 0.1 to 5 weight % platinum; 
and (b) another porous support loaded with 2 to 30 weight 
% catalyst of an alkaline metal material Selected from the 
group consisting of alkali metal elements and alkaline earth 
elements. 

0026 U.S. Pat. No. 5,753,192 (Dobson et al.) discloses a 
nitrogen oxide trap useful for trapping nitrogen oxide 
present in an exhaust gas Stream generated during lean-burn 
operation of an internal combustion engine and releasing the 
absorbed nitrogen oxides when the oxygen concentration of 
the exhaust gas is lowered. The trap comprises a porous 
support loaded with 6-15 wt.% strontium oxide; and loaded 
thereon together: (a) 0.5-5 wt.% precious metal selected 
from platinum, palladium, rhodium and mixtures thereof; (b) 
3.5-15 wt.% zirconium; and (c) 15-30 wt.% sulfate. 
0027 U.S. Pat. No. 5,758,489 (Hepburn et al. 489) 
discloses a nitrogen oxide trap useful for trapping nitrogen 
oxide present in the exhaust gases generated during lean 
burn operation of an internal combustion engine. The trap 
comprises a porous Support, and catalysts comprising at 
least 10 weight percent lithium and 0.2 to 4 weight percent 
platinum loaded on the porous Support. 

0028 U.S. Pat. No. 5,759,553 (Lott et al.) discloses a 
NOX adsorber material comprising an activated alkali metal 
doped, and copper-doped hydrous Zirconium oxide material 
that adsorbS NOX in an oxidizing atmosphere and desorbs 
NOX in a non-oxidizing atmosphere. 

0029 U.S. Pat. No. 5,910,097 (Boegner et al) discloses 
an exhaust emission control System for an internal combus 
tion engine. The System comprises two adsorber parts 
arranged in parallel for alternate adsorption and desorption 
of nitrogen oxides contained in an exhaust from an engine. 
A means for conducting the exhaust further downstream is 
provided emerging from one of the two adsorber parts 
currently operated in the adsorption mode and for recycling 
the exhaust emerging from the other of the two adsorber 
parts operating in the desorption mode into an intake line of 
the engine. An oxidizing converter is located near the engine 
and upstream from the adsorber parts for Oxidation of at least 
NO contained in the exhaust to NO. An exhaust line section 
is located upstream of the adsorber parts and is divided into 
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a main line branch and a partial line branch parallel to the 
main line branch. The two adsorber parts are connected by 
control valves to the main line branch and the partial line 
branch Such that the one adsorber part that is operating in the 
adsorption mode is fed by the exhaust Stream from the main 
line branch and the other adsorber part that is operating in 
the desorption mode is Supplied by the exhaust Stream from 
the partial line branch. 
0030 European patent application 589,393A2 discloses a 
method for purifying an oxygen rich exhaust gas by Simul 
taneously removing the carbon monoxide, hydrocarbons, 
and nitrogen oxides contained in the exhaust gas. The 
method comprises bringing the oxygen rich exhaust gas into 
contact with an exhaust gas purifying catalyst comprised of 
(i) at least one noble metal Selected from the group consist 
ing of platinum and palladium (ii) barium, and (iii) at least 
one metal Selected from the group consisting of alkali 
metals, iron, nickel, cobalt and magnesium, Supported on a 
carrier composed of a porous Substance. 
0031 European patent application 669,157A1 discloses a 
catalyst for purifying exhaust gases. The catalyst comprises 
a heat resistant Support, a porous layer coated on the heat 
resistant Support; a noble metal catalyst ingredient loaded on 
the porous layer, and an NOX Storage component Selected 
from the group consisting of alkaline-earth metals, rare 
earth elements and alkali metals, and loaded on the porous 
layer. The noble metal catalyst ingredient and the NOx 
Storage component are disposed adjacent to each other, and 
dispersed uniformly in the porous layer. 
0032 European patent application 764,459A2 discloses a 
nitrogen oxide trap useful for trapping nitrogen oxide 
present in the exhaust gases generated during lean-burn 
operation of an internal combustion engine. The trap com 
prises distinct catalyst phases (a) a first porous Support 
loaded with catalyst comprising 0.1 to 5 weight% platinum, 
and (b) a Second porous Support loaded with 2 to 30 weight 
% catalyst of a material Selected from the group consisting 
of alkali metal elements and alkaline earth elements. 

0033 European patent application 764,460A2 discloses a 
nitrogen oxide trap useful for trapping nitrogen oxide 
present in the exhaust gases generated during lean-burn 
operation of an internal combustion engine. The trap com 
prises a porous Support; and catalysts consisting of manga 
nese and potassium loaded on the porous Support. 
0034 Laboratory and engine tests were carried out to 
describe the Sulfur effect on the NOx adsorbers catalysts 
efficiency for gasoline lean burn engines. One aspect of the 
study dealt with the NOx storage efficiency of the adsorber 
under laboratory conditions, especially regarding the SO2 
gas phase concentration. The rate of Sulfur storing is greatly 
affected by the SO2 gas concentration. While 6.5 hours are 
required to go from 70% NOx reduction to only 35% when 
the gas mixture contains 10 ppm SOX, it takes 20 hours with 
5 ppm of SOX and more than 60 hours with a 2 ppm SO2 
condition. The relationship between the loss in NOx trap 
performance and SO2 concentration appears to have an 
exponential shape. The same amount of Sulfur (0.8% mass) 
is deposited onto the catalyst within 10 hours with the feed 
gas containing 10 ppm of SO2 and within 50 hours with 2 
ppm SO2. Nevertheless, it was shown that the loss in 
NOX-trap efficiency is not the same in these two cases. The 
efficiency decreased from 70% to 25% in the first case (with 
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10 ppm SO2) and from 70% to only 38% in the second case 
(with 2 ppm SO2). The Second aspect describes a parametric 
Study on engine bench concerning the Sulfur effect on NOX 
trap efficiency and the required conditions (temperature, 
air/fuel ratio) to obtain different rates of desulfation. For 
instance, after 70 hours, NOx efficiency decreased from 90% 
to 25% with a sulfur content in gasoline of 110 ppm. 
Complete regeneration requires various durations of des 
ulfation depending on air/fuel ratio (lambda=1 to 0.95) and 
temperature conditions (950 to 750° C). For example, 
complete regeneration occurs after Several minutes at 
lambda=1 and several sets often seconds at lambda=0.95 at 
650 C. Results show that Sulfur content close to EURO III 
gasoline Standards is the main obstacle for the introduction 
of NOx adsorber catalyst in Europe. Impact of Sulfur On Nox 
Trap Catalyst Activity Study of the Regeneration Conditions, 
M. Guyon et al., Society of Automotive Engineers, 982607 
(1998). 
0035. The conventional catalysts described above 
employing NO Storage components have the disadvantage 
under practical applications of Suffering from long-term 
activity loss because of SO poisoning of the NO, traps. The 
conventional NO trap components employed in the cata 
lysts tend to trap SO and form very stable sulfates which 
require regeneration at 650 C. which is not practical for low 
temperature diesel exhaust. Accordingly, it is a continuing 
goal to develop NOX trap catalysts which can reversibly trap 
SO present in the gaseous Stream and thereby prevent SO 
Sulfur oxide poisoning of the NO, trap and can be regener 
ated at moderate temperatures with rich pulses, rather than 
at high temperatures. 

SUMMARY OF THE INVENTION 

0.036 The, present invention pertains to a method for 
removing NO contaminants from a SOX containing gaseous 
Stream comprising the Steps of: 

0037 (1) providing a catalyst composite, 
0038 (2) in a Sorbing period, passing a lean gaseous 
Stream comprising NO, and SOx within a Sorbing 
temperature range through the catalyst composite to 
Sorb at least Some of the NO contaminants and 
thereby provide a NO depleted gaseous Stream 
exiting the catalyst composite and to Sorb and abate 
at least Some of the SO contaminants in the gaseous 
Stream and thereby provide a SO, depleted gaseous 
Stream exiting the catalyst composite; 

0039 (3) in a NO desorbing and abating period, 
changing the lean gaseous Stream to a rich gaseous 
Stream to thereby reduce and desorb at least Some of 
the NO contaminants from the catalyst composite 
and thereby provide a reduced NO enriched gaseous 
Stream exiting the catalyst composite; 

0040 (4) in a SO, desorbing period, changing the 
lean gaseous Stream to a rich gaseous Stream and 
raising the temperature of the gaseous Stream to 
within a desorbing temperature range to thereby 
reduce and desorb at least Some of the SO, contami 
nants from the catalyst composite and thereby regen 
erate the catalyst composite and provide a reduced 
SO, enriched gaseous stream exiting the catalyst 
composite, and 
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0041 wherein the catalyst composite comprises: 
0042 (a) a platinum component; 
004:3 (b) a support; and 
0044) (c) a NOx sorbent component comprising a 

first metal oxide and a Second metal oxide, wherein 
the metal in the first metal oxide is selected from the 
group consisting of aluminum, titanium, Zirconium, 
Silicon, and composites thereof, and the metal in the 
Second metal oxide is Selected from the group con 
Sisting of Group IIA metals, Group III metals, Group 
IV metals, rare earth metals, and transition metals, 
wherein the metal in the first metal oxide is different 
from the metal in the Second metal oxide; 

0045 wherein the NOx sorbent component is prepared by 
a hydrothermal Synthesis process comprising the Steps of: 

0046 (i) providing an aqueous Suspension or Solu 
tion of the first and Second metal oxides, or precur 
sors thereof, or both, wherein the precursors of the 
first and Second metal oxides are metal Salts which 
when hydrolyzed produce the respective metal 
oxides, 

0047 (ii) subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150° C. to about 
300 C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0048 (iii) separating the precipitate from the mother 
liquor. 

0049. The present invention also pertains to a catalyst 
composite prepared by a hydrothermal Synthesis method 
which comprises the Steps of: 

0050 (i) providing an aqueous suspension or solu 
tion of a first metal oxide and a Second metal oxide, 
or precursors thereof, or both, wherein the precursors 
of the first and Second metal oxides are metal Salts 
which when hydrolyzed produce the respective 
metal oxides; 

0051 (ii) subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150° C. to about 
300 C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0.052 (iii) separating the precipitate from the mother 
liquor; and 

0053 (iv) forming an admixture of the precipitate, a 
platinum component, and a Support. 

0054 The present invention also pertains to a method of 
forming a catalyst composite which comprises the Steps of: 

0055 (i) providing an aqueous suspension or solu 
tion of a first metal oxide and a Second metal oxide, 
or precursors thereof, or both, wherein the precursors 
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of the first and Second metal oxides are metal Salts 
which when hydrolyzed produce the respective 
metal oxides, 

0056 (ii) subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150 C. to about 
300 C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0057 (iii) separating the precipitate from the mother 
liquor; and 

0.058 (iv) forming an admixture of the precipitate, a 
platinum component, and a Support. 

0059. The present invention also pertains to a method of 
forming a catalyst composite which comprises the Steps of: 

0060 (1) forming an admixture of: 
0061 (a) a support; and 
0062 (b) a NOx sorbent component; 

0063 (2) combining a water-soluble or dispersible 
platinum component and the admixture from Step (1) 
with an aqueous liquid to form a Solution or disper 
sion which is sufficiently dry to absorb essentially all 
of the liquid; 

0064 (3) forming a layer of the solution or disper 
Sion on a Substrate; and 

0065 (4) converting the platinum component in the 
resulting layer to a water-insoluble form; 

0.066 wherein the NOx sorbent component is prepared by 
a hydrothermal Synthesis process comprising the Steps of 

0067 (i) providing an aqueous suspension or solu 
tion of a first metal oxide and a Second metal oxide, 
or precursors thereof, or both, wherein the precursors 
of the first and Second metal oxides are metal Salts 
which when hydrolyzed produce the respective 
metal oxides, 

0068 (ii) subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150 C. to about 
300 C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0069 (iii) separating the precipitate from the mother 
liquor. 

0070 The sulfur tolerant NOx trap catalyst composites 
are highly effective with a Sulfur containing fuel by trapping 
Sulfur oxide contaminants in lean when conventional NOX 
trap catalysts tend to be poisoned, and release Sulfur oxide 
contaminants in rich to regenerate the NOX trap. The Sulfur 
tolerant NOX trap catalyst composites are particularly Suit 
able for diesel engines because the composites can be 
regenerated at moderate temperatures with rich pulses, 
rather than at high temperatures. 

DETAILED DESCRIPTION OF THE 
INVENTION AND SPECIFIC EMBODIMENTS 

THEREOF 

0071. The present invention relates to Sulfur tolerant 
catalyst composites useful for reducing contaminants in 
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exhaust gas Streams, especially gaseous streams containing 
Sulfur oxide contaminants. More specifically, the present 
invention is concerned with improved NOx trap catalysts for 
use in diesel engines as well as lean burn gasoline engines. 
The Sulfur tolerant NOX trap catalyst composites comprise a 
platinum component, a Support, and a NOX Sorbent compo 
nent prepared by hydrothermal synthesis. The NOx sorbent 
component comprises a first metal oxide and a Second metal 
oxide. The metal in the first metal oxide is selected from the 
group consisting of aluminum, titanium, Zirconium, Silicon, 
and composites thereof, and the metal in the Second metal 
oxide is Selected from the group consisting of Group IIA 
metals, Group III metals, Group IV metals, rare earth metals, 
and transition metals. The metal in the first metal oxide is 
different from the metal in the second metal oxide. The 
Sulfur tolerant NOX trap catalyst composites are highly 
effective with a Sulfur containing fuel by trapping Sulfur 
oxide contaminants which tend to poison conventional NOX 
trap catalysts used to abate other pollutants in the Stream. 
The sulfur tolerant NOx trap catalyst composites are suitable 
for diesel engines because the composites can be regener 
ated at moderate temperatures with rich pulses, rather than 
at high temperatures. Conventional NOX trap catalysts are 
readily poisoned by Sulfur and cannot be regenerated by rich 
pulses below 650 C. Since the exhaust temperature of diesel 
engines is low, the temperature requirement of 650 C. for 
regeneration and higher is not practical. The Sulfur tolerant 
NOX trap catalyst composites of the present invention can be 
regenerated with rich pulses at moderate temperatures (550 
C. or lower). Applicants believe that when the NOx sorbent 
components of the present invention are prepared by hydro 
thermal Synthesis, the resulting NOx Sorbent components 
are fine crystalline powders having Sufficiently Small aver 
age particle sizes (microparticles) Such that the NOx Sorbent 
components regenerate (desorb SOx) faster than NOx sor 
bent components not prepared by hydrothermal Synthesis. 
0072 The improved NOx trap catalysts are sulfur tolerant 
and can be employed in a lean/rich environment containing 
Sulfur for an extended period of time. Accumulated Sulfur in 
the NOx trap catalysts can thereafter be released at a 
temperature that is easily reachable under the engine opera 
tion conditions, for example, 550 C. or lower. Thus, the 
NOX trap catalysts can be used in a Sulfur containing 
environment continuously provided they are regenerated 
periodically. If Sulfur can be released under normal engine 
working conditions, then Sulfur is automatically being 
regenerated without additional efforts and the NOx trap 
catalyst becomes a truly sulfur resistant NOx trap. 
0073. The NOx trap materials of the present invention are 
generated by a hydrothermal Synthesis proceSS So as to yield 
ultra fine sub-micron mixed oxide composites. While not 
wishing to be held to a mechanism, it is believed that ultra 
fine Sub-micron mixed oxides are more active than the large, 
greater than 1 micron size, bulk phase materials that are 
produced by conventional processes. It is further believed 
that the reductant can more effectively clean the Surface to 
regenerate new adsorption sites, onto which nitrates and 
Sulfates adsorb and the bulk oxide takes longer to regenerate 
because of diffusion limitation in the rapid regeneration 
needed. On a diesel engine, a bulk NOX trap composite can 
not be fully “scrubbed of Sulfur in the short regeneration 
cycle. Therefore, it becomes quickly poisoned. Conversely, 
the oxides produced from the hydrothermal method regen 
erate more effectively. 



US 2003/0206845 A1 

0074) A fresh SOX trap should clear SOx before it reaches 
the NOx trap located downstream. However, any SOX trap 
has limited capacity. Many problems exist when a separated 
SOX trap is used together with a NOx trap. A higher 
temperature is needed to regenerate the SOX trap, the 
released SOX in the gas flow must be avoided to poison the 
NOX trap that is located down Stream, engine management 
becomes more complicated, and the pollutant abatement 
System becomes complicated. The present invention pro 
vides a trap that not only traps NOx and SOX but also 
releases SOX when NOx is released during the NOx regen 
eration So that Some sites that have been trapping SOX are 
also regenerated at the same time. In other words, the SOX 
tolerant NOX trap may not require a higher temperature to be 
regenerated after being Sulfated in the SOX environment. AS 
an option, a separate SOX trap is not needed, the NOX and 
SOX trap may be combined. A lean burn or diesel catalyst 
equipped with a NOX/SOX trap can be regenerated Similar to 
regenerating a simple NOX trap in a Sulfur free environment. 
0075 With the SOX tolerant NOx trap of the present 
invention, one may operate the pollutant abating System 
without the need of a higher temperature for SOX desorbing, 
and/or a separate SOX desorbing period. The SOX tolerant 
NOX trap can also work continuously at a moderate tem 
perate (e.g. 300 C.) without raising the temperature for trap 
regeneration (only lean/rich alternative required). 
0.076 The present invention includes a method of making 
SOX tolerant NOx traps through the selection of the right 
mixed oxides prepared by hydrothermal Synthesis. After 
being sulfated, the SOX tolerant NOx trap can be fully 
regenerated at a temperature as low as 400 C. Barium oxide 
type NOX traps cannot be regenerated at Such a low tem 
perature. After being extensively Sulfated for a continuous 
68 hours (the amount of SOX passed through equaled the 
same amount of the trap material), the NOx conversion was 
still effective. The SOX tolerant NOx trap worked effectively 
without any temperature rising for trap regeneration (only 
lean/rich alternative required). 
0077. A catalyst adsorbs or traps NOx when the exhaust 
gas is lean and releases the Stored NOx when the exhaust 
stream is rich. The released NOx is subsequently reduced to 
N over the same catalyst. The rich environment in a diesel 
engine is normally realized with a rich pulse generated by 
either engine management or injection of reducing agents 
(such as fuel, or a CO or CO/H mixture) into the exhaust 
pipe. The timing and frequency of the rich pulse is deter 
mined by the NOx level emitted from the engine, the 
richness of the exhaust, or the concentration of the reductant 
in the rich pulse and the NOx conversion desired. Normally, 
the longer the lean period, the longer the rich pulse is 
needed. The need for longer rich pulse timing may be 
compensated by higher concentration of the reductant in the 
pulse. Overall, the quantity of the NOx trapped by the NOX 
trap should be balanced by the quantity of the reductant in 
the rich pulse. The lean NOx trapping and rich NOx trap 
regeneration are operative at normal diesel operating tem 
peratures (150-450° C). Beyond this temperature window, 
the efficiency of the NOx trap catalyst becomes less effec 
tive. In a Sulfur containing exhaust Stream, the catalyst 
becomes deactivated over time due to Sulfur poisoning. To 
regenerate the Sulfur-poisoned NOx trap, a rich pulse (or 
pulses) must be applied at temperatures higher than the 
normal diesel operating temperature. The regeneration time 
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of the generation depends on the Sulfur level in the exhaust 
(or fuel Sulfur level) and the length of the catalyst had 
exposed to the Sulfur-containing Stream. The quantity of the 
reductant added during the desulfation should counterbal 
ance the total amount of Sulfur trapped in the catalyst. 
Engine operability will determine whether a Single long 
pulse or multiple short pulses are employed. 

0078. As used herein, the following terms, whether used 
in Singular or plural form, have the meaning defined below. 
0079 The term “catalytic metal component”, or “plati 
num metal component', or reference to a metal or metals 
comprising the Same, means a catalytically effective form of 
the metal or metals, whether the metal or metals are present 
in elemental form, or as an alloy or a compound, e.g., an 
oxide. 

0080. The term “component” or “components” as applied 
to NO, sorbents means any effective NO-trapping forms of 
the metals, e.g., Oxygenated metal compounds Such as metal 
hydroxides, mixed metal oxides, metal oxides or metal 
carbonates. 

0081. The term “composite” means bi-metallic or multi 
metallic oxygen compounds, Such as Ba-SrWO, which are 
true compounds as well as physical mixtures of two or more 
individual metal oxides, such as a mixture of SrO and BaO. 
0082 The term “dispersed”, when applied to a compo 
nent dispersed onto a bulk Support material, means immerS 
ing the bulk Support material into a Solution or other liquid 
Suspension of the component or a precursor thereof. For 
example, the Sorbent Strontium oxide may be dispersed onto 
an alumina Support material by Soaking bulk alumina in a 
Solution of Strontium nitrate (a precursor of strontia), drying 
the Soaked alumina particles, and heating the particles, e.g., 
in air at a temperature from about 450° C. to about 750 C. 
(calcining) to convert the strontium nitrate to strontium 
oxide dispersed on the alumina Support materials. 
0083. The term “gaseous stream” or “exhaust gas stream” 
means a Stream of gaseous constituents, Such as the exhaust 
of an internal combustion engine, which may contain 
entrained non-gaseous components Such as liquid droplets, 
Solid particulates, and the like. 
0084. The terms “g/in” or “g/ft” are used to describe 
weight per Volume units describe the weight of a component 
per Volume of catalyst or trap member including the Volume 
attributed to Void spaceS Such as gas-flow passages. 
0085. The term “lean” mode or operation of treatment 
means that the gaseous Stream being treated contains more 
oxygen that the Stoichiometric amount of oxygen needed to 
oxidize the entire reductants content, e.g., HC, CO and H2, 
of the gaseous Stream. 
0086 The term “platinum group metals” means platinum, 
rhodium, palladium, ruthenium, iridium, and osmium. 
0087. The term “sorb” means to effect sorption. 
0088. The term “stoichiometric/rich' mode or operation 
of treatment means that the gaseous Stream being treated 
refers collectively to the Stoichiometric and rich operating 
conditions of the gas Stream. 
0089. The term “washcoat” has its usual meaning in the 
art of a thin, adherent coating of a catalytic or other material 
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applied to a refractory carrier material, Such as a honey 
comb-type carrier member, which is Sufficiently porous to 
permit the passage there through of the gas Stream being 
treated. 

0090. In accord with the present invention, a method is 
provided for removing NO contaminants from a SOX con 
taining gaseous stream. The method comprises (1) providing 
a catalyst composite; (2) in a Sorbing period, passing a lean 
gaseous Stream comprising NO, and SO within a Sorbing 
temperature range through the catalyst composite to Sorb at 
least Some of the NO contaminants and thereby provide a 
NO depleted gaseous Stream exiting the catalyst composite 
and to Sorb and abate at least Some of the SO, contaminants 
in the gaseous Stream and thereby provide a SO, depleted 
gaseous Stream exiting the catalyst composite; (3) in a NO 
deSorbing and abating period, changing the lean gaseous 
Stream to a rich gaseous Stream to thereby reduce and desorb 
at least Some of the NO contaminants from the catalyst 
composite and thereby provide a reduced NO enriched 
gaseous Stream exiting the catalyst composite; (4) in a SOX 
deSorbing period, changing the lean gaseous Stream to a rich 
gaseous Stream and raising the temperature of the gaseous 
Stream to within a desorbing temperature range to thereby 
reduce and desorb at least Some of the SO, contaminants 
from the catalyst composite and thereby regenerate the 
catalyst composite and provide a reduced SO enriched 
gaseous Stream exiting the catalyst composite. The catalyst 
composite comprises (a) a platinum component; (b) a Sup 
port; and (c) a NOx Sorbent component comprising a first 
metal oxide and a Second metal oxide, wherein the metal in 
the first metal oxide is Selected from the group consisting of 
aluminum, titanium, Zirconium, Silicon, and composites 
thereof, and the metal in the Second metal oxide is Selected 
from the group consisting of Group IIA metals, Group III 
metals, Group IV metals, rare earth metals, and transition 
metals; wherein the metal in the first metal oxide is different 
from the metal in the second metal oxide. The NOx Sorbent 
component is prepared by a hydrothermal Synthesis proceSS 
comprising the steps of (i) providing an aqueous Suspension 
or Solution of the first and Second metal oxides, or precursors 
thereof, or both, wherein the precursors of the first and 
Second metal oxides are metal Salts which when hydrolyzed 
produce the respective metal oxides; (ii) Subjecting the 
Suspension or Solution of the first and Second metal oxides, 
or precursors thereof, to a temperature from about 150 C. 
to about 300° C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average particle 
size from about 0.001 to about 0.2 micron in a mother liquor; 
and (iii) separating the precipitate from the mother liquor. 
0.091 In general, the SOX desorbing temperature range is 
greater than about 300 C., preferably, the desorbing tem 
perature range is greater than about 350° C., more prefer 
ably, the desorbing temperature range is greater than about 
400 C., and most preferably the desorbing temperature 
range is greater than about 450° C. The SOX desorbing 
temperature may also be greater than about 500 C., pref 
erably greater than about 550 C., more preferably greater 
than about 600 C., and most preferably greater than about 
650° C. 

0092. As set out above, the Sulfur tolerant catalyst com 
posite of the present invention includes a platinum compo 
nent, and optionally a platinum group metal component 
other than platinum. The optional platinum group metal 
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component other than platinum may be Selected from the 
group consisting of palladium, rhodium, ruthenium, iridium, 
and OSmium components. The preferred platinum group 
metal component other than platinum is Selected from the 
group consisting of palladium, rhodium, and mixtures 
thereof. 

0093. The sulfur tolerant catalyst composite of the 
present invention also includes a Support made of a high 
Surface area refractory oxide Support. The Support may be 
Selected from the group consisting of alumina, Silica, titania, 
and Zirconia compounds. Useful high Surface area Supports 
include one or more refractory oxides. These oxides include, 
for example, Silica and metal oxides Such as alumina, 
including mixed oxide forms Such as Silica-alumina, alumi 
nosilicates which may be amorphous or crystalline, alumina 
Zirconia, alumina-chromia, alumina-ceria and the like. Pref 
erably the Support is an activated compound Selected from 
the group consisting of activated alumina, alumina-ceria, 
alumina-chromia, alumina-Silica, alumina-Zirconia, Silica, 
Silica-titania, Silica-titania-alumina, Silica-titania-Zirconia, 
titania, Zirconia, Zirconia-titania, and Zirconia-alumina-tita 
nia. Desirably, the active alumina has a specific Surface area 
of 60 to 300 m/g. 
0094. The sulfur tolerant catalyst composite of the 
present invention also includes a NO Sorbent component. 
The NOx sorbent component comprises a first metal oxide 
and a Second metal oxide. The metal in the first metal oxide 
is Selected from the group consisting of aluminum, titanium, 
Zirconium, Silicon, and composites thereof The metal in the 
Second metal oxide is Selected from the group consisting of 
Group IIA metals, Group III metals, Group IV metals, rare 
earth metals, and transition metals. The metal in the first 
metal oxide is different from the metal in the second metal 
oxide. Preferably, the metal in the second metal oxide is 
Selected from the group consisting of magnesium, calcium, 
Strontium, barium, Scandium, titanium, Zirconium, hafnium, 
lanthanum, cerium, praseodymium, neodymium, Samarium, 
europium, gadolinium, terbium, dySprosium, holmium, 
erbium, thulium, ytterbium, Vanadium, chromium, manga 
nese, iron, cobalt, nickel, copper, and zinc. More preferably, 
the metal in the Second metal oxide is Selected from the 
group consisting of barium, lanthanum, cerium, iron, cobalt, 
and copper. In a Specific embodiment, the metals in the first 
and Second metal oxides are Selected from the group con 
Sisting of aluminum/cerium/barium, aluminum/copper/lan 
thanum, aluminum/cobalt/lanthanum, and iron/aluminum. 

0095 AS set out above, the NOx Sorbent component is 
prepared by a hydrothermal Synthesis process which 
employs an aqueous Suspension or Solution of the first and 
Second metal oxides, or precursors thereof, or both. The 
precursors of the first and Second metal oxides are metal 
Salts when hydrolyzed produce the respective metal oxides. 
Preferred precursors of the first metal oxide and second 
metal oxide are water-Soluble/dispersible metal Salts 
Selected from the group consisting of acetates, nitrates, 
hydroxides, oxychlorides, hydroxychlorides, carbonates, 
Sulfates, oxalates, and tartrates. 

0096. The metal in the first metal oxide and the metal in 
the Second metal oxide are preferably present in a ratio from 
about 3:7 to about 9:1, more preferably from about 4:6 to 
about 8.5:1.5, respectively, and most preferably from about 
5:5 to about 7.5:2.5, respectively. 
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0097 As set out above, the NOx sorbent component is 
prepared by hydrothermal Synthesis. In general, the proceSS 
comprises the steps of (i) providing an aqueous Suspension 
or Solution of the at least 2 metal oxides, or precursors 
thereof, wherein the precursors of the at least 2 metal oxides 
are metal Salts which when hydrolyzed produce the respec 
tive metal oxides; (ii) Subjecting the Suspension or Solution 
of the at least 2 metal oxides, or precursors thereof, to a 
temperature from about 150° C. to about 300° C. in an 
autoclave under pressure for a time Sufficient to produce a 
precipitate having an average particle Size from about 0.001 
to about 0.2 micron in a mother liquor; and (iii) Separating 
the precipitate from the mother liquor. 
0098. The Suspension of metal hydroxides is preferably 
subjected to a temperature from about 175 C. to about 250 
C., preferably from about 185° C. to about 240° C. The 
precipitate preferably has an average particle Size from 
about 0.01 to about 0.2 micron, preferably from about 0.05 
to about 0.15 micron. 

0099. In a preferred embodiment, the catalyst composite 
comprises (i) at least about 1 g/ft of the platinum compo 
nent; (ii) from about 0.15 g/in to about 6.0 g/in of the 
support; and (iii) from about 0.025 g/in to about 4 g/in of 
the NO, sorbent component. 
0100. The catalyst composite may be supported on a 
metal or ceramic honeycomb carrier or is Self-compressed. 
0101 The NOx sorbent component may further comprise 
a third metal oxide, wherein the metal in the third metal 
oxide is selected from the group consisting of aluminum, 
titanium, Zirconium, Silicon, and composites thereof, and the 
metal in the Second metal oxide is Selected from the group 
consisting of Group IIA metals, Group III metals, Group IV 
metals, rare earth metals, and transition metals. In this 
embodiment, the metal in the third metal oxide is different 
from the metal in the first and Second metal oxides. 

0102) In accordance with the present invention, NOx 
Sorbent components are prepared by hydrothermal Synthesis 
to yield fine powders. In general, the NOX Sorbent compo 
nents are prepared by providing an aqueous Suspension or 
Solution of the first and Second metal oxides, or precursors 
thereof, or both, Subjecting the Suspension or Solution of the 
first and Second metal oxides, or precursors thereof, to a 
temperature from about 150° C. to about 300° C. in an 
autoclave under pressure for a time Sufficient to produce a 
precipitate having an average particle Size from about 0.001 
to about 0.2 micron in a mother liquor, and Separating the 
precipitate from the mother liquor. 
0103) The precursor Solution/suspension is subsequently 
Subjected to hydrothermal reaction with Stirring to provide a 
fine precipitate. The reaction may be carried out in an 
autoclave, which is preferably made of StainleSS Steel coated 
with heat-resistant high polymer, Such as polytetrafluoroet 
hylene. The precipitate produced by the hydrothermal reac 
tion at a temperature from about 150° C. to about 300° C. 
generally has an average particle size between 0.001 and 0.2 
micron. The precipitate may be separated from the mother 
liquor by filtration, then washed and dried. 
0104. In a preferred embodiment, the NOx Sorbent com 
ponent is prepared by a process comprising the steps of (i) 
providing an aqueous Suspension or Solution of the at least 
2 metal oxides, or precursors thereof, or both, wherein the 
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precursors of the at least 2 metal oxides are metal Salts which 
when hydrolyzed produce the respective metal oxides; (ii) 
Subjecting the Suspension or Solution of the at least 2 metal 
oxides, or precursors thereof, to a temperature from about 
150 C. to about 300° C. in an autoclave under pressure for 
a time Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in a 
mother liquor; and (iii) separating the precipitate from the 
mother liquor. 
0105. In use, the exhaust gas stream, comprising air, 
water, hydrocarbons, carbon monoxide, nitrogen oxides, and 
Sulfur oxides and which is contacted with the catalyst 
composite of the present invention, is alternately adjusted 
between lean and Stoichiometric/rich operating conditions 
So as to provide alternating lean operating periods and 
Stoichiometric/rich operating periods. The exhaust gas 
Stream being treated may be Selectively rendered lean or 
Stoichiometric/rich either by adjusting the air-to-fuel ratio 
fed to the engine generating the exhaust or by periodically 
injecting a reductant into the gas Stream upstream of the 
catalyst. For example, the catalyst composite of the present 
invention is well Suited to treat the exhaust of engines, 
especially diesel engines, which continuously run lean. In a 
diesel engine, in order to establish a Stoichiometric/rich 
operating period, a Suitable reductant, Such as fuel, may be 
periodically sprayed into the exhaust immediately upstream 
of the catalytic trap of the present invention to provide at 
least local (at the catalytic trap) Stoichiometric/rich condi 
tions at Selected intervals. Partial lean-burn engines, Such as 
partial lean-burn gasoline engines, are designed with con 
trols which cause them to operate lean with brief, intermit 
tent rich or Stoichiometric conditions. In practice, the Sulfur 
tolerant NOX trap catalyst composite absorbs in-coming SO 
during a lean mode operation (100° C. to 500 C.) and 
desorbs SO (regenerate) during a rich mode operation 
(greater than about 300° C., preferably greater than about 
350 C., more preferably greater than about 400 C., and 
most preferably greater than about 450° C. The SOX des 
orbing temperature may also be greater than about 500 C., 
preferably greater than about 550 C., more preferably 
greater than about 600 C., and most preferably greater than 
about 650 C. When the exhaust gas temperature returns to 
a lean mode operation (100° C. to 500° C), the regenerated 
Sulfur tolerant NOX trap catalyst composite will again Selec 
tively absorb in-coming SO. The duration of the lean mode 
may be controlled so that the sulfur tolerant NOx trap 
catalyst composite will not be Saturated with SO. 
0106 When the composition is applied as a thin coating 
to a monolithic carrier Substrate, the proportions of ingre 
dients are conventionally expressed as grams of material per 
cubic inch (g/in) of the catalyst and the substrate. This 
measure accommodates different gas flow passage cell sizes 
in different monolithic carrier Substrates. Platinum group 
metal components are based on the weight of the platinum 
group metal. 
0107 A useful and preferred sulfur tolerant NOx trap 
catalyst composite has at least about 1 g/ft of a platinum 
component; from about 0.15 g/in to about 4.0 g/in of a 
Support; at least about 1 g/ft of a platinum group metal 
component other than platinum; from about 0.025 g/in to 
about 4 g/in of a NO, sorbent component. 
0108. The specific construction of the catalyst composite 
set out above results in an effective catalyst that reversibly 
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traps Sulfur oxide contaminants present and thereby prevents 
the Sulfur oxide contaminants from poisoning the NOX trap 
catalysts for use in diesel engines. The catalyst composite 
can be in the form of a Self-Supported article Such as a pellet, 
and more preferably, the sulfur tolerant NOx trap catalyst 
composite is Supported on a carrier, also referred to as a 
Substrate, preferably a honeycomb Substrate. A typical So 
called honeycomb-type carrier member comprises a material 
Such as cordierite or the like, having a plurality of fine, 
gas-flow passages extending from the front portion to the 
rear portion of the carrier member. These fine gas-flow 
passages, which may number from about 100 to 900 pas 
Sages or cells per Square inch of face area ("cpsi'), have a 
catalytic trap material coated on the walls thereof. 
0109 The present invention also includes a method for 
treating an exhaust gas Stream which comprises the Step of 
contacting the gas Stream comprising carbon monoxide 
and/or hydrocarbons, nitrogen oxides, and Sulfur oxides with 
the catalyst composite Set out above. The present invention 
also includes a method of treating an exhaust gas Stream 
comprising the Steps of contacting the Stream with the 
catalyst composite Set out above under alternating periods of 
lean and Stoichiometric or rich operation. Contacting is 
carried out under conditions whereby at least Some of the 
SO, in the exhaust gas stream is trapped in the catalytic 
material during the periods of lean operation and is released 
and reduced during the periods of Stoichiometric or rich 
operation. 
0110. In a specific embodiment, the present invention 
pertains to a catalyst composite prepared by a hydrothermal 
Synthesis method which comprises the Steps of 

0111 (i) providing an aqueous Suspension or Solu 
tion of a first metal oxide and a Second metal oxide, 
or precursors thereof, or both, wherein the precursors 
of the first and Second metal oxides are metal Salts 
which when hydrolyzed produce the respective 
metal oxides, 

0112 (ii) Subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150 C. to about 
300 C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0113 (iii) separating the precipitate from the mother 
liquor; and 

0114 iv) forming an admixture of the precipitate, a 9. precip 
platinum component, and a Support. 

0115 The present invention also pertains to a method of 
forming a catalyst composite which comprises the Steps of: 

0116 (i) providing an aqueous Suspension or Solu 
tion of a first metal oxide and a Second metal oxide, 
or precursors thereof, or both, wherein the precursors 
of the first and Second metal oxides are metal Salts 
which when hydrolyzed produce the respective 
metal oxides, 

0117 (ii) Subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150 C. to about 
300 C. in an autoclave under pressure for a time 
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Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0118 (iii) separating the precipitate from the mother 
liquor; and 

O119 iv) forming an admixture of the precipitate, a 9. precip 
platinum component, and a Support. 

0120) The present invention also pertains to a method of 
forming a catalyst composite which comprises the Steps of: 

0121 (1) forming an admixture of: 
0122) (a) a support; and 
0123 (b) a NOx sorbent component; 

0124 (2) combining a water-soluble or dispersible 
platinum component and the admixture from Step (1) 
with an aqueous liquid to form a Solution or disper 
sion which is sufficiently dry to absorb essentially all 
of the liquid; 

0125 (3) forming a layer of the solution or disper 
Sion on a Substrate; and 

0126 (4) converting the platinum component in the 
resulting layer to a water-insoluble form; 

0127 wherein the NOx sorbent component is prepared by 
a hydrothermal Synthesis process comprising the Steps of: 

0128 (i) providing an aqueous Suspension or Solu 
tion of a first metal oxide and a Second metal oxide, 
or precursors thereof, or both, wherein the precursors 
of the first and Second metal oxides are metal Salts 
which when hydrolyzed produce the respective 
metal oxides; 

0129 (ii) subjecting the suspension or solution of 
the first and Second metal oxides, or precursors 
thereof, to a temperature from about 150° C. to about 
300 C. in an autoclave under pressure for a time 
Sufficient to produce a precipitate having an average 
particle size from about 0.001 to about 0.2 micron in 
a mother liquor; and 

0130 (iii) separating the precipitate from the mother 
liquor. 

0131 The Sulfur tolerant NOx trap catalyst composites 
are highly effective with a Sulfur containing fuel by trapping 
Sulfur oxide contaminants which tend to poison conven 
tional NOx trap catalysts used to abate other pollutants in the 
Stream. The Sulfur tolerant NOX trap catalyst composites are 
Suitable for diesel engines because the composites can be 
regenerated at moderate temperatures with rich pulses, 
rather than at high temperatures. 
0132) The sulfur tolerant catalyst composite may option 
ally comprise conventional components known in the art. 
0133. In order to deposit the coat slurries on a macrosized 
carrier, one or more comminuted slurries are applied to the 
carrier in any desired manner. Thus the carrier may be 
dipped one or more times in the Slurry, with intermediate 
drying if desired, until the appropriate amount of Slurry is on 
the carrier. The Slurry employed in depositing the catalyti 
cally-promoting metal component-high area Support com 
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posite on the carrier will often contain about 20% to 60% by 
weight of finely-divided solids, preferably about 25% to 
55% by weight. 
0134) The sulfur tolerant catalyst composite of the 
present invention can be prepared and applied to a Suitable 
Substrate, preferably a metal or ceramic honeycomb carrier, 
or may be Self-compressed. The comminuted catalytically 
promoting metal component-high Surface area Support com 
posite can be deposited on the carrier in a desired amount, 
for example, the composite may comprise about 2% to 40% 
by weight of the coated carrier, and is preferably about 5% 
to 30% by weight for a typical ceramic honeycomb struc 
ture. The composite deposited on the carrier is generally 
formed as a coating over most, if not all, of the Surfaces of 
the carrier contacted. The combined Structure may be dried 
and calcined, preferably at a temperature of at least about 
250 C. but not so high as to unduly destroy the high area 
of the refractory oxide Support, unless Such is desired in a 
given Situation. 
0135 The carriers useful for the catalysts made by this 
invention may be metallic in nature and be composed of one 
or more metals or metal alloys. The metallic carriers may be 
in various shapes Such as corrugated sheet or in monolithic 
form. Preferred metallic Supports include the heat-resistant, 
base-metal alloys, especially those in which iron is a Sub 
Stantial or major component. Such alloys may contain one or 
more of nickel, chromium, and aluminum, and the total of 
these metals may advantageously comprise at least about 
15% by weight of the alloy, for instance, about 10% to 25% 
by weight of chromium, about 3% to 8% by weight. of 
aluminum and up to about 20% by weight of nickel, Say at 
least about 1%. by weight of nickel, if any or more than a 
trace amount be present. The preferred alloys may contain 
Small or trace amounts of one or more other metals Such as 
manganese, copper, Vanadium, titanium and the like. The 
Surfaces of the metal carriers may be oxidized at quite 
elevated temperatures, e.g. at least about 1000 C., to 
improve the corrosion resistance of the alloy by forming an 
oxide layer on the Surface of carrier which is greater in 
thickneSS and of higher Surface area than that resulting from 
ambient temperature oxidation. The provision of the oxi 
dized or extended Surface on the alloy carrier by high 
temperature oxidation may enhance the adherence of the 
refractory oxide Support and catalytically-promoting metal 
components to the carrier. 
0.136 Any suitable carrier may be employed, such as a 
monolithic carrier of the type having a plurality of fine, 
parallel gas flow passages extending there through from an 
inlet or an outlet face of the carrier, So that the passages are 
open to fluid flow there through. The passages, which are 
essentially straight from their fluid inlet to their fluid outlet, 
are defined by walls on which the catalytic material is coated 
as a “washcoat' So that the gases flowing through the 
passages contact the catalytic material. The flow passages of 
the monolithic carrier are thin-walled channels which can be 
of any Suitable croSS-Sectional shape and Size Such as 
trapezoidal, rectangular, Square, sinusoidal, hexagonal, Oval, 
circular. Such structures may contain from about 60 to about 
600 or more gas inlet openings (“cells') per Square inch of 
croSS Section. The ceramic carrier may be made of any 
Suitable refractory material, for example, cordierite, cordi 
erite-alpha alumina, Silicon nitride, Zircon mullite, Spo 
dumene, alumina-Silica magnesia, Zircon Silicate, Silliman 
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ite, magnesium Silicates, Zircon, petalite, alpha alumina and 
aluminosilicates. The metallic honeycomb may be made of 
a refractory metal Such as a StainleSS Steel or other Suitable 
iron based corrosion resistant alloys. 
0.137 The substrate can comprise a monolithic honey 
comb comprising a plurality of parallel channels extending 
from the inlet to the outlet. The monolith can be selected 
from the group of ceramic monoliths and metallic mono 
liths. The honeycomb can be Selected from the group 
comprising flow through monoliths and wall flow monoliths. 
Such monolithic carriers may contain up to about 700 or 
more flow channels (“cells') per Square inch of cross 
Section, although far fewer may be used. For example, the 
carrier may have from about 60 to 600, more usually from 
about 200 to 400, cells per square inch (“cpsi”). The Sulfur 
tolerant catalyst composite can be coated in layerS on a 
monolithic Substrate generally which can comprise from 
about 0.50 g/into about 6.0 g/in, preferably about 1.0 g/in 
to about 5.0 g/in of catalytic composition based on grams of 
composition per Volume of the monolith. 
0.138. The present invention includes a method compris 
ing passing an inlet end fluid comprising an inlet end coating 
composition into a Substrate as recited above. For the 
purpose of the present invention a fluid includes liquids, 
Slurries, Solutions, Suspensions and the like. The aqueous 
liquid passes into the channel inlets and extending for at 
least part of the length from the inlet end toward the outlet 
end to form an inlet end layer coating, with at least one inlet 
end coating extending for only part of the length from the 
inlet end toward-the outlet end. A vacuum is applied to the 
outlet end while forcing a gas Stream through the channels 
from the inlet end after the formation of each inlet end 
coating without significantly changing the length of each 
inlet layer coating. At least one outlet end aqueous fluid 
comprising at least one outlet end coating composition is 
passed into the Substrate through the at least Some of the 
channel outlets at the Substrate outlet end. The aqueous 
liquid passes into the channels and extending for at least part 
of the length from the outlet end toward the inlet end to form 
at least one outlet end layer coating. The method can further 
comprise applying a vacuum to the inlet end while forcing 
a gas Stream through the channels from the outlet end after 
the formation of each outlet end coating without signifi 
cantly changing the length of each outlet layer coating. 
0.139. The method can further comprise the step of fixing 
the precious metal component Selected from the inlet pre 
cious metal component of the inlet layer and the outlet 
precious metal component of the outlet layer to the respec 
tive inlet or outlet component Selected from the inlet refrac 
tory oxide and inlet rare earth metal oxide components and 
the outlet refractory oxide and outlet rare earth metal oxide 
components. The fixing can be conducted prior to coating 
the inlet and outlet layers. The Step of fixing can comprise 
chemically fixing the precious metal component on the 
respective refractory oxide and/or rare earth metal oxide. 
Alternatively, the Step of fixing can comprise thermally 
treating the precious metal component on the respective 
refractory oxide and/or rare earth metal oxide. The Step of 
fixing comprises calcining the precious metal component on 
the respective refractory oxide and/or rare earth metal oxide. 
The step of calcining can be conducted at from 200 C., 
preferably 250° C. to 900° C. at from 0.1 to 10 hours. The 
Steps of thermally fixing each layer are preferably conducted 
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after coating and prior to coating a Subsequent layer. The 
Step of thermally treating the Substrate upon completion of 
coating all layers at from 200 C. to 400° C. at from 1 to 10 
Seconds. The Steps of calcining is preferably the Substrate 
conducted upon completion of coating all layers. The Step of 
calcining is conducted at from 250 C. to 900 C. at from 0.1 
to 10 hours. 

0140 Preferably, the precious metal can be prefixed on 
the Supports. Alternatively the method further comprises 
fixing the Soluble components in the layer Such as one 
precious metal component to one of the refractory oxide or 
rare earth metal oxide components, the fixing being con 
ducted prior to coating the layers. The Step of fixing can 
comprise chemically fixing the precious metal on the respec 
tive refractory oxide and/or rare earth metal oxide. More 
preferably, the Step of fixing comprises thermally treating 
the precious metal on the refractory oxide and/or rare earth 
metal oxide. The Step of thermally treating the Substrate 
upon completion of coating one or more layers at from 200 
C. to 400 C. at from 1 to 10, and preferably 2 to 6 seconds. 
The heat is provided by forcing a gas Stream, preferably air 
which is heated to from 200° C. to 400° C. This temperature 
range has been found to Substantially fix the Soluble com 
ponents Such as precious metal components. The combina 
tion of flow rate and temperature of the gas Stream should be 
Sufficient to heat the coating layer and preferably, providing 
a minimum of heat to the underlying Substrate to enable 
rapid cooling in the Subsequent cooling Step prior to appli 
cation of Subsequent layers. Preferably, the Steps of ther 
mally fixing each layer, preferably followed by cooling with 
ambient air, are conducted after coating and prior to coating 
a Subsequent layer. The cooling Step is preferably conducted 
using ambient air typically at from 5 C. to 40 C. at from 
2 to 20, and preferably 4 to 10 seconds at a suitable flow rate. 
The combination of the ambient air flow rate and tempera 
ture of the gas Stream should be Sufficient to cool the coating 
layer. This method permits continuous coating of a plurality 
of layers on a substrate to form the above described article 
of the present invention. A preferred method comprises the 
Step of fixing the precious metal component to the refractory 
oxide and rare earth metal oxide components, the fixing 
being conducted prior to coating the first and Second layers. 

0.141. In yet another embodiment the method comprises 
the Step of applying a vacuum to the partially immersed 
Substrate at an intensity and a time Sufficient to draw the 
coating media upwardly to a predesignated distance from the 
bath into each of the channels to form a uniform coating 
profile therein for each immersion Step. Optionally, and 
preferably the Substrate can be turned over to repeat the 
coating process from the opposite end. The coated Substrate 
should be thermally fixed after forming the layer. 

0142. The method can include a final calcining step. This 
can be conducted in an oven between coating layerS or after 
the coating of all the layers on the Substrate has been 
completed. The calcining can be conducted at from 250 C. 
to 900° C. at from 0.1 to 10 hours and preferably from 450° 
C. to 750° C. at from at from 0.5 to 2 hours. After the coating 
of all layerS is complete the Substrate can be calcined. 

0143 A method aspect of the present invention provides 
a method for treating a gas containing noxious components 
comprising one or more of carbon monoxide, hydrocarbons 
and nitrogen oxides, by converting at least Some of each of 
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the noxious components initially present to innocuous Sub 
stances Such as water, carbon dioxide and nitrogen. The 
method comprises the Step of contacting the gas under 
conversion conditions (e.g., a temperature of about 100 C. 
to 950° C. of the inlet gas to the catalyst composition) with 
a catalyst composition as described above. 
0144. The following examples are provided to further 
illustrate various embodiments of this invention and to 
provide a comparison between the enumerated catalysts of 
this invention and prior art catalysts. The examples are 
provided to illustrate the nature of the claimed proceSS and 
are not intended to limit the Scope of the claimed invention. 
Unless otherwise Stated, parts and percentages in the 
examples are given by weight. 

EXAMPLES 

0145 Preparation of Sulfur Tolerant NOx Trap Materials 

Example 1 (E1) 
0146 Weighed the following precursors: Aluminum 
acetate Al-Ac (Boehmite, AlOOH, containing 65.4 wt % 
Al-O.) 1422.02 g; Barium acetate Ba-Ac (containing BaO 
60 wt %) 625 g; cerium nitrate Ce-Naqueous solution 
(containing CeO. 30.6 wt %) 637.2g. 
0147 Barium acetate was first dissolved in deionized 
water. Cerium nitrate was also dissolved in deionized water. 
The solution had a pH of 7.62. Al-Ac was added into the 
Ba-Ac Solution under constant stirring. Deionized water 
was added and the final slurry had a pH of 6.32. Cerium 
nitrate Solution was added into the slurry. Continued to mix 
for 1 hour, and pH dropped to 5.75. The slurry started to gel. 
Mixing was continued overnight and the gel thickened like 
jelly. Additional deionized water was added to the gel to thin 
it and to bring the total volume to 12 liters. The gel was 
transferred to a 5-gallon autoclave for hydrothermal Synthe 
SS. 

0148. The autoclave was heated to 232 C., kept at 232 
C. for 2 hours, then cooled down to room temperature. 
Soaked at room temperature for 60 hours, the autoclave was 
heated up to 230 C. The hydrothermal process at 230 C. 
was continued for 48 hours, then cooled down to room 
temperature. 

014.9 The product was centrifuged. The mother liquor 
had a pH of 4.68. The precipitate was washed with deionized 
water and centrifuged again. The product was dried over 
night and calcined at 550° C. for 2 hours in a box furnace. 
The final product had a BET surface area of 62 m /g. XRF 
Semi quantitative analysis indicated the final composite to be 
84.7 wt % Al-O-11.5 wt % CeO-2.4 wt % Ba0. 

Example 2 (E2) 
0150 Trap material E2 was made by hydrothermal syn 
thesis and prepared as follows. Weighed the following 
precursors: 45.04 g of aluminum acetate Al-Ac (Boehmite, 
AlOOH, containing 65.4 wt % Al-O.); 44.59 g of cobalt 
nitrate Co-N (containing 22.5 wt % of CoO); and 34.135 
g of lanthanum nitrate La-N Solution (containing 27.1 wt 
% La-O). 
0151 Co-N was dissolved in La-N solution, deionized 
water was added to completely dissolve the Co salt. The final 
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solution had a pH of 1.23. Al-Ac was added into 250 g of 
deionized water under constant Stirring. The Slurry had a pH 
of 5.29. The nitrate solution was added into the slurry under 
Vigorous Stirring. Gradually the mixed slurry Started to gel. 
At this stage, the measured pH was 4.96. Ammonia of 10% 
concentration was added dropwise, until pH increased to 
7.60 and the color of the gel turned to blue-green. Trans 
ferred the gel into autoclave. The hydrothermal synthesis 
was processed for 64 hours at 250 C. The product was 
washed and centrifuged, then dried and calcined at 550 C. 
for 2 hours. XRF semi quantitative resulted in 79 wt % 
Al-O-19 wt % Co-O-1 wt % La O. 

Example 3 (E3) 
0152 The sample was made by hydrothermal synthesis. 
The composition of the sample was (XRF) 25.2 wt % 
BaC)–11.0 wt % CeO-63.8 wt % Al-O. 

Example 4 (E4) 
0153. The sample was made by hydrothermal synthesis. 
The nominal composition of the sample was 25 wt % 
SrO-32 wt % TiO-43 wt % Al-O. 

Example 5 (E5) 

0154) This is a sample whose composition is the same as 
sample Example 3 but not made by hydrothermal synthesis. 
Example 5 was made by co-precipitation. Precursors cerium 
nitrate (39.63 wt % CeO), barium acetate (60.6 wt % Ba0), 
aluminum acetate (65.5 wt % AlO4), were used. Al-Ac 
was added into the Ba-Acacqueous Solution under Vigorous 
Stirring to make a Slurry. Acetic acid was added dropwise 
into the slurry. pH decreased to between 6 and 5, and the 
Slurry Started to gel. Ce-N Solution was added into the gel 
under Stirring. Acetic acid was added and pH approached 5. 
The gel was transferred into a crucible and dried at 150 C. 
overnight. The dried material was ground and sieved to 250 
um. The granules were calcined at 300C. for 4 hours then 
450° C. for 6 hours. 

O155 Preparation of the Trap Testing Samples for Mini 
Reactor 

0156 Examples of NOx Trap Testing Samples (Samples 
T1 to T5) 
0157 Sample preparation: The above materials (E1 to 
E5) were impregnated with anionic Ptsolution to obtain 1 wit 
% of Pt loading dispersed on the trap material. The impreg 
nated sample was dried and calcined at 450° C. for 1 hour 
to form dry chunks. The chunks were crushed and sieved to 
obtain particles of diameter of average 300 um grains. Thus, 
corresponding to the trap materials E1 to E5, trapping test 
samples were obtained and designated as T1 to T5 what 
were 300 um granular particles loaded with 1 wt % Pt. 
0158 Test Methods of NOx Trapping and Sulfur Regen 
eration 

0159 Testing Protocol and CO Injection Mode 
0160 Lean gas flow was used to load the trap with NOX 
and SOX, rich flow was used to release NOx (and SOx) and 
regenerate Sulfur from the Sample. Synchronized valves 
were used to Simultaneously close/open O2/CO gas lines to 
inject CO (or vise versa to inject O2). 
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O NO CO N SO, 

Rich O 500 ppm 2.2% balance 60 ppm 
Lean 10% 500 ppm O balance 60 ppm 

0.161 The Lean/Rich cycle was set alternatively at 5 
minutes lean and 5 seconds rich with VHSV 50,000/hr, or 
25,000/hr. 

0162 Note that a high level of SOX (60 ppm) was used 
in this test. Modern commercial diesel fuel containing 350 
ppm Sulfur would generate 20 ppm SO2 in the exhaust gas 
stream. Hence, the 60 ppm SOX level used in this test is 3 
times that expected in modern commercial diesel fuel. 
0163) NOx and SOx base lines were determined first with 
an empty tube prior to the test. Sample of the trap material 
was loaded in the reactor tube with a 50:50 mixture with 
cordierite particles. In an alternative lean/rich mode, NO 
level, as a function of Sulfur poisoning and regeneration, was 
observed and recorded. 

0164. After the experiment started, the NO level in the 
exit of the catalyst increases gradually with time, because 
more and more sulfur was adsorbed on the NOx trap. The 
degradation of NO conversion is an indication of “the degree 
of NOx trap being poisoned in SO2 environment.” A 
degraded NOX trap was then regenerated at a given tem 
perature. Observation and recording of NOx trap perfor 
mance was then repeated. A good regenerated NOX trap 
should show a NO conversion level as if it had not been 
poisoned. 
0.165. Unless specified, the NOx performance test was 
carried out at a constant temperature, 300° C. 
0166 Test Procedure: 
0167 Sample is aged at 700° C. for 2 hours in air (oven) 
before test. 

0168 NOx and SOx base lines were determined without 
catalyst first in the reactor prior to run the Sample. 
0169 Test tube loading: sample T2 was loaded in the 
reactor tube as well mixed (100mg trap material)+(100 mg 
cordierite, diluent); other Samples (50 mg trap material)+(50 
mg cordierite); total gas flow was 100 Scem. There was a 
VHSV: 25,000/hr and an equivalent of 200 g/(ft)3Pt loading 
for T2; VHSV: 50,000/hr and an equivalent of 100 g/(ft)3 Pt 
loading for other samples (T1, T3, T4 and T5). 
0170 At 300° C. constant temperatures, ran lean/rich 
cycles for 2 hours and recorded the level of NO changes. 
When the catalyst was poisoned by S, the NOx level should 
increase gradually. Then the NOX/SOX trap was regenerated 
at a given temperature (e.g. 450° C., 500° C., 550° C.) for 
15 minutes. After regeneration of S, NOx trap function was 
retested. Compare the NOx level with original level to verify 
the effectiveness of regeneration. 
0171 Result 1 Comparison of Performance of NOx Trap 
Samples in Lean/Rich Mode being Sulfated and Regener 
ated 

0172. The % NO conversion is tabulated in the following 
table. Higher % NO conversion indicates a more effective 
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NOX trap performance, lower % NO a less effective NOX 
trap, either poisoned by Sulfur and/or leSS regenerated by the 
regeneration process. 

0173 % NO conversion-poisoned by SO2 and the 
recovery after regeneration. 

sample A. A" B C D regeneration 

T1 (E1) 68% - 46% - 68% 400° C. 
T2 (E2)* 75% - 74%, 73%. 77% 400° C. 
T3 (E3) 58% - 46% - 70% 550° C. 
T4 (E4) 77% - 68% - 77% 500° C. 
T5 (E5) 31% 19% - **cannot be regenerated 

(a)550° C. 

* 100 mg loading (25,000 VHSV) 
**T5 had the same composition as T3 but was not synthesized by hydro 
thermal process. T5 was made by co-precipitation method. T5 had a NOx 
conversion activity much lower than T3. In addition, It was found that T5 
could not be regenerated at 550° C. 
A: initial NO conversion of a fresh sample w/o sulfur 
A': exposed to 60 ppm SO2 for 15 minutes 
B: exposed to 60 ppm SO, for 1 hour. 
C: exposed to 60 ppm SO, for 2 hours. 
D: after regeneration for 15 minutes. 

0.174 Results 2 Performance of Continuous Trapping 
NOX in Prolong Length of Time in Sulfur Environment 
without Regeneration 
0175 Sample T2 has exposed to 60 ppm SO for prolong 
length of time. After 22 hours, the NO conversion level kept 
at 49%. At 300° C. working temperature, Sulfur could be 
partially regenerated and therefore the NOx trap T2 
remained active (at a lower level). In this sense, T2 was a 
sulfur resistant NOx trap. 

Example 6 (E6) 
0176) This example illustrates a NOx trap sample pre 
pared with Fe as one of the key components. The results of 
a model gas reactor clearly showed that the Sample was 
capable of partially regenerate sulfur at the 300° C. opera 
tion temperature, while it also performed NOx trap function 
at the same time. The NOx trap was a sulfur resistant NOx 
trap and it would maintain certain amount of NOx activity 
for practically no limit of time. 
0177 Forty five point Zero four grams of aluminum 
acetate Al-Ac (65.5 wt % Al-O.), 55.80 grams of iron 
nitrate Fe-N (14.0 wt %, Fe), and 34.14 grams of lantha 
num nitrate La-N solution (27.1 wt % La Os) precursors 
were weighed. Iron nitrate was dissolved in lanthanum 
nitrate solution. A slurry of Al-Ac was made with 200 
grams of D.I. Water. The slurry was constantly stirred for 2 
hours and Started to gel. The nitrate Solution was added into 
Al-Ac slurry. A thick dark brown gel was formed. The gel 
was aged over night. A pH 3.5 was measured. The aged gel 
was submitted for hydrothermal treatment at 250 C. for 72 
hours. The precipitate was separated from mother liquor, 
washed once, and dried over night. The mother liquor had a 
pH <3. 
0178 Preparation of the Test Sample for Mini-Reactor 

Example T6 
0179 The same test sample preparation method was used 
in preparing T6. T6 was made from E6, having granular 
shape of 300 um diameter and loaded with 1 wt % Pt. 
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0180 Testing Results 
0181 Test method was the same as used in T1 to T5, with 
a 50 mg sample loading and 50,000/hr. VHSV. In 60 ppm 
SO, environment, the time Zero NO conversion was 57%, 
then reduced to 47% after 1 hour, and 50%. 2 hours. 
However, the Zero time activity increased to 70% after a 
500C. regeneration. After a long period of continuous test, 
the trap still showed NOx activity. After 68 hours, the NO 
conversion was 47%. Considering that the amount of SO 
flew through was (calculated) about lmg per hour, there were 
68 mg of SO passing the 50 mg sample in 68 hours. This 
clearly showed that the Sample was capable of partially 
regenerate sulfur at 300° C. operation temperature, while it 
also performed NOx trap function at the same time. NOX 
trap T6 was a sulfur resistant NOx trap and it would maintain 
certain amount of NOx activity for practically no limit of 
time. The Sulfur regeneration temperature was quite low. 
After the 68 hours continuous test, the NOx activity was 
recovered with 400° C. Sulfur regeneration. 
0182 While the invention has been described in detail 
with respect to Specific embodiments thereof, Such embodi 
ments are illustrative and the Scope of the invention is 
defined in the appended claims. 
We claim: 

1. A method for removing NO contaminants from a SOX 
containing gaseous Stream comprising the Steps of: 

(1) providing a catalyst composite; 
(2) in a Sorbing period, passing a lean gaseous stream 

comprisingNO, and SO within a Sorbing temperature 
range through the catalyst composite to Sorb at least 
Some of the NO contaminants and thereby provide a 
NO, depleted gaseous stream exiting the catalyst com 
posite and to Sorb and abate at least Some of the SO 
contaminants in the gaseous Stream and thereby pro 
vide a SO, depleted gaseous Stream exiting the catalyst 
composite, 

(3) in a NO desorbing and abating period, changing the 
lean gaseous Stream to a rich gaseous Stream to thereby 
reduce and desorb at least Some of the NO contami 
nants from the catalyst composite and thereby provide 
a reduced NO enriched gaseous Stream exiting the 
catalyst composite; 

(4) in a SOX desorbing period, changing the lean gaseous 
Stream to a rich gaseous Stream and raising the tem 
perature of the gaseous Stream to within a desorbing 
temperature range to thereby reduce and desorb at least 
Some of the SO, contaminants from the catalyst com 
posite and thereby regenerate the catalyst composite 
and provide a reduced SO enriched gaseous Stream 
exiting the catalyst composite; and 

wherein the catalyst composite comprises: 
(a) a platinum component; 

(b) a Support; and 
(c) a NOx Sorbent component comprising a first metal 

oxide and a Second metal oxide, wherein the metal in 
the first metal oxide is Selected from the group 
consisting of aluminum, titanium, Zirconium, Silicon, 
and composites thereof, and the metal in the Second 
metal oxide is Selected from the group consisting of 
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Group IIA metals, Group III metals, Group IV met 
als, rare earth metals, and transition metals, wherein 
the metal in the first metal oxide is different from the 
metal in the Second metal oxide; 

wherein the NOx sorbent component is prepared by a 
hydrothermal Synthesis process comprising the Steps 
of: 

(i) providing an aqueous Suspension or Solution of the first 
and Second metal oxides, or precursors thereof, or both, 
wherein the precursors of the first and Second metal 
oxides are metal Salts which when hydrolyzed produce 
the respective metal oxides, 

(ii) Subjecting the Suspension or Solution of the first and 
Second metal oxides, or precursors thereof, to a tem 
perature from about 150° C. to about 300° C. in an 
autoclave under preSSure for a time Sufficient to pro 
duce a precipitate having an average particle Size from 
about 0.001 to about 0.2 micron in a mother liquor; and 

(iii) separating the precipitate from the mother liquor. 
2. The method according to claim 1, wherein the SOX 

desorbing temperature range in (4) is greater than about 300 
C. 

3. The method according to claim 2, wherein the SOX 
desorbing temperature range in (4) is greater than about 350 
C. 

4. The method according to claim 3, wherein the SOX 
desorbing temperature range in (4) is greater than about 400 
C. 

5. The method according to claim 4, wherein the SOX 
desorbing temperature range in (4) is greater than about 450 
C. 

6. The method according to claim 1, further comprising a 
platinum group metal component other than platinum. 

7. The method according to claim 6, wherein the platinum 
group metal component is Selected from the group consist 
ing of palladium, rhodium, ruthenium, and iridium compo 
nents, and mixtures thereof. 

8. The method according to claim 1, wherein the Support 
is Selected from the group consisting of alumina, Silica, 
titania, and Zirconia compounds. 

9. The method according to claim 1, wherein the Support 
is Selected from the group consisting of activated alumina, 
alumina-ceria, alumina-chromia, alumina-Silica, alumina 
Zirconia, Silica, Silica-titania, Silica-titania-alumina, Silica 
titania-Zirconia, titania, Zirconia, Zirconia-titania, and Zirco 
nia-alumina-titania. 

10. The method according to claim 1, wherein the metal 
in the Second metal oxide is Selected from the group con 
Sisting of magnesium, calcium, Strontium, barium, Scan 
dium, titanium, Zirconium, hafnium, lanthanum, cerium, 
praseodymium, neodymium, Samarium, europium, gado 
linium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium, Vanadium, chromium, manganese, iron, cobalt, 
nickel, copper, and zinc. 

11. The method according to claim 10, wherein the metal 
in the Second metal oxide is Selected from the group con 
Sisting of barium, lanthanum, cerium, iron, cobalt, and 
copper. 

12. The method according to claim 1, wherein the metals 
in the first and Second metal oxides are Selected from the 
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group consisting of aluminum/cerium/barium, aluminum/ 
copper/lanthanum, aluminum/cobalt/lanthanum, and iron/ 
aluminum. 

13. The method according to claim 1, wherein the metal 
in the first metal oxide and the metal in the Second metal 
oxide are present in a mole ratio from about 3:7 to about 9:1, 
respectively. 

14. The method according to claim 13, wherein the metal 
in the first metal oxide and the metal in the Second metal 
oxide are present in a mole ratio from about 4.6 to about 
8.5:1.5, respectively. 

15. The method according to claim 1, wherein the catalyst 
composite comprises: 

(i) at least about 1 g/ft of the platinum component; 
(ii) from about 0.15g/into about 6.0 g/in of the support; 

and 

(iii) from about 0.025 g/in to about 4 g/in of the NO 
Sorbent component. 

16. The method according to claim 1, wherein the pre 
cursors of the first metal oxide and Second metal oxide are 
water-Soluble/dispersible metal Salts Selected from the group 
consisting of acetates, nitrates, hydroxides, oxychlorides, 
hydroxychlorides, carbonates, Sulfates, oxalates, and tar 
trateS. 

17. The method according to claim 1, wherein the sus 
pension or Solution of metal hydroxides in (4)(c)(ii) is 
subjected to a temperature from about 175 C. to about 250 
C. 

18. The method according to claim 1, wherein the pre 
cipitate in (4)(c)(ii) has an average particle size from about 
0.01 to about 0.2 micron. 

19. The method according to claim 1, wherein the catalyst 
composite is Supported on a metal or ceramic honeycomb 
carrier or is Self-compressed. 

20. The method according to claim 1, wherein the NOX 
Sorbent component further comprises a third metal oxide, 
wherein the metal in the third metal oxide is selected from 
the group consisting of aluminum, titanium, Zirconium, 
Silicon, and composites thereof, and the metal in the Second 
metal oxide is Selected from the group consisting of Group 
IIA metals, Group III metals, Group IV metals, rare earth 
metals, and transition metals, wherein the metal in the third 
metal oxide is different from the metals in the first and 
Second metal oxides. 

21. A catalyst composite prepared by a hydrothermal 
Synthesis method which comprises the Steps of: 

(i) providing an aqueous Suspension or Solution of a first 
metal oxide and a Second metal oxide, or precursors 
thereof, or both, wherein the precursors of the first and 
Second metal oxides are metal Salts which when hydro 
lyzed produce the respective metal oxides, 

(ii) Subjecting the Suspension or Solution of the first and 
Second metal oxides, or precursors thereof, to a tem 
perature from about 150° C. to about 300° C. in an 
autoclave under preSSure for a time Sufficient to pro 
duce a precipitate having an average particle Size from 
about 0.001 to about 0.2 micron in a mother liquor; and 

(iii) separating the precipitate from the mother liquor; and 
(iv) forming an admixture of the precipitate, a platinum 

component, and a Support. 
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22. The catalyst composite according to claim 21, further 
comprising, in Step (iv), the Step of admixing a platinum 
group metal component other than platinum. 

23. The catalyst composite according to claim 21, wherein 
the platinum group metal component is Selected from the 
group consisting of palladium, rhodium, ruthenium, and 
iridium components, and mixtures thereof. 

24. The catalyst composite according to claim 21, wherein 
the Support, in Step (iv), is selected from the group consisting 
of alumina, Silica, titania, and Zirconia compounds. 

25. The catalyst composite according to claim 21, wherein 
the Support, in Step (iv), is selected from the group consisting 
of activated alumina, alumina-ceria, alumina-chromia, alu 
mina-Silica, alumina-Zirconia, Silica, Silica-titania, Silica 
titania-alumina, Silica-titania-Zirconia, titania, Zirconia, Zir 
conia-titania, and Zirconia-alumina-titania. 

26. The catalyst composite according to claim 21, wherein 
the metal in the Second metal oxide is Selected from the 
group consisting of magnesium, calcium, Strontium, barium, 
Scandium, titanium, Zirconium, hafnium, lanthanum, 
cerium, praseodymium, neodymium, Samarium, europium, 
gadolinium, terbium, dySprosium, holmium, erbium, thu 
lium, ytterbium, Vanadium, chromium, manganese, iron, 
cobalt, nickel, copper, and zinc. 

27. The catalyst composite according to claim 26, wherein 
the metal in the Second metal oxide is Selected from the 
group consisting of barium, lanthanum, cerium, iron, cobalt, 
and copper. 

28. The catalyst composite according to claim 21, wherein 
the metals in the first and Second metal oxides are Selected 
from the group consisting of aluminum/cerium/barium, alu 
minum/copper/lanthanum, aluminum/cobalt/lanthanum, and 
iron/aluminum. 

29. The catalyst composite according to claim 21, wherein 
the metal in the first metal oxide and the metal in the Second 
metal oxide are present in a ratio from about 3:7 to about 9:1, 
respectively. 

30. The catalyst composite according to claim 29, wherein 
the metal in the first metal oxide and the metal in the Second 
metal oxide are present in a ratio from about 4:6 to about 
8.5:1.5, respectively. 

31. The catalyst composite according to claim 21, wherein 
the catalyst composite comprises: 

(i) at least about 1 g/ft of the platinum component; 
(ii) from about 0.15 g/into about 6.0 g/in of the support; 

and 

(iii) from about 0.025 g/in to about 4 g/in of the NO 
Sorbent component. 

32. The catalyst composite according to claim 21, wherein 
the precursors of the first metal oxide and Second metal 
oxide are water-Soluble/dispersible metal Salts Selected from 
the group consisting of acetates, nitrates, hydroxides, oxy 
chlorides, hydroxychlorides, carbonates, Sulfates, oxalates, 
and tartrates. 

33. The catalyst composite according to claim 21, wherein 
the Suspension or Solution of metal hydroxides in (ii) is 
subjected to a temperature from about 175 C. to about 250 
C. 

34. The catalyst composite according to claim 21, wherein 
the precipitate in Step (ii) has an average particle size from 
about 0.01 to about 0.2 micron. 

35. The catalyst composite according to claim 21, wherein 
the catalyst composite is Supported on a metal or ceramic 
honeycomb carrier or is Self-compressed. 
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36. The catalyst composite according to claim 21, wherein 
the NOx sorbent component further comprises a third metal 
oxide, wherein the metal in the third metal oxide is Selected 
from the group consisting of aluminum, titanium, Zirconium, 
Silicon, and composites thereof, and the metal in the Second 
metal oxide is Selected from the group consisting of Group 
IIA metals, Group III metals, Group IV metals, rare earth 
metals, and transition metals, wherein the metal in the third 
metal oxide is different from the metals in the first and 
Second metal oxides. 

37. A method of forming a catalyst composite which 
comprises the Steps of: 

(i) providing an aqueous Suspension or Solution of a first 
metal oxide and a Second metal oxide, or precursors 
thereof, or both, wherein the precursors of the first and 
Second metal oxides are metal Salts which when hydro 
lyzed produce the respective metal oxides, 

(ii) Subjecting the Suspension or Solution of the first and 
Second metal oxides, or precursors thereof, to a tem 
perature from about 150° C. to about 300° C. in an 
autoclave under preSSure for a time Sufficient to pro 
duce a precipitate having an average particle Size from 
about 0.001 to about 0.2 micron in a mother liquor; and 

(iii) separating the precipitate from the mother liquor; and 
(iv) forming an admixture of the precipitate, a platinum 

component, and a Support. 
38. A method of forming a catalyst composite which 

comprises the Steps of: 
(1) forming an admixture of: 

(a) a Support; and 
(b) a NOx sorbent component; 

(2) combining a water-Soluble or dispersible platinum 
component and the admixture from Step (1) with an 
aqueous liquid to form a Solution or dispersion which 
is sufficiently dry to absorb essentially all of the liquid; 

(3) forming a layer of the Solution or dispersion on a 
Substrate; and 

(4) converting the platinum component in the resulting 
layer to a water-insoluble form; 

wherein the NOx sorbent component is prepared by a 
hydrothermal Synthesis process comprising the Steps 
of: 

(i) providing an aqueous Suspension or Solution of a first 
metal oxide and a Second metal oxide, or precursors 
thereof, or both, wherein the precursors of the first and 
Second metal oxides are metal Salts which when hydro 
lyzed produce the respective metal oxides, 

(ii) Subjecting the Suspension or Solution of the first and 
Second metal oxides, or precursors thereof, to a tem 
perature from about 150° C. to about 300° C. in an 
autoclave under preSSure for a time Sufficient to pro 
duce a precipitate having an average particle Size from 
about 0.001 to about 0.2 micron in a mother liquor; and 

(iii) Separating the precipitate from the mother liquor. 


