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(57) ABSTRACT 

The present invention relates to a process for preparing a 
catalyst, at least comprising the steps of adding a protecting 
agent to an aqueous Solution of a metal precursor to give a 
mixture (M1), adding a reducing agent to mixture (M1) to 
give a mixture (M2), adding a Support material to mixture 
(M2) to give a mixture (M3), adjusting the pH of mixture 
(M3), and separating the Solid and liquid phase of mixture 
(M3). Furthermore, the present invention relates to the cata 
lyst as Such and its use as diesel oxidation catalyst. 
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PREPARATION OF DESELOXIDATION 
CATALYST VIA DEPOSITION OF 
COLLODAL. NANOPARTICLES 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This patent application claims the benefit of pending 
U.S. provisional patent application Ser. No. 61/231,427 filed 
on Aug. 5, 2009, the disclosure of which is hereby incorpo 
rated by reference in its entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to a production method of a 
precious metal catalyst. Furthermore, the present invention 
relates to the catalyst as such and its use as diesel oxidation 
catalyst. 

BACKGROUND OF THE INVENTION 

0003 Exhaust gas emitted from an internal combustion 
engine Such as an automobile engine contains carbon mon 
oxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), and 
so forth. These detrimental substances are generally purified 
by an exhaust gas purification catalyst in which a catalyst 
component mainly consisting of a precious metal Such as 
platinum (Pt), rhodium (Rh), palladium (Pd), iridium (Ir). 
etc., is Supported by an oxide Support Such as alumina. 
0004 To support the precious metal of the catalyst com 
ponent on the oxide support, a method is generally used 
which involves the steps of using a solution of a precious 
metal compound optionally modified, allowing the oxide Sup 
port to be impregnated with this solution so as to disperse the 
precious metal compound on the Surface of the oxide Support, 
and baking the oxide Support. Materials having a high specific 
Surface area such as gamma-alumina are generally employed 
for the oxide Support to give a large contact area with the 
catalyst component to the exhaust gas. 
0005. It is known that the performance of supported metal 
catalysts depends on the structure and composition of the 
metal nanoparticles they contain, and the nature of the Sup 
port. 
0006 Though simple, conventional impregnation meth 
ods used for the preparation of Supported catalysts often 
provide limited control over the structure of the resulting 
materials (i.e. average particle size, particle composition and 
location of the active components). 
0007. In order to overcome such disadvantages, published 
literature describes the use of alternative synthetic routes such 
as the use of organometallic molecular carbonyl cluster pre 
cursors as well as methods involving the use of templating 
agents (e.g. Surfactants and polymers). The potential advan 
tages of using metal carbonyl clusters as precious metal 
Source for catalytic applications lay in the high metal disper 
sions and homogeneity in particle size composition due to the 
relatively low temperature of the activation procedure and, 
when using heterometallic cluster precursors, to the pre 
formed heterometallic bonds. However, the limited stability 
of such clusters on the Surfaces of various Supports, as well as 
difficulties in their synthesis and handling makes the use of 
cluster-derived catalysts problematic for large-scale applica 
tions. 
0008. On the other side, synthetic routes based on the use 
oftemplating agents offer the possibility to prepare colloidal 
metal nanoparticles with controlled particle size and compo 
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sition. The synthetic steps for the preparation of Supported 
metal catalysts through colloidal routes commonly involve 
the interaction between the metal precursors and the protec 
tive agent followed by a reduction treatment leading to the 
formation of a metal colloidal Suspension. Such metal Sus 
pension can be then deposited onto the Support Surface and 
finally the protective agent removed to expose the nanopar 
ticles to the reactants. 
0009. Few examples are reported in the literature describ 
ing the use of polymer-stabilized precious metal colloids as 
precursors for the preparation of Supported metal catalysts 
where improved metal dispersions with respect to conven 
tional methods are achieved. 
(0010 Liu et al. (Polym. Adv. Technol. 1996, 7, 634) 
describe the deposition of Poly vinylpyrrolidone-(PVP) and 
polyvinylalcohol-(PVA) protected Ptand Pd nanoparticles on 
SiO surface. However, such surface needed to be pretreated 
by pre-adsorption of polyacrylic acid to ensure deposition of 
the polymer-capped nanoparticles. 
0011 Pd colloidal suspensions were prepared by Burtonet 

al. (Top. Catal. 2008, 49, 227-232) by heating up to 300° C. a 
Suitable Pd precursor in a triclyphosphine or in an octylamine 
solution. The obtained particle were then washed with hexane 
and deposited onto an oxidic Support followed by calcination 
of Support in order to remove the capping agent. 
0012 Higher purification performance of the exhaust gas 
has been further required for Such an exhaust gas purification 
catalyst for the environmental protection. Control of the clus 
ter size of the precious metal to an optimal size is one way. 
According to the Supporting method of the precious metal of 
the prior art which uses a solution of the precious metal 
compound, the precious metal is adsorbed on the oxide Sup 
portatanatomic level in which the precious metal compound 
is dispersed to the surface of the oxide support, but the atoms 
of the precious metal move and invite grain growth in the 
baking process in which the precious metal is firmly Sup 
ported. It has therefore been extremely difficult to support 
only the precious metal of a desired cluster size on the oxide 
Support. 
0013 Japanese Unexamined Patent Publication (Kokai) 
No. 2003-181288 proposes a method for supporting a pre 
cious metal on an oxide Support by introducing the precious 
metal into pores of a hollow carbon material Such as a carbon 
nano-horn or a carbon nano-tube so that the precious metal 
forms a cluster having a desired size, instead of directly 
Supporting the precious metal on the oxide Support, fixing the 
precious metal to the carbon material, then baking them 
together and thereafter burning and removing the carbon 
material and at the same time, Supporting the precious metal 
on the oxide Support. 
0014. According to such a method, the precious metal 
exists inside the pores of the carbon material until the carbon 
material is burnt and removed, and when the carbon material 
is burnt and removed, the precious metal is quickly Supported 
on the oxide support. Therefore, the precious metal can be 
Substantially supported by the oxide Support at a cluster size 
inside the pores of the carbon material. However, this method 
is not free from problems in which the precious metal must be 
introduced into the pores of the hollow carbon material, 
which results in low productivity. 
0015 Torigoe, Esumi et al. proposes in “Chemical Indus 
try', pp. 276-296 (1998) to produce precious metal particles 
having particle sizes in the order of nm by reducing a mixed 
Solution of a polymer compound Such as polyvinyl pyrroli 
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done and precious metal ions by using a reducing agent Such 
as H. NaBH, CHOH, or the like. 
0016. However, when a compound is used as the reducing 
agent in the method described above, there is a problem that 
an element or elements are contained in the compound mix as 
impurities in the final precious metal particles. When NaBH 
is used as the reducing agent, for example, Na and B mix. 
When an alcohol is used as the reducing agent, not only the 
alcohol, but also ketones, aldehydes, carboxylic acids, etc., 
formed while the alcohol is oxidised during the reduction of 
the metal ions, may mix. When hydrogen is used as the 
reducing agent, problems occur in that the particle diameter 
of the resulting precious metal particles becomes large and 
the particles are odd-shaped. 
0017 WO 2004/089508 provides a method of preparing 
an oxidation catalyst for oxidizing Volatile organic fraction 
and a catalyzed wall-flow filter for use in removing soot 
particulates from diesel engine exhaust, including preparing a 
PGM salt and a transition/alkali metal salt with a water 
soluble polymer compound and a reducing agent, to obtain a 
first colloidal solution, which is thenwashcoated to a catalyst 
Support-coated monolithic ceramic Substrate, followed by 
calcination process at high temperatures, to obtain an oxida 
tion catalyst, and treating a PGM salt and a metal salt mixture 
including at least one selected from a first group of catalyst 
metal to increase oxidation activity for nitrogen monoxide 
(NO)and at least one selected from a second group of catalyst 
metal to decrease a combustion temperature of Soot particu 
lates by oxidizing agents, such as nitrogen dioxide and oxy 
gen, with a water-soluble polymer compound and a reducing 
agent, to obtain a second colloidal Solution, which is then 
washcoated on a catalyst-support-coated wall-flow filter, fol 
lowed by calcination process at high temperatures, to obtain a 
catalyzed wall-flow filter. 
0018 WO95/32790 relates generally to the control of 
hydrocarbons, carbon monoxide, and nitrogen oxides in the 
exhaust of internal combustion engines. More particularly, 
the invention relates to the removal of NO when the exhaust 
gases include oxygen Substantially in excess of that needed 
for combustion of the fuel. This is for example the case with 
lean burn engines, diesel engines, and other engines currently 
under development. 
0019 US 2008/0268159 relates to a production method of 
a precious metal catalyst. More specifically, the present 
invention relates to a production method of a precious metal 
catalyst the cluster size of which is controlled. US 2008/ 
0628159 provides a production method of a precious metal 
catalyst including the steps of uniformly mixing a solution 
containing a precious metal and an aqueous solution of a 
polymer compound capable of coordination with the precious 
metal to form a complex of the precious metal and the poly 
mer compound, adding the drop-wise aqueous solution con 
taining the complex to water containing micro-bubbles con 
taining therein hydrogen, mixing the solutions to reduce the 
precious metal, Supporting the mixed solution on a Support 
and baking the Solution. 
0020. The processes known from the state of the art have 
several disadvantages, like for example the use of several 
steps procedures to obtain the final catalyst, limited control 
over the colloidal nanoparticles location upon impregnation 
on a Support-coated wall-flow filter, the use of high tempera 
ture treatment for the formation of the colloidal suspension or 
the use of a H. micro-bubble generator, which have limited 
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life time in Solution. These disadvantages limit the applica 
bility of the method and the productivity. 
0021. The present invention provides a process for prepar 
ing a catalyst avoiding the disadvantages of the processes 
known from the state of the art. 

SUMMARY OF THE INVENTION 

0022. The present invention is directed to a process for 
preparing a catalyst. In particular, the present invention is 
directed to a process for preparing a catalyst, at least com 
prising the steps: 

0023 (1) adding a protecting agent to an aqueous solu 
tion of a metal precursor to give a mixture (M1), 

0024 (2) adding a reducing agent to mixture (M1) to 
give a mixture (M2), 

0.025 (3) adding a support material to mixture (M2) to 
give a mixture (M3), 

0026 (4) adjusting the pH of mixture (M3), 
0027 (5) separating the solid and liquid phase of mix 
ture (M3). 

0028. According to a further aspect, the present invention 
is directed to a catalyst obtainable by a process according to 
the present invention. 
0029. Furthermore, the present invention is directed to the 
use of a catalyst obtainable by a process according to the 
present invention or of a catalyst the present invention as 
diesel oxidation catalyst. 

DETAILED DESCRIPTION OF THE INVENTION 

0030 The present invention is directed to a process for 
preparing a catalyst. In particular, the present invention is 
directed to a process for preparing a catalyst, at least com 
prising the steps: 

0031 (1) adding a protecting agent to an aqueous solu 
tion of a metal precursor to give a mixture (M1), 

0.032 (2) adding a reducing agent to mixture (M1) to 
give a mixture (M2), 

0033 (3) adding a support material to mixture (M2) to 
give a mixture (M3), 

0034 (4) adjusting the pH of mixture (M3), 
0035 (5) separating the solid and liquid phase of mix 
ture (M3). 

0036. According to the process of the present invention, a 
catalyst is obtained which contains highly dispersed metal 
particles on a Support material. 
0037. The present invention improves the state of the art 
described above by reducing the number of preparations 
steps. This results in an improved process and reduced costs. 
0038. Furthermore, the process according to the present 
invention can be carried out without inert atmosphere, thus 
eliminating the need of purge gasses or inert atmospheres 
upon dissolution and interaction of the metal salt precursor 
with the protective agent. 
0039. Using the process of the present invention, it is 
possible to obtain deposition of the metal nanocomposites 
onto the surface of the support by simplified control over the 
physico-chemical properties (i.e. pH) of the metal colloidal 
Solutions used as precursor. The use of additional polymers 
and or solvents to the aqueous solution to obtain a more 
homogeneous metal dispersion and metal nanoparticle com 
position with respect to conventional methods can be 
avoided. 
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0040 Finally, the need of multiple metal/protective agent 
interactions steps and/or reductions steps to form highly dis 
persed Pt/Pd nanoparticles with homogeneous composition 
are eliminated according to the present invention. According 
to the present invention the composition of the resulting Pt/Pd 
particles is controlled by the relative Pt/Pd amount used in the 
preparation. 
0041. The catalysts obtained by the process according to 
the present invention show improved catalytic activity of the 
resulting materials even after hydrothermal treating at 800° 
C. for 12 h. 

0042. The process according to the present invention com 
prises steps (1) to (5). According to step (1), a protecting agent 
is added to an aqueous solution of a metal precursor to give a 
mixture (M1). 
0043. As a metal precursor, any suitable compound can be 
added which is soluble in water, i.e. which is suitable to 
prepare an aqueous Solution of the metal precursor. Suitable 
compounds are for example metal salts. Preferably, a suitable 
compound of a metal selected from the group consisting of 
platinum, palladium, rhodium, gold and silver or mixtures 
thereof is used. For example metal salts of platinum, palla 
dium, rhodium, gold and silver or mixtures thereofare used in 
the process of the present invention. In particular, the metal is 
palladium or platinum. 
0044 According to one embodiment, the present inven 
tion is therefore directed to a process for preparing a catalyst 
as disclosed above, wherein the metal precursor is selected 
from metal salt of platinum, palladium, rhodium, gold and 
silver or mixtures thereof. 

0045 An aqueous solution of the metal precursor is used 
in step (1). According to the present invention, the concentra 
tion of the metal in the aqueous solution of the metal precur 
sor is preferably in the range of from 1*10 to 4.6*10 mol 
metal per mol solution, more preferably in the range of from 
5*10 to 4.3*10 mol metal per mol solution, more prefer 
ably in the range of from 1*10 to 3.9° 10 mol metal per 
mol solution, more preferably in the range of from 1.8:10 
to 3.6*10 mol metal per solution. 
0046. As a protecting agent, any Suitable compound can be 
used in the context of the present invention. Suitable protect 
ing agents are for example soluble homo- and co-polymers 
having one or more amino, amido, carboxylic, aldehydic, or 
hydroxyl groups, and organic molecules having one or more 
amino, amido, carboxylic, aldehydic, or hydroxyl groups and 
mixtures thereof. 

0047 According to a further embodiment, the present 
invention is therefore directed to a process for preparing a 
catalyst as disclosed above, wherein the protecting agent is 
selected from soluble homo- and co-polymers having one or 
more amino, amido, carboxylic, aldehydic, or hydroxyl 
groups, and organic molecules having one or more amino, 
amido, carboxylic, aldehydic, or hydroxyl groups and mix 
tures thereof. 

0048 Preferred protecting agents are for example selected 
from poly(vinylalcohol), poly(vinylpyrrolidone), poly(ethyl 
eneimine), poly(acrylic acid), carbohydrates or alkali metal 
citrates. Therefore, according to a preferred embodiment, the 
present invention is therefore directed to a process for prepar 
ing a catalyst as disclosed above, wherein the protecting agent 
is selected from poly(Vinylalcohol), poly(Vinylpyrrolidone), 
poly(ethyleneimine), poly(acrylic acid), carbohydrates or 
alkali metal citrates. 
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0049 According to the present invention, suitable ratios 
between the metal precursor and the protective agent are in 
the range of from 1:1 to 1:10 when calculated as ratio between 
a mol of precious metal and the unit of the protective agent. 
Preferred ratios between a mol of metal precursor and a unit 
of protective agent are in the range of from 1:2 to 1:4. 
0050 Preferably, the reaction is carried out at ambient 
pressure at a temperature of from 15 to 35°C., more prefer 
ably at a temperature of from 20 to 30°C., more preferably at 
room temperature. It is preferred to carry out the reaction 
under stirring. According to the present invention, mixtures 
are obtained by preferably mixing two or more solutions 
comprising the same or different precious metal components. 
However, it is also possible that preformed mixtures are used. 
0051. In step (1) of the process according to the present 
invention, mixture (M1) is obtained. According to step (2), a 
reducing agent is added to mixture (M1) to give a mixture 
(M2). 
0052. In principle, any suitable reducing agent can be used 
in the process according to the present invention. Preferably, 
the reducing agentis selected from alkali metal borohydrides, 
hydrazine, formaldehyde, alkali metal citrates, aminoborane 
complexes, gaseous hydrogen and carbon monoxide. 
0053. Therefore, according to a further embodiment, the 
present invention is therefore directed to a process for prepar 
ing a catalyst as disclosed above, wherein the reducing agent 
is selected from alkali metal borohydrides, hydrazine, form 
aldehyde, alkali metal citrates, aminoborane complexes, gas 
eous hydrogen and carbon monoxide. 
0054 Suitable ratios between the metal precursor and the 
reducing agent are in the range of from 1:1 to 1:20 when 
calculated as ratio between a mol of precious metal and a mol 
of the reducing agent. Preferred ratios between a mol of metal 
precursor and a mol of reducing agent are in the range of from 
1:2 to 1.8. Depending from the reducing agent the reaction 
can be carried out at room temperature under stirring. 
0055 Mixtures thus obtained could be also constituted by 
mixing two or more (M2) mixtures comprising the same or 
different precious metal components. Such solutions could be 
obtained also by mixing two or more (M1) solutions, which 
are obtained in step (1) by addition of the same or different 
protective agent, followed by addition of the same or different 
reducing agent. Additionally, mixture (M2) can be obtained 
by mixing one or more mixtures (M2) with one or more 
mixtures (M1) followed by addition of a reducing agent. 
0056. In step (2), the mixture (M2) is obtained. To this 
mixture, a Support material is added to give a mixture (M3). 
0057. In principle, any suitable support material can be 
used in the process according to the present invention. Pre 
ferred Support materials are for example aluminum oxide, 
silicon oxide, cerium oxide, Zirconium oxide, titanium oxide, 
magnesium oxide alone or as mixtures and/or solid solutions 
from these Support materials. 
0.058 According to a further embodiment, the present 
invention is therefore directed to a process for preparing a 
catalyst as disclosed above, wherein the Support material is 
selected from aluminum oxide, silicon oxide, cerium oxide, 
Zirconium oxide, titanium oxide, magnesium oxide alone or 
as mixtures and/or Solid solutions from these Support mate 
rials. 

0059 Suitable amounts of the support material are chosen 
to have a final precious metal concentration on the Support in 
the range of from 0.01% to 10% wit/wt with respect to the 
resulting material. Preferred concentrations of the precious 



US 2011/0033353 A1 

metal on the support material are in the range of from 0.1% to 
5% wt/wt with respect to the support material. 
0060 According to the present invention, the support 
material is added to the mixture at room temperature while the 
mixture is stirring. 
0061 According to step (4) of the process of the present 
invention, the pH of mixture (M3) obtained in step (3) of the 
process of the present invention is adjusted. The pH is pref 
erably adjusted to a value in the range from 2 to 7. Thus, 
according to a further embodiment, the present invention is 
directed to a process for preparing a catalyst as disclosed 
above, wherein in step (4) the pH is adjusted to a value in the 
range from 2 to 7. 
0062 According to the present invention, the pH can be 
adjusted by any suitable method for example by addition of a 
suitable acid, in particular a mineral acid like HC1 or HNO. 
0063. According to the present invention, the pH adjust 
ment is preferably carried out at room temperature while the 
solution is stirred. 
0064. In step (5) of the process of the present invention, the 
solid and liquid phases of mixture (M3) are separated. Sepa 
ration can be achieved by any suitable method, for example 
filtration or centrifugation or evaporation of the solvent. 
According to a further embodiment, the present invention is 
therefore directed to a process for preparing a catalyst as 
disclosed above, wherein in step (5) the solid and liquid phase 
of mixture (M3) are separated by filtration or evaporation of 
the solvent. 
0065. The process according to the present invention can 
also comprise additional steps, for example heating or cool 
ing steps or steps for altering the concentration of any of the 
mixtures obtained in the process of the present invention. The 
additional steps can be carried out before or after steps (1) to 
(5) or between any of the steps (1), (2), (3), (4), and/or (5) of 
the process of the present invention. 
0066. According to the process of the present invention, a 
catalyst is obtained which has highly dispersed nanoparticles 
with homogeneous composition. 
0067. The catalysts obtained by the process according to 
the present invention show improved catalytic activity of the 
resulting materials even after hydrothermal treating at 800° 
C. for 12 h. 
0068. Therefore, according to a further aspect, the present 
invention is directed to a catalyst obtainable and/or obtained 
by a process as disclosed above. 
0069. The catalyst according to the present invention com 
prises a Support material and highly dispersed metal nanopar 
ticles. 

0070 Preferably, the support material is selected from 
preferred support materials as mentioned above, for example 
aluminum oxide, silicon oxide, cerium oxide, Zirconium 
oxide, titanium oxide, magnesium oxide alone or as mixtures 
and/or solid solutions from these Support materials. 
0071. The metal is preferably selected from platinum, pal 
ladium, rhodium, gold and silver or mixtures thereof, more 
preferred platinum and palladium or mixtures thereof. 
0072 The catalysts according to the present invention 
have improved properties. For example for a catalyst com 
prising only platinum as metal, after treatment of the catalyst 
at 450° C. for a desired period of time in an oxidizing atmo 
sphere (air), no less than 65% of the metal particles have an 
average diameter below 3 nm. Also for a catalyst comprising 
only platinum as metal, after treatment of the obtained cata 

Feb. 10, 2011 

lyst at 800° C. for 12 h in an oxidizing atmosphere (10% H2O 
in air), no less than 22% of the metal particles have an average 
diameter below 22 nm. 

0073 For a catalyst comprising platinum and palladium as 
metals, after treatment of the obtained catalyst at 800° C. for 
12 h in an oxidizing atmosphere (10% HO in air), no less 
than 36% of the metal particles have an average diameter 
below 22 nm. Furthermore, for a catalyst comprising plati 
num and palladium as metals, after treatment of the obtained 
catalyst at 800° C. for 12 h in an oxidizing atmosphere (10% 
HO in air), no less than 90% of the metal particles are 
constituted by both Pt and Pd. 
0074 The catalysts obtained according to the process 
according to the present invention or the catalysts according 
to the present invention are in particular Suitable as diesel 
oxidation catalysts, in particular due to the improved thermal 
resistance and reduced metal particle grain growth during 
hydrothermal aging conditions simulating the leanaging con 
ditions typically encountered during the operation of a diesel 
engine. Therefore, according to a further aspect, the present 
invention is directed to the use of a catalyst obtainable and/or 
obtained by a process according to the present invention as 
diesel oxidation catalyst. Also, the present invention relates to 
a process for oxidizing diesel exhaust wherein the diesel 
exhaust is brought into contact with a catalyst obtainable 
and/or obtained by a process according to the present inven 
tion. 

0075 Such catalyzed soot filter of the present invention 
can be used in an integrated emission treatment system, in 
particular in an exhaust conduit comprising one or more 
additional components for the treatment of diesel exhaust 
emissions. For example, such exhaust conduit which is most 
preferably in fluid communication with the diesel engine may 
comprise a catalyzed soot filter according to the present 
invention and may further comprise a diesel oxidation cata 
lyst (DOC) article and/or a selective catalytic reduction 
(SCR) article and/or an NOx storage and reduction (NSR) 
catalytic article. Most preferably, the DOC article and/or the 
SCR article and/or the NSR article are in fluid communica 
tion with the catalyzed soot filter. The diesel oxidation cata 
lyst can be located upstream or downstream from the cata 
lyzed soot filter and/or selective catalytic reduction 
component. More preferably, the catalyzed soot filter of the 
present invention is located downstream from the DOC 
article. Still more preferably the catalyzed soot filter of the 
present invention is located either upstream or downstream of 
the SCR article. 

0076. Even more preferably, downstream the inventive 
catalyzed soot filter, there is no NOx reduction catalytic 
article comprised in the system, preferably no NOx storage 
and reduction (NSR) catalytic article. 
0077. A suitable SCR article for use in the exhaust conduit 

is typically able to catalyze the reaction of O with any excess 
NH to N and H2O, so that NH is not emitted to the atmo 
sphere. Useful SCR catalyst compositions used in the exhaust 
conduit should also have thermal resistance to temperatures 
greater than 650° C. Such high temperatures may be encoun 
tered during regeneration of the upstream catalyzed soot fil 
ter. Suitable SCR articles are described, for instance, in U.S. 
Pat. No. 4,961,917 and U.S. Pat. No. 5,516,497. Suitable SCR 
articles include one or both of an iron and a copper promoter 
typically presentina Zeolite in an amount of from about 0.1 to 
30 percent by weight, preferably from about 1 to 5 percent by 
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weight, of the total weight of promoter plus zeolite. Typical 
Zeolites may exhibit a CHA framework structure. 
0078. The inventive catalyzed soot filter can be arranged 
downstream of the DOC. In Such an arrangement, the inven 
tive catalyzed soot filter provides the advantage that HC and 
CO are reduced during soot combustion which is most pref 
erably achieved by the upstream Zone of the inventive filter. 
Further, the specific design of the rear Zone ensures that in the 
downstream Zone of the catalyzed soot filter, as low an 
amount of NOX as possible is generated. Thus, downstream 
such DOC, the inventive catalyzed soot filter can be very 
advantageous in its clean-up function for the treatment of 
diesel exhaust. 
0079 Also, the present invention relates to the catalyzed 
soot filter as defined above for use in a method of treating a 
diesel engine exhaust stream, the exhaust stream containing 
Soot particles, said method comprising contacting the exhaust 
stream with the catalyzed soot filter, preferably after having 
directed the exhaust stream through a diesel oxidation cata 
lyst (DOC), said DOC preferably comprising a flow through 
substrate or a wall flow substrate. Similarly, the present inven 
tion relates to the use of the catalyzed soot filter as defined 
above for treating a diesel engine exhaust stream, the exhaust 
stream containing Soot particles, wherein the exhaust stream 
is contacted with the catalyzed soot filter, preferably after 
having directed the exhaust stream through a diesel oxidation 
catalyst (DOC), said DOC preferably comprising a flow 
through substrate or a wall flow substrate. 
0080 Further, the present invention relates to a system for 
treating for treating a diesel engine exhaust stream, the sys 
tem comprising an exhaust conduit in fluid communication 
with the diesel engine via an exhaust manifold; 
a catalyzed soot filter as defined above; and 
one or more of the following in fluid communication with the 
catalyzed soot filter: a diesel oxidation catalyst (DOC), a 
selective catalytic reduction (SCR) article, an NOx storage 
and reduction (NSR) catalytic article. 
0081 Preferably, in this system, the catalyzed soot filter is 
arranged downstream of the DOC. More preferably, the sys 
tem does not contain an NOx reduction catalytic article, and 
more preferably, the system does not contain an NOX storage 
and reduction (NSR) catalytic article. 
0082. Therefore, the present invention also relates to a 
method of treating a diesel engine exhaust stream, the exhaust 
stream containing Soot particles, said method comprising 
contacting the exhaust stream with a catalyzed soot filter as 
defined above, preferably after having directed the exhaust 
stream through a diesel oxidation catalyst (DOC), said DOC 
preferably comprising a flow through substrate or a wall flow 
substrate. 
0083. According to an optional embodiment of the present 
invention, this method further comprises directing the 
exhaust stream resulting from the DOC or from the catalyzed 
soot filter through a selective catalytic reduction (SCR) 
article. 

0084. In particular, the present invention is characterized 
by the following embodiments, including the specific combi 
nations of individual embodiments given by the respective 
back-references: 
0085 1. A process for preparing a catalyst, at least com 
prising the steps: 
0086 (1) adding a protecting agent to an aqueous solu 
tion of a metal precursor to give a mixture (M1). 
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0.087 (2) adding a reducing agent to mixture (M1) to 
give a mixture (M2), 

0088 (3) adding a support material to mixture (M2) to 
give a mixture (M3), 

I0089 (4) adjusting the pH of mixture (M3), 
0090 (5) separating the solid and liquid phase of mix 
ture (M3). 

0091 2. The process of embodiment 1, wherein the pro 
tecting agent is selected from soluble homo- and co-poly 
mers having one or more amino, amido, carboxylic, alde 
hydic, or hydroxyl groups, and organic molecules having 
one or more amino, amido, carboxylic, aldehydic, or 
hydroxyl groups and mixtures thereof. 

0092. 3. The process of embodiment 1 or 2, wherein the 
protecting agent is selected from poly(vinylalcohol), poly 
(vinylpyrrolidone), poly-(ethyleneimine), poly(acrylic 
acid), carbohydrates or alkali metal citrates. 

0093 4. The process of any of embodiments 1 to 3, 
wherein the metal precursor is selected from metal salt of 
platinum, palladium, rhodium, gold and silver or mixtures 
thereof. 

0094 5. The process of any of embodiments 1 to 4, 
wherein the reducing agent is selected from alkali metal 
borohydrides, hydrazine, formaldehyde, alkali metal cit 
rates, aminoborane complexes, gaseous hydrogen and car 
bon monoxide. 

(0095 6. The process of any of embodiments 1 to 5, 
wherein the Support material is selected from aluminum 
oxide, silicon oxide, cerium oxide, Zirconium oxide, tita 
nium oxide, magnesium oxide alone or as mixtures and/or 
Solid solutions from these Support materials. 

0096 7. The process of any of embodiments 1 to 6, 
wherein in step (4) the pH is adjusted to a value in the range 
from 2 to 7. 

(0097 8. The process of any of embodiments 1 to 7, 
wherein in step (5) the solid and liquid phase of mixture 
(M3) are separated by filtration or evaporation of the sol 
Vent. 

0.098 9. A catalyst obtainable by a process according to 
any of embodiments 1 to 8. 

0099 10. The catalyst according to embodiment 9, com 
prising platinum and palladium as metals, wherein after 
treatment of the catalyst at 800° C. for 12 h in an oxidizing 
atmosphere (10%HOinair), no less than 36% of the metal 
particles have an average diameter below 22 nm. 

0100 11. The catalyst according to embodiment 9 or 10, 
comprising platinum and palladium as metals, wherein 
after treatment of the catalyst at 800° C. for 12 h in an 
oxidizing atmosphere (10% HO in air), no less than 90% 
of the metal particles are constituted by both Pt and Pd. 

0101 12. Use of a catalyst according to any of embodi 
ments 9 to 11 as diesel oxidation catalyst. 

DETAILED DESCRIPTION OF THE FIGURES 

0102 FIG. 1. shows the transmission electron microscope 
of a Pt/Pd sample on an alumina Support prepared following 
the procedure according to Example 3 below and detailing the 
particle size composition. The X-axis of the diagram shows 
the number of particles (ii), the y-axis the ratio of Pt/Pd (in 
mol/mol). 
(0103 FIG. 2. shows the XRD spectrum of 1% Pt on alu 
minium oxide prepared according to the process of the inven 
tion. The x-axis shows the 2 Theta scale (in ), the y-axis the 
intensity (in lincounts; I/LC). 
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0104 FIG. 3. shows the XRD spectrum of 1% Pt on alu 
minium oxide prepared according to a process according to 
the state of the art. The x-axis shows the 2 Theta scale (in ), 
the y-axis the intensity (in lincounts; I/LC). 
0105 FIG. 4. shows the XRD spectrum of 0.67% and Pt 
0.33% Pd on aluminium oxide prepared according to the 
process of the invention. The x-axis shows the 2 Theta scale 
(in ), the y-axis the intensity (in lincounts; I/LC). 
0106 FIG. 5. shows the XRD spectrum of 0.67% Pt and 
0.33% Pd on aluminium oxide prepared according to a pro 
cess according to the state of the art. The X-axis shows the 2 
Theta scale (in ), the y-axis the intensity (in lincounts; I/LC). 
0107 FIG. 6. shows a diagram comparing the gas activity 
of catalysts prepared according to the process of the invention 
with that of prior art catalysts. A detailed description of FIG. 
6 is to be found in the context of Example 11 herein under. 
0108. The present invention is further illustrated by way of 
the following examples. 

EXAMPLES 

Example 1 

0109 10.2 g of an HPtCl solution containing 5.1° 10' 
moles of Pt per liter of solution were diluted in 400 ml of 
water and an opportune amount of a PVP solution containing 
10 mg of PVP per ml of solution was added in order to achieve 
a Pt/PVP weight ratio equal to 1. After letting the solution stir 
at room temperature in airfor 1 hour, NaBH was added to the 
solution at room temperature. The amount of NaBH was 
chosen in order to have a Pt/NaBH weight ratio of 1/2. 
Following stirring for 1 hour in air of the obtained mixture, an 
appropriate amount of alumina powder was added to the 
solution in order to achieve a total metal loading of 1% wt/wt 
and the pH adjusted to a value of 2.4 with an HCl solution 
containing 15% HCl in weight. After 30 minutes of stirring 
the solution was filtered and the solid powder recovered. 

Example 2 
0110. The same process and quantities of reagents were 
used as in Example 1 with the exception of the PVP addition. 
Here an opportune amount of PVP solution containing 10 mg 
of PVP per mg of solution was added in order to achieve a 
Pt/PVP weight ratio equal to 2. 

Example 3 
0111. The same process and quantities of reagents were 
used as in Example 2 with the exception that 6.6 g of an 
HPtCl solution containing 5.1° 10' moles of Pt per liter of 
solution were diluted in 400 ml of water together with 110 mg 
of KPdCla. 
0112. As one can see from FIG. 1, the precious metal 
nanoparticles comprise both platinum and palladium and the 
composition is the same as one would expect from the relative 
ratio of platinum and palladium when calculated based on the 
mol of precious metal. 

Example 4 

0113. 6.6 g of an HPtCl solution containing 5.1° 10' 
moles of Pt per liter of solution were diluted in 400 ml of 
water and an opportune amount of a PVP solution containing 
10 mg of PVP per ml of solution was added in order to achieve 
a Pt/PVP weight ratio equal to 1. After letting the solution stir 
at room temperature in airfor 1 hour, NaBH was added to the 
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solution at room temperature. The amount of NaBH was 
chosen in order to have a Pt/NaBH weight ratio of 1/2. The 
resulting solution was stirred for 30 minutes and then 110 mg 
of KPdCl were added to the solution. After 30 minutes, 
NaBH was added to the solution at room temperature. The 
amount of NaBH was chosen in order to have a Pd/NaBH 
weight ratio of 1/2. Following stirring for 1 hour in air of the 
obtained mixture, an appropriate amount of alumina powder 
was added to the solution in order to achieve a total metal 
loading of 1% wt/wt and the pH adjusted to a value of 2.4 
with an HCl solution containing 15% HCl in weight. After 30 
minutes of stirring the solution was filtered and the solid 
powder recovered. 

Example 5 

0114. The same process and quantities of reagents were 
used as in Example 4 with the exception that the order of 
addition of HPtCl and of KPdCl has been inverted. 

Example 6 

0115 The same process and quantities of reagents were 
used as in Example 1 with the exception of the PVP addition. 
Here an opportune amount of PVP solution containing 10 mg 
of PVP per mg of solution was added in order to achieve a 
Pt/PVP weight ratio equal to 4. 

Example 7 

0116. The same process and quantities of reagents were 
used as in Example 1 with the exception of the HPtCl and 
Support quantities which were chosen to obtain a catalyst 
having 2% wt/wt of precious metal with respect to the Sup 
port. 

Example 8 

0117 The same process and quantities of reagents were 
used as in Example 3 with the exception of the HPtCl 
KPdCl and alumina quantities which were chosen to obtain 
a catalyst having 4% wt/wt of precious metal with respect to 
the Support. 

Example 9 

Comparative Example 

0118 Referring to FIG. 2, there is shown an XRD spec 
trum of a sample comprising 1% Pt wit/wt with respect to the 
Support material deposited on an alumina Support, prepared 
following the same process of Example 1, which was ther 
mally aged for 12 hours at 800° C. 
0119 FIG. 3 shows an XRD spectrum of a sample com 
prising 1% Pt wit/wt with respect to the support material 
deposited on an alumina Support, prepared from the same 
precious metal precursor according to state of the art incipient 
wetness impregnation methods, which was thermally aged 
for 12 hours at 800° C. 

0.120. As one can see, in FIG. 2 the Pt diffraction peak is 
broader and less intense than in the case of the sample pre 
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pared according to state of the art incipient wetness impreg 
nation, thus indicating a smaller average particle size. 

Example 10 
Comparative Example 

0121 Referring to FIG. 4, there is shown an XRD spec 
trum of a sample comprising 0.67% Pt wit/wt and 0.33% Pd 
wit/wt with respect to the support material deposited on an 
alumina Support, prepared following the same process of 
Example 3, which was thermally aged for 12 hours at 800° C. 
0122 FIG. 5 shows an XRD spectrum of a sample com 
prising 0.67% Pt wit/wt and 0.33% Pd wit/wt with respect to 
the Support material deposited on an alumina Support, pre 
pared from the same precious metal precursors according 
state of the art incipient wetness impregnation methods, 
which was thermally aged for 12 hours at 800° C. 
0123. As one can see, in FIG. 4 the Pt/Pd diffraction peak 

is broader and less intense than in the case of the sample 
prepared according to state of the art incipient wetness 
impregnation, thus indicating a smaller average particle size. 

Example 11 
Comparison of Examples and State of the Art-Ex 

amples 
0.124 FIG. 6 shows the gas activity of the sample tested in 
a laboratory reactor simulating the exhaust emissions of a 
conventional diesel engine. The reaction conditions used 
were a fixed bed tube reactor where 40 mg of powder were 
diluted with 100 mg of cordierite material and the mixture 
was crushed and sieved in the range of 250-500 micrometer. 
The total gas flow rate was 200 mL/min and the resulting 
space velocity was equivalent to 15,000-20,000 per hour that 
would be experienced by a monolith sample. The gas com 
position used in the powder reactor testing comprised CO 
2000 ppm, NO 100 ppm, CH 300 ppm, CHs 300 ppm, 
toluene 350 ppm, O. 12%, HO 5%. Unless otherwise speci 
fied, hydrocarbon (HC) concentrations are reported on a C1 
basis. 
0.125. At the beginning of the light-off test, the powder 
sample was equilibrated in the gas mixture for 20 minutes at 
50° C. The temperature at which 50% conversion was 
observed is denoted as T50 and was used as the measure of 
catalyst activity: the lower the T50, the better the catalyst 
performance. The activity after thermal aging for 12 hat 800° 
C. of the samples prepared according to the process of the 
invention as outlined in Example 2. Example 3. Example 7 
and Example 8, was compared to that of samples prepared 
according to state of the art impregnation incipient wetness 
methods (IW) from the same precious metal precursors, 
deposited on the same Support material and having the same 
precious metal content as in Example 2. Example 3. Example 
7 and Example 8. 
0126. As one can see, the catalytic activity of the samples 
prepared according to the process of invention is higher than 
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that of the samples prepared according to state of the art 
impregnation methods as indicated by the lower T50 value of 
CO in the feed stream used for the evaluation. 

1. A process for preparing a catalyst, at least comprising the 
steps: 

(1) adding a protecting agent to an aqueous solution of a 
metal precursor to give a mixture (M1). 

(2) adding a reducing agent to mixture (M1) to give a 
mixture (M2), 

(3) adding a Support material to mixture (M2) to give a 
mixture (M3), 

(4) adjusting the pH of mixture (M3), 
(5) separating the solid and liquid phase of mixture (M3). 
2. The process of claim 1, wherein the protecting agent is 

selected from soluble homo- and co-polymers having one or 
more amino, amido, carboxylic, aldehydic, or hydroxyl 
groups, and organic molecules having one or more amino, 
amido, carboxylic, aldehydic, or hydroxyl groups and mix 
tures thereof. 

3. The process of claim 1, wherein the protecting agent is 
selected from poly(vinylalcohol), poly(vinylpyrrolidone), 
poly-(ethyleneimine), poly(acrylic acid), carbohydrates or 
alkali metal citrates. 

4. The process of claim 1, wherein the metal precursor is 
selected from metal salt of platinum, palladium, rhodium, 
gold and silver or mixtures thereof. 

5. The process of claim 1, wherein the reducing agent is 
selected from alkali metal borohydrides, hydrazine, formal 
dehyde, alkali metal citrates, amino borane complexes, gas 
eous hydrogen and carbon monoxide. 

6. The process of claim 1, wherein the support material is 
selected from aluminum oxide, silicon oxide, cerium oxide, 
Zirconium oxide, titanium oxide, magnesium oxide alone or 
as mixtures and/or Solid solutions from these Support mate 
rials. 

7. The process of claim 1, wherein in step (4) the pH is 
adjusted to a value in the range from 2 to 7. 

8. The process of claim 1, wherein in step (5) the solid and 
liquid phase of mixture (M3) are separated by filtration or 
evaporation of the solvent. 

9. A catalyst obtainable by a process according to claim 1. 
10. The catalyst according to claim.9, comprising platinum 

and palladium as metals, wherein after treatment of the cata 
lyst at 800° C. for 12hin an oxidizing atmosphere (10% HO 
in air), no less than 36% of the metal particles have an average 
diameter below 22 nm. 

11. The catalyst according to claim.9, comprising platinum 
and palladium as metals, wherein after treatment of the cata 
lyst at 800° C. for 12 h in an oxidizing atmosphere (10% H2O 
in air), no less than 90% of the metal particles are constituted 
by both Pt and Pd. 

12. A process for oxidizing diesel exhaust wherein the 
diesel exhaust is brought into contact with a catalyst accord 
ing to claim 9. 


