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(57) ABSTRACT 

The present invention involves an exhaust gas catalyst and 
method of manufacturing Same. The invention provides for 
a cost-effective material which lowers the cold-Start emis 
Sions from the exhaust of vehicles. The invention is a passive 
System which accelerates the light-off temperature of cata 
lyst in a cost-effective fashion. The invention includes a 
method of manufacturing an exhaust gas catalyst capable of 
lowering cold-Start emissions including the Steps of provid 
ing an oxide mixture having praseodymium and cerium, 
doping about 0-10% weight zirconium and about 0-10% 
weight yttrium to the oxide mixture, adding about 0-2% 
weight metal including palladium, platinum, or rhodium to 
the oxide mixture, mixing gamma aluminum to the oxide 
mixture for washcoating and washcoating the oxide mixture 
onto a monolithic Substrate. 
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Pr Ce : Zr BET Surface area (m2/g) a (nm) 
fresha air agedb 

O450.45.O.O 118 8.1 O541 

O425.0.425.0.15 103 12 O540 

O40:040:02O 12 15.1 O539 

a - 650 C for 2 
b - 1050 C for 12h 

EVALUATION TEMPERATURE (OC) 
Pr Ce : Zr OO 150 

O45.045 0.10 206(13) 232(35) 

O4.O.O.40 : 0.20 153(18) 213(41) 

O.310,31 0.38 49(31) 74(24) 
0.62 : 0.38 66(44) 56(51) 
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EXHAUST GAS CATALYST AND METHOD OF 
MANUFACTURING SAME 

TECHNICAL FIELD 

0001. This invention relates to an exhaust gas catalyst 
capable of lowering cold-Start emissions and a method of 
manufacturing the exhaust gas catalyst. 

BACKGROUND ART 

0002 The need to lower vehicle exhaust emissions con 
tinues to create challenges, especially in the wake of Strin 
gent environmental regulations. The need to lower cold-Start 
emissions is at the heart of most emissions reduction Strat 
egy, Since cold-start emissions account for a significant 
portion of exhaust emissions from any given vehicle. During 
Startup, hydrocarbons can be passed through the exhaust 
System before the catalyst can heat up and convert the 
hydrocarbons to more desirable gases. Although a large 
portion of hydrocarbons are reduced, an amount of hydro 
carbons and other undesirable gases may be allowed to pass 
through the exhaust System without reduction thereof. 
0003. One solution to the cold-start emission problem is 
providing a material that is able to give off oxygen to the 
catalyst during Startup conditions Such that the “light-off 
temperature of the catalyst is accelerated. The light-off 
temperature is the temperature at which the catalyst reacts 
with hydrocarbons and other exhaust gases to reduce these 
gases, which are undesirable, to more desirable gases Such 
as carbon dioxide. Oxygen, when fed to the catalyst, creates 
an exothermic reaction to the catalyst, resulting in increased 
temperature which allows the catalyst to reach the light-off 
temperature more quickly. 

0004 Currently, palladium is used with a cerium-zirco 
nium mixed oxide Support, an aluminum oxide Support, or a 
mixture thereof to give off oxygen at Startup conditions (low 
temperature), in order to accelerate light-off of the catalyst. 
However, palladium is an extremely expensive material 
which typically contributes to approximately 95% of the 
total cost of the catalyst. Recent Studies have thus focused on 
methods and materials to reduce the consumption of palla 
dium while providing an effective means for accelerating the 
light-off temperature of the catalyst. 

0005 The use of additional hardware has also been 
proposed to Solve the cold-start problem. In Some cases, the 
additional hardware allows the exhaust System catalyst to be 
heated directly in order to accelerate light-off of the catalyst. 
For example, an electrically heated catalyst may be used 
where the catalyst is heated directly by an electric heater. 
Prior to Startup, current is run through the heater via the 
vehicle battery, and the heat produced accelerates light-off of 
the catalyst and, in turn, lowers the cold-start emissions. 
0006 Another example of an active approach is to allow 
fuel to combust near the catalyst to quickly raise the tem 
perature thereof. This is accomplished by running lines and 
having an ignition System disposed on the vehicle. Gener 
ally, Systems that incorporate additional hardware, Such as 
the examples mentioned above, result in high costs for 
implementation. 

0007 Thus, what is needed is a cost effective solution to 
the cold-start emissions problem. 
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DISCLOSURE OF INVENTION 

0008 Accordingly it is an object of the present invention 
to provide a cost effective material which lowers the cold 
Start emissions from the exhaust of vehicles. 

0009. It is another object of the present invention to 
provide a passive System which accelerates the light-off 
temperature of catalysts in a cost-effective fashion. 
0010 Yet another object of this invention is to provide a 
method of manufacturing an exhaust gas catalyst capable of 
lowering cold-Start emissions through a three-way catalyst 
including mixed metal oxides. 
0011. The method provides an exhaust gas catalyst hav 
ing an oxide mixture with Substantially equal molar content 
of praseodymium and cerium, doping about 0 to 10 weight 
% zirconium and about 0-10 weight % yttrium to the oxide 
mixture, and adding or doping about 0-2 weight % precious 
metal including palladium, platinum, or rhodium to the 
oxide mixture. The method further involves mixing gamma 
alumina to the oxide mixture for washcoating, and wash 
coating the mixture onto a monolithic Substrate. 
0012 Another specific object of this invention is an 
exhaust gas catalyst Supported on a monolithic Substrate in 
which the catalyst is capable of lowering cold-Start emis 
Sions. The catalyst comprises an oxide mixture which is 
washcoated on the monolithic Substrate. The oxide mixture 
has Substantially equal molar content of praseodymium and 
cerium. The oxide mixture also has about 0 to 10 weight % 
Zirconium and about 0-10 weight % yttrium, and about 0-2 
weight % precious metal which includes palladium, plati 
num, or rhodium. 
0013 In another object of this invention provides for a 
method of manufacturing an exhaust gas catalyst capable of 
lowering cold-Start emissions through a three-way catalyst 
including mixed metal oxides. 
0014. The method provides an exhaust gas catalyst hav 
ing an oxide mixture of praseodymium and cerium, doping 
about 0 to 10 weight % zirconium, about 0-10 weight % 
yttrium to the oxide mixture, and about 0-2 weight % 
precious metal including palladium, platinum, or rhodium to 
the oxide mixture. The method further involves mixing 
gamma alumina to the oxide mixture for washcoating, and 
washcoating the mixture onto a monolithic Substrate. 
0015. In yet another embodiment of the invention, a 
method of making an oxygen Storage material for automo 
tive exhaust catalysts is provided wherein oxygen Storage 
materials having a low temperature of oxygen release, Such 
as praseodymia can be made thermally stable by an organic 
templating method that incorporates low levels of Zirconia, 
yttria and possibly other additives. 

BRIEF DESCRIPTION OF DRAWINGS 

0016 FIG. 1 is a table which shows the effect of surface 
area of mixed oxides as concentration of Zirconium is 
increased in an equal molar concentration mixture of 
praseodymia and ceria; 

0017 FIG. 2 is another table which shows the effect of 
oxygen Storage capacities of mixed oxides as the concen 
tration of Zirconium is increased in an equal molar concen 
tration mixture of praseodymia and ceria; 
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0.018 FIG. 3 is a graph which shows the oxygen storage 
capacities of mixed oxides having praseodymia Verus mixed 
oxides without praseodymia; and 
0.019 FIG. 4 is a bar graph which shows the oxygen 
Storage capacities of mixed oxides having praseodymia and 
adding precious metal at the time the mixed oxide is made 
Versus mixed oxides without praseodymia. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0020. The invention is a method for manufacturing an 
exhaust gas catalyst capable of lowering cold-Start emission. 
More specifically, the method teaches the formation of high 
Surface area, thermally stable oxygen Storage materials for 
automotive exhaust catalysts. The method generally 
includes providing an oxide mixture having praseodymium 
and cerium, doping about 0-10 weight % zirconium and 
about 0-10 weight 9% yttrium to the oxide mixture, and 
adding about 0-2 weight % precious metal to the oxide 
mixture. The precious metal may include palladium, plati 
num, rhodium or mixture thereof. The method generally 
further includes mixing gamma alumina to the oxide mixture 
for washcoating and washcoating the mixture onto a mono 
lithic Substrate. As a result, a material may be manufactured 
that lowers cold-Start emissions. The resulting material is an 
exhaust gas catalyst Supported on a monolithic Substrate in 
which the catalyst comprises a praseodymium-cerium oxide 
mixture washcoated on the monolithic Substrate. 

0021. Throughout the specification, the term “oxide mix 
ture' or “mixed oxide” refers to a Solid Solution mixed 
oxide, or alloy, rather than a physical mixture of Single 
oxides. 

0022 A Surprising and unexpected advantage of the 
present method is that the oxide mixture So produced has 
been found to have high Surface area and high oxygen 
Storage capacities at lower temperatures while consuming 
lower contents of metals. Such as palladium. AS described 
below the presence of Zirconium with the praseodymium 
increases Surface area Stability of the oxide mixture. Such 
advantage provides for Significant cost Savings in manufac 
turing exhaust gas catalyst capable of lowering cold-Start 
emissions through an exhaust Stable catalyst, Such as a 
three-way catalyst. The resultant praseodymium-cerium 
oxide mixture requires leSS metals to be added thereto in 
order to accelerate light-off of the catalyst. Thus, total 
consumption of palladium, platinum or rhodium will be 
reduced with implementation of the present invention 
method. 

0023. According to the present invention an oxide mix 
ture is provided having preferably Substantially equal molar 
content of praseodymium and cerium. Alternatively, the 
oxide mixture may be of different molar contents of 
praseodymium and cerium, e.g., about 40%/60%, 60%/40%, 
respectively. The oxide mixture may be prepared by any 
Suitable means. Preferably, the oxide mixture is prepared as 
described in U.S. patent application Ser. No. 08/966,729, 
entitled Thermally Stable, High-Surface-Area Metal Oxides 
Made By Organic Templating, which is hereby incorporated 
by reference. However other Suitable ways of preparing the 
oxide mixture may be used, Such as Sol gel methods or 
precipitation methods do not fall beyond the Scope and Spirit 
of this invention. 
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0024. The oxide mixture is then doped with zirconium, 
yttrium, or both to enhance the thermal stability of the high 
Surface area oxide mixture. 

0025 Generally, between 0 to about 10 weight % zirco 
nium and between 0 to about 10 weight % yttrium may be 
doped to the oxide mixture. As described below, it has been 
found that higher doses of Zirconium may reduce the oxygen 
Storage capacities of the oxide mixture. It is preferred that 
the least amount of Zirconium be doped to the oxide mixture 
that achieves the desired characteristics. 

0026. In a preferred embodiment, 0-2 weight 9% zirco 
nium and/or yttrium is doped to the oxide mixture. More 
Specifically, it has been found that the addition of Zirconia 
tends to promote an undesirable transformation of tetrava 
lent praseodymia (Pr--4) to trivalent praseodymia (Pr+3) in 
the praseodymia-ceria mixed oxide. This was confirmed by 
thermal gravimetric analysis which showed that the amount 
of oxygen reversibility released upon heating from 200 to 
800 celsius in air decreases with increasing levels of 
Zirconia. Thus, only Small portions of Zirconium are pref 
erably added in order to enhance Stability of the Surface area 
of the mixed oxides. 

0027. As shown in FIG. 1, oxide mixtures having Sub 
Stantially equal molar content of praseodymium and cerium 
increase in Surface area as the levels of Zirconium are 
increased in the mixtures thereof. Moreover, FIG. 1 shows 
that increased contents of Zirconium in oxide mixtures 
having equal molar contents of praseodymium and cerium 
increase the Surface area of the resulting oxide mixture for 
fresh or air aged oxide mixtures. The increase in Surface area 
of the oxide mixtures with respect to Zirconium illustrates 
their enhanced ability as catalyst Support. 
0028. As shown in FIG. 2, increased levels of zirconium 
in oxide mixtures having equal molar content of praseody 
mium and cerium result in a decrease of the oxygen Storage 
capacities of the resulting oxide mixtures. Moreover, FIG.2 
shows that as levels of Zirconium increase in oxide mixtures, 
oxygen Storage capacities of Such oxide mixtures also 
decrease consistent with temperature. The decrease of oxy 
gen Storage capacities of the oxide mixtures illustrates an 
adverse effect of Zirconium on catalyst Support. Addition 
ally, FIGS. 1 and 2 together illustrate the need to optimize 
the amounts of Zirconium doped to the oxide mixture. 
0029. As shown in FIG. 3, resulting oxide mixtures 
having praseodymium at 100 to 250 celsius have typically 
higher oxygen Storage capacities than the resulting oxide 
mixture without praseodymium contents. Additionally, FIG. 
3 also shows that oxide mixtures having greater contents of 
Zirconium typically have a lower oxygen Storage capacity 
than oxide mixtures having less Zirconium contents. 
0030) Doping of the oxide mixture with zirconium, 
yttrium, or both may be achieved according to the prepara 
tion of preparing oxide mixtures as described in U.S. patent 
application Ser. No. 08/966,729 entitled Thermally Stable, 
High-Surface-Area Metal Oxides Made By Organic Tem 
plating which has been hereby incorporated by reference. 
0031. After the oxide mixture is doped, precious metal is 
added to the oxide mixture. Generally, 0-2 weight % pre 
cious metal is added to the oxide mixture. Specifically, the 
precious metals which may be added include palladium, 
platinum or rhodium. Preferably, 0.1 to 1.5 weight 9% of 
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metal may be added to the oxide mixture. Moreover, a 
combination of the three precious metals may be added at 
any Suitable ratioS. Addition of the precious metal may be 
performed by impregnating the oxide mixture there with, as 
known in the art. 

0032. It has been found that if precious metal is added to 
the mixed oxide at the time the mixed oxide is made, then 
oxygen Storage capacities and Surface areas of the mixed 
oxides are typically higher than when precious metal is 
added at a time after the oxide is made. Thus, it is preferred 
that the precious metal be added to the oxide mixture at the 
time the oxide mixture is prepared and doped. However, it 
is to be noted that adding precious metal at a later time does 
not fall beyond the Scope and Spirit of this invention. 
0.033 FIG. 4 illustrates that by providing an oxide mix 
ture having praseodymium and by adding precious metals to 
the mixed oxide at the time the oxide mixture is made, a 
catalyst with higher oxygen Storage capacity at low tem 
peratures is obtained. AS shown in FIG. 4, a catalyst having 
praseodymium has a higher oxygen Storage capacity than 
catalysts without praseodymium. In turn, leSS precious met 
als, Such as palladium, are required to obtain a given oxygen 
Storage capacity. A decrease in content of palladium per unit 
weight of catalyst results in a Substantial cost Savings in 
manufacturing exhaust gas catalysts. 
0034. After the precious metal is added, gamma alumina 
is mixed with the oxide mixture for washcoating. Gamma 
alumina aids in bonding the contents to achieve a monolithic 
catalyst having increased oxygen Storage capacities. Gamma 
alumina may be mixed with the oxide mixture at about 0.1/1 
to 1/1 in gamma alumina/oxide mixture molar ratioS. 
0035. As known, there are a number of ways to mix 
gamma alumina with the oxide mixture for washcoating. All 
of such known methods may be used in this invention for 
Such purpose and do not fall beyond the Scope and Spirit of 
this invention. 

0.036 The resulting oxide mixture may then be wash 
coated onto a monolithic Substrate. AS known, there are a 
number of ways to Washcoat the mixture onto the monolithic 
Substrate. Any Such methods may be used for this purpose 
and do not fall beyond the Scope and Spirit of this invention. 
Among the list of known methods, there is included dipping 
the Washcoat into a slurry containing the oxide mixture, and 
blowing the resulting oxide mixture onto the washcoat, etc. 
0037. The substrate typically may be a substrate includ 
ing cordierite Substrate or metallic Substrate. The additional 
weight of the resulting oxide mixture to be washcoated onto 
the Substrate is about 30%-50% of the weight of the initial 
Substrate. 

EXAMPLE 1. 

0.038 Praseodymium-cerium oxide mixture is prepared at 
equally molar contents, Specifically 45 weight percent each. 
Ten weight percent Zirconium is doped to the oxide mixture 
and 2 weight percent palladium was added thereafter. 
Gamma alumina is then mixed to the oxide mixture for 
washcoating and the oxide mixture is then Washcoated onto 
a monolithic Substrate, Specifically cordierite Substrate. 

EXAMPLE 2 

0.039 Praseodymium-cerium oxide mixture is prepared at 
equally molar contents, specifically 42.5 weight percent 
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each. Fifteen weight percent Zirconium was doped to the 
oxide mixture and 2 weight percent palladium is added 
thereafter. Gamma alumina is then mixed to the oxide 
mixture for washcoating and the oxide mixture is then 
washcoated onto a monolithic Substrate, Specifically cordi 
erite Substrate. 

EXAMPLE 3 

0040 Praseodymium-cerium oxide mixture is prepared at 
equally molar contents, Specifically 40 weight percent each. 
Twenty weight percent Zirconium is doped to the oxide 
mixture and 2 weight percent palladium was added there 
after. Gamma alumina is then mixed to the oxide mixture for 
washcoating and the oxide mixture is then Washcoated onto 
a monolithic Substrate, Specifically cordierite Substrate. 

EXAMPLE 4 

0041) Praseodymium-cerium oxide mixture is prepared at 
equally molar contents, Specifically 31 weight percent each. 
Thirty-eight weight percent Zirconium is doped to the oxide 
mixture and 2 weight percent palladium was added there 
after. Gamma alumina is then mixed to the oxide mixture for 
washcoating and the oxide mixture is then Washcoated onto 
a monolithic Substrate, Specifically cordierite Substrate. 
0042. While embodiments of the invention have been 
illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of the 
invention. Rather, the words used in the Specification are 
words of description rather than limitation, and it is under 
stood that various changes may be made without departing 
from the Spirit and Scope of the invention. 
What is claimed is: 

1. A method of manufacturing an exhaust gas catalyst 
capable of lowering cold-Start emissions, the method com 
prising: 

providing an oxide mixture of praseodymium and cerium; 
doping the oxide mixture with 0-10 wt % zirconium and 
0%-10 wt % yttrium; 

doping the oxide mixture with 0-2 wt % precious metal; 
mixing gamma alumina to the oxide mixture for wash 

coating; and 
washcoating the mixture onto a monolithic Substrate. 
2. The method of claim 1 wherein the oxide mixture has 

praseodymium and cerium in Substantially equal molar 
COntent. 

3. The method of claim 1 wherein the step of doping 
further comprises doping about 0-2 wt % zirconium and 
about 0-2 wt % yttrium to the oxide mixture. 

4. The method of claim 1 wherein the step of doping 
further comprises doping about 0.1-1.5 wt % precious metal 
to the oxide mixture. 

5. The method of claim 4 wherein the step of doping the 
precious metal occurs immediately after the Step of doping 
the Zirconium and yttrium to the oxide material. 

6. The method of claim 1 wherein gamma alumina is 
mixed with the oxide mixture at a ratio of 0.1-1 mole of 
gamma alumina to the oxide mixture. 

7. The method of claim, wherein the precious metal is 
Selected from the group consisting of platinum, rhodium, 
palladium, and mixtures thereof. 
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8. An exhaust gas catalyst Supported on a monolithic 
Substrate, the catalyst capable of lowering cold-Start emis 
Sions, the catalyst comprising: 

an oxide mixture washcoated on the monolithic Substrate, 
the oxide mixture having Substantially equal molar 
content of praseodymium and cerium, about 0-10 wt % 
zirconium and about 0-10 wt % yttrium, and about 0-2 
wt % precious metal. 

9. A method of manufacturing an exhaust gas catalyst 
capable of lowering cold-Start emissions, the method com 
prising: 
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providing an oxide mixture of praseodymium and cerium; 
doping the oxide mixture with 0-10 wt % zirconium, 
0%-10 wt % yttrium, and 0-2 wt % precious metal; 

mixing gamma alumina to the oxide mixture for wash 
coating; and 

washcoating the mixture onto a monolithic Substrate, 
whereby providing praseodymium increases oxygen 
Storage capacity of the catalyst and decreases a required 
amount of the precious metal doped to the oxide 
mixture of the catalyst. 

k k k k k 


