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(57) ABSTRACT 

Disclosed in certain implementations is a catalysis composi 
tion that includes a metal catalyst and a Support material 
impregnated with the metal catalyst. 
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Provide a suffy that includes a metal oxide catalyst and a support material 
impregnated with the metal oxide Catalyst 

802 awa ; 

Coat the stuffy onto a substrate 

Dry the stify to produce a Catalyst layer 

Contact the catalyst layer with an airstream 
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HGHLY DISPERSED METAL OXDE 
CATALYST COATINGS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of priority of 
U.S. Provisional Patent Application No. 61/897.557, filed 
Oct. 30, 2013, which is hereby incorporated by reference 
herein in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a method and appa 
ratus for cleaning the atmosphere. More particularly, the 
invention relates to a Substrate Such as a motor vehicle radia 
tor including pollution treating composition layered thereon. 

BACKGROUND OF THE INVENTION 

0003 Atmospheric pollution is a concern of increasing 
importance as the levels of various atmospheric pollutants 
continue to increase. One primary pollutant of concern is 
OZO. 

0004 OZone is a molecule that consists of three oxygen 
atoms. Naturally-occurring oZone is formed miles above the 
earth in the stratosphere. This ozone layer is responsible for 
absorbing the majority of the Sun's harmful ultraviolet radia 
tion. Unfortunately, the ozone at ground level is a health risk 
and the major component of Smog. This ground level oZone is 
the cause of many adverse effects, such as irritation of and 
damage to a Subject's lungs, eyes, nose and throat. Ground 
level oZone is produced by the reactions of nitrogen oxides 
and Volatile organic compounds in the presence of direct 
Sunlight. The main sources of nitrogen oxide and volatile 
organic compound gases are mobile emissions, industrial 
factories, electrical plants, chemical solvents, and gasoline 
vapors. 
0005 Typical pollution control measures are directed 
toward removing nitrogen oxides and Volatile organic com 
pounds at emission sources. Pollution control is also per 
formed by direct treatment of ozone at ground level utilizing 
vehicle heat exchangers. In these processes, oZone in the air 
that passes over catalyst coated Surfaces, such as radiators, 
convert oZone molecules into oxygen molecules. These pro 
cesses capitalize on the large Volume of air that passes 
through a vehicle's radiator. 
0006. There continues to be a need in the art for methods 
and compositions for effectively treating ground level pollu 
tion. These methods and compositions should exhibit long 
term performance and efficient manufacturing operations. 

SUMMARY 

0007. It is an object of certain implementations of the 
disclosure to provide a catalyst composition to treat pollut 
ants in the atmosphere. 
0008. It is an object of certain implementations of the 
disclosure to provide a Substrate including a catalyst compo 
sition to treat pollutants in the atmosphere. 
0009. It is an object of certain implementations of the 
disclosure to provide a heat exchanger including a catalyst 
composition to treat pollutants in the atmosphere. 
0010. It is an object of certain implementations of the 
disclosure to provide an automobile radiator including a cata 
lyst composition to treat pollutants in the atmosphere. 
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0011. It is an object of certain implementations of the 
disclosure to provide a method of preparing a catalyst com 
position to treat pollutants in the atmosphere. 
0012. It is an object of certain implementations of the 
disclosure to provide a method of preparing a substrate 
including a catalyst composition to treat pollutants in the 
atmosphere. 
0013. It is an object of certain implementations of the 
disclosure to provide a method of preparing a heat exchanger 
including a catalyst composition to treat pollutants in the 
atmosphere. 
0014. It is an object of certain implementations of the 
disclosure to provide a method of preparing an automobile 
radiator including a catalyst composition to treat pollutants in 
the atmosphere. 
0015 The above objects and others are met by the present 
disclosure, which in certain implementations is directed to a 
catalysis composition including a metal catalystanda Support 
material impregnated with the metal catalyst. In certain 
implementations, the catalyst composition has a deactivation 
factor of at least 0.5. 
0016. In certain implementations, the disclosure is 
directed to a catalysis composition including a metal catalyst 
and a Support material including Surface hydroxyl groups, 
wherein the metal catalyst is impregnated in the Support mate 
rial in an amount of about 0.5 atoms to about 2.5 atoms per 
Surface hydroxyl group. 
0017. In certain implementations, the disclosure is 
directed to a catalysis composition including a metal catalyst 
and a Support material, wherein the metal catalyst is impreg 
nated in the Support material in an amount ranging from about 
10% to about 20% metal atoms by mass (e.g., mass percent of 
overall catalysis composition). 
0018. In certain implementations, the disclosure is 
directed to a catalysis composition including a metal catalyst 
and a Support material, wherein the metal catalyst is impreg 
nated in the Support material in an amount ranging from about 
10% to about 25% metal atoms by mass. 
0019. In certain implementations, the disclosure is 
directed to a catalysis composition including a metal catalyst 
and a Support material, wherein the metal catalyst is impreg 
nated in the Support material in an amount ranging from about 
5% to about 30% metal atoms by mass. 
0020. In certain implementations, the disclosure is 
directed to a catalysis composition including a metal catalyst 
and a Support material, wherein the metal catalyst is impreg 
nated in the Support material in an amount ranging from about 
12% to about 18% metal atoms by mass. 
0021. In certain implementations, the disclosure is 
directed to a catalysis device including an automobile radiator 
and an OZone catalyst coating at least partially layered on the 
radiator, the catalyst coating including a metal catalyst and a 
Support material impregnated with the oZone catalyst. In cer 
tain implementations, the coating has a deactivation factor of 
at least 0.5. 
0022. In certain implementations, the disclosure is 
directed to a catalysis device consisting essentially of an 
automobile radiator and an oZone catalyst coating at least 
partially layered on the radiator, wherein the catalyst coating 
including a metal catalyst and a Support material impregnated 
with the oZone catalyst. In certain implementations, the cata 
lyst coating has a deactivation factor of at least 0.5. 
0023. In certain implementations, the disclosure is 
directed to a catalysis device including an automobile radiator 
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and a manganese oxide catalyst coating (e.g., derived from 
manganese acetate) at least partially layered on the radiator, 
wherein the catalyst coating including the manganese oxide 
catalyst (e.g., derived from manganese acetate), a Support 
material impregnated with the metal catalyst, wherein the 
metal catalyst is impregnated in the Support material in an 
amount ranging from about 12% to about 18% metal atoms by 

a SS. 

0024. In certain implementations, the disclosure is 
directed to a catalysis device consisting essentially of an 
automobile radiator and a manganese oxide catalyst coating 
(e.g., derived from manganese acetate) at least partially lay 
ered on the radiator, wherein the catalyst coating including 
the manganese oxide catalyst (e.g., derived from manganese 
acetate), a Support material impregnated with the metal cata 
lyst, wherein the metal catalyst is impregnated in the Support 
material in an amount ranging from about 12% to about 18% 
metal atoms by mass. 
0025. In certain implementations, the disclosure is 
directed to a method of preparing a catalyst composition 
including mixing particulate Support material in a solution of 
a metal catalyst to obtain a deactivation factor of the compo 
sition of at least 0.5. 

0026. In certain implementations, the disclosure is 
directed to a method of preparing a catalysis device including 
at least partially layering an oZone catalyst coating on an 
automobile radiator, wherein the catalyst coating including 
an oZone catalystanda Support material impregnated with the 
catalyst and the catalyst has a deactivation factor of at least 
O.5. 

0027. In certain implementations, the disclosure is 
directed to a method of preparing a catalysis device including 
at least partially layering an oZone catalyst coating on an 
automobile radiator, wherein the catalyst coating including 
an oZone catalyst, a Support material impregnated with the 
catalyst, the catalyst has a deactivation factor of at least 0.5 
and the radiator does not include an additional catalyst layer 
or Support layer. 
0028. In certain implementations, the disclosure is 
directed to a method of preparing a catalyst composition 
including mixing particulate Support material in a solution of 
a metal catalyst wherein the catalyst is impregnated in the 
Support material in an amount ranging from about 10% to 
about 20% metal atoms by mass. 
0029. In certain implementations, the disclosure is 
directed to a method of preparing a catalysis device including 
at least partially layering a manganese oxide catalyst coating 
(e.g., derived from manganese acetate) on an automobile 
radiator, wherein the catalyst coating including a metal cata 
lyst and a Support material impregnated with the catalyst and 
the catalyst has a deactivation factor of at least 0.5. 
0030. In certain implementations, the disclosure is 
directed to a method of preparing a catalysis device including 
at least partially layering a manganese oxide catalyst coating 
(e.g., derived from manganese acetate) on an automobile 
radiator, wherein the catalyst coating including a metal cata 
lyst, a Support material impregnated with the catalyst, the 
radiator does not include an additional catalyst layer or Sup 
port layer and the catalyst has a deactivation factor of at least 
O.5. 

0031. In certain implementations, the disclosure is 
directed to a method of cleaning the atmosphere including 
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contacting a composition as disclosed herein with an air 
stream including a pollutant and catalyzing the pollutant to a 
less toxic compound. 
0032. In certain implementations, the disclosure is 
directed to a method of cleaning the atmosphere including 
contacting a device as disclosed herein with an airstream 
including a pollutant and catalyzing the pollutant to a less 
toxic compound. 
0033. In certain implementations, the disclosure is 
directed to a method of cleaning the atmosphere including 
operating an automobile including a device as disclosed 
herein. 
0034. In certain implementations, the disclosure is 
directed to an automobile including a device as disclosed 
herein. 
0035. In certain implementations, the disclosure is 
directed to an automobile part including a composition as 
disclosed herein. 
0036. In certain implementations, a catalysis composition 
includes a metal oxide catalystanda Support material impreg 
nated with the metal oxide catalyst. The metal oxide catalyst 
is impregnated in the Support material Such that at least about 
15% of a total number of metal atoms in the metal oxide 
catalyst are detectable by Surface X-ray photoelectron spec 
troscopy. 
0037. In certain implementations, a method includes pro 
viding a slurry of a catalysis composition, the catalyst com 
position including a metal oxide catalyst and a Support mate 
rial impregnated with the metal oxide catalyst. The metal 
oxide catalyst is impregnated in the Support material Such that 
at least about 15% of a total number of metal atoms in the 
metal oxide catalyst are detectable by Surface X-ray photo 
electron spectroscopy. The method further includes coating 
the slurry onto a Substrate to produce a catalyst layer. 
0038. In certain implementations, a catalysis composition 
includes a metal oxide catalystanda Support material impreg 
nated with the metal oxide catalyst Such that a cumulative 
pore volume of the catalysis composition is at least about 0.70 
mL/g. 
0039. In certain implementations, a method includes pro 
viding a slurry of a catalysis composition, the catalysis com 
position including a metal oxide catalyst a Support material 
impregnated with the metal oxide catalyst Such that a cumu 
lative pore Volume of the catalysis composition is at least 
about 0.70 mL/g. The method further includes coating the 
slurry onto a substrate to produce a catalyst layer. 
0040. In certain implementations, a catalysis composition 
includes a metal oxide catalystanda Support material impreg 
nated with the metal oxide catalyst such that an x-ray diffrac 
tion spectrum of the catalysis composition includes at least 
one characteristic peak including at least one of a manga 
nosite peak, pyrolusite peak, a bixbyite peak, or a hausman 
nite peak. 
0041. In certain implementations, a method includes pro 
viding a slurry of a catalysis composition, the catalysis com 
position including a metal oxide catalyst and a Support mate 
rial impregnated with the metal oxide catalyst Such that an 
X-ray diffraction spectrum of the catalysis composition 
includes at least one characteristic peak including at least one 
of a manganosite peak, pyrolusite peak, a bixbyite peak, or a 
hausmannite peak. The method further includes coating the 
slurry onto a substrate to produce a catalyst layer. 
0042. In certain implementations, a catalysis composition 
includes a metal oxide catalystanda Support material impreg 
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nated with the metal oxide catalyst such that the catalysis 
composition, when coated onto a substrate and contacted with 
an airstream having an initial oZone concentration, is adapted 
to convert oZone within the airstream such that a final oZone 
concentration of the airstream is reduced by greater than 30% 
of the initial oZone concentration after the catalysis compo 
sition is contacted with the airstream. 

0043. In certain implementations, a method includes con 
tacting a catalyst layer with an airstream. The catalyst layer 
includes a Support material impregnated with a manganese 
oxide catalyst. The airstream has an initial oZone concentra 
tion prior to contacting the catalyst layer, and the airstream 
has a final oZone concentration after contact the catalyst layer, 
the final oZone concentration being reduced by greater than 
30% of the initial ozone concentration. 
0044. In certain implementations, a catalysis composition 
includes a metal oxide catalystanda Support material impreg 
nated with the metal oxide catalyst. The catalyst composition 
further includes a first binder and a second binder such that, 
after coating the catalysis composition onto a Substrate, an 
ultrasonic washcoat adhesion weight loss of the Substrate is 
less than 1.60%. 

0045. In certain implementations, a method includes pro 
viding a slurry of a catalysis composition, the catalysis com 
position including a metal oxide catalyst, a Support material 
impregnated with the metal oxide catalyst, a first binder, and 
a second binder. The method further includes coating the 
slurry onto a Substrate to produce a catalyst layer. After coat 
ing the catalysis composition onto the substrate, an ultrasonic 
washcoat adhesion weight loss of the Substrate is less than 
1.60%. 

0046. In certain implementations, the catalysis composi 
tion further includes particles, wherein the particles include 
one or more of aluminum particles, graphite particles, silicon 
carbide particles, or Sapphire particles. In certain implemen 
tations, the particles are in a form of flakes. In certain imple 
mentations, an average size of the particles ranges from about 
1 micrometer to about 30 micrometers. In certain implemen 
tations, an average size of the particles ranges from about 1 
micrometer to about 10 micrometers. 

0047. In certain implementations, a catalysis device 
includes an automobile component and any of the aforemen 
tioned catalysis compositions (or implementations thereof 
described herein) coated onto the automobile component. 
0048. The term "atmosphere' is defined herein as the mass 
of air surrounding the earth. The term "ambient air shall 
mean the atmosphere which is drawn or forced towards the 
outer Surface of a composition or device as disclosed herein. 
0049. The term “automobile” means any wheeled or 
unwheeled motorized machine or vehicle for (i) transporting 
of passengers or cargo or (ii) performing tasks such as con 
struction or excavation moving. Vehicles can have, e.g., at 
least 2 wheels (e.g., a motorcycle or motorized scooter), at 
least 3 wheels (e.g., an all-terrain vehicle), at least 4 wheels 
(e.g., a passenger automobile), at least 6 wheels, at least 8 
wheels, at least 10 wheels, at least 12 wheels, at least 14 
wheels, at least 16 wheels or at least 18 wheels. The vehicle 
can be, e.g., a bus, refuse vehicle, freight truck, construction 
vehicle, heavy equipment, military vehicle or tractor. The 
vehicle can also be a train, aircraft, watercraft, Submarine or 
spacecraft. 
0050. The term “radiator” means an apparatus to effect 
cooling to an associated device through heat exchange. 
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0051. The term “aged 96 conversion” means the percent 
conversion after a time relative to the useful life of the device 
(e.g., exposure to the equivalent of 150,000 miles of on-road 
driving for an automobile component). 
0052. The term “deactivation factor” means the ratio of the 
aged 96 conversion of a pollutant (e.g., oZone to oxygen) by a 
composition or device of the present invention to the fresh96 
conversion measured at conditions of 800,000 hr' space 
velocity and 75°C. In certain implementations, the deactiva 
tion factor is calculated based on an oZone catalysis compo 
sition as disclosed herein coated on an automobile radiator. 
The radiator may have, e.g., a 26 mm depth and 49 cells per 
square-inch (cpsi) or may have a 16 mm depth and 63 cpsi. In 
other implementations, the radiator may include a frame 
forming a window, a plurality of tubular conduits within the 
window for carrying a coolant and fins between the conduits 
having louvers formed therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0053. The above and other features of the present disclo 
Sure, their nature, and various advantages will become more 
apparent upon consideration of the following detailed 
description, taken in conjunction with the accompanying 
drawings, in which: 
0054 FIG. 1 is a side schematic view of a truck including 
components that may be coated with a catalyst layer in accor 
dance with an implementation; 
0055 FIG. 2 depicts a side cross-sectional view of an 
automobile radiator-air conditioning condenser assembly in 
accordance with an implementation; 
0056 FIG. 3 depicts a partial perspective view of a radia 
tor with fins coated with a catalyst layer in accordance with an 
implementation; 
0057 FIG. 4 depicts a cross sectional view of a catalyst 
layer deposited on a solid Substrate in accordance with an 
implementation; 
0.058 FIG. 5 is a micrograph of a catalyst layer coating on 
an aluminum radiator Surface in accordance with an imple 
mentation; 
0059 FIG. 6A is a plot showing deactivation factors for 
catalysts prepared in accordance various example implemen 
tations; 
0060 FIG. 6B is another plot showing deactivation factors 
for catalysts prepared in accordance various example imple 
mentations; 
0061 FIG. 7A is an X-ray diffraction spectrum of an alu 
mina Support; 
0062 FIG. 7B is an X-ray diffraction spectrum of a catalyst 
prepared according to an implementation; 
0063 FIG.7C is an X-ray diffraction spectrum of a catalyst 
prepared according to another implementation; and 
0064 FIG. 8 is a flow diagram illustrating a method for 
producing a catalyst device in accordance with an implemen 
tation. 

DETAILED DESCRIPTION 

0065. The present disclosure is directed to a compositions 
and methods of treating pollutants. In one implementation, 
the disclosure is directed to a surface treatment of a heat 
exchange device (e.g., an automobile radiator) so that pollut 
ants contained in ambient air may be readily converted to less 
harmful compounds. The present disclosure can be adapted 
for the conversion of hydrocarbons, Volatile organic com 
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pounds (e.g., aromatics, aldehydes, carboxylic acids, etc.), 
oZone and carbon monoxide into less harmful compounds 
Such as oxygen, carbon dioxide and water vapor. 
0066. In heat exchanger implementations, the flow of 
ambient air there through may be treated in accordance with 
the present invention. In certain aspects of the disclosure, the 
outer Surface of the heat exchange device is capable of cata 
lytically converting pollutants to less harmful compounds 
without adversely affecting the heat exchange activity of the 
device. 
0067. In other aspects of the disclosure, the heat exchanger 
provides an acceptable catalytic activity that is maintained 
over the useful life of the device. In other aspects of the 
disclosure, the intended activity may be obtained with a 
single coat of catalytic material onto the Substrate (e.g., the 
heat exchanger). 
0068. In certain implementations, the present disclosure is 
directed to a catalysis composition including a metal catalyst 
and a Support material impregnated with the metal catalyst. In 
certain implementations, the deactivation factor is least 0.5. 
0069. The catalysis compositions disclosed herein may 

treat a pollutant, e.g., selected from the group consisting of 
oZone, hydrocarbons, Volatile organic compounds (e.g., aro 
matics, aldehydes, carboxylic acids, etc.), carbon dioxide, 
carbon monoxide and nitrous oxides (e.g., nitric oxide and 
nitrogen dioxide). For example, the catalysis composition 
may convert oZone to oxygen; carbon dioxide to water, car 
bon monoxide to carbon dioxide; or nitrous oxides to nitrogen 
or nitrate. 
0070 The metal of the catalysis composition disclosed 
herein may be a base metal. The base metal may be, e.g., 
selected from the group consisting of iron, copper, chromium, 
Zinc, manganese, cobalt, nickel, compounds containing the 
same and combinations thereof. 
0071. In other implementations, the metal of the catalysis 
composition as disclosed herein is a precious metal. The 
precious metal may be, e.g., selected from the group consist 
ing of platinum, palladium, rhodium, ruthenium, gold, silver, 
compounds containing the same and combinations thereof. 
0072. In one implementation, the metal is manganese 
which may be derived from a manganese acetate precursor. 
0073. The support material can be a high surface area 
Support material. In certain implementations, the Surface area 
of the support material has a surface area of at least about 50 
m/g; at least about 100 m/g: from about 50 m/g to about 
5000 m/g or from about 100 m/g to about 300 m/g. 
0074 The surface area of the material may be determined 
by the BET (Brunauer–Emmett–Teller) method according to 
DIN ISO 9277:2003-05. The specific surface area is deter 
mined by a multipoint BET measurement in the relative pres 
sure range from 0.05-0.3 p.?p. 
0075. In other implementations, the support material has a 
large pore Volume. In certain implementations, the Support 
material has an average pore Volume ranging from about 0.5 
mL/g to about 3 mL/g, about 0.7 mL/g to about 1.2 mL/g, 
about 0.8 mL/g to about 1.5 mL/g, about 0.8 mL/g to about 2 
mL/g, about 0.8 mL/g to about 2 mL/g, about 1.2 mL/g to 
about 2 mL/g, or about 1.5 mL/g to about 2 mL/g. 
0076. The material utilized as the support material can be 
a refractory oxide or any other suitable material. In certain 
implementations, the material is metal organic framework. 
0077. For example, the support material may include, e.g., 
a material selected from the group consisting of ceria, lan 
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thana, alumina, titania, Silica, Zirconia, carbons, metal 
organic framework, clay, Zeolites and combinations thereof. 
0078. In one implementation, the support material is 
selected from the group consisting of alumina, silica and 
combinations thereof. The alumina and silica may be in a ratio 
(w/w) of about 1:99 to 99:1; about 1:50 to 50:1; about 10:1 to 
about 30:1 or about 19:1. 
0079. In one implementation, the support material may 
have Surface hydroxyl groups. In such an implementation, the 
catalyst may be impregnated in the Support material, e.g., in 
an amount of at least 0.5 atom per Surface hydroxyl group; in 
an amount of at least 1.0 atom per Surface hydroxyl group; in 
an amount of about 0.5 atom to about 2.5 atoms per surface 
hydroxyl group or in an amount of about 1 atom to about 1.5 
atoms per Surface hydroxyl group. 
0080. In another implementation, the metal component of 
the catalysis composition may be in an amount, e.g., ranging 
from about 5% to about 30% by mass, about 10% to about 
25% by mass, or about 12% to about 18% by mass. 
I0081. In certain implementations of the disclosure, a por 
tion of the catalystis in amorphous form. In certain aspects, at 
least 50%, at least 60%, at least 75% or at least 85% of the 
catalyst is in amorphous form. 
I0082. The catalyst composition of the present invention 
may be used independent of other materials to treat the atmo 
sphere or can be combined with other materials. In one imple 
mentation, the composition is coated onto a substrate. The 
Substrate can be, e.g., a heat exchanger Such as an automobile 
radiator or a battery cooling device. 
I0083. In certain implementations, the catalysis composi 
tion of the present disclosure may include an acid additive. 
The acid additive may bean organic acid or any other Suitable 
acid. For example, the acid may be selected from the group 
consisting of tartaric acid, malic acid, fumaric acid, acetic 
acid, citric acid and a combination thereof. 
I0084. The compositions and devices of the present inven 
tion may have a deactivation factor of at least 0.5; at least 0.55, 
at least 0.6 at least 0.65, at least 0.7 or at least 0.8. In one 
implementation, the deactivation factor is measured with the 
catalysis composition coated onto a radiator. 
I0085. In certain implementations, the deactivation factor 
of the device is at least 0.55, at least 0.60 or at least 0.65 based 
on a radiator (e.g., an automobile radiator) with 26 mm depth 
and 49 cpsi. In other implementations, these parameters are 
obtained on a radiator is fitted with louvers and fins, e.g., in 
the form including a frame forming a window, a plurality of 
tubular conduits within the window for carrying a coolant and 
fins between the conduits having louvers formed therein. 
I0086. In certain implementations, the deactivation factor 
of the device is at least 0.50 at least 0.55 or at least 0.60 based 
on a radiator (e.g., an automobile radiator) with 16 mm depth 
and 63 cpsi. In other implementations, these parameters are 
obtained on a radiator is fitted with louvers and fins, e.g., in 
the form including a frame forming a window, a plurality of 
tubular conduits within the window for carrying a coolant and 
fins between the conduits having louvers formed therein. 
I0087. The catalysis composition (e.g., ozone catalyst) of 
the present invention may be layered on from about 10% to 
about 100% of the substrate (e.g. radiator) surface or from 
about 60% to about 100% of the radiator surface. 
I0088. The coating may be any suitable thickness, e.g., 
from about 1 to about 100 micrometers, from about 10 to 
about 50 micrometers or from about 15 to about 35 microme 
ters. 
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0089. In certain aspects of the disclosure, the catalysis 
composition is the only material layered onto the Substrate. In 
other implementations, the catalysis composition is the only 
catalysis material layered onto the Substrate. 
0090. In certain aspects, there may be an overlayer on the 
catalyst coating or an underlayer between the Substrate (e.g., 
radiator) and the catalyst coating. The underlayer or over 
layer may be a protective coat, an adhesion coat or an addi 
tional catalysis coat. The adhesion coat may be a latex mate 
rial or an acrylic material. The protective coat may contain a 
protective substance which is stable at elevated temperatures 
(e.g., up to 120° C.) and may be resistant to chemicals, salts, 
dirt and other contaminants which may adversely affect the 
catalyst composition. The protective material may be, e.g., a 
plastic material Such as polyethylene, polypropylene, poly 
tetrafluoroethylene or a combination thereof. 
0091. When the catalysis composition is coated onto an 
automobile radiator, the device may have, e.g., less than about 
6% impact on cooling efficiency as compared to an uncoated 
radiator, less than about 5% impact on cooling efficiency as 
compared to an uncoated radiator or less than about 3% 
impact on cooling efficiency as compared to an uncoated 
radiator. 
0092. In other implementations when the catalysis com 
position is coated onto an automobile radiator, the device may 
have, e.g., a washcoat weight loss of less than about 6%, or 
less than about 3% based on an ultrasonic adhesion test. 
0093. In further implementations when the catalysis com 
position is coated onto an automobile radiator, the device may 
have, e.g., less than about a 20% increase in pressure drop in 
a coated device as compared to a non-coated device, less than 
about a 15% increase in pressure drop in a coated device as 
compared to a non-coated device or less than about a 10% 
increase in pressure drop in a coated device as compared to a 
non-coated device. 

0094. The catalysis composition of the present invention 
may have a dispersion of catalyst, e.g., of from about 50% to 
about 95% or from about 60% to about 80% of manganese 
oxide crystallite domains measured less than 30 nanometers 
using the primary crystallite dimension of the domains within 
the high Surface area Support structure based on transmission 
electron microscopy. 
0095. In other implementations, the catalysis composition 
of the present invention may have a dispersion of catalyst, 
e.g., of from about 50% to about 95% or from about 60% to 
about 80% of manganese oxide crystallite domains measured 
less than 15 nanometers using the primary crystallite dimen 
sion of the domains within the high Surface area Support 
structure based on transmission electron microscopy. 
0096. In certain implementations, the disclosure is 
directed to a physical mixture of metal oxide catalysts par 
ticles and high Surface area Support particles Such that sepa 
rate domains of metal oxide and Support can function inde 
pendently as catalyst and aging protection respectively. 
0097. In other implementations, the disclosure is directed 
to an alloy of metal oxide catalysts and high Surface area 
Support such that the function of each material is inseparable 
from the other. 

0098. In other implementations, the disclosure is directed 
to a high Surface area Support particle which is in Surface 
contact either within the pore structure and/or externally with 
small (<100 nm) domains of metal oxide catalysts such that 
separate domains of metal oxide can function independently 
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as catalyst and are provided protection from aging mecha 
nisms within the Support material. 
0099. In other implementations, the disclosure is directed 
to a high Surface area Support particle which is externally 
coated with a porous shell structure of metal oxide catalyst 
material Such that the metal oxide catalyst function is external 
to the Support providing a high Surface area interior to the 
composite particle. 
0100. In other implementations, the disclosure is directed 
to a high Surface area Support which is encompassing a metal 
oxide particle in a coating layer Such that the metal oxide 
catalyst is entirely surrounded by a protective high Surface 
area Support material. 
0101 The present disclosure is also directed to methods of 
preparing a catalysis device including at least partially layer 
ing an oZone catalyst coating on an automobile radiator, 
wherein the catalyst coating including an oZone catalyst, a 
Support material impregnated with the catalyst and the cata 
lyst has a deactivation factor of at least 0.5. 
0102. In other implementations, the disclosure is directed 
to a method of preparing a catalysis device including at least 
partially layering an oZone catalyst coating on an automobile 
radiator, wherein the catalyst coating including an oZone 
catalyst, a Support material impregnated with the catalyst, the 
catalyst has a deactivation factor of at least 0.5 is in amor 
phous form and the radiator does not include an additional 
catalyst layer or Support layer. 
0103) The certain aspects, the coating step may include, 
e.g., spraying, powder coating, dip coating, electroplating, or 
electrostaticing a particulate Support material in a solution of 
the catalyst onto the radiator. The Solution may also include 
other agents such as a Surfactant. 
0104. In a further implementation, the disclosure is 
directed to a method of preparing a catalyst composition 
including mixing particulate Support material in a solution of 
a metal catalyst wherein the catalyst is impregnated in the 
support material in an amount of about 0.5 atoms to about 2.5 
atoms per Surface hydroxyl group of the Support material. 
0105. In another implementation, the disclosure is 
directed to a method of preparing a catalysis device including 
at least partially layering a manganese acetate catalyst coat 
ing on an automobile radiator, wherein the catalyst coating 
including a metal catalyst and a Support material impregnated 
with the catalyst and the catalyst has a deactivation factor of 
at least 0.5. 

0106. In another implementation, the disclosure is 
directed to a method of preparing a catalysis device including 
at least partially layering a manganese acetate catalyst coat 
ing on an automobile radiator, wherein the catalyst coating 
including a metal catalyst, a Support material impregnated 
with the catalyst, the radiator does not include an additional 
catalyst layer or Support layer and the catalyst has a deacti 
vation factor of at least 0.5. 

0107. In another aspect, a catalysis composition includes a 
catalystanda Support material impregnated with the catalyst, 
Such that the catalysis composition, when coated onto a Sub 
strate and contacted with an airstream having an initial oZone 
concentration, is adapted to convert oZone within the air 
stream Such that a final oZone concentration of the airstream 
is reduced by greater than 30% of the initial ozone concen 
tration after the catalysis composition is contacted with the 
airstream, and the catalysis composition has a deactivation 
factor of at least about 0.5. 
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0108. In another aspect, a catalysis composition includes a 
catalystanda Support material impregnated with the catalyst, 
Such that the catalysis composition, when coated onto a Sub 
strate and contacted with an airstream having an initial oZone 
concentration, is adapted to convert oZone within the air 
stream Such that a final oZone concentration of the airstream 
is reduced by greater than 30% of the initial ozone concen 
tration after the catalysis composition is contacted with the 
airstream. The initial oZone concentration ranges from about 
0.1 ppm to about 1.2 ppm, a space Velocity of the airstream 
ranges from about 200,000 hr' to about 800,000 hr', and a 
temperature of the airstream is maintained within a range of 
about 70° C. to about 80° C. 

0109. One aspect of the present disclosure is directed to a 
method of cleaning the atmosphere including contacting a 
composition or device as disclosed herein with an airstream 
including a pollutant and catalyzing the pollutant to a less 
toxic compound. 
0110. The device may be part of an automobile and the 
contacting with airstream is performed by operating the auto 
mobile. 

0111. The present disclosure is also directed to automo 
biles or automobile parts incorporating a composition or 
device as disclosed herein. The automobile part may be, e.g., 
selected from the group consisting of vehicle paint, wheel 
wells, bumpers, air conditioning components, grilles, fans, 
blades, shrouds, shutters, turbo intercoolers, gear box cool 
ers, battery coolers, front end components, and a hood liner. 
0112 FIG. 1 illustrates a truck 100 schematically contain 
ing a variety of atmosphere contacting Surfaces. The vehicle 
includes a grille 102, an air conditioner condenser 104, a 
radiator 106, and a radiator fan 108. These components are 
examples of automobile components that can be coated with 
the catalysis compositions disclosed herein. The air condi 
tioning condenser 104 includes a front surface 104A and a 
side 105B surface, and the radiator 106 includes a front Sur 
face 106A and a side surface 106B. Each of these surfaces are 
located within a housing 110 of the truck. They are typically 
under the hood of the truck between the front 112 of the truck 
and an engine 114. The air conditioner condenser 104 and the 
radiator 106 can be directly or indirectly supported by the 
housing 110 or a frame (not shown) within the housing 110. 
One or more of these components may be coated with the 
catalysis compositions disclosed herein. 
0113 FIG. 2 depicts a side cross-sectional view of an 
automobile radiator-air conditioning condenser assembly in 
accordance with an implementation. The automobile 
includes a frame 200, which may be the same as the frame 110 
described with respect to FIG. 1. A front end of the automo 
bile includes a grille 202, which may be the same as the grille 
102 described with respect to FIG. 1, and which is supported 
on the front of the frame 200. An air conditioner condenser 
204, a radiator 206, and a radiator fan 208 may be located 
within the frame 200, and may be the same as their identically 
named counterparts of FIG.1. One or more of these compo 
nents may be coated with the base metal catalyst layers dis 
closed herein. 

0114 FIG.3 depicts a partial perspective view of a radia 
tor with fins coated with a catalyst layer in accordance with an 
implementation. A radiator 300 (which may be the same as 
radiator the 206 described with respect to FIG. 3B) may 
include spaced apart tubes 302 for the flow of a first fluid. The 
tubes are arranged horizontally through the radiator 300, and 
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a series of corrugated plates 304 are inserted therebetween 
defining a pathway 306 for the flow of a second fluid trans 
verse to the flow of the first fluid. The first fluid, such as 
antifreeze, is supplied from a source to the tubes 302 through 
an inlet 308. The antifreeze enters the radiator 300 at a rela 
tively low temperature through the inlet 308, eventually 
leaves the radiator through an outlet 310, and may be recir 
culated. The second fluid may be ambient air that passes 
through the pathway 306 and exchanges heat with the first 
fluid passing through the tubes 302. The corrugated plates 
304 may be coated with base metal catalyst layers (e.g., the 
catalyst layer 102 described with respect to FIG. 1) in order to 
convert or remove pollutants, such as OZone and Volatile 
organic compounds, from the ambient air. In certain imple 
mentations, the radiator is provided with projections 312 
(e.g., fins), which may be non-heat exchange Surfaces 
directed along the air-flow path. In some implementations, 
one or more of the projections 312 are coated with a catalyst 
layer as disclosed herein (e.g. by spraying). Such as a base 
metal catalyst. In certain implementations, the projections 
312 are omitted. 

0115 FIG. 4 depicts a cross sectional view of a catalyst 
device 400 that includes a catalyst layer 402 deposited on a 
solid substrate 406 in accordance with an implementation. 
The catalyst device 400 is formed by coating a catalyst layer 
402 onto the substrate 406, which may include an intervening 
adhesive layer 404 that adheres the catalyst layer 402 to the 
substrate 409. The catalyst layer 402 may be porous and may 
have a high Surface area Surface 408 that contacts an air 
stream. The high surface area surface 408 facilitates turbulent 
airstream in the vicinity of the catalyst layer 402 such to 
increase the amount of exposure of pollutants within the 
airstream to the catalyst layer 402. The catalyst layer 402 and 
the adhesive layer 404 are not shown to scale. A micrograph 
of a catalyst device formed in accordance with the implemen 
tations described herein is shown in FIG. 5. 

0116. In certain implementations, the catalyst layer 402 is 
a base metal catalyst. The base metal catalyst is prepared, for 
example, in the form of a slurry having target amounts of 
metal salts (e.g., acetate, nitrate, carbonate, Sulfate based 
salts, or potassium permangante) mixed with a Support mate 
rial (e.g., ceria, lanthana, silica, alumina, or combinations 
thereof). After addition of one or more binders, the slurry may 
then be coated onto a substrate (e.g., the substrate 406) and 
calcined to produce the catalyst layer. 
0117. In some implementations, there may be an overlayer 
on the catalyst coating oran underlayer between the Substrate 
and the catalyst layer 402. The underlayer or overlayer may 
be a protective coat, an adhesion layer (e.g., the adhesion 
layer 404), or an additional catalyst layer. The adhesion layer 
404, for example, may be a latex material or an acrylic mate 
rial. In certain implementations, the catalyst layer 402 is 
adhered directly to the substrate 406 without the use of the 
adhesion layer 404. The protective coat may contain a pro 
tective substance which is stable at elevated temperatures 
(e.g., up to 120° C.) and may be resistant to chemicals, salts, 
dirt and other contaminants that may adversely affect the 
catalyst composition. The protective material may include, 
for example, a plastic or polymeric material such as polyeth 
ylene, polypropylene, polytetrafluoroethylene, styrene 
acrylic, or a combination thereof. 
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0118. In certain implementations, the catalyst layer 402 is 
a physical mixture of metal oxide catalysts particles and high 
Surface area Support particles such that separate domains of 
metal oxide and Support can function independently as cata 
lyst and aging protection, respectively. 
0119. In certain implementations, the catalyst layer 402 is 
an alloy of metal oxide catalysts and high Surface area Support 
such that the function of each material is inseparable from the 
other. 

0120 In certain implementations, the catalyst layer 402 is 
a high Surface area Support particle which is in Surface contact 
either within the pore structure and/or externally with small 
(<100 nm) domains of metal oxide catalysts such that sepa 
rate domains of metal oxide can function independently as 
catalyst and are provided protection from aging mechanisms 
within the Support material. 
0121. In certain implementations, the catalyst layer 402 is 
a high Surface area Support particle which is externally coated 
with a porous shell structure of metal oxide catalyst material 
such that the metal oxide catalyst function is external to the 
Support providing a high Surface area interior to the compos 
ite particle. 
0122. In certain implementations, the catalyst layer 402 is 
a high Surface area Support which is encompassing a metal 
oxide particle in a coating layer Such that the metal oxide 
catalyst is entirely surrounded by a protective high surface 
area Support material. 
0123. In certain implementations, the catalyst layer 402 
has a relatively high thermal conductivity while maintaining 
pollutant destruction efficiency. In certain implementations 
of the disclosure, high thermal conductivity materials (e.g., in 
the form of particles) may be blended into the coating to 
provide or enhance the thermal conductivity property of the 
coating without significantly impacting on diffusion through 
the coating. Non-limiting examples of such materials include 
metals such as aluminum, graphite, silicon carbide and sap 
phire. The material can be in the form of particles (e.g., 
flakes). The particle size may be any suitable size. In one 
implementation, the particles are on the order of the size of the 
catalyst and/or no more than the desired thickness of the 
coating. For example, the particles may have a mean size from 
about 1 micrometer to about 30 micrometers, or from about 1 
micrometer to about 10 micrometers. The materials (e.g., 
particles) may be including in the coating in an amount of 
from about 1% to about 50% by mass of the total coating. 
0124. In some implementations, one or more binders may 
be added to a catalyst slurry to enhance washcoat adhesion. In 
some implementations, two different binders were added to 
the catalyst slurry, which yielded improved performance (in 
terms of weight loss) over the same quantity of the individual 
binders by themselves. An example catalysis composition 
included a first styrene acrylic binder (“Binder 1) and a 
second styrene acrylic binder (“Binder 2) mixed as shown in 
Table 1. Binder 1 was a styrene acrylic binder (Joncryl R. 
1530) having a glass transition temperature of 12°C. Binder 
2 was a styrene acrylic binder (Joncry1R) 1980) having a glass 
transition temperature of 78°C. Ultrasonic washcoat adhe 
sion weight loss testing was performed in accordance with 
Example 15 discussed below. In some implementations, other 
types of binders may be used. 
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TABLE 1 

Binder Ratios (mass %) and Associated Washcoat 
Adhesion Weight LOSS After Coating 

Binder Composition Average LOSS, 96 

Binder 1 (a) 12% 2.50 
Binder 2 (a) 12% 1.70 
Binder 1 (a) 6% + Binder 2 (a) 6% 1.10 

0.125. In certain implementations of the present disclo 
Sure, a catalysis composition includes a metal catalyst and 
Support material impregnated with the metal catalyst. The 
catalysis composition further includes a first binder and a 
second binder Such that a washcoat weight loss of the cataly 
sis composition after coating onto a Substrate is less than 
about 1.6%. In some implementations, the washcoat weight 
loss of the catalysis composition after coating onto the Sub 
strate is less than about 1.3%. In some implementations, the 
washcoat weight loss of the catalysis composition after coat 
ing onto the substrate is less than about 1.15%. In one imple 
mentation, measuring the washcoat weight loss of the catalyst 
layer includes using an ultrasonic adhesion test. 
I0126. In one implementation, a mass ratio of the first 
binder to the second binder ranges from about 0.75 to about 
1.25. In one implementation, at least one of the first binder or 
second binder is a styrene acrylic binder. 
I0127. In one implementation, the first binder has a first 
glass transition temperature ranging from about 5°C. to about 
20° C., and the second binder has a second glass transition 
temperature that is greater than the first glass transition tem 
perature. In one implementation, the first binder has a first 
glass transition temperature ranging from about 8°C. to about 
15° C., and the second binder has a second glass transition 
temperature that is greater than the first glass transition tem 
perature. 
I0128. In one implementation, the first binder has a first 
glass transition temperature ranging from about 70° C. to 
about 90° C., and wherein the second binder has a second 
glass transition temperature that is less than the first glass 
transition temperature. In one implementation, the first binder 
has a first glass transition temperature ranging from about 75° 
C. to about 85°C., and wherein the second binder has a 
second glass transition temperature that is less than the first 
glass transition temperature. 
I0129. In one implementation, the first binder has a first 
glass transition temperature ranging from about 5°C. to about 
20° C., and the second binder has a second glass transition 
temperature ranging from about 70° C. to about 90°C. In one 
implementation, the first binder has a first glass transition 
temperature ranging from about 8°C. to about 15°C., and the 
second binder has a second glass transition temperature rang 
ing from about 75° C. to about 85°C. 
0.130. In one implementation, a first mass percent of the 

first binder within the catalysis composition is between about 
4% and about 8%, and a second mass percent of the second 
binder within the catalysis composition is between about 4% 
and about 8%. 

I0131 The following examples are set forth to assist in 
understanding the invention and should not, of course, be 
construed as specifically limiting the invention described and 
claimed herein. Such variations of the invention, including 
the substitution of all equivalents now known or later devel 
oped, which would be within the purview of those skilled in 
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the art, and changes in formulation or minor changes in 
experimental design, are to be considered to fall within the 
Scope of the invention incorporated herein. 

ILLUSTRATIVE EXAMPLES 

Example 1 

0132 A manganese nitrate solution (50% w/w solution) 
was diluted to a Volume matching the incipient wetness point 
of a high surface area gamma alumina Support material (2.0 
mL/g), referred to hereinafter as “Support(1)', and to a con 
centration matching the total desired manganese (Mn) con 
tent of the final solid (5.0 g of Mn). Support(1) is a gamma 
alumina and silica (19:1) support, and, as measured, has a 
BET surface area of 230 m/gapore volume of 1.2 mL/g, and 
average pore radius of 7.5 nanometers. The diluted Mn nitrate 
solution was slowly and completely added to the dry Support 
(1) Solid (92.1 g) under mixing until reaching the incipient 
wetness point, forming Mn impregnated wet alumina. The 
Mn impregnated wet alumina was dried at 90° C. for 2 hours, 
and then calcined at 550°C. in a box furnace for one hour. 

Example 2 

0133. A manganese nitrate solution (50% w/w solution) 
was diluted to a Volume matching the incipient wetness point 
of Support(1) (2.0 mL/g), and to a concentration matching the 
total desired Mn content of the final solid (15.0 g of Mn). The 
diluted Mn nitrate solution was slowly and completely added 
to the dry Support(1) solid (76.3 g) under mixing until reach 
ing the incipient wetness point, forming Mn impregnated wet 
alumina. The Mn impregnated wet alumina was then dried at 
90° C. for 2 hours and then calcined at 550° C. in a box 
furnace for one hour. 

Example 3 

0134. A manganese acetate solution (30% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (60 g) in 
100 mL of deionized water. The Min acetate solution was 
diluted to a Volume matching the incipient wetness point of 
Support(1) (2.0 mL/g), and to a concentration matching the 
total desired Mn content of the final solid (5.0 g of Mn). The 
diluted Mn acetate solution was slowly and completely added 
to dry Support(1) Solid (92.1 g) under mixing until reaching 
the incipient wetness point, forming Mn impregnated wet 
alumina. The Mn impregnated wet alumina was then dried at 
90° C. for 2 hours and then calcined at 550° C. in a box 
furnace for one hour. 

Example 4 

0135 A manganese acetate solution (30% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (60 g) in 
100 mL of deionized water. The Min acetate solution was 
diluted to a Volume matching the incipient wetness point of 
Support(1) (2.0 mL/g), and to a concentration matching the 
total desired Mn content of the final solid (15.0 g of Mn). The 
diluted Mn acetate solution was slowly and completely added 
to the dry Support(1) solid (76.3 g) under mixing until reach 
ing the incipient wetness point, forming Mn impregnated wet 
alumina. The Mn impregnated wet alumina was then dried at 
90° C. for 2 hours and then calcined at 550° C. in a box 
furnace for one hour. 
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Example 5 

0.136. A manganese acetate solution (30% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (60 g) in 
100 mL of deionized water. The manganese acetate solution 
was diluted into two separate Solutions, each to Volumes 
matching the incipient wetness point of a gamma alumina 
support material (1.1 mL/g), hereinafter referred to as “Sup 
port(2), and to a concentration matching half the total 
desired Mn content of the final solid (14.0 g of Mn). Support 
(2) is a high Surface area gamma alumina and silica (19:1) 
support with a measured BET surface area of 320 m/g and a 
Barrett-Joyner-Halenda (BJH) pore volume of 0.8 mL/g. The 
diluted Mn acetate solution was slowly and completely added 
to the dry Support(2) solid (76.3 g) under mixing until reach 
ing the incipient wetness point, forming Mn impregnated wet 
alumina. The Mn impregnated wet alumina was then dried at 
90° C. for 2 hours, and then the impregnation procedure was 
repeated with the second Mn acetate solution in the same 
manner. The final wet alumina was then dried at 90° C. for 2 
hours and then calcined at 550° C. in a box furnace for one 
hour. 

Example 6 

0.137 A solution containing manganese (30% w/w solu 
tion) and potassium (15% w/w solution) was prepared by 
dissolving Mn(CHO).4H2O (60 g) in 100 mL of deion 
ized water and K(CHO) (18 g) in 100 mL of deionized 
water. The manganese and potassium solution was diluted to 
a Volume matching the incipient wetness point of Support(1) 
(2.0 mL/g) and to a concentration matching the total desired 
Mn content of the final solid (15.0 g of Mn). The diluted Mn 
and Kacetate solution was slowly and completely added to 
the dry Support(1) Solid (76.3 g) under mixing until reaching 
the incipient wetness point, forming Mn/K impregnated wet 
alumina. The Mn/K impregnated wet alumina was then dried 
at 90° C. for 2 hours and then calcined at 550° C. in a box 
furnace for one hour. 

Example 7 

0.138 A cobalt (Co) nitrate solution (20% w/w solution) 
was prepared by dissolving Co(NO), .6H2O (60 g) in 100 mL 
of deionized water. The cobalt nitrate solution was diluted to 
a Volume matching the incipient wetness point of Support(1) 
(2.0 mL/g) and to a concentration matching the total desired 
Co content of the final solid (5.0 g of Co). The diluted Co 
nitrate solution was slowly and completely added to the dry 
Support(1) Solid (93.2 g) under mixing until reaching the 
incipient wetness point, forming Co impregnated wet alu 
mina. The Co impregnated wet alumina was then dried at 90° 
C. for 2 hours and then calcined at 550°C. in a box furnace for 
one hour. 

Example 8 

0.139. A manganese acetate solution (30% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (60 g) in 
100 mL of deionized water. The manganese acetate solution 
was diluted to Volume matching the incipient wetness point of 
a gamma alumina Support material (1.4 mL/g), hereinafter 
referred to as “Support(3), and to concentration matching 
the total desired Mn content of the final solid (5.0 g of Mn). 
Support(3) is a high Surface area gamma alumina and silica 
(19:1) support with measured BET surface area of 180 m/g 
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and a BJH pore volume of 0.85 mL/g. The diluted Mn acetate 
solution was slowly and completely added to the dry Support 
(3) Solid (92.1 g) under mixing until reaching the incipient 
wetness point, forming Mn impregnated wet alumina. The 
Mn impregnated wet alumina was then dried at 90° C. for 2 
hours and then calcined at 550° C. in a box furnace for one 
hour. 

Example 9 

0140. A manganese acetate solution (30% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (60 g) in 
100 mL of deionized water. The manganese acetate solution 
was diluted to a Volume matching the incipient wetness point 
of a silica support material (2.76 mL/g), hereinafter referred 
to as “Support(4), and to a concentration matching the total 
desired Mn content of the final solid (5.0 g of Mn). Support(4) 
is a high Surface area silica Support as measured has a BET 
surface area of 200 m/g. The diluted Mnacetate solution was 
slowly and completely added to the dry Support(4) solid (92.1 
g) under mixing until reaching the incipient wetness point, 
forming Mnimpregnated wet silica. The Mnimpregnated wet 
silica was then dried at 90° C. for 2 hours and then calcined at 
550°C. in a box furnace for one hour. 

Example 10 

0141. A manganese acetate solution (30% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (60 g) in 
100 mL of deionized water. The manganese acetate solution 
was diluted to a Volume matching the incipient wetness point 
of Support(1) (2.0 mL/g) and to a concentration matching the 
total desired Mn content of the final solid (15.0 g of Mn). The 
diluted Mn acetate solution was slowly and completely added 
to the dry Support(1) solid (76.3 g) under mixing until reach 
ing the incipient wetness point, forming Mn impregnated wet 
alumina. The Mn impregnated wet alumina was then fed 
directly into a flash calcination reaching 550° C. in under 1 
minute. 

Example 11 

0142. A manganese nitrate solution (50% w/w solution) 
was diluted to a Volume matching the incipient wetness point 
of Support(1) (2.0 mL/g) and to a concentration matching the 
total desired Mn content of the final solid (15.0 g of Mn). The 
diluted Mn nitrate solution was slowly and completely added 
to the dry Support(1) solid (76.3 g) under mixing until reach 
ing the incipient wetness point, forming Mn impregnated wet 
alumina. The Mn impregnated wet alumina was then fed 
directly into a flash calcination reaching 550° C. in under 1 
minute. 

Example 12 

0143 A manganese acetate solution (15% w/w solution) 
was prepared by dissolving Mn(CHO).4H2O (67 g) in 
225 mL of deionized water. The Min acetate solution was 
mixed with Support(1) (76.3 g) to form a slurry with a con 
centration of Mn matching the total desired Mn content of the 
final solid (15.0 g of Mn). The diluted Mn acetate and Support 
(1) slurry was dried at 90° C. and then calcined at 550°C. in 
a box furnace for one hour. 
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Example 13 

0144. A catalyst was prepared using bulk manganese 
oxide powder with high surface area with a BET surface area 
of 240 m/g and a BJH pore volume of 0.39 mL/g. This Mn 
oxide catalyst is of a cryptomelane type structure as described 
in U.S. Pat. No. 6,517,899. 

Example 14 

Catalyst Slurry Composition 

0145 Catalysts prepared according to Examples 3, 4, and 
10-13 were used to prepare water based slurries for coating of 
substrates. Dry catalyst solids were mixed with polyacid dis 
persant (RhodolineR 226/35 at 5% dry solids based on cata 
lyst) and water (total solids about 30%) in a ball mill appara 
tus. The slurry was ball milled to a particle size of 50%.<5 
micrometers. The ball milled material was then blended with 
a styrene acrylic binder in a water based slurry (at 10% dry 
Solids based on catalyst) to form a slurry with minimal adhe 
sion properties for coating of Substrates. Additional slurry 
components (such as Xanthum gum and other surfactants) at 
levels <1% dry solids including binders, dispersants, and 
suspension aids were selected from those included in U.S. 
Pat. No. 6,517,899, which is hereby incorporated by refer 
ence herein in its entirety. The compositions were coated onto 
radiator segments of an aluminum Mitsubishi Radiator 
(Denso Part if AA422133-0501) using a hand dip procedure. 
Radiator segments (about 0.5 in frontal surface area) were 
dipped in catalyst slurries, and the excess was blown out with 
an air gun and dried at 90° C. with target dry gain loadings of 
0.40 g/in. 

Example 15 

Ultrasonic Adhesion Testing Method 

0146 Catalyst compositions prepared according to 
example 14 were tested for adhesion according to an ultra 
Sonic procedure method. Coated radiator segments were 
immersed in deionized water and exposed to ultrasonic waves 
at 25 kHz and 500 Watts for 5 minutes. The segments were 
then dried at 90° C., and the weight difference before and after 
ultrasonic treatment was measured determining the total loss 
of coated material relative to the initial weight of the coated 
segment using a triplicate sample set. 

Example 16 

Catalyst Powder OZone Conversion Testing Method 

0147 A powder testing method in which the catalyst mate 
rials prepared according to examples 1-13 were exposed to an 
airstream containing a given concentration of ozone (about 
0.6 ppm to about 0.9 ppm). A sample of 20 mg of catalyst 
material was pelletized and sieved between 250 micrometer 
and 425 micrometer particles, and then mixed with an inert 
material to a volume of about 0.33 mL. Ozone concentration 
levels in the airstream, flowed at a space velocity of about 
1,500,000 hr' and a temperature of 35°C., were measured 
before and after the exposure to the catalyst powder. As used 
herein, “space velocity' refers to a volumetric ratio of an 
airstream flow to Volume of a catalyst-coated Substrate. 
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Example 17 

Catalyst Powder OZone Conversion Testing Results 
0148 Results shown in Table 2 below indicate that 
Example 4 has the highest activity according to the powder 
testing method of Example 16. In comparing Examples 2 and 
4, as well as Examples 1 and 3, results indicate the Mnacetate 
Solution used for Mn impregnation produces catalysts more 
active for OZone conversion than those prepared using Mn 
nitrate Solutions. In addition, it was demonstrated that higher 
levels of Mn on the catalyst Support produce catalysts that are 
more active for OZone conversion. 

TABLE 2 

Ozone Conversion 

Sample Ozone Conversion, % 

Example 1 19.1 
Example 2 28.8 
Example 3 30.9 
Example 4 35.9 

Example 18 

Radiator OZone Conversion Testing Method 
0149 Catalyst slurry compositions were prepared accord 
ing to example 14 for catalysts 3, 4, and 10-13 and tested with 
an airstream containing a given concentration of oZone (about 
0.1 ppm to about 1.2 ppm) passed through the coated radiator 
segments at face Velocities typical of driving speeds (ranging 
from about 15 mph to about 30 mph). Ozone concentration 
levels in the airstream were measured before and after the 
coated radiator segment. The air temperature was maintained 
at about 75°C. with humidity dewpoint levels at both -15°C. 
and +15° C. 

Example 19 

Accelerated Aging (150k) Method 
0150. In referring to the term “deactivation factor, as it 
applies to automobile radiator coatings, the "aged 96 conver 
sion' is defined (in certain implementations) as the percent 
conversion after the exposure to the equivalent of 150,000 
miles of driving time. In order to rapidly simulate the effects 
of 150,000 miles of driving exposure, an accelerated aging 
test for catalyst coatings is employed. The coated radiator 
segment is inserted into an enclosed system with a controlled 
airstream that contains a high concentration of aerosol par 
ticles that is flowed over the radiator over a shortened period 
of time. Initially, oftwo radiators coated using identical meth 
ods, such as modified procedures as described in U.S. Pat. No. 
6,517,899 and U.S. Pat. No. 6,555,079 (both of which hereby 
incorporated by reference herein in their entireties), one 
coated radiator was exposed to 150,000 miles of on road 
aging and the other exposed to the accelerated aging test. As 
an example, a Ford Taurus radiator with a 1" depth and 49 
cells per square inch (cpsi) was exposed to the accelerated 
aging test and exhibited a deactivation factor 0.49. This accel 
erated aging test provides the aged 96 conversion value nec 
essary for calculating the deactivation factors illustrated in 
FIGS. 6A and 6B. FIG. 6A corresponds to aging test results 
for a 16mm depth radiator with 63 cpsi. FIG. 6B corresponds 
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to aging test results for a 26 mm depth radiator with 49 cpsi. 
In both tests. Example 4 had the best performance after aging. 

Example 20 

Morphological Analysis 
0151. Various physical properties of manganese-based 
catalysis compositions were measured, including manganese 
content, Surface area, pore Volume, average pore radius, man 
ganese structure, and manganese dispersion. Some of these 
properties are Summarized for various example compositions 
in Table 3 below. Overall manganese content was determined 
by measuring X-ray fluorescence (XRF). In some implemen 
tations, a catalysis composition included a manganese con 
tent (mass %) ranging from about 14% to about 16%. In some 
implementations, the manganese content ranges from about 
12% to about 18%. In some implementations, the manganese 
content ranges from about 5% to about 30%. In some imple 
mentations, the manganese content ranges from about 10% to 
about 25%. 

TABLE 3 

Catalyst Morphological Properties 

Mn Surface Pore Avg. Pore 
Content Area volume Radius 

Mn (XRF), (BET), (BJH), (BJH), 
Sample Precursor % m/g mL/g ill 

Example 4 Acetate 14.78 1938 O.90 7.65 
Example 10 Nitrate 1426 222.7 0.73 S.26 
Example 11 Acetate 12.82 219.4 O.77 5.59 
Example 12 Acetate 14.68 1881 O.86 6.98 

0152 X-ray photoelectron spectroscopy (XPS) was used 
to measure the Surface Min content of various catalysis com 
positions. XPS provides a measure of the Mn dispersion by 
comparing a mass of Mn detectable near the Surface of the 
catalysis composition (e.g., within about 10 nanometers of 
the surface) versus the overall mass of Mn contained in the 
bulk (referred to herein as a “dispersion ratio’). Catalysis 
compositions, as prepared in accordance with the implemen 
tations described herein, may have dispersion ratios of at least 
about 13%. In some implementations, the dispersion ratio is 
at least about 15%. In some implementations, the dispersion 
ratio is at least about 30%. In some implementations, the 
dispersion ratio is at least about 50%. 
0153. XPS measurements were conducted using a K-Al 
phaTMX-ray photoelectron spectrometer system (Thermo 
Scientific) with an aluminium K-C. X-ray source. Powder 
samples were loaded onto carbon tape and outgassed for 2 
hours prior to analysis. After an initial Survey scan of the 
sample surface from 0-1350 eV, targeted high resolution 
scans of identified elements were conducted using a constant 
pass energy of 40.0 eV. The binding energies were referenced 
to the adventitious C1s peak, 284.8 eV. Shirley background 
and mixed Gaussian-Lorentzian line shapes were used to fit 
the resulting XPS spectra. Relative atomic percentages were 
then determined using the fitted peak data and sensitivity 
factors of each element (provided by Avantage software). 
0154 The pore structure of the supported catalyst, includ 
ing both the pore Volume and pore width, as well as Surface 
area of the catalysis compositions were measured using a 
Micrometrics(R TriStar 3000 Series instrument. Samples 
were prepared using an initial degassing cycle under N with 
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a 2 hour ramp rate up to 300° C. and a 4 hour soak time at 300° 
C. For surface area values, a 5 point BET measurement was 
used with partial pressures of 0.08, 0.11, 0.14, 0.17, and 0.20. 
Cumulative pore Volume and average pore radius measure 
ments were obtained from a BJH multipoint N desorption/ 
adsorption isotherm analysis using only pores with radii 
between 1.0 and 30.0 nm. 

0155. Using X-ray diffraction (XRD), the resulting spectra 
showed characteristic peaks of Small manganese oxide crys 
tallites. FIG. 7A shows a control spectrum corresponding to 
Support(1). FIGS. 7B and 7C are spectra corresponding to 
Examples 3 and 4, respectively, with peaks representative of 
Support(1) being present in each. As shown in FIG. 7B, peaks 
702, 704, 706 are representative of pyrolusite (MnO) crys 
tallites, while peaks 712, 714, 716 are representative of bix 
byite (Mn2O) crystallites. As shown in FIG. 7C, peaks 752, 
754, 756 are representative of hausmannite (MnO) crystal 
lites. XRD measurements were obtained from powder 
samples using a PANalytical XPert Pro MPD diffraction 
system collecting data in Bragg-Brentano geometry, using 
Cu, radiation in the analysis with generator settings of 45 
kV and 40 mA. Data was collected from 10° to 90°20 using 
a step size of 0.026°20 and a count time of 600 sperstep. Jade 
Plus 9 analytical XRD software was used for phase identifi 
cation. 

0156 The manganese oxide structure of certain catalysis 
compositions was measured by XRD. Some catalysis com 
positions had crystallites that were nearly undetectable by 
XRD. In some implementations, the catalysis composition 
performance (e.g., in terms of ozone conversion) appeared to 
be greater for catalysis compositions with Smaller crystallite 
sizes (e.g., less than 10 nm). Without being bound by theory, 
it is believed that larger crystallite domains correspond to 
poorly dispersed magnesium oxide. In some implementa 
tions, manganese oxide crystallites include one or more of 
hausmannite (MnO), manganosite (MnO), bixbyite 
(MnO), or pyrolusite (MnO). 
0157 An estimate of crystallite size can be computed 
based on the Scherrer equation: 

K. 
geos 9 

where: 

T is the average size of the crystalline domains; 
K is a dimensionless shape factor, with a value close to unity 
(typically assumed to be 0.9); 
w is the X-ray wavelength; 
B is the line broadening at half the maximum intensity 
(FWHM), after subtracting the instrumental line broadening, 
in radians; and 
0 is the measured Bragg angle. 
0158. The FWHM of the characteristic peaks in the 20 
range of 30° to 50° was used in the Scherrer equation to 
estimate crystallite size, as shown in Table 4. In some imple 
mentations, the average crystallite size was less than 30 nm, 
less than 20 nm, or less than 10 nm. 
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TABLE 4 

Crystallite Sizes as Measured by XRD 

Mn2O. Crystallite 
Size (nm) 

MnO, Crystallite 
Size (nm) 

MnO, Crystallite 
Sample Size (nm) 

Example 3 26.4 8.6 
Example 4 9.4 

ADDITIONAL IMPLEMENTATIONS 

0159 FIG. 8 is a flow diagram illustrating a method 800 
for producing a catalyst device in accordance with an imple 
mentation. At block 802, a slurry is provided. The slurry 
includes a metal catalyst and a Support material impregnated 
with the metal catalyst. In one implementation, the slurry 
contains additional metal oxide catalysts, or one or more 
metal-based catalysts in lieu of a metal oxide catalyst. The 
slurry may be prepared in accordance with any of the imple 
mentations described herein. In one implementation, the 
metal oxide catalyst is at least partially derived from a man 
ganese acetate precursor. 
0160. In one implementation, the metal oxide catalyst is 
impregnated in the Support material in an amount of about 1 
atom to about 1.5 atoms per Surface hydroxyl group of the 
Support material. In one implementation, the metal oxide 
catalyst includes a base metal oxide selected from a group 
consisting of iron, copper, chromium, Zinc, manganese, 
cobalt, nickel, compounds containing the same, and combi 
nations thereof. In one implementation, the Support material 
is selected from a group consisting of ceria, lanthana, alu 
mina, titania, silica, Zirconia, carbons, metal organic frame 
work, clay, Zeolites, and combinations thereof. 
0.161. In one implementation, the metal oxide catalyst is 
impregnated in the Support material Such that at least about 
15% of a total number of atoms in the metal oxide catalyst are 
detectable by surface XPS. In one implementation, the cata 
lyst is impregnated in the Support material Such that at least 
about 30% of the total number of atoms in the metal oxide 
catalyst are detectable by surface XPS. In one implementa 
tion, the metal oxide catalyst is impregnated in the Support 
material such that at least about 50% of the total number of 
atoms in the metal oxide catalyst are detectable by surface 
XPS. In one implementation, all atoms detectable by surface 
XPS are within about 10 nanometers from a surface of the 
catalysis composition at which the surface XPS is performed. 
0162. In one implementation, a cumulative pore volume of 
the catalysis composition is at least about 0.60 mL/g. In one 
implementation, the cumulative pore Volume of the catalysis 
composition is at least about 0.70 mL/g. In one implementa 
tion, the cumulative pore Volume of the catalysis composition 
is at least about 0.80 mL/g. In one implementation, the cumu 
lative pore Volume of the catalysis composition is at least 
about 0.85 mL/g. In one implementation, an average pore 
radius of the catalysis composition ranges from about 6 
nanometers to about 15 nanometers. In one implementation, 
the average pore radius of the catalysis composition ranges 
from about 6 nanometers to about 10 nanometers. In one 
implementation, the average pore radius of the catalysis com 
position ranges from about 6 nanometers to about 8 nanom 
eters. In one implementation, an average pore Volume of the 
metal catalyst is greater than 0.70 mL/g. 
0163. In one implementation, the metal oxide catalyst 
includes manganese oxide crystallites. In one implementa 
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tion, the metal oxide catalyst includes at least one of MnO, 
crystallites or MnO crystallites. In one implementation, an 
X-ray diffraction spectrum of the catalysis composition 
includes at least one characteristic peak including at least one 
of a manganosite peak, pyrolusite peak, a bixbyite peak, or a 
hausmannite peak. In one implementation, the at least one 
characteristic peak includes a pyrolusite peak and a bixbyite 
peak. In one implementation, the at least one characteristic 
peak includes a pyrolusite peak and a hausmannite peak. In 
one implementation, the at least one characteristic peak 
includes a bixbyite peak and a hausmannite peak. In one 
implementation, the at least one characteristic peak includes 
a bixbyite peak, a pyrolusite peak, and a hausmannite peak. In 
one implementation, the characteristic peaks correspond to 
crystallite domains having average diameters of less than 
about 20 nanometers (e.g., as determined using the Scherrer 
equation). 
0164. In one implementation, the catalysis composition, 
when coated onto a Substrate and contacted with an airstream 
having an initial oZone concentration, is adapted to convert 
oZone within the airstream Such that a final oZone concentra 
tion of the airstream is reduced by greater than 30% of the 
initial oZone concentration after the catalysis composition is 
contacted with the airstream. In some implementations, the 
final oZone concentration of the airstream is reduced by 
greater than 40% of the initial oZone concentration. In some 
implementations, the final oZone concentration of the air 
stream is reduced by greater than 50% of the initial ozone 
concentration. In some implementations, the final ozone con 
centration of the airstream is reduced by greater than 60% of 
the initial oZone concentration. In some implementations, the 
final oZone concentration of the airstream is reduced by 
greater than 70% of the initial ozone concentration. In some 
implementations, final oZone concentration of the airstream 
is reduced by greater than 80% of the initial ozone concen 
tration. In some implementations, the final oZone concentra 
tion of the airstream is reduced by greater than 90% of the 
initial oZone concentration. In one implementation, the initial 
oZone concentration ranges from about 0.1 ppm to about 1.2 
ppm. In one implementation, the initial oZone concentration 
ranges from about 0.1 ppm to about 0.9 ppm. In one imple 
mentation, the initial oZone concentration ranges from about 
0.6 ppm to about 0.9 ppm. In one implementation, a space 
velocity of the airstream ranges from about 200,000 hr' to 
about 800,000 hr'. In one implementation, a temperature of 
the airstream is maintained within a range of about 70° C. to 
about 80° C. 

0.165. In one implementation, a surface area of the cataly 
sis composition is at least about 50 m/g. In one implemen 
tation, the surface area is at least about 100 m/g. In one 
implementation, the surface area is at least about 160 m/g. In 
one implementation, the Surface area ranges from about 50 
m/g to about 5000 m/g. In one implementation, the surface 
area ranges from about 100 m/g to about 300 m/g. In one 
implementation, the surface area ranges from about 100 m/g 
to about 200 m/g. 
0166. At block 804, the slurry is coated onto a substrate. In 
one implementation, the Substrate is an automobile compo 
nent selected from a group consisting of vehicle paint, a 
wheel well, a bumper, an air conditioning component, a grille, 
a fan, a fan blade, a shroud, a shutter, a turbo intercooler, a 
gearbox cooler, a front end component, a radiator, and a hood 
liner. In one implementation, the catalysis composition, when 
coated onto the Substrate, has a deactivation factor of at least 
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0.5. In one implementation, coating the slurry onto the Sub 
strate includes dipping the Substrate into the slurry. 
0.167 At block 806, the slurry is dried to produce a catalyst 
layer. In one implementation, coating the slurry onto the 
Substrate includes drying the slurry at a temperature ranging 
from about 80° C. to about 120° C. to produce the catalyst 
layer. In one implementation, a washcoat adhesion weight 
loss of the Substrate is measured using an ultrasonic adhesion 
teSt. 

0.168. At block 808, the catalyst layer is contacted with an 
airstream. In one implementation, the contacting of the cata 
lyst layer with the airstream is performed by operating the 
automobile. In one implementation, the contacting of the 
catalyst layer with the airstream is performed using a testing 
apparatus. 
0169. For simplicity of explanation, the embodiments of 
the methods of this disclosure are depicted and described as a 
series of acts. However, acts in accordance with this disclo 
Sure can occur in various orders and/or concurrently, and with 
other acts not presented and described herein. Furthermore, 
not all illustrated acts may be required to implement the 
methods in accordance with the disclosed Subject matter. In 
addition, those skilled in the art will understand and appreci 
ate that the methods could alternatively be represented as a 
series of interrelated States via a state diagram or events. 
0170 In the foregoing description, numerous specific 
details are set forth, such as specific materials, dimensions, 
processes parameters, etc., to provide a thorough understand 
ing of the present invention. The particular features, struc 
tures, materials, or characteristics may be combined in any 
suitable manner in one or more embodiments. The words 
“example' or “exemplary' are used hereinto mean serving as 
an example, instance, or illustration. Any aspect or design 
described herein as “example' or “exemplary' is not neces 
sarily to be construed as preferred or advantageous over other 
aspects or designs. Rather, use of the words “example' or 
“exemplary is intended to present concepts in a concrete 
fashion. As used in this application, the term “or” is intended 
to mean an inclusive 'or' rather than an exclusive 'or'. That 
is, unless specified otherwise, or clear from context, “X 
includes A or B is intended to mean any of the natural 
inclusive permutations. That is, if X includes A: X includes B: 
or X includes both A and B, then “X includes A or B' is 
satisfied under any of the foregoing instances. In addition, the 
articles “a” and “an as used in this application and the 
appended claims should generally be construed to mean "one 
or more' unless specified otherwise or clear from context to 
be directed to a singular form. Reference throughout this 
specification to “an implementation', 'certain implementa 
tions', or "one implementation” means that a particular fea 
ture, structure, or characteristic described in connection with 
the implementation is included in at least one implementa 
tion. Thus, the appearances of the phrase “an implementa 
tion”, “certain implementations”, or “one implementation' in 
various places throughout this specification are not necessar 
ily all referring to the same implementation. 
0171 The term “about’, when referring to a physical 
quantity, is to be understood to include measurement errors 
within, and inclusive of 2%. For example, “about 100° C. 
should be understood to mean “1001° C. 

0172. The present invention has been described with ref 
erence to specific exemplary embodiments thereof. The 
specification and drawings are, accordingly, to be regarded in 
an illustrative rather than a restrictive sense. Various modifi 
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cations of the invention in addition to those shown and 
described herein will become apparent to those skilled in the 
art and are intended to fall within the scope of the appended 
claims. 
What is claimed is: 
1. A catalysis composition comprising: 
a metal oxide catalyst; and 
a Support material impregnated with the metal oxide cata 

lyst, wherein the metal oxide catalyst is impregnated in 
the support material such that at least about 15% of a 
total number of metal atoms in the metal oxide catalyst 
are detectable by surface X-ray photoelectron spectros 
copy (XPS). 

2. The catalysis composition of claim 1, wherein the metal 
oxide catalyst is impregnated in the Support material Such that 
at least about 30% of the total number of the metal atoms in 
the metal oxide catalyst are detectable by surface XPS. 

3. The catalysis composition of claim 1, wherein the metal 
oxide catalyst is impregnated in the Support material Such that 
at least about 50% of the total number of the metal atoms in 
the metal oxide catalyst are detectable by surface XPS. 

4. The catalysis composition of claim 1, wherein all atoms 
detectable by surface XPS are within about 10 nanometers 
from a surface of the catalysis composition at which the 
surface XPS is performed. 

5. The catalysis composition of claim 1, wherein the metal 
oxide catalyst is impregnated in the Support material in an 
amount ranging from about 5% to about 30% by mass, about 
10% to about 25% by mass, or about 12% to about 18% by 
a SS. 

6. The catalysis composition of claim 1, wherein a cumu 
lative pore Volume of the catalysis composition is at least 
about 0.70 mL/g. 

7. The catalysis composition of claim 1, wherein a cumu 
lative pore Volume of the catalysis composition is at least 
about 0.80 mL/g. 

8. The catalysis composition of claim 1, wherein the metal 
atoms are manganese atoms. 

9. The catalysis composition of claim 1, wherein the metal 
oxide catalyst comprises at least one of MnO crystallites or 
MnO crystallites. 

10. The catalysis composition of claim 1, wherein the 
catalysis composition, when coated onto a Substrate and con 
tacted with an airstream having an initial oZone concentra 
tion, is adapted to convert oZone within the airstream Such 
that a final oZone concentration of the airstream is reduced by 
greater than 30% of the initial ozone concentration after the 
catalysis composition is contacted with the airstream. 

11. The catalysis composition of claim 1, wherein the metal 
oxide catalyst is at least partially derived from a manganese 
acetate precursor. 

12. The catalysis composition of claim 1, wherein the 
catalysis composition is coated onto an automobile compo 
nent selected from a group consisting of vehicle paint, a 
wheel well, a bumper, an air conditioning component, a grille, 
a fan, a fan blade, a shroud, a shutter, a turbo intercooler, a 
gear box cooler, a battery cooler, a front end component, a 
radiator, and a hood liner. 

13. The catalysis composition of claim 1, wherein an X-ray 
diffraction spectrum of the catalysis composition comprises 
at least one characteristic peak comprising at least one of a 
manganosite peak, pyrolusite peak, a bixbyite peak, or a 
hausmannite peak. 
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14. The catalysis composition of claim 1, further compris 
ing: 

a first binder; and 
a second binder. 
15. The catalysis composition of claim 14, wherein the first 

binder is a styrene acrylic binder having a first glass transition 
temperature ranging from about 5° C. to about 20° C., and 
wherein the second binder is a styrene acrylic binder having a 
second glass transition temperature ranging from about 70° 
C. to about 90° C. 

16. The catalysis composition of claim 1, wherein, after 
coating the catalysis composition onto a Substrate, an ultra 
Sonic washcoat adhesion weight loss of the Substrate is less 
than 1.60%. 

17. The catalysis composition of claim 1, whereina surface 
area of the catalysis composition is at least about 160 m/g. 

18. The catalysis composition of claim 1, wherein the 
catalysis composition, when coated onto a Substrate, has a 
deactivation factor of at least about 0.5. 

19. The catalysis composition of claim 1, wherein the metal 
oxide catalyst comprises a base metal oxide selected from a 
group consisting of iron, copper, chromium, Zinc, manga 
nese, cobalt, nickel, compounds containing the same, and 
combinations thereof. 

20. The catalysis composition of claim 1, wherein the 
Support material is selected from a group consisting of ceria, 
lanthana, alumina, titania, silica, Zirconia, carbons, metal 
organic framework, clay, Zeolites, and combinations thereof. 

21. A catalysis device comprising: 
an automobile component; and 
the catalysis composition of claim 1, wherein the catalysis 

composition is coated onto the automobile component. 
22. A method comprising: 
providing a slurry of a catalysis composition, wherein the 

catalysis composition comprises: 
a metal oxide catalyst; 

a Support material impregnated with the metal oxide 
catalyst, wherein the metal oxide catalyst is impreg 
nated in the Support material Such that at least about 
15% of a total number of metal atoms in the metal 
oxide catalyst are detectable by surface XPS; and 

coating the slurry onto a Substrate to produce a catalyst 
layer. 

23. The method of claim 22, wherein the metal oxide 
catalyst is impregnated in the Support material Such that at 
least about 30% of the total number of the metal atoms in the 
metal oxide catalyst are detectable by surface XPS. 

24. The method of claim 22, wherein the metal oxide 
catalyst is impregnated in the Support material Such that at 
least about 50% of the total number of the metal atoms in the 
metal oxide catalyst are detectable by surface XPS. 

25. The method of claim 22, wherein all atoms detectable 
by surface XPS are within about 10 nanometers from a sur 
face of the catalysis composition at which the surface XPS is 
performed. 

26. The method of claim 22, wherein a cumulative pore 
volume of the catalysis composition is at least about 0.70 
mL/g. 

27. The method of claim 22, wherein a cumulative pore 
volume of the catalysis composition is at least about 0.80 
mL/g. 

28. The method of claim 22, wherein a surface area of the 
catalysis composition is at least about 160 m/g. 
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29. The method of claim 22, wherein coating the slurry 
onto the Substrate comprises drying the slurry at a tempera 
ture ranging from about 80°C. to about 120° C. to produce the 
catalyst layer. 

30. The method of claim 22, wherein the substrate is a 
component of an automobile, and wherein the component is 
selected from a group consisting of vehicle paint, a wheel 
well, a bumper, an air conditioning component, a grille, a fan, 
a fan blade, a shroud, a shutter, a turbo intercooler, a gearbox 
cooler, a battery cooler, a frontend component, a radiator, and 
a hood liner. 


