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3,259,454 
METHOD OF OXlDIZlNG GASEOUS COMBUSTI 

BLE WASTE PRODUCTS 
Edward Michalko, Chicago, Ill., assignor to Universal 

Oil Products Company, 'Des Plaines, Ill., a corporation 
of Delaware 

Original vapplication Apr. 20, 1962, Ser. No. 189,101. 
Divided and this application Aug. 26, 1963, Ser. No. 
304,381 

4 Claims. (Cl. 23-2) 
This application is a division of my copending appli 

cation, Serial Number 189,101, ?led April 20, 1962, and 
is being ?led to comply with a requirement for restric 
tion of invention. , 

In a broad scope, the present invention relates to the 
treatment of combustible waste products, containing pol 
lutants having noxious characteristics, prior to discharg 
ing the same into the atmosphere. The present inven 
tion involves the preparation of a catalytic composite 
having a novel physical structure heretofore not obtained, 
and the use of such catalytic composite. More speci?cal 
ly, the invention described herein is directed toward the 
use of a catalyst, having particular characteristics, in the 
conversion of ‘gaseous, combustible waste products of 
a noxious nature, into innocuous components for the pri 
mary purpose of eliminating the adverse effects exhibited 
by such waste products upon the atmosphere. 
The catalytic composite encompassed by the present 

invention is especially adaptable to :the elimination of the 
products of incomplete combustion from the hydrocar 
bonaceous exhaust gases emanating from an internal com 
bustion engine, prior to effecting the discharge of such 
hydrocarbonaceous exhaust gases into the atmosphere. 
The desirability and importance of effecting the re 

moval of noxious components from automotive exhaust 
gases, or the conversion thereof into innocuous compo 
nents, has recently been recognized. The incomplete 
combustion of hydrocarbon fuels -by the gasoline, or diesel 
engine results in the generation of substantial quantities 
of unburned hydrocarbons, and other undesirable prod 
ucts, which, while being of a noxious nature, discharge 
into the ‘atmosphere through the exhaust line as gaseous 
waste material. With the ever-increasing concentration 
of automobiles, particularly in the more densely popu 
lated urban vareas, the discharge of deleterious, noxious 
matter into the atmosphere rapidly attains signi?cantly 
detrimental proportions. Under the in?uence of sunlight, 
it is believed that these undesirable products of incom 
plete combustion react with atmospheric oxygen to pro 
duce a dense, polluted atmosphere now commonly re 
ferred to as smog. Such undesirable hydrocarbonaceous 
combustion products include, for example, unsaturated 
hydrocarbons, particularly oxidized hydrocarbons such 
as alcohols, ketones, aldehydes, and acids, etc., carbon 
monoxide, and various oxides of nitrogen and sulfur. At 
least one State, California, has passed legislation recog 
nizing the inherent danger to the public health and wel 
fare as such noxious gaseous material continues to be dis 
charged into the atmosphere, and, in this regard, has‘ 
appropriately instituted a Motor Vehicle Pollution Con 
trol Board having as its primary purpose-the elimination, 
or conversion of these noxious components. 
The discharge of noxious products of incomplete com 

bustion, emanating from internal combustion engines, is 
but one source of pollution of the atmosphere. Al~ 
though described with particular reference to the catalytic 

2 
conversion, or elimination, of such noxious exhaust gases, 

Tithe present invention will be found readily adaptable, 
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by those skilled within the art, for utilization in con 
junction with diesel engines, butane engines, natural gas 
engines, and the‘ like. Other examples of .the discharge 
of deleterious gaseous waste material into the atmos 
phere include the waste gases from stationary units such 
as large internal combustion engines for driving pumps, 
compressors and generators, waste-heat boilers, and ?ue 
gas power recovery units, etc. The use of the present in 
ventionvis advantageous in removing deleterious con 
taminating components from waste products character 
ized by the fumes exhausted from a variety of industrial 
operations including the printing industry, thetanning 
industry, and various heavy chemical industries. For ex 
ample, in ‘the printing industry, a variety of inks, dyes, 
and the like, contain hydrocarbons’and other chemical 
compounds, which, either in the same or modi?ed form, 
accumulate within the surroundings and are vented into 
the atmosphereby blowers, fans, etc.‘ An example of 
the chemical process and industry, to which the present 
invention is suitably well adapted, is the process involved 
in the manufacture of phthalic anhydride. Thus, al 
though particularly directed toward .the conversion of a 
hydrocarbonaceous combustible mixture emanating from 
an internal combustion engine, the present invention af 

_ fords a method for treating a variety of noxious, gaseous 
waste products for the purpose of decreasing the deleter 
ious effect, which is otherwise encountered ‘by discharg 
ing such noxious waste products into the atmosphere. 
The primary object of the present invention is, there 

fore, to provide a method for the catalytic treatment, and 
the catalyst for use therein, of noxious, combustible gas 
eous waste products for the purpose of eliminating the 
noxious material and/ or converting the same into innocu 
ous components. A related object is to produce a cata 
lytic composite having a novel physical structure and the 
propensity for effecting the conversion of a hydrocar 
bon-containing mixture, as well as the capability to effect 
such conversion for a prolonged period of time. 
A broad embodiment of the present invention encom 

passes a catalytic particle comprising an inorganic oxide 
carrier material and a catalytically active metallic com 
ponent imbedded as a layer within said carrier material, 
and disposed a ?nite distance below the exterior surface 
of said carrier material and a ?nite distance from the 
center thereof. 

Another broad embodiment of the present invention 
involves a method of preparing a catalytic composite 
which comprises commingling an inorganic oxide car 
rier material with a catalytically active metallic compo 
nent and from about 0.1% to about 1.5% by weight, 
based upon the weight of said carrier material, of an or 
ganic acid selected from the group consisting of dibasic 
acids and derivatives thereof, having the following struc 
tural formula: 

R is selected from hydrogen, hydroxyl and alkyl groups; 
R’ is selected from hydrogen, alkyl and carboxyl groups; 

vand . 

n is within the range of 0 to 6. 
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A more speci?c embodiment of the present invention 
‘ affords a method of preparing a catalytic composite of 
alumina and a platinum component, which method com 
prises commingling said alumina with chloroplatinic acid 
and from about 0.13% to about 0.70% by weight, based 
upon the weight of said alumina, of an organic acid se 
lected from the group consisting of dibasic acids and 
derivatives thereof, having the following structural 
formula: ' 

r 
n 

where : 

R is selected from hydrogen, hydroxyl and alkyl groups; 
R’ is selected from hydrogen, alkyl and carboxyl groups; 
and 

n is within the range of 0-6, 

drying the resulting mixture at a temperature within the 
range of from about 100° F. to about 250° F., and there 
after subjecting the mixture to an atmosphere of hydro 
gen at a temperature within the range of from about 900° 
F. to 1800" F. 
As hereinbefore stated, the present invention produces 

a catalytic composite especially adaptable for the conver 
sion of noxious, combustible gaseous waste products into 
innocuous components, prior to discharging such waste 
products into the atmosphere. Therefore, another broad 
embodiment of the present invention relates to a method 
for the conversion of noxious, gaseous combustible waste 
products to be discharged into the atmosphere, which 
method comprises contacting said waste products with a 
catalytic composite of an inorganic oxide carrier material 
and a catalytically active metallic, component imbedded 
as a layer within said carrier material, and disposed a ?nite 
distance below the exterior surface of said carrier mate 
rial and a ?nite distance from the center thereof. 

Another limited embodiment of the present invention 
involves a method for ‘eliminating hydrocarbons from 
gases containing the same which comprises contacting 
said gases, at conversion conditions, with a catalytic 
composite of alumina and a platinum component, said 
catalytic composite being prepared by initially com 
mingling said alumina with a platinum-containing com 
pound and from about 0.13% to about 0.70% by weight, 
based upon the weight of said alumina, of an organic 
acid selected from the group consisting of dibasic acids 
and derivatives thereof, having the following structural 
formula: 

where: 

R is selected from hydrogen, hydoxyl and alkyl groups; 
R’ is selected from hydrogen, alkyl and carboxyl groups; 

and 
n is within the range of 0-6. 

The present invention particularly provides a method 
for eliminating products of incomplete combustion from 
the hydrocarbonaceous exhaust gases emanating from an 
internal combustion engine, which method comprises con 
tacting said exhaust gases, at conversion conditions, with 
a catalytic composite of alumina and a platinum compo 
nent :imbedded as a layer within said alumina and dis 
posed a ?nite distance below the exterior surface of said 
alumina and a ?nite distance from the center thereof; said 
catalytic composite having been prepared by initially 
commin-gling said alumina with a platinum-containing 
compound and from about 0.13% to about 0.70% by 
weight, based upon the weight of said alumina, of an 
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41 
organic acid selected from the group consisting of di 
basic acids and derivatives thereof, having the following 
structural formula: 

where: 

R is selected from hydrogen, hydoxyl and alkyl groups; 
R’ is selected from hydrogen, alkyl and carboxyl groups; 
and '- ‘ ’ ' 

n is within the rangeof 0-6. 

As hereinbefore set forth, the method of the present 
invention involves the catalytic treatment of noxious, 
gaseous combustible waste products prior to discharg 
ing the same into the atmosphere. The catalytic compo 
site for use therein, hereinafter described in detail, may 
be placed in any suitable container, or catalytic convertor, 
and installed within the exhaust line in such a manner 
that the gaseous waste products are passed therethrough. 
The catalytic convertor may be of the through-?ow, cross 
?ow, or radial-?ow design, and, when utilized in the 
conversion of the noxious components emanating from 
an internal combustion engine, may either supplant, or 
be combined with the common acoustic muffler. Com 
bustion air is injected ahead of the convertor inlet, usual 
ly by an aspirator or suitable external compressive means, 
and the waste products, together with air, are passed 
through the catalyst in either upward or downward flow, 
cross-?ow or radial-?ow. When employed in other ap 
plications, such as the treatment of the gaseous waste 
products from the printing, tanning and petrochemical 
industries, the catalytic composite may be conveniently 
disposed as a ?xed-bed within the stack, or other outlet 
ducts, of a suitable combustion chamber, the combustion 
products and air being passed in admixture into contact 
with the catalyst prior to being discharged into the atmos 
phere. The precise physical structure of the catalytic 
convertor, the means for introducing combustion air, and 
the disposition of the catalytic composite within the con 
vertor are dependent to a large extent upon the applica 
tion and the function to be served. 
A wide variety of factors affect the stability of active 

catalytic composites, and are generally peculiar to the 
environment in which the catalyst is employed. For ex 
ample, an automotive internal combustion engine is com 
monly operated over a wide range of speed and load con 
ditions including idling, cruising, accelerating and de 
celerating, and, therefore, the combustion efficiency of 
such an engine is varied considerably. The space velocity 
and temperature of the manifold exhaust gases, as well 
as the consentration of combustible material therein, will 
similarly vary over relatively wide limits. Therefore, 
when applied to the treatment of the noxious exhaust 
gases from an automotive internal combustion engine, 
the catalyst must necessarily have the inherent capability 
of withstanding high temperatures of the order of 1600° 
F. to as high as about 2000° F., and should possess high 
activity at substantially lower temperatures. The catalyst 
should have a relatively low threshold~activation temper 
ature in order that the necessary conversion reactions 
become self-initiating within a minimum period of time 
following the startup of the engine at relatively cold condi 
tions. These characteristics have been recognized as es 
sential by the Motor Vehicle Pollution Control Board in 
setting forth the speci?cations relating to the ef?ciency with 
which the noxious components are eliminated or convert 
ed. The catalyst must, therefore, necessarily operate in 
a satisfactory manner at a temperature which can con 
ceivably vary from'about 200° F. to as high as about 
2000° F ., at any given time. 
The catalytic composite of the present invention is 

characterized by the fact that it contains at least one 
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catalytically active metallic component. As employed in 
the present speci?cation, as well as in the ‘appended claims, 
the term “metallic component” is intended to connote 
those components of the catalyst which are employed for 
their catalytic activity in converting the noxious material 
into innocuous components, as distinguished from that 
portion of the catalyst herein referred to as'the refractory 
inorganic oxide, and which is employed for the purpose 
of supplying a suitable carrier material, or support, for 
the “catalytically active metallic components.” Although 
not considered to be a limiting feature of the present in 
vention, it is preferred that the catalytically active metal 
lic component, or components, be composited with a 
refractory inorganic oxide carrier waterial which has 
an apparent bulk density less than about 0.4 gram per 
cc. Preferred refractory inorganic oxides, for use as 
the carrier material, possess an apparent bulk density 
within the range of about 0.15 to about 0.35 gram per 
cc. The catalytically active metallic components, com 
posited with the refractory inorganic oxide carried ma 
terial, may be one or more of the following: vanadium, 
chromium, molybdenum, tungsten, members of the iron 
group and platinum-group of the Periodic Table, copper, 
silver and gold. A particular metal may be used in and 
of itself, or in combination with any of the foregoing 
metals. The catalyst of the present invention may com 
prise a metallic component selected from Groups VA, 
‘VIA and VIII of the Periodic Table. Thus, the catalyst 
to be employed in the treatment of noxious, gaseous com 
bustible waste products, prior to discharging the same into 
the atmosphere, may comprise the following: platinum, 
palladium, other noble metals such as iridium, ruthenium 
and rhodium, iron, cobalt, nickel, copper, vanadium, 
tungsten, molybdenum, silver, gold, and various mixtures 
including platinum-iron, platinum-cobalt, platinum-nickel, 
palladium-iron, palladium-cobalt, palladium-nickel, plati 
num~palladium, palladium-copper-cobalt, copper-cobalt 
nickel-platinum, platinum-palladium-cobalt, etc. It is 
understood that the catalytic activity, stability, auto 
initiating temperature, and other characteristics of the 
catalyst of the present invention, may vary from catalyst 
to catalyst. Many of the speci?c composites discussed 
herein do not necessarily yield equivalent results when 
compared with a catalyst comprising one or more differ 
ent metallic components, or when utilized under varying 
conditions in different applications. Although the pre 
cise manner in which the catalytically active metallic 
component, such as platinum, is disposed within the 
carrier material, is not known with absolute certainty, 
it is believed that the platinum, or other metallic com 
ponent, enters into a complex combination with the car 
rier material and other components of the catalyst. 
Therefore, it is understood that the use of the term 
“platinum,” or “metallic component," for example, con 
notes platinum, or other metallic components existing 
within the carrier material in a combined form and/or 
in the elemental state. 
The catalytic composite of the present invention, the 

method of the preparation of which is hereinafter set 
forth in greater detail, utilizes a refractory inorganic 
oxide as the carrier material for the active metallic com 
ponents hereinbefore set forth. Refractory inorganic ox 
ides possess particular physical characteristics which read 
ily permit adaptation thereof to the rather unique en 
vironment encounteredin the operation of a motor 
vehicle, as well as in other commercial applications. 
One desired physical characteristic, for example, is that 
extremely high temperatures do not apparently affect 
the capability of the material to function as desired. The 
refractory inorganic oxide carrier material, for utilization 
in the catalyst of the present invention, may be manu 
factured by any suitable method including separate, suc 
cessive, coprecipitation means of manufacture when com 
prising two or more individual inorganic oxides. The car 
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6 
rier material may comprise naturally-occurring sub 
stances such as clays or earths, and may or may not b1 
activated prior to use by one or more treatments includ 

’ ing drying, calcining, steaming, or treatments with variou 
reagents, etc. The catalytic composite of the presen 
invention will preferably make use of an alumina-con 
taining refractory inorganic oxide carrier material: a; 
employed herein, the term “alumina” is intended tr 
include porous aluminum oxide in various states of hydra 
tion. In addition to alumina, other refractory inorganit 
oxides may be employed, either in conjunction with 
or instead of, the alumina. Other suitable inorganic 
oxides include silica, boria, thoria, titania, strontia, zir 
conia, hafnia, and mixtures of two or more. The incor 
poration of any of the foregoing refractory inorganic 
oxides, in conjunction with the alumina, is generally de 
pendent upon the desire to add thereto certain phyical 
and/or chemical characteristics required by the particular 
application for which the catalytic composite is intended. 
Such other refractory inorganic oxides, for example, silica, 
will be present within the carrier material in an amount 
within the range of about 0.5% to about 25.0% by weight 
thereof, based upon the ?nal weight of the carrier. 
Intermediate quantities are preferred and will lie within 
the ‘range of about 1.0% to about 10.0% by weight. The 
carrier material may take the form of any desired shape 
such as spheres, pills, extrudates, granules, cakes, bri 
quettes, rings, etc. The preferred form is the sphere, 
and spheres may be continuously manufactured by the 
well-known oil-drop method: this method is described in 
detail in US. Patent No. 2,620,314, issued to James 
Hoekstra. In the interest of simplicity and clarity, the 
following discussion will be restricted to the use of alu 
mina as the refractory inorganic oxide carrier material. 
Where desired, halogen may be combined with the 

alumina and the catalytically active metallic components, 
and may be added thereto in any suitable manner either 
before, or after the incorporation of the active metallic 
components. The addition of the halogen is generally 
accomplished through the use of an acid such as hydrogen 
?uoride and/or hydrogen chloride, or volatile salt such 
as ammonium ?uoride and/or ammonium chloride, and 
the halogen may be combined with the alumina during 
the preparation of the latter. In still another method 
of manufacture, the halogen may ‘be composited with a 
refractory oxide during the impregnation thereof with the 
catalytically active metallic components. Thus, where 
the alumina is prepared from an alumina hydrosol hav 
ing an aluminum to chloride weight ratio of about 1.3, 
the use of such method permits the incorporation of 
chloride where the latter is desired as the halogen com 
ponent. 

Regardless of the particular refractory inorganic oxide 
carrier material employed, the catalytically active metallic 
components may be added thereto in any suitable, ‘con 
venient manner. However, in accordance with the pres~ 
ent invention, prior to, or during the addition of the metal 
lic component, such as platinum, the preformed inorganic 
oxide panticles, such as alumina, are treated with an 
organic acid selected from a particular group thereof. In 
some instances, the organic acid may be combined with 
the metallic component, for example a water-soluble pla 
tinum-containing compound, and the resulting mixture 
then added to the alumina particles. The selected organic 
acid may be added to the alumina particles as avseparate 
solution just prior to commingling with the metallic com 
ponent. For ease in handling the metering, the organic 
acid is preferably admixed, in the requisite quantity, with 
the water-soluble compound of the intended catalytically 
active metallic component, and the resulting impregnating 
solution combined with the carrier material. With re 
spect to platinum, suitable water-soluble compounds for 
utilization in the impregnating solution include chloro 
platinic acid, chloroplatinous acid, platinous chloride, 
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platinic chloride, etc. Where the catalytic composite is 
intended to contain other metallic components, such as 
those hereinbefore set forth, the composite may be pre 
pared by commingling water-soluble compounds of these 
components, particularly the nitrates, sulfates, chlorates, 
chlorides, or carbonates, and immersing the particles of 
the carrier material therein, followed by heating to form 
the corresponding oxides of the metallic components. 
The organic acid utilized in the .method of the present 

invention, is selected from the group consisting of dibasic 
acids and derivatives thereof, having the following struc 
tural formula: 

ii i i’ 
HO--C— C C-OH 

D 

where: 
R is selected from hydrogen, hydroxyl and alkyl groups; 
R’ is selected from hydrogen, alkyl and carboxyl ‘groups; 
and 

n is within the range of 0-6. 
As hereinafter indicated in a speci?c example, other 

organic acids including acetic and tetraacetic acids do not 
su?ice to achieve the desired object vfor which such organic 
acid is utilized. In accordance with the structural for 
mula given above, suitable organic acids for use in prepar 
ing the catalytic composite of the present invention in 
clude, but not by way of limitation, oxalic, malonic, suc 
cinic, glutaric, vadipic, pimelic, suberic, malic, tartaric, 
citric, 2, methyl succinic, 2,3 di-ethyl succinic, 2,2 di-meth 
yl succinic, mixtures of two or more, etc. Thequantity 
of ‘the dibasic organic acid, or derivative thereof, for ex 
ample, tartaric acid, to be employed in admixture with the 
water-soluble compound of the catalytically active metallic 
component and the carrier material, is based upon the 
weight of such carrier material. The amount of organic 
acid employed is within the range of about 0.1% to about 
1.5% by weight. An intermediate concentration of the 
organic acid and/ or its derivative is preferred, and is 
within the range of from about 0.13% to about 0.70% by 
weight, based upon the weight of the carrier material. 
Through the utilization of the method of the present in 
vention which principally comprises treating the carrier 
material with a particular. quantity of a particular organic 
acid, the use of lesser quantities of the active metallic 
components to achieve the desired end result is permitted. 
The quantity of the catalytically active metallic com 

ponents is based upon the volume of the carrier material 
to be combined therewith, and is calculated on the basis 
of the elemental metal, notwithstanding that the metallic 
component may exist in some combined complex form, 
or in the elemental state. Thus, with respect to platinum 
group metals, the platinum will be present in an amount 
of from about 0.05 to about 1.0 troy ounce per cubic 
foot of carrier material. 
centration of the platinum component, dictated by eco~ 
nomic considerations, is from about 0.15 to about 0.60 
troy ounce per cubic foot of carrier material. The other 
metallic components, either in conjunction with, or in-~ 
stead of the platinum component, will be present in an 
amount of from about 0.01 to about 2.0 troy ounces per 
cubic foot of carrier material employed. 
The organic acid may be employed as a mixture of 

two or more, and may be diluted with any suitable non 
alkalinous solubilizing substances such as water, alcohol, 
acetone, etc. Of the organic acids above set ‘forth, citric, 
oxalic, and tartaric acids are the preferred organic acids 
to be employed in the method of the present invention, 
citric acid being particularly preferred. The organic acid 
may be admixed with the water-soluble compound of the 
catalytically active metallic component, or components, 
or mixed with the alumina prior to the addition of the 
metallic component thereto. In any case, it is an essen 

The preferred range of the con-. 
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8 
tial feature of the present invention that the metallic com 
ponent be not combined with the alumina prior to the ad 
dition of the organic acid. Another essential feature of 
the present invention is that the commingling of the 
refractory inorganic oxide, the catalytically active metal 
lic component and the organic acid be accomplished in 
the absence of substances and reagents of an alkalinous 
nature, particularly including ammonia and other nitro 
genous compounds, alkali metal compounds, etc. It has 
further been found that the catalytic composite is adverse 
ly affected when contacted with a nitrogen-containing ‘gas 
during the ?nal high-temperature stages of the manufac 
ture thereof. . 

In describing the method of manufacturing the catalytic 
composite encompassed by the present invention, it is 
understood that the same is not considered to be unduly 
limited to the particular catalytic composite described. 
The catalyst is prepared by initially forming alumina 
spheres, 1,-i6~inch to about 1/s-inch in diameter, from an 
aluminum chloride hydrosol having an aluminum chlo 
ride weight ratio of about 1.25. The alumina spheres are 
continuously prepared by passing droplets of the hydrosol 
into an oil bath maintained at an elevated temperature, 
retaining the droplets within the oil until the same set 
into hydrogel spheroids. The spheroids are dried at a 
temperature of from about 200° F. to about 800° F., and 
thereafter subjected to a calcining treatment at a tempera 
ture of from about 800° F. to about 1200” F. An 
impregnating solution of chloroplatinic acid, having the 
concentration of 0.0628 gram of platinum per milliliter, 
is prepared by diluting 3.0 milliliters to about 500 milli 
liters wvith water. When utilized with about 150 grams 
of the alumina spheres, having an apparent bulk density 
of about 0.29 gram per cc., this concentration of the 
chloroplatinic acid solutuion will yield a ?nal composite 
having about 0.32 troy ounce of platinum per cubic foot 
of the spherical alumina carrier material. The chloro 
platinic acid solution is commingled with about 0.52 gram 
of citric acid, or 0.35% by weight based upon the weight 
of the alumina spheres. The resulting mixture of citric 
acid, chloroplatinic acid and alumina spheres is evap 
orated to dryness in a rotating dryer at a temperature of 
about 210° F. When the alumina spheres appear visual 
ly dry, usually in about 2 to about 8 hours, the impreg 
nated spheres are subjected to a reducing treatment, 
preferably in an atmosphere of hydrogen, while increas 
ing the temperature to a level within the range of about 
900° F. to about 1800" F., maintaining the elevated tem 
perature for about 2 hours. Contrary to present-day 
methods of manufacturing catalytic composites, the cata 
lyst of the present invention is not subjected to an oxida- ' 
tion treatment at elevated temperature, or to high-tem 
perature calcination in an atmosphere of air. A high 
temperature oxidation treatment tends to destroy both the 
initial activity, and more particularly the stability of the 
catalytic composite to effect the removal and/or conver 
sion of the noxious components in the combustible gaseous 
waste products. Furthermore, oxidation in air will cause 
the catalytic composite to come in contact with nitrogen 
at an elevated temperature, and, as hereinafter indicated, 
such treatment ‘tends to destroy the stability of the cata 
lytic composite. 
From the foregoing description of the present invention, 

it will be noted that the inorganic oxide carrier material 
is combined with the catalytically active metallic compo 
nent in the presence of a particular quantity of an organic 
acid selected from the group consisting of dibasic organic 
acids and derivatives thereof, having the following struc 
tural formula: 
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where: 

R is selected from hydrogen, hydroxyl and alkyl groups; 
R’ is selected from hydrogen, alkyl and carboxyl groups; 
and V 

n is within the range of 0 to 6. 

The concentration of the organic acid is from about 0.1% 
to about 1.5 %, and is based upon the weight of the car 
rier material to be impregnated with the active metallic 
component. It is recognized that the prior art teaches 
broadly the “activation” of refractory inorganic oxides 
through the utilization of various reagents including or 
ganic acids. Such “activation” is, however, immediately 
followed by a high-temperature calcination treatment 
prior to the incorporation of the catalytically active metal 
lic components. However, the particular concentration 
of the organic acid, as utilized in the method of the pres 
ent invention, and in the manner set forth, results in a 
catalytic composite having a physical structure heretofore 
not obtained. This phenomenon is more clearly described 
and illustrated in the accompanying FIGURES l, 2, 3 and 
4. These ?gures illustrate the cross section of an alumina 
spherical particle, taken through the center thereof, which 
particle contains a platinum component as the catalytical 
ly active metallic component. With reference now to the 
?gures, FIGURE 1 illustrates an alumina-platinum com 
posite prepared in the absence of the organic acid, or 
with an organic acid in a concentration less than about 
0.10% by weight based upon the weight of alumina. In 
the ?gure, numeral 1 denotes the exterior surface of the 
entire sphere, numeral 2 denotes a continuous ?nite layer 
of the platinum component and numeral 3 refers to the 
porous alumina core, noted to be virtually free from the 
platinum component. It will be further noted, upon 
reference to FIGURE 1, that the absence of the organic 
acid, or the use of too little organic acid during the im 
pregnation of the sphere, has produced a catalytic par 
ticle in which virtually the entire quantity of the cata 
lytically active metallic component resides on the surface 
thereof. 
With reference to FIGURE 2, illustrating the cross~ 

section of an alumina sphere impregnated with a platinum 
component and a dibasic acid, and/or derivative thereof, 
from the group of acids hereinbefore de?ned, in accord 
ance with the method of the present invention, numeral 1' 
connotes the exterior surface of the entire sphere, 2’ refers 
to the totally imbedded continuous layer of the platinum 
component, 3' indicates the inner core of alumina (virtu 
ally free from the platinum component), and numeral 4 
indicates an outer band of alumina also virtually free from 
the platinum component. It is noted that the use of the 
present invention has produced a catalytic particle in 
which the catalytically active metallic component is im 
bedded as a layer within the refractory inorganic oxide, 
and is disposed a ?nite distance from the exterior surface 
and a ?nite distance from the center thereof. 
With reference to FIGURE 3, 1" denotes the entire 

spherical particle, 2" a virtually solid inner core of the 
platinum component and 3" indicates a wide outer band 
ofsubstantially pure alumina. The catalytic particle il 
lustrated in FIGURE -3 results when the organic acid is 
employed in a concentration greater than about 1.5% by 
weight, based upon the weight of the alumina. Upon 
reference to FIGURE 4, 1"’ denotes the entire spherical 
particle and 2'" denotes the alumina interior in which the 
platinum component is quite thoroughly and evenly dis 
tributed. The catalytic particle having the structural 
character illustrated in FIGURE 4, results when the 
organic acid is employed in the presence of ammonia or 
other alkalinous-acting material, notwithstanding that the 
organic acid concentration may lie within the range of 
from about 0.1% to about 1.5 % by weight. 

In addition to the aliphatic, organic dibasic acids, and 
derivatives thereof hereinabove described, aromatic or 
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10 
ganic acids containing a hydroxyl group adjacent to the 
carboxylic group have been found which when employed 
in accordance with the method of the present invention, 
produce a catalytic particle having the structure shown 
in FIGURE 2. For example, salicylic acid, when utilized 
in an amount within the range of about 0.1% to about 
1.5% produced a platinum-containing catalytic particle 
in which the totally imbedded layer of the platinum com 
ponent was clearly visible to the naked eye. Derivatives 
of such aromatic, organic acids, including gamma resor 
cyclic acid, and others having a hydroxyl group adjacent 
the carboxylic group, also result in such a physical struc 
ture. 

' It is readily ascertained that the use of the method of 
the present invention has produced a catalytic particle 
having a novel physical structure in which the active 
metallic component is completely imbedded as a layer 
within the particle, and is disposed a ?nite distance ‘from 
the center and exterior surface of the particle. As here 
inbefore indicated and set forth, in speci?c examples, 
the catalytic particle of the character represented in FIG 
URE 2 possesses the requisite stability of a catalytic 
composite intended to serve the function of eliminating 
(noxious components from gaseous combustible waste 
products, and particularly for converting the hydrocar 
bonaceous gaseous waste products emanating from the 
exhaust of an internal combustion engine. Catalytic par 
ticles having physical structures illustrated by FIGURES 
l, 3 and 4, either have a high initial activity and virtually 
-no stability, or substantially no conversion ‘activity and 
-a high degree of stability. FIGURES 1, 2, 3 and 4 were 
made from cross-sectional photographs of spherical alu 
mina-platinum composites prepared in conjunction with 
Ithe speci?c examples hereinafter set forth. The impreg 
nated platinum component was made more visible and 
contrasting through the use of stannous chloride. Al 
though only spherically shaped particles have been illus 
trated, it is understood that the method of the present in 
vention is adaptable for utilization with inorganic oxide 
particles of any desired shape. For example, in the case 
of an alumina particle having the shape of the well-known 
Raschig ring, a horizontal cross section would show the 
hollow center, characteristic of the Raschig ring, a band 
of alumina substantially free from the platinum compo 
nent, a continuous layer of the platinum component which 
has been impregnated completely within the alumina, and 
lastly, an outermost band of alumina substantially free 
from the platinum component. , 
The following examples are given for the purpose 

of illustrating clearly the method of manufacturing the 
catalytic composite encompassed by the present inven 
tion. It is understood that the present invention is not 
to be unduly limited, beyond the scope and spirit of 
the appended claims, by the conditions, reagents, con 
centrations, or catalytic composites employed within the 
examples. When considered in conjunction with the 
accompanying FIGURES 5 through 11, the data pre 
sented within the examples will indicate the bene?ts to 
be afforded through the utilization of the present inven 
tion, which invention produces a catalytic composite 
having the physical structure illustrated in accompanying 
FIGURE 2. It will be readily ascertained that the cat 
alytic composite offers particular advantages in a process 
for the elimination of the products of incomplete com 
bustion from the hydrocarbonaceous exhaust gases 
emanating from an internal combustion engine, by which 
method such exhaust gases become innocuous upon being 
discharged into the atmosphere. 

Example I 

The catalysts employed in this example were prepared 
by initially forming alumina. spherical'particles of 1/s 
inch diameter and having an apparent bulk density of 
about 0.29 gram per cc. The two catalysts were pre 
pared in such a manner that the concentrations of cat 
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alytically active metallic component were identical, and 
the entire manufacturing process would be the same with 
but one exception; that is, one catalyst was prepared by 
effecting the impregnation in the presences of citric acid, 
in accordance with the method of the present invention. 
The I41-inch alumina spheres were divided in two sep 
arate portions, each being impregnated with a su?icient 
quantity of chloroplatinic acid (having a concentration 
of 0.0628 gram of platinum per milliliter) to yield a cat 
alyst containing 0.47 troy ounce of platinum, calculated 
as the element thereof, per cubic foot of alumina. For 
each 150 grams of the alumina spheres, the required 
quantity of chloroplatinic acid was diluted to 500 milli 
liters with water. Prior to being impregnated, the im 
pregnating solution for one catalyst portion was admixed 
with 0.22% by weight of citric acid, based upon the total 
quantity of alumina particles. Both catalyst portions 
were individually and separately evaporated to dryness 
in a rotating dryer at a temperature of about 210° F. 
While increasing the temperature to a level of about 
1000° F., the catalyst portions were subjected to an 
atmosphere of hydrogen; after reaching a temperature 
level of 1000° F., the hydrogen treatment was continued 
at that temperature for a period of 2 hours. The cat 
alyst portions were allowed to cool prior to being exposed 
to the atmosphere. 
The two catalyst portions were then subjected to chas 

sis dynamometer road testing in accordance with the 
7-mode cycle set forth in the Vehicular Exhaust Emis 
sion speci?cation approved by the Motor Vehicle Pollu 
tion Control Board of. the State of California. The 
Vehicular Exhaust Emission speci?cations herein referred 
to are those which were approved on May 19, 1961. 
Aside from the speci?c limitations placed upon the 
method of testing, which limitations were strictly ad 
hered to during the chassis dynamometer testing, the 
speci?cation includes a maximum tolerable limit with 
respect to the concentration of hydrocarbons and carbon 
monoxide within the exhaust gases of the internal com 
bustion engine. The maximum tolerable limit on by 
drocarbon concentration is 275 p.p.m., the tolerable con 
centration of carbon monoxide being 'less than 1.5%. 
With reference now to FIGURE 5, dotted line 1 indi 
cates the tolerable limit on hydrocarbons of 275 p.p.m. 
Line 2, drawn through the circles, indicates the results 
obtained through the use of catalyst prepared in the 
absence of the citric acid; it is noted that this catalyst 
exceeded 275 p.p.m. of hydrocarbons in the exhaust gas 
at approximately 2000 miles. Line 3 illustrates the re 
sults obtained through the use of the catalyst of the 
present invention, during the preparation of which citric 
acid was employed in the impregnating solution. It is 
noted that the hydrocarbon concentration in the exhaust 
gases did not exceed 275 p.p.m. for the 8000 miles illus 
trated, and, in fact, appears to indicate a slightly down 
ward trend. One of the more important aspects of the 
data as presented in FIGURE 5 is the apparently greater 
degree of stability of the catalyst prepared by the method 
incorporating the use of citric acid. 

Similarly, FIGURE 6 illustrates the comparison of 
the two catalytic composites with respect to the concen 
tration of carbon monoxide in the exhaust gases. Line 1 
represents the results of the catalyst prepared in the ab 
sence of citric acid, while line 2 illustrates the results 
obtained through the use of the catalyst of the present 
invention. Although the carbon monoxide concentration 
for both catalysts is below the 1.5% speci?ed limit, it 
is readily ascertained that the catalyst of the present in 
vention possesses greater stability and will function 
acceptably, with respect to carbon monoxide concentra 
tion, for a period of time much longer than the catalyst 
prepared in the absence of the citric acid. 
The data employed in the illustrations embodied by 

FIGURES 5 and 6 are given in the following table, in 
which “A" designates the catalyst prepared in the ab 
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12 
sence of citric acid; B designates the catalyst prepared 
in accordance with the present invention: 

TABLE——MVPCBI SEVEN-MODE CYCLE ROAD TESTING 

Hydrocarbons, Carbon Monoxide, 
p.p.m. percent 

Catalyst Lite, Miles 

A B A B 

166 0. 26 0. 27 
185 0. 34 0.23 
188 0. 38 0.25 

. 0. 43 ........ _ 

215 0. 45 0. 29 
215 0. 43 0.38 
268 0. 48 0.30 
250 0. 63 0. 40 
229 ________ __ 0. 48 

1 Motor Vehicle Pollution Control Board. 

The 7-mode road testing cycle prescribed by the Ve 
hicular Exhaust Emission speci?cations is a chassis dyna 
mometer test procedure. A single cycle covers a total 
period of time of 137 seconds, the seven modes being 
as follows: (1), idling; (2), acceleration to 30 miles per ' 
hour; (3), cruise at 30 miles per hour; (4), deceleration 
to 15 miles per hour; (5), cruising at 15 miles per hour; 
(6), acceleration to 50 miles per hour; and (7), decel 
eration to idle. From a cold start-up, the speci?cations 
require an operation of 7 to 8 cycles, the ?rst four con 
sidered as the warm-up period which includes a cold 
start, the 7th or 8th cycle being considered the hot cycle. 
The maximum limitations placed upon the hydrocarbon 
concentration, p.p.m., and the carbon monoxide, in per 
cent, is speci?ed as being the sum of 45 % of the average 
of four warm-up cycles and 55% of a single hot cycle. 
The data presented in the foregoing table, and employed 
in FIGURES 5 and 6, were obtained in accordance with 
the foregoing Vehicular Exhaust Emission speci?cations. 
The following examples are those which were employed 

in obtaining the data illustrated in the accompanying 
FIGURES 7, 8, 9, 10 and 11, and utilized a speci?c cat 
alyst evaluation test procedure designed to determine the 
catalytic stability with respect to automotive exhaust con 
version. The various catalytic composites are evaluated 
by a test procedure which simulates actual driving con 
ditions. The test procedure involves the utilization of 
a standard dynamometer, by which an 8-cylinder internal 
combustion engine is loaded, or driven, by a motor-gen 
erator. Approximately 440 cc. of each of the catalyst 
portions are individually evaluated by being placed within 
a cylindrical vessel, or convertor, having an inside diam 
eter of about 4 inches, the entire apparatus being serially 
connected into the engine exhaust line. The catalyst sam 
plc is disposed within the convertor on a supporting 
screen to a bed height of about 2 to about 3 inches. A 
second screen is placed above the catalyst bed for the 
purpose of separating the catalyst from the 1A -inch ceramic 
balls employed to facilitate the even distribution of the 
exhaust gases ?owing downwardly through the apparatus. 
Four such catalyst-loaded convex-tors are utilized in a 
given test period; this practice permits the simultaneous 
testing of different catalysts, and provides an excellent 
basis for making a comparative study of the results. 

Combustion air is pressured into the convertor inlet, 
the flow rate being adjusted such that the average tem 
perature of the catalyst bed is maintained at a level with 
in the range of about 800° F. to about 1700” F. It is 
preferred that the flow rate of combustion air be held 
constant at about six pounds per hour, such that the 
catalyst bed average temperature is maintained at a level 
of about 950° F. The fuel employed in the test proce 
dure is a blend of catalytically reformed gasoline (40.0%), 
catalytically cracked gasoline (40.0%) and alkylate 
(20.0%), and contains 3.0 milliliters of tetraethyl lead 
per gallon. Since the concentration of unburned hydro 
carbons, and other noxious products, within the exhaust 
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gases, as well as the throughput thereof, varies in accord 
ance with the physical status of the engine, whether idling, 
accelerating, cruising or decelerating, the test procedure 
still further approximates actual road conditions by pro 
viding for a constant load throughout only a portion of 
the entire test period. Samples of the convertor inlet and 
outlet gases are taken at various intervals during the test 
procedure, there being a constant analysis for the con-‘ 

The samples are an-. centration of carbon monoxide. 
alyzed for hydrocarbons by a ?ame-ionization detector. 
The term “hydrocarbon,” as utilized in reporting the re 
sults of the analyses performed on the e?luent gases from 
the catalytic convertor, connotes all hydrocarbons 
whether saturated, unsaturated, or partially oxidized as 
hereinbefore set forth. The carbon monoxide concen 

~ tration within the exhaust gases is determined by an ac 
curate infra-red detector. The internal combustion en 
gine is operated in a particular cycle to simulate idling, 
accelerating, cruising and decelerating as experienced un 
der actual road conditions. During the entire test pro 
cedure, which covers a period of about 40 hours, about 
300 gallons of the aforementioned fuel is employed. The 
40-hour test period is divided into eight ?ve-hour cycles; 
each ?ve-hour cycle consists of a four and one-half hour 
cruise at a constant 2500 r.p.m. and 41 B.H.P., and a 
one-half hour cycle consisting of a series of 15 two-min? 
ute cycles comprising idling at 750 r.p.m., accelerating to 
cruise at 2000 r.p.m., and a deceleration to idling at 
750 r.p.m. 
An inherent result of the small volume of catalyst em 

ployed in the test evaluation procedure is that the space 
velocity of the exhaust gases coming into contact with 

nthe catalyst is considerably higher than would usually be 
encountered under actual driving conditions. According 
ly, the percentage conversion obtained during actual use 
in automotive exhaust gas convertors would be consider 
ably higher. The data obtained from the 40-hour test 
procedure is plotted on semi-logarithmic coordinates and 
results in a curve from which the following equation is 
derived: 

C=Ae-t/k 

In the equation, k equals the reciprocal of the slope, 
A equals the percent initial conversion obtained by ex 
trapolation, C equals the percent conversion in time (t), 
and t equals the time in hours. The above equation is 
employed in computing the “k” stability factors for the 
individual catalytic composites. A decrease in the slope 
of the curve resulting from the data obtained, or con 
versely, an increase in “k" value, indicates a catalyst pos 
sessing a greater degree of stability when converting the 
hydrocarbonaceous combustion products of an internal 
combustion engine. In those instances where the “k" 
stability factor is positive, indicating a positive slope, the 
stability of the catalyst being evaluated may be said to 
increase with time. 
The foregoing described test procedure is employed as 

a primary evaluation of the catalysts intended to be sub 
jected to the 7-mode cycle operation described in con 
junction with the foregoing Example I. The importance 
of this primary evaluation resides in the “k” stability fac 
tor of the catalytic composite being tested. That is, al 
though a wide variety of catalytic composites possess a 
relative high initial, activity, the stability of such catalysts 
is such that the maximum tolerable limits imposed upon 
the hydrocarbon and carbon monoxide concentrations are 
reached in a relatively short period of time. 

Example 11 

This example is presented for the purpose of illustrating 
the adverse effects upon the catalytic composite which 
has been subjected to high-temperature treatment in an 
atmosphere of nitrogen. These catalysts were prepared 
utilizing the alumina spheres and chloroplatinic acid solu 
tion described in Example I; however, the impregnation 

10 

14 
of the spheres with the chloroplatinic acid was not con 
ducted in the presence of an organic acid selected from 
the group hereinbefore set forth. The chloroplatinic acid 
solution was employed in an amount such that the ?nal 
catalytic composite contained 0.19 troy ounce of platinum, 
calculated as the element, per cubic foot of alumina. Fol 
lowing the drying of the impregnated alumina spheres, at 
a temperature of about 210° F., the temperature was 
increased in the ?rst instance to a level of 1000° F., in 
the presence of nitrogen, and maintained at this level for 
a period of 2 hours. In a second instance, the catalyst 

' temperature was increased to a level of 1500“ F., in the 
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presence of nitrogen, again remaining at this‘ level for 
a period of 2 hours. The results of the automotive ex 
haust conversion test procedure, with respect to the two 
nitrogen-treated catalysts, are presented in FIGURE 7. 

With reference to FIGURE 7, lines 1 and 2 represent 
the stability curves of the catalyst treated at 1000” F., 
for the conversion of carbon monoxide and hydrocarbons 
respectively. The “k” stability factors, derived from lines 
1 and 2 by means of the previously indicated equation 
are 79.5 with respect to carbon monoxide and 68.2 with 
respect to the concentration of hydrocarbons. Lines 
3 and 4 represent the results of the evaluation of the 
catalyst which had been nitrogen-treated at a tempera 
ture of 1500" F. The “k" stability factors were found 
to be 61.4 for carbon monoxide and 49.3 with respect 
to the concentration of hydrocarbons. A standard ref 
erence catalytic composite, containing 0.19 troy ounce i 
of platinum per cubic foot of alumina, prepared in the 
absence of an organic acid, ‘however, with a high-tempera 
ture treatment in the presence of hydrogen rather than 
nitrogen, indicates a “k” stability factor of about 90 
to 120 with respect to the concentration of hydrocarbons 
and a stability factor of about 110 to about 150 with re-‘ 

Upon - spect to the concentration of carbon monoxide. 
comparing the “ ” stability factors, it is readily noted 
that the high-temperature treatment in an atmosphere of 
nitrogen has adversely eifected the platinum-containing 
catalyst of the type commonly manufactured by present 
day operations. 

Also illustrated in FIGURE 7 are the results of the 
evaluation test with respect to a catalytic composite of 
alumina and platinum prepared by the method commonly 
referred to as “co-precipitation.” The co-precipitation 
method of manufacturing allegedly results in a catalytic 
composite in which the catalytically ‘active metallic com 
ponent, in this case platinum, is thoroughly and evenly 
distributed throughout the carrier material. A cross sec 
tion of a catalyst of this nature would have the appear 
ance of the catalytic particle illustrated in FIGURE 4. 
The results of the evaluation test procedure on the co 
precipitated catalyst indicated a stability factor of 59.4 
with respect to carbon monoxide and 36.1 with respect 
to the concentration of hydrocarbons. When compared 
to the “k” stability factors of the standard catalyst, it is 
readily ascertained that the co-precipitated catalyst‘is not 
readily adaptable to the process of eliminating the noxious 
components from automotive exhaust gases, notwithstand 
ing that such co-precipitated catalysts, having the physical 
structure as indicated in FIGURE 4, are considered to 
be highly advantageous when employed in processes spe 
ci?cally designed for the catalytic reforming of various 
hydrocarbon mixtures to produce high quality motor fuel.‘ 

Example III 
The data obtained in this example is illustrated in the 

accompanying FIGURE 8. The ?rst catalyst was pre 
pared in accordance with the method described in refer 
ence to Example I, utilizing su?icient chloroplatinic acid 
to yield a ?nal composite containing 0.19 troy ounce of 
platinum per cubic foot. During the irnpreguation of the 
alumina spherical particles with the chloroplatinic acid, 
1.05 grams of acetic acid were added for each 150 grams 
of alumina spheres, or acetic acid in an amount of about 
0.70% by weight. The results of the catalyst evaluation 
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test, with respect to the acetic acid-treated catalyst are in 
dicated in FIGURE 8 by stability lines 1 and 2, represent 
ing “k" stability factors of 90.7 with respect to the quantity 
of carbon monoxide, and 73.4 with respect to the con 
centration of hydrocarbons, respectively. The standard 
reference catalyst, tested simultaneously with the acetic 
acid~treated catalyst, but in a separate convertor as stated 
in the foregoing description of the test procedure, indi 
cated stability factors of 118.7 and 163.9 respectively. 
The effect of the use of acetic acid, resulting in a catalytic 
particle having the physical structure illustrated by FIG 
URE 4, has been to decrease the degree of stability of the 
catalytic composite as indicated by a change in the hydro 
carbon stability factor from 118.7 to 73.4; the stability 
factor for carbon monoxide decreasing from 163.9 to 
90.7. Thus, the utilization of acetic acid, notwithstand 
ing its similarity to oxalic, citric and/or tartaric acids, is 
seen to be non-applicable in preparing a catalyst for the 
conversion and/or removal of noxious components from 
automotive exhaust gases. 
A second catalyst was prepared by the method set forth 

in Example I, utilizing sufficient chloroplatinic acid to 
result in a catalyst containing 0.32 troy ounce of platinum 
per cubic foot, impregnated in the presence of 1.08% by 
weight of citric acid, based upon 170 grams of the alumina 
spherical particles. The results obtained through the 
utilization of the citric acid treated catalyst are indicated 
by lines 3 and 4 in FIGURE 8, illustrating the stability 
curves for carbon monoxide and hydrocarbons respec 
tively.‘ It should be immediately noted that line 3 pos 
sesses a positive slope, the “k” stability factor being calcu 
lated as 2731.5+, compared to 116.3 for the standard 
reference catalyst. The “k” stability factor with respect 
to hydrocarbon concentration was found to be 115.5, in 
dicated in FIGURE 8 by line 4, compared to 68.5 for the 
standard. The importance of the data illustrated in FIG 
URE 8 resides in the fact that the stability curves, lines 3 
and 4, for the citric acid-treated catalyst are virtually hori 
zontal, indicating a catalytic composite possessed with an 
unusually high degree of‘ stability when employed in the 
conversion-of carbon monoxide and the hydrocarbon 
aceous material contained within the exhaust gases of an 
automotive internal combustion engine. 

Example IV 

This example is presented to show the results obtained 
from the evaluation test procedure comparing the standard 
catalyst and a catalyst prepared through the use of 0.35% 
by weight of citric acid, based upon the quantity of alu 
mina, during the impregnation of the latter with suf 
?cient chloroplatinic acid to result in a catalyst containing 
0.32 troy ounce of platinum per cubic foot.‘ The acid 
treated catalyst and the standard catalyst were simul 
taneously subjected to the catalyst evaluation test pro 
cedure, however, having been placed in individual con 
vertors through which the engine exhaust gases were 
passed. The results are graphically illustrated in accom 
panying FIGURE 9, lines 1 and 2 indicating the stability 
curves of the standard reference catalyst, lines 3 and 4 
indicating the stability curves of the citric acid-treated 
catalyst. The citric acid-treated catalyst indicated a “k” 
stability factor of 208.5 with respect to the quantity of 
hydrocarbons, the standard reference catalyst indicating a 
“k” stability factor of 90.8; the stability factor with re 
spect to carbon monoxide, resulting from the use of the 
citric acid-treated catalyst indicated a slightly positive slope 
(line 3), calculated as 12120.1+, whereas the carbon 
monoxide “k” stability factor for the standard reference 
catalyst was 125.5. 

In order to illustrate the detrimental effects exhibited 
when the catalyst is prepared in the presence of alkalinous 
material, such as. ammonia, a catalyst was prepared in 
accordance with the method of the present invention 
utilizing 0.35 % by weight of citric acid, based upon the 
weight of alumina particles, during the impregnation of 

10 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

16 
the chloroplatinic acid solution to yield a catalyst contain 
ing 0.32 troy ounce of platinum per cubic foot. The 
“k” stability factor with respect to the concentration of 
hydrocarbons was 126.5, a signi?cant decrease from 208.5 
as hereinabove indicated; the carbon monoxide “k” sta 
bility factor was 214.7, substantially less than the positive 
slope indicated by the catalyst prepared by the method 
excluding alkalinous material. The ammonia-treated 
catalyst was prepared by including 181 milligrams of 
ammonia in the citric acid-chloroplatinic acid impregnat 
ing solution, resulting in a pH thereof of about 7.0. 

This particular example illustrates clearly the bene?ts 
afforded through the utilization of the present invention, 
particularly with respect to the use of an organic acid in 
relatively minor concentration; the present invention un 
questionably produces a highly stable catalytic composite. 
The example illustrates the detrimental effects of the 
presence of ammonia and/or other alkalinous material 
during the impregnation of the carrier material with the 
catalytically active metallic component. 

Example V 

Three dilferent catalytic composites were prepared in 
obtaining the data presented in this example; reference 
is made, in this example, to accompanying FIGURE 10 
which illustrates the results of the 40-hour catalyst evalua 
tion procedure. The ?rst catalyst was prepared to con 
tain 0.32 troy ounce of platinum per cubic foot, which 
had been impregnated within the alumina spherical par 
ticles in the absence of an organic acid. However, fol 
lowing the high-temperature reduction treatment in hy 
drogen, the catalytic composite was cooled and treated 
with 1.46 grams of citric acid per 160 grams of alumina, 
or 0.97% by weight of citric acid. The results of the 
40-hour test procedure are indicated as lines 1 and 2 
in FIGURE 10; the stability factors obtained with respect 
to this catalyst were 142.9 in regard to the carbon monox 
ide, and 104.6 with respect to the hydrocarbon concen 
tration. The standard reference catalyst, tested simul 
taneously in a separate convertor, indicated a‘ “k” stability 
factor of 125.5 and 90.8 respectively. There would ap 
pear to be a slight improvement over the standard catalyst 
in treating such a catalyst with the organic acid following 
a high-temperature treatment. However, it will be noted 
that the improvement in “k” stability factors is quite 
small, especially when compared to the second catalyst, 
the results of which are represented by lines 3 and 4 
in FIGURE 10. The second catalyst was prepared to 
contain 0.32 troy ounce of platinum per cubic foot, which 
platinum was impregnated within the alumina in the pres 
ence of 0.35% by weight of citric acid, based upon the 
quantity of alumina. This catalyst was tested simultane 
ously with the two above-described catalytic composites, 
and indicated a “k” stability factor for hydrocarbons of 
208.5; it will be noted, upon reference to FIGURE 10, 
that the “k” stability factor for carbon monoxide was 
positive, the slope of line 3 indicating a slight rise. 
The third catalyst illustrated in FIGURE 10, by lines 

5 and 6, was prepared to contain 0.32 troy ounce of plat 
inum impregnated in the presence of 3.47% by weight of 
citric, which amount is in excess of the upper limit im 
posed thereupon. The use of such an excess of organic 
acid produces a catalytic particle having the physical 
structure indicated by FIGURE 3, in which virtually all 
of the metallic component is forced into the center of 
the spherical particle. The “k” stability factors of this 
catalyst were substantially less than the standard refer 
ence catalyst, being 36.8 with respect to the hydrocarbon 
concentration and 48.7 in regard to carbon monoxide. 
The three catalysts represented by the data presented in 
FIGURE 10, were simultaneously tested in accordance 
with the catalyst evaluation test procedure. Therefore, a 
direct comparison of the three methods of catalyst manu 
facture may be made upon reference to FIGURE 10. 
It is readily ascertained that the utilization of an excess 
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of the organic acid, or the use of the organic acid after 
the metallic component has been combined with the inor 
ganic oxide particle, does not serve to attain the desired 
object of the present invention. This is very clearly il— 
lustrated in FIGURE 10, through the use of lines 1, 2, 5 
and 6. 

Example VI 

In this example, the results of which are illustrated in 
FIGURE 11, a direct comparison was made between the 
standard reference catalyst and a catalyst containing 0.51 
troy ounce of platinum impregnated in the presence of 
0.53% by weight of citric acid, based upon the weight of 
the alumina particles. The catalytic composites were 
simultaneously, but separately, subjected to the catalyst 
test evaluation procedure to determine the slope of the 
stability curve. These curves are indicated in FIGURE 
11 in the following manner: line 1 is the carbon monoxide 
stability curve of the standard reference catalyst, line 2 
represents the hydrocarbon stability curve; lines 3 and 4 
represent the carbon monoxide and hydrocarbon stability 
curves respectively of the citric acid-treated catalyst. It 
is immediately noted that lines 3 and 4 both are character 
ized by having a positive slope, indicating an increase in 
stability with time. The citric acid-treated catalyst had a 
hydrocarbon “k” stablity factor of 475.6+ compared to 
125.5 for the standard reference catalyst, the carbon 
monoxide “k” stability factor was 2893+ compared to 
160.9 for the reference catalyst. 
Following the ?rst 40-hour test procedure, the catalytic 

composites were removed from the individual convertors 
for the purpose of inspecting the same. It was decided to 
extend the duration of the test procedure, with respect to 
these two catalysts, by re-loading the convertors, and sub 
jecting the catalysts to a second 40-hour test procedure. 
The stability curves for the second 40-hour evaluation 
test are indicated by lines 1A and 2A, for the standard 
reference catalyst and lines 3A and 4A for the citric acid 
treated catalyst. The break in these lines at the 40-hour 
duration results from the fact that the catalysts had been 
removed from the individual convertors to enable the 
visual inspection thereof. The importance of the data 
presented in FIGURE 11 resides in the fact that the ex 
tended stability curves from 40 to 80 hours indicates 
substantial continued improvement over the standard 
catalyst. It is of further interest to note that the improve 
ment over the standard catalyst is greater at 80 hours 
than it was at the termination of the ?rst 40-hour test 
procedure. 

Example VI] 

A catalyst was prepared to contain 0.32 troy ounce of 
platinum, impregnated within the alumina carrier material 
in the presence of 1.4 grams of tartaric acid per 150 grams 
of the alumina, or 0.93% ‘by weight of tartaric acid. As 
illustrated in accompanying FIGURE 12, an extended 
duration stability test was made on this particular cata 
lytic composite. In FIGURE 12, line 1 indicates the sta 
bility curve with respect to carbon monoxide, line 2 
the stability curve with respect to the conversion of hy 
drocarbons, line 1A the continued stability curve with 
respect to carbon monoxide and 2A the continued stability 
curve with respect to the conversion of hydrocarbons. 
With respect to lines 1 and 2, the “k” stability factors for 

‘ the tartaric acid-treated catalyst were 860.7+ and 242.1 
respectively; the “k” stability factors for the standard ref 
erence catalytic composite were 189.5 and 110.7 respec 
tively. This substantial improvement in stability was 
similarly pronounced during the extended period of 40 
to 80 hours. 
The foregoing examples present data which clearly indi 

cate the bene?ts afforded through the use of a catalytic 
composite having the physical structure encompassed by 
the present invention, and prepared in accordance there 
with. The utilization of a particular concentration of 'an 
organic acid, during the impregnation of the refractory 
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18 
inorganic oxide carrier material with the catalytically ac 
tive metallic component, results in a catalytic composite 
having an unusually high and totally unexpected degree 
of stability with respect, to the conversion or elimination 
of the noxious components contained within the exhaust 
gases from an automotive internal combustion engine, 
such that these exhaust gases may be discharged into the 
atmosphere with signi?cantly less noxious characteristics. 

I claim as my invention: 
1. A method for conversion by oxidation of noxious, 

gaseous combustible waste products to be discharged 
into the atmosphere which comprises adding an oxygen 
containing gas thereto and contacting the resulting gas 
mixture, at conversion conditions, with a platinum group, 
metal-alumina catalyst prepared by commingling alumina 
with a platinum-group metal component and from about 
0.1% to about 1.5% by weight, based upon the weight 
of said alumina, of an organic acid selected from the 
group consisting of dibasic acids and derivatives thereof, 
having the following structural formula: 

where: 
R is selected from hydrogen, hydroxyl and alkyl 

groups; 
R’ is selected from hydrogen, alkyl and carboxyl 

groups; and 
n is within the range of 0 to 6; 

and thereafter heating the resulting catalytic mixture in an 
atmosphere of hydrogen to an elevated temperature. 

2. A method for eliminating by oxidation the hydro 
carbons from gases containing the same which comprises 
adding an oxygen-containing gas thereto and contacting 
the resulting gas mixture, at conversion conditions, with a 
catalytic composite of alumina and a platinum compo 
nent, said catalytic composite being prepared by initially 
commingling said alumina with a platinum-containing 
compound and from about 0.13% to about 0.70% by 
weight, based upon the weight of said alumina, of an 
organic acid selected from the group consisting of di 
‘basic acids and derivatives thereof, having the following 
structural formula: 

‘u’ i‘ ‘n’ 
BIO-C <i>—o—0H 

where: 
R is selected from hydrogen, hydroxyl and alkyl 

groups; 
R’ is selected from hydrogen, alkyl and carboxyl 

groups; and 
n is within the range of 0 to 6; 

and thereafter heating the resulting catalytic mixture in 
an atmosphere of hydrogen to -a temperature of about 
900°-1800° F. 

3. A method for eliminating by oxidation the products 
of incomplete combustion from the hydrocarbonaceous ex 
haust gases emanating from an internal combustion en 
gine which comprises adding an oxygen-containing gas 
to said exhaust gases, contacting the resulting gas mixture, 
at conversion conditions, with a catalytic composite of 
alumina and a platinum component prepared by initially 
commingling said alumina with a platinum-containing 
compound and from about 0.13% to about 0.70% by 
weight, based upon the weight of said alumina, of an or 
ganic acid selected from the group consisting of dibasic 
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acids and derivatives thereof having the following struc 

where: 
R is selected from hydrogen, hydroxyl and alkyl 

groups; 
R‘ is selected from hydrogen, alkyl and carboxyl 

groups; and 
n is within the range of 0 to 6; 

10 

and thereafter heating the resulting catalytic mixture in ' 
an atmosphere of hydrogen to a temperature of about 
900°-1800° ‘F. 

4. A method for eliminating by oxidation by products 
of incomplete combustion from the hydrocarbonaceous 
exhaust gases emanating from an internal combustion en 
gine which comprises adding an oxygen-containing gas to 
said exhaust gases, contacting the resulting gas mixture, 
at conversion conditions, witha catalytic composite of 
alumina and a platinum component imbedded as a layer 
within said alumina and disposed a ?nite distance below 
the surface of said alumina and a ?nite distance from the 
center thereof; said catalytic composite having been pre 
pared by initially commingling said alumina with a plat 
inurn~containing compound and from about 0.13% to 
about 0.70% by weight, based upon the weight of said 
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alumina, of an organic acid selected from the group con 
sisting of dibasic acids and derivatives thereof, having the 

> following structural formula: 

where: 
-R is selected from hydrogen, hydroxyl. and alkyl 

groups; . 

R' is selected from hydrogen, alkyl and carboxyl 
groups; and 

n is within the range of 0 to 6; 
drying the resulting catalytic mixture at a temperature 
within the range of about ION-250° F., and thereafter 
heating the catalytic mixture in an atmosphere of hydro 
gen to a temperature of about 900°—1800° F. 
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