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[57] ABSTRACT 

Catalytically active ceramic monoliths coated with gamma 
alumina and impregnated with chromium, copper and nickel 
are used in catalytic converters for reduction of pollutants 
resulting from exhaust gases produced by internal combus 
tion engines fueled with leaded gasoline. 

17 Claims, N0 Drawings 
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CATALYTICALLY ACTIVE CERAMIC 
MONOLITHS FOR THE REDUCTION OF 
LEADED GASOLINE FUELED ENGINE 
POLLUTANTS AND THE PRODUCTION 

THEREOF 

FIELD OF THE INVENTION 

The present invention relates to catalytically active 
ceramic monoliths of the honeycomb type, coated with 
gamma alumina on which are deposited metals of transition 
groups 18, V113 and VIII of the periodic table and to use of 
such catalyst in the oxidation and simultaneous reduction of 
pollutants present in the exhaust gases of leaded gasoline 
fueled internal combustion engines, and to the preparation of 
such catalysts. 
More particularly, the present invention relates to cata» 

lytically active monoliths useful in the reduction of pollut 
ants, such as hydrocarbons, carbon monoxide and nitrogen 
oxides, resulting from burning leaded gasoline. 

BACKGROUND OF THE INVENTION 

Currently, a great variety of catalytic converters is known, 
which catalytic converters are used to reduce emission of 
polluting gases derived from gasoline fueled internal com 
bustion engines using lead-free or unleaded gasoline. 

Catalytic converters use double bed and monolithic con» 
verter systems. Double bed systems are arranged in such a 
way that they have two Zones of operation, where two types 
of catalytic material are located, in which reduction is 
conducted in the ?rst section and oxidation in the second 
section. Monolithic converters may be oxidative, in which 
there is a need to add air to the system for its operation. 
Another type of this kind of converter is a three-way 
converter which is the latest and most e?’ective, which 
operates without requiring additional air. The diiference 
between these converters resides in their catalytic compo 
sition, since their internal structure is very similar. 

Ceramic honeycomb catalytic converters are monolithic 
and contained in an exterior hollow body made of steel, 
generally stainless steel, which shape is similar to that of 
conventional exhaust pipes. In the converter is located a 
honeycomb shaped ceramic monolith with multiple and 
minute channels of diverse geometric and density of cells. 

Such monoliths are ?xedly located within a catalytic 
converter, which is installed in an automobile exhaust sys 
tem in order to signi?cantly reduce emission of such pol 
luting gases. 

Transition or noble metals have been used to impregnate 
ceramic supports covered with alumina, in order to obtain 
catalysts used for reducing emission of pollutants in gasoline 
engines. However, use of such catalysts have been restricted 
in use to only unleaded gasoline. Use of such catalysts with 
leaded gasoline causes the catalysts to become quickly 
inactivated. Thus, the operator is warned to use unleaded 
gasoline only. Accordingly, use of such catalysts with leaded 
gasoline is unpractical. 
An object of the present invention is to provide a new 

process for the preparation of catalytically active ceramic 
monoliths useful for the reduction of pollutants derived from 
leaded gasoline~fueled internal combustion engines. 
A further object of the invention is to provide a catalyst 

for reducing contaminating gases including hydrocarbons, 
carbon monoxide and nitrogen oxides. 
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2 
Another object of the present invention is to provide a 

process for reducing emissions using a ceramic monolith 
catalyst. 

Another object of the invention is to provide a ceramic 
monolith catalyst which can provide both high conversion in 
oxidation and reduction of pollutants. 

SUMMARY OF THE INVENTION 

The present invention comprises a process for the prepa 
ration of catalytically active ceramic monoliths, in which the 
monoliths are initially coated with gamma alumina alone or 
in combination with cerium oxide and then impregnated 
with catalytic amounts of chromium, copper and nickel. It 
has been discovered that the resulting catalyst may be used 
for the simultaneous oxidation and reduction of exhaust 
gases generated by leaded gasoline-fueled internal combus 
tion engines. Surprisingly, the catalyst of the present inven 
tion does not become quickly deactivated as do prior cata 
lytic converter systems upon contact with exhaust gases 
from engines using leaded gasoline as fuel. Additionally, it 
has been found that inclusion of cerium oxide in the gamma 
alumina base coat prior to impregnation of chromium, 
copper and nickel further increases catalytic activity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention comprises a process of preparation 
of catalytically active honeycomb ceramic monoliths, for the 
simultaneous reduction of pollutants present in exhaust 
gases resulting from burning gasoline containing tetraethyl 
lead in internal combustion engines. Such exhaust gases 
contain pollutants including hydrocarbons, carbon monox 
ide and nitrogen oxides. 
Any suitable ceramic monolithic substrate having a hon 

eycomb structure may be used as a catalyst support. Such 
substrates are conventional. The monolith is preferably 
made of any suitable ceramic material, such as cordierite, 
which has a small range of thermal expansion and a high 
resistance to thermal shock. Such materials are conven 
tional. 
The honeycomb ceramic monolith may, for example, 

possess a density of cells varying from about 200 to about 
400 cells per square inch, preferably from about 300 to about 
400 cells per square inch. The cells are mainly of square 
and/or triangular geometric shapes in a honeycomb design. 
The honeycomb ceramic monoliths of the present inven 

tion are coated with gamma alumina on which is deposited 
or impregnated the transition metals. Preferably, the process 
is carried out using a honeycomb ceramic monolith coated 
with the gamma alumina base in an amount in the range of 
from about 5 to about 20 weight percent, preferably from 
about 15 to about 20 weight percent, based on the total 
weight of the monolith. 
Any suitable gamma alumina may be utilized for coating 

of the monolith. The gamma alumina may be used alone, or 
preferably, the gamma alumina is used in combination with 
from about 1 to about 10 weight percent, preferably from 
about 2 to about 5 weight percent cerium oxide. Gamma 
alumina and gamma alumina/cerium oxide-coated mono 
liths are available from Allied Signal, Inc. Environmental 
Catalysts. Preferred gamma alumina compositions are set 
forth in Table l. 
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TABLE 1 

Support Type I Support Type II 

Surface area, 145-160 145-160 
mzlg 
Chemical com- 95% gamma alumina 100% gamma alumina 
position, wt % 5% cerium oxide 

The gamma alumina-coated ceramic monolith is impreg 
nated with a combination of chromium, copper and nickel. 
Deposit of the active metals of the present invention on the 
gamma alumina coated support is carried out by impregnat 
ing the honeycomb ceramic monolith coated with stabilized 
gamma alumina or gamma alumina/cerium oxide. 

Thus, for example, impregnation is carried out with an 
aqueous salt solution containing chromium, copper and 
nickel, provided, for example, by a dihydrate of sodium or 
potassium dichromate, cupric chloride, and nickel nitrate 
hexahydrate, respectively. The gamma alumina coated 
monolith is preferably heated to a temperature in the range 
of from about 70° to about 100° C. prior to and/or during 
impregnation with the salt solution. 
The aqueous salt solution used for impregnation may have 

any suitable amount of the metals so as to provide catalytic 
amounts thereof on the gamma alumina or gamma alumina! 
cerium oxide base. Preferably, the aqueous salt solution 
comprises a chromium concentration from about 2 to about 
6 weight percent; copper in a concentration from about 1 to 
about 3 weight percent and nickel varying from about 0.5 to 
about 2 weight percent concentration. When the impregna 
tion of the gamma alumina coated monolith with such 
solution has been accomplished, preferably, the monolith 
will have the following composition of metals: from about 
2 to about 5 weight percent, preferably 3 to about 5 weight 
percent chromium; from about 1 to about 3 weight percent, 
preferably about 2 to about 3 weight percent copper; and 
from about 0.5 to about 2 weight percent, preferably 1 to 
about 2 weight percent nickel. 

Following impregnation, the catalyst is subjected to ther 
mal treatment carried out in two steps: 1) drying carried out 
at a temperature of 70° to 100° C. for about 2 to about 6 
hours, and 2) calcination at a temperature in the range of 
from about 200° to about 600° C. for about 2 to about 6 
hours. 

Chromium is preferably provided by a salt containing the 
same, preferably sodium dichromate dihydrate 
(Na2Cr2O7.2H2O); copper by a salt, such as cupric chloride 
(CuCl2) and the nickel by nickel nitrate hexahydrate 
[Ni(NO3)2.6H2O]. 
The coated monolith catalyst of the present invention is 

used to convert pollutants in the exhaust from leaded gaso 
line-fueled engines at temperatures, for example, in the 
range of from about 300° to about 500° C., without the 
deactivation of the catalyst experienced using prior catalytic 
monoliths with leaded fuels. 

EXAMPLE 1 

A honeycomb ceramic monolith coated with gamma 
alumina combined with cerium oxide in an amount of 15 to 
20 weight percent based on the total weight of the monolith 
previously heated to temperatures in the range of 70° to 110° 
C., is impregnated with an aqueous solution containing a 
chromium concentration between 2 and 5 weight percent, a 
copper concentration between 1 and 3 weight percent and a 
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4 
nickel concentration between 0.5 and 2 weight percent, 
based on the total catalyst weight results in a catalytically 
active honeycomb ceramic monolith with the following 
metal composition: 4.5 weight percent chromium, 2.4 
weight percent copper; and 1.0 weight percent nickel based 
on the total catalyst weight. 

EXAMPLE 2 

The monolith obtained in the Example 1 is subjected to a 
thermal treatment comprising the steps of: a) drying and b) 
calcination, carried out under the following conditions: 

a) Temperature: between 70° and 100° C. 
Time: between 2 and 6 hours 

b) Temperature: between 200° and 600° C. 
Time: between 2 and 6 hours 

EXAMPLE 3 

Honeycomb ceramic monolith catalyst prepared accord 
ing to the technique described in Example 2 is placed in a 
catalytic converter. An exhaustion gas stream resulting from 
a leaded gasoline engine, mainly comprising hydrocarbons 
(HC), carbon monoxide (CO) and nitrogen oxides (NOX) at 
a temperature between 300° and 500° C., contacts the 
catalyst resulting in conversion to carbon dioxide, nitrogen 
and water ranging from 50 to 70% without suffering a 
signi?cant loss of catalyst due to the entrainment in system 
as seen in Table 2, below. 

TABLE 2 

Temperature Average Percent Conversion 

(°C.) HC CO NOx 

300 50 50 4 
400 S5 60 12 
500 62 70 18 

EXAMPLE 4 

A ceramic monolith of the honeycomb type coated with 
gamma alumina is heated to temperatures between 70° and 
100° C. and impregnated with an aqueous salt solution 
comprising chromium in a concentration of 2 to 6 weight 
percent, copper in 1 to 3 weight percent and nickel in 0.5 to 
2 weight percent, thus obtaining a catalytically active hon~ 
eycomb type ceramic monolith having the following metal~ 
lic composition: 4.5 weight percent chromium, 2.5 weight 
percent copper and 1.0 weight percent nickel. 

EXAMPLE 5 

The ceramic monolith prepared according to Example 4 is 
subjected to a thermal treatment comprising the steps of: a) 
drying, and b) calcination under the following conditions: 

a) Temperature: between 70° and 100° C. 
Time: between 2 and 6 hours 

b) Temperature: between 200° and 600° C. 
Time: between 2 and 6 hours 

EXAMPLE 6 

The catalytic ceramic monoliths prepared according to 
Examples 4 and 5 are placed in a catalytic converter, and an 
exhaust gas stream from a leaded gasoline fueled engine, 
mainly constituted of hydrocarbons (HC), carbon monoxide 
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(CO) and nitrogen oxides (NO,,) is passed through the 
catalytic converter at temperatures from 300° to 500°. 
Reaction takes place with a conversion to carbon dioxide 
(CO2), nitrogen (N2) and water in the range of 40 to 60% 
without signi?cant loss of catalyst due to the entrainment in 
the system. The average conversion of contaminants at the 
operating conditions in the converter is show in Table 3. 

TABLE 3 

Temperature Average Percent Conversion 

(°c.') rrc co NOX 

300 35 49 3 
400 40 60 9 
500 38 52 15 

Although the invention has bean described with a certain 
degree of particularity, it is understood that the present 
disclosure has been made only by way of example and that 
numerous changes in the details of construction and the 
combination and arrangement of parts may be resorted to 
without departing from the spirit and scope of the invention. 
Thus, the scope of the invention should not be limited by the 
foregoing speci?cation. 
What is claimed is: 
1. A process for the preparation of catalytically active 

ceramic monoliths for the reduction of pollutants derived 
from leaded gasoline fueled engines comprising the steps of 
impregnating a gamma alumina~cerium oxide base-coated 
honeycomb ceramic monolith with an aqueous solution 
comprising chromium, copper and nickel and subsequently 
heating the impregnated monolith. 

2. The process of claim 1, ,wherein said honeycomb 
ceramic monolith coated with gamma alumina is heated to 
a temperature between about 70° and about 110° C. prior to 
impregnation. 

3. The process of claim 1, wherein said impregnation 
solution is an aqueous solution having a chromium concen 
tration between about 2 and about 6 weight percent; a copper 
concentration between about 1 and about 3 weight percent, 
and a nickel concentration between about 0.5 and about 2 
weight percent. 

4. The process of claim 1, wherein the impregnated 
catalyst is subjected to thermal treatment including a drying 
step and a calcinating step. 

5. The process of claim 4, wherein said drying step is 
carried out at a temperature between about 70° and about 
110° C., for a period from about 2 to about 6 hours. 

6. The process of claim 5, wherein said calcination step is 
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carried out at a temperature in the range of from about 200° 
to about 600° C. for a period from about 2 to about 6 hours. 

7. A catalyst for conversion of exhaust gas pollutants 
comprising a gamma alumina-cerium oxide base-coated 
honeycomb ceramic monolithic substrate in which said 
gamma alumina is impregnated with chromium, copper and 
nickel. 

8. The catalyst of claim 7, wherein said substrate contains 
from about 2 to about 5 weight percent chromium, from 
about 1 to about 3 weight percent copper, and from about 0.5 
to about 2 weight percent nickel. 

9. The catalyst of claim 8, wherein said substrate contains 
from about 3 to about 5 weight percent chromium, and from 
about 1 to about 2 weight percent nickel. 

10. The catalyst of claim 8, wherein said gamma alumina 
base comprises cerium oxide. 

11. The catalyst of claim 9, wherein said gamma alumina 
base comprises cerium oxide. 

12. The catalyst of claim 7, wherein said cerium oxide is 
present in the amount of from about 1 to about 10 weight 
percent. 

13. The catalyst of claim 12, wherein said cerium oxide is 
present in the amount of from about 2 to about 5 weight 
percent. 

14. A catalyst for conversion of exhaust gas pollutants 
derived from lead gasoline fueled engines consisting essen 
tially of a gamma alumina-cerium oxide base-coated hon 
eycomb ceramic monolithic substrate impregnated with 
chromium, copper and nickel. 

15. The catalyst prepared by the process of claim 1. 
16. The process for the preparation of catalytically active 

ceramic monoliths for the reduction of pollutants resulting 
from leaded gasoline fueled engines comprising the steps of 

providing a gamma alumina base-coated honeycomb 
ceramic monolith; 

impregnating said gamma alumina base-coated honey» 
comb ceramic monolith with an aqueous solution com~ 
prising an aqueous salt solution of chromium, copper 
and nickel salts; 

drying said impregnated monolith at a temperature of 
about 70° to about 100° C.; and 

calcining said dried impregnated monolith at a tempera 
ture of from about 200° to about 600° C. 

17. The process of claim 16, wherein said gamma alumina 
base comprises cerium oxide. 


