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METHOD FOR THE DETOXIFICATION OF 
EXHAUST CASES OF INTERNAL COMBUSTION 

ENGINES 

BACKGROUND OF THE INVENTION 

This invention relates to a method for the detoxi? 
cation of the exhaust gases of internal combustion en 
gines, especially vehicular engines, by reducing the vol 

1 ume of hydrocarbons, carbon monoxide and nitrogen 
oxide in the exhaust gas, so that the proportions of the 

_ hydrocarbons and carbon monoxide exhaust gas com 
ponents are ?rst reduced by ‘oxidation in an after burn 
ing device, and subsequently the exhaust gas is fed 
through a catalyzer for an after reaction. 

In the past, detoxi?cation devices have been pro 
vided for reducing the above mentioned three exhaust 
gas components to such an extent that a danger of con 
taminating the air is substantially reduced or elimi 
nated. ' 

One well known method suggests detoxi?cation of 
the exhaust gases in two steps. In the ?rst step, the ex 
haust gas if fed through an after burning device in 
which the hydrocarbons and carbon monoxide are pro 
portionally reduced. However, as is known, it is not 
possible to reduce the proportion of the nitrogen oxides 
in such afterburning devices. The reduction of the pro 
portion of the nitrogen oxideis accomplished, in accor 
dance with the known method, by a feedback of the ex 

‘ haust gases, whereby the feedback apparatus is com“ 
bined with the after burning device. The exhaust gas 
feedback is accomplished in accordance with the 
known method by syphoning off a portion of the ex 
haust gas from the exhaust gas pipe upstream of the 
muf?er and supplying it to the carburator. In this man 
ner the combustion temperature is reduced to such an 
extent that substantially less nitrogen oxide is produced 
in the engine during combustion. I 
The above described prior art method has the disad 

vantage that it is rather costly, because the feedback 
and the metering of the exhaust gases requires addi 
tional control means such as measuring shutters, 
valves, as well as ?lters and so forth. _ 

In another known method the ignition timing is 
shifted to reduce the proportion of nitrogen oxide in 
the exhaust gases. This method also reduces the com 
bustion temperature in theengine, as in the case of the 
exhaust feedback method. This method, however, has 
the substantial disadvantage that it results in a signi? 
cant increase in fuel consumption. 

In both of the above methods for reducing the pro 
duction of nitrogen oxide the disadvantage arises that 
the reduction of the combustion temperature effects an 
increase ‘in the proportion of hydrocarbons in the ex 
haust gas, consequently, additional steps are necessary 
for removing the increased proportion of hydrocarbon. 

According to another known arrangement as dis 
closed for example in German Pat. No. 1,292,146, a 
catalyzer is provided downstream of the after burning 
device. The combustion in the after burning device is 
controlled so that the hydrocarbons and the carbonv 
monoxide are burned as completely as possible in the 
after burner. This is accomplished by applying a corre 
sponding excess of air to the after burner. The addi 
tional air supplied to the after burner may be preheated 
if desired. 
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2 
In this arrangement the catalyzer serves the function 

of burning the hydrocarbons from the after burner 
which were not burned in the after burner, whereby the 
proportion of nitrogen oxide in the exhaust gas is sup 
posed to be regulated. However, in such an after burn 
ing in the catalyzer wherein an excess of air is em 
ployed, there is the danger of forming toxic nitrogen 
dioxides. 

OBJECTS OF THE INVENTION 

In view of 'the above disadvantages of the known 
methods, it is the object of this invention to provide an 
improved method of the type last described above, that 
is a method which employs an after burning device with 
a following catalyzer in which a substantial elimination 
of the three mentioned‘ toxic exhaust gas components 
is possible without an undesirable power loss. 

It is yet another object to eliminate the above men 
tioned toxic components of internal combustion engine 
exhaust gases by reacting these components, or at least 
certain of these components with each other so that 
compounds will result which are not harmful. 

' DETAILED DESCRIPTION OF AN EXAMPLE 
EMBODIMENT: 

In order that the invention may be clearly under 
stood, it will now be described by way of example, with 
reference to the single FIGURE of the accompanying 
drawing which illustrates schematically an exhaust sys 
tem of an internal combustion engine which may be 
employed for performing the method of the invention. 

A conventional engine 1 is provided with an exhaust 
manifold 2 connected to an after burner 3 which as 
such is of conventional construction. The outlet of the 
after burner 3 is connected to ‘a catalyzer 4. The outlet 
of the catalyzer 4 is connected to an exhaust gas con 
duit 5 and thence to a conventional muffler 6 if desired. 

In the method according to the invention, the regula 
tion or control of the oxygen supply in the system is es 
sential. The proportion of oxygen which is desirable for 
thevoxidation in the afterbumer device, can be ob 
tained in the simplest fashion by controlling the air sup 
ply. This may be done in a practical manner by supply 
ing just enough air to the after ‘burner device 3 to oxi 
dize the necessary proportion of the carbon monoxide 
and to burn the proportion of the hydrocarbons present 
so that a complete combustion of the carbon monox 
ides in the after burner is avoided. The air supply may 
for example be accomplished by blowing fresh air into 
the exhaust pipes upstream of the after burner device 
for example by means of a suitably controlled blower 
9 connected by pipe 7 to the upstream side of after 
burner 3. Alternatively the necessary additional air 
may be provided by a suitable selection of the fuel air 
mixture by correspondingly tuning or adjusting the car 
burator 8. These two techniques may also be com 
bined. 
When the method according to the invention is em 

ployed, the hydrocarbons in the exhaust gas are com 
pletely oxidized in the after burner device 3, except for 
an insigni?cant remainder, so that carbon dioxide and 
water are formed. The desired oxidation may be 
achieved by a suitable control of the temperature in the 
after burner 3, as well as by a suitable conduction of the 
exhaust gas inside the after burner. Only the carbon 



3,803,839 
3 

monoxide and the nitrogen oxide are involved in the 
following reduction process in the catalyzer. In this re 
gard it must be assured that the oxygen proportion in 
the catalyzer does not exceed the limits which, if ex 
ceeded, would result in the formation of harmful nitro 
gen oxide which would remain in the exhaust gas reach 
ing the atmosphere. 

Suitable catalyzing materials or catalysts for use in 
the method according to the invention are readily avail 
able and are well known to those skilled in the art. It 
is preferable to employ granular metal oxides for the 
catalysts, the grains of which have large surface areas. 

The optimum detoxi?cation is accomplished in ac 
cordance with the invention by passing the entire quan 
tity of exhaust gas through the after burner 3 as well as 
through the catalyzer 4. 
According to a modification of the invention the 

after burner device and the catalyzer may be combined 
in a unitary structure. As an example some components 
of the after burner device may be coated with the cata 
lyst material, such as those components which are sub 
ject to especially heavy wear and therefore are subject 
to occasional replacement. 

In the following paragraphs the functional sequence 
of the method according to the invention will be ex 
plained with reference to the exhaust gas components 
of interest. 
The exhaust gas emanating from the motor, that is, 

the exhaust gas which is not yet detoxified comprises 
generally about 4 per cent by volume of carbon monox 
ide, 0.06 per cent by volume of hydrocarbons and 0.12 
per cent by volume of nitrogen oxide‘. 
The hydrocarbons are removed substantially com 

pletely by oxidation in the after burner device (actually 
a remainder of about 30 X 10-“0 per cent by volume re 
mains) and the carbon monoxide is removed to the ex 
tent that 15 per cent by volume remains. The following 
basic reactions occur in the after burner: 

In the catalyzer which follows the after burner device 
the 1.5 per cent by volume of carbon monoxide reacts 
with 0.12 per cent by volume of nitrogen oxide, so that 
carbon dioxide and nitrogen are formed, whereby only 
an insigni?cantly small amount of 0.3 per cent by vol 
ume of carbon monoxide remains in the gas to be even 
tually exhausted. The reduction in the catalyzer takes 
place in accordance with the following basic equation: 

CO+NO -* CO2+N 

Heretofore those skilled in the art believed that for a 
substantial and efficient detoxi?cation of the exhaust 
gases it was desirable to completely burn the exhaust 
gases in the after burner, and that therefore a corre 
spondingly large quantity of secondary air must be sup 
plied to the after burner. Contrary thereto, the inven 
tion is based upon recognition of the fact that, for a de 
toxification which is as efficient as possible, it is essen 
tial that a certain proportion of the carbon monoxide 
remains in the exhaust gas, so that the necessary 
amount of carbon monoxide is available for reduction 
of the nitrogen oxides in the catalyzer located down 
stream of the after burner. 
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In an especially, advantageous operating condition of 

the present invention, the carbon monoxide is oxidized 
in the after burner to such an extent that the reaction 
in the catalyzer occurs as a reduction in the presence 
of not more than about 0.5 to 0.8 per cent by volume 
of oxygen. 

In comparison with known methods which employ 
after burning in combination with a catalyzer, the pres 
ent invention achieves a more complete removal of the 
toxic agents from the exhaust gas as it‘also removes the 
nitrogen oxides. This result is possible since the com 
bustion in the engine occurs at normal combustion 
temperatures. The proportions of hydrocarbons and 
carbon monoxide in the exhaust gas which are pro 
duced by the engine may now be oxidized as com 
pletely as necessary in an after burner device 3 of con 
ventional construction. The substantially complete re 
moval of the nitrogen oxides is accomplished according 
to the invention, by regulating the proportion between 
the amount of carbon monoxide which remains in the 
exhaust gas after the passage of the after burning de 
vice and the amount of nitrogen oxides remaining after 
the combustion in the engine. The proportion is con 
trolled substantially in accordance with stoichiomctric 
proportional quantities, having due regard to the reac 
tion in the catalyzer. 
According to the teaching of the present invention, 

then, just as much-carbon monoxide should remain in 
the after burner device as is stoichiometrically suff 
cient for a complete reduction of the nitrogen-oxygen 
compounds in the catalyzer. The hydrocarbons are 
preferably completely oxidized in the after burner de 
vice. However, it is also permissible that small residual 
amounts of hydrocarbons and/or a small excess of car 
bon monoxide may be present in the catalyzer where 
they are oxidized to produce carbon dioxide and water. 

In such instances, the catalyzer or catalyst may be se 
lected so that the reduction of the nitrogen oxides as 
well as the oxidation of the hydrocarbon compounds to 
carbon dioxide and water in the catalyzer are facili 
tated. Such catalysts are well'known. 
The method according to the invention does not im 

pair the ef?ciency of combustion in the engine. How 
ever, a certain power output reduction will result due 
to the use of a catalyzer. As compared with previously 
employed methods, the method of the invention at 
tains a higher degree of detoxi?cation with regard to 
the three harmful exhaust gas components discussed 
above. 

Incidentally, it has been found that the above men 
tioned granular metal oxide catalysts could, for exam 
ple be oxides of metals such as chromium, manganese, 
iron, cobalt, nickel, copper, silver, and platinum. Natu 
rally, the latter two examples will be used exceptionally 
in view of price considerations. Moreover, the granular 
oxides of any one of these metals may be mixed with 
any other for the present purposes, and the listed exam 
ples do not exclude the use of other suitable catalysts. 

SUMMARY OF THE INVENTION 

According to the method of the present invention, 
the volume proportion of the carbon monoxide in the 
exhaust gas is reduced in the after burner device only 
to such an extent that it corresponds to about ten times 
or slightly more than ten times the volume proportion 
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of the nitrogen oxide in the exhaust gas, thereafter the 
exhaust components in these proportions are reacted in 
a catalyzer to form carbon dioxide and nitrogen. 
Although the invention has been described with ref 

erence to speci?c example embodiments, it is to be un 
derstood that it is intended to cover all modi?cations 
and equivalents within the scope of the appended 
claims. 
What I claim is: 
1. In a method of operating an internal combustion 

engine having an exhaust outlet for detoxifying the ex 
haust gases of said internalcombustion engine by di 
minishing the volume proportions of hydrocarbons, 
carbon monoxide and nitrogen oxide in the exhaust 
gas, wherein in a ?rst step the proportions of hydrocar 
bons and carbon monoxide in the exhaust gas are di 
minished by oxidation in an after burner device and 
wherein in a second step the exhaust gas is fed to a cat 
alyzer for an after reaction, the improvement compris 
ing supplying by controllable air supply means to a 
point downstream of said engine exhaust outlet an air 
volume sufficient for partially diminishing in said first 
oxidation step in said after burner the volume propor 
tion of the carbon monoxide in the exhaust gas to such 
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an extent that the remainder of carbon monoxide cor 
responds to about 10 times the volume proportion of 
the nitrogen oxide in the exhaust gas, and thereafter re 
acting these proportions of about 10 parts by volume 
of carbon monoxide and 1 part by volume of nitrogen 
oxide, said proportioning of CO to NO amounting to 
substantially stoichiometric proportions in said cata 
lyzer, with each other in said catalyzer to form carbon 
dioxide and nitrogen by reduction of the nitrogen oxide 
to nitrogen and further oxidizing the remaining carbon 
monoxide to carbon dioxide: thus C0 + NO —* CO2 
+ N. 

2. The method according to claim 1, wherein for said 
reduction suf?cient air is supplied so that the reduction 
in the catalyzer takes place in the presence of about 0.5 
to 0.8 percent by volume of oxygen. 

3. The method according to claim 2, comprising pass 
ing all of the exhaust gas of the engine ?rst through an 
after burner device and then through a catalyzer. 

4. The method of claim 1, wherein said step of oxidiz 
ing comprises supplying air to said after burner in an 
amount suf?cient to substantially completely oxidize 
said hydrocarbons in said after burner. 

* * * * * 
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