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ABSTRACT  

 

A muffler device with catalysts for improving 

purifying exhaust gas of nitrogen oxides 

within a motorcycle exhaust pipe comprises a 

muffler divided into three chambers, a first 

chamber, a second chamber, and a third 

chamber; a front exhaust pipe; a front 

reduction catalyst; a rear exhaust pipe 

provided with a secondary air inlet behind the 

reduction catalyst for introducing secondary 

air therein. Thereby, the exhaust gas from an 

engine with air-to-fuel ratio less than or equal 

to 14.7 will firstly pass the reduction catalyst 

to have its nitrogen oxides (NOX) effectively 

inverted into nitrogen (N2) and oxygen (O2), 

and then secondary air will be added to the 

exhaust gas so as to increase its air-to-fuel 

ratio to larger than 14.7, and finally the 

exhaust gas will pass the oxidation catalyst to 

have its carbon monoxide (CO) and 

hydrocarbons (HC) effectively inverted into 

carbon dioxide (CO2) and water (H2O). 
 

 

INTRODUCTION 
  

The present paper relates to purify of waste 

gas from motorcycle, and particularly to a 

muffler device with catalysts for improving 

purifying exhaust gas of nitrogen oxides 

within a motorcycle exhaust pipe which 

arranges the muffler, a reduction catalyst, an 

oxidation catalyst and a secondary air inlet, as 

well as a means for controlling the air-to-fuel 

ratio of exhaust gas utilizing the arrangement. 

  

The air-to-fuel ratio (M/F) referred in the 

present paper refers to the volumetric ratio of 

the air to fuel in the exhaust gas from an 

engine. To attain an ideal operating condition  

 

 

for an engine, the air-to-fuel ratio of the air-

fuel mixture is controlled around 14.7, as 

shown by the shadowed region in Figure 1. 

This region not only avoids incomplete 

combustion of the fuel but also enhances 

cleaning pernicious gases in the exhaust gas 

by reduction and oxidation reactions. [1, 2, 6] 

 

 
 

Figure 1 

 

Figure 1 is a plot disclosing the idealized 

conversion efficiency versus air-to-fuel ratio 

relation, wherein a compromised optimum 

transition percentage occurs at an air-to fuel 

ratio of 14.7. 

 

 

Further, the factors influence the 

effectiveness of inverting an exhaust gas from 

a motorcycle engine includes the technology 

of installing catalysts and the arrangement of 

a secondary air inlet.  

A common method is installing one or more 

than one metallic catalyst carriers doped 

with precious metals selected from rhodium 

(Rh), platinum (Pt) and palladium (Pd) in the  
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exhaust pipe of a motorcycle. A secondary air 

inlet is further installed in front of the catalyst 

carriers for sucking the air from outside into 

the exhaust pipe so that the air-to-fuel ratio of 

the exhaust gas becomes larger than 14.7, 

enhancing the efficiency of inverting carbon 

monoxide (CO) and hydrocarbons (HC) 

effectively into carbon dioxide (CO2) and 

water (H2O).  

However, the high oxygen content of the 

exhaust gas and the high temperature due to 

oxidation seriously lower the efficiency of 

inverting nitrogen oxides (NOX). Moreover, 

the nitrogen oxides (NOX) therefore released 

in the atmosphere contributes to the 

formation of acid rains and the destruction of 

the ozone layer. [1, 5, 7] 

 

 

Some of the methods for purifying 

Exhaust Gas: 

 

 1) The exhaust gas treatment system includes 

a first stage converter containing an N0.sub.x 

reduction catalyst, a second stage converter 

containing a catalyst for oxidation of CO and 

hydrocarbons, and means for admitting 

secondary air to the inlet of the second stage. 

Reduced CO and hydrocarbon emissions are 

obtained by admitting air in an amount not 

greater than that required to achieve a 

stoichiometric mixture to the inlet of the first 

stage during cold (i.e., choked) engine 

operation, discontinuing the flow of air to the 

first stage inlet when the average air-fuel ratio 

reaches approximately its normal warm 

engine value, and thereafter continuing 

operation without adding an appreciable 

quantity of air to the inlet of the first stage.  

The engine is operated with a substantially net 

rich average air-fuel ratio during warm up 

and with a slightly net rich average air-fuel 

ratio thereafter. [1, 3] 

 

2) In another method a secondary air supply 

apparatus for an internal combustion engine 

is provided with an air-fuel ratio sensor 

disposed upstream of a catalytic converter in  

 

 

 

an exhaust passage. An outlet port I of a 

secondary air supply conduit is formed  

upstream of and approximately the air-fuel 

ratio sensor. Air discharged from an air 

pump is supplied to the exhaust passage 

through the secondary air supply conduit. A 

control unit diagnoses as to whether or not 

the air-fuel ratio sensor is activated by 8 

checking as to whether a detection signal of 

the air-fuel ratio sensor is out of a 

predetermined range or not. Then, the 

control unit diagnoses as to whether the 

supply of the secondary air is normal or not 

on the basis of the detection signal of the air-

fuel ratio sensor. [1, 4] 

 

3) In another method secondary air is 

correctly executed discloses an exhaust gases 

from internal combination engine, which are 

purified by catalyst treatment. The systems 

have an initial catalyst, preferable in a 

separate vessel near the engine, and a 

substantially in line catalyst. Preferably, the 

catalysts are of the honey-type. The exhaust 

gases and an excess of oxygen, with or 

without a supplemental fuel, are passed 

through the initial catalyst during the startup 

of the engine to insure that the exhaust gases 

are purified more or less as soon as the 

engine begins operation. In order to reduce 

the amount of nitrogen oxides in the exhaust 

after start-up an excess of extraneous fuel is 

fed to the initial catalyst to reduce nitrogen 

oxides to nitrogen. The subsequently in line 

catalyst serves to reduce the carbon 

monoxide and hydrocarbon contents of the 

exhaust gases. [1, 7] 

 

 

Comparison: 
 

Above three citations, provide an exhausting 

gas purifying system, which conclude 

reduction catalyst and oxidation catalyst so 

as to purifying the wasted gas from an 

engine.  

However as we know above-mentioned 

structure cannot effective purifying the 

exhausting gas. There is an eager demand for  

 

 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

3 

 

 
 

a novel design, which cans effectively 

purifying waste gas.  

The division of the muffler into the first, 

second and third chambers has the effect of 

disturbing the molecules in the  gas so as to 

clean the exhausting gas from the outlet of the 

rear exhaust pipe. Thus, the exhaust gas is 

processed effectively. [1, 5, 6, 7] 

 

Accordingly, the primary objective of the 

present paper is to provide a muffler device 

with catalysts for improving purifying exhaust 

gas of nitrogen oxides within a motorcycle 

exhaust pipe, whereby nitrogen oxides (NOX) 

will be more effectively removed without 

sacrificing the effectiveness of inverting 

carbon monoxide (CO) and hydrocarbons 

(HC). 

To achieve the above objective, the present 

paper as a muffler device with catalysts for 

improving purifying I exhaust gas of nitrogen 

oxides within a motorcycle exhaust pipe. The 

muffler device comprises a muffler divided 

into three chambers, a first chamber, a second 

chamber, and a third chamber; the first and 

second chamber being spaced by a first 

partition board; the second and third 

chambers being  isolated by a second partition 

board; wherein there are vents being formed 

on the first and second partition board; a 

front exhaust pipe connected to an exhaust 

terminal of an engine for receiving exhausting 

gas from the engine; a front reduction catalyst 

disposed within a front exhaust pipe near the 

exhaust terminal of an engine; a rear exhaust 

pipe provided with a secondary air inlet 

behind the reduction catalyst for introducing  

 

secondary air therein; when there are 

reduction catalysts disposed in the front 

exhaust pipe, the secondary air inlet is located 

behind the rearmost of the reduction catalysts. 

Thereby, the exhaust gas from an engine with 

air-to-fuel ratio less than or equal to 14.7 will 

firstly pass the reduction catalyst to have its 

nitrogen oxides (NOX) effectively inverted 

into nitrogen (N2) and oxygen (02), and then 

secondary air will be added to the exhaust gas 

so as to increase its air-to-fuel ratio to larger 

than 14.7, and finally the exhaust gas will pass  

 

the oxidation catalyst to have its carbon 

monoxide (CO) and hydrocarbons (HC) 

effectively inverted into carbon dioxide (C02) 

and water (H20). [2, 4] 

 

 

Experimental Data: 
 

Referring to Figure 2, a preferred 

embodiment of the present paper for 

improving purifying exhaust gas of nitrogen 

oxides within a motorcycle exhaust pipe has 

the following elements. A muffler 4 is divided 

into three chambers, a first chamber 41, a 

second chamber 42 and a third chamber 43. 

The first and second chamber 41, 42 are 

spaced by a first partition board 51. A second 

partition board 52 isolates the second and 

third chambers 42, 43. There are vents being 

formed on the first and second partition 

board 51 and 52 so that air can flow through 

those vents. The muffler 4 further includes a 

muffler outlet 44. A front exhaust pipe 10 is 

connected to an exhaust terminal 1 of an 

engine for receiving exhausting gas from the 

engine 1. 

 A front reduction catalyst 2 is disposed 

within a front exhaust pipe 10 near the 

exhaust terminal 1 of an engine. The 

reduction catalyst 2 is a carrier made of 

metallic or ceramic materials and doped with 

precious metals containing at least rhodium  

 

(Rh) for inverting exhaust gas form the 

engine. Further, the reduction catalyst 2 can 

be a three-way catalyst composed of rhodium 

(Rh), platinum (Pt) and palladium (Pd). 

  

A rear exhaust pipe 11 is provided with a 

secondary air inlet 4 behind the reduction 

catalyst 2 for introducing secondary air 15 

therein. When there is reduction catalysts 

two disposed in the front exhaust pipe, the 

secondary air inlet 14 is located behind the 

rearmost of the reduction catalysts 2. 

 

The front exhaust pipe 10 and the rear 

exhaust pipe 11 are located within the 

muffler 4. An outlet of the rear reduction 

catalyst 11 is opened to the first chamber 41  
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so that gas flowing out of the rear exhaust 

pipe 11 will enter into the first chamber 41, 

and then flow into the second chamber 42 

through the vents on the first partition board, 

and then to the third chamber 43 through the 

vents on the second partition board. Then the 

exhaust gas flows out of the muffler from the 

muffler outlet 44. 

 The preferred embodiment further includes 

at least one oxidation catalyst 3 disposed in 

the rear exhaust pipe 11 behind the secondary 

air inlet 14. The oxidation catalyst 3 is a 

carrier made of metallic or ceramic materials 

and doped with precious metals containing at 

least platinum (Pt) and palladium (Pd) for 

inverting exhaust gas 13 from the reduction 

catalyst 2. Further, the oxidation catalyst 3 

can be a three-way catalyst composed of 

rhodium (Rh), platinum (Pt) and palladium 

(Pd). The division of the muffler into the first, 

second and third chambers 41, 42 and 43 has 

the effect of disturbing the molecules in the 

gas so as to clean the gas. In the aforesaid 

catalyst system, the front exhaust gas 12 from 

the exhaust terminal 1 of an engine into the 

front exhaust pipe 10 contains large amounts 

of pernicious gases, such as carbon monoxide 

(CO), hydrocarbons (HC) and nitrogen oxides 

(NOX), and oxygen (O2) that is not burned up  

in the engine, therefore having an air-to-fuel 

ratio (MF) less than 14.7. [1, 2, 5] 

 

 

 The present paper therefore comprises the 

following steps: 
 

 (1) A reduction reaction is activated by which 

the reduction catalyst 2 purifies the front 

exhaust gas 12 from the exhaust terminal 1 of 

an engine into the front exhaust pipe 10, 

reducing the nitrogen oxides (NOX) to 

harmless nitrogen (N2) and oxygen (02). 

Thereby, the front exhaust gas 13 from the 

reduction catalyst 2 has pernicious gases only 

of carbon monoxide (CO) and hydrocarbons 

(HC). Further, the oxygen (02) produced 

during the reaction of reduction, though with 

a scarce amount, helps the rear exhaust gas 13 

undergoing an oxidation reaction. 

 

 

 (2) Secondary air 15 is introduced from 

outside into the rear exhaust pipe 11 behind 

the reduction catalyst 2 so as to supply the 

rear exhaust gas 13 with oxygen for 

increasing the air-to-fuel ratio (MF) of the 

rear exhaust gas 13 to more than 14.7. The 

means for controlling the inlet of the 

secondary air 15 is powered by the negative 

pressure of the engine, which uses a control 

valve mounted to the negative pressure 

terminal of the engine. Thereby, an 

intermittent negative pressure from the 

engine sucks the secondary air 15 from 

outside into the rear exhaust pipe 11 in 

amounts proportional to the rate of exhaust 

gas from the engine. 

Therefore, the rear exhaust gas 13 gets 

sufficient supply of oxygen, always 

maintaining an air-to-fuel ratio larger than 

14.7. An electric pump can also be used to 

facilitate the inflow of the secondary air 15 

into the rear exhaust pipe 11. 

 (3) An oxidation reaction is activated by 

which the oxidation catalyst 3 purifies the 

rear exhaust gas 13, which has an air-to-fuel 

ratio larger than 14.7, of carbon monoxide 

(CO) and hydrocarbons (HC) by inverting 

them into harmless carbon dioxide (C02) and 

water (H20). The oxidation catalyst 3 therein 

contains at least precious metals of platinum  

(Pt) and palladium (Pd) so that the rate of 

inverting the rear exhaust gas 13 can be 

effective under the condition that the air-to-

fuel ratio is larger than 14.7.  

The foresaid method including steps (1) to (3) 

not only effectively increases the rate of 

purifying exhaust gas of nitrogen oxides 

(NOX) by the reduction catalyst 2, but also 

sustains the rate of purifying exhaust gas of 

carbon monoxide (CO) and hydrocarbons 

(HC) by the oxidation catalyst 3.[1,3,6] 

 
 

Figure 2 
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Figure 2 is a diagram showing the layout of 

the present paper in an exhaust pipe, wherein 

the operational process from a front exhaust 

gas, a reduction catalyst, a secondary air inlet, 

a rear exhaust gas and an oxidation catalyst is 

illustrated. 

 

As shown in Figure. 3, this significantly 

improves the quality of exhaust gas from a 

motorcycle engine. Further, according to the 

preferred embodiment illustrated in FIG. 2, 

the exhaust pipes 10 and 11 are housed in a 

muffler 4. In other words, the front reduction 

catalyst 2, the secondary air inlet 14 and the 

rear oxidation catalyst 3 can be mounted on 

the exhaust pipes 10 and 11 or the partition 

boards of the muffler 4, as shown in Figure. 2. 

Either way falls in the scope of the present 

paper. The present paper is thus described; it 

will be obvious that the same may be varied in 

many ways. Such variations are not to be 

regarded as a departure from the spirit and 

scope of the  

 

Present paper and all such modifications as 

would be obvious to one skilled in the art are  

intended to be included within the scope of the 

following claims. [2, 6] 

 

 
 

Figure 3 

 

Figure 3 is a plot disclosing the conversion 

efficiency versus air-to-fuel ratio relation 

associated with the present paper, 

wherein inverting nitrogen oxides (NOX) 

occurs when air-to-fuel ratio is less than 14.7 

and inverting carbon monoxide (CO) and  

 

hydrocarbons (HC) occurs when air to- fuel 

ratio is larger than 14.7.[1,4] 

 

 

Results and Conclusion: 

 

A muffler device with catalysts for improving 

purifying exhaust gas of nitrogen oxides 

within a motorcycle exhaust pipe; the device 

comprising: 

a muffler divided into three chambers, a first 

chamber, a second chamber, and a third 

chamber; the first and second chamber being 

spaced by a first partition board; the second 

and third chambers being isolated by a 

second partition board; wherein there are 

vents being formed on the first and second 

partition board so that air can flowing 

through the vents; the muffler further 

including a muffler outlet: u a front exhaust 

pipe connected to an exhaust terminal of an  

 

engine for receiving exhausting gas from the 

engine; a front reduction catalyst disposed 

within the front exhaust pipe near the 

exhaust terminal of an engine; a rear exhaust 

pipe provided with a secondary air inlet 

behind the front reduction catalyst for  

 

 

introducing secondary air therein; wherein 

when there are rear reduction catalysts 

disposed in the rear exhaust pipe, and a 

secondary air inlet is located behind the 

rearmost of the front reduction catalysts; 

 

Wherein: 

 the front exhaust pipe and the rear 

exhaust pipe are located within the 

muffler; an outlet of the rear 

reduction catalyst is opened to the 

first chamber so that gas flowing out 

of the rear exhaust pipe will enter into 

the first chamber, and then flow into 

the second chamber; and then to the 

third chamber; then the exhaust gas 

flows out of the muffler from the 

muffler outlet. 

 an inner wall of the carrier of said 

reduction catalyst is doped with at 

least metallic rhodium (Rh).  
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 an inner wall of the carrier of said 

reduction catalyst is doped with 

metallic rhodium (Rh), platinum (Pt) 

and palladium (Pd). 

 a negative pressure from said engine 

drives said secondary air into said 

exhaust pipe.  

 an electric air pump drives said 

secondary air into said exhaust pipe.  

 an inner wall of the carrier of said 

oxidation catalyst is doped with at 

Least metallic platinum (Pt) and 

palladium (Pd).  

 an inner wall of the carrier of said 

oxidation catalyst is doped with 

metallic rhodium (Rh), platinum (Pt) 

and palladium (Pd).[1,2,4,7] 
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