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ABSTRACT 
The nitrogen oxides (NOx) are prominent and harmful pollutants in the exhaust of diesel engines. The reduction of 

NOx to harmless products using catalysts is proved to be a remedy. The present study attempts to reduce NOx 

emissions in the exhaust of low heat rejection (LHR) diesel engine by  catalytic reduction, using  lanthanum ion 

exchanged zeolite (catalyst-A) and urea infused lanthanum ion exchanged zeolite (catalyst-B) under varied conditions 

. The effect of temperature of catalyst, space velocity, and void ratio on the reduction of NOx in the exhaust of the 

engines are also studied and compared with the conventional engine (CE) under identical conditions. The study 

showed a considerable reduction by 40-50% in NOx emissions.  
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I.INTRODUCTION  

The emissions from diesel engines largely contribute to 

atmospheric pollution and health problems in human 

beings [1-3] and other animals [4]. The nitrogen oxides 

(NOx) are most common and harmful pollutants in the 

exhaust of diesel engines besides CO. The NOx play an 

important role in atmospheric reactions which create 

harmful particulate matter, smog, acid rains etc [5]. 

Breathing of NOx causes respiratory illness, bronchitis, 

eye irritation and carcinogenic effects [1,5,6]. The control 

of NOx has been achieved by the improvements in the 

engine design and combustion chamber modifications etc. 

But most of those modifications resulted in increase of 

pollution by particulate emissions [7,8] and deterioration 

of fuel economy [9].   

 

The selective catalytic reduction technique [10, 11] is 

becoming increasingly popular and cost effective method 

in reduction of NOx levels. The modified zeolites [12-15] 

are cheaper and can reduce NOx over wide range of air-

fuel ratios and temperature. For effective combustion of 

fuel, high temperature is required in combustion chamber 

of the engine,which is provided by an insulated or LHR 

version of engine. The present paper reports the 

comparative study of measurement and control of NOx in 

the exhaust of conventional and low heat rejection (LHR) 

diesel engines by using lanthanum ion exchanged zeolite 

and urea infused catalysts.  
 
II. EXPERIMENTAL PROGRAMME  
Figure 1 shows the schematic diagram of experimental set 

up employed in the study. Investigations are carried out on 

a Kirloskar make, single cylinder, medium speed, water 

cooled, 3.68 kW diesel engine. It is connected to an 

electrical dynamometer for measuring brake power of the 

engine from which brake mean effective pressure (BMEP) 

is calculated. The load on the dynamometer is varied by 

means of loading rheostat. The exhaust gas temperature is 

measured by using iron and iron- 

 

 

constantan thermocouple.  NOx levels in the exhaust of the 

engine are measured by using Netel Chromatograph NOx 

analyzer, which is connected to the outlet of catalytic 

chamber, which in turn connected to the exhaust pipe of 

the engine.  The rate of gas flow is measured by using a 

rotometer.  

 

The catalyst is prepared [10] by using zeolite and 

lanthanum ion salt. Ion exchange is done by stirring 500 

grams of zeolite in a 2N solution of lanthanum (III) salt for 

5-6 hours at 70-80
o
C. Ion exchanged zeolite is recovered 

by filtration and activated by calcination in an oven at 

400
o
C for     3 hours and is furnace cooled to retain 

mechanical properties. Modified zeolite so obtained is 

placed in catalytic chamber which has a cylindrical shape 

with a diameter of 100 mm and length 250 mm. Infusion 

of urea on lanthanum exchanged zeolite (catalyst-B) is 

made by gravity feed dosing system. A nozzle is used to 

generate fine spray of urea solution into exhaust gas before 

it enters into catalytic chamber containing lanthanum 

exchanged zeolite. LHR engine [16, 17] consists of an air 

gap insulated piston with superni crown and air gap 

insulated liner with superni insert as shown in Fig.2.  

 

III. RESULTS AND DISCUSSION 
A comparative data pertaining to NOx emissions in the 

exhaust of the engine under varied conditions is presented 

in Table-1.The data shows that the extent of NOx 

emissions is higher when no catalyst is used. Higher levels 

of  NOx emissions in LHR engine in comparison with CE 

are due to the high temperatures in the combustion 

chamber leading to formation of high NOx levels by 

oxidation of nitrogen by oxygen. The presence of catalysts 

(A and B) have significantly reduced NOx levels in the 

exhaust of the engines. The hydrolysis of urea in catalyst-

B gives ammonia which also reduces NOx to nitrogen.  A 

decline in percentage reduction of NOx content with 
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catalyst-B on LHR version of the engine compared to CE 

can be due to dissociation of urea at higher temperature. 

 

The variation of NOx reduction efficiency with void ratio 

is shown in Fig.3. The parameter, void ratio is given by 

volume occupied by catalyst to volume of catalytic 

chamber. The catalysts are more efficient in NOx 

reduction at a void ratio of 0.6, beyond which a declination 

in catalytic activity is observed. This can be due to 

reduction in extent of exposure of catalyst to the exhaust 

gases. The variation of NOx levels with BMEP on CE and 

LHR versions of the engine using Catalyst –A and 

Catalyst-B is shown in Fig.4. From the figure, it can be 

observed that NOx levels increase with increase of BMEP 

of the engine. This is due to increase of combustion 

temperature with BMEP, resulting in formation of more 

NOx form nitrogen and oxygen in the combustion 

chamber. Under full load conditions of the engine, when 

catalyst-A is used, a reduction in NOx levels by 30% is 

observed on CE and 55% on LHR engine. 

  

The variation of NOx reduction efficiency with catalyst 

temperature on CE and LHR engine at peak load operation 

is shown in Figure 5. On CE version of the engine, with 

catalyst-A, the reduction efficiency increases from 40 to 

50% at 300
o
C and when the catalyst temperature is 

increased to 400
o
C the reduction efficiency decreases to 

30%.With catalyst-B, the reduction in NOx levels is 

maximum (60%) at catalyst temperature of 175
o
C and 

beyond which the reduction efficiency decreases. On LHR 

version of the engine, when catalyst-A is used, NOx 

reduction efficiency increases from 57 to 70% with 

increase in catalyst temperature from room temperature to 

300
o
C. With catalyst-B, the NOx reduction efficiency 

increases from 40 to 50%, with increase in catalyst 

temperature from room temperature to 175
o
C and further 

increment in temperature decreases the efficiency of the 

catalyst. Thus higher temperature of exhaust gases of LHR 

version of the engine and higher temperature of catalyst 

causes decomposition of urea leading to decrease in NOx 

reduction efficiency. The variation of NOx levels with 

space velocity on both versions of the engine using 

catalyst-B is shown in Fig.6. Space velocity is a ratio of 

exhaust gas flow rate in m
3
/h to the volume of catalytic 

chamber. The NOx reduction efficiency decreases when 

space velocity increases beyond 400/h. This can be due to 

insufficient time for reduction reaction in presence of 

catalyst. The catalyst performance decreases with increase 

in space velocity and later it becomes constant at higher 

space velocities beyond 850/h. Thus, the lanthanum based 

zeolite supports catalytic reduction of NOx levels in the 

exhaust.  

 
IV. CONCLUSIONS   
1. The catalyst-A is more effective on LHR version of 

the engine in reducing NOx levels, while catalyst-B is 

more effective on conventional engine.  

2. The catalysts show maximum efficiency in reduction 

of NOx levels at void ratio of 0.6.  

3. The optimum space velocity for efficient reduction of 

NOx levels is found to be 450/h. 

4. The NOx levels increase with BMEP of the engines 

due to increase in combustion temperature. 

5. The increase in catalyst temperature increases the 

NOx reduction efficiency upto certain level beyond 

which the efficiency decreases  

6. About 40-50% decrease in NOx emissions can be 

observed by catalytic reduction.  
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TABLE 1 

Data of  % reduction of  NOx emissions in different versions of the engine 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.1 Experimental Set-up 
 

1.Engine, 2. Electrical dynamometer, 3. Load box, 4. Orifice 

meter, 5. U-tube water manometer, 6. Air box, 7.Fuel tank, 8. 

Three-way valve, 9. Burette, 10. Outlet jacket water temperature 

indicator, 11. Outlet jacket water flow meter, 12. Exhaust gas 

temperature indicator, 13. Rotomter, 14. Catalytic chamber, 15. 

Nozzle, 16. Netel chromatograph NOx analyzer,  

  
 

Fig. 2 Insulated Piston and liner assemblies 

 
1 Superni crown, 2 Gasket, 3 Al. body of piston, 4Airgap, 

5 Superni insert, 6 Liner body, 

(A) Air gap insulated piston, (B) Air gap insulated liner  
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1300 
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560 
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50 
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40 
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Fig. 3 Variation of NOx reduction efficiency with void 

Ratio  

 

 
 

Fig. 4. Variation of NOx levels with BMEP on CE and 

LHR-1 versions of the engine using Catalyst –A 

and Catalyst-B. 

 

 

 

 

 
 

Fig.5. Variation of NOx reduction efficiency with catalyst 

temperature on CE and LHR-1 versions of the 

engine at peak load operation 

 

 
 

Fig 6.  Variation of NOx levels with space velocity on CE 

and LHR-1 versions of the engine using catalyst-

B 

 

 

 

 


