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Abstract—The control of emissions in internal combustion engines can be achieved either by controlling combustion or by 
treating the exhaust gas. The latter was comparatively easy since there is less or no need to modify the engine itself. One such 
after treatment method is selective catalytic reduction(SCR). i.e., reduction of a particular emission based on the type of engine 
used. In diesel engine production of NOx is high comparatively HC and CO emissions, which needs development and up 
gradation of the engine to reduce NOX emissions by using selective catalytic reduction technique. In this system cerium oxide 
used as both pre –oxidation and SCR catalyst due to it is inexpensive and gives good results than Nobel metal catalyst. This 
analysis carried by varying the injection timings (210,230and250CAD)as retarding and advancing at 200 bar injection pressure at 
normal operating conditions  and their effects on the performance and emission characteristics of engine are discussed. 
Keywords -----Selective catalytic reduction,  NOx emissions, retarding, advancing, CAD. 

I.  INTRODUCTION  
The requirement for energy has grown exponentially over the past decades owing to industrialization and subsequent lifestyle 
changes. Much of this energy is generated by combusting fossil fuels such as coal, natural gas, gasoline and diesel. The combustion 
process releases the chemical energy contained in the fuels as thermal energy, which is used to run different power cycles depending 
upon the application. The combustion process involves complex chemical reactions; the reactants are fuel and air and the products 
include various species such as water, oxides of carbon, nitrogen and sulfur, unburned fuel, organic compounds and particulate 
matters. Some of these species have harmful effects on the living beings and the environment and hence are termed as pollutants. 
Global warming has resulted in serious climate changes and eco-system imbalances world-wide. Greenhouse gases (CO2, N2O) are 
considered one of the major contributors of global warming. Hence Forthcoming European legislation pertaining to heavy duty 
diesel engines becomes more stringent. To feasible with those emission norms, requires the additional exhaust after treatment 
techniques. 
Urea-SCR, the selective catalytic reduction(SCR) using urea as reducing agent, has been investigated in detail for about 10 years 
and today is a well established technique for DeNOx of stationary diesel engines.   It is presently considered as the most promising 
way to diminish NOx emissions originating from heavy duty diesel engines. In the following we will discuss the SCR process and 
chemistry. 

II. SELECTIVE CATALYTIC REDUCTION 
A. SCR Process 
The catalyst used are non-noble metal catalyst. SCR processes use ammonia as selective reducing agent, in that, main sub reactions 
are of nitrogen oxide reactions. In zeolite catalysts, the NOx conversion using the NH3 is independent of the oxygen concentration 
over a wide range. The consequences in this reaction is a delayed reaction changes in NH3 input concentration with NH3  45% 
to55% NOx conversion was attained   using SCR. In contrast the presence of urea, nearly 98% NOX conversion was attained in the 
range of 300°C through 350°C. In a catalytic reduction process involves several reaction steps that represent different physical and 
chemical processes. These processes can be independent, i.e. taking place in parallel, regardless of the other processes or dependent, 
i.e. taking place in series, one using up the product(s) of the process concluding before it. To model such a process requires a 
thorough understanding of the underlying chemistry and of the chemical and mechanical engineering principles. 

B. SCR Chemistry 
In this section we discuss the role of catalyst and their reactions in the reduction mechanism of the oxides of the nitrogen content in 
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the exhaust gases of the engine. NOx in diesel exhaust is usually composed of >90% NO. Therefore, the main reaction of SCR with 
ammonia will be 

4NH3+ 4NO + O2  4N2 + 6H2O                  (1) 

This reaction implies a 1:1 stoichiometry for NH3 and NO and the consumption of some oxygen. The reaction consuming no 
oxygen is much slower and is therefore not relevant in lean combustion gases: 

4NH3 + 6NO 5N2 +6H2O                            (2) 

On the other hand, the reaction rate with equimolar amounts of NO and NO2 is much faster than that of the main reaction (1): 
 

4NH3 + 2NO +2NO2  4N2 + 6H2O             (3) 

It should be mentioned that the reaction with pure NO2 is again slower than reactions (1) and (3): 

4NH3 + 3NO2 3.5N2 + 6H2O                      (4) 

At high temperatures (>400_C) the commonly used catalysts based on TiO2–WO3–V2O5 tend to form nitrous oxide. One of the 
possible reactions leading to nitrous oxide is 

4NH3 + 4NO + 3O2  4N2O + 6H2O               (5) 

At still higher temperatures, ammonia may be oxidized to NO, thus limiting the maximum NOx conversion: 

4NH3 + 5O2  4NO + 6H2O                            (6) 

C. Design and Coating of Catalytic Converter 

In this experiment we used two catalytic converters  
Pre-oxidation  
SCR  
NOx  reduction done by the combined effect of the pre-oxidation and SCR catalyst.  
Pre-Oxidation: The pre-oxidation catalyst is developed based on conventional diesel oxidation catalyst. The selectivity for high NO2 
formation at lower temperature is the main target in this design; the high NO2 formation is a compromise between the higher point 
loading and catalyst volume  

The primary effect of the pre-oxidation catalyst is to increase the NO2 fraction of the exhaust this permitting the fast SCR 
reaction.  
The second effect is a considerable oxidation of hydrocarbon which inhibits the SCR reaction at low temperature; this will be 
also help increase the NOx conversion at low temperature.  

For this we are using ceramic substrate coated with cerium oxide. spray coating is used for this type of catalyst. It is placed before 
the urea injection system and immediately after the exhaust pipe. 

SCR: In this project is taken ceramic catalyst support is coated with cerium. The coating Composition is optimizing in addition to 
performance in respect of adhesion on ceramic substrate. This catalyst is fitted after that pre-oxidation catalyst and urea injection 
system. The schematic sketch of the system is shown in figure 1. 
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1) Cerium Oxide: Cerium Oxide has been used in catalytic converters in automotive applications. Since ceria can become non- 
stoichometric in oxygen content (i.e. it can Give up oxygen without decomposing) depending on its ambient partial pressure of 
oxygen, it can release or take in oxygen in the exhaust stream of an engine. In association with other catalysts, ceria can effectively 
reduce Nox emissions as well as convert harmful carbon monoxide to the less harmful carbon dioxide. Ceria is particularly 
interesting for catalytic conversion economically. Because, it has been shown  that  adding  comparatively  inexpensive ceria can 
allow for substantial reductions in the amount of platinum  needed  for complete oxidation of  NOx  and other harmful products of 
incomplete combustion. The properties of catalyst are listed in the table 1. 
2) Coating Process: The catalyst was coated on substrate by spray coating process. cerium powder is mixed with distilled water and 
it was sprayed on the substrate. The efficiency of the catalyst coating on the substrate is measured by the transfer efficiency of  the 
system to the substrate. 
TRANSFER EFFICIENCY:  It is defined as ratio of weight gained by the substrate after the coating to the weight of the spray 
equipment used to spay with the percentage of solid present in the spray content gives the transfer efficiency of the coating. 

   TE = (weight gain by substrate/(wt of spray material*percent of solid in the spray))*100. 
         The dimensions and spray properties are listed on   table 2. 
                                                                     

TABLE 1          Properties of cerium oxide 
S.NO PROPERTY DESCRIPTION 

1 Formula CeO2 

2 Molecular weight 172.12g 

3 Form Powder 

4 Melting point 26000c 

5 Density 7.132g/cc 

6 Solubility Insoluble in water, soluble in H2SO4 and HNO3  

        
TABLE 2     Substrate technologies and coating elements. 

 

 
 
 
 
 
 
 

 
ELEMENT 

 
METAL SUBSTRATES 

 
TRANSFER EFFICIENCY 

 
COATING 

Pre-oxidation  catalyst 170mm x 30mm x 77mm 
400 cpsi /LS, ceramic substrate. 

 
29.62% 

 
Spray coating technique 

  
50g/lit. (cerium oxide) SCR catalyst 170mm x 45mm x 77mm 

400cpsi /LS, ceramic substrate. 
       

30.03% 

Figure1      SCR layout 
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3)Reducing Agent: Urea solution is used to produce reducing agent ammonia by hydrolysis process. Urea is produced in large scale 
worldwide product standard and distribution oriented to serve the major consumers such as food proceedings and fertilizer 
industries. Urea is preferred among the N-containing selective reductants for NOx because of safety and non-toxicity.it is easy to 
transport in the vehicle in an aqueous solution, which makes it also easy to dosage as required. Aqueous urea is stored in plastic or 
steel tank, not requiring any special safety equipment. All these advantages make urea solution the preferred reducing agent for the 
for nitrogen oxides. Urea is supplied in a 32.5 wt% aqueous solution (eutectic composition) that is to be injected in front of SCR. 
This solution is also called as Adblue solution. 
Urea has high solubility in water .i.e.108g/100ml H2O at 20o c, enabling higher concentration to be transported in as storage tank. At 
temperatures above 1600c urea starts to decompose and gives the ammonia according to the following reaction.  

H2 N-CO-NH2  2NH2 + CO                          (7) 

H2 N-CO-NH2  + H2 O 2NH3 + CO2.           (8) 

 
Figure2.     Ceramic substrate coated with cerium oxide 

III. EXPERIMENTAL SET UP 
 

 

 

 

 

 

 

 

Figure 3: Experiment set up lay out 
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TABLE 3     Engine specifications 
Type Vertical, air cooled, four stroke single cylinder diesel engine 
Make Kirloskar 

Number of cylinders One 
Bore 87.5 mm 

Stroke 110 mm 
Compression ratio 17.5:1 
Maximum power 4.4 kW 

Dynamometer Electrical 
Speed 1500 rpm 

Injection timing 23 deg CA(before TDC) 
Injection pressure 200 bar 

A. Test Procedure  
The experiment was performed firstly with diesel and engine fitted with SCR set up. Diesel fuel was filled in burette. Then the 
diesel fuel is supplied to engine by accessing the valves provided on fuel supply line. Electrical power supply is provided to control 
panel, 5 gas analyzer and smoke meter. The engine is started under no load condition by hand cranking using decompression lever. 
Then engine is run under no load condition for a few minute so that the speed of engine, 5 gas analyzer and smoke meter is get 
warmed up and stabilized respectively. After  that engine was made to run on desired load with the help of an electrical alternator. 
As the load on engine increased from no load to desired load, engine rpm decreases. The desired constant rpm is maintained using 
screw arrangement. After that run the engine for three minutes so that it can stabilize. Then supply valve of diesel was closed and 
the valve of burette was opened so that fuel filled up again. The time taken for 10cc of fuel consumption is noted. Temperature of 
exhaust gases from the engine is displayed on the digital control panel. Unburned hydrocarbon, carbon monoxide, nitrogen oxides 
and smoke opacity are noted down with the help of 5 gas analyzer and smoke meter respectively. These procedures are repeated for 
loads of 0%, 25%, 50%, 75%, 100% keeping the rpm constant [1500rpm].After the records of experiment is noted, engine was 
brought to no load condition and stopped. Before starting the next experiment engine is allowed to cool till exhaust gas temperature 
reaches the room temperature. The experiment is repeated like above by fitting SCR to the conventional exhaust manifold with 
newly designed manifold which holds urea injecting nozzle. Urea is injected by using the electrical vacuum pump through plastic 
hoses and the pump was operated with help of battery. The experiment was repeated for advance and retarded CAD angles i.e. 25 
and 21 at  200bar injection pressures and readings to be noted. 

IV. RESULTS AND DISCUSSION 

 A. Performance Characteristics 
1) Brake thermal efficiency: The Brake thermal efficiency is defined as the ratio of work output at the engine shaft to the energy 
supplied by fuel. It is a measure of the engine’s ability to make efficient use of fuel. Figure5. Shows the brake thermal efficiencies 

 
    

   Figure 4.  Photograph of Engine connected with SCR catalyst. 
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of different operating conditions of engine by varying the CAD angles (i.e.21, 23, 25) at 200 bar injection pressures. Advancing the 
CAD angle leads to increase in the brake thermal efficiency than the conventional engine. The SCR which causes for increase total 
fuel consumption and decrease the SFC. This is due to the ceramic filter placed in the path of exhaust gases gives the back pressure 
which in turn reduces the combustion efficiency of the engine. But difference in the BTE is negligible. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
2) Specific fuel consumption: Brake Specific Fuel Consumption (or BSFC) is the ratio between the engine's fuel mass consumption 
and the crankshaft power it is producing. The fuel consumption of the engine at different operating conditions shown in fig 6. The 
retarding CAD angle injection consumes a little low from the base operating conditions and at advancing CAD angle fuel 
consumption increased. The engine operated with SCR will increase TFC that in turn decrease the BSFC of the engine. 
 

                                               

 

 

 

 
 
 
B. Emission characteristics 
2) Hydrocarbon Emissions (HC) 

 

 

 

 

 

“ 

 
           

Figure 5 .effect of engine load on brake thermal efficiency 

 
        

       Figure 6. Effect of engine load on specific fuel consumption. 
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Figure 7.effect of engine load on HC emissions 
Since CI engine operates with an overall fuel-lean equivalence ratio, it has only 1/5th of HC emissions than SI engines. But fig 7. 
Shows that the load increase fuel required is increase but time required for the combustion of fuel decreases which increase the 
unburnt HC emissions. This is due to non-availability of oxygen to burn all the fuel. Some of the other reasons are wall deposition, 
oil film absorption, crevice volume etc. Advancing the injection keeps HC emission low at the zero loads. The pre oxidation catalyst 
used in SCR reduces HC at maximum load. But at the low loads are almost near to the base engine. 

3) Carbon monoxide 
 

 

 

 

 

 
 
 
 
 

Fig 8. shows the variation of carbon monoxide emission among various injections. Poor mixing, local rich regions, insufficient 
oxygen may also be the source for CO emissions. At maximum loads CO emissions reduced because of decrease in the brake fuel 
consumption. Due retarded injection incomplete combustion will occur that leads to increase of CO emissions. SCR pre oxidation 
catalyst having cerium oxide as catalyst will convert harmful CO into less harmful. 

 4) Oxides of nitrogen (NOX). 

 

 

 
 
 
 
 
 
 

 

 

Fig 9. shows the variation of NOx emission with respect to load .NOX emission. As the load increase, the peak temperatures inside 
the cylinder increase as more fuel consumed and the oxides of the nitrogen in exhaust increases. By using SCR, at the retarding 
CAD angle injection at 200bar pressures, the cylinder temperatures are low gives low NOx, it was reduced up to 40% at maximum 
loads. At the normal CAD angle injections NOx reduced up to 15% at maximum loads. At advance CAD angle injections NOx 

decrease up to 8% than the conventional diesel operation. 

 
Figure 8. Effect of engine load on CO emissions 

 
 

Figure 9 .effect of engine load on NOx emissions 
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V. CONCLUSION 
The experimental study on performance and emission characteristics of diesel engine operated with SCR catalyst is concluded as 
this project the improved SCR technology ( pre-oxidation and Urea-SCR) is used. The conclusions are summarized as follows. 

It is conclude that the conversion efficiency of the SCR by using CeO2 as catalyst system is reduces the NOX emissions by 36% at 
retarding, 8% at advanced and by 17% at normal injection  timings. 

The pre –oxidation catalyst  reduces the  HC and CO emissions up to some extent 

Due to pre-oxidation catalyst CO2 levels increase in exhaust gases. 

NOMENCLATURE 

CV Calorific valave 

BP Brake power 

RPM Rotations per minute 

CO Carbon monoxide 

CO2 Carbon dioxide 

HC Hydro carbans 

NOX Oxides of nitrogen 

CAD  Crank angle degree 

SCR Selective catalytic reduction 

PPM Parts per million 
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