
Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 2: February 2017 www.jchps.com Page 121 

Emission NOx Control by using SCR for Off Road Engine 
G Balaji, D Premnath, Bhushan V Deshmukh*, Vaibhav D Ghadage, Suraj Salvi 

Department of Mechanical Engineering, SRM University, Chennai. 

*Corresponding author: E-Mail: bhushanmonu88@gmail.com, Tel: 08056208393 

ABSTRACT 

 Selective Catalytic Reduction (SCR) technology is Cost & fuel efficient technology now a days and it will 

reduce the emission from diesel engine. SCR is a progressive emissions governor technology organism that injects 

a liquid-Urea (also called aqueous urea, Ad blue or DEF) through an injector nozzle into the exhaust manifold of 

diesel engine. 

The Diesel exhaust fluid groups off a compound reaction that transform nitrogen oxides into nitrogen (N2), 

water (H2O) and minute quantities of carbon dioxide (CO2), normal components of the air we inhale, which is then 

excluded through the vehicle exhaust system. NOx is termed as Oxides of Nitrogen, which is the highly poisonous 

gas, NOx causes acid rain & depletion of the Ozone layer.  

Emission Control by using SCR for Off Road Vehicles Engine through this project NOx emission was 

reduced from the exhaust with adding AdBlue solution (aqueous urea) spread through injector. Test was conducted 

for platinum and vanadium catalytic converters at 300 and 400°C respectively. Dosing position of Ad blue solution 

and position of a catalytic converter was finalized based on temperature mapping on exhaust tail pipe and we 

achieved 87.1 % NOx reduction. 

KEY WORDS: NOx Control by SCR. 

1. INTRODUCTION 

          Air pollution produced from portable sources such as automobiles creates & contributes air quality problems 

in countryside as well as in city and manufacturing areas in both developed and developing countries. Population is 

projected to increase close to 1300 million by the year 2030. A huge volume of transport vehicles depend on 

combustion of jet fuels, gasoline, and diesel with big amount of emission of unburned hydrocarbons (HC), carbon 

monoxide (CO), Nitrogen oxide (NOx) with particulate matters (PM). Hydrocarbon, Carbon monoxide occur due to 

combustion efficiency less than 100%. The Nitrogen oxide (NOx) is formed in high temperatures (less than 1500°C) 

of the burning process causing in thermal fascination of nitrogen in the air which forms nitrogen oxide (NOx), NOx 

drops based on the Selective Catalytic Reduction (SCR) technology are being developed for a number of mobile 

diesel engine applications in the EU, Japan, and the USA. 

          The SCR reactor has a by-pass system. Exhaust gases were delivered through the reactor only when the ships 

were sailing in waters subject to NOx emission regulations. 

 NOx is termed as oxides of Nitrogen, which is the highly poisonous gas, NOx causes acid rain & depletion 

of the ozone layer. 

 Nitrogen oxide (NOx) formed when the temperature of combustion is more in diesel engines, the hotter the 

combustion temperature, exponentially more nitrogen oxide (NOx) is formed from oxygen & nitrogen 

molecules binding with each other. So if we want to reduce the NOx that is formed during combustion, we 

need to lower the highest combustion temperature by dropping the amount of oxygen molecules available. 

 Reduction of combustion temperature will increase the creation of THC, CO & PM emission. 

 The main drawback of reducing combustion temperature is the increase in the BSFC of engine. 

 To reduce Emission of NOx from diesel engine, after treatment device is very effective and improves the 

performance of the engine. 

 To reduce Emission of NOx by 90% SCR is the only system which can be implement on the engine without 

affecting other parameters. 

 The emission norms for the off-road engines are becoming stringent in India, to meet the requirement of the 

future Norms old techniques are not useful. 

Since the initial 1990s, frequent expansion projects have been conducted to adapt the SCR technology for 

diesel truck and car engines. In a project underwritten by the Netherland Ministry of Environment, a 12 litre heavy-

duty diesel engine equipped with an urea SCR catalyst system was tested under both steady-state and transient 

conditions. In another study by FEV and Ford a urea SCR system was tested on a 2.5 litre light-duty diesel engine. 

Intentions for Paper Writing: Air pollutants are ingredients that harmfully affect the environment by interfering 

with climate, the physiology of plants, animal species, entire systems, as well as with human goods in the form of 

agricultural crops or man-made structures. We know that due to pollution the global climate becomes change and it 

will affects the human health & it’s very important environmental challenges to be faced by civilization in the 21st 

century. In this situation the most toxic agents are present in exhaust gas. Carbon dioxide is most important in that it 

will not harmful for living things, oxides of nitrogen or sulfur is toxic pollutant present in exhaust emission. 

Air pollutants can initiate from natural or human made sources, or together. Due to the Natural sources of 

pollution contain volcanic eruptions and wind erosion. Emission due to the vehicles exhaust gases is one of the 
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human made pollution. Some sources of pollution, such as forest fires, can be related to both natural phenomena and 

human activities. Due to the atmospheric chemical reactions will be convert major pollutants into different chemical 

reaction & new species will formed. Result of this it may be a harmful compounds formed or other hand it will be a 

harmless gases creates due to exhaust emission.           

Selective Catalytic Reduction (SCR) is very fuel efficient & cost-effective technology available to reduce 

engine emission from the Diesel engines. SCR is an innovative technology for control the emission & inject the urea 

(Ammonia also called aqueous urea, Ad blue or DEF) over and done with a special compound into the exhaust of a 

diesel engine. The Diesel exhaust fluid combination of chemical reaction that converts nitrogen oxides (NOX) into 

nitrogen (N2), water (H2O) and minute quantity of carbon dioxide (CO2), which is easy to breath, which is then 

excluded through the vehicle exhaust pipe. NOx is called Oxides of Nitrogen, it will be a highly poisonous gas, acid 

rain and exhaustion of the Ozone layer will formed due to Nitrogen oxide (NOx). 

System analysis: 

Table.1. SCR Catalyst Technology 

Catalyst Temperature Range (°C) 

Platinum (pt.) 175-250 

Vanadium (V2O5) 300-450 

Zeolite 350-600 

Vanadium (V2O5) Catalyst Details: 

Shape Cube 

CPSI 100 

Substrate Ceramic 

Medium-temperature V2O5-based catalysts will be operate in between temperature range of 260°C and 

450°C. This has the obvious advantage of a wider temperature window than Platinum (Pt). Vanadium catalyst actual 

cores as shown in Figure.1. NOx alteration happened at about 225°C, rises to a plateau at about 400°C, and then falls 

as the degree of ammonia oxidation Begins to dominate. The discrimination is gone above about 425°C. If the 

Exposure temperature of the V2O5/TiO2 catalyst exceeds a certain level, the active, High-surface-area antae phase of 

TiO2 irreversibly converts to rutile surface area less up to 10 m2/g. generally, this conversion takes place at about 

500 to 550°C. 

 
Figure.1. Vanadium catalyst 

Table.2. Platinum (pt) catalyst details 

Shape Cylindrical 

Substrate Ceramic 

Volume of catalyst 1.099 liter 

At short temperatures, actual SCR reactions of through control over the Pt catalyst, so it will increase NOx 

conversion s with increase cumulative temperature at about 225°C to 250°C, the conversion versus temperature plot 

reaches a maximum and begins to fall. To operate the Platinum (Pt) created catalyst, it will control the exhaust gas 

temperature so that it remains above approximately 200°C to avoid NH4NO3 formation, but does not increase about 

225°C, at which point the compound loses its discrimination toward the NOx reduction reaction. 

Ad Blue solution: Ad Blue solution is a non-toxic liquid that colorless in appearance and is a solution of water and 

urea. Ad Blue (Urea) is a 32.5 percentage by weight solution combination of urea and water, non-toxic and harmless. 

It is non-explosive, non-flammable and it will not affected to the environment. Ad Blue also called as Diesel exhaust 

fluid (DEF) or aqueous urea. 

 Ad Blue solution changes the harmful NOx from diesel vehicle exhaust and convert in to nitrogen and steam 

which is harmless gas for environment, reducing the nitrogen oxides (NOx) from emissions is the major achievement 

to avoid atmospheric pollution. According to theoretically studies and the health organization says that due to NOX 

emission causes asthma & other respiratory diseases. Ad Blue is produced from a high purity urea solution. Using 

out of specification water in the production of AdBlue is probably the greatest threat to your catalyst, and therefore 

your vehicle, so it is essential to purchase from a supplier who produces AdBlue to the global ISO specification. 
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Off road vehicle like cranes, tractor & mobile engine it will run on diesel are all equipped with Selective 

Catalytic Reduction (SCR), in that SCR system used a fluid called AdBlue solution. For AdBlue solution required a 

plastic tank with a corrosion resistant and it will be separated from diesel tank. AdBlue solution is mixing of Urea 

and water and it easy to transport harmless fluid. 

Table.3. Properties of Ad Blue 

Density of Urea 1320 (kg/m³) 

Density of water 1000 (kg/m³) 

Density of Ad blue -1.093 (kg/m³) 

Crystallization point -11(°C) 

Appearance Colorless Liquid 

 

 
Figure.2. Testing setup 

Addition, some other setup nomenclature provide are: Engine, Electrical pump, Ad Blue tank, Exhaust tail pipe, 

Speed sensor, Calorimeter, Air chamber, Computer setup, Exhaust gas analyzer. 

Testing Procedure: 

a) Prepare the AdBlue solution in plastic tank. 

b) Attach the pipe connection to AdBlue tank & Tight the injector through clips. 

c) Tight the injector for Dozing in Exhaust manifold. 

d) Connect the Pipe both end to the Electrical fuel pump 

e) Provide 12V battery connection to the Electrical fuel pump. 

f) Connect Exhaust tail pipe to the Exhaust manifold. 

g) From Exhaust Manifold 900 mm apart on tail pipe Platinum catalytic converter welded in square cube. 

h) Exhaust tail pipe end goes in atmosphere & having provision to measure NO2, CO2, CO, O2. 

i) Temperature sensor fitted on 600 mm from exhaust manifold. 

j) Start the engine & adjust the load up to 25 Kg.m and set the 2500 engine rpm. 

k) Start the Ad Blue dozing and check the exhaust gas through analyzer. 

l) Ensuring each and every trial check the temperature of the exhaust gas & mentioned in report. 

m) Same procedure conducted on Vanadium catalytic converter setup. 

n) Compare readings as it is performance with Platinum & Vanadium. 

2. RESULTS & DISCUSSION 

Testing with Two cylinder Engine: 

 
Figure.3. Engine performance calculation: NOx ppm comparison 

The Graph indicates the NO ppm Engine out & With Platinum & vanadium catalyst. It indicates the NO ppm 

is reduced to 87% with SCR technology. As above it shows the Engine out NOx ppm is so high, at different points 

the NOx ppm is diffrents.as the speed & torque is reducing the amount of NOx ppm is also reducing. With SCR 

catalyst platinum we are getting conversion efficiency very less at this temperature, but for same temperature zone 

with vanadium base catalyst we are getting more conversion efficiency. For medium temperature vanadium based 

catalyst is very much suitable. Reduction of emission of NOx is more where the engine out NOx is more, the 

conversion efficiency is more over the vanadium catalyst than platinum catalyst. 
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Figure.4. Conversion efficiency with different Catalyst 

The Graph is showing the Conversion efficiency with Platinum & Vanadium catalytic converter. The 

Vanadium catalyst NOx Conversion efficiency is 87% whereas the conversion efficiency of platinum efficiency is 

12% maximum. The efficiency of platinum & vanadium catalyst is varies based on temperature, the conversion 

efficiency of NOx is temperature dependent. For vanadium catalyst at higher temperature zone of this engine is 

giving the good conversion efficiency. 

 
Figure.5. Temperature vs Conversion efficiency 

The graph indicates the NOx conversion efficiency with platinum catalyst increases with increase in 

temperature. Whereas the efficiency of NOx conversion with platinum catalyst is varying and not inline. The suitable 

temperature for SCR catalyst gives the more conversion efficiency for same ANR rate. For vanadium catalyst at 

lower temperature the conversion efficiency is less. 

Basic Calculation: 

Chemical reaction in SCR: 

6NO + 4NH3 → 5N2 + 6H2O 

4NO + 4NH3 + O2 → 4N2 + 6H2O 

6NO2 + 8NH3 → 7N2 + 12H2O 

2NO2 + 4NH3 + O2 → 3N2 + 6H2O 

NO + NO2 + 2NH3 → 2N2 + 3H2O 

Formulae Used for calculation: 

NOX mass (gm. /hr.) - 0.001585 x NOx conc. x Gexh 

CO mass (gm. /hr.) - 0.000966 x CO conc. x Gexh 

HC mass (gm. /hr.) - 0.000478 x HC conc. x Gexh 

[Where, Gexh - Gair + Gfuel is in Kg / hr.] 

Specific Gravity of CO - 0.9667 

Specific Gravity of NOx - 1.585 

Specific Gravity of HC - 0.478 

Ppm - µg/gm. 

1gm - 100000 µg 

Brake power (kW): - 

BP=2πNT/60000 

T=L × 0.200 

N=RPM;  

T=Torque in Nm;  

L=Load in kg 

Brake thermal efficiency (%):- 

BTE=BP × 100 / (TFC × CV) 

TFC=10 × 10-6 × density / t (kg/ s) 

TFC= Total Fuel Consumption in kg/s 

CV= Calorific Value of fuel 

BP= Brake Power in kW 
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Specific fuel consumption (kg/kWh):- 

SFC= TFC /BP (kg / m) 

TFC= Total Fuel Consumption in kg/h 

BP= Brake Power in kW 

Indicated power (kW):- 

IP = [(IMEP) × 105 × (LAN / 2)]/ 60000 

IMEP= Indicated Mean Effect Pressure in pa 

L = Stroke Length in m 

D = Cylinder Diameter in m 

A = Cylinder area in m2 

A= (πD2)/4 

Total fuel consumption (kg/h): 

TFC = (q /t) × density of diesel 

q= volume of fuel consumed = 10× 10-6 m3 

t= time taken for 10 cc of fuel  

consumption in‘s’ 

Mechanical efficiency (%):- 

Ƞm= (BP /IP) × 100 

BP= brake power in kW 

IP= indicated power in kW 

Indicated thermal efficiency (%):- 

I.T.E= [IP/ (TFC × CV)] × 100 

TFC= Total fuel consumption in ‘kg/s’ 

CV= calorific value of fuel. 

IP= Indicated power in kW 

3. CONCLUSIONS 

 Vanadium based catalytic converter is more efficient than platinum catalyst in SCR system. 

 Experiment has proved that SCR technology reduces the emission of NOx by more than 85% without 

affecting performance of engine.  

 For the forthcoming norms of off-road engines, SCR technology is best to prevent atmospheric pollution. 

With SCR system, engine can be calibrated to get the better fuel economy. 

 Though SCR system increases the cost of overall engine, it compromises the cost in fuel consumption by 

calibrating the engine to better fuel economy. 
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