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Abstract: Nowadays exhaust emission control from internal combustion engines have become one of the most 
important challenges.. Oxides of nitrogen (NOx) are one of the major hazards pollutants that come out from the 
engines. Control of emission in internal combustion engines can be achieved either by controlling combustion or by 
treating the exhaust gas. The latter is comparatively easier since there is less or no need to modify the engine itself. One 
such treatment method is the use of catalytic converters. The use of selective catalytic reduction, reduction of a 
particular emission based on the type of the engine used. In the selective catalytic reduction (SCR) process, NOx reacts 
with ammonia, which is injected into the flue gas stream before the catalyst. Different SCR catalysts such as vanadium 
oxide or metal substituted zeolites have different operating temperature windows and must be carefully selected for a 
particular SCR process. Ammonia-SCR has been used in industrial processes, in stationary diesel engines, as well as in 
some marine engines. This Study aims to how to reduce of NOx in CI engines using Selective Catalytic Reduction and 
its optimization. Various catalysts used in SCR system are studied and also pre-oxidation of the exhaust gases to 
increase the rate of reaction at the SCR catalyst along with their effects on the performance and emission 
characteristics of the engine is also discussed. 
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Introduction 
Nitrogen oxides (NOx), emitted from the combustion of fuels in stationary and mobile 
sources, remain one of the major sources of air pollutants, that cause a variety of harmful environmental and human heath 
effects such as photochemical smog, acid rain, ozone depletion, fine particulate pollution, pneumonia, hay fever, bronchitis 
and cancer. Selective catalytic reduction (SCR) with ammonia (NH3) is regarded as the state-of-the-art technology for NOx 
abatement. [1] The selective catalytic reduction (SCR) of NO and NO2 (NOX) byNH3 to N2 and H2O is a well-established 
technology to control the emission of NOX formed during combustion in diesel engines, power plants and other pollution 
sources. [2] 
Selective catalytic reduction (SCR) of NOx by nitrogen compounds, such as ammonia or urea—commonly referred to as 
simply “SCR”—has been developed for and well proven in industrial stationary applications. The SCR technology was first 
applied in thermal power plants in Japan in the late 1970s, followed by widespread application in Europe since the mid-1980s. 
In the USA, SCR systems were introduced for gas turbines in the 1990s, with a growing number of installations for NOx 
control from coal-fired power plants. In addition to coal-fired cogeneration plants and gas turbines, SCR applications also 
include plant and refinery heaters and boilers in the chemical processing industry, furnaces, coke ovens, as well as municipal 
waste plants and incinerators. The list of fuels used in these applications include industrial gases, natural gas, crude oil, light or 
heavy oil, and pulverized coal.Since mid-2000s, urea-SCR technology has been also adopted for mobile diesel engines. The 
mobile engine application required overcoming several problems related to the urea dosing technology, catalyst optimization, 
as well as urea infrastructure. SCR proved to be a more robust emission technology than the main alternative option, NOx 
adsorbers, and has been widely used in all types of mobile diesel engines. 
What is catalytic converter? 
As the name suggests, it basically converts harmful gases into harmless gases, which are environmentally friendly, with the 
help of a catalyst. Engine exhausts having harmful gases like CO, NOx & HC which are converted into harmless gases like 
CO2, N2 & H2O respectively, with the use of catalytic converters. The exhaust gas is pre-heated (if required) to a minimum 
temperature for good operation of the SCR catalyst. The reactant gas is mixed with the pre-heated exhaust gas and the mixture 
passed into a reactor containing the catalyst bed. 
Types Of Catalytic Converter: 
There are main types of structures used in catalytic converters. Honeycomb and Ceramic beads. Most cars today use a 
honeycomb structure. In a three-way catalytic converter, the converter is positioned in front of the oxidation catalyst. A three-
way catalytic converter reduces NOx emissions as well as CO and HC. The three-way catalyst reduces NOx into Nitrogen and 
oxygen A catalytic is a substance that causes a chemical reaction without being changed by the reaction. Noble metals are 
used as catalysts. 

(i) Ceramic Honeycomb structure 
(ii) Monolith 
(iii) Pellet Type 

 
SCR Effect On Different Condition: 
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Jihene Arfaoui et. al,[1] they developed new ceria and sulfate co-modified V2O5-TiO2 aerogel catalysts using the one-step 
sol gel method associated with the supercritical drying process, for Diesel De NOx technology. N2 adsorption-desorption, 
XRD, H2-TPR, NH3-TPD, Raman and DRUV-Vis spectroscopy were employed to probe the physico-chemical properties of 
TiO2, V2O5-TiO2, V2O5-CeO2-TiO2 and V2O5-CeO2-TiO2-SO42- aerogel materials. XPS was used to obtain further 
information about the oxidation states of the active sites on the surface of the novel V2O5-CeO2-TiO2-SO42- aerogel catalyst. 
They demonstrates new generation of V2O5-TiO2, V2O5-CeO2-TiO2 and V2O5-CeO2-TiO2-SO42- nanostructured aerogel 
catalysts with high surface area, large porosity and good thermal stability. The V2O5-TiO2 derived sol gel catalyst exhibits 
low NO conversion in (150-500 °C) temperature range with a low N2 selectivity at high temperature (> 450 °C). The 
incorporation of cerium increases significantly the NO conversion to N2 at low temperature leading to a potential V2O5-
CeO2-TiO2 catalyst for DeNOxing from mobile source in the 220-400 °C temperature range. 
Logi Arnarson et. al, [2] they studied We present a complete catalytic mechanism describing both the Standard and the Fast 
selective catalytic reduction (SCR) reactions in their correct stoichiometric form on a vanadia titania (anatase 001 facet) based 
catalyst model. It consists of two cycles, a NO-activation cycle and a Fast SCR cycle that share the same reduction part but use 
NO + O2 and NO2 respectively for the reoxidation. The stoichiometry of the Standard SCR reaction is obtained by coupling 
the two cycles and the stoichiometry of the Fast SCR reaction is represented by the Fast SCR cycle. They concluded that it 
was found to be rate determining at low temperatures but becomes more favorable as entropy is gained at higher temperatures. 
In the Fast SCR cycle NO2 reacts directly with the reduced site to form HNO2 and H2O desorption is not a part of the 
mechanism resulting in higher rate at low temperatures. 
 
M. Barreau et. al [3] they studied the  catalytic reduction (SCR) for air pollutants abatement from lean burn and Diesel 
vehicles implemented Urea-SCR technology. It works on Urea-SCR technology, the NO2/NOx ratio that limits the deNOx 
efficiency at low temperature.  They demonstrate that co-feeding of ammonia and ethanol on a catalyst enables a drastic 
enhancement of the NOx conversion at temperatures below 200 ◦C at standard SCR condition. 
Liancheng Bing et. al [4] they used to studied Cu-SAPO-34 catalysts with three different Cu contents (0.6 wt%, 1.1 wt% and 
1.9 wt%) were prepared via one pot synthesis method. They found that Cu-SAPO-34 with Cu content at 1.1 wt% was best 
catalyst when considering both low temperature activity and high temperature stability. They concluded that Cu-SAPO-34 
catalyst exhibited high crystallinity, textural properties, acidity, and available copper, as well as superior catalytic activity for 
the selective catalytic reduction of NO with NH3 as compared to the initial Cu-SAPO-34 catalyst. 
Guido Busca et. al [5] reviewed studied  chemical and mechanistic aspects of the selective catalytic reduction of NO by 
ammonia (SCR process) on metal oxide catalysts. Catalytic systems based on supported V2O5 and catalysts containing Fe2O3, 
CuO, MnOx and CrOx are 
considered. They found that the SCR reaction does involve a strongly adsorbed activated 
ammonia species and a gas-phase or weakly adsorbed NO species, according to an EleyRideal mechanism 
Peirong Chen et. al [6] they studied In Cu-zeolite based selective catalytic reduction of NOx with NH3 (NH3-SCR), Cu 
species solvated by NH3 molecules are predicted theoretically to be highly mobile with their mobility being decisive forthe 
NH3-SCR reactivity at low temperatures. They concluded that In Cu-zeolite based selective catalytic reduction of NOx with 
NH3 (NH3-SCR), Cu species (in particular CuI) solvated by NH3 molecules are predicted theoretically to be highly mobile 
with their mobility being decisive for the NH3SCR reactivity at low temperatures. 
Wenshuo Hu et. al [7] they studied  A series of V-Ce(SO4)2/Ti catalysts for selective catalytic reduction (SCR) of NO with 
ammonia are prepared by impregnation method. Low temperature SCR activity and alkali resistance of the optimal V-
0.5Ce(SO4)2/Ti sample are found to be better than on the commercial V-W/Ti catalyst. They found that The optimal mole 
ratio of V and Ce(SO4)2 is 1/0.5 and both the low-T activity and the alkali resistance of V-0.5Ce(SO4)2/Ti are better than on 
the commercial VW/Ti catalyst. 
Dongmei Meng et. al [8]they studied a highly efficient catalyst of a CoaMnbOx mixed oxide prepared by the co-precipitation 
method was developed for the selective catalytic reduction (SCR) of NOx with ammonia. With an increase in the Mn content, 
the catalytic activity of the CoaMnbOx mixed oxide exhibited a volcanotype tendency, and when Co/Mn molar ratio reached 
7:3 (Co7Mn3Ox), the operation temperature for achieving >80% NOx conversion was 170 °C. They concluded that the 
apparent activation energy of the Co7Mn3Ox catalyst was much smaller than that of MnOx, indicating that the active sites on 
the MnOx surface were altered due to the introduction of cobalt. 
Gongshin Qi et. al [9] they were prepared A series of manganese-cerium oxide catalysts by co-precipitation method and used 
for low temperature selective catalytic reduction (SCR) of NOx with ammonia in the presence of excess O2. Catalysts were 
characterized by X-ray diffraction (XRD), surface area measurement and FTIR. They concluded that  Mn-Ce mixed-oxide 
catalyst yielded 95% NO conversion at 150 ◦C. The manganese content was increased from 0 to 40%, NO conversion 
increased significantly, but decreased at higher manganese contents. The most active catalyst was obtained with a molar 
Mn/(Mn + Ce) ratio of 0.4 
 
CONCLUSION: 
Due to the environmental pollution level and their rapid increase has forced environmental agencies of various countries to 
enforce emission norms. The after treatment device like EGR, SNR, NCR, SCR and particulate trap are required to achieve 
these emission norms.so referring through many papers and guidance it is studied that harmful gases like CO, NOx & HC 
reduction is most important part of  emission. Various combinations of catalysts with exhaust gas to from selective catalytic 
reduction, minimum temperature and various load conditions. Which are converted into harmless gases like CO2, N2 & 
H2O.the studies shows that reduction of various exhaust gas not only NOx. If using a Different catalytic converter the most 
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harmful gases should be minimized. Pollution should be controlled. The vehicle performance will be increased and air 
pollution is in controlled conditions. 
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