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Abstract 

This paper reports the results of experimental investigations on the influence 

of the addition of cerium oxide in nanoparticle form on the major 

physiochemical properties and the performance of diesel. The fuel is modified 

by dispersing the catalytic nanoparticle by ultrasonic agitation. The 

physiochemical properties of sole diesel fuel and modified fuel are tested 

with ASTM standard procedures. The effects of the additive nanoparticles on 

the individual fuel properties, the engine performance, and emissions are 

studied, and the dosing level of the additive is optimized. Cerium oxide acts 

as an oxygen-donating catalyst and provides oxygen for the oxidation of CO 

during combustion. The active energy of cerium oxide acts to burn off carbon 

deposits within the engine cylinder at the wall temperature and prevents the 
deposition of non-polar compounds on the cylinder wall which results in 

reduction in HC emission by 56.5%. Furthermore, a low-cost metal oxide 

coated SCR (selective catalyst reduction), using urea as a reducing agent, 

along with different types of CC (catalytic converter), has been implemented 

in the exhaust pipe to reduce NOx. It was observed that a reduction in NOx 

emission is 50–60%. The tests revealed that cerium oxide nanoparticles can 
be used as an additive in diesel to improve complete combustion of the fuel 

and reduce the exhaust emissions significantly. 

Keywords: Cerium oxide, Nanoparticle, SCR, Urea, Diesel engine, Emission. 

 

 

1.  Introduction 

Diesel engines are known for their high thermal efficiency and hence widely 

used in automobiles. However, diesel engines are one of the major contributors 
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to the emission such as hydrocarbons, particulates, nitrogen oxides, and sulphur 

oxides. These emissions are very harmful to human beings and also responsible 

for acid rain and photochemical contamination and hence subject to strict 

environmental legislations. Efforts are also made for the reformulation of diesel 

fuel to reduce these harmful emissions without affecting the physicochemical 

properties of the fuel such as viscosity, flash and fire point, and so forth [1-2]. 

A previous study on reformulated fuels [3] shows that the morphology and 

conductivity of the fuel are dependent on the surfactant, the type and 

concentration of metal oxides used therein. 

Different kinds of works have been reported on modified fuels for improving 

diesel engine performance and reducing exhaust emissions. Vedharaj et al. [4] 

carried out experiments with pure diesel, diesel blended with cashew nut shell 

liquid, and bio-diesel. It was reported that while CO and HC emissions were 

reduced, the NOx emissions increased. 

Jung et al. [5] carried out investigations on the influence of cerium oxide 

additive on the kinetics of oxidation and size distribution of ultrafine diesel 

particles using a high-temperature oxidation in tandem differential mobility 

analysis method over the temperature range 300–700°. The addition of cerium in 

diesel fuel was observed to cause significant changes in number weighted size 

distributions; light-off temperature was reduced by 250 and 300°C for 25 and 100 

ppm dosing levels, respectively. The oxidation rate was observed to be increased 

significantly with the addition of cerium in the fuel even though the rate was 

relatively insensitive to dosing level.  

The effect of cerium oxide on the size distribution and composition of diesel 

particulate matter has been studied by Skillas et al. [6] which indicated a 

reduction in the accumulation mode, but an increase in ultrafines. It was observed 

by Lahaye et al. [7] that cerium oxide is present both on and within the soot as 

cerium oxides in the study of catalytic effect of cerium oxide on diesel particulate 

matter oxidation. Neeft et al. [8] identified the metal oxides of copper and cerium 

as additives which will cause spontaneous regeneration as they uniformly 

distribute the particulates or soot by catalyzing the combustion during 

regeneration. Stanmore et al. [9] conducted experiments about the ignition and 

combustion of cerium oxide doped diesel soot and the results showed a significant 

increase in the intrinsic oxidation rate in the presence of the metal additive. 

Metal oxides such as copper, iron, cerium, and cobalt have been used as fuel 

additives. Among these oxides, cerium oxide (Dutta et al.) [10] is the most 

abundant element in rare earth family with good thermal stability as well as 

cross-over efficiency which will undergo redox cycling between the trivalent 

and tetravalent oxidation states. Cerium oxide, when used in the nanoparticles 

form, exhibits a high catalytic activity because of its high surface-to-volume 

ratio leading to improvement in the fuel efficiency and reduction in the 

emissions. Sajith et al. [11, 12] and Selvan et al. [13] investigated the effect of 

cerium oxide nanoparticles on the engine performance and emissions, with 

diesel and bio-diesel as fuels. The break thermal efficiency of the engine was 

found to be increased by 5% and a drastic reduction in both NOx and HC 

emissions were observed. 

The present experimental study aims at the investigation of the effect of 

cerium oxide (CeO2) in the form of nanoparticles, as an additive in diesel, on the 
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physicochemical properties of diesel as well as the engine performance and its 

effect on the emission characteristics of urea–SCR systems. The fuel properties 

tested include flash point, fire points, and viscosity [14, 15].  

A urea–SCR system that uses urea injected into the diesel exhaust emissions 

to purify NOx via decomposition of urea to NH3 has been attracting attention. 

SCR catalysts (V2O5–TiO2–WO3) with NH3 as the reducing agent have been 

widely used since the 1970s as exhaust emission converters in stationary diesel 

power generators [16, 17]. Unlike catalysts used in fixed applications, which 

can be designed to work optimally under predictable temperatures and 

discharge rates change over time, the catalysts used in mobile applications 

should work under constantly varying conditions. At present, urea–SCR 

systems are used predominantly in heavy duty diesel commercial cars and their 

capabilities in this field have been demonstrated [18, 19].  

Apart from this direct method of treating NOx emission at the source, SNCR 

technology was investigated by researchers [20]. It was reported that NOx 

emissions reduced by 13.4% for a single-cylinder diesel engine. Use of zeolites 

ion exchanged with transition metals, such as Fe or Cu, as urea–SCR catalysts 

is currently a topic of research. When NOx reaches ion-exchange sites in the 

zeolite, it reacts selectively with NH3 even in the presence of O2 and is reduced 

to N2. The NOx reduction reactions are described as follows 

�NO + NO� + 2NH� → 2N� + 3H�O                                                                    (1) 

4NO + 4NH� + O�� → 4N� + 6H�O                                                                     (2) 

6NO�� + 8NH� �→ 7N� + 12H�O                                                                         (3) 

 

2.  Catalyst Preparation of SCR 

In this study, Fig. 1 shows a ceramic honeycomb substrate which is a chemical 

composition of 2MgO–2Al2O3–5SiO2 was made at a block size of length 50 mm, 

breadth 50 mm, and thickness 22 mm with a channel diameter of 2 mm. After pre-

treatment, the supporting channels were first coated with kaolin (aluminium 

silicate). It was then coated with salt Y-Zeolite and then the binder sodium 

chloride was added to the catalyst. The molecular weight of the catalyst is 

122.06 g. One litre of water was mixed well with 122.06 g of catalyst and then 

20 ml of ammonium hydroxide is added.  

The mixture is allowed to dry for 2 days and kept in a furnace at the 

temperature of 700°C for several hours. The same procedure is carried out with 

the other catalysts like sodium hydroxide as binder and magnesium silicate as 

catalyst, sodium hydroxide as binder and zinc oxide as catalyst, and sodium 

hydroxide as binder and manganese oxide as catalyst. In order to understand the 

NOx reduction potential of materials such as zinc oxide, manganese oxide, and 

magnesium silicate with ammonia SCR, investigations were conducted with 

different engine loads. 
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Fig. 1. Photographic view of the tested SCR. 

3.  Experimental Procedure 

The experimental investigations were carried out in four phases. In the first phase, 

cerium oxide nanoparticles were prepared by the chemical method and added to 

diesel to obtain a stable suspension. In the second phase, various physiochemical 

properties of modified diesel were determined and compared with those of the base 

fuel. In the third phase, fabrication of CC with different types of metal oxides 

catalysts coated urea–SCR systems. In the fourth phase, performance tests were 

conducted on a single-cylinder DI diesel engine using the modified and base fuels 

with different types of SCR CCs, in order to evaluate the engine performance as 

well as the emission characteristics, using an exhaust gas emission analyser. 

 

3.1. Synthesis of cerium oxide nanoparticles 

Cerium oxide nanoparticles were synthesized by means of precipitation method. 

Chemicals used in this method were reagent-grade cerium nitrate 

Ce(NO3)3·6H2O (Sigma-Aldrich), analytical-grade iso-propanol, and aqueous 

ammonia. The reaction was carried out at room temperature. 0.06 M cerium (III) 

nitrate solution in water–iso-propanol mixture in the volume ratio of 1:8 was 

prepared and stirred by a magnetic stirrer. A five-fold excess of 2 M aqueous 

ammonia solution was added to the solution so that the pH of the solution was 

adjusted to 10, as an alkaline medium gives smaller particles than the acidic 

medium. After1 h, the pale red colored reactants turn yellow, indicating the 

formation of amorphous cerium hydroxide nanoparticles. 

Conversion of amorphous cerium hydroxide to cerium oxide on heating: 

Ce�OH�� + Heat → CeO� + 2H��O�                                                                      (4) 

These synthesized nanoparticles were calcinated at 450°C for 3 h to obtain 

crystalline nanosized particles. A surfactant has been used to obtain a better 

dispersion of ceria nanoparticles in diesel. The selection of the surfactant depends 

on the hydrophilic–lipophilic balance (HLB) of the surfactant, which is the 

relative degree to which the surfactant is water-soluble or oil-soluble. In the 

present work, the surfactant used was dodecyl succinic anhydride (DDSA), which 

has an HLB value of 1.34 and is a stable compound with adhesive property, slight 



1408       B. J. Thirumal 

 
 
Journal of Engineering Science and Technology    November 2015, Vol. 10(11) 

 

odour, and is totally soluble in diesel. The lipophobic part of the DDSA molecule 

is embedded into the cerium oxide particle, leaving the lipophilic part of the 

molecule to interact with diesel. The addition of DDSA in diesel will also 

improve the detergent properties.  

 

3.2. Preparation of nanoparticle-added fuels 

The dosing level of cerium oxide nanoparticle samples (by weight) in diesel was 

varied from 10 ppm to 50 ppm. In order to obtain a uniform suspension of 

nanoparticles in diesel, a standard ultrasonic shaker has been used for mixing the 

nanoparticle corresponding to the required dosing level. The catalytic nanoparticle 

added diesel was agitated for about 30 min in an ultrosonicator to obtain a stable 

nanofluid. The modified fuel was used in the experiments immediately after 

preparation, so that considerable time is not allowed for sedimentation to set in. 

From the literature of Sajith et al. [11, 12], it is known that maximum zeta potential 

is obtained for the sample containing 35 ppm of cerium oxide nanoparticles, with 

2% volume percentage of DDSA and hence from the stability point of view, this 

sample was the most stable. In this work, 2% volume percentage of DDSA with 25 

ppm and 50 ppm of cerium oxide nanoparticles are used. 

 

3.3. Determination of fuel properties 

American standard test methods have been employed for the determination of 

various properties of fuel such as viscosity and flash and fire points. The viscosity 

was measured using the redwood viscometer and a Cleveland open cup flash and 

fire point apparatus [9] was used to measure the flash and fire points [5]. 

 

3.4. Engine performance and emission testing 

The engine used for the present investigation is kirloskar TV-1, single cylinder, four 

stroke, constant speed, vertical, water cooled, direct injection (DI) diesel engine. 

The kirloskar engine was mounted on the ground. The test engine was directly 

coupled to the eddy current dynamometer for loading the engine. The applied load 

is varied progressively from low load (20%) to full load (100%) in steps of 20%. 

The experimental setup and arrangement is shown in Fig. 2. The engine has been 

designed to develop a power of 5.2 kW and is operated at a constant speed of 

1500 rpm with an injection pressure of 220 bar. The nozzle opening pressure is 

calibrated at open conditions to open the needle at 220 bar. Under the engine 

operating conditions due to compression pressure generated the nozzle opening 

pressure is reduced from 220 bar. Depending on the timing of fuel injection the 

local ambient pressure will change. Normally in diesel engines the ambient pressure 

at the time of fuel injection is around 40 bar. The operating and design conditions of 

the engine are kept at manufacturer’s default value. Mechanical type fuel injection 

system with an in-line pump and a three-hole nozzle injector assembly is used. The 

specifications of the engine are given in Table 1.  

While carrying out the experiments, ambient conditions were maintained for 

all the tests as the ambient temperature and pressure do have an impact on the 

suction air drawn into the cylinder. For the test runs, different blends of cerium 
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oxide nanoparticles with diesel say 25 and 50 ppm with 2% volume percentage of 

DDSE are used. The increase in ppm of cerium oxide beyond 60 ppm is 

forbidden, as it increases the resistance between the fluid layers and hence 

increases the viscosity of the fuel and the smoke density of the exhaust gas. 

Before commencing the testing with each blend, care is taken to completely 

remove the proportion of previously used fuel from the fuel tank, fuel lines, and 

associated fuel injection equipment. Finally, performance, combustion, and 

emission parameters of the engine were analysed and discussed. 

Table 1. Engine specifications. 

Type Single cylinder, vertical, water cooled, 4 stroke Kirloskar 

TV-1 Diesel engine 

No of cylinders one 

Bore 87.5 mm 

Stroke 110 mm 

Cylinder diameter 0.0875 m 

Stroke length 0.11 m 

Compression ratio 17.5:1 

Orifice diameter 0.02 m 

Rated Power 5.2 kW (7 hp) 

Speed 1500 rpm 

Loading device Eddy current Dynamometer 

 

Fig. 2. Schematic diagram of the experimental setup                                       

with SCR (selective catalytic reduction. 
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3.5. After treatment system 

In the after-treatment process, SCR, which involves the spraying of urea in the tail 

pipe, was incorporated to reduce NOx. In the ensuing process, 30% urea was 

found as the optimum proportion intended for injection. It is worthwhile to note 

that urea–water solution has become a popular reducing agent in the commercial 

market and the emerging brand, Ad-blue, itself recommends around 30% mix of 

urea with water. An additional circuit to help realize the spray of urea dissolved is 

shown in Fig. 2. Throughout the experiments, 300 ml of urea dissolved in 700 ml 

of water, kept in a separate tank, was injected in the exhaust pipe.  

 

4.  Results and discussion 

For the effective removal of NOx from the tailpipe a proper quantity of ammonia 

has to be supplied. Figure 3 shows the ammonia requirement for the NOx 

emission rate measured from the baseline readings. Varying percentages of urea 

were sprayed in the exhaust pipe, until a sufficient reduction in NOx value was 

achieved. The rate of injection of urea is controlled by a pump which maintains 

adequate pressure in the flow lines, and a three-way control valve, which controls 

the spray of urea in the exhaust pipe.  

 

Fig. 3. Variations of ammonia flow rate against load. 

4.1. Investigation of combustion parameters 

Figure 4 shows the comparison of heat release at full load conditions for the 

cases with sole diesel fuel, diesel + CeO 25 and diesel + CeO 50. The graph 

also shows the heat release for the above three cases with a CC added at the 

exhaust. Some interesting facts emerge from the analysis of graphs 4.2(a) and 

4.2(b).The addition of cerium oxide resulted in a marginal increase (3–5%) in 

ignition delay. There is not much difference between the delay periods                  

for CeO 25 ppm and CeO 50 ppm blends. The peak heat release rate for              

sole diesel fuel was earlier 10° bTDC. With cerium blends, two phenomena 

were noticed. 
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• Heat release rate is reduced with the blends of cerium oxide. 

• Heat release point is shifted toward TDC. For sole diesel fuel, the peak heat 

release point was 12° bTDC, whereas the heat release point is now between 

7° and 10° bTDC.  

The shifting of release point toward TDC will result in increased thermal 

efficiency.This can be confirmed with Fig. 6 which shows the brake thermal 

efficiency for the six cases investigated. The brake thermal efficiency increased for 

all the cases. It can also be observed from Fig. 4(a) and (b) that the variation of heat 

release is more with CeO25 compared to CeO50. The diffusion combustion phase is 

shifted toward TDC approximately by 2–3° for all combinations of catalysts at the 

exhaust. With CeO50 blended diesel, the variation between heat release rates is not 

much felt. It can be seen from Fig. 4(a) and 4(b) that both premixed and diffusion 

combustion phases of cerium oxide blends exhibit patterns different from that of 

diesel, owing to its distinct properties. Diesel shows a peak heat release rate of 

139.68 kJ m
-3

 deg at full load condition. Among the blends, cerium oxide 25 ppm 

shows a peak release rate of 132 kJ m
-3

 deg and cerium oxide 50 ppm shows a peak 

release rate of 125.08 kJ m-3 deg at full load condition. It shows a drop in the heat 

release rate by 6.92 kJ m
-3

 deg at full load condition while increasing the cerium 

oxide nano additive by 25 ppm. It can be inferred that the combustion rate reduced 

during the initial phase of combustion. The cerium oxide acts as an oxygen-

donating catalyst and provides oxygen for the oxidation of CO. 

The heat release pattern has a direct influence on the pressure developed 

inside the engine cylinder. Figure 5 shows the temporal pressure history at full 

load for various cases mentioned already. Since the heat release rate is subdued 

for CeO 25 ppm, CeO 50 ppm and with various catalysts added, the pressure 

history shows a marked difference amongst them. The fuel injection time for all 

the cases is fixed at 23° bTDC. The sole diesel fuel without any catalyst attached 

shows a peak pressure exactly at TDC, whereas the peak is shifted toward the 

right for the two blends of cerium oxide, without and with CC. Because of this 

shift, after TDC, the brake thermal efficiency is enhanced, even though the 

maximum pressure for the modified cases is lower than sole diesel fuel by nearly 

6%. Another interesting fact is that the variation in cylinder pressure is more for 

CeO 50 ppm blend than for CeO 25 ppm blend.  

 

(a) Diesel + CeO25 ppm 
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(b) Diesel + CeO50 ppm 

Fig. 4. Variations of heat release rate against crank angle. 

 
(a) Diesel + CeO25 ppm 

 
(b) Diesel + CeO50 ppm 

Fig. 5. Variations of cylinder pressure against crank angle. 
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4.2. Investigation of performance parameters 

Performance tests were conducted on a diesel engine with diesel and modified 

fuel. Figure 6 shows the variation of brake thermal efficiency with increasing load 

for different concentrations of cerium oxide nanoparticles. The brake thermal 

efficiency is increased by about 6% on the addition of cerium oxide nanoparticles 

to diesel. This correlates well with the earlier reasoning that the peak heat release 

shifting toward TDC and peak pressure shifting slightly away from TDC is 

beneficial for engine cycle efficiency. The cerium oxide nanoparticles present in 

the fuel promote longer and more complete combustion as compared to the base 

fuel, as cerium oxide acts as an oxygen buffer, releasing and storing oxygen 

depending upon the partial pressure of oxygen. The efficiency of cerium oxide as 

a catalyst is related to its ability to undergo a transformation from the 

stoichiometric CeO2 (+4) state to the Ce2O3 (+3) valence state via a relatively (in 

comparison with other oxides) low energy reaction. The addition of DDSA in the 

fuel decreases the viscosity leading to better atomization of fuel droplets and 

hence improvement in the efficiency. A drop in brake thermal efficiency was also 

observed when the dosing level of DDSA was increased from 2% to 5%, putting a 

limit to the dosing of the surfactant in the fuel. But the present analysis reveals 

that additional quantity of ceria does not deteriorate the performance. 

 

(a) Diesel + CeO25 ppm 

 

(b)Diesel + CeO50 ppm 

Fig. 6. Variations of break thermal efficiency against brake power. 
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4.3. Investigation of emission parameters 

From the investigation of performance and combustion characteristics, it is 

apparent to note that CeO 50 ppm shows better performance and combustion. 

However, the blend of cerium oxide beyond 50 ppm is not presented in this work, 

as operation of higher blends will decrease the brake thermal efficiency and 

increase the smoke density due to the increase in the viscosity of the fuel. 

 

4.3.1. NOx emission 

Figure 7 compares the emission of NOx from the engine for sole fuel, diesel 

fuel with cerium oxides with the properties of CeO 25 ppm and CeO 50 ppm 

without catalyst, and the emissions of NOx for the above cases when different 

catalysts attached. It is observed that adding CeO 25 ppm reduces the 

emission by 9.2%, whereas the addition of CeO 50 ppm reduces the emission 

by 14% without any catalytic treatment. With the introduction of after-

treatment system (urea–SCR), the NOx emissions are reduced by a maximum 

of 57% with CeO 25 for (Ze+Ka) catalyst, whereas the reduction with the 

same catalyst for CeO 50 at full load is almost standing at the same with a 

reduction of 56.5%. This means the performance of catalyst (Ze+Ka) is 

unaffected by the introduction of additional cerium oxide. It was observed 

that the reduction in the NOx emissions increases with the increase in the 

concentration of ceria from 20 ppm to 50 ppm.  

Cerious oxide (Ce2O3) formed after the oxidation of hydrocarbon gets re-

oxidized to CeO2 through the reduction of nitrogen oxide as per the following 

reaction [28]: 

Ce��O�� + NO → 2CeO� + �
�N�                                                                             (5) 

When urea is injected in the exhaust manifold, the brakedown of urea 

[(NH2)2CO] into ammonia happens by virtue of two processes-thermolysis and 

hydrolysis [25] as shown below: 

�NH���CO + H�O → 2NH� + CO�                                                                       (6) 

Precisely, the ammonia formed during the decomposition and hydrolysis 

process reacts with NO and NO2 in tail pipe to form N2 and H2O. The 

reaction which governs the formation of end products, after urea injection, is 

as follows: 

2NH� + NO + NO� → 2N� + 3H�O                                                                    (7) 

Similar findings were reported by many researchers when using urea-based 

SCR systems, emphasizing it as one of the prominent method to reduce NOx 

emission [24, 26, 29]. Since SCR being an after-treatment methodology, there is 

seldom any compromise in the engine performance when compared to EGR, 

where a reduction in NOx emission at the expense of engine performance is 

observed [23, 27]. 
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(a)Diesel + CeO25 ppm 

 

(b)Diesel + CeO 50  ppm 

Fig. 7. Variations of oxides of nitrogen with brake power. 

 

4.3.2. Smoke emission 

When oxygenated fuels act as a substitute fuel for diesel, smoke-free combustion 

could be comprehended, given the presence of inherent oxygen promotes better 

combustion. In Fig. 8 no remarkable variation is observed in smoke density in the 

base fuel and blended fuel without SCR. The level of smoke density is reduced by 

4 HSU in CeO 25 ppm than CeO 50 ppm. It reveals that increases in the 

percentage of cerium oxide with base fuel increased the level of smoke density. 

However, the results drawn in this study with different types SCR + CC show a 
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reduction in smoke density by 10–15%. Among these catalyst materials, it is 

observed that the smoke reduction potential is more in Zeolite+kaoline coated 

SCR systems.  

 

(a)Diesel + CeO25 ppm 

 

 

(b)Diesel + CeO50 ppm 

Fig. 8.Variations of smoke density with break power. 

  

4.3.3. CO emission 

It could be inferred from Fig. 9 that the CO emission of nanofuel blends are lower 

than diesel at all load conditions. A greater reduction in CO is achieved by the blend 
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of CeO 50ppm without SCR compared with diesel and further it is reduced by 

35.65% at the maximum with the implementation of (Ze+Ka) catalyst coated urea–

SCR systems. Generally, CCs are known to oxidize any unburnt CO and HC 

present in the tail into the end products of combustion, CO2 and H2O. Thus, a 

greater reduction in CO emission has been realized with the implementation of CC. 

 

 

(a)Diesel + CeO25 ppm 

 

 

(b)Diesel + CeO50 ppm 

Fig. 9. Variations of carbon monoxide with break power. 
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4.3.4. HC emission 

The hydrocarbon emissions decreased on the addition of catalytic nanoparticles 

by about 20–25%, especially at higher load as shown in Fig 10. It was also 

observed that the reduction in the HC emissions increases with the increase in the 

concentration of cerium oxide from 25 ppm to 50 ppm. Cerium oxide has the 

ability to undergo a transformation from the stoichiometric CeO2 (+4) valance 

state to the Ce2O3 (+3) state, releasing the oxygen. Thus, cerium oxide supplies 

the oxygen for the oxidation of the hydrocarbon as well as the soot and gets 

converted to cerous oxide (Ce2O3) as follows [28]: 

 

(a) Diesel + CeO25 ppm 

 

(b) Diesel + CeO50 ppm 

Fig. 10. Variations of hydrocarbons with break power. 
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Hydrocarbon combustion: 

�2x + y�CeO� + C�H� → �������� � Ce�O� + xCO + �
�H�O                                    (8) 

Soot burning: 

4CeO� + C�  ! → 2Ce�O� + CO�                                                                         (9) 

Cerium oxide as an oxidation catalyst also lowers the carbon combustion 

activation temperature and thus enhances hydrocarbon oxidation, promoting 

complete combustion. Furthermore, the reduction in HC emission is achieved 

implementing different types of catalytic coated urea–SCR. From Fig. 10, it can 

be seen that the maximum amount of HC reduction, about 56.5%, is achieved by 

the combination of (Zeolite+kaolin) coated SCR in CeO50 ppm cerium oxide 

nanodiesel blend. It is evident from the figure that in both the blends the reduction 

in HC is attained for all types of SCR at the maximum load conditions. 

 

5.  Conclusion 

The present work aims at the synthesis of cerium oxide nanoparticles and the 

investigation on the effect of nanoparticles on various physicochemical properties 

of diesel and engine performances with the implementation of low cost, easily 

available, and long durable metal oxides coated urea–SCR systems. A surfactant 

has been added to the diesel to improve the stability of the nanofluid used for the 

experimentation. Load test has been done in the single-cylinder diesel engine with 

eddy current dynamometer to investigate the effect of catalytic nanoparticles on 

the combustion parameters, performance parameters, and emission parameters of 

the engine. Based on the experiments, the following conclusions were arrived 

• The flash point and fire point increase with the dosing level of cerium oxide 

nanoparticles in diesel has had an impact on combustion, performance, and 

emission characteristics of the engine. 

• Even though kinematic viscosity increases with the catalytic nanoparticle 

addition in fuel, it was found to be decreasing with the addition of the 

surfactant DDSA. 

• The BTE of the engine, for CeO 50 ppm, was noted to be 6% higher than 

diesel. Whereas emissions such as NOx, smoke, CO, and HC were observed 

to be 62.7%, 15%, 35.65%, and 56.5% lower than diesel at full load 

condition, respectively. 

• The reduction in the emission is proportional to the dosing level of 

nanoparticles in the diesel, and an optimum dosing level of 50 ppm of 

catalytic nanoparticles was observed. 
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