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Abstract: currently, the world faces two major crises, depletion of fossil fuel and environmental degradation. So, to solve both 
problems, renewable alternative fuel is necessary with a minimum impact on the environment. Therefore, the search for biofuels 
has been raised in the earth world, to preserve the global environment and to replace fossil fuels by biodiesel. In this work, 
performance and emission characteristics of a diesel engine are studied using cottonseed oil methyl ester as biodiesel and CuO 
nanoparticle as an additive in a single cylinder four strokes computerized variable compression ratio engine. The copper oxide 
acts as a catalyst to provide oxygen for the oxidation of CO or otherwise absorbs oxygen for the reduction of NOX. The carbon 
deposits within the engine cylinder are burned by the activation energy of copper oxide at the wall temperature and also it 
restricts the deposition of non-polar compounds on the cylinder wall results, diminution in hydrocarbon emissions. The tests 
revealed that copper oxide nanoparticles can be used as an additive in diesel and diesel-biodiesel-methanol blend to improve 
complete combustion of the fuel and reduce the exhaust emissions significantly. 
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I. INTRODUCTION 
Biodiesel is renewable, biodegradable and oxygenated fuel. Research has proved that the blending of biodiesel with neat diesel 
enhances the property and also the performance of diesel engines. The production of biodiesel from the biomass is becoming cost 
competitive with fossil fuels due to the open spread availability of biomass resources. Currently, various products are being used to 
extract biodiesel. Thus, at a time when conventional energy resources are under a constant threat of extinction, biodiesel is raising as 
one of the most promising environmentally friendly renewable energy options. Nowadays the properties of the diesel fuel can be 
improved with help of some additives characteristics of diesel fuel can be improved by the use of additives [14-26]. There are many 
additives are available in the market they are classified based on chemistry, usability, etc. With increasing demand for improved 
ignition quality and increasing cetane number specifications, the use of ignition improver additives has also risen. The rapid growth 
of nanotechnology in the past decade, nanoparticles are now widely commercialized in many products such as paint, coatings, 
catalysts, cosmetics and many other applications. Distinctive physicochemical characteristics (e.g. magnetic, optical and electrical) 
make the use of nanoparticle ideal in the manufacture and other related industries. Ignition delay, Specific fuel consumption, 
harmful emission, smoke are reduced by adding nanoparticle in diesel getting tremendous attention towards the scientific 
community. And also the addition increases brake thermal efficiency of the engine and reduces emission because the addition of 
nanoparticles in the fuel increases the surface area to volume ratio which leads to the rapid oxidation process. The most popularly 
used nanoparticles are Cerium oxide (CeO2), copper oxide (CuO) and zinc oxide. Addition of some metal and metal oxide in the 
form of nano-powder to the base fuel may enhance the properties of the fuels. This is due to the unique properties of nanoparticles 
like higher specific surface area, thermal conductivity, catalytic activity, and chemical properties as compared to their bulk form. 
Many researchers have used nanoparticles as additives in diesel as well as biodiesel as new hybrid fuel blends. The use of fuel-borne 
catalyst has the advantage of an increase in fuel efficiency and reducing harmful greenhouse gas emissions. However, the stability 
of liquid-based fuels with metal additives was so important because of the rapid precipitation of the metal particles.  

II. BIODIESEL PREPARATION 
The transesterification process of cottonseed oil was performed using 13 gm of sodium hydroxide and 250 ml of methanol per liter 
of raw cottonseed oil. First, raw cottonseed oil was taken in a container and stirred with a mechanical stirrer and simultaneously oil 
was heated with the help of a heating coil. The speed of the stirrer should be minimal till the temperature of the raw cottonseed oil 
reaches 55oC. Then the NaOH was mixed with methanol separately in a beaker and stirred until they were properly dissolved. The 
solution was then added to the preheated cottonseed oil in the reactor and the reactor was closed with an airtight lid. Now the 
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solution was stirred at a high speed of 650 rpm, care should be taken that the temperature does not exceed 60oC as methanol 
evaporates at the temperature of 65oC. Also, the NaOH- alcohol solution was mixed with cottonseed oil only at 55oC because heat 
generated when NaOH - alcohol were mixed together and the temperature of the raw oil should be more than this when the mixing 
was done if the reactions have to take place properly. After the mixture was stirred for 30 minutes at a fixed temperature of 60oC, 
the solution was transferred to a glass container where the separation of glycerin takes place and permitted to settle down for 15 hrs.  
After that, the methyl ester of cottonseed oil (biodiesel) gets collected in the upper portion of the glass container whereas glycerin 
gets collected at the base of the container and drain the bottom layer containing glycerin. Then the biodiesel was washed with water, 
again glycerin gets separated from biodiesel and was removed. The biodiesel was washed with water repeatedly for 4 to 5 times at a 
time interval of 1 hr until no glycerin was there in the biodiesel. Now the biodiesel was heated for 103 to 105oC in order to remove 
water contained in it. Finally, the produced methyl ester of cottonseed oil (MECSO) was left to cool down and was ready for use. A 
maximum of 800 ml methyl ester of cottonseed oil (biodiesel) production was observed for 1 liter of raw cottonseed oil, 250 ml of 
methanol and 13 gm of sodium hydroxide at 60oC [1-7]. 

                   
Fig. 1(a) Glycerin precipitation         Fig. 1(a) pure CSME 

III. NANOPARTICLE 
Generally, Sol-Gel method involves the evolution of inorganic networks through the formation of a colloidal suspension (sol) and 
gelation of the sol to form a network in a liquid phase (gel). In this, the synthesis of CuO is performed by Sol-Gel route because this 
method is easy and economical. The precursors for synthesizing these colloids consist usually of a metal or metalloid element 
surrounded by various reactive legends. The aqueous solution of CuCl2∙2H2O (0.2 M) is prepared in the cleaned round bottom flask. 
The obtained aqueous solution was added 1 ml of acetic acid and heated to 100 °C in a magnetic stirrer with constant stirring and 
then 8 M NaOH is added to previous heated solution till pH reaches to 7. The color of the solution turned from green to black 
immediately and a large amount of black precipitate is formed immediately. The entire process is depicted in Figs. 2(a) and 2(b). 
The precipitated nanoparticles are centrifuged and washed 3-4 times with de-ionized water. The obtained precipitate was dried in air 
for 24 hours. This powder is further used for the characterization of CuO nanoparticles. The chemical reaction was; 

CuCl2 + 2NaOH                      Cu(OH)2 + 2NaCl2 

Cu(OH)2 decomposes into CuO on heating: 

Cu(OH)2                    CuO + H2O 

A. Nano Characterization 
A large number of techniques are available to measure the properties of nanoparticles, but different techniques measure different 
properties of the nanoparticle, and hence, the results are not identical. Since, the nanoparticles used in this study were synthesized; a 
few characterization tests were conducted to understand the properties of the prepared nanoparticle [8-11]. 
The morphology of CuO nanoparticle was studied by passing a fine beam of high energy electrons on the surface of the sample. The 
image formed, as shown in Fig.3, due to the scattered electron beam and sampled interaction, shows that the synthesized 
nanoparticles are needle in shape. 
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Fig. 2(a) CuO nanofluid      Fig. 2(b) CuO nanoparticle 

The EDX method is used to characterized the elemental composition of the sample, by analyzing the emitted X-rays from the 
sample after being bombarded by the SEM electron beam. From Fig.4, it was observed that the peaks obtained correspond to the 
copper and oxygen elements. No other peaks where suggesting the absence of any impurity formed. 

                          
Fig. 3 SEM photograph of CuO nano particles                       Fig. 4 EDX photograph of Cu2O nano particles 

Fig. 5 shows the peak at 2094.38 cm-1 which indicates the presence of primary amines and the C-H stretches of alkenes appearing at 
1457.81 cm-1. The three infrared absorption peaks reveal the vibrational modes of CuO nano structures. The major peaks were found 
with 500.74 cm-1, 642.35 cm-1 and 996.02 cm-1 respectively. The vibration at the region of 500.74 cm-1 has been attributed to CuO. 
The EDX analysis was used for further confirmation of the structure.  

 
Fig. 5 FTIR spectroscopy 
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IV. EXPERIMENTL SETUP 
Fig. 6 shows the experimental setup of the testing engine. The performance tests for the stable Diesel-biodiesel-ethanol blends and 
neat diesel with cerium oxide nanoparticles as fuel-borne catalyst additive are carried out on a computerized single cylinder four 
stroke direct injection variable compression ratio engine. Figure-1 shows the schematic diagram of the experimental setup and the 
Table-2 shows the specification of the engine. The experimental setup consists of a variable compression ratio engine is coupled to 
an eddy current dynamometer. A computerized data acquisition system is used to collect, store and analyze the data during the 
engine testing. 

 
Fig. 6 Computerized variable compression ratio test rig. 

The gas analyzer used for measuring the engine exhaust gas is AVL DITEST MDS 250. It has the capability to measure five exhaust 
gas emissions namely CO, CO2, HC, O2,and NOx. Here CO, CO2, and O2 are measured in % vol of the sample and HC, and NOx are 
measured in ppm. 

V. REULTS AND DISCUSSIONS 
The following section illustrates the results obtained from the performance and emission characteristics of the CI engine. 
A. Performance Study of C. I. Engine 

Fig. 7 shows the variation of Brake Thermal Efficiency Vs load for different blends. It is clear that brake thermal efficiency 
(BTE) increases with an increase in load and also among the various blends, B20+50 ppm of CuO has the highest brake thermal 
efficiency when compared with other blends. With the addition of CuO nanoparticles, the BTE has increased marginally compared 
to the same of biodiesel. The average increase in BTE was 6.84% for up to 50 ppm addition of CuO nanoparticle in biodiesel blend. 

    
Fig. 7 Load Vs BSFC                                                                  Fig. 8 Load Vs BTE 

Fig. 8, it is evident that an increase in load causes a parallel decrease in brake specific fuel consumption (BSFC). Comparing the 
BSFC of various blends, we infer that the addition of CuO nanoparticles to biodiesel decreases the BSFC. Among all the blends, we 
note that B20+50 ppm CuO has the least BSFC. The average decrease in BSFC was 6.16%. It is observed that the BTE increases as 
the additive percentage increases. This is due to that the addition of CuO nanoparticle enhances the complete combustion of the fuel 
and the requisite power is generated using a low amount of fuel consumption. This directly results in an increase in BTE. It can also 
be inferred that the BSFC decreases as the additive percentage increases which are due to the vice versa of the above-mentioned 
explanation. But after 50 ppm addition of CuO, It decreases the BTE because the CuO nanoparticles are precipitated in the biodiesel 
blend. 
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B. Emissions Study of C. I. Engine 
From Fig. 9, we note that an increase in load causes an Increase in hydrocarbon (HC) emissions. The additive added biodiesel 
reduced the emissions of HC, significantly compared to the non additive biodiesel blend. This is because the addition of CuO 
reduced the peak pressure and peak temperature inside the engine cylinder.  

 

       
Fig. 9 Load Vs Hydrocarbon                                                               Fig. 10 Load Vs Nox 

Fig.11 indicates that the increase in load gives a corresponding increase in CO emissions. We note that the addition of nanoparticles 
to biodiesel decreases the CO emissions. The maximum reduction in CO was noticed as 15.48% for 50 ppm addition of CuO in 
biodiesel blend. 

 
Fig. 11 Load Vs CO 

VI. CONCLUSIONS 
The experiments were conducted with CSME biodiesel and CuO as an additive has been studied and investigated the     performance 
and emission characteristics. The following conclusions based on the experiment are 

A. The performance, emission characteristics were analyzed at 20% blend with and without the presence of Copper oxide nano 
        additive in single cylinder 4 stroke direct injection diesel engine.  
B. Brake specific fuel consumption (BSFC) has been reduced for all the additivated blends. Brake specific fuel consumption for 

B20+50 ppm increased by 6.16% when compared with biodiesel without additives. 
C. Break Thermal Efficiency (BTE) has been reduced for all the additivated blends. The brake thermal efficiency for B20+50ppm 

increased by 6-7% when compared with biodiesel without additives.  
D. The reduction in CO emission by using B20+50 ppm has observed when compared with diesel. The CO emissions reduced by 

13% when compared with diesel.  
E. The HC emissions are obtained minimum for B20+50 ppm when compared with diesel and other biodiesel nano-fuel additives.  
F. NOx emissions are decreased for almost all biodiesel nano fuel additives when compared to biodiesel without additives.  
G.  The cottonseed oil methyl ester can be a potential source for biodiesel production and can also be used as potential fuel for 

diesel engine without any engine modifications. 
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