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ABSTRACT 

Major research is focused on fuel consumption and emission reduction in the past few 

years. There is growing interest on alternative fuels due to volatile fossil fuel price and 

depletion. Utilization of transition metal additive in nanocrystalline form helps the 

combustion in molecular level and also reduces emissions and fuel consumption values. To 

form a stable nano fluid metal oxide, additive is added to biodiesel and ultrasonicated. The 

single cylinder, air cooled, and constant speed Kirloskar engine is chosen for experimental 

study. The performance studies indicated the increase in thermal efficiency of 1% and the 

emission reduction of oxides of nitrogen (NOx), smoke and hydrocarbon (HC) are found 

lower for biodiesel. Almost 60% reduction was observed in the emission characteristics, 

because the better mixing resulting secondary atomization and the disruption of primary 

droplet containing additive and burns completely. 

 

KEYWORDS :  

 Biodiesel, Nanoparticle, Engine characteristics, Alternative energy, Jatropha oil 

 

1. INTRODUCTION 

 In recent days, research on Internal Combustion (IC) engines for alternative fuels 

has been increasing due to increase in the environmental concerns and conventional fuels 

price. Biodiesel, it is produced from animal fats, vegetable oils, an alternative diesel fuel and 

so on. The advantages of biodiesel are improving exhaust emission profile of exhaust gas, 

oxygen content, sulphur-free; promote combustion process and high cetane number. Many 

researches have been conducted on bio-based fuels. Biodiesel is one of the fuels, which has 

commercial and industrial interest. The researches have shown that biodiesel-fuelled engines 
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produce fewer amounts of un-burnt hydrocarbons, carbon monoxide, less particulate 

emissions and sulphur oxides compared to diesel fuel [1-3].  

 

  The additive is mixed with the fuel in molecular form. Nanoparticles do not make 

any clogging problem like micron-sized particles and it possess higher surface area and 

resulting better catalytic activity [4-8]. With the recent advances in the nano-science and 

nanotechnology, one can effectively utilize the fuel additive. Additive is to be added to the 

base fuel in order to enhance desirable chemical properties to modify the existing properties.  

In the present work, the cobalt oxide nano particle (~20 nm) is added to the Jatropha 

biodiesel, and the performance and emission characteristics are investigated.  

 

2. EXPERIMENTAL DETAILS 

 

2.1 Preparation of biodiesel 

 The acid esterification and pre-treatment for removing free fatty acid content in the 

oil, which could reduce the FFA in presence of optimized methanol and catalyst. In the trans-

esterification process, different types of oils, triglycerides react with alcohol 

(methanol/ethanol) to produce esters and glycerin. The catalyst is added to the reaction. 

Biodiesel consists of esters of fatty acids obtained from trans-esterification of vegetable oils 

posse’s properties similar to that of mineral diesel oil. Trans-esterification process is 

performed to reduce the viscosity of vegetable oil and hence to improve the properties of 

flow. The reaction temperature, ratio of vegetable oil to alcohol, mixing intensity (RPM), 

amount of catalyst raw oils used and catalyst are the important parameters used in this 

process [9-13].  

 The direct alkali trans-esterification requires lower FFA, since higher FFA content 

oil is pre-treated and it is evolved to base catalysis using optimized amount of methanol and 

base catalyst. After the completion of the reaction, it forms two layers; Upper one is methyl 

ester and lower one is higher molecular weight glycerin. 

   

2.2 Preparation of cobalt oxide nanoparticle  

 There are many methods for the nano particles preparation, such as plasma arcing, 

sol–gel synthesis and ball milling process and so on. Several metals are known to catalyze 

combustion of hydrocarbon fuels. Among these methods, ball milling is a grinder, which 

reduces the grain size to the nano range. The catalyst significantly assists in combating 
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vehicular emission in many countries. The cobalt nanocrystalline oxide powder is prepared 

by ball milling.    The cylinder rotates at relatively slow speed, allowing the balls to pour 

through the base of the mill[14-18], thus dispersing or grinding the materials for longtime 

leads to the particles of nanometer size. The grinding is carried out within the cylinder by 

pounding and rolling of a ceramic balls or charge of steel. [19-23]. 

 

2.3 Experimental setup 

  

Figure 1 Schematic of experimental setup 

 The single cylinder four-stroke naturally aspirated, air cooled diesel engine 

(Kirloskar TAF-1) having 4.4 kW power at 1500 rpm is used for our experimental 

investigation. The capacity of the engine cylinder is 661 CC; bore-stroke dimension is 87.5 

mm × 110 mm with the compression ratio of 17.5:1. The injection time is 23° bTDC with the 

pressure of 200 bars. Fuel flow rate is arranged with the use of burette[24-30]. The engine is 

coupled to an electric dynamometer to apply the load. To measure the exhaust emissions, the 

exhaust gas analyzer is used and with the help of piezoelectric transducer the pressure-crank 

angle diagram is obtained.  

3. RESULTS AND DISCUSSIONS 

International Journal of Pure and Applied Mathematics Special Issue

969



 
 

The 100 mg of nano cobalt oxide powder and 100 mg of surfactant (CTAB) are mixed 

based on the optimization process.  

 Adding cobalt oxide nano particle in various blends biodiesel 10%, biodiesel 20%, 

and biodiesel 100%, (namely B10, B20, and B100, respectively), and nano particles were 

dispersed using ultra-sonicator in order to reduce agglomeration.  The additive generally 

reduces the ignition delay, improves the combustion by its catalytic effect[31-32], burns the 

carbon deposits and reduces the black smoke.  

 

3.1 Brake specific energy consumption 

 

Figure 2 Variation of Brake Specific Energy Consumption with break mean effective 

pressure  

 The variation of brake specific energy consumption (BSEC) for Jatropha methyl 

ester blends was compared with diesel as shown in Figure 2. BSEC for biodiesel and its 

blends is higher compared to diesel. In order to obtain the same power output, more amount 

of fuel is to be supplied and hence higher fuel consumption is observed for biodiesel. This is 

due to the fact that biodiesel contains 10 to 11% of oxygen content, resulting lower calorific 

value compared to diesel.  Jindal et al. investigated the comparison of methyl esters of 

Jatropha and Karanja oils in a diesel engine for combustion, performance and emission. 
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BSEC was reduced by the addition of cobalt oxide additive. Average reductions in BSEC 

were 7.95% and 2.10%, respectively, for B20-Co3O4 and B100-Co3O4 in the full load 

condition [33-36]. The peak pressure is higher with diesel and net rate of heat release is lower 

for JME and KME compared to diesel. This is due to the catalytic activity of cobalt oxide and 

helps to improve the combustion; hence the correct quantity of fuel would be utilized.  The 

emission of HC, NOx and smoke denseness are found higher for diesel compared to 

biodiesel. The results showed that the karanja methyl ester (KME) have better thermal 

efficiency and specific fuel consumption (SFC) compared to Jatropha methyl ester (JME).  

 

3.2 Brake thermal efficiency 

 

Figure 3 Variation of Brake Thermal Efficiency with Break Mean Effective Pressure 

 

  The variation of brake thermal efficiency (BTE) for biodiesel and its blends is 

compared with diesel as shown in Fig. 3. As the biodiesel proportion exceeds a certain limit, 

output power decreased. At 75% load condition, B10 shows 1% improvement in thermal 

efficiency compared to diesel. This is due to oxygen content possessed by the biodiesel, 

which improves the combustion. It is clear that the improvement in combustion efficiency is 

unable to offset the power loss due to low heating value. 
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 Figure 3 shows the brake thermal efficiency improvement for B20-Co3O4 (2.32%) 

and B100-Co3O4 (0.3%) due to the inclusion of additive in full load condition, which 

significantly reduces the evaporation time and hence improved the combustion. The 

experiments were carried out using Jatropha biodiesel (JB100) (B0) and conventional diesel. 

The silver nano-particles were blended with Honge biodiesel called Honge Oil Methyl Ester 

(HOME) in the mass fractions of 25 ppm and 50 ppm using a mechanical homogenizer and 

ultrasonicator [9]. Sajith et al. [2] prepared cerium oxide (CeO2) nanoparticle, used as an 

additive and it was found that it reduces the emission level of hydrocarbon and NOx 

appreciably and observed the maximum increase in thermal efficiency of 1.5%.  

 

The substantial reduction in the harmful pollutants and considerable enhancement in 

brake thermal efficiency from the engine for the biodiesel blends with nano-additive was 

observed. Brake thermal efficiency was high for HOME+50 silver with reduced harmful 

pollutants compared to HOME+25 silver blends. The cerium oxide absorbs oxygen for the 

reduction of NOx or provides oxygen for the oxidation of CO and it acts as an oxygen 

donating catalyst. The performance and emission characteristics of polanga oil diesel fuel 

blend were investigated by internal combustion engine [10]. Between diesel and ethanol the 

phase separation is prevented using biodiesel prepared from the castor oil through 

transesterification process.  It was observed that the presence of iron oxide nanoparticle, in 

diesel polanga oil reduces the ill effects. With polanga oil–diesel fuel blend, Iron oxide 

nanoparticles were doped as additive. Emission and performance characteristics of diesel 

engine were studied for 10%, 20% and 30% (weight %) polanga oil with diesel. Iron oxide 

nanoparticles attentiveness of 150 ppm and at 25% polanga oil blend with diesel, the engine 

performance was observed to be similar to that of running on neat diesel. It was found that 

the doping of iron oxide nanoparticle with Polanga oil-Diesel fuel could be the potential 

substitute for diesel in running CI engines.  

 
 

3.3 Hydrocarbon 

Figure 4 shows the hydrocarbon (HC) emission with the effect of nano particles for 

diesel, biodiesel and its blends. It is clearly observed that reduction in HC emission for all 

blends compared to diesel because of higher oxygen content. Fuel-rich combustion, valve 

overlap, crevice flows, misfiring and flame quenching desorption of hydrocarbon cause HC 

emission. The increase in HC could also be due to the mixing of air and fuel and larger 
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droplet size from higher fuel viscosity of biodiesel. By doping additive, it is possible to 

reduce the emission at full load conditions for all blends nearly 60% reduction was observed 

for B100 at full load, because the disruption of primary droplet containing additive resulting 

secondary atomization and the mixing could be better and burns completely. 

 

 

Figure 4 Variation of hydrocarbon with Break Mean Effective Pressure 

 

Sukumar Puhan et al. [1] studied on mahua oil methyl ester as an alternative fuel for 

diesel engine and found that the engine with methyl ester of mahua oil fielded lower HC, 

lower CO emission and smoke than conventional diesel at optimum conditions. 

 

3.4 Carbon monoxide 
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Figure 5 Variation of carbon monoxide with Break Mean Effective Pressure 

 

 Figure 5 shows the variation in carbon monoxide emission for diesel, biodiesel and 

its blends. It also shows the effect of additive on CO emission. It is emitted in the exhaust 

stream, due to the lack of oxygen or the engine is running at rich fuel condition when its 

progression to CO2 is not completed. At lower loads, biodiesel shows higher CO emission 

compared to higher loads because biodiesel having higher viscosity, density and molecular 

weight and hence it is difficult to atomize the biodiesel at low load (low temperature 

prevails). But at higher loads, biodiesel blends experiences lower CO emission and the reason 

is cylinder temperature is high, which improves the atomization and air/fuel mixing. This 

makes it easier to burn at higher load. Due to the addition of additive, there is marginal 

reduction in CO emission. At full load condition, B20 added with additive shows ~70% 

reduction in CO emission. This is because the cobalt oxide acts as an oxygen buffer and 

donates surface lattice oxygen >1000°C and form stable cobaltous oxide. 

Co3O4 3 CoO + 1/2 O2 

Gaurav Paul et al. [8] studied the emission characteristics of Jatropha biodiesel to 

mineral diesel, and the results showed that the NOx emission is found to increase with load. 

The experimental study investigated the characteristics of exhaust emissions, and 

nanoparticle size distribution emitted from diesel engines fueled with 20% biodiesel–diesel 

blended fuel (BD20) [11]. The emission characteristics of HC, CO, NOx and nano-sized 

particles were also observed with and without exhaust gas recirculation (EGR) according to 

the engine operating conditions Smoke was decreased. THC and CO emissions of BD20 

 

3.5 Nitrogen Oxides (NOX) 
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Figure 6 Variations of Nitrogen Oxides (NOX) with Break Mean Effective Pressure 

The variations of NOX for different blends of biodiesel are compared with diesel and 

also effect of additive on oxides of nitrogen emission depicted in Fig 6. The significant 

factors that cause NOx formation is combustion temperature, injection duration, combustion 

quality and injection timing.  

At lower loads, NOx emission is higher for additive included fuel, because at lower 

loads, time available for combustion is more and in addition to that the biodiesel possessed 

oxygen content, which increases the combustion temperature. Injection is advanced by ~ 1° 

for pure biodiesel is also the reason for NOx emission due to higher value of bulk modulus of 

cobalt oxide, significant reduction of NOx at higher loads was observed with the addition of 

additive.  This is due to the metal oxide particles act as a heat sink and carries away the heat 

content and reduces the cylinder temperature.  

 

4. CONCLUSION  

  The nanocrystalline cobalt oxide is added as an additive to the Jatropha biodiesel. 

The emission and performance characteristics were studied. Brake specific energy 

consumption was reduced by the additive addition. Average reductions in BSEC were 7.95% 

and 2.10% respectively, for B20-Co3O4 and B100-Co3O4 in the full load condition. The results 

showed that at 75% load condition, B10 shows 1% improvement in thermal efficiency 

compared to diesel and this is due to oxygen content possessed by the biodiesel, which 

improves the combustion. The emission of NOx was found higher for diesel compared to 
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biodiesel. Nearly 60% emission reduction was observed for 100% biodiesel at full load, 

because resulting of secondary atomization and the complete mixing.  

 

REFERENCES 

 

1. Hameed Hussain J., Anbazhgan G., Improve of the cop of vapour compression refrigeration system by 

using thermoelectric cooler, International Journal of Pure and Applied Mathematics, V-116, I-14 

Special Issue, PP-585-589, 2017 

2. Nakkeeran S., Hussain J.H., Innovative technique for running a petrol engine with diesel as a fuel, 

International Journal of Pure and Applied Mathematics, V-116, I-18 Special Issue, PP-41-44, 2017 

3. Naveenchandran P., Vijayaragavan S.P., A sensor less control of SPM using fuzzy and ANFIS 

technique, International Journal of Pure and Applied Mathematics, V-116, I-13 Special Issue, PP-43-

50, 2017 

4. Hameed Hussain J., Nakkeeran S., Design and development of pepper plucking equipment, 

International Journal of Pure and Applied Mathematics, V-116, I-14 Special Issue, PP-573-576, 2017 

5. Naveenchandran P., Vijayaragavan S.P., A high performance inverter fed energy efficient cum 

compact microcontroller based power conditioned distributed photo voltaic system, International 

Journal of Pure and Applied Mathematics, V-116, I-13 Special Issue, PP-165-169, 2017 

6. Golden RenjithNimal R.J., Hussain J.H., Stress analysis of gear tooth using metal, International Journal 

of Pure and Applied Mathematics, V-116, I-17 Special Issue, PP-317-322, 2017 

7. Hameed Hussain J., Hariharan R., Development of temperature-time and pressure-time diagrams for 

diffusion bonding ti-aa7075 dissimilar materials, International Journal of Pure and Applied 

Mathematics, V-116, I-14 Special Issue, PP-493-499, 2017 

8. Udayakumar R., Khanaa V., Saravanan T., Saritha G., Cross layer optimization for wireless network 

(WIMAX), Middle - East Journal of Scientific Research, V-16, I-12, PP-1786-1789, 2013 

9. Khanaa V., Thooyamani K.P., Udayakumar R., Cognitive radio based network for ISM band real time 

embedded system, Middle - East Journal of Scientific Research, V-16, I-12, PP-1798-1800, 2013 

10. Khanaa V., Mohanta K., Saravanan T., Comparative study of uwb communications over fiber using 

direct and external modulations, Indian Journal of Science and Technology, V-6, I-SUPPL.6, PP-4845-

4847, 2013 

11. Kumarave A., Udayakumar R., Web portal visits patterns predicted by intuitionistic fuzzy approach, 

Indian Journal of Science and Technology, V-6, I-SUPPL5, PP-4549-4553, 2013 

12. Thooyamani K.P., Khanaa V., Udayakumar R., An integrated agent system for e-mail coordination 

using jade, Indian Journal of Science and Technology, V-6, I-SUPPL.6, PP-4758-4761, 2013 

13. Sengottuvel P., Satishkumar S., Dinakaran D., Optimization of multiple characteristics of EDM 

parameters based on desirability approach and fuzzy modeling, Procedia Engineering, V-64,  PP-1069-

1078, 2013 

14. Udayakumar R., Khanaa V., Saravanan T., Synthesis and structural characterization of thin films of 

sno2 prepared by spray pyrolysis technique, Indian Journal of Science and Technology, V-6, I-

SUPPL.6, PP-4754-4757, 2013 

15. Udayakumar R., Kumarave A., Rangarajan K., Introducing an efficient programming paradigm for 

object-oriented distributed systems, Indian Journal of Science and Technology, V-6, I-SUPPL5, PP-

4596-4603, 2013 

16. KeranaHanirex D., Kaliyamurthie K.P., Multi-classification approach for detecting thyroid attacks, 

International Journal of Pharma and Bio Sciences, V-4, I-3, PP-B1246-B1251, 2013 

17. Udayakumar R., Khanaa V., Kaliyamurthie K.P., Performance analysis of resilient ftth architecture 

with protection mechanism, Indian Journal of Science and Technology, V-6, I-SUPPL.6, PP-4737-

4741, 2013 

18. Udayakumar R., Khanaa V., Kaliyamurthie K.P., Optical ring architecture performance evaluation 

using ordinary receiver, Indian Journal of Science and Technology, V-6, I-SUPPL.6, PP-4742-4747, 

2013 

International Journal of Pure and Applied Mathematics Special Issue

976



 
 

19. Udayakumar R., Khanaa V., Saravanan T., Chromatic dispersion compensation in optical fiber 

communication system and its simulation, Indian Journal of Science and Technology, V-6, I-SUPPL.6, 

PP-4762-4766, 2013 

20. Sundarraj M., Study of compact ventilator, Middle - East Journal of Scientific Research, V-16, I-12, 

PP-1741-1743, 2013 

21. Udayakumar R., Khanaa V., Saravanan T., Analysis of polarization mode dispersion in fibers and its 

mitigation using an optical compensation technique, Indian Journal of Science and Technology, V-6, I-

SUPPL.6, PP-4767-4771, 2013 

22. Gopalakrishnan K., PremJeya Kumar M., SundeepAanand J., Udayakumar R., Thermal properties of 

doped azopolyester and its application, Indian Journal of Science and Technology, V-6, I-SUPPL.6, 

PP-4722-4725, 2013 

23. Udayakumar R., Khanaa V., Kaliyamurthie K.P., High data rate for coherent optical wired 

communication using DSP, Indian Journal of Science and Technology, V-6, I-SUPPL.6, PP-4772-

4776, 2013 

24. KeranaHanirex D., Kaliyamurthie K.P., Kumaravel A., Analysis of improved tdtr algorithm for mining 

frequent itemsets using dengue virus type 1 dataset: A combined approach, International Journal of 

Pharma and Bio Sciences, V-6, I-2, PP-B288-B295, 2015 

25. Thooyamani K.P., Khanaa V., Udayakumar R., Using integrated circuits with low power multi bit flip-

flops in different approch, Middle - East Journal of Scientific Research, V-20, I-12, PP-2586-2593, 

2014 

26. Gopalakrishnan K., SundeepAanand J., Udayakumar R., Electrical properties of doped azopolyester, 

Middle - East Journal of Scientific Research, V-20, I-11, PP-1402-1412, 2014 

27. Thooyamani K.P., Khanaa V., Udayakumar R., Partial encryption and partial inference control based 

disclosure in effective cost cloud, Middle - East Journal of Scientific Research, V-20, I-12, PP-2456-

2459, 2014 

28. Sundar Raj M., Saravanan T., Srinivasan V., Design of silicon-carbide based cascaded multilevel 

inverter, Middle - East Journal of Scientific Research, V-20, I-12, PP-1785-1791, 2014 

29. Thooyamani K.P., Khanaa V., Udayakumar R., Wide area wireless networks-IETF, Middle - East 

Journal of Scientific Research, V-20, I-12, PP-2042-2046, 2014 

30. Kanniga E., Srikanth S.M.K., Sundhararajan M., Optimization solution of equal dimension boxes in 

container loading problem using a permutation block algorithm, Indian Journal of Science and 

Technology, V-7,  PP-22-26, 2014 

31. Arulselvi S., Sundararajan M., Smart control system in traffic analysis using RTK-GPS standards, 

International Journal of Pure and Applied Mathematics, V-116, I-15 Special Issue, PP-349-352, 2017 

32. Arulselvi S., Karthik B., Sundararajan M., A frame work for road network extraction from remotely 

sensed high resolution images, International Journal of Pure and Applied Mathematics, V-116, I-15 

Special Issue, PP-355-360, 2017 

33. Arulselvi S., Karthik B., Sundararajan M., Super resolution method for Thumbnail Web image, 

International Journal of Pure and Applied Mathematics, V-116, I-15 Special Issue, PP-369-373, 2017 

34. Arulselvi S., Karthik B., Sundararajan M., Linear framework free rewriting systems, International 

Journal of Pure and Applied Mathematics, V-116, I-15 Special Issue, PP-363-367, 2017 

35. Kanniga E., Selvaramarathnam K., Sundararajan M., Kandigital bike operating system, Middle - East 

Journal of Scientific Research, V-20, I-6, PP-685-688, 2014 

36. Lakshmi C., Ponnavaikko M., Sundararajan M., Improved kernel common vector method for face 

recognition varying in background conditions, Lecture Notes in Computer Science (including subseries 

Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), V-6026 LNCS,  PP-175-

186, 2010 

37. M. Rajesh, K.Sathesh Kumar, K.Shankar, M. Ilayaraja., SENSITIVE DATA SECURITY IN CLOUD 

COMPUTING AID OF DIFFERENT ENCRYPTION TECHNIQUES, Journal of Advanced Research 

in Dynamical and Control Systems, Volume 18,  PP-2888-2899, 2017 

38. M. Rajesh, A signature based information security system for vitality proficient information 

accumulation in wireless sensor systems, International Journal of Pure and Applied Mathematics, 

Volume 118, Issue 9, Pages 367-387 

39. M. Rajesh, A Review on Excellence Analysis of Relationship Spur Advance in Wireless Ad Hoc 

Networks, International Journal of Pure and Applied Mathematics, Volume 118, Issue 9, Pages 407-

412 

International Journal of Pure and Applied Mathematics Special Issue

977



 
 

40. Rajesh, M., and J. M. Gnanasekar. "Path Observation Based Physical Routing Protocol for Wireless Ad 

Hoc Networks." Wireless Personal Communications 97.1 (2017): 1267-1289. 

41. Rajesh, M., and J. M. Gnanasekar. "Congestion Control Scheme for Heterogeneous Wireless Ad Hoc 

Networks Using Self-Adjust Hybrid Model." International Journal of Pure and Applied Mathematics 

116 (2017): 537-547. 

42. Rajesh, M., and J. M. Gnanasekar. "Get-Up-And-Go Efficientmemetic Algorithm Based Amalgam 

Routing Protocol." International Journal of Pure and Applied Mathematics 116 (2017): 537-547.

 

International Journal of Pure and Applied Mathematics Special Issue

978



979



980


