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ABSTRACT

With the UN global target of achieving the net zero emissions by 2050, and the world energy demands, it is
necessary to transit to renewable sources of energy. In this paper, Base fuel (BF) was extracted from the
effluent discharge of Lube oil Nigeria using effluent management plant. A CuO nanoparticle synthesized
from copper acetate and sodium hydroxide precursors was dispersed into the Base Fuel with varying
percentage weights of 0.1 wt%, 0.2 wt%, 0.3wt%, and 0.4 wt% by ultrasonication and the Nanocopper fuels
were labeled as BF.1, BF.2, BF.3 and BF.4, the nano fuel with 0.1wt% (BF.1) presented the best
physicochemical properties of 0.883, 883.0, 109.2, 13.85, 123.0, 6.12,223 and -10.6 for Specific gravity @
15°C, Density @ 15°C, Kg/m®, KV @ 40°C, cSt, KV @ 100°C, cSt, Viscosity Index (VI), TBN mg KOH/g,
Flash Point (°C) and Pour Point, (°C) respectively. BF, BF.1 and ASTM SAE40 were then tested on a diesel
engine test rig at various engine speeds of 1500rpm, 2000rpm, and 2500rpm and loads of 3, 6 and 9kg
respectively. It was found that that performance and emission characteristics can be increased with the
addition of 0.1wt% CuO nano-particle. The thermal efficiency (TE) increased by 2.80%, 4.48% and 3.13%
respectively for BF, BF.1 and the Control sample. This is accompanied by an increased in the BMEP by
2.69%, 0.10% for the BF.1 and control while a reduction of 2.56% was observed for BF at the maximum
load. The BF.1 shows 0.46% less NOx and Smoke emission was all most 4.3% less for BF.1 when
compared to BF. At maximum load of 9kg, the CO emission BF.1 is lower than that of BF by 0.42%, the
Nox emission was reduced by 9.28% and the CO: is reduced by 0.41%.

INTRODUCTION

Several states, including Lagos, Kano, Port Harcourt, Kaduna, and Ibadan, have established petroleum
businesses, oil and gas sectors, and oil blending plants in an effort to meet the nation's energy needs. Due to
the presence of heavy metals, inorganic materials, and microorganisms, these industrial activities have
resulted in the generation of tons of pollutants, particularly industrial wastewater or industrial effluent,
which, if improperly disposed of, can cause serious health challenges for humans and affect both aquatic
and terrestrial animals (Mahroogi et al., 2022; Narayan et al., 2022; Okereke et al., 2016).

An internal combustion engine, the diesel engine—also known as a compression ignition engine—uses
compression heat to ignite and burn fuel that is pushed into the combustion chamber. Diesel engines
function using the diesel cycle, which is often referred to as the constant pressure cycle. Fuel is atomized
and sprayed into the cylinder while the air inside is compressed during the compression stroke. It is thought
that a constant pressure is used for spraying. Diesel engines are an essential component of both on- and off-
road vehicle power systems. Due to their well-known dependability and efficiency, diesel engines power the
majority of heavy-duty trucks and buses. The world's growing modernization has resulted in a rise in fuel
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use, which has raised the cost of fuels and depleted oil reserves, release of greenhouse gases and consequent
global warming. Due to this, researchers are currently looking into alternative fuels to run diesel engines. As
an alternative fuel to diesel, biodiesel is defined as methyl or ethyl esters of fatty acids derived from
vegetable or animal fats (D’Silva et al., 2017).

Fuel Additives

Many studies have been conducted in the area of gasoline additives, including those with diethylene glycol
ethyl ether (DEGEE), monoethylene glycol butyl ether (EGBE), and monoethylene glycol ethyl ether
(EGEE). Improved cetane numbers have been observed with the addition of DEGEE to base diesel fuel,
however lower cetane numbers have been observed with the addition of EGEE and EGBE. According to F.
Gomez-Cuenca et al. (2011), these substances significantly reduce the viscosity of diesel fuel while also
improving its lubricity. Generally, all the compounds listed above prove to reduce CO and hydrocarbon
emissions, but not smoke. The organic compounds of Mn, Mg, Cu and Ca metals are also used as Diesel
fuel additive. The organic based manganese drops the viscosity and flash point, and has also been reported
to improve the contents of the exhaust gases (Gomez-Cuenca et al., 2011).

The catalytic activity of the CeO2 nanoparticles may have contributed to the notable decrease in
hydrocarbon (HC) and NOx emissions as well as the improvement in brake thermal efficiency that was seen
in a diesel engine using a blend of cerium oxide (CeO2) and jatropha biodiesel (Sajith et al., 2010). The
aluminum nanofluid additive blended with diesel fuel increased the exhaust emission concentration and
reduced the fuel consumption considerably (Kao et al., 2017). Alumina nano additive (25 and 50 ppm)
blended biodiesel fuel with 5% of water content by volume in a diesel engine resulted in a major
improvement in the performance and reduction in dangerous emissions, such as NOx and smoke (Sadhik
Basha, J. and R. B. Anand, 2010). Experiments on ceria nanoparticles dispersed with biodiesel-ethanol
blends have shown improved brake thermal efficiency (BTE) and reduction in the ignition delay and
hazardous emissions.

The present study used Copperoxide nanoparticles which physically looks brownish black powder. Metal
oxides such as CuO, have attracted attention mostly because of their anti microbial and biocide properties
and they may be used for biomedical applications. Copper oxide is a semiconductor metal, which has a
unique optical, electrical and magnetic properties and it has been used for various applications, such as
super capacitors, near infrared filters, magnetic storage media, sensors, catalysis, semiconductors. However,
their heat carrying capacity was most helpful in completing this investigation. Being a transition metal
oxide, it helps in carrying out the heat from the engine to the exhaust, thereby reducing the NOx emissions.

MATERIALS AND METHOD

Materials

The primary resource utilized in this investigation was the wastewater produced by lubricating oil mixing
plants, which are extensively produced in Nigeria. Oil (BF) was extracted utilizing an effluent waste
management system. Following several steps of separation, phosphoric acid was utilized to purify the oil (S.
Lawal et al., 2023). Materials used in the CuO nanoparticles production includes; copper acetate and
sodium hydroxide as CuO precursors, oleic acid, ethanol and distilled water (Kiranmayi et al., 2018; Umaru
etal., 2017)

Preparation of Nano Fuel

An Ultrasonic Bath Sonicator was used to disperse the nanoparticles into the fuel. The fuel for investigation
was a BF.1, BF.2, BF.3 and BF.4 blend of effluent extract (90% of BF and 10-40% of Nanocopper oxide
powder). The fuel additive used were Copper Oxide nanoparticles of <50nm in size. The dosage of the
nanoparticles is varied from 10mg/l to 40mg/l. The required quantity of the nanoparticle for each sample is
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accurately measured using a precision electronic balance. The modified fuel is utilized immediately after
preparation, in order to avoid any settling or for sedimentation to occur.

Purification of the Base Fuel

Following the careful separation of the oil from the water mixture in the Effluent Management Plant, the
effluent oil was then purified using phosphoric acid to eliminate any phospholipids that might be
accompanied in the oil due to its prior contact with water in the separation, and as well to flush any
contaminants contained in the oil. A 2500ml of the oil was heated to 85 °C and carefully transferred to a
round beaker, 100 ml phosphoric acid was measured and added to the preheated oil and allowed to mix
intimately for an hour. The mixture was then allowed to cool at ambient temperature for 24 hrs, the refined
oil was collected and filtered as suggested by (Muhammad et al., 2022; Kaisan et al., 2021; S. lawal et al.,
2023).

Blending

The as prepared nano copper-based effluent fuel samples were prepared by dispersing the treated (surface-
modified) CuO nanoparticles into the purified effluent oil to the concentrations of 0.1 wt%, 0.2 wt%, 0.3
wt%, and 0.4 wt%, respectively. Each of the Copper-based samples was stirred for 15 min one after the
other (Ismail et al., 2020). To obtain homogeneity and prevent agglomeration of the dispersed nanoparticles
within the base oil, ultrasonication of the samples was done using a Digital Pro+ Sonication device after
stirring. The sonication of oil samples was conducted at 59 Hz frequency, 100% power, and temperature of
75 oC for 2 h (Jaleel et al., 2021). It was observed that the likely optimal dispersion stability was between
80- 100 min duration. Same was reported by (Nugroho et al., 2021; S. lawal et al., 2023). Effect of gas
burbles and moisture accompanying the samples were removed by an hour vacuum drying as
also suggested by (Kaisan et al., 2015; Kaisan et al., 2016; Muhammad et al., 2014). Samples were coded as
shown in Table 1.

Measurement of Properties of Nanofuel

The coded fuel samples are tested for their physiochemical properties like viscosity, fire point, density and
calorific value using the ASTM methods. These properties affect the performance and emission features of
an engine. Redwood viscometer is used for viscosity measurement, Penksy Martin apparatus is used for
measurement of fire point. Calorific value is found out using bomb calorimeter.

Performance and Emission Testing

Using a computerized single cylinder four-stroke, naturally aspirated, Direct Injection and water-cooled,
variable compression ratio diesel engine test Rig of 3.5 kW rated power is used to conduct the test. The
compression ratio of the engine can be varied from 12:1 to 18:1.1t is directly coupled to an eddy current
dynamometer. The setup has standalone type independent panel box consisting of air box, fuel tank,
manometer, fuel measuring unit, transmitters for air flow and fuel flow measurements, process indicator and
engine indicator. For measurement of water flow rate for engine cooling and exhaust gas calorimeter,
rotameters are provided. An AVL Digas 444 five gas Exhaust gas analyzer, is used to measure the
NOx (PPM), CO (qg), CO2 (g) and HC (PPM) emissions in the exhaust.

RESULTS AND DISCUSSION
XRD Analysis
Figurel. Shows the XRD pattern of the synthesized CuO nanoparticles, it presented a single-phase with a

monoclinic structure. Lattice parameters were a = 4.84 A, b = 3.47 A ¢ = 5.33 A. The intensities and
positions of peaks are in accordance with the reported values (JCPDS file No. 05-661). Fig. 1: XRD of CuO
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nanoparticles. The broader peaks could be attributed to smaller crystals or a possible defect. The average
crystallite size of CuO nanoparticles was found to be 8.25 nm using the Scherrer formula. This was similar
to the result obtained by Amrut et al., 2010).
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Fig. 1: XRD of CuO nanoparticles

Source: S. Lawal et al., (2023).

Physiochemical Characterization

Table 1: Physiochemical Properties of Samples
Properties ASTM SAE [Base Oil (Effluent) | 0.1 CuO | 0.2 CuO | 0.3 CuO | 0.4 CuO

40

Specific gravity | 0.884 0.859 0.883 0.869 0.892 0.864
@ 15°C
Density @ 884 859 383 869 892 864
15°C, Kg/m®
KV @ 40°C, Report 113.18 109.20 | 11492 | 112.08 |114.08
cSt
KV @ 100°C, 12.5-16.3 | 14.46 13.85 14.30 14.17 14.53
cSt
Viscosity Index | 80-135 130 132 134 134 136
(V1)
TBN mg 6.0 6.89 6.12 3.59 3.28 3.91
KOH/g
Water Crackle Nil Nil Nil Nil Nil Nil
Flash Point (°C) | 220 238 223 230 237 238
Pour Point, (°C) | -27 -8.5 -10.6 -8.8 -8.3 -8.5

From fig.2 below, it could be seen that the 0.1CuO addition has its physiochemical properties closed to
those of ASTM SAE 40. And hence can be used for lubrication of gasoline engines for passenger cars,
commercial vehicles and farm equipment as well as diesel engines for commercial vehicles and contractor
equipment as suggested in many literatures. From these results it was observed that the viscosity of the BF
sample increase with corresponding addition of the CuO nanoparticles. Literatures have been showing
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similar inference when nanoparticles are dispersed in a base fluid (A.al-Yari et al., 2024; Apmann et al.,
2021;Karthikeyan et al., 2016; Binu et al., 2015).
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Fig.2: Physiochemical Properties

C.1 Engine Performance Study
Thermal Efficiency

Fig.3. Shows the variation of Brake Thermal Efficiency Vs loads for BF and BF.1 blends. It is clear that
thermal efficiency (TE) increases with increase in load and also among the samples, BF.1 has the highest
thermal efficiency. At maximum load, the increase in TE is found to be 2.80%, 4.48% and 3.13% for BF,
BF.1 and ASTM SAE40 respectively. Nanoparticles dispersion has been reported to also increase heat
transfer coefficient of the system in both laminar and turbulent regimes.
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Fig.3:Thermal Efficiency Vs Load

Brake Mean Effective Pressure

The engine performance as inclined to the brake mean effective pressure is presented in Fig.4. The brake
mean effective pressure is the calculated mean pressure that would act upon observed power output, when no
mechanical losses occur. This parameter behaved in similar way as torque and brake power (A. Omojola,
2015; Fergusson, 1986; Eze and Elijah 2010). The brake mean effective pressure increased with increase in
speed with the BF.1 recording higher values at all engine speeds than BF.
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Fig.4: BMEP Vs Engine Speed

Exhaust Characteristics
Hydrocarbon (HC)

From Fig 5 below, it was observed that due to an increase in engine load, the hydrocarbon (HC) emissions
increases. It was seen that at the maximum engine load of 9kg, all samples witnessed a relatively much higher
HC emissions as compared to lower loads. At this maximum load, the HC was found to be 3.41%, for BF.1,
5.99% for BF and 2.89% for the control.
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Fig, 5: Hyirocarbon against Engine spead

Oxides of Nitrogen

Fig 6 indicates that the increase in load gives a corresponding increase in NOx emissions. We note that
addition of nanoparticles to biodiesel decreases the NOx emissions as in [14]. At maximum speed, BF.1 emits
least NOx when compared to BF and control. It was observed that the control recorded higher values at lower
speeds. At maximum speed, the decrease in NOx is found to be 0.04%, 0.02% and 0.011% for BF.1, BF and
the control respectively.
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Fig.6: NOx emmision vs engine Speed

Carbon dioxide Emission

Fig.6 shows the variation of Co2 emission with engine speed. It could be seen that CO, emission increased
with corresponding increased in engine speed. The BF.1 sample presents the highest CO. emission at the
maximum engine speed and this could be attributed to an improvement in the heat distribution. The
percentages increased in CO2 emission were found to be 1.23%, 1.39% and 1.41% for BF, BF.1 and control
respectively. Similar trend is seen the works of (Kalaimurugan et al., 2023; Chatur et al., 2023).
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== Control
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Fig.7: CO, against Speed

CONCLUSION

We have successfully produced a nano copper oxide from two precursors; copper acetate and sodium
hydroxide and dispersed the produced nano copper oxide nCuO into the base fluid (BF) with the aid of
ultrasonication. Based on the experimental results, the dispersion of the 0.1wt% nCuO into the base fluid had
improved the physiochemical properties of the nanofluid, increased heat transfer coefficient and
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consequently enhanced engine performance. The 0.1wt% nCuO also lead to relatively complete combustion
and less emission owing to its intimate mixing with air.
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