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Abstract 

Combustion efficiency has been a serious research topic in the engine field and related disciplines. Many 
Researchers have found that nanoparticles to biodiesel fuel have achieved significant results.  Many 
results of both current and previous studies on nanoparticles have shown that nanoparticles play an 
essential role in improving the performance of internal combustion of engines. While in this work, a 
good selection of non-edible plants (Brassica plants) and good additives such as Al₂O₃ and Na₂O₂ was 
made so that efficient combustion can be achieved. Excellent properties possess by the nanoparticles, 
such as large contact surface area, good stability, good catalytic performance, fast oxidation rate, high 
heat of combustion, etc. These advantages can be applied in the fuel field to improve the combustion of 
internal combustion engines. The amount of carbon four oxide (CO2) and carbon two oxide (CO) gases 
evolve as a result of burning B100 and BB100A (0.3) N(0.3) fuel with respect to engine loads are; (40-
50)PPM at low loads and (10-20)PPM at high loads and  (20-40)PPM at low loads (5-10)PPM at high 
loads respectively, Lastly, the Brassica crude oil was subjected to the transesterification method for the 
production of FAEE (refined Brassica oil). FTIR confirms the formation of ester (which is the short-
chain biodiesel) and the byproduct (which is the glycerol).  
 
 
Keywords; Aluminium oxide nanoparticle, Sodium peroxide nanoparticle, transesterification. 
 
INTRODUCTION 
Energy is the quantitative property that is transferred to a body or to a physical system by 
means of performing work, and it can exist in the form of heat and light. Humans’ 
specialization required energy to function, which it got from energy resources such as fossil 
fuels, nuclear fuels, or renewable energy. The earth's climate and ecosystem processes are 
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driven by the energy the planet receives from the sun. The global need for alternative energy 
resources is on the rise as a result of the diminution of fossil fuels and due to their negative 
environmental effects. In this domain, strict rules and regulations regarding emission have 
been adopted by the state organizations that instruct scholars and practitioners to look for 
alternatives for fossil fuels. In fact, the main aim is to decrease environmental destruction and 
have different renewable fuels at our disposal to be used in internal combustion engines. 
Therefore, as a type of non-renewable resource, fossil fuel is being used excessively by human 
beings all over the world. In today’s world, people are promoting low-carbon living and the 
other emissions from fossil fuels (Aslan, 2023). 
 
Besides the problems mentioned above, many harmful exhaust gases will be released into the 
atmosphere while burning the fossil fuels in the internal combustion engines (ICEs). For 
instance, 2.9 kg of greenhouse gas emissions will be released into the atmosphere while 
burning 1 liter of diesel fuel. According to 2018 data, the transportation sector is responsible 
for 20% of the world's total energy consumption, 23% of total carbon dioxide (CO2) emissions, 
and 14% of total greenhouse gas emissions. The dominant usage of fossil fuels will have 
numerous negative effects both on human beings and on the ecological balance of the 
environment. It was also observed that of the global explored oil reserves, 1.73 trillion barrels 
remain as of 2019, and the world will run out of petroleum in 2030. It is obvious that 
transportation is almost entirely dependent on fossil-based fuels (> 99.9%) such as diesel, 
gasoline fuel, compressed natural gas (CNG), and liquefied petroleum gas (LPG). However, 
the availability of fossil-based fuels will be the immediate future question in their minds. This 
is because the reserves of them are going to an end (Ağbulut et al., 2020). 
 
Some advantages of using biodiesel or its blends on engine emissions are a decrease in the 
emissions of CO, HC, and PM. Biodiesel is considered an accessible, eco-friendly, non-toxic, 
low-sulfur, recyclable fuel with the potential to be directly used in diesel engines without the 
need for any change. A large bulk of literature has been reported regarding the application of 
nanoparticles in biodiesel engines. Additives are usually used to improve fuel properties. 
Aluminum, silver, cerium, iron, manganese, copper, graphene quantum dots (GQDs), and 
magnesium are some metal additives that improve engine performance and fuel combustion 
with their more catalytic activity in combination with biodiesel(Lv, 2022). 
 
Nowadays nanoparticles can be used as additives for performance enhancement. As it was 
captured in the work of Tang et al. (2022), they synthesized black phosphorus with silver 
nanoparticles as a lubricant additive for poly-alpha-olefin (PAO6)-based oil. The result 
exhibited anti-wear properties and significantly reduced friction. The enhanced lubricating 
performance for steel/steel contact increases the potential for future application. 
Nanoparticles have also been increasingly used as additives for biodiesel blends. With high 
economic viability and low toxicity, biodiesel has been proven to be an efficient alternative to 
fossil fuels(Mofijur et al., 2024). 
 
Recent research shows that adding nanoparticles with high oxygen content to the biodiesel 
fuel improves the fuel features, combustion, and engine performance and decreases the 
exhaust emissions from a diesel engine. Moreover, nanoparticles are practical additives for 
increasing the octane number. In research, the amino-functionalized carbon nanotubes were 
added to gasoline. According to the results obtained while using two nanoparticles, alumina 
and cerium oxide, of 30 ppm each in Jatropha biodiesel as separate and combined additions 
as fuel in a single-cylinder DI diesel engine, the following result was observed: a prominent 
percentage reduction of NO, CO, UBHC, and smoke emission by 13, 60, 33, and 32%, 
respectively (Prabu, 2018). 
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(Sajjad et al., 2022) reported that the presence of nanoparticles in diesel–biodiesel blends 
remarkably reduced exhaust emissions and improved the performance of the engine. On the 
other hand, the number of studies focusing on the effect of nanoparticles on Brassica juncea oil 
extracted from Brassica seed is very limited. Therefore, the present study aimed to investigate 
the impact of aluminum oxide and sodium peroxide (Al₂O₃ and Na₂O₂) nanoparticles on the 
combustion properties of biodiesel extracted from Brassica seeds. 
 
MATERIALS AND METHODS 
 
Materials: The chemicals and materials used in carrying out this research are crude Brassica 
oil, potassium hydroxide (KOH), ethanol, aluminum oxide (Al₂O₃), and sodium peroxide 
(Na₂O₂) nanoparticles. 
 
Equipment: Hot plate, magnetic stirrer, with thermostatically controlled rotary [IKA CMAG 
HS10], beakers, a conical flask, a funnel, a thermometer, a measuring cylinder, Digital weight 
balance, digital stopwatch, sampling bottles, spatula, Fourier transform infrared spectroscopy 
(FTIR) machine SHIMADZU FTIR-8400S, X-ray fluoroscopy machine ARL QUANT’X EDXRF 
Analyzer (S/N 9952120), Scanning Electron Microscopy Machine [PHENOM 
PROXMVE016477830], and Exhaust Gas Analyzer IMR 1440FL, operating at 15 kV employing 
secondary signals. The SEM images presented were observed at a magnification of 520 times 
(×520). 
 
Methods: 
SAMPLE PREPARATION AND CHEMICAL ANALYSIS OF BIODIESEL PRODUCED 
FROM BRASSICA CRUDE OIL; For this experimental investigation, two types of test fuels 
samples are prepared using simple relations. BxAyNy (x means volume fraction and y means 
ppm). They are B100 (containing 100% biodiesel in volume percentage), B100A0.3N0.3 
(containing 100% biodiesel in volume percentage, 0.3 ppm aluminum, and 0.3 ppm sodium 
peroxide),  The physicochemical properties for the diesel, B100 and B100A0.3N0.3, test fuels 
are tested as per ASTM standards(Sakthivel et al., 2017). Meanwhile, the following are two 
must important steps employed for converting crude brassica oil to brassica biodiesel: 
 

Table 1: Sample code and description 

 
 
 
 
 
 
FFA test:  
Crude brassica oil was first subjected to a free fatty acid test. In this test, the percentage of acid 
present inside the oil was determined as follows. 5 grams of Brassica crude oil was collected 
into a conical flask, and 50 mL of neutralizing solution (ethanol) was also added to the crude 
oil inside the conical flask. The burette was filled with the standardized solution (NaOH). 1 to 
2 drops of phenolphthalein (indicator) were added to the mixture of oil and the ethanol by 
means of a hot plate; the solution was warmed up to 400 so that the solvent and the oil mixed 
together. After which the titration followed, and by gentle shaking, a pale pink color 
appeared, indicating the end of the titration. The pale pink color stays up to 40 seconds, after 
which it disappears. Which was then calculated using the following formula (Sakthivel et al., 
2017):  

Sample code Sample composition 

B-100 Brassica biodiesel oil 

B-100/Al203-Na2O2 Brassica  biodiesel with Al203 and Na2O2 nanoparticles 
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FFA% =
𝑉 ×𝑁 ×5.61

𝑀
                                                                                                                 (1) 

where V is the volume of NaOH in cm3, N is the normality of NaOH, 5.61 is the molecular 
weight of oleic acid and M is the mass of oil. 
 
Transesterification: is a process of forming fatty esters and glycerin by reacting the 
triglyceride molecule with the short-chain alcohol (Methanol) and the catalyst (alkaline). 
Figure 2 and 3. Shows the appropriate apparatus needed for converting crude brassica oil to 
brassica biodiesel and the following steps were employed, and the final product was refined 
Biodiesel. 1 gram of potassium hydroxide (KOH) was collected into a flask of 125 mL, and 6 
grams/mol of Methanol was also added into a flask containing KOH. The mixture was then 
stirred perfectly with the help of a magnetic stirrer and allowed to sit for some minutes on a 
hot plate in order to have complete dissolution of KOH. 100 grams of Brassica oil was collected 
into the flask of 250 mL containing a stir bar. The crude oil was heated to about 60°C, after 
which the mixture of alcohol and KOH was then added to the oil still on the hot plate. The 
mixture continued heating for about 60 minutes at a constant temperature of 60°C. The 
mixture is then transferred to the separation funnel and allowed to cool down for 24 hours, 
where the mixture forms two layers of biodiesel and glycerol. The summary of the process is 
shown in Figure 1. (Bhonsle et al., 2023) 
 

 
Figure 1: Schematic Reaction of Transesterification (Bhonsle et al., 2023) 

 

 
Figure2. Separation set up.                                            Figure 3. Transesterification set up 

                      



Influence of AL2O3 and NA2O2 Nanoparticles on the Combustion Properties of Brassica Biodiesel (juncea) Oil   

A. Y. Abdullahi et al, DUJOPAS 11 (3c): 190-201, 2025                                                                                 194 

 

 
Figure. 4. B100/B100A0.3N0.3 

 
Determination of Saponification value (SV): The saponification value of an oil is simply 
defined as the number of milligrams (mg) of potassium hydroxide (KOH) required to break 
down 1 g of oil into glycerol and salt of fatty acid. The glycerol can be determined using the 
following: 5 g of Brassica oil sample was collected into a conical flask of 25 cm³, and 50 M of 
ethanolic potassium hydroxide was added to the sample. The sample was then heated with 
constant stirring for 60 minutes. 5 drops of phenolphthalein indicator were added to the warm 
solution. The solution was then titrated against 0.5M HCl to the end point until the pink color 
of the indicator disappeared. After which a blank sample was also prepared using the same 
volume of alcoholic potassium hydroxide solution without oil accordingly. The above steps 
were repeated 3 times, and the average of the sample result named V1 for the mixture and 
that of the blank (V2) were recorded. The saponification value of the Brassica oil sample was 
then calculated using the following equation (Abed et al., 2019): 

S.V = 
56.1 x N x (V2 – V1) 

M
                                                                                                                  (2) 

 
Where: S.V = saponification value, V2 = volume of the HCl used for the blank test, V1 = 
volume of the HCl used for the titration, N = actual normality of HCl used, M = mass of the 
oil sample and 56.1 = molecular weight of potassium hydroxide. 
 
Determination of Iodine value (IV) 
Iodine value (IV) measures the degree of unsaturation of the fuel and is indicated as a 
percentage of the iodine mass absorbed by the sample mass. The higher the number of double 
bonds, the higher the IV (Aslan, 2023). The iodine value of the Brassica oil sample was 
determined using the following method, as described in AOAC (920.158). 3 g of the Brassica 
oil sample was dissolved into the flask containing 25 ml of carbon tetrachloride, and then, 
immediately after closing, another 25 25ml of Wij’s solution was added into the container 
containing the sample oil and carbon tetrachloride, and it was also closed immediately. The 
flask was shaken properly for proper mixing, followed by adding potassium iodide crystals 
to all round surfaces of the stopper. The flask was then kept in the dark for 30 minutes, after 
which 100 ml of distilled water was added into the flask containing the mixture by means of 
washing the potassium iodide crystal into the flask. After which the titration followed. The 
mixture was titrated against 0.1N sodium thiosulfate with the addition of a small amount of 
starch solution. As the color of the solution became lighter, the titration continued up to a 
point where a milky white color emerged, which indicates the end of the titration. And the 
result was named V1. Furthermore, the same steps were adopted for the blank sample, and 
the result was named V2. The iodine value was calculated using the following formula 
(Hameed & Muralidharan, 2023): 

IV = 
126.9 x N x (V2 – V1) 

M
                                                                                                               (3) 
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where 126.9 = molecular weight of iodine in g/mol, N = normality of the standard sodium 
thiosulphate solution calculated from the titration, V2 = is the volume of the blank solution 
and V1 = is the volume of the sample. 
 
Determination of Cetane number (CN) 
Cetane number (CN) is the most fundamental indicator of the quality or performance of diesel 
fuel (Ofori et al., 2023). The higher the cetane number of biodiesel fuels, the better the fuel 
burns within the engine. The cetane number of the Brassica oil sample was then calculated 
using the equation: 

CN = [46.3 +  (
5458 

SV
) − (0.225 × 𝐼𝑉)]                                                                                      (4) 

Where: SV = saponification value and IV = Iodine value. 
 
Combustion Reaction of Brassica biodiesel: 
Combustion reaction simply defined as burning of oil in oxygen with the release of carbon 
four oxide or carbon two oxide, water and energy in the form of heat, light and even sound. 
Biodiesel basically composed of methyl esters of long chain fatty acids with the general 
formula of CnH2nO2. For brassica biodiesel which is highly rich in erucic acid (C57H104O6), 
undergoes complete combustion reaction with help of excess oxygen, and produces CO2, H2O 
and energy which is used to power engines. On the other hand, it can undergo incomplete 
combustion that is in presence of limited oxygen and produces CO or soot (Adu et al., 2023). 
It can also be calculated using formula:  
𝐸ℎ = 𝑐𝑚𝛥𝑇                                                                                                                                   (5) 
where 𝐸ℎ  is the heat energy release while burning oil (KJ), 𝑐 is the specific heat capacity of oil 
(KJ Kg-1 0C-1), 𝑚 mass of the fuel (Kg) and 𝛥𝑇 is the change in temperature (0C) 
 
Results and Discussion 
SEM of Aluminum Oxide and Sodium Peroxide: 
Figures (5) and (6) are scanning electron microscopy (SEM) images of aluminum oxide (Al₂O₃) 
and sodium peroxide (Na₂O₂) nanoparticles, which give a surface morphology of the 
samples(Sivaram et al., 2023). 

  
         Figure 5.SEM of Aluminium Oxide (Al2O3)       Figure 6.SEM of Sodium peroxide (Na2O2) 

 
3.2 XRF of Aluminum Oxide (Al₂O₃) and Sodium Peroxide (Na₂O₂) 
 
Table (1) summarized the results of X-ray Fluorescence (XRF) of (Al2O3) and (Na2O2) in order 
to examine the percentage concentration of the oxide present in the sample. In this work, Al₂O₃ 
and Na₂O₂ has the highest percentage in the sample with a value of (97.0165%) and (86.9875%). 
This result shows that the purity of nanoparticles is within the range. Furthermore, in each 
case of the XRF characterization, loss on ignition (LOI) is taken into consideration, which is 
always indicating the percentage weight loss of the original weight of the material when it is 
heated to a high temperature, but in this work, the LOI of Al₂O₃ and Na₂O₂ nanoparticles are 
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1.058 and 2.058, respectively. According to work of (Rashid, 2023) the percentage 
concentration of (MgO) is (98.257%) while for ASTM standard the percentage concentration 
of oxide should be (95.035%). While that of contaminants should be< 5%. 
 
Table 2: XRF of (Al₂O₃) and (Na₂O₂) 
 

 
 
FTIR of B-100 and B-100/Al₂O₃-Na₂O₂ 
Figure 7. Represent transmittance peaks of B-100 with respect to wavenumber, the 
transmittance came along with three main regions namely:  
 
High Transmittance (Above 90%): is a region of weak or absent Absorptions ranging from, 
(3900 cm⁻¹ - 3700 cm⁻¹) are the Possible free O-H or N-H (usually broader), while 1623 cm⁻¹ is 
the range of Very weak or absent C=C (alkenes) or conjugated C=O (Bin Rashid & Hayashi, 
2023).  Carry out a research and investigate the effect of magnesium oxide nanoparticle on 
Jatropha oil. The weak or absent absorption of FTIR for magnesium oxide nanoparticle was 
(3900cm-1 – 3600cm-1) 
 
Moderate Transmittance (70-90%): is a region of Some Absorption, (2811 cm⁻¹) Likely C-H 
(alkanes).  2132 cm⁻¹ Possibly C≡C (alkynes) or C≡N (nitriles). While 1439 cm⁻¹ and 1410 cm⁻¹ 
is a region of C-H bending (CH₂/CH₃). And lastly   1756 cm⁻¹ and 1765 cm⁻¹ wavenumber 
indicating Weak C=O (carbonyl, possibly ester/aldehyde) it Also reported by                                                                                                                                                                                                                                                         
are (2566cm-1 – 2315cm-1). 
 
For Low Transmittance that is below 70%: is a region of Strong Absorptions, 2925 cm⁻¹ 
captured Strong C-H (alkanes, CH₃/CH₂).  1724 cm⁻¹ and 1745 cm⁻¹ indicated Strong C=O 
(ketones, aldehydes, or esters)(Ghanbari et al., 2021). 

 
Figure 7. FTIR spectra of B-100. 

Oxides of  Al2O3 Al2O3 Percentage 
composition (%) 

Oxides of Na2O2 Na2O2   Percentage 
composition (%) 

Fe2O3 0.04079 Ga2O3 0.0808 
CuO 0.00004 K2O 0.4701 
Ta2O5 0.01850 Ta2O5 0.0285 
Na2O 0.75000 ZnO 0.5100 
MgO 0.81000 MgO 0.1100 
Al2O3 96.36750 Na2O2 97.2413 
SiO2 0.25650 Na2O 0.0351 
Cl 0.06490 SrO 0.0159 

CaO 0.45700 Rbr 0.4810 
TiO 0.02332 BaO 0.0392 
LOI 1.0580 LOI 0.9881 
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Table 3: FTIR peaks and assignments for B-100 

S/N Wavenumber (cm⁻¹) Assignment 

1. 1740 Strong absorption due to C=O stretching of ester groups (indicative of 
biodiesel) 

2. 1170-1200 C–O stretching vibrations from ester linkages 
3. 2850-2950 CH2 and CH3 stretching from fatty acid chains 
4. 3008 Weak peak due to =C–H stretching (unsaturation in fatty acid chains) 
5. 722 Bending vibrations of long aliphatic chains 

 
FTIR B-100/Al₂O₃-Na₂O₂  
 Addition of Al₂O₃ and Na₂O₂ Nanoparticles to B-100 is clearly observed in the FTIR spectra 
by the appearance of the absorption bands figure (8). The FTIR peaks for Al₂O₃ nanoparticles 
are characterized by the broad absorption band at 500–800 cm⁻¹, which is due to Al–O 
stretching vibrations (Kumar et al., 2017). A strong absorption peak corresponding to Al–O–
Al bridging bonds is clearly observed at 600–700 cm⁻¹ (Rabelo et al., 2015). Furthermore, the 
3400 cm⁻¹ absorption band is due to O–H stretching from surface hydroxyl groups (due to 
moisture adsorption). Similarly, the FTIR peaks for Na₂O₂ nanoparticles are characterized by 
the O–O stretching (peroxide bond) observed at 800–850 cm⁻¹ (Ahmed et al., 2020). The 
absorption peaks at 500–600 cm⁻¹ can be attributed to Na–O vibrations (Ahmed et al., 2020). 
Possible carbonate contamination (due to reaction with CO₂ in air) is observed by the 
appearance of a 1450 cm⁻¹ absorption band. Changes in the FTIR of B-100 due to nanoparticle 
addition are observed over the spectra. The ester peaks of biodiesel (C=O at ~1740 cm⁻¹, C–O 
at ~1200 cm⁻¹) remain, but slight shifts may occur due to nanoparticle interactions. New peaks 
in the 500–900 cm⁻¹ range confirm metal-oxide/peroxide presence. The observed peak 
broadening is mainly due to nanoparticle agglomeration (Jayaraman et al., 2020). 
 

 
Figure 8. FTIR spectra of B-100/Al203-NaO2. 

 
Combustion Reaction Analysis of BB100 and BB100A (0.3)N(0.3) 

Even though, Carbon two oxide (CO) emission are heavily influenced by the chemical and 
physical properties of the fuel. The key factors contributing to CO production are insufficient 
oxygen and low combustion temperatures, which result in incomplete combustion. Since CO 
is a byproduct of incomplete combustion, higher levels of incomplete combustion lead to 
increased CO emission. While in this work, Figure 9. illustrates how CO emission vary with 
engine load. Upon running BB100 and BB100A (0.3)N(0.3) fuel in test bed engine. 
Furthermore, the biodiesel incorporation of metal-oxide-based nanoparticles significantly 
reduces CO emission. This reduction can likely be attributed to two key factors that is 
increased oxygen availability from the metal-based oxide nanoparticles in the biodiesel and 
enhanced ignition properties by the nanoparticles, which promote more complete 
combustion. These effects stem from the nanoparticles' high catalytic activity, driven by their 
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large surface-area-to-volume ratio. While comparing the two biodiesel samples, the BB100A 
(0.3)N(0.3) sample shows reasonable reduction of CO and CO2 emission for almost (20-40)% 
at low loads (5-10)% at high loads. On the other hands, BB100 sample also shows depreciation 
in emission for both CO and CO2. (40-50)% at low loads and (10-20) % at high loads. A research 
was  conducted by (Sakthivel et al., 2017). In which Al203 nanoparticle was in cooperated into 
a biodiesel extracted from castor oil and the results shows that sufficient oxygen molecules 
from Al203 nanoparticle help in converting CO to CO2 that is from incomplete to complete 
combustion. (Kennedy & Anthony, 2023). Also observed that using pure waste mustard oil 
biodiesel depreciated CO emission by 75% at low loads and 70.58% at high loads. 
 

Table 4: CO and CO2 Emission with respect to the engine Loads 
Torque 
(Nm) 

CO emission 
for  

BB100(ppm) 

CO emissions for 
BB100A(0.3)N(0.3)(ppm) 

CO2 emissions 
for  BB100(ppm) 

CO2 emissions for 
BB100A(0.3)N(0.3)(ppm) 

40.00  56.23 48.21 41.20 21.60 

45.00 37.11 30.25 25.54 16.92 
50.00 28.53 22.12 19.22 13.30 
55.00 21.23 19.02 05.32 10.11 

 
                                             

 
Figure 9. Emission of CO and CO2 against Engine Loads 

 
Table 5. Properties of test brassica biodiesel. 

Properties ASTM standard Diesel B100 B100A0.3N0.3 

Density at 150C (kg/m3) D6751(a) 835(a) 895 882 
Kinematic Viscosity 

(mm2/s) 
D6751(a) 2.60(a) 3.41 3.62 

Flash point at  150C D6751(a) 57(a) 54 56 
Fire point at  150C D6751(a) 65(a) 68 67 
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Table 5. Captured some of the important parameters, and these parameters are the ones 
determining the quality of a fuel. All biodiesel fuels must meet the specifications of biodiesel 
prescribed by American Society for Testing and Materials (ASTM 6751), European Standard 
(EN14214) etc. These standards set guidelines for testing the biodiesel fuels and prescribes the 
suitable ranges for various physical and chemical properties of the fuel in order to use it in 
the engine. The density of brassica biodiesel is now compared with normal diesel and the 
ASTM standard. According to the ASTM standard, the density of normal diesel is 835 kg/m³, 
while that of B100 is 895 kg/m³, and that of B100A0.3N0.3 is 882 kg/m³. It shows that the 
additives show a serious impact in reducing the density of biodiesel oil to an amount very 
close to normal diesel. Likewise, values obtained from kinematic viscosity, flash point, fire 
point, and calorific value are also very close to that of normal diesel (a) and (b). Based on these 
outcomes, my fuel can perfectly serve as a close substitute for normal diesel (Sakthivel et al., 
2017). 
 
CONCLUSION  
In this study, aluminum oxide (Al₂O₃) and sodium peroxide (Na₂O₂) nanoparticles were 
added to the Brassica biodiesel Fuel As an additive, and it caused some changes in the 
properties of the oil. Addition of aluminum oxide and sodium peroxide (Na₂O₂) nanoparticles 
with excellent properties, such as large contact surface area, good stability, good catalytic 
performance, fast oxidation rate, high heat of combustion, etc. into the brassica biodiesel 
improve the combustion of internal combustion engines and reduce viscosity of biodiesel, 
which affects the fuel injection and engine performance at large. In another hands. 
 
Large Concentration of Al₂O₃ and sodium peroxide (Na₂O₂) nanoparticles in brassica biodiesel 
leads to the formation of agglomeration, sedimentation, and Degradation which may possibly 
cause issues with respect to the fuel stability and engine durability. Density, kinematic 
viscosity, flash point, fire point, and calorific value. Are among important parameters 
determining the quality of a fuel. In this work, the values obtained for these parameters are 
all very close to normal diesel and also close to the ASTM standard; as such, my fuel can 
replace normal diesel. Addition of with presence of reasonable amount of oxygen molecules 
from Al₂O₃ and sodium peroxide (Na₂O₂) nanoparticles, help in converting carbon monoxide 
to carbon dioxide for complete combustion. Results presented in figure 9. Confirm the effect 
of nanoparticles on combustion characteristic, in which the fuel sample with nanoparticles 
shows almost total combustion. 
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