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This study investigates the effect of alumina (Al₂O₃) nanoparticle additives on 

the performance and emission characteristics of B30 biodiesel fuel under 

various engine loads. Fuel samples of pure B30 and B30 blended with Al₂O₃ at 

concentrations of 30, 50, 70, and 90 ppm were tested using a 3.5 kW diesel 

engine. The evaluation focused on specific fuel consumption (SFC), and 

exhaust opacity at loads of 1, 5, and 9 kg. The results show that SFC generally 

decreased with increasing load, with the lowest values achieved at 90 ppm, 

indicating improved combustion efficiency. In terms of emissions, the addition 

of Al₂O₃ at 30–50 ppm significantly reduced opacity, with 50 ppm showing the 

greatest effect, particularly at high loads. However, higher concentrations such 

as 90 ppm tended to increase opacity due to nanoparticle agglomeration, which 

hinders homogeneous mixing and combustion. Overall, the optimal 

performance improvement was observed at 50 ppm for emission reduction and 

at 90 ppm for fuel efficiency, demonstrating the potential of Al₂O₃ nanoparticles 

as effective additives in biodiesel applications. 
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1. INTRODUCTION 

Global primary energy demand has continued to 

rise in recent years, driven by economic growth, 

electrification and expanding transport and 

industrial activity; major energy outlooks report 

persistent dependence on oil and other fossil fuels 

despite rapid growth in renewables. [1] 

 

The transport sector remains a leading source of air 

pollutants that harm human health and the 

environment[2]. Outdoor air pollution has been 

linked to millions of premature deaths worldwide, 

and transportation—particularly diesel-powered 

road traffic—contributes substantially to fine 

particulate (PM₂.₅), nitrogen oxides (NOₓ) and 

other harmful emissions that cause cardiovascular 

and respiratory disease [3]. Recent analyses 

estimate that transportation-related PM₂.₅ and 

ozone are responsible for hundreds of thousands of 

premature deaths and a meaningful share of air-

pollution burden globally [4].  

 

Biodiesel is promoted as a renewable, lower-

carbon alternative to petroleum diesel that can 

reduce lifecycle CO₂ emissions and improve 

energy security if produced sustainably [5], [6]. 

However, biodiesel and biodiesel–diesel blends 

also present technical challenges—such as 

differences in fuel stability, calorific value, and 

certain emission species—so research continues on 

fuel formulation and post-processing to optimize 

combustion and lower regulated pollutants [7], [8].  

 

One active research direction is the use of nano- 

and micro-scale fuel additives to improve 

combustion performance and emissions [9].
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Metal-oxide nanoparticles (including alumina, 

Al₂O₃) and other nanoadditives have been shown in 

several experimental studies and reviews to enhance 

fuel atomization, accelerate oxidation reactions, and 

act as catalysts or soot-oxidation promoters—

yielding improvements in brake/thermal efficiency 

and, in some cases, reductions in particulate and 

hydrocarbon emissions. Results vary with additive 

type, particle size, dispersion method, and 

concentration, and some studies report trade-offs 

(e.g., changes in NOₓ), highlighting the need for 

systematic concentration-dependent investigations 

[10]. 

 

Specifically, several recent experimental works 

have investigated Al₂O₃ nanoparticles added to 

biodiesel or biodiesel–diesel blends and reported 

improvements in thermal efficiency and reductions 

in some pollutants at particular nanoparticle 

loadings; nevertheless, reported results are not yet 

fully consistent across feedstocks, engine types, and 

operating conditions [11], [12], [13]. This 

inconsistency motivates a focused study that 

systematically varies Al₂O₃ concentration in 

biodiesel blends and evaluates effects on specific 

fuel consumption, and opacity under controlled 

engine loads thereby addressing both practical 

performance goals and air-quality concerns. 

 

In this paper we therefore examine the influence of 

alumina additive concentrations on the thermal 

performance and pollutant emissions of biodiesel 

fuel, aiming to identify concentration ranges that 

maximize combustion.  

2. METHOD 

This research involves testing several fuel samples, 

including B30 biodiesel, B30 blended with Al₂O₃  at 

concentrations of 30 ppm, 50 ppm, 70 ppm, and 90 

ppm. The samples were evaluated using a diesel 

engine. 

2.1 Experimental Setup 

In this study, a diesel engine with a rated power of 

3.5 kW was utilized. Various sensors integrated into 

the engine were employed to automatically gather 

data through a computer system using the IC-

Engine application, enabling the collection of 

engine performance. The engine was tested under 

loads of 1, 5, and 9 kg, with a compression ratio set 

at 18:1. 

 

 

 

 

 

Figure 1. Experiment Setup 
 

2.2 Preparation of Biodiesel with 

Nanoparticle Al₂O₃  

This study examines the addition of Al₂O₃  

nanoparticles to B30 biodiesel fuel in 

concentrations of 30, 50, 70, and 90 ppm. The B30 

fuel used originates from products of state-owned 

enterprises in Indonesia and is commercially 

available at gas stations. It consists of 30% 

vegetable-based components derived from palm oil 

blended with pure diesel. As depicted in Figure 2, 

the fuel and Al₂O₃  nanoparticles were blended 

using a magnetic stirrer for 30 minutes at a 

temperature range of 80–90°C. To prevent 

sedimentation after mixing, an ultrasonic cleaner 

operating at 40 kHz was applied for 30 minutes. The 

fuel samples were then allowed to return to room 

temperature before being directly used in the 

engine.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Preparation of Biodiesel with 

Nanoparticle Al2O3 
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3. RESULT AND DISCUSSIONS 

3.1. Fuel Consumption 

 

Figure 3. Specific Fuel Consumption vs Opacity  

 

Figure 3 illustrates the variation of specific fuel 

consumption (SFC) with engine load using B30 and 

a mixture of B30 + Al₂O₃ at different 

concentrations. At a low load of 1 kg, the highest 

SFC was observed in B30 + Al₂O₃ 50 ppm (1.59 

kg/kW·h), followed by pure B30 (1.45 kg/kW·h), 

B30 + Al₂O₃ 30 ppm (1.27 kg/kW·h), B30 + Al₂O₃ 

70 ppm (1.25 kg/kW·h), and the lowest value was 

obtained with B30 + Al₂O₃ 90 ppm (0.71 kg/kW·h). 

At a medium load of 5 kg, the highest SFC was 

again recorded with B30 + Al₂O₃ 50 ppm (0.41 

kg/kW·h), while the lowest was observed at 90 ppm 

(0.25 kg/kW·h). Pure B30 had a slightly higher 

value (0.47 kg/kW·h) compared to mixtures with 

30–70 ppm additives. At a high load of 9 kg, the 

SFC values became closer, with pure B30 (0.37 

kg/kW·h) showing the highest, while the lowest was 

obtained with B30 + Al₂O₃ 90 ppm (0.23 kg/kW·h). 

The addition of Al₂O₃ nanoparticles significantly 

reduced SFC, particularly at higher loads, indicating 

improved combustion efficiency due to enhanced 

atomization and catalytic effects [14], [15]. 

However, at lower loads, some variations such as 50 

ppm produced higher SFC than pure B30, which 

may be attributed to incomplete utilization of 

nanoparticles at light engine conditions. In general, 

SFC decreased with increasing engine load, which 

is consistent with diesel engine characteristics 

where higher loads improve fuel utilization 

efficiency [16]. The mixture of B30 + Al₂O₃, 

especially at 90 ppm, demonstrates the strongest 

potential to reduce SFC and enhance thermal 

efficiency compared to pure B30 fuel. 

 

3.2. Opacity 

 

Figure 4. Load vs Opacity  

 

Figure 4. llustrates the change in exhaust opacity 

with respect to engine load using B30 and a mixture 

of B30 + Al₂O₃ at different concentrations. At a low 

load of 1 kg, the lowest opacity was produced by 

B30 + Al₂O₃ 30 ppm (0.5%), followed by B30 + 

Al₂O₃ 50 ppm (0.8%), while pure B30 showed a 

higher value of 3.1%. The highest opacity at this 

load was observed in B30 + Al₂O₃ 90 ppm (6.7%), 

indicating that excessive nanoparticle concentration 

may negatively influence combustion. At a medium 

load of 5 kg, the opacity of pure B30 reached 6.4%, 

while B30 + Al₂O₃ 30 ppm and 50 ppm resulted in 

much lower values of 2.5% and 2.3%, respectively. 

The addition of 70 ppm and 90 ppm produced 

higher opacity values of 5.3% and 5.4%, showing a 

decline in the effectiveness of alumina additives at 

higher concentrations. At a high load of 9 kg, pure 

B30 generated the highest opacity (33.3%), while 

the lowest was recorded with B30 + Al₂O₃ 50 ppm 

(7.7%), followed by B30 + Al₂O₃ 70 ppm (9.5%) 

and 30 ppm (16.7%). The highest opacity at this 

load was again observed with B30 + Al₂O₃ 90 ppm 

(20.6%). The results suggest that alumina additives 

significantly reduce smoke opacity, especially at 

30–50 ppm concentrations, due to improved 

atomization and catalytic oxidation effects [17], 

[18], [19]. However, at higher concentrations (90 

ppm), opacity tends to increase, likely due to 

nanoparticle agglomeration that inhibits uniform 

distribution in the fuel and reduces combustion 
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efficiency [20], [21]. In general, opacity increases 

with engine load, which is consistent with diesel 

engine behavior where higher loads demand more 

fuel supply, leading to incomplete combustion and 

higher particulate emissions [13], [22]. The addition 

of Al₂O₃ nanoparticles, particularly at 50 ppm, 

shows strong potential in reducing particulate 

emissions and improving combustion efficiency 

compared to pure B30 fuel. 

4. CONCLUSION 

The experimental results demonstrate that the 

addition of Al₂O₃ nanoparticles to B30 biodiesel 

significantly influences engine performance and 

emissions. In terms of fuel consumption, specific 

fuel consumption (SFC) consistently decreased 

with increasing engine load, reflecting the inherent 

characteristics of diesel engines. The incorporation 

of Al₂O₃, particularly at 90 ppm, resulted in the 

lowest SFC values, indicating enhanced combustion 

efficiency due to better fuel atomization and 

catalytic effects. However, at lighter loads, certain 

concentrations such as 50 ppm produced higher 

SFC than pure B30, suggesting incomplete 

utilization of nanoparticles under low combustion 

intensity. 

 

Regarding exhaust opacity, the results reveal that 

B30 fuel alone generated the highest smoke levels 

across all loads. The addition of Al₂O₃ at 30–50 ppm 

concentrations significantly reduced opacity, with 

50 ppm showing the strongest effect, particularly at 

high load conditions. Conversely, higher 

concentrations such as 90 ppm tended to increase 

opacity, which may be linked to nanoparticle 

agglomeration that hinders fuel homogeneity and 

combustion. 

 

Overall, the optimal performance improvement was 

observed at 50 ppm for emission reduction and 90 

ppm for fuel efficiency, highlighting the potential of 

Al₂O₃ as an effective additive in biodiesel 

applications. 
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