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ABSTRACT: This study investigates the effect of pyrogallol (PY) and butylated hydroxyanisole (BHA) on the brake thermal efficiency (BTE) of palm biodiesel blends. A single cylinder CI engine was used to test palm biodiesel with PY and BHA additives at 800 ppm concentrations under various load conditions. Engine performance measures, including brake power (BP) and brake thermal efficiency (BTE), were evaluated. Results found that at 1800 rpm, the B20+PY and B20+BHA blended fuels show increases of 12.5% and 6.9% in brake power, along with improvements of 12% and 8% in torque compared to the same blends without additives, respectively. The BTE was determined to be 16.1% and 8.7% higher for the B20+PY and B20+BHA fuel blends, respectively. The PY additives enhanced engine performance by approximately double in comparison to BHA. In conclusion, the performance of the palm biodiesel blends with additives surpasses that of blends without additives, with PY showing better efficiency compared to BHA.
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1.0	INTRODUCTION

The increasing demand for fossil fuels, driven by substantial growth in population, transportation, and industrial sector will lead to depletion of fossil fuels over time. Due to this, research efforts have been made to discovers alternative fuels that not only reduce the dependency of the fossil fuels but also to reduce the environmental impacts to the earth. In years, biodiesel has drawn considerable attention as alternative to replace the fossil fuels [1-4]. Biodiesel derived from renewable sources such as vegetable oils and animal fats has gained significant prominence due to its non-toxic, biodegradable and environmentally friendly characteristics [5-6]. 

In response to these advantages and the growing demand for sustainable alternative energies, various biodiesel feedstocks have been extensively exploited across different nations to produce biodiesel suited to local resources and energy need. Examples include soybean oil (primarily in the United States), canola oil (mostly in Europe), palm oil (especially in Asia), sunflower oil, algae, and others. The selection of feedstock is contingent upon several aspects such as its availability, cost, and environmental repercussions [7]. In Malaysia, palm oil or its scientific name Cocos Nucifera has been considered as one of the most promising and readily available feedstocks for biodiesel production due to its abundant supply and well-established agricultural infrastructure. Several studies have shown that palm oil, through the transesterification process, can serve as a sustainable alternative to fossil fuels that can produced lower emission and yet offer energy content comparable to pure diesel [7-10]. 

Despite that, biodiesel exhibits several drawbacks such as auto-oxidation during fuel storage, alterations in fuel composition, deposit accumulation in the combustion chamber and fuel filter obstruction. Palm biodiesel, particularly B20 blends often exhibits reduced engine performance due to higher viscosity, lower calorific value and oxidation instability leading to suboptimal torque, brake power and thermal efficiency [11-12]. According to Kumar, the oxidation process increases biodiesel’s acid value, viscosity and density, which finally highlighting the detrimental effects on fuel properties [13]. Additionally, the oxidation of biodiesel can result in the formation of peroxides and other reactive species, which may further degrade the fuel and affect its combustion characteristics, leading to higher NOx emissions and altered engine performance. This in good agreement with the study done by Yamane et al. which found that increment of oxidative degradation results in higher NOx emissions and altered engine performance [14].

Many researchers have explored different strategies to tackle these biodiesel challenges and one of it is to use additives. Additives are chemical compounds that are blended into biodiesel fuel to improve certain characteristics or overcome challenges associated with it when in use. In biodiesel, additives such as alcohols, ethers, antioxidants, cetane improvers, nanoparticles, and other substances are used to prevent the oxidation, maintain its stability and fuel quality, while also potentially enhancing performance and reducing emissions [13]. Table 1 shows the examples of additives used in biodiesel. Rashedul et al. [14] found that fuel additives significantly improve the quality of biodiesel and its blends. Gaur et al. [5] revealed that the role of additive application not only inhibits oxidation and control its stability and fuel quality, but also improves performance and reduces emissions. 

Study done by Sabapathy et al. [16] found that butylated hydroxytoluene (BHT) blends in palm biodiesel exhibited superior oxidation stability, higher brake thermal efficiency and lower NOx emission. Similarly, Krupakaran et al. [17] reported that the brake thermal efficiency is improved with the addition of γ-Al2O3 nanoparticles in biodiesel. Kumar et al. [18] found that higher concentrations of cerium oxide nanoparticles and a combination of diethyl ether and CeO2 nanoparticles, respectively, led to improved engine performance and reduced emissions. Meanwhile, Najmi et al. [19] revealed that palm biodiesel blend with isobuthanol achieved notable gains in efficiency at elevated speeds and the engine performance are better than biodiesel without additives or diesel.





Table 1: Types of additives used in biodiesel blends
	Types of additives
	Information
	Abbreviation

	Alcohol
	Methanol
	-

	
	Ethanol
	-

	
	Butanol
	-

	Ether
	Dimethyl Ether
	DME

	
	Diethyl Ether
	DEE

	Antioxidant
	Butylated Hydroxytoluene
	BHT

	
	Butylated Hydroxyanisole
	BHA

	
	Pyrogallol
	PY

	
	Tert-butylhydroquinone
	TBHQ

	Cetane improver
	2-ethyl Hexyl Nitrate
	-

	Nanoparticle
	Metallic
	-

	
	Non-metallic
	-



Other than that, pyrogallol (PY) and butylated hydroxyanisole (BHA) also often used as additives to improve fuel oxidation resistance and lubricity in biodiesel blends. Despite these advantages, limited studies directly compare the performance of B20 palm biodiesel with pyrogallol (PY) and butylated hydroxyanisole (BHA) at the same concentration, in terms of engine performance. Thus, in this study the comparative analyses on the effect of pyrogallol (PY) and butylated hydroxyanisole (BHA) additives blends in B20 palm biodiesel on the engine performance are explored.  

2.0	METHODOLOGY

2.1     Materials

The B20 (80% biodiesel + 20% palm oil) palm biodiesel used in this study were obtained from Malaysian Palm Oil Berhad (MPOB). The two types of antioxidants were used are pyrogallol (PY) and butylated hydroxyanisole (BHA) was supplied by Sigma Aldrich. Table 1 shows the material properties and additives used in the study. The concentration of the additives used is to set at 800 ppm. 

Table 1: Additives and material properties
	Sample
	Additives used
	Calorific value (MJ/kg)

	B20
	-
	42.83

	B20+PY
	Pyrogallol (PY)
	42.60

	B20+BHA
	Butylated hydroxyanisole (BHA)
	42.79



 2.2     Fuel preparation

The fuel samples were blend with additives using a Labsonic Ultrasound Homogenizer as shown in Figure 1. Each sample were blended with additives for at least one hour. The homogenizer was given a 10-minutes break after every 10-minutes to avoid excessive heating. The meticulous blending method guaranteed a consistent dispersion of the additives in the biodiesel blends, hence improving the conditions for future engine performance testing.

[image: ]
Figure 1: Fuel blend with additives using homogenizer

2.3     Engine test setup

The 170FA diesel engine made by Azma Global Tech were used to test fuel samples. It is a single cylinder, four-stroke and air-cooled direct injection engine model. Figure 2 shows the schematic diagram of the test engine setup. The engine was run on the dynamometer at different speeds for three minutes, after which it was allowed to warm up and run for ten minutes throughout the testing procedure. The engine speed was varied within the range of 1000 to 1800 rpm.

[image: ]
Figure 2: Schematic diagram of diesel engine

The engine's performance was assessed by a dynamometer that was linked to the engine shaft. Meanwhile, the engine's torque was measured using a load cell that was connected to the dynamometer. The engine performance test was repeated three times.

2.4     Calculation of engine torque, brake power (BP) and brake thermal efficiency (BTE)

Engine torque is a critical parameter that directly relates to engine performance. Torque is essentially a measure of the rotational force that an engine produces. This force is responsible for turning the crankshaft and, consequently, the wheels of the vehicle. While torque measures rotational force, power is a measure of how quickly work is done. The relationship between torque and power is given by the equation Eq. 1.

	
	
	(1)



To determine the brake power (BP) of diesel engine, the equation Eq.2 is used.

	
	
	(2)



where N is the speed of the diesel engine in rpm and T is the output torque obtained in Nm. Brake power, a significant factor in automotive engineering, has a profound impact on several elements of vehicle performance such as acceleration, peak speed, and towing capacity.

Meanwhile in assesing the overall performance of the internal combustion engine, the brake thermal efficiency (BTE) is calculated using equation Eq.3 as below.

	
	
	(3)



where mf is the mass flow rate of the fuel and  is the calorific value of the test samples when completely combusted [shahril 2019]. BTE is the ratio between the BP and indicated power. Highest BTE is desired for engine performance.

3.0     RESULTS AND DISCUSSION

3.1     Engine Torque

Figure 3 shows the result of engine torque at various engine speed in the range of 1000 rpm to 1800 rpm using different type of fuel samples. It is obvious from Figure 3 that engine torque is increased with the speed for all the blended fuel with or without additives. It is agreed with studies done by Shahril et al. which found that the torque of engine is increased when the load increased [1]. The experiment revealed that the average engine torque with respect to engine speed for B20 is slightly lower than B20+PY and B20 +BHA. It was found that engine torque of B20+PY were 13%, 8%, 7%, 8% and 5% higher than of B20+BHA. Besides, engine torque of B20+PY was 20%, 24%, 19%, 11% and 12.5% higher than of B20 without additive in range of 1000 - 1800 rpm.

3.2 	Brake Power (BP)

In this work, the brake power is calculated by utilizing the equation in Eq.1. Figure 4 shows the result of brake power at various engine speed in the range of 1000 rpm to 1800 rpm. It is observed that the brake power is increased proportionally with engine speed and torque. The brake power was observed to be increased by 13%, 8%, 7%, 8% and 5% for B20+PY in comparison to B20+BHA. It is also found that the brake power of B20+PY are higher by 20%, 24%, 19%, 11% and 13% compared to B20 without additive. The effect of engine speed (RPM) on brake power (BP) varies significantly depending on the cylinder configuration of the diesel engine. While increasing RPM generally increases BP up to a certain point, each engine type has an optimal range where BP is maximized before encountering diminishing returns due to mechanical limitations, friction losses, and thermal constraints. Generally, the result shows both higher engine torque and higher engine speed contribute to higher brake power. The utilization of additives in performance improvement indicates that they boost the efficiency of combustion or alter the characteristics of fuel to be more advantageous for power generation.


Figure 3: Engine torque at various engine speed



Figure 4: Brake power at various engine speed


3.3 	Brake Thermal Efficiency (BTE)

The brake thermal efficiency is obtained using Eq.3 based on the calculated brake power of each test. The variation of brake thermal efficiency with engine speed is illustrated in Figure 5. The results indicate that the brake thermal efficiency of B20, B20+PY, and B20+BHA increases marginally as the engine speed and brake power increased. This may be due to the enhancement of thermal energy in working fluid, thereby contributing to an increase in brake thermal efficiency. It was determined that the brake thermal efficiency for B20+PY were 8%, 4%, 3%, 3% and 5% higher than those of B20+BHA. Besides, B20+PY were 17%, 10%, 9%, 12% and 8% higher than those of B20 without additive in range of 1000 – 1800 rpm, respectively.


Figure 5: Brake thermal efficiency at various engine speed

4.0 	CONCLUSION


[bookmark: _GoBack]The experimental investigation was carried out to determine the effect of palm biodiesel blended with additives; pyrogallol (PY) and butylated hydroxyanisole (BHA) on the engine performance. The B20 palm biodiesel were blend with 800 ppm additives and tested using single cylinder diesel engine at various load conditions. The brake thermal efficiency is calculated by utilizing the engine torque and brake power measured. Results show that the additive play an important role in increasing the engine performance in terms of brake power and brake thermal efficiency. On average, the engine performance improved 11.2 % with the addition of additive.  In this study, the brake thermal efficiency (BTE) shown better result when the B20 palm biodiesel blended with pyrogallol (PY) compared to butylated hydroxyanisole (BHA).
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