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Abstract 

In the electric power system, insulating oil plays a pivotal role in separating two or more electrical conductors with 
different voltages. This separation is crucial to prevent unintended electrical connections or sparks that could 
compromise the system's safety and integrity. Mineral-based insulating oil is disadvantageous because it is classified 
as a mineral oil. This classification indicates that the waste is non-biodegradable, meaning biological processes cannot 
break it down. This characteristic can hurt the environment. Therefore, alternative efforts must be made to use liquid 
insulation, such as environmentally friendly vegetable oils. Vegetable oils are unsuitable as insulating oils due to their 
high viscosity, low oxidation stability, and good lubricity. A proposed solution to reduce palm oil viscosity involves 
adding additives. The dilution process can be enhanced by incorporating various additives, including butylated 
hydroxytoluene and butylated hydroxyanisole. The present study utilizes the Megger OTS80Af to assess the 
breakdown voltage and viscosity of the subject material. Vegetable oils are unsuitable as insulating oils due to their 
high viscosity, low oxidation stability, and good lubricity. A proposed solution to reduce palm oil viscosity involves 
adding additives. The dilution process can be enhanced by incorporating various additives, including butylated 
hydroxytoluene and butylated hydroxyanisole. The present study utilizes the Megger OTS80Af to assess the 
breakdown voltage and viscosity of the subject material. The experimental findings indicate that crude palm oil, when 
augmented with butylated hydroxytoluene and butylated hydroxyanisole, is deemed unsuitable for utilization as a 
transformer insulation medium. This determination is predicated on its inability to comply with the stipulated criteria 
outlined in SPLN 49-91: 1982, specifically the minimum breakdown voltage of 30 kV/2.5 mm for transformer 
insulation oil. 
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Introduction  
A critical component of transformer insulation is insulating oil, with mineral-based insulating oil being the most prevalent 
(Raj et al., 2020; Hemalatha et al., 2024; Chronis et al., 2021). Mineral-based insulating oil boasts several notable advantages, 
including a high breakdown voltage, a low dielectric loss, and a long service life. In addition to its benefits, mineral-based 
insulating oil possesses certain drawbacks (Ahmad et al., 2019; Hemalatha et al., 2024; Hemalatha et al., 2025). Primarily, 
it is a mineral oil that exhibits suboptimal biodegradability. This implies that the waste produced by this oil cannot be 
effectively degraded or decomposed by biological processes, potentially resulting in environmental harm. Furthermore, 
mineral oil is toxic due to its content of polynuclear aromatic hydrocarbons. In the event of a transformer leak or fire, these 
compounds can contaminate the surrounding environment (El-Harbawi, 2022; Mazzaro et al., 2017; Nisworo et al., 2024).  

Consequently, alternative approaches to liquid insulation are necessary, such as incorporating vegetable oils, which 
are considered environmentally friendly. Vegetable oils exhibit superior electrical characteristics, including higher 
dielectric strength and greater permittivity, while maintaining nearly equivalent resistivity to mineral oil. A substantial 
body of research has examined the physical and chemical properties of ester oil as a substitute for liquid insulation in 
power transformers (Tlhabologo et al., 2021; Ismail et al., 2020; Nisworo et al., 2022; Hasibuan et al., 2019).  

Study of Penetrating Voltage of Candlenut Oil as an Alternative to Power Transformer Oil Replacement" obtained the 
results of the breakdown voltage test under standard conditions according to IEC 156 of 17.55 kV/2.5mm. This value does 
not meet the SPLN 49-1: 1982 standard of 30kV/2.5mm. Therefore, to increase the value of the breakdown voltage of 
hazelnut oil, namely by adding additives such as phenol or BHT (butylated hydroxytoluene) (Rozga et al., 2020; Daud et 
al., 2023). Castor oil, or Castrol oil, is a type of vegetable oil that can be used as an insulating oil. The viscosity value of 
castor oil is 295.4 cSt at 40°C and 20.34 cSt at 100°C, and the viscosity index value of castor oil is 87 VI, with pour point and 
flash point values of -10°C and 307°C (Maharani et al., 2024; Prastia et al., 2024; Fitria et al., 2024).  
 
Antyoxydants 

Vegetable oil is characterized by elevated viscosity, which is a measure of its resistance to flow. The addition of 
additives is anticipated to enhance the viscosity of vegetable oil, thereby mitigating its perceived weakness. Additives also 
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 aim to increase the breakdown voltage of vegetable oil, thereby raising the overall voltage (Das, 2022). 
 
Butylated Hydroxytoluene 

Butylated Hydroxyanisole has chemical properties including a specific gravity of 1,031 g/ml, a molecular weight of 
220.35 g/mol, a freezing point of 70°C, and a boiling point of 265°C. Butylated hydroxytoluene is not easily soluble in 
water but dissolves readily in ethanol (95%) and in oil. Butylated hydroxytoluene also contains hydrocarbon compounds 
that can inhibit oxidation and maintain stability to improve oil quality (Dai et al., 2023; Boufitra, 2023). 

 

 
 

Figure 1. Butylated Hydroxytoluene Formula Structure 
 

Butylated Hydroxyanisole  
Butylated Hydroxyanisole has chemical properties including a specific gravity of 1,117 g/ml, a molecular weight of 

180.25 g/mol, a freezing point of 48 °C, and a boiling point of 264 °C. Butylated Hydroxyanisole is insoluble in water but 
soluble in methanol and ethanol. Butylated hydroxyanisole acts as an antioxidant, helping stabilize free radicals. Butylated 
Hydroxyanisole is an additive widely used in cosmetics, medicines, and food. 

 

 
Figure 2. Butylated Hydroxyanisole Formula Structure 

 
In this study, both additives will be added to vegetable oil to improve its properties, and their addition is expected to 

increase the oil's viscosity. The additive also aims to increase the breakdown voltage of vegetable oil (David & Kopac, 
2023). 

Viscosity of Liquid Insulation 
Viscosity is a measure of a fluid's resistance to deformation during flow, usually measured with an Ostwald viscometer in 
centistokes (cSt). Viscosity with density is a parameter that can determine an oil's physical properties. The standard 
viscosity value of an insulator oil is regulated in SPLN 49-91: 1982, where the viscosity value of an insulator oil is ≤ 40 cSt 
at a temperature of 20 °C. Meanwhile, according to IEC 60296, the viscosity of an insulating oil is ≤ 12 cSt at 40 °C.  
 
Experiment 
a. Free Fatty Acid (FFA) Testing 

Vegetable oil is characterized by elevated viscosity, which is a measure of its resistance to flow. The addition of 
additives is anticipated to enhance the viscosity of vegetable oil, thereby mitigating its perceived weakness. Additives also 
aim to increase the breakdown voltage of vegetable oil, thereby raising the overall voltage. 
b. Blending of Crude Palm Oil with Butylated Hydroxytoluene and Butylated Hydroxyanisole 

 The subsequent stage involves the amalgamation of the prepared oil with additives at 5%, 10%, 15%, 20%, and 25% 
compositions. The mixture is agitated and heated to 600°C. This is achieved by using a steamer and maintaining a 
rotational speed of 200-400 revolutions per minute for 1 hour. After mixing, the next step is washing with distilled water 
to obtain clearer crude palm oil. 
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c. Density Testing with Addition of Butylated Hydroxytoluene and Butylated Hydroxynisole 
Density testing on crude palm oil research was carried out using a pycnometer at a transformer oil temperature of 

40°C. In this test, butylated hydroxytoluene and butylated hydroxyanisole additives were added at each concentration of 
5%, 10%, 15%, 20%, and 25%.  
d. Viscosity Testing of Crude Palm Oil, Butylated Hydroxytoluene, and Butylated Hydroxyanisole    

Viscosity is a measure of a fluid's resistance to deformation of its flow. This resistance is typically measured using an 
Ostwald viscometer in centistokes (cSt). Viscosity and density are two parameters that can be used to determine the 
physical properties of an oil. The significance of the liquid insulating oil viscosity specification, set at a maximum of 40 
centistokes (cSt), has been established by SPLN 49-91: 1982. 
e. Breakdown Voltage Testing of Crude Palm Oil, Butylated Hydroxytoluene, and Butylated Hydroxyanisole 

The breakdown voltage test will employ a tool designated as the Megger OTS80Af Oil Tester. The subsequent 
breakdown voltage test will employ a hemispherical electrode with a diameter of 12.5 millimeters and a distance of 2.5 
millimeters between the electrodes. The standard breakdown voltage for transformer oil insulation is specified in SPLN 
49-91: 1982, which stipulates that the minimum acceptable breakdown voltage must exceed 30 kV/2.5 mm. The evaluation 
is conducted by submerging the oil sample in the designated test container until all electrodes are fully immersed. The test 
equipment will be supplied with a 220/380 V power supply that gradually increases to the kV voltage. 
f. Pour Point Testing of Crude Palm Oil, Butylated Hydroxytoluene, and Butylated Hydroxynisole 

The pour point, the lowest temperature at which a liquid can be poured without crystallization, is a critical property 
in fluid dynamics and phase transition research. This property is particularly significant for low-temperature applications, 
as it indicates a fluid's flow capacity at reduced operating temperatures. The test was conducted according to the method 
described in ASTM D-97.  The standard value for insulating transformer oil is established by SPLN 49-91: 1982, which 
specifies -30 oC for new oil. 
g. Flash Point Testing of Crude Palm Oil, Butylated Hydroxytoluene, and Butylated Hydroxyanisole 

The test method used in this flash point analysis is ASTM D-93, which involves observing the temperature until a 
momentary flash occurs and then recording the temperature as the observed flash point. The standard flash point of 

transformer oil is regulated by SPLN 49-91: 1982, which requires a flash point ≥ 140 °C. 

Result and Discussion 
a. Density Testing with Addition of Butylated Hydroxytoluene and Butylated Hydroxyanisole 

This density test on Crude Palm Oil research uses a pycnometer.   
 

Table 1. Density Test Results of Crude Palm Oil with Addition of Butylated Hydroxytoluene 

No Sample (ml) 
Butylated Hydroxytoluene 

Concentration (%) 
Density gr/cm3 (≤ 0,895) 

1 500 5 0,92 
2 500 10 0,95 
3 500 15 1,05 
4 500 20 0,95 
5 500 25  0,94 

 
Table 1 shows the density test results for crude palm oil containing Butylated Hydroxytoluene. The average density 

testing value with the addition of Butylated Hydroxytoluene was 0.9494 g/m3. Furthermore, the density of Crude Palm 
Oil with the addition of Butylated Hydroxyanisole was also tested. 

 

Table 2. Results of Crude Palm Oil Density Test with the Addition of Butylated Hydroxyanisole 

No Sample (ml) 
Butylated Hydroxyanisole 

Concentration (%) 
Density gr/cm3 (≤ 0,895) 

1 500 5 0,95 
2 500 10 0,93 
3 500 15 1,06 
4 500 20 1,15 
5 500 25  1,06 

      
In the test with the addition of Butylated Hydroxynisole, the average value was 1.03 g/m3. 

 
b. Kinematic Viscosity Testing 

Viscosity is a measure of a fluid's resistance to deformation of its flow, usually measured using an Ostwald viscometer 

in units of centistokes (cSt). The liquid insulating oil viscosity specification is ≤ 40 cSt, as set by SPLN 49-91: 1982. 
 

Table 3. Viscosity Test Results of Crude Palm Oil with Butylated Hydroxytoluene Added 

No Sample (ml) 
  Butylated Hydroxytoluene 

Concentration (%) 
Viscosity (cSt) 

1 500 5% 5,52 

2 500 10% 5,82 
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 3 500 15% 6,62 

4 500 20% 6,40 

5 500 25% 6,71 

 

 
Figure 3. Graph of the Average Value of Viscosity of Crude Palm Oil with the Addition of Butylated Hydroxytoluene 

 
Figure 1 shows a comparison graph of the addition of butylated hydroxytoluene and viscosity. The graph shows that 

adding butylated hydroxytoluene increases viscosity. The addition of butylated hydroxytoluene at high concentration also 
produces a high viscosity.   

 
Table 4. Viscosity Test Results of Crude Palm Oil with Butylated Hydroxyanisole Addition 

No Sample (ml) 
Butylated Hydroxyanisole 

Concentration (%) 
Viscosity (cSt) 

1 500 5% 6,62 
2 500 10% 6,45 
3 500 15% 8,79 
4 500 20% 8,63 
5 500 25% 89,2 

 

 
Figure 4. Graph of the Average Value of Viscosity of Crude Palm Oil with the Addition of Butylated Hydroxyanisole 

 
Viscosity testing was also carried out on crude palm oil, which was then mixed with Butylated Hydroxyanisole 

additives of the same composition. From the test results obtained, an average value of 23.94 cSt was received; the viscosity 
value of crude palm oil is included in the range of viscosity standard values set by SPLN 49-91: 1982 ≤40°C. 

 
c. Breakdown Voltage Test 

The breakdown voltage test will employ a tool designated as the Megger OTS80Af Oil Tester. The subsequent 
breakdown voltage test will use a hemispherical electrode with a diameter of 12.5 millimeters and a distance of 2.5 
millimeters between the electrodes.  The breakdown voltage test is conducted by extracting samples from the highest and 
lowest additive levels, 5% and 25%, respectively. During the experiment, six test circulations were performed for each oil 
sample to ensure consistent, accurate results. It is important to note that each test cycle can yield different breakdown 
voltage values. The average test result is typically used to determine the dielectric strength of the insulating oil. 
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Table 5. Translucent Stress Test of Crude Palm Oil with the Addition of Butylated Hydroxytoluene 

No Butylated Hydroxytoluene (%) 
Breakdown Voltage 1 to 6 Breakdown 

Voltage (kV) 1 2 3 4 5 6 

1 5 12,3 13,8 11 11,4 14,2 14 12,78 
2 25 11,6 14,5 12.09 13,7 12,3 12,5 12,91 

 
Table 6. Translucent Stress Test of Crude Palm Oil with the Addition of Butylated Hydroxyanisole 

No Butylated Hydroxyanisole (%) 
Breakdown Voltage 1 to 6 Breakdown Voltage 

(kV) 1 2 3 4 5 6 

1 5 14,4 15,4 15,6 13,7 15,6 14,8 14,64 
2 25 9,5 9,6 9,6 8,7 11,1 10 9,75 

 
The results in Tables 5 and 6 show the test results for 4 crude palm oil samples containing 5% and 25% of the Butylated 

Hydroxytoluene and Butylated Hydroxyanisole additives. The average voltage and breakdown voltage of the smallest 
and largest additives in crude palm oil added with Butylated Hydroxytoluene are 12.78 kV and 12.91 kV, respectively. The 
smallest and largest average breakdown voltages for crude palm oil with 5% and 25% Butylated Hydroxyanisole are 14.64 
kV and 9.75 kV, respectively.  
 
d. Pour Point and Flash Point Test Results 

The pour point and flash point tests were carried out on samples containing 5% and 25% of the additives, Butylated 
Hydroxytoluene and Butylated Hydroxyanisole. Flashpoint is the flash point of fuel at the lowest temperature where the 
fuel produces vapor mixed with air and forms a mixture that can ignite and burn to the point where the material begins 
to lose the ability to flow or freeze (pour point). The results of the pour point and flash point tests on crude palm oil using 
the ASTM D97 and ASTM D93 test methods, with the addition of 5% and 25% BHT, are shown in the table below. 
 

Table 7. Pour Point and Flash Point Analysis Results of Transformer Oil with 5% Butylated Hydroxytoluene Added 

No Sampel Result (oC) Testing Method Standard (oC) 

1 Pour Point 0 ASTM D97 ≤ -30 
2 Flash Point 72 ASTM D93 (Max) 18 

 
The following are the results of testing pour point and flash point values with the addition of 25% Butylated 

Hydroxytoluene, as shown in Table 8. 
 

 Table 8. Pour Point and Flash Point Analysis Results of Transformer Oil with 25% Butylated Hydroxytoluene Added 

No Sampel Result (oC) Testing Method Standard (oC) 

1 Pour Point -5 ASTM D97 ≤ -30 
2 Flash Point 84,0 ASTM D93 (Max) 18 

 
From Tables 7 and 8, the results of the pour point and flash point tests of crude palm oil samples added with 5% and 

25% Butylated Hydroxytoluene additives show the results of the pour point and flash point tests on crude palm oil using 
the ASTM D97 and ASTM D93 test methods with the addition of Butylated Hydroxyanisole 5% and 25% can be seen in 
the table below: 
 

Table 9. Pour Point and Flash Point Analysis Results of Transformer Oil with 5% Butylated Hydroxyanisole Added 

No Sampel Result (oC) Testing Method Standard (oC) 

1 Pour Point  -21 ASTM D97 ≤ -30 
2 Flash Point 174 ASTM D93 (Max) 18 

 
The following are the results of testing pour point and flash point values with the addition of 25% Butylated 

Hydroxyanisole, as shown in Table 10. 
 

Table 10. Pour Point and Flash Point Analysis Results of Transformer Oil With the Addition of 25% Butylated 
Hydroxyanisole 

No Sampel Result (oC) Testing Method Standard (oC) 

1 Pour Point  -18 ASTM D97 ≤ -30 
2 Flash Point 181 ASTM D93 (Max) 18 

 
Tables 7 and 8 show the test results for 2 oil samples with the addition of Butylated Hydroxytoluene at 5% and 25%. 

With the addition of Butylated Hydroxytoluene at 5%, the pour point was 0°C, while the flash point was 72 °C.  Crude 
palm oil given Butylated Hydroxytoluene at 25% has a pour point of -5 °C, and a flash point of 84 °C.  

Table 9 shows the pour point and flash point test results for crude palm oil with 5% Butylated Hydroxyanisole. Crude 
palm oil containing 5% Butylated Hydroxyanisole shows a pour point of -21 °C and a flash point of 174 °C. Table 10 shows 
the results of the pour point and flash point tests on crude palm oil given 25% Butylated Hydroxyanisole. Crude palm oil 
supplemented with 25% Butylated Hydroxyanisole has a pour point of -18 °C and a flash point of 181 °C. 
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 Conclusions  
The characteristics of transformer oil analyzed include density, flash point, pour point, and viscosity. For density 
measurements, crude palm oil is analyzed using a pycnometer at a transformer oil temperature of 40°C. In this study, the 
average density results were obtained from testing crude palm oil with the addition of Butylated Hydroxytoluene (0.9494 
g/m3) and Butylated Hydroxyanisole (1.03 g/m3). This shows that the density value does not meet the criteria and still 

does not meet the SPLN 49-1: 1982 standard, which is ≤0.895g/m3. The viscosity still meets the standard of 6.21 cSt with 
the addition of Butylated Hydroxytoluene, and the addition of Butylated Hydroxyanisole has met the SPLN 49-1: 1982 

standard criteria for viscosity, which is ≤40 cSt from the viscosity of transformer oil.  
With the addition of Butylated Hydroxytoluene by 5%, the pour point is 0 °C, and the flash point is 72°C.  In crude 

palm oil with 25% Butylated Hydroxytoluene additives, the pour point is -5°C and the flash point is 84°C.   
The results of pour point and flash point testing of crude palm oil given 5% Butylated Hydroxyanisole additives. 

Crude palm oil containing 5% butylated hydroxyanisole has a pour point of -21°C. At the same time, the flash point value 
is 174°C. The test results of the pour point and flash point of crude palm oil given 25% Butylated Hydroxyanisole additives. 
Crude palm oil with 25% Butylated Hydroxyanisole additive has a pour point of -18 °C and a flash point of 181 °C.     

The Breakdown voltage test shows that the value breakdown voltage test results on palm oil with the addition of 5% 

Butylated Hydroxytoulene and 25% Butylated Hydroxytoulene shows that the breakdown voltage value is less than ≥30 
kV, which is an average of 12.7 kV and 12.9 kV, Furthermore, testing was also carried out with the addition of 5% Butylated 
Hydroxyanisole and 25% average breakdown voltage values of 14.64 kV and 9.75 kV. It shows that the breakdown voltage 
is less than 30 kV/2.5mm and still does not meet the SPLN 49-1: 1982 standard. 
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