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I. INTRODUCTION 
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Fig. 1: Synthesis Process 
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which are associated with epoxidized ester. There also 

appeared a peak at 1080 cm
-1

 in the PKOAE3 spectra and at 

930 cm
-1

 in PKOAE4. These peaks are characteristics feature 

of PKOAE3 and PKOAE4. They are unique for the respective 

esters and they distinguish the two alkyl esters. The 

modification produced products with melting point of about -

7±0.5˚C and viscosity of about 7 cSt at 20˚C. These values are 

significantly lower than those for palm kernel oil which are 

26˚C and 44 cSt at 30˚C respectively. The pour point of the 

esters was evaluated to be -6˚C which is still lower than -10˚C 

recommended for seed-based ester fluids [10]. The specific 

heat capacity of the esters is comparable with the heat capacity 

of mineral insulating oil. A combination of the low viscosity 

and good specific heat capacity of the esters may make it an 

effective medium for heat transfer and dissipation. 

 
Fig. 2: FTIR Spectra of PKOAE1 and PKOAE2 

 
Fig. 3: FTIR Spectra of PKOAE1, PKOAE3 and PKOAE4 

 

 

IV. DIELECTRIC PROPERTIES 

   The dielectric properties of the samples were measured in a 

bespoke test cell designed such that the electrodes were 

suspended in the oil sample and had enough space to 

accommodate sample expansion. The dielectric response of 

the samples was measured using a Solartron 1255 Frequency 

Response Analyzer and 1296 Dielectric Interface. Dielectric 

measurements were taken over the frequency range10
-3

 Hz to 

10
6
 Hz and at number of fixed temperatures within the range 

20˚C to 80˚C. The temperature of the sample was varied to 

within 0.1˚C by placing the cell in a temperature-controlled 

oven. 

A. Permittivity 

   A plot of real part of relative permittivity of the samples as a 

function of frequency at temperature of 30˚C is shown in fig. 

4. The dielectric response of esters of palm kernel oil was 

earlier reported to exhibit Maxwell-Wagner interfacial 

polarization at frequency below 10
-1

 Hz resulting in its 

acquisition of a slope that falls between -1 and -2 [9]. The 

relative permittivity of the ester palm kernel oil is greater than 

that of the purified palm kernel oil. The permittivity values 

increased with the processing steps. The permittivity increase 

below 10
-1

 Hz may have resulted from the electric double 

layer created due to the accumulation of mobile charge 

carriers at the electrode-liquid interface. 

 
Fig. 4: Real Relative Permittivity of Palm Kernel Oil and its 

Alkyl Esters. 
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PKOAE1
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PKOAE3

PKOEA4

PPKO

PKOAE3

peak 

PKOAE4

peak 

Epoxy 

peak 

Table 1: Physico-chemical properties of samples 

 

Sample 

Melting Temp. (˚C) Heat Capacity at 20 ˚C 

(kJ.kg
-1

.K
-1

) 

Viscosity at 20 ˚C 

(10
−6

m
2
·s
−1

) Onset Peak 

PKOAE1 -14.1 -6.9 2.03 4.6 

PKOAE2 -16.5 -6.9 1.86 6.1 

PKOAE3 -13.6 -6.6 1.78 6.9 

PKOAE4 -14.5 -7.5 1.88 7.0 

BS148 NA NA 1.84 21.8 



B. Dielectric loss 

   Fig. 5 shows a plot of tan δ against frequen
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Fig. 5: Tan δ curve of Palm Kernel Oil and its

Fig. 6: Effect of purification on tan δ of Alkyl 
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26.4 1.83 

42.2 1.41 

42.6 0.98 

42.4 2.60 

42.1 1.41 



ASTM D1816. For voltage class of 345 kV and above, natural 

ester based dielectric fluid is recommended to have a 

minimum mean breakdown voltage of 35 kV when using 1 

mm electrode gap [10]. This study shows that synthesized 

alkyl esters have mean breakdown voltage that exceeds this 

limit by a significant amount. 

VI. CONCLUSION 

  This work investigates the effect of chemical modification on 

the dielectric properties of esters of palm kernel oil. Electrical 

properties of the synthesized esters were analysed. The 

viscosity is about four times lower than mineral oil. The 

viscosity and specific heat capacity of the esters suggest that it 

could serve a good medium for heat transfer and dissipation. 

The melting point and pour point of the esters was low 

compared with purified palm kernel oil, which was the starting 

material. The pour point of the esters was higher than the 

recommended pour point for seed-oil based insulting fluid. 

Addition of pour point depressant could potentially further 

reduce the pour point. The interfacial effect of free charges in 

the esters increased with processing and the dielectric loss. 

The results obtained after treatment with acidified clay suggest 

that the concentration of charged particles in the ester can be 

reduced by passing the ester through effective filtration 

process. The esters have improved electrical breakdown 

strength which is higher than mineral insulating oil. The 

breakdown strength of the esters is about 38% higher than 

BS148 mineral oil.   
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