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ABSTRACT – An experimental investigation was 

conducted to explore the thermal and heat flow 

characteristics of polyol esters with different molecular 

structures by using simultaneous thermal gravimetric 

analysis (TGA) and differential scanning calorimetry 

(DSC) measurement. A significant difference in onset 

temperature between the developed esters and mineral 

oil was observed. The comparison of oxidative stability 

of polyol esters and mineral transformer oil revealed 

that polyol esters are oxidatively stable up to >370°C 

while for mineral oil it was <300°C. As oxidative 

degradation starts at a lower temperature than thermal 

degradation, determination of oxidative stability is more 

important to study the potential the ester to be used as 

dielectric fluid. 

 

1. INTRODUCTION 

Mineral oil has been widely used as dielectric fluid 

in transformers many decades ago. They are cheap, 

easily flow (low viscosity), has excellent cooling and 

electrical properties and there are quite stable. However, 

mineral oil is not biodegradable, not renewable and 

most importantly they are highly toxic. Thus the effects 

of mineral oil spillage are undoubtedly detrimental 

especially if the oil leaked to the soil, waterways and 

drainage. Several alternative liquids have been 

developed to solve mineral oil problems. There has been 

an increasing interest in developing natural ester oils as 

potential substitute in the recent decades. Sunflower, 

rapeseed, linseed, soybean, cotton, safflower, corn and 

olive seeds are among the vegetable oils that have been 

tested for transformer oil application [1]. Despite their 

excellent biodegradability and electrical characteristic, 

vegetable oil suffers certain limitations such as poor low 

temperature properties and thermal oxidative. 

Oleochemical polyol esters which are produced from 

the reaction between methyl ester of vegetable oil and 

polyols are often characterized as having high thermal 

and oxidative stability compared to vegetable oil. 

Because of growing practical demands on synthetic 

esters, more and more investigations are carried out 

with regard to their synthesis, physiochemical and 

electrical properties. For this purpose, the recent study 

will be focusing on the oxidative degradation of polyol 

esters and the effect of molecular structure on it.  

 

 

2. METHODOLOGY 

2.1 Transesterification of esters 

 The polyol esters were synthesized by 

transesterifying methyl esters (C8/C10, C12, C18) with 

either NPG or TMP alcohol to produce NPGD C8/C10, 

NPGD C12, NPGD C18, TMPTE C8/C10, TMPTE C12 

and TMPTE C18. The experimental setup for 

transesterification reaction was similar to that in earlier 

work by [2]. For each ester, the reactions were carried 

out at particular molar ratio, temperature and pressure as 

shown in Table 1. All the reactions were performed in 1 

hour with 1wt% concentration of sodium methoxide as a 

catalyst. The produced esters were compared with 

mineral transformer oil and palm oil. 

 

Table 1 The polyol esters properties 

Type of 

ester 

Molar ratio  

(ME/alcohol) 

Tempera-

ture (°C) 

Pressure 

(mbar) 

NPGE 

C8/C10 

3:1 90 0.6 - 2 

NPGE 

C12 

2:1 140 0.6 - 2 

NPGE 

C18 

2:1.3 180 0.6 - 2 

TMPE 

C8/C10 

3.5:1 120 2 - 5 

TMPE 

C12 

3.9:1 140 0.6 - 2 

TMPE 

C18 

3.9:1 120 8 - 10 

 

2.2 TGA/DSC analysis 

The TGA-DSC determinations were carried out 

simultaneously on Mettler TGA/DSC IHT (Mettler 

Toledo, Columbus, OH, USA). All measurements were 

made between 25°C and 600°C at a heating rate of 10 

K/min. For this study, the analyses were conducted 

under air at 50 ml/min. In TG analysis, the sample 

weight loss which can be related to volatility or 

decomposition is measured over a temperature change. 

The exothermic or endothermic peak corresponds to the 

heat flow difference which indicates the physical or 

chemical change in the material is recorded in DSC 

scan. 
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3. RESULTS AND DISCUSSION 

Figure 1 illustrated the thermogram of TMPTE 

C18 sample for example. The three curves correspond to 

TGA plot (weight loss), DTGA plot (derivative of 

previous TGA plot) and DSC plot (heat flow). TGA 

plots in Figure 1 and data in Table 1 revealed that all 

synthesized esters are oxidatively stable at least up to 

377°C, while mineral oil and palm oil were stable up to 

297°C and 408°C, respectively. 

 

 
Figure 1 Thermogram of TMPTE C18 under air. 

 

TMPE C18 or high oleic TMPE is the most stable, 

showing no degradation at temperature as high as 300°C 

and a total of 50% weight loss is only reported at 448°C. 

The onset temperature of 435°C is much higher than 

previously reported by [3] and [4] with only 221°C and 

180°C, respectively. By comparing the data obtained 

from this experimental study and previous studies, in 

terms of either esterification or transesterification 

reaction applied, it can be observed that the stability of 

esters produced from transesterification is much higher 

than esterification. Another possibility is the synthesized 

ester in this study has higher partial ester contents as 

compared to previous studies. According to [5], the 

oxidative stability has been proven to increase with 

increasing composition of partial esters. This can be 

associated with the increase in hydroxyl group in partial 

esters which will confine the acidic species formed 

during oxidation. 

From the results presented in Table 2, it can be 

seen that the weight loss onset temperature increased 

with increasing acyl chain length and alcohol branching. 

However, the effect of the latter is more pronounced 

than the former and this finding is consistent with [3]. 

[3] reported that for the same polyol, acyl chain length 

had little effects on the degradation under air. The 

increment is not as significant as compared to different 

polyols of similar acyl length. 

Mineral oil was found to have a lower onset of 

oxidation temperature relative to polyol esters and palm 

oil. This is expected as this is naphthenic based oil and 

it contains aromatic compound which reduce its 

oxidative stability [6]. The presence of low molecular 

weight components in mineral oil structure contributes 

to its high volatility characteristic which also indicates 

the low oxidative stability [7].  

The DSC plots demonstrate that all esters, mineral 

and palm oil have clear peaks. All peaks correspond to 

endotherms reaction which showed that volatilization 

happened and there was a weight loss. The endothermic 

effect is the result of the expansion from the formation 

of gas. All C8/C10 and C12 plots indicate two 

endotherm peaks which relates to different esters of 

different fatty acid acyl length. For example, in C8/C10 

esters, the C8 component, having lower molecular 

weight than C10 component, will have higher volatility 

and melting point compared to C10. 

 

Table 2 Onset temperature of oxidation and weight loss 

of all samples under air. 

Sample name Onset temperature 

NPGD C8/C10 377 

NPGD C12 414 

NPGD C18 424 

TMPTE C8/C10 390 

TMPTE C12 430 

TMPTE C18 435 

Mineral oil 297 

Palm oil 408 

 

4. CONCLUSION 

The oxidative stability of polyol esters is found to 

be superior to mineral and palm oil.  

 

REFERENCES 

[1] Eychenne, V., Mouloungui, Z., & Gaset, A. (1998). 

Thermal behavior of neopentylpolyol esters: 

comparison between determination by TGA-DTA 

and flash point. Thermochimica acta, 320(1-2), 

201-208. 

[2] Mahmud, H. A., Salih, N., & Salimon, J. (2015). 

Oleic acid based polyesters of trimethylolpropane 

and pentaerythritol for biolubricant 

application. Malaysian Journal of Analytical 

Sciences, 19(1), 97-105. 

[3] Raof, N. A., Rashid, U., Yunus, R., Azis, N., & 

Yaakub, Z. (2016). Development of palm-based 

neopentyl glycol diester as dielectric fluid and its 

thermal aging performance. IEEE Transactions on 

Dielectrics and Electrical Insulation, 23(4), 2051-

2058. 

[4] Rudnick, L. R. (2005). Synthetics, mineral oils, 

and bio-based lubricants: chemistry and 

technology. CRC press. 

[5] Salimon, J., Abdullah, B. M., Yusop, R. M., & 

Salih, N. (2014). Synthesis, reactivity and 

application studies for different 

biolubricants. Chemistry Central Journal, 8(1), 16. 

[6] Sanchez, A. J. P., Hernandez, C. M. U., Mendez, S. 

F. C., Rios, J. R. V., de Leon, J. E. C., & Zubiaga, 

D. A. G. (2014). U.S. Patent No. 8,741,187. 

Washington, DC: U.S. Patent and Trademark 

Office. 

[7] Yunus, R., Fakhru'l-Razi, A., Ooi, T. L., Iyuke, S. 

E., & Perez, J. M. (2004). Lubrication properties of 

trimethylolpropane esters based on palm oil and 

palm kernel oils. European journal of lipid science 

and technology, 106(1), 52-60. 


