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Hydro treated light naphthenic distillate is called mineral oil because it is free from fatty acids. 

Scholars globally are showing growing interest in using vegetable oil as a shielding fluid because 

of its renewable nature and easy accessibility. This article delves into the diverse approaches 

adopted by various researchers in preparing nanofluids based on hydro treated light naphthenic 

distillate in transformer. It analyses and contrasts experimental results regarding the insulation 

capabilities of these nanofluids. This review comparations several sorts of nano materials, with 

Superparamagnetic Iron Oxide Nanoparticles (SPION), Fe3O4 nanoparticles, TiO2 through ZnO 

nano materials, and TiO2 through CTAB.  Moreover, it proposes potential improvements for future 

experimental investigations on shielding the nanofluids. 
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1. Introduction 

The research presents experimental results regarding the Partial Discharges (PD) in hydro 

treated light naphthenic distillate through variable volume absorptions of SPION, vacillating 

from 0 vol % to 0.0004 vol% [1]. In this investigation, lightning impulse breakdown voltage 

measurements were accomplished on hydro treated light naphthenic distillate after the adding 

of attractive nanoparticles, employing a Sphere-Sphere (SS) electrode setup. Findings revealed 

that relating to the measurement of volume attentiveness of 0.3%, the nano-liquid displayed a 

in Lightning Impulse Breakdown Voltage development in 16.1% associated to the transformer 
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mineral oil, marking the optimum attentiveness. Though, attentions surpassing this verge led 

to decrease in the Breakdown Impulse Voltage. Consequently, hydro treated light naphthenic 

distillate enriched with magnetic nanoparticles has the potential to help as a feasible substitute 

for conventional transformer inert oil under impulse voltage conditions, as extended as the 

nano materials remain incorporated in suitable volume absorptions [2]. 

This study seeks towards substitute conservative transformer inorganic oil through a 

vegetable-founded nanofluid to endorse environmentally safer circumstances and improve the 

transformer consistency. The investigate explores the influences of semi conductive TiO2 and 

having the property of conductive ZnO nano materials on the non-conductor and physio-

thermal possessions on a merger composed of usual mineral oil and ester oil. Comparative 

analysis is conducted on the altered possessions of together categories of the nanofluids. 

Discoveries disclose such that combination of composed TiO2 and ZnO nano materials 

enhances the Voltages in Breakdown of the produced nanofluids active to an exact 

attentiveness limit.  

Enhancing the non-conductor properties of padding material could be achieved by integrating 

specific nanoparticles into transformer mineral oil. An education conducted an examination of 

hydro treated light naphthenic distillate and the nano liquid particle sizes after 200 breakdown 

impulse tests. An experimental that the CIV growths with the increase in the weight proportion 

of TiO2 nanoparticles in the hydro treated light naphthenic distillate. However, elsewhere a 

certain threshold (0.0061 weightiness amount of TiO2 in the hydro treated light naphthenic 

distillate), a small reduction in CIV remained observed. Optimum dispersal of nano TiO2 in 

hydro treated light naphthenic distillate caused in increased CIV and enhanced breakdown 

strength diagonally in Alternating and Direct voltages. The adding of surfactants like CTAB 

was originate towards boost the CIV through facilitating unchanging dispersal of nanomaterial 

in hydro treated light naphthenic distillate, thus purifying the CIV transversely numerous 

voltage profiles [3]. 

The modification in CIV of hydro treated light naphthenic distillate with different weightiness 

ratios of TiO2 nanoparticles is examined under both the Alternating and Direct voltages [4]. 

An increase in CIV is detected with a rise in the weightiness ratio of TiO2 nano material in 

hydro treated light naphthenic distillate. Outside a convinced verge at 0.0061 weightiness ratio 

in TiO2 on the hydro treated light naphthenic distillate, a minor decrease in CIV is observed, 

while it ruins developed than that of hydro treated light naphthenic distillate deprived of nano 

materials under both the Alternating and Direct voltages. 

 

2. Comparison of Nano material 

The figure 1 shows numerical investigation by Z. Huang et al., representative that Ferrous 

Ferric Oxide (Fe3O4) and TiO2 are the furthermost usually used nano materials by investigators  
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Figure 1. Comparison of nano materials used in transformer oil [6]. 

in the universal. They are trailed by Silicon Dioxide (SiO2), Al2O3, and Zinc Oxide (ZnO). 

Several research works have shown that nanoparticles like Al2O3, TiO2, Fe3O4, ZnO, and 

Copper Oxide (CuO) can improve both breakdown voltages like negative and positive of the 

hydro treated light naphthenic distillate underneath switching impulse voltage [5]. Amongst 

these, TiO2 remains known as the maximum active nanoparticle for hydro treated light 

naphthenic distillate, through the weightiness ratio of the nanomaterial being decisive for 

merger with base mineral oil [6]. 

 

3. Preparation of Titania (Tio2) Nano Materials with hydro treated light naphthenic 

distillate. 

A typical hydro treated light naphthenic distillate remains assorted through a quantified 

capacity of Tio2 nano material which is fewer than 15 nm, sideways with the wetter CTAB. 

The Tio2 nanoparticles experience heat handling in a baking air oven at 150°C for 8 hours to 

remove moisture. Originally, the prearranged amount of wetter is additional to hydro treated 

light naphthenic distillate and systematically mixed by means of a magnetic agitator for 30 

minutes. Then, the nano materials are detached using a sonicate for 3 hours at almost 40°C to 

confirm unvarying circulation. Succeeding the conclusion of the sonication procedure, the Tio2 

nanoparticle-suffused hydro treated light naphthenic distillate is allowable to stance for 2 hours 

toward remove somewhat microbubbles fashioned during ultrasonication as shown in the 

figure 2. 

 

Figure 2. Practice of TiO2 Nanoparticles detached in hydro treated light naphthenic 

distillate. 
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The figure 3 depicts the dissimilar colour differences of the nanofluid resulting from different 

weightiness ratios of TiO2 in hydro treated light naphthenic distillate, categorized as (a) 0%, 

(b) 0.0031%, (c) 0.0049%, (d) 0.0061%, (e) 0.0073%, (f) 0.009%, and (g) 0.012%.  

 

Figure 3. Nanofluid fashioned with different weightiness ratio of TiO2 in transformer 

mineral oil 

This methodical performance proposals perceptions hooked on the groundwork of nanofluids, 

although the exact Photo image cutting-edge the records improve the precision about the 

colour changes conforming to several TiO2 weightiness ratios in hydro treated light naphthenic 

distillate [3]. 

 

4. Experimental Results of Corona Inception Voltage 

 

Figure 4: Difference of CIV in hydro treated light naphthenic distillate with TiO2 at high 

frequency Alternating voltages 

The figure 4 exemplifies the CIV of hydro treated light naphthenic distillate which indicate in 

the figure as NO through the adding of 0.0061 weightiness ratio of TiO2 and one weightiness 

ratio of CTAB wetter in nano liquid, underneath several input frequency and TO is transformer 

mineral oil as indicated in the figure. The CIV is resolute using (UHF) Ultra High Frequency 
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signals produced by discharges happening inside the conductor gap occupied through the nano 

fluid and mineral liquid. The scheming of CIV is originated on 30 quantities directed while 

growing the frequency of the Alternating voltage as input supply. Furthermore, here a 

bordering variation experimental with the growth in input voltage frequency. The figure 5(a 

and b) represents the vacillations in CIV under dissimilar Total Harmonic Distortion (THD) 

levels, using triplet Alternating voltage, within conductor gaps occupied with the nano liquid 

and hydro treated light naphthenic distillate [7]. 

To assess the influence of wetting agent surfactant on nano liquids at several weightiness 

percentages, CTAB was familiarized to indorse a more unchanging dispersal of nano materials 

inside hydro treated light naphthenic distillate. The investigate presented that the optimum 

absorption of wetter for attaining uniform dispersal is around one weightiness percentage, as 

shown in figure 5(b). This verdict emphasizes the decisive role of wetting agent in pretty the  

 

Figure 5. CIV underneath Alternating and Direct voltages with comprising TiO2 nano 

liquids (a) diverse weightiness ratio of TiO2 (b) 0.0061 weightiness ratio of TiO2 

additional with different weightiness ratio of wetter.  

constancy as well as uniform circulation of nanoparticles inside the nano liquid. These results 

offer valued insights aimed at the real preparation and claim of such nano composite liquids 

in transformer utilization [3]. 

 

5. Conclusion 

Although nanofluids have demonstrated academically and practically higher breakdown 

voltages associated to their improper liquids, adoption as transformer wadding fluids relics 

imperfect and are not extensively acknowledged in an industry. This is mainly due to several 

unanswered encounters that need to be spoken beforehand they can wholly replace predictable 

mineral transformer liquids. Present research exertions are attentive on making hydro treated 

light naphthenic distillate nanofluids, which include time-consuming procedures such as 

surface alteration of nanomaterials, magnetic inspiring, and sonication. Therefore, upcoming 

studies should attempt to grow new methods that are both time saving as well as cost effective 

for making hydro treated light naphthenic distillate based nano liquids. Moreover, the 

collection of nanoparticle resources needs further examination, as dissimilar nanoparticles 

may have changing possessions on an insulating belonging of the hydro treated light 
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naphthenic distillate. The CIV is originated to remain maximum for nano liquids covering 

0.0061% weightiness of TiO2 with 1% weightiness of wetter (CTAB) detached on hydro 

treated light naphthenic distillate, under the AC, transient voltages and DC. 
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