ABSTRACT

This work presents the effect of insulating (Al,O5) and semiconductive (TiO,) nanoparticles
on methyl ester oil synthesized from palm kernel oil. The surface of the nanoparticle was
coated with oleic acid before dispersion into the methyl ester to modify the stability of the
mixture. The preparation of nanofluids was achieved through the dispersion of 0.2, 0.4, 0.6,
0.8 and 1wt% of nanoparticle into the methyl ester. The effect of this nanoparticles on loss
tangent, conductivity and AC breakdown strength of the synthesized methyl ester was
studied. It was observed that the two nanoparticles reduces the loss tangent and conductivity
of methyl ester with an increasing concentration of nanoparticles. The Weibull statistical
analysis of the breakdown data shows that the dispersion of the nanoparticles in the base
fluid Increases the characteristic breakdown strength of methyl ester with an optimum
performance at 0.6 wt%. The result revealed that Al,O, nanofluid possesses the highest
dielectric properties with low loss, low conductivity and high characteristic breakdown
strength.

INTRODUCTION

In high voltage engineering, transformer cooling and insulation are imperative to avoid a
breakdown in generation and distribution system which can lead to an interruption in power
supply, breakdown of transformer and high cost of repair. The oil (mineral oil) which is the
passive component of transformer serves as a coolant and as well as an insulator in high
voltage engineering. However, this oil iIs not environmental friendly and non renewable.
Therefore, there Is a need for alternative oil. Research reveals that methyl ester can serve
well as an alternative insulating oil. However, there is still a problem of high dielectric loss
and high conductivity which can lead to overheating in the system and cause thermal
breakdown and electric breakdown. In this work, the effect of insulating and semiconductive
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EXPERIMENTAL

Dielectric Properties Test

The dielectric loss of mineral oil, palm kernel oil, ester and ester-based nanofluids were measured using
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Rohde & Schwarz HM8118 Programmable LCR BRIDGE at 60Hz. The gap between the two

electrodes was kept at 2.5 mm according to the ASTM D1531 standard. The electrical conductivity of

the samples was determined using the equation;

o, = 0E,&"" . Where o is the conductivity in Sm™, ® =2xnf is angular frequency, &, IS the permittivity of

free space, " is the dielectric loss factor.
AC Breakdown Test

The dielectric breakdown strength of the samples was measured in accordance with the ASTM
D1816 standard. The test was performed by increasing the supply voltage step-wisely at a rate of
he test was repeated 12 times and the AC breakdown strength

1 kV/s until breakdown occurs.
of the samples was analyzed using Weibull statistics.

RESULTS
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DISCUSSION

Dielectric Response

From table 3, the dispersion of nanoparticles in the oil was observed to have led to
a reduced dielectric loss In the methyl ester. A similar observation was made for
the two nanoparticles in the methyl ester. The progressive loading of nanoparticles
from 0.2wt% - 1wt% led to a reduction in conduction rate by trapping and de-
trapping of the dissociated electron in the methyl ester by the nanoparticles and
consequently reduce the dielectric loss.

Since the conductivity Is having a direct relationship with dielectric loss, a
corresponding decrease In the conductivity of the ester was observed across the
loading of nanoparticles, see table 4. The obtained data revealed that Al,O;-
nanofluid will likely serve better as an insulating fluid for oil-filled power
equipment when considering the loss and the conductivity.

AC breakdown Strength
The addition of nanoparticles both semiconducting and insulating nanoparticle was
observed to have increased the AC breakdown strength of the base oil with
optimum performance at 0.6wt.% as shown In table 2 based on Weibull probability
of 63.2%. It Is worthwhile noting that after 0.6wt.% a reduction In the breakdown
voltage was observed for the two nanoparticles. This can be attributed to the
decrease In inter-particle distance and a reduction in the potential width of the
double layers. At the observed optimum performance for both nanofluids, the TiO,
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Fig. 1: Weibull plot of the AC breakdown strength for PPKO and ME

Fig. 2: Weibull plot of the AC breakdown strength for MO and ME

At every loading of nanoparticles, it was observed that the dielectric loss and the
conductivity reduces. This may be attributed to the trapping and de-trapping of the
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that TiO, and Al,O, nanofluid from palm kernel oil ester will likely serve better as

METHYL ESTER 5 avestdonm Stenchttfmmy 100 ; esttoun sonmtermm % 100 an insulating liquid with better performance in Al,O5 nanofluid.
NANOFLUID Fig. 3: Weibull plot of the AC breakdown strength for ME and TiO, nanofluids  Fig. 4:Weibull plot of the AC breakdown strength for ME and Al, O,
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