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Abstract: The nanofluids are considered as next generation insulating fluids for the transformer 
application. In this work, synthetic ester, MIDEL 7131 based nanofluids were prepared under 
ultrasonication by employing nanoceramics such as Ba0.85Ca0.15Zr0.1Ti0.9O3 (BCZT), Calcium 
Ferrite (CaFeO3) and eggshell nanomaterials. These nanofluids were evaluated for parameters such 
as AC breakdown voltage, loss tangent and resistivity, and also for viscosity and total acidity. There is 
an improvement in A C breakdown voltage for all the nanofluids under the study. There is no variation 
in the viscosity and total acidity for the nanofluids upto 0.005 wt percent of nanoceramic in a base oil. 
These nanofluids exhibited improved critical parameters.
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1.0 INTRODUCTION

Mineral oil (transformer oil), a petroleum based 
by product has been used as an insulating oil for 
power transformers till date [1-3]. Research work 
is concentrated to find an alternative to mineral 
oil with better insulating properties at the same 
time bio-degradable in nature. The vegetable 
based ester oil of natural and synthetic types will 
be the future sources to achieve better insulating 
properties than mineral oil [4-7]. The development 
of nanotechnology provides an effective way 
to achieve improvement in the performance of 
insulating fluids. The field of nanodielectrics 
is the future for the development of insulating 
oils with improved critical parameters that 
can change the design aspects of high voltage 
power apparatus. It has been reported that 
new insulating nanofluids were developed by 
mixing nanopowder with insulating oils [8-18]. 
Recently a dielectric nanoceramic, CaCu3Ti4O12 
(CCTO) has been used for the development of 
nanofluids and improvements in the critical 

parameters were observed [19]. Enhanced AC 
breakdown characteristics were also observed 
for the synthetic ester based eggshell nanofluids 
[20]. In order to improve the critical parameters 
of the insulating liquids, various nanofluids were 
developed and studied. This has motivated us to 
develop nanofluids by employing nanoceramics

with the aim of improving the critical 
parameters. In this work, nanoceramics such as 
Ba0.85Ca0.15Zr0.1Ti0.9O3 (BCZT), Calcium 
Ferrite (CaFeO3) and eggshell were employed for 
the preparation of synthetic ester based nanofluids. 
The critical parameters such as AC breakdown 
voltage, loss tangent and resistivity and also for 
viscosity and total acidity were evaluated and the 
results are discussed in this paper.

2.0. PREPARATION OF NANOFLUIDS

The synthetic ester oil (MIDEL 7131) received 
from M/s M&I Materials India Pvt Ltd, has been 
used in this study. The nanoceramics such as BCZT 
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and CaFeO3 were prepared in-house by chemical 
synthesis as per the reported literature [21], and 
eggshell nanopowders were prepared as per the 
reported literature [22]. Series of nanofluids were 
prepared by mixing nanopowders (BCZT, CaFeO3 
and eggshell) in different weight percents of 0, 
0.001, 0.0025, and 0.005 in synthetic ester. These 
samples are subjected to ultrasonication (Make: 
Sonics, Sonics Materials, Vibracell-750W) for 20 
minutes for obtaining homogeneous samples and 
to reduce the agglomeration of nanoparticles. 

3.0 EXPERIMENTAL   INVESTIGATIONS

The electric strength was measured using a 100 
kV automatic breakdown voltage tester as per 
IEC 60156 standard [23]. The standard spherical 
electrode with the gap spacing of 2.5 mm was 
used. The average of five values were taken 
and computed as breakdown voltage. The tan 
delta, resistivity and dielectric constant has been 
measured using an automated ELTEL Bridge at 
50 Hz as per ASTM D 924 [24] & ASTM D 1169 
[25] respectively.  The applied voltage is set as 500 
V/mm (rms) in the three-electrode test cell. The 
testing has been carried out at 27°C and 90°C. The 
Viscosity  of the  samples were measured  using 
a U-tube calibrated glass capillary viscometer at 
various temperatures like 27, 45 and 70°C as per 
ASTM D 445 standard [26].

4.0. RESULTS AND DISCUSSION

AC Breakdown Strength

FIG 1.  BDV AS A FUNCTION OF BCZT, CAFEO3 
AND EGGSHELL NANOPARTICLES 
CONCENTRATION.

The electric strength of an insulating material is 
a measure of its ability to withstand electrical 
stress. The electric strength values obtained for 
the BCZT synthetic ester nanofluids are shown 
in the figure.1. Improved AC breakdown voltage 
characteristics were observed.  The electric 
strength of base oil is 60 kV, which has increased 
to 72 kV when the nanoparticles concentration is 
increased to 0.005 wt%.

The electric strength values obtained for the 
CaFeO3 nanofluids are also shown in the figure 
1. The nanofluids showed improvement in the 
AC breakdown voltage characteristics. When the 
CaFeO3 concentration increased to 0.005 wt%, 
the AC breakdown voltage had increased to 65kV.

In the case of eggshell nanofluids, tremendous 
improvements in the AC breakdown voltage 
characteristics were observed when the eggshell 
concentration increased to 0.005 wt%. The electric 
strength of base oil is 60 kV, which has increased 
to 83 kV when the eggshell nanoparticles 
concentration is increased to 0.005 wt % (figure 
1). It is noted that even at high moisture content, 
these synthetic esters are able to withstand high 
voltages. These observations revealed that the 
synthetic esters have superior moisture tolerance. 
Similar results were obtained and are reported in 
the literature [8,11,15,17]. 

Ten delta & Resistivity

The Dissipation factor was measured at 90°C as 
per ASTM D924 and the tan delta values obtained 
were shown in the figure 2. 

FIG 2. TAN DELTA MEASURED FOR THE NANOFLUIDS
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The tandelta value obtained for the base oil at 
90°C is 0.012. It has been observed that all the 
nanofluids had exhibited increase in the tandelta 
values. The eggshell nanofluids has shown higher 
tandelta value as compared to that of other 
nanofluids. The dielectric constant (not shown 
here) doesnot show any variation in the values 
for all the nanofluids under this study.

FIG 3.  RESISTIVITy MEASURED FOR THE 
NANOFLUIDS AT 27°C.

FIG 4.  RESISTIVITy MEASURED FOR THE 
NANOFLUIDS AT 90°C.

The volume resistivity was measured both at 27°C 
and 90°C, as per ASTM D 1169 and the values 
obtained were shown in figure 3&4. The volume 
resistivity of the base oil at 27oC is 9.65X1013 
Ohm-cm, which has decreased to 8.76X1012 
Ohm-cm at 90oC. Similar trend has been observed 
even for the nanofluids at all concentrations. In the 
case of BCZT nanofluids, the room temperature 
resistivity has decreased to 1.0X1013 when the 
nanoceramic concentration has increased to 0.005 
wt%. The value obtained for CaFeO3 nanofluids 

is 2.57X1013 and for the eggshell nanofluids it is 
1.09X1013. The resistivity measured at 90oC also 
showed the similar trend for all the nanofluids.  

Total Acidity 

The total acidity has been measured for all the 
nanofluids under this study. The base oil as well 
as the nanofluids were measured for the total 
acidity content and found that the total acid 
content is negligible in both base oil as well as in  
nanofluids. Since the synthetic esters are formed 
between the acid and an alcohol, they are neutral 
in characteristics and free from polar compounds, 
suspended particles and all the acidic components 
such as ketones, aldehydes and peroxides. The 
acidic components such as ketones, aldehydes and 
peroxides are the products of oxidation generated 
during the ageing process. Though the addition 
of nano powder in ester does not show any 
variation in the total acidity, the stability of these 
nanofluids can be assessed only after subjecting 
to the accelerated ageing studies.  

Kinematic Viscosity 

TABLE 1.
VISCOSITY (C-ST)

Nan oparticles 
concentration

(Wt%)

Temp 
(oC)

BCZT 
nanofluids

CaFeO3 
nanofluids

Eggshell 
nanofluids

0.00 27 49.5 49.5 49.5
45 27.7 27.7 27.7
70 10.3 10.3 10.3

0.001 27 49.05 49.6 49.7
45 22.04 24.5 23.5
70 10.41 10.5 10.5

0.0025 27 50.34 49.7 49.7
45 23.92 24.6 23.5
70 10.75 10.5 10.5

0.005 27 51.51 49.7 49.7
45 23.9 26.8 23.5
70 11.23 10.5 10.5

Kinematic viscosity as a function of temperature 
has been measured for all the nanofluids as per 
ASTM D 445 and the results are given in the 
table.1. As expected, the kinematic viscosity has 
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decreased as the temperature of the measurement 
is increased. The base oil having the viscosity 
of 49.5 c-St @ 27oC, had decreased to 10.3c-St 
@ 70oC. However, increasing concentration of 
nanomaterials up to 0.005 wt % in synthetic ester, 
no variation in the viscosity has been observed, 
indicating that the nanomaterials may not hinder 
the heat transfer characteristics of the nanofluids. 

5.0 CONCLUSIONS

The synthetic ester based nanofluids were 
successfully prepared by employing the 
nanoparticles under ultra sonication. The electric 
strength values increased as the weight percent of 
the nanoparticles increased in the synthetic esters. 
There is no variation in the viscosity and acidity 
of the nanofluids, however change in the viscosity 
with increase in temperature has been observed. 
Further studies on paper-oil ageing and thermal 
conductivity on these nanofluids would give rise 
to other intresting results. The stability of these 
nanofluids is another area wherein research on 
thses lines needs to be addressed by employing 
suitable surfactants/dispersants.
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