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The addition of nano/micro silica into unsaturated polyester resin (UPR) results in the improvement of the electrical 
properties of Silica-UPR composites. The surface, volume resistivity, dielectric strength, dissipation factor and dry arc 
resistivity of nano silica-UPR composites were found to improve significantly. The effects of the nano and micro fillers 
in UPR have been evaluated. They are presented in this paper. To evaluate the  electrical properties of the nano & 
micro composites, all the measurements were done as per the prescribed methods in ASTM. It was observed that the 
addition of nano silica improves the electrical properties as compared to micro silica. The better dispersion of silica 
particles in unsaturated polyester resin enhances the electrical properties of silica-UPR composites.
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1. INTRODUCTION

Nano inorganic fillers are used in polymeric matrix for im-
proving the electrical, mechanical and physical properties [1,2]. 
It is reported by many researchers that the polymer nano-com-
posites exhibits better electrical properties compared to other 
polymer micro composites [3]. It is documented that the 20 nm 
nano silica shows good dielectric properties than 100 nm silica 
composites [4]. The small nano particle have good hydrophobic 
property. This made the particle to form a bond easily with resin. 
Hence, the surface modification by a smaller particle is better 
than the higher sized nano particles.

In the last decade, most of the research have been conducted 
on epoxy-silica composites [5-7]. It was found out that an ad-
dition of a small amount of nano filler reduced tan delta and 
dielectric permittivity significantly compared to micro. One per-

centage dispersion of nano filler in polyester and polyesterimide 
system improves the mechanical, electrical and barrier proper-
ties [8]. Studies on polyacrylamide-silica composites recorded 
that the dielectric constant and the dielectric loss were smaller 
than the neat polymer [9,10]. But now a days, due to the lower 
price and easy availability of unsaturated polyester resin (UPR), 
it has an advantage over epoxy resin. Hence, a lot of research has 
been carried out on UPR composites.

An UPR-silica composite is one of the popularly used compos-
ite resins for electrical insulation application [11] like tape [12] 
varnish, UPR impregnated Kraft paper. The main application of 
UPR-silica composite is the insulation, of dry type transformer. 
These types of transformers are basically made of silica-UPR 
composites. Addition of nano material improves its partial dis-
charge, dielectric strength and surface degradation properties. 
These composites are used in the manufacturing of the body 
and the insulation for transformers with various voltage ranges. 
Comparative studies of the electrical properties of silica nano 
and micro-UPR composites has been evaluated and reported in 
this paper.
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2. EXPERIMENTS

2.1 Materials

The UPR used in the preparation of UPR-silica composites 
was obtained from M/s Naphtha Resins, Bangalore, India and 
it was used as such. The resin was pre-accelerated with 0.2% of 
cobalt naphthanate (6% Co content) and it had a solid content 
of 55%. Styrene was used as the reactive diluent. The acid value 
of the composition was 14 mg KOH/g resin. It had a viscosity of 
330 mPas (@ 25°C and 50 rpm). The initiator used for the cure of 
the unsaturated polyester resin was methyl ethyl ketone perox-
ide (MEKP). This was obtained from M/s Naptha Resins and was 
used as such. The nano silica used for the study was procured 
from Evonik Industries. India sold it under the trade name of 
Aerosil 300. The particle size of nano silica was 7 nm and it had 
a specific surface area of 300 m2/g. The particle size of the micro 
silica was 10 microns. It was used without any modifications and 
purchased from Evonik Industries, India.

2.2 Preparation of samples

The UPR-silica nano-composites were prepared by adding 
varying (0 to 2.5 phr by weight) amount of nano or micro-particle 
to the unsaturated polyester resin under mechanical agitation. 
The nano-particles were added in parts per hundred basis (phr) 
i.e. 1 phr indicates that 1 gm of the nano-particle was added per 
100 g of resin. The mixture was then, subjected to ultrasonication 
coupled with mechanical agitation, using an rpm of 1,500 ± 50. 
This was done in a temperature controlled bath which was main-
tained at 25°C for a period of 8 hours. Following the dispersion 
of the nano-materials in the polymer matrix the dispersion was 
degassed. The required amount of initiator was then, added and 
stirred. The composition was then poured into Teflon and metal 
moulds. They were allowed to cure at room temperature i.e. 25 ± 
1°C for 12 hours. This was followed by post-curing at 80 ± 1°C for 
four hours. The composites were then, allowed to stabilize for 7 
days at 25 ± 1°C and it had 50% relative humidity before any test-
ing was carried out.

2.3 Testing

2.3.1 Surface and volume resistivity

The surface and volume resistivity of UPR-silica composites 
were measured by using an electrometer model 6517 Keithley 
instrument. This was done according to ASTM D 257-2007. The 
samples used for evaluation of surface and volume resistivity had 
dimensions of 100 × 100 × 3 mm. The resistivity was measured at 
applied voltage 500 V DC and electrification time is 60 seconds.

2.3.2 Dry arc resistance measurement

Dry arc resistance measurement of UPR-Silica composites was 
conducted using arc resistance IEC model 2 according to ASTM 
D 495-1999. The samples used for the evaluation of arc resistance 
had dimensions of 100 × 100 × 3 mm. The sample was exposed 
in an arc which was under a high current and low voltage condi-
tion. The sample was placed under the electrodes which were 
spaced at 6.35 mm. An arc is generated between these electrodes. 
The test consisted of seven cycles.

2.3.3 Dielectric strength

The dielectric strength of UPR-Silica composites were carried 
out according to ASTM D 149-2009. The samples used for the 

determination of dielectric strength had dimensions of 150 × 
150 × 3 mm. The electrodes were made up of brass alloys which 
were in the form of cylindrical shape. The measurements of the 
composites were done with an electrode surrounded by air at 
25°C and 30% RH. During the measurement high voltage was 
applied to the electrodes. It slowly increased until the dielectric 
broke down and a sudden increase of current occured. The ef-
fect of breakdown on the dielectric was visually observed after 
the sample was removed from an opening that was created by a 
sudden rush of current. The dielectric strength is calculated as 
the quotient of the measured breakdown voltage and the thick-
ness of the sample dielectric: Ebr = Ubr/d. The measurement was 
usually repeated 5 times. The final result was calculated as the 
arithmetic mean value of the 5 measurement results.

2.3.4 Dielectric constant and dissipation factor

The dielectric constant and dissipation factor of UPR-Silica 
composites were measured using LCR meter HP 16451 B accord-
ing to ASTM D 150-1998.

3. RESULTS AND DISCUSSION

3.1 Surface and volume resistivity

The surface and volume resistivity of nano/micro-silica UPR 
composites were measured according to the method described 
above. They are presented in Figs. 1 & 2. It is clear from Figs. 1 & 2 
that the surface & the volume resistivity of nano silica-UPR com-
posites are better than silica UPR-micro-composites. The value 
of surface & volume resistivity was found to be higher at loading 

Fig. 1. Surface resistivity of the micro/nano-UPR composites in air at 
25°C.

Fig. 2. Volume resistivity of the micro/nano-UPR composites in air at 
25°C.
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of 1.5 phr nano silica particles. This was due to the better disper-
sion of silica nano particle [13]. 

The trends in volume and surface resistivity were observed 
due to the differences in the surface area of the nano and micro 
composites. With the same particle loading, nano particles had 
a higher interfacial area than the micro particles. This interfacial 
area provides a significant volume fraction of polymer surround-
ing the particles which improved properties from the bulk poly-
mer [14].

3.2 Dry arc resistance measurement

The dry arc resistance measurement of the insulating material 
provides an assessment on the ability of insulation to withstand 
an electrical arc environment. The unit of arc resistance is the 
number of seconds that a material can resist the formation of a 
surface conducting path when subjected to an intermittent arc 
of low voltage and high current characteristic. This flashover or 
arcing phenomena occurs in all the different kinds of polymeric 
insulators which are used for outdoor applications in electri-
cal devices. The formation of a conductive layer takes place on 
the surface of these out door polymeric materials due to the 
coating of dust or moisture during service. Hence, a permanent 
carbonized conducting path will form in the presence of an ap-
plied voltage due to the sparking on the conductive surface. This, 
causes the permanent failure of the polymeric insulating mate-
rial. The arc resistance was measured using the above described 
method and is presented in Fig. 3. 

It is clear from Fig. 3 that by the addition of a nano particle, 
the arc resistance increases compared to a micro silica particle 
in the UPR resin. The arc resistance was observed to be higher at 
composites made by the addition of 1.5 phr nano silica is due to 

the good dispersion of the nano particle in the resin system and 
higher surface interaction in polymer and nanoparticles.

3.3 Dielectric strength

 The dielectric strength is a measure of the electrical strength 
of the insulating material. Dielectric strength is defined as the 
maximum voltage required for causing a dielectric breakdown. 
It is expressed as kilovolt per unit thickness. The values of the di-
electric strength of silica-UPR composites were measured as de-
scribed above in section 2. It is depicted in Fig. 4. It is clear from 
the data shown in Fig. 4 that the value of the dielectric strength is 
slightly higher in nano silica-UPR composites when compared to 
micro silica based composites. It may be due to interfacial bond-
ing between the UPR and the silica particles [15]. 

3.4 Dielectric constant and dissipation factor

The dielectric constant of silica-UPR composites were mea-
sured as described in the above testing section and is reported 
in Fig. 5. It is clear from Fig. 5 that the value of the dielectric 
constant is slightly lower in the nano silica-UPR composite. This 
is due to the successful interaction between the polymer and 
the surface of the silica particles [16]. The values of the dielec-
tric constant keep decreasing till a loading 1.5 phr silica in UPR 
resin. After this, the values of the dielectric constant are almost 
the same. This may be due to the agglomeration of the silica par-
ticles in the UPR resin.

The dissipation factor is the ratio of a power loss in a dielectric 
material to the total power transmitted through the dielectric. 
This measure is the tangent of the loss angle:

Where: f = frequency of the applied voltage in cps

Fig. 4. Dielectric strength of micro/nano-UPR composites in oil at 
25°C, kV/mm.

Fig. 3. Dry arc resistivity of micro/nano-UPR composites in air at 
25°C.

Fig. 5. Dielectric constant of micro/nano-UPR composites at 750 
V/50 Hz/25°C.

 Fig. 6. Dissipation factor at 750 V/50 Hz/25°C.
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Cp = equivalent parallel capacity
Rp = equivalent parallel resistance
δ = loss angle

The dissipation factor of silica-UPR composites has been eval-
uated using the above described method and is listed in Fig. 6.

It is clear from Fig. 6 that the addition of the nano silica in the 
UPR resin the dissipation factor decreases up to the nano silica 
loading of 1.5 percentages and then, it becomes constant. It may 
be due to the reduction of the internal discharge by the interfa-
cial region of the polymer matrix and the filler at filler concentra-
tion more than 1.5 percentages. 

4. CONCLUSIONS

The silica-UPR composites were prepared using the nano and 
micro silica particles. The electrical properties of pure UPR resin 
and its composites were evaluated. The investigation revealed 
that the nano silica-UPR composites exhibited better surface, 
volume resistivity, dry arc resistivity, dielectric strength, dielec-
tric constant and dissipation factor when compared to the micro 
composites and neat resin. This was due to the surface and inter-
face modification of the polymeric matrix by the nano material. 
Nano silica composites have larger inter-surface area than micro 
composites or pure resin due to the formation of one additional 
nano phase. Therefore it should show higher improved surface, 
volume and arc resistivity, dry arc resistance and tan delta. It is 
observed that the higher the dispersion of silica in the UPR resin 
better is the electrical property of silica-UPR composites.

ACKNOWLEDGMENT

 I am thankful to Global Research and development centre 
Crompton Greaves Ltd for financial support.

REFERENCES

[1] 	 T.J. Lewis, IEEE Trans. Dielectr.Electr.Insul. 5, 812 (1994) [DOI: 

10.1109/94.326653].
[2] 	 N. Fuse, Y. Ohki, T. Tanaka, IEEE Trans. Dielectr.Electr.Insul. 17, 

671 (2010) [DOI:10.1109/TDEI.2010.5492237].
[3] 	 C. Hoon Lee, J. Jun Park, Trans.Electr.Electron. Mater., 11, 69 

(2010) [DOI: 10.4313/TEEM.2010.11.2.069].
[4] 	 X, K. Jiang, L. Cheng, L. Zheng, Z, Yao, G. Li, Q. Yin, 7th IEEE In-

ternational conference on nanotechnology, (Hong Kong, China 
2-5 Aug. 2007) P. 1101 [DOI:10.1109/NANO.2007.4601376].

[5] 	 H. Shi, N. Gao, H. Jin, B. Chen, G. Zhang, Nanoelectronics 
conference(INCE) 2010 3rd International (Hong Kong, China 3-8 
Jan. 2010) P. 999 [DOI:10.1109/INEC.2010.5425080].

[6] 	 S. Singha, M. Joy Thomas, IEEE Trans. Dielectr. Electr. Insul., 15, 
12 (2008) [ DOI: 10.1109/T-DEI.2008.4446732].

[7] 	 N. Kurimoto, H. Watanabe, K. Kato, M. Hanai, Y. Hoshina, M 
Taker, H. Okubo, IEEE, Conference on electrical insulation di-
electric phenomina, (Quebec, QC, 3 February 2009) P. 515 [DOI: 
10.1109/CEIDP.2009.5377869].

[8] 	 B. Gronicka, R. Prociow, Act. Physic. Polonic. A, 115, 842 (2009) 
[http://przyrbwn.icm.edu.pl/APP/PDF/115/a115z420.pdf].

[9] 	 A.A..F. Zikry, Inter. J. Polym. Mater., 57, 383 (2008) [DOI: 
10.1080/00914030701729057].

[10] 	 N. Fuse, S. Sato, T. Tanaka, Y. Ohki, IEEE, Conference on electri-
cal insulation dielectric phenomina, (Quebec, QC, 3 February 
2009) P. 540 [DOI: 10.1109/CEIDP.2008.4772784].

[11] 	 R. Goetter, M. Winkeler, Electrical Insulation Conference 
and Electrical Manufacturing & Coil Winding Conference 
(Cincinnati, OH , USA, 16-18 Oct., 2001) P. 51 [DOI: 10.1109/
EEIC.2001.965588].

[12] 	 V. Morote-Martinez, V. Pascual-sanchdez, J. M. Martin-
martinez, Euro. poly. J., 44, 3146 (2008) [DOI: 10.1016/
j.eurpolymj.2008.07.027]. 

[13] 	 H. Shi, N, Gao, H, Jin, C, Wang, Material science foram, 658, 463 
(2010) [10.4028/www.scientific.net/MSF.658.463].

[14] 	 M. Roy, J.K. Neloson, R.K. MacCrone, L.S. Schadler, C.W. Reed, 
R. Keefe, W. Zenger, IEEE Trans. Dielectr. Electr. Insul., 12, 629 
(2005) [DOI: 10.1109/TDEI.2005.1511089].

[15] 	 X. Huang, Z. Ma, Y. Wang, P. Jiang, Y. Yin, Z. Li, J. Appl. Poly. Sci., 
113, 3577 (2009) [DOI: 10.1002/app.30313].

[16] 	 K.Y. Lau, M.A.M. Piah, Malays. J., 6, 58 (2011) [http://www.
cheme.utm.my/mpj/images/MPJVol612011/mpj-lau-09-10.
pdf]. 


