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The results of antistatic and electrical properties investigations of nanofilled coatings have been presented.
Antistatic performance of materials is essential not only due to safety and preventing of dust and dirt attraction
but also effects on an electrical field distribution in the high voltage insulating systems. The polymer coating
added with silver and silica nanoparticles were examined by charge decay measurements after corona charging.
The charge decay times have varied appreciably between the nanofilled coatings while the volume and surface
resistivity of the all tested coatings did not demonstrate meaningful differences. The polyester coating dissipated
fairly better than polyesterimide because of its structure and permittivity. It was found that the ability of surface
to drain charge away is the better for coatings with of silver nanoparticles whereas the coatings modified with
nanosilica shows the poor antistatic properties; the times of charge decay were four order longer then that of
unmodified coatings. Barrier properties of nanosilica may be adverse for charge decay.

PACS numbers: 81.07.Pr, 82.35.Np

1. Introduction

Polymer nanocomposites, obtained by the mixing of
polymers and nanofillers (i.e. particles with at least one
dimension less than 100 nanometers), give the new op-
portunities for engineering polymer-based nanocompos-
ites that exhibit advantageous electrical, thermal, me-
chanical and barrier properties [1-8]. In this paper the
results of investigation of some electrical properties of
polyester and polyesterimide coatings doped with low
quantity nanoparticles are presented. The problem is
how adding of metal and non-metal nanoparticles influ-
ences antistatic properties of coatings. Antistatic perfor-
mance testing is not required for these kind of electroin-
sulating coatings but it can be essential not only due
to safety and preventing of dust and dirt attraction but
also can affect an electrical field distribution in the high
voltage insulating systems.

The suitability of materials to avoid problems caused
by static electricity has traditionally been assessed by re-
sistivity value. Several works have shown that there was
no relationship between surface resistivity and the abil-
ity to dissipate static charge [9]. Studies have shown that
corona discharge gives similar results as a tribocharging
and charge decay measurements after corona charging
can be used for assessment of antistatic properties.

2. Experimental
2.1. Samples

Nanofilled coatings were prepared on the basis of two
kinds of polymer, polyester (PK) and standard polyester-
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imide (T) and two kinds of nanoadditives, silver and silica
nanoparticles. The nanosilver particles have a size below
100 nm and nanosilica of about 10 nm. The quantity of
nanosilver and nanosilica incorporated into coating was
1.3% and 1.5% by weight, respectively. The special de-
veloped method of disspersing have been used to obtain
the nanocomposites. The autors intend to patent that
method in the near future. Two kinds of test nanofilled
samples have been prepared: for resistance testing in a
form of the steel sheets with polymer coatings, and for
testing antistatic properties in a form of the cast pieces.

2.2. Measurements

Antistatic properties and electrical resistivity of the
polymer coatings modified with nanoadditives have
been investigated by charge decay measurements after
corona charging, using JCI 155 apparatus produced by
John Chubb Instrumentation. The main idea of self-
-dissipation of static electricity on materials is creating a
patch of charge on the surface and measuring how quickly
the created charge decays. The used method of antistatic
measurements is unique and allows measuring the ability
of dissipation static charge from the surface. Schematic
view of measurement apparatus is shown in Fig. 1.

The JCI 155v5 Charge Decay Test Unit measures the
surface voltage and it is mounted on JCI 176 Charge Mea-
suring Sample Support where the sample is put during
the measurements. Atmospheric conditions such as tem-
perature and humidity can be controlled with JCI 191
Controlled Humidity Test Chamber. The corona dis-
charge points are mounted on the moving plate, under
the fast response fieldmeter. Fieldmeter measures the
surface voltage when the plate moves away after corona
discharge. A proprietary fast response field mill electro-
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Fig. 1. Schematic view of measurement apparatus.

static fieldmeter gives fast, sensitive and stable measure-
ments of surface potential. The response time is below
10 ms and charge decay times can be measured from be-
low 50 ms to many days.

Measurement of surface voltage should start as soon as
possible, so plate needs to be moved out quickly of the
way after charge deposition. The equipment for charge
deposition moves fully away from the region of fieldme-
ter observation in less than 20 ms. Cluster of corona
discharge points provides corona charging in the voltage
range from 2 kV to 10 kV and corona time from 10 ms
to 2 s. In this paper samples were charged using posi-
tive and negative corona voltage of 5 kV for 20 ms. The
software provided opportunity to measure average initial
voltage developed by the charge deposited and to record
of the charge decay curves [10]. After calibration the er-
ror of measurements is below 5%. There were two criteria
to assess the ability of material to dissipate static charge
from its surface:

e criterion 1/e — decay time measured to 1/e (about
37%) of initial peak voltage (Fig. 2);

e criterion 10% — decay time measured to 10% of
initial peak voltage (Fig. 2).

A simple acceptance test criterion is that the decay
time should be:

e less than half a second in the 1/e criterion (initial
peak voltage to about 37%);

e less than 2 s in the 10% criterion (initial peak volt-
age to 10%).

Additionally for pure and nanofilled coatings the elec-
trical resistivity under DC test voltage was determined
according to IEC 60093 at ambient temperature. The in-
vestigation was also performed at elevated temperature,
close to the expected thermal endurance of the test coat-
ings (180°C). The volume and surface resistivity was
measured after 1 min using the three electrode arrange-
ments. Applied test voltage was 100 V and measurements
were made after one minute’s electrification.
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Fig. 2. Example of charge decay time results for posi-
tive polarity with marked criteria 1/e and 10%.

3. Test results

3.1. Antistatic properties

Figures 3 and 4 present the characteristics of decay of
surface voltage vs. time for the pure and modified with
nanosilver and nanosilica PK coating after the negative
and positive polarisation, respectively. The charge de-
cay times have varied appreciably between the nanofilled
coatings. The ability of the surface to drain the charge
away is the better for coatings with silver nanoparticles,
whereas the coatings modified with nanosilica shows the
poor antistatic properties. Two kind of polymer sam-
ples, polyester PK and polyesterimide T with and with-
out nanosilica are compared in Fig. 5. It can be noted
that the polyester dissipated fairly better than polyester-
imide, probably because of the lower nominal electric per-
mittivity and the chemical structure (unsaturated aro-
matic polyester, without imide bond). Deep traps on the
polyesterimide surface are supposed to cause difficulty
in charge moving either into the bulk or along the sur-
face [11].
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Fig. 3. Decay of surface voltage vs. time for the PK
coating: pure (middle curve) and modified with nanosil-
ver (upper curve) and nanosilica (lower curve), corona
voltage 5 kV, negative polarisation.
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Fig. 4. Decay of surface voltage vs. time for the PK
coating: pure (middle curve) and modified with nanosil-
ica (upper curve) and nanosilica (lower curve), corona
voltage 5 kV, positive polarisation.
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Fig. 5. Decay of surface voltage vs. time for the PK
and T coating: pure and modified with nanosilver and
nanosilica, corona voltage 5 kV, positive polarisation.

It was found that the ability of surface to drain
charge away is the better for coatings with 1.3% of sil-
ver nanoparticles (esspecially for criterion 10%) whereas
the coatings modified with nanosilica show the poor
antistatic properties; the times of charge decay were
about four order longer then that of unmodified coat-
ings (Table I). There is probably significant influence of
barrier effects in the polymer-nanoparticle interface. Al-
though the barrier properties of nanosilica are advanta-
geous for e.g. a decreasing of water absorption and en-
hancement of resistance to partial discharges of coating
but also may be adverse for a charge decay. Total quan-
tity of charge transferred to the sample by the negative
corona discharge was considerably greater then by pos-
itive one and it can be the reason that values of decay
times are much longer for negative corona (Table I). The
reason of that can be a fact that in a negative corona to-
tal number of electrons may be much higher though the
number of very high energy electrons may be lower when
compared to a positive corona.

3.2. Electrical resistivity

The volume and surface resistivity of polyester coating
PK with and without nanosilver are presented in Table II.
At ambient temperature both the volume and surface
resistivity increases by about one order after adding of a
small quantity of nanosilver and some decreases at 180 °C
in compare to the pure coating.

TABLE I

Values of decay time constants measured (the time from
peak voltage to 1/e and 10% of this value) for polyester
(PK) and polyesterimide (T) coating pure and modified
with nanosilver and nanosilica.

Kind of Neg_atnfe POShltIVfE
. polarisation polarisation
coating
1/e[s] | 10% [s] | 1/e [s] | 10% [s]
PK with 1.3% Ag | 2.64 1354 0.13 20.46
PK 1.19 | >2000 | 0.18 | > 1000
PK with 1.5% SiO2| 769.1 | > 2000 | 415.6 | > 1000
T 2724 | > 3000 | 221.8 | > 1000
T with 1.5% SiO2 | > 5000 | > 5000 | 949.1 | > 1000
TABLE II

The volume and surface resistivity of polyester coating
PK with and without nanosilver at 23 °C and 180 °C.

Volume resistivity Surface resistivity
[2 m] [£2]
23°C 180°C 23°C 180°C
PK 5.6 x 10%3[4.2 x 10" [5.5 x 10'*|4.6 x 103
PK + 1.3% Ag|8.7 x 10'*[3.8 x 10'!|4.1 x 10'°|8.2 x 10'?

At present the mechanism of electric conduction af-
fected by nanoadditives is still difficult to explain. Natu-
rally a very small quantity of nanosilver (1.3% by weight
at high specific gravity of silver) does not enable achiev-
ing the electrical percolation threshold. Other researches
also state growth of resistivity at ambient temperature af-
ter adding of metal nanoparticles They have found that
the capacitor network, which is formed by nanosilver par-
ticles in polymer, has evident Coulomb blockade effect,
and the conductance is obvious restricted in the compos-
ite [12].

4. Conclusion

Investigation of antistatic properties of nanofilled coat-
ings shows, that incorporation of a very small amount
of silver nanoparticles to polymer coating can improve
the ability of surface to drain charge away whereas the
adding of nanosilica significantly deteriorates the anti-
static properties of coating.

It was also found that at room temperature the volume
and surface resistivity of polymer containing 1.3 wt.% of
nanosilver increases compared to the neat polymer prob-
ably due to Coulomb blockade effect. Our investigations
have shown that there was no relationship between the
surface resistivity of the samples and the ability to dissi-
pate static charge.
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