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Elaboration and Electrical Characterization of PA12/ PANI Composite Powders
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Abstract—Volume conducting PA-12 based composites
powders were chemically prepared by in situ polymerization
and doping of aniline, at room temperature. The frequency
behaviour of electrical conductivity was investigated in the
frequency range 10-2 - 107 Hz as a function of PANI
concentration. The experimental conductivity was found to
increase continuously with PANI content as expected and is
sensitive to many effects such as acid dopant type, matrix type,
redoping, and particle size. It has been verified that smaller
particles give better conductivity levels. Pressure molding had
no effect on conductivity magnitude. The conductivity has been
shown to remain stable for a long time; no significant ageing
effect was detected. Thermal stability was investigated using
TGA and DSC analysis.

Keywords-conductive composites; polymers; PANI; DSC;
TGA

I.

INTRODUCTION
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Electrically insulating nature of polymers can be
modified by the introduction of conducting fillers into the
polymers. The obtained conductive composites exhibit
commonly an insulator – conductor transition at a
concentration threshold, which has been earlier elucidated in
terms of percolation – like phenomenon. Reducing threshold
concentrations by the elaboration of new composite
materials represents a technological interest [1] since an
excessive amount may affect other properties of the
materials such as mechanical strength or color [2]. In this
context, conducting polymers have attracted much attention.
Polyaniline (PANI), a pre-eminent electrically conducting
polymer with tunable electrical conductivity, undergoes a
non-redox reversible doping/dedoping process [3,4] based
on simple acid–base chemistry, making it possible to control
over the properties such as optical activity, electrical
conductivity, and sensor activity, and thus making it unique
in the class of conjugated polymers.
This work describes a polyamide/ PANI composite
powders (dedicated to antistatic films elaboration) with a
level of electrical conductivity superior to that of the
polymer matrix (PM) sufficient to permit electrostatic
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II.

EXPERIMENTAL PROCEDURES

Polyamide (PA12) powder 14-243 Pm of diameter was
used as a matrix. The polymerization process is previously
described in [5]. The green powder obtained was dried
under dynamic vacuum at 60 °C for 48 h. Dielectric
characterization in the low frequency (10-2-107 Hz) range
was monitored by a Novocontrol broad band dielectric
spectrometer. The used doping acids are Dodecylbenzene
sulfonic acid (DBSA), camphor sulfonic acid (CSA) and pToluene sulfonic acid (p-TSA).
III.

RESULTS AND DISCUSSION

Electrical properties of PA/PANI powders were deduced
from ac conductivity measurements using the dielectric
spectrometer.
Fig. 1 is a plot of the volumetric conductivity as a function
of frequency for the PA/PANI-TSA composite system with
different concentrations of PANI varying from 0.1 to 8
wt.%. An increase in PANI concentration (1.5 wt. %)
enhances as expected, the conductivity. Indeed, above 1.5
wt. %, a finite conductivity led to a plateau at low
frequencies corresponding to the electrical response of the
percolating network.Further increase in concentration (4-8
wt. %) increased the low-frequency conductivity and led to
a broader plateau. Similar results have frequently been
reported and related to the formation of a percolating
network in the material [6, 7]. A jump in the conductivity at
the conduction threshold of 2 wt. % was noticed.
Fig. 2 shows the frequency behaviour of the conductivity
for redoped samples. All samples exhibit a broader dc
plateau even those with concentrations below 1.5 wt. %. In
addition to the predominance of dc conductivity in a large
frequency range, the conductivity is also enhanced over
many orders of magnitude especially for low concentrations.
The effect of matrix type was investigated using an
hydrophobic polymer: The polytetrafluoroethylene (PTFE).
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corresponding to the PA12 melting, dynamic scanning
calorimetry (DSC) measurements (Fig. 9) revealed an
additional endothermic peak around 50 °C linked to PANI
since it appears only for higher PANI content (10 wt. %).
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DSC analysis of PA12/PANI composites for different PANI
content.

IV.

CONCLUSIONS
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Electrical properties of polyamide/PANI composites
were studied using ac measurement techniques. Since the
powders are dedicated to produce transparent conducting
films, we studied low concentration filled samples (extreme
dilutions of PANI). The electrical conductivity was studied
over a wide frequency spectrum (10-2-107Hz).
Based on the experimental data, the following
conclusions can be drawn:
1) A drastic change in the electrical conductivity above
some threshold concentration was observed. This result can
be explained in terms of the percolation process.
2) Depending on many parameters such as particle's
size, doping acid, matrix type…, it is possible to tailor the
conductivity of the composite over many orders of
magnitude according to the desired utilization technology.
3)
The electrical conductivity of such composites
remains stable over a relatively long time (2 years).
4) The composites exhibit good thermal stability
allowing their use up to 200 °C.
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