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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 107 - 10’ 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

effect was detected. Thermal stability was investigated u
TGA and DSC analysis.
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L INTRODUCTI&K

olymers can be
g fillers into the
composites exhibit

shown to remain stable for a long time; no significant agei@

commonly an insulator —
concentration threshold, wif
terms of percolation — li

¢ been earlier elucidated in
Ao menon. Reducing threshold
concentrations by boration of new composite
materials represe chnological interest [1] since an
excessive amo y affect other properties of the
materials suc@nechanical strength or color [2]. In this

g polymers have attracted much attention.
JANI), a pre-eminent electrically conducting
§ith tunable electrical conductivity, undergoes a
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

ICNCRE 13

ISBN : 978-81-925233-8-5

Mohamed Tabellout
Laboratoire IMMM-PEC, UMR CNRS 6283
Université du Maine
Le Mans, France

Mohamed.tabellout@univ-lems Q

6 .
6\3
%6

‘\<Q *
114 \\ XPERIMENTAL PROCEDURES

discharge.

Polyami 12) powder 14-243 pum of diameter was
used as 1x. The polymerization process is previously
descriged [5]. The green powder obtained was dried

yRamic vacuum at 60 °C for 48 h. Dielectric
terization in the low frequency (107-107 Hz) range
monitored by a Novocontrol broad band dielectric
ectrometer. The used doping acids are Dodecylbenzene
sulfonic acid (DBSA), camphor sulfonic acid (CSA) and p-
Toluene sulfonic acid (p-TSA).

I1I. 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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Figure 1. Electrical conductivity plot versus frequency for PA12/PANI-
TSA composites.
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Figure 2. Redoping effect on the electrical condugss O

PA12/PANI-TSA composites.
Fig. 3 shows a comparison of conductiyiti &:ined for the
two different matrices. The first megigements (Fig. 3-a)
concern PTFE/PANI-TSA pelle ile the second
represent PA12/PANI-TSA ¢ (@S (Fig. 3-b). At 0.8
wt. % of PANI, one can notic nductivity reaches 10
2 S/em, one order of e higher than the one
obtained for the PA12 13 owever, due to difficulties
encountered when 4Qr @ ng PTFE/PANI-TSA powders
(chemical synthesi Roraree days due to the hydrophobic
matrix, difficul sthing and filtering the powders...)

(1)

we used the PARN iX.

\ erent moulding pressure for PA12 pellets
1 wt. % of PANI-TSA, as shown in Fig. 4. We
have varied the pressure between 1 and 5 T to obtain the
maximum conductivity. Curves show a slightly improved
conductivity for 4 and 5 T applied pressures, the pressure of
5 T was then chosen to mould the pellets.
The type of the doping acid effect was investigated using
three organic acids: DBSA, CSA and p-TSA.
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3® Evolution of electrical conductivity versus frequency for
ANI concentrations (a) in a PTFE matrix_ (b) in a PA12 matnix.

eSults of ac electrical measurements obtained for 1 wt. %
PA12/PANI pellets are presented in Fig. 5. It is clearly
noticed that DBSA gives better conductivity values
compared to the two other acids: at low frequency, the
conductivity for TSA and CSA is relatively the same (of
about 107 S/cm) while it reaches nearly 107 S/cm for
DBSA doped PANI. This is probably due to the easiest
dedoping of TSA and CSA doped PANI when washed with
distilled water. This motivates our choice for DBS acid as a
dopant.
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Figure 4. Evolution of electrical conductivity versus frequency for
PA12/PANI pellets mould pressed under different pressures.
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Figure 5. Evolution of electrical conductivity of PA12/PANI versus
frequency for different doping acids.
To study the ageing effect on the composite's

conductivity, the ac conductivity measurements were
verified on samples stored during 2 years and half. Fig. 6
shows the conductivity stability versus time of PA12/PANI-
DBSA composites. The filled symbols denote the new
measurements. We can notice that above the percolation
threshold estimated to be 0.4 wt. % [5]. the conductivity is
stable for 0.8 and 1 wt. % concentrations. Around the
threshold, weak fluctuations of conductivity were observed.
Globally, all samples maintained their initial conductivity.

the possibility of using these composites for more than
years without altering significantly their conductivity.
At the end. we present results concerning particle sj

on the conductivity. Comparison between co

This result is encouraging in term of reliability and implieé F$

G

ct

of
two kinds of PA12 based composite pellets @ ing 2wt.
% of PANI-DBSA, is illustrated in Fi g e square
symbols represent 5 pm sized insulating PA N§ particles. The
circles are for polydisperse powders diameter ranging
between 14 and 243 pm. It is notic e conductivity is
slightly improved when using insulating particles.
Assuming a core-shell struc

this is probably due to
the fact that smaller cores g re contact spots insuring
conductive pathways thig

6 e sample.
Thermograwmet\

done to determin degradation temperature of these
composites. All quesillustrated in Fig. 8 show a two steps
o the hygroscopic nature of PANI and
loss weight of 5 % is attributed to water
second step beginning at around 400°C
s to the polymer degradation after acid removal
. For pure PANI, the 50 % loss weight noticed
between 200 and 350 °C is probably due the evolution of the
free dopant. Decomposition of the PANI backbone takes
place between 350 and 600 °C after the free dopant removal.
The residual mass at 1000 °C corresponds probably to
aromatic rings which didn't decompose under N,. Similar
results were observed by Dhawan et al. [9]. It is also noticed
that degradation temperature is controlled by PANI. Indeed,
decomposition temperature depends on PANI content:
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Figure 6. Ageing effect on PA12/P. A gomposite's conductivity
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Figure 7.  Effect of PA12 particle’s size on the ac electrical conductivity
of PA12/PANI composites.
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TGA analysis for PA12/PANI composites and their constituting
elements.

Figure 8.

from 400 °C, the temperature reduces to 350 °C for 10 wt.
% charged powders. The residual mass increases also with
increasing PANI content.

In addition to the endothermic peak around 176 °C
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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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Figure 9. DSC analysis of PA12/PANI composites for different PANI

content.

1V. CONCLUSIONS

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 studie

over a wide frequency spectrum (10-10"Hz).

Based on the experimental data, the fo
conclusions can be drawn:

1) A drastic change in the electrical condu

some threshold concentration was observegl.

be explained in terms of the percolation pn%
2) Depending on many parameters\ch a®particle's

size, doping acid, matrix type..., it is

conductivity of the composite qye orders of

magnitude according to the desg 1zation technology.

3) The electrical condu such composites

remains stable over a relati ng time (2 years).
4) The compo hibit good thermal
allowing their use @ 00 °C.
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