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Abstract In this paper novel electro-active polyamide

12 (PA12) based nanocomposites were prepared though

melt compounding by adding different kinds of carbo-

naceous nanofillers. The thermo-electrical properties of

the bulk samples were then compared with those of the

corresponding fibers. FESEM images highlighted an ho-

mogenous dispersion of carbon black (CB) and carbon

nanofibers (CNF) within the matrix, while exfoliated

graphite nanoplatelets (xGnP) based nanocomposites

showed an aggregated morphology. A slight increase

of the glass transition and of the crystallization temper-

ature was evidenced by DSC tests, while thermogravi-

metric analysis showed an improvement of the thermal

degradation resistance. Nanofiller addition promoted

substantial increments of the elastic modulus coupled

with an electrical resistivity drop up to 103 Ω cm, with

interesting synergistic effects for nanocomposites filled

with both CB and CNF. FESEM micrographs on the

fibers demonstrated how the drawing process promoted

the breakage of CB aggregates and their alignment

along the drawing direction, leading to an increase of

both the elastic and failure properties with respect to the

neat fibers. On the other hand, nanofiller orientation led

to an electrical resistivity enhancement of two orders of

magnitude with respect to the corresponding bulk

materials, and a CB amount of 10 wt% was thus re-

quired to observe a sensible fiber heating upon voltage

application.
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Introduction

It has been widely recognized that nanoscale effects in

polymer matrix nanocomposites can significantly affect

the physical properties of plastics in terms of elastic

modulus [1], impact behaviour [2], thermal degradation

and fire resistance [3–6]. It is also clear that traditional

polymer matrices are generally characterized by a limit-

ed electrical conduction capability [7], but several

methods can be applied to prepare electrically conduc-

tive polymers [8, 9]. The addition of conductive fillers

such as carbon black (CB), carbon nanotubes (CNTs),

exfoliated graphite nanoplatelets (xGnP) or metal parti-

cles to polymers is probably the most promising tech-

nique, and several electro-active nanocomposite systems

were recently developed by our research group [10–14].

Above a critical filler concentration (i.e. percolation

threshold), a conductive path within the polymer matrix

constituted by a network of filler particles aggregates

can be formed [15–17]. These materials find a wide

application in films for packaging of sensitive electron-

ics components, where charge dissipation and electrical

conductivity are key technological requirements. In

these materials, the achievements of a good filler dis-

persion quality represents one of the most critical issues,

and an inhomogeneous dispersion can determine serious

technical problems such as heavy process dependency.
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electro-active filters, but further efforts will be required

to lower their electrical percolation threshold, increasing

thus their heating capability even at limited voltage

levels.

Conclusions

Novel polyamide 12 based nanocomposites filled with differ-

ent amounts of carbonaceous nanofillers were prepared

though melt compounding and thermo-electrically character-

ized. The physical properties of bulk materials were then com-

pared with those of the corresponding fibers.

FESEM micrographs demonstrated that both CB and CNF

nanofillers were homogeneously dispersed in the matrix,

while an evident aggregation was detected in xGnP nanocom-

posites. DSC tests evidenced a slight increase of the glass

transition temperature and of the crystallization temperature,

and also the thermal degradation temperature was enhanced

upon nanofiller addition. Nanofiller introduction promoted a

substantial increment of the elastic modulus coupled with an

heavy embrittlement of the samples. Electrical resistivity

values lower than 103 Ω cm were achieved with a CB content

of 6%wt, and interesting synergistic effects were detected in

nanocomposites filled with both CB and CNF.

FESEM images on nanocomposite fibers demonstrated

how the drawing process produced the rupture of CB aggre-

gates and their alignment along the drawing direction, thus

promoting a systematic increase of the elastic modulus and

of the tensile strength with respect to the unfilled fibers. As

a drawback, the extrusion/drawing operations promoted an

electrical resistivity enhancement of two orders of magnitude

with respect to the corresponding bulk materials, and a much

higher nanofiller amount was thus required to obtain an effec-

tive surface heating upon voltage application.
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