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Abstract--d.c. Conductivity experiments have been performed for a wide range of temperature under a 
constant voltage appti!cation for nylon 6 and its mixture with 4°~ w/w LiC1. The data confirm previous 
indications of decrease of crystallinity and increase of glass transition due to lithium halides. Support is 
also given to previous interpretations of the conduction mechanism for polyamides, i.e. essentially 
electronic below 80 ° but essentially ionic above 110 °. 

I N T R O D U C T I O N  

Polymeric materials have been extensively studied for 
their electric behaviour especially because of their 
interesting properties as insulators. In particular the 
dependence of electric characteristics on temperature, 
pressure, moisture, applied field strength and on 
physical ageing has been carefully examined [1,2]. 
These experiments have shown in many cases differ- 
ent behaviour between polymers and other materials 
e.g. the negative temperature coefficient of the resisti- 
vity and the non-linear (non-ohmic) current-voltage 
dependence. Moreover  much work has been per- 
formed to elucidate the influence of structural charac- 
teristics like crystallinity [3], anisotropy [4], presence 
of ions [51 metal powder [6], plasticizers [5, 7] on 
electric properties. It is possible, at least in principle, 
to get informations on the structure of polymers 
through electrical measurements. The present work 
has this objective and d.c. conductivity results are 
used to confirm previous indications on changes in 
polyamide structure due to lithium halides [8, 9]. 
These inorganic salts have been shown to play an 
important role by breaking hydrogen bonds and 
inducing a pseudo-crosslinking between lithium ions 
and the carbonyl-oxygen groups. The effects are 
depression on the melting point, increases of the glass 
transition, density and melt viscosity, and decreases of 
crystallization rate and degree of crystallinity [8-10]. 

The data are also used to elucidate further the 
peculiar resistivity-temperature relationshi p for 
polyamides with respect to other polymers. It is 
known for instance that these polymers have at room 
temperature a very high resistivity, comparable with 
that for other organic insulators, but it decreases very 
quickly with rising temperature. This phenomenon is 
at present explained on the basis of proton mobility 
of amide groups, which is possible at high tempera- 
ture. In a detailed study of nylon 66 Seanor [4] has 
found that above 90 ° the conduction has to be con- 
sidered both electronic and with proton transfer, as 
also indicated by gas evolution, with the two conduc- 
tion types being quantitatively comparable around 
120°; below 90 ° , the conduction is only electronic as 
confirmed by Baird [12]. 

E X P E R I M E N T A L  

The polymer used in the experiments was a nylon t6 
manufactured by SNIA, stabilized at T = 260 ° for ~ 5 hr. 
Its mixture with 4% w/w LiCI was also tested. The prep- 
aration of such mixtures has been described [8]. 

Disc shaped samples, ~8 cm dia, were cut from com- 
pression moulded sheets, 0.5 mm thick. The moulding tem- 
perature was 230 ° for pure nylon and 210 ° for the salted 
polymer. The samples were kept in a vacuum desiccator 
with silica gel for at least three days prior to the experi- 
ments which were conducted in a moisture-free atmos- 
phere. The sample surfaces were covered with aluminium 
paste to ensure good electric contact with the electrodes. A 
three-electrode arrangement was used, with dimensions 
according to ASTM D257/72, in order to obtain the 
volume resistivity of the material, excluding any contribu- 
tion of the surfaces• 

The circuit employed in the measurements included also 
a Trygon low voltage power supply, a Keithley mod. 610 
low current measuring electrometer~ a digital voltmeter to 
check the applied voltage and a recorder inserted on the 
electrometer output. 

All the measurements were performed with an applied 
voltage of 50V, at temperatures between 25 and 16ff ~, 
achieved by putting the electrodes and the sample into an 
oven. A slight dry nitrogen flow was blown throughout the 
tests, which lasted in most cases about 1000 sec although 
much longer experiments have also been carried out. 
Samples were used only once for the high temperature 
tests, because of possible degradation and especially of the 
crystallization of salted nylon and recrystallization of pure 
polymer; samples were used a few times at lower tempera- 
tures. In this case, after one test and before starting another, 
the electrodes were short-circuited for about 24 hr to dis- 
charge any residual current. 

RESULTS AND D I S C U S S I O N  

Consider first the current-time curves reported in 
Figs 1 and 2 for pure nylon and for the nylon/4~o 
LiCI system respectively. The pure polymer shows a 
slowly decreasing behaviour and never reaches a 
steady state. For nylon in presence of the salt, the 
behaviour changes very clearly with temperature: in 
particular the transient curves experimentally 
obtained above 77 ° attain a steady state. It has been 
already found 1-13-16] that, for crystalline polymers 
and for amorphous polymers below their glass 
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Fig. 1. Transient d.c. current after application of a 50V step 
voltage for pure nylon 6. 

transition, the transient current curves never reach a 
steady state while such a value is attained by molten 
polymers and by amorphous polymers above T o . It 
has already been shown by various measure- 
ments [8, 10] that, while nylon 6 is a typical semicrys- 
talline polymer (degree of crystallinity about 30~; T o 
between 50 and 60°; T, 225 °) the polymer with 4% 
w/w LiCI is almost fully amorphous, melts at 206 ° 
and has a glass transition temperature around 83 ° as 
seen from mechanical measurements [10]. 
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Fig. 2. Transient d.c. current after application of a 50V 
step voltage for the nylon 6/4~ LiCI system. 
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Fig, 3. Arrhenius plot of l0 sec resistivity. 

For better evaluation of the glass transition tem- 
perature, isocronal resistivity values (at 10sec) as 
taken from previous curves have been plotted in 
Fig. 3 vs (temperature)-1 [7]. For each polymer three 
zones with different temperature coefficients can be 
seen. The first break point is at 52 o for pure nylon and 
at 73 ° in the case of Ny/4% LiCl. Such values are very 
similar to those found from isocronal relaxation 
moduli (59 and 83 ° respectively) [10]. Of course when 
resistivity values taken at different times are plotted 
in the same way, the break points are found at 
different temperatures: again there is a correspon- 
dence in the mechanical and dynamic-mechanical re- 
sponse [17, 18]. As for the break points at higher 
temperatures, they may be perhaps understood in 
terms of conduction mechanisms. In this connection, 
some other interesting features of the curves in Fig. 3 
should be noted. In the low temperature region, the 
salted polymer has a resistivity higher than pure 
nylon; at the other end of the explored range of tem- 
peratures, the inverse is true and the pure polymer 
has a resistivity higher than the salted material. Sea- 
nor [4] showed and Baird [12] confirmed that, in the 
low temperature region (below 80°), the conduction is 
essentially electronic probably involving as perhaps in 
the case of proteins I19], the electrons of the carbonyl 
group. This could well explain the higher resistivity of 
the salted samples for which the electrons of the 
double bond in the carbonyl group have been shown 
to be involved in a binding with Li + ions [8-1 l]. Of 
course on increasing the temperature, due to the 
increasing relative influence of the ionic conduction 
mechanism, the resistivities are not so different and 
eventually that of the pure nylon becomes higher due 
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to a higher degree of crystallinity [3]. Above 110 ° in 
particular, the conduction mechanism is perhaps 
essentially ionic in character and therefore the slopes 
of the curves become almost the same. Also the slight 
differences in slope, i.e. in activation energies, are in 
line with the lower degree of crystallinity of the salted 
samples compared with that of the pure nylon. The 
obtained values for such a polymer are similar to 
others reported in literature, at least in the inter- 
mediate range of temperature [4, 6, 12]. 

CONCLUDING REMARKS 

The transient d.c. results here reported for the 
nylon 6 and its mixture with 4% LiCI confirm the 
structural changes induced in the salted samples, viz 
the low degree of crystallinity and the increased glass 
transition temperature. The derived transition values 
compare well with those obtained in related work. 
Support is also given to previous interpretations on 
the conduction mechanism for polyamides: it is 
shown that conduction is essentially electronic at low 
temperatures (below 80 ° ) but essentially ionic above 
110 °. The different resistivities and some differences 
also in their temperature dependence again confirm 
the binding action of the Li + ions and the decrease in 
crystallinity in the salted samples. 
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