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Electrical conductivity in nanotube-reinforced polymers follows a classic percolation-like behavior (e.g. 
[1]). Thus, the study of percolation in these materials is of high interest and is motivated by the potential 
for their use as electrically and/or thermally conductive systems with an extremely low concentration of 
nanotubes. The classic percolation models for sticks in three dimensions are often applied to the 
prediction of percolation onset in nanotubes-reinforced composites. In these numerical and analytical 
studies nanotubes are modeled as straight, rigid, capped cylinders, or spherocylinders (e.g. [2]). The 
excluded volume rule [3] which states that the number of objects at percolation is inversely proportional 
to the object’s excluded volume is also widely applied, with a constant of proportionality of one since the 
nanotubes are of high aspect ratio [4]. 

It is well documented that embedded nanotubes are not straight but rather are curved or wavy; 
however the extent to which waviness affects percolation has not been explored. The objectives of this 
work were thus to investigate the effect of fiber waviness on the onset of percolation for three-
dimensional networks of randomly oriented fibers, and to determine the applicability of the excluded 
volume rule to systems of wavy fibers. 

Fibers were modeled as capped helices instead of straight cylinders. A numerical method was used to 
determine the excluded volume of fibers of different degrees of waviness and aspect ratios and the 
analytical percolation threshold found for each case. The percolation threshold for systems of wavy fibers 
of was also found using Monte Carlo simulations and the results compared with the inverse of the 
excluded volume and with the straight fiber results. 

Our results show that for high aspect ratio fibers, the inverse proportionality between percolation 
threshold and excluded volume holds, independent of fiber waviness. This suggests that for systems of 
high aspect ratio fibers, including nanotubes-reinforced composites, an analytical solution for the 
percolation threshold can be derived from an expression for excluded volume. Further, we show that for 
high aspect ratios, the percolation threshold of the wavy fiber networks is directly proportional to the 
analytical straight fiber solution. Thus, the onset of percolation can be adequately modeled by applying a 
factor based on fiber geometry to the analytical straight fiber solution. 
 
References 
 
[1] J.N. Coleman, S. Curran, A.B. Dalton, A.P. Davey, B. McCarthy, W. Blau, and R.C. Barklie, "Percolation-
dominated conductivity in a conjugated-polymer-carbon-nanotube composite," Phys. Rev. B, 58, R7492-R7495, 
1998. 
[2] Z. Ounaies, C. Park, K. E. Wise, E. J. Siochi, and J. S. Harrison, "Electrical properties of single wall carbon 
nanotube reinforced polyimide composites," Compos. Sci. Technol., 63, 1637-1646, 2003. 
[3] I. Balberg, C. H. Anderson, S. Alexander, and N. Wagner, "Excluded Volume and its Relation to the Onset of 
Percolation," Phys. Rev. B, 30, 3933-3943, 1984. 
[4] A.L.R. Bug, S A. Safran, and I. Webman, "Continuum Percolation of Rods," Phys. Rev. Lett., 54, 1412-1415, 
1985. 
 
Keywords: Nanocomposites, percolation, nanotubes 


