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Abstract body 
Due to the high stiffness and strength, as well as their ability to act as conductors, carbon 
nanotubes are under intense investigation as fillers in polymeric materials [e.g., 1-2]. The 
nature of the carbon nanotube/polymer bonding and the curvature of the carbon nanotubes 
within the polymer have arisen as particular factors in the efficacy of the carbon nanotubes to 
actually provide any enhanced stiffness or strength to the nanocomposite. When the 
interfacial adhesion between the phases is weak, the nanotubes behave as holes or 
nanostructured flaws, inducing local stress concentrations, and the benefits of the CNTs 
properties are lost. As a consequence, despite some encouraging results have been reported 
[3], there are many experiments that demonstrate only modest improvement in the strength 
and stiffness after CNTs incorporation into polymers [e.g., 4-6]. 
Here the effects of carbon nanotube curvature and interface interaction with the matrix on the 
nanocomposite stiffness are investigated using nanomechanical analyses. A previously-
developed nonlinear structural mechanics procedure for modeling mechanical behavior of 
carbon nanotubes is used [7-11]. The approach realize the extreme computational savings 
necessary to effectively model CNTs inside the matrix without losing significant accuracy 
with respect to atomistic methods. This new nonlinear structural mechanics based approach 
for modeling CNTs was verified by comparison with MD simulations and high-resolution 
micrographs available in the literature. Several RVE (Representative Volume Element), 
where the randomly distributed nature of the CNTs dispersion is simplified to a regular 
distributed form of staggered arrays, have been considered. Two categories of 
micromechanical models with different interfacial adhesion between the phases have been 
considered. We recognize and acknowledge that in many experiments available in literature 
poor bond (weak van der Walls interaction) and thus poor shear lag load transfer to the CNT 
is present. Our simulation shows that in these cases composite stiffness enhancement can be 
achieved through the bending energy of the CNT rather than through the axial stiffness of the 
CNTs. Subsequently nanocomposites were perfect bonding is present at the carbon 
nanotube/polymer interface are studied. Stronger bonds are often realized through acid 
treatment of the CNTs, here an innovative processing technique has been developed to 
produce novel composites where the CNTs are covalently bonded to the polymer matrix. 
 
 
Keywords 



Carbon Nanotube, Composite Materials, Nanomechanical Analysis, Nanotechnology. 
 
 
References 
[1] Qian, D., Wagner, G. J., Liu, W. K., Yu, M. F., Ruoff, R. S., Appl. Mech. Rev., 55(6), 

495–533, 2002. 
[2] Saito, R., Dresselhaus, G., and Dresselhaus, M. S., Physical Properties of Carbon 

Nanotubes, Imperial College Press, London, 1998. 
[3] Qian, D, Dickey, EC, Andrews, R, Rantell, T, Appl. Phys. Lett., 76, 2868–2870, 2000. 
[4] Andrews, R., Jacques, D., Minot, M., and Rantell, T., Macromolecular Mat. and Eng., 

287, 395–403, 2002. 
[5] H. Xia, Q. Wang, K.L., G.H. Hu, J. of App. Polymer Science, Vol. 93, 378–386, 2004.  
[6] Y.S. Song, J.R. Youn, Carbon 43, 1378–1385, 2005. 
[7] X.-L. Gao, K. Li, Int. Journal of Solids and Structures, 42, 1649–1667, 2005. 
[8] Pantano, A.; Parks, D. M.; Boyce, M. C. Phys. Rev. Lett., 91, 145504, 2003. 
[9] Pantano, A.; Boyce, M. C.; Parks, D. M. J. Mech. Phys. Solids, 52, 789-821, 2004. 
[10] Pantano, A.; Boyce, M. C.; Parks, D. M. J. of Eng. Materials and Technology, Trans. 

ASME, 126, 279-284, 2004. 
[11] Pantano, A.; Parks, D. M.; Boyce, M. C.; Buongiorno Nardelli, M. J. of Applied 

Physics, 92, 6756-6760, 2004. 
 
 
Corresponding author contact information 
Antonio Pantano 
"Rientro dei Cervelli" Research/Teaching Position 
Dipartimento di Meccanica 
Università degli Studi di Palermo  
Viale delle Scienze, 90128, Palermo, ITALY  
Office Tel:  (39) 091-6657132 
E-Mail: apantano@dima.unipa.it 
 
 


