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Introduction 

 

CNTs can be used as filler materials to achieve high electrical 
conductivity in insulating polymer matrices. The use of 

CNT/polymer composites became the focus of industrial 

interest in the recent years. Applications such as 

electromagnetic shielding, electrostatic discharge and antistatic 

discharge do not require a high level of conductivity are suited 

for the use of these composites 1. During the processing of 

CNT/polymer composites, significant shear and extensional 

deformation are exposed to the system that causes the 

movement of the nanotubes influencing the structure of the 

composite 2.  

The purpose of this work is to understand the dependence of the 
electrical conductivity on the different microstructures of 

CNT/polymer composites. Composite structures composed of 

randomly oriented, aligned and sheared CNTs with different 

shapes were investigated in this study.    

 

Model 

 

Composite microstructures are generated using a fiber-level 

simulation method developed by Switzer and Klingenberg 3. 

Fibers are modeled as connected rigid cylinders. The cylinders 

have hemispherical end caps and are connected to each other 
with ball-and-socket joints. Each segment can rotate and twist 

about the joints enabling simulation of flexible fibers. During 

flow, fiber motion is described by Newton’s equations of 

motion. Hydrodynamic forces and torques, mechanical contact 

forces, constraint forces (inextensibility constraint that keeps 

fibers at constant length) and restoring torques (which resist 

bending and twisting the joints) are used in the simulations. 

Interparticle forces including short-range repulsion and van der 

Waals attraction are also considered. Periodic boundary 

conditions are employed to represent an infinitely periodic 

medium. 

Randomly oriented suspension are generated by using a Monte 
Carlo method 4. 

We use a resistor network algorithm to predict the electrical 

conductivities of the simulated composites 5. The periodic 

composite box is modeled as an electric circuit composed of 
discrete resistive elements. Carbon nanotubes are represented 

as infinitely conducting nodes in the electrical circuit and each 

junction between adjacent CNTs is represented by a resistor. 

Tunneling conduction is also considered in our simulations. If 

the separation distance between the adjacent nanotubes is 

smaller than a tunneling length h, these two nanotubes are 

considered to be in electrical contact. When an external 

potential gradient is applied to the simulation box, nanotube 

potentials and induced currents are calculated by solving the 

linear systems of equations that represent circuits of resistors 

and potential constraints.  
 

Results and Discussions 

 

We show the dependence of the electrical properties on 

anisotropy and non-straightness of the nanotubes of sheared 

and non-sheared CNT/polymer composites. In a previous study 
4 we have shown that using straight CNTs instead of using 

helical CNTs decreases the percolation threshold    in 

randomly oriented composites. In this study, we show that 

using aligned helical CNTs (          instead of using 

aligned straight CNTs (         decreases the percolation 

threshold in non-sheared CNT/polymer composites. Figure 1 

shows the electrical conductivity as a function of volume 

fraction for aligned, randomly oriented and sheared 

CNT/polymer composites with helical or straight nanotubes. In 

agreement with previous research 6 we show that using aligned 

helical or aligned straight CNTs within polymer matrix enhance 

the electrical conductivity compared to the composites with 

randomly oriented CNTs. However, electrical percolation 

threshold increases using aligned CNTs (        for straight 

and          for helical) instead of using randomly oriented 

CNTs (         for straight and          for helical) 

(Figure 1). In sheared suspensions  using helical nanotubes 

(           instead of using straight ones (   
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       decreases percolation threshold 4. The difference 

between the non-sheared and sheared suspensions is because of 

the dynamics of agglomeration in sheared suspensions. 

Increasing curvature of the nanotubes favors the conductive 

network formation in the sheared suspension.  

 

 
 

Fig.1. Electrical conductivity as a function of volume fraction 

for aligned, randomly oriented and sheared CNT/polymer 

composites with helical or straight nanotubes. 

 

We performed simulations to show the behavior of the sheared 
suspensions with straight and helical nanotubes and with 

different starting configurations (aligned and random) on the 

electrical conductivity evolution during the shear flow. Figure 2 

shows the conductivity,    , evolution as a function of shear 

strain     for different starting configurations of suspensions of 

straight and helical nanotubes. As previously reported 7, steady 

state conductivities and microstructures of the sheared 

CNT/polymer composites do not depend on the initial 

configuration. However, we show that suspensions with aligned 

helical nanotubes must be more strained to form a conductive 
network than the suspensions with randomly oriented helical 

nanotubes. Using randomly oriented straight nanotubes requires 

more strain to form percolating clusters than the aligned or 

randomly oriented helical nanotubes. Using aligned straight 

nanotubes can create a conductive network only when the total 

strain was increased. 

 

Conclusions 

 

Dependence of electrical properties on the anisotropy and non-

straightness of the CNT/polymer composites were investigated 

using fiber-level simulations together with a Monte Carlo 
method and a resistor network algorithm. We showed that the 

formation of aggregates with sheared composites is a more 

efficient way in decreasing the electrical percolation threshold 

than using randomly oriented or aligned composites. 

 
 

Fig. 2. The conductivity as a function of shear strain     for 

different starting configurations of suspensions of straight and 

helical nanotubes. 

 

Using helical nanotubes increases the percolation threshold in 

randomly oriented composites whereas for sheared and aligned 

composites this effect is reversed. Starting configuration does 

not affect the final conductivity and the microstructure of the 

sheared suspension but the required strain to obtain percolating 
clusters changes. 
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