
Publisher’s version  /   Version de l'éditeur: 

Proceedings of the 8th World Congress of Chemical Engineering, 2009, 2009-08

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 

pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 

first page of the publication for their contact information. 

NRC Publications Archive

Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 

La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 

acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Effect of nanotube alignment on the morphology and properties of 

polycarbonate/MWCNT nanocomposites
Abbasi, Samaneh; Derdouri, Abdessalem; Carreau, Pierre J.

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=60dd1345-8eac-4d2d-93c3-606b32eec780

https://publications-cnrc.canada.ca/fra/voir/objet/?id=60dd1345-8eac-4d2d-93c3-606b32eec780



 

 

EFFECT OF NANOTUBE ALIGNMENT ON THE MORPHOLOGY AND PROPERTIES OF 

POLYCARBONATE/MWCNT NANOCOMPOSITES    

 

 

Samaneh Abbasi
1*

, Abdessalem Derdouri
2
 and Pierre J. Carreau

3 

 
 

1,3 CREPEC, Department of Chemical Engineering, Ecole Polytechnique Montreal, P. O. Box 6079, Station Centre-

Ville, Montreal, QC, CANADA H3C 3A7  

  
2 CREPEC, Industrial Materials Institute, National Research Council Canada, 75, de Mortagne, Boucherville, QC, 

Canada JB4 6Y4  

 

 

Abstract: We have investigated the effect of nanotube alignment on the rheology, 

morphology and electrical conductivity of PC/multiwalled carbon nanotube nanocomposites.  

Samples of various MWCNT loadings were prepared by diluting a commercial masterbatch 

containing 15 wt % nanotubes using optimized melt-mixing conditions. Microinjection 

molding under very high shear rate was then used to prepare micro tensile bars. Our 

rheological measurements revealed that the nanotube percolation networks are very sensitive 

to shear deformation particularly at high temperature. Due to the high shear rates of 

micromolding, the nanotubes are well aligned in the flow direction and could not 

interconnect effectively. Consequently, the viscoelastic behavior remarkably changed from 

solid-like to liquid-like. Accordingly, this high degree of alignment resulted in a significant 

increase in the electrical percolation threshold depending on the micromolding conditions. 
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1. INTRODUCTION 

 

Solid state nanomaterials such as carbon nanotubes (CNTs) are novel materials with extraordinary electrical, 

mechanical and thermal properties and represent an excellent potential as fillers for different composite materials. 

Particularly, polymer-based composites of CNT are suitable for the fabrication of micro scale components where 

only grams of materials are necessary to manufacture high-valued products. However, the efficiency of nanotubes to 

live up to their theoretical potential depends on the level of nanotube dispersion and degree of alignment within the 

host polymers. 

 

The rheological properties of polymer nanocomposites including the viscoelastic (time or frequency-and 

temperature–dependent) behavior have practical importance related to composite processing and are of scientific 

interest as a probe of the composite microstructure and dynamics. These properties are related to the material 

microstructure, the state of the nanotubes dispersion, the aspect ratio and orientation of the nanotubes, the interaction 

between nanotubes and polymer chains as well as nanotube-nanotube interactions. 

 

A number of technologies have been developed to produce polymer-based microdevices amongst which 

microinjection molding is the most suitable process for mass producing microparts cheaply and with high precision. 

It is well known that in injection molding, the product properties are strongly affected by the processing conditions. 

In addition microinjection molding features extreme injection pressures, very high shear and cooling rates as well as 

very short cycle times compared to conventional injection molding. These exceptional conditions combined with a 

large surface area to volume ratio may have a much greater influence over the resultant properties of micromolded 

parts. Several studies have been conducted to investigate the effect of processing conditions on microinjected parts 

(Shen, Chien et al. 2004; Chen, Chang et al. 2005; Chien 2006). Significant reports on microinjection molding 



appeared only during this decade and most were on neat polymers (Su, Shah et al. 2004; Chien 2006). Some studies 

did consider polymer compounds containing fillers such as short glass fibers, glass particles and nanoceramic 

materials as illustrated by the work of Huang et al (Huang, Chen et al. 2005; Huang 2006). Since classical fillers 

such as glass or carbon fibers can have dimensions of the same order of those of micro-parts, it is reasonable to 

combine polymer/CNT nanocomposites and micro-injection molding because of the low amounts needed of highly 

priced CNTs.  

 

In this study we exclusively focus on the effect of high shear flow of microinjection molding on the nanotubes 

alignment and consequently on the rheological, electrical and morphological properties of the PC/MWCNT 

nanocomposites. Following the nanocomposite samples preparation we used micromolding to make micro tensile 

bars under different processing conditions; then, we employed a variety of characterization methods to investigate 

the subsequent effects of this process on the microstructure and electrical conductivity of the molded specimen. For 

comparison, we prepared nanocomposites of the same composition and shape using compression molding, a process 

which is known to induce no or little orientation. We present the results obtained and discuss the effects of 

alignment of the CNTs. We also discuss the effect of high shear on the rheological properties of the prepared 

nanocomposite samples and how the rheological response can be correlated to the morphology and electrical 

conductivity. 

 

 

2. EXPERIMENTAL PROCEDURE 

 

A masterbatch of 15 wt% MWCNT in PC was purchased from Hyperion Catalysis International, Cambridge, MA. 

The nanotubes are about 15-50 nm in diameter and 1-10 μm in length. The masterbatch was diluted with PC (Calibre 

1080) from DOW Chemical using a twin screw extruder operating at 100 rpm and 210oC (conditions previously 

optimized via controlled experiments). The prepared nanocomposites were then microinjection molded using a 

Battenfeld Microsystem 50 molding machine and a mold having a dog-bone shaped cavity. 

 

The morphology of the nanocomposites was studied through scanning electron microscopy (SEM) and atomic force 

microscopy (AFM). For SEM we used the high resolution Hitachi S-4700 microscope while for AFM we utilized 

the multiMode VEEECO scanning probe. Both SEM and AFM were done on ultramicrotomed surfaces of samples 

that were cut with a diamond knife at room temperature. SEM samples were coated with a vapor deposit of Pt for 25 

s. For injected samples, the specimens were cut perpendicularly to the flow direction. 

 

The rheological measurements were carried out using a stress-controlled rheometer (CSM rheometer of Bohlin 

Instruments) equipped with a 25mm parallel plate geometry under nitrogen atmosphere. Prior to measurements 

compression molded samples were dried for a minimum of 4h at 120oC. In order to examine the effect of high shear 

on the microstructure of nanocomposites, each sample was subjected to different levels of constant shear stress for 

different periods of time prior to the frequency sweep tests, which were then performed at 300oC without any rest 

time after the preconditioning step. 

 

The volume resistivity of the tensile bars prepared by both micromolding and compression molding was determined 

using a Keithley electrometer model 6517. For each sample the I-V curve was obtained across the thickness of the 

tensile bar and the sample resistance was determined from the slope of the curve.  The resistance was then converted 

to volume resistivity, ρυ, using the formula  

                                                                           LWDRvv /                                                                                 (1) 

where W is the width, D the thickness, L the length of the sample, and Rv  is the measured resistance.  

 

 

3. RESULTS AND DISCUSSION 

 

As mentioned in the introduction, micromolding operates under high shear rates and is more likely to induce 

orientation than compression molding. The resulting effect of both processes on the carbon nanotubealignment 

within the polymer matrix is shown in Figure 1. The top and bottom micrographs were obtained by SEM and AFM, 

respectively. A striking difference can be seen between the compression molded sample (a) and the microinjected 

sample (b). In the later case, both types of micrographs display the cross section perpendicular to the flow direction 



along the length of the tensile bar; the white dots (SEM) and black dots (AFM) represent tips of nanotubes, clearly 

indicating that they are  oriented in the main shear flow direction. On the other hand, the micrographs showing the 

compression molded sample (a) display a random orientation.  In particular, the AFM micrographs show not only 

the differences in orientation of the nanotubes between the two samples, but also indicate that their dispersion within 

the PC matrix is quite good in both cases. The nanotubes diameter derived from the scale of the AFM micrographs is 

about 15 m, remarkably within the range given by the masterbatch supplier, indicating that the nanotubes were most 

probably individually dispersed.  
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Fig. 1.  SEM (top) and AFM (bottom) micrographs of PC/3wt% MWCNT (a) compresion molded and (b) 

microinjected samples 

 

In order to investigate the effect of shear on the viscoelastic properties, we carried out rheological measurements 

using SAOS (Small Angle Oscillatory Shear) after applying different levels of stresses as a preshearing step. For 

each concentration, the samples were presheared under two limiting values of shear stresses: the maximum 

allowable stress of the rheometer (2400 Pa) as the high stress level and the stress value of transition from liquid-like 

behavior to solid like behavior as the low stress level. The stress value of the later was determined from plots (not 

shown) of the steady shear viscosity versus shear stress for different nanotube contents at constant   temperature. No 

rest time was used between the preshearing and the SAOS tests. 

Figure 2a shows the effect of preshearing on the complex viscosity of neat polycarbonate and nanocomposites 

containing 0.2 and 3 wt% of MWCNT at 300oC. Obviously, for the neat polycarbonate and 0.2 wt% nanocomposite 

samples the effect of preshearing is almost negligible, which indicates that the viscoelastic behavior is dominated by 

the polymer matrix. However, for the nanocomposites with high nanotube loadings the effect of preshearing 

becomes quite significant. Applying a shear flow even at a low stress level aligns the nanotubes in the flow direction 

and results in a lower complex viscosity and a slightly altered shear-thinning behavior at higher frequencies. 



Consequently, the nanotubes interconnect minimally leading to a remarkable increase in the rheological percolation 

threshold seen from the plot of the storage modulus G` versus the nanotubes content (Figure 2b). 
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Fig. 2. Effect of preshearing without rest time) on (a) the complex viscosity at 300oC of nanocomposites with 

various nanotube loadings (b) rheological percolation threshold 

 

The electrical resistivity of nanocomposites for different concentrations of MWCNT is reported in Figure 3 for 

samples made by compression molding and samples made by micromolding at three injection speeds. The electrical 

percolation threshold was found to be between 1 and 2 wt% of MWCNT in PC in the case of compression molding. 

The electrical resistivity changes by more than 10 decades in this range of concentration. For the micromolding case, 

the electrical resistivity decrease is not as drastic and occurs over a much larger concentration range, leading to 

percolation threshold of about 7 wt% of MWCNT when injection speed is set at 200 mm/s and to approximately 10 

wt% of MWCNT hen the speed is set 400 or 800mm/s. Therefore, it can be concluded that the electrical percolation 

threshold is process dependent and strongly affected by the processing conditions. 
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Fig. 3. Volume resistivity of PC/MWCNT versus nanotube loading for different processing conditions 

 

 

4. CONCLUSIONS 

 

PC / MWCNT nanocomposites were prepared by diluting a masterbatch containing 15 wt% MWCNT using a twin-

screw extruder for optimized mixing condition. The microparts were then prepared under different microinjection 

conditions. The microscopic analysis reveals that the drastically high deformation rate in microinjection molding 

induced a high degree of alignment in microparts. Rheological measurements showed that the percolation threshold 

is notably dependent on nanotube orientation. Accordingly, when the nanotubes are subjected to the shear stress 

high degree of alignment results into a remarkable increase of the percolation threshold. The electrical percolation 

threshold has been significantly altered by the microinjection molding process. Due to the thigh degree of alignment, 

the electrical percolation threshold rises from about 2 wt% for compression molded specimens to approximately 7-

10 wt% for microinjection molded samples depending on the processing conditions.  
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