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displaces the slippery MWCNTs due to which the actual measure was of PMMA matrix 
only. When the MWCNT composition was increased from 1 to 5%, the hardness still 
remained unaffected. Further, they coated MWCNTs with silica, this resulted in enhanced 
hardness for the composite. 4% MWCNT-silica in PMMA measured twice the hardness in 
comparison to pure PMMA.  

Overall, a gradual increase in mechanical properties with increase in MWCNT 
composition in various types of polymers has been reported over the years. 

In this paper, we investigate the effect of varying compositions of MWCNTs in PC 
on the hardness property which supplements the results of dynamic loading on similar 
samples reported by us already [13].  
 
 

2. Sample Fabrication 
  
We procured MWCNTs having diameter about 10-30nm and length 1-10 microns from 
Nanoshel Intelligent Materials Pvt. Ltd, USA. These were characterized using Fourier 
Transform Infrared Spectroscopy (FTIR) as shown in Fig. 2. The spectrum shows peaks at 
1567cm-1 and 1176cm-1 which are indicative of the MWCNTs.  
 

 
 

Fig. 2: FTIR spectra for MWCNTs with peaks at 1567cm-1 and 1176cm-1 
  
 We adopted the solution blending method for fabricating composite films of 
MWCNT-PC [14] and then molded them into desired shape. Pure PC beads of about 1gram 
were dissolved in a solvent 10ml of Chloroform. The mixture was suspended and stirred to 
form a clear solution. Then MWCNTs of different weight % of PC were taken and 
ultrasonically dispersed in Chloroform to obtain stable suspensions. The PC solution and 
MWCNTs suspensions were then mixed together forming a series of different weight % (0.5, 
0.75, 2, 5.0 and 10 wt %) compositions of MWCNT-PC mixtures. These compositions were 
then again ultra-sonicated to obtain a uniform dispersion of MWCNTs in PC. Thin films of 
thickness nearly 0.3mm were cast from this solution by pouring the solutions into glass petri 
dish and allowing the solvent to evaporate for more than 24 hours. These films were then 
characterized using FTIR. Fig. 3 shows the spectra for pure PC film whole Fig. 4 is the 
spectra for MWCNT-PC film. In Fig. 4 the peak at 1584cm-1 is visible while there is no such 
peak in Fig. 3. This peak is indicative of the MWCNTs presence. Scanning Electron 
Microscopy (SEM) image is shown in Fig. 5 which indicates the presence of randomly 
oriented MWCNTs in PC base matrix. These films were then separated from the petri dish 
and one by one broken into small pieces. For each composition, the small pieces were 
inserted in a small die of the compression moulding machine. After filling the die 
completely with these small pieces, a plunger was used to manually press a steel plate which 
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4. Results and Discussion  
 
It is clear from Fig. 7 that hardness increases consistently as MWCNT composition 

increases in PC. As we can observe hardness for 10% composition in comparison to 5% 
composition is only about 10% higher, but for minor compositions like 0.5% to 0.75% this 
rise is nearly 40%. This means that increase in composition of MWCNTs in PC tends to 
saturate the hardness effects. Vivekchand et al [15] have shown that MWCNTs enhance the 
load transfer capability in polymers which results in the enhancement of their mechanical 
properties. Apart from this, stronger π-π interactions between MWCNTs and the base 
material and high surface to volume ratio [11] of MWCNTs in base material enhance the 
overall strength of the composite. So, in this case also MWCNTs play a similar role with PC.  

We had earlier investigated [13] the dynamic loading response on similar samples 
using Split Hopkinson Pressure Bar (SHPB). We had found that for low concentrations of 
0.5% MWCNTs, the increase in dynamic strength was most significant while for higher 
concentrations of 5% MWCNTs, this increase was negligible. At low compositions, proper 
dispersion of MWCNTs ensured binding the PC with MWCNTs due to which the absorption 
capacity of the composite surface enhanced. From the results of this paper, hardness number 
which gives is a measure of local performance was found to be high because short range 
interactions get enhanced for higher concentrations of MWCNTs. However, apart from 
hardness other static properties also need to be evaluated to categorically find out the most 
suitable composition of MWCNTs in PC.  

 
 
5. Concluding Remarks 
 
This paper presents results of hardness obtained by a nano-indenter on MWCNT 

based PC composites with varying compositions of MWCNTs. The results indicate 
categorically that about 5% MWCNTs is sufficient to enhance the hardness of PC by a 
factor of nearly 4.5 using a simple solution blending fabrication technique. This increase in 
hardness enables usability of PC for several new applications related to severe loading 
conditions like stress protective shields, load resisting jackets and covers. 
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