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Polycarbonates filled by carbon nanotubes (CNTs) have emerged as proven applications for 
developing new materials which control electrostatic discharge (ESD). Exhibiting outstanding 
cleanliness combined with low surface resistivity and good mechanical properties, the PC/NC7000 
material is now widely used in electronic packaging. However, before commercialization, issues were 
raised about the surface quality of the specimens after injection moulding (which is an issue for clean 
applications).  
 
Under standard injection moulding conditions, several surface quality problems may appear, such as 
pinholes, blisters and flow lines, as shown in Table 1.  Such problems are often attributed to CNT 
dispersion, but as demonstrated below, when using NC7000 correctly the problems usually arise 
from a lack of optimizing the injection conditions.  
 
Indeed, in optimized injection conditions, we showed the ability to inject specimens exhibiting a 
volume resistivity of 8E+01 ohm.cm, a surface resistivity of 5E+03 ohm.sq, and a perfect surface 
quality.  Such conductivity is almost three decades better than is shown in usual conditions. Further, 
we observed no pinholes or other defects either on the test samples or on the industrial specimens. 
 

    

Good surface quality  
Big pinholes 

 (or Blown-blister?) 
Blisters Flow lines + Blisters 

 



   

Pinholes Blister White spots/Flow lines 

Table 1: Optical microscope pictures (x20) of each surface quality/defaults 

 
 
 
 
In this study, we report a complete evaluation of the influence of such parameters on both surface 
resistivity and surface quality. For the sake of the study, we used a Makrolon 2205 filled with 3 wt% 
of NC7000 which typically exhibits a surface resistivity of 106 Ohm/sq when moulded in conventional 
conditions. 
  
In the first figure below, we can directly see that five parameters have no effect (positively or 
negatively) on surface resistivity (SR): back pressure (C-P), mould temperature (T°Mo), plasticizing 
speed (vit dos), holding pressure (P Maint), and holding time (t Maint). 
 
On the other hand, the injection speed is shown to significantly decrease the surface resistivity (SR) 
when it increases in opposition with the melt temperature. Also, the melt temperature improves 
when the surface resistivity (SR) increases. 
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Fig.1: Main effects plots for surface resistivity 

 
 
 
 
 



 
 
Thus, we have observed that by creating the right injection moulding conditions, we can improve 
conductivity behavior by at least three decades. Now we will determine how these parameters are 
compatible with surface quality. 
 
In Figure 2, we can observe again that the five parameters are not significant: back pressure, 
plasticizing speed, holding time, holding pressure, and in this case, melt temperature. However, the 
mould temperature and injection speed greatly improve the surface quality, and help prevent blisters, 
pinholes, etc. 
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Fig.2: Main effects plot on defect surface 2 (pinholes) 

 
Because keeping the mould temperature has no effect on surface resistivity, we can now try 
modifying the injection speed and material temperature as the key parameters for imparting both 
conductivity and surface quality. Nevertheless, we have to keep in mind that injection speed and 
material temperature have the opposite influence on pinholes and on surface resistivity.  
 
Table 2 presents an optimization of the parameters for having good surface quality and specified 
surface resistivity.  
 
 
 

Table 2: Optimized parameters of injection moulding 

 
Thus, in considering the elimination of pinholes alone, we now have the following guidelines for 
achieving both good surface quality and low surface resistivity:  
 

- Increase the back pressure 
- Increase the injection seed 
- Increase (as high as possible) the mould temperature 
- Decrease the material temperature 
- Decrease the plasticizing speed 
- Increase the holding time and holding pressure 

 

Vinj (injection 
speed) 

T°Mo (mould 
temperature)  

T°mat 
(material 

temperature)  

vit dos 
(plasticizing 

speed) 

C-P (back 
pressure)  

P maint 
(holding 

pressure)  

t maint 
(holding 

time)  

cm³/s  °C °C m/s bars bars s 

30 120 300 0.4 40 390 8 



 
 
 
In conclusion, with this study we considered both surface resistivity and surface quality, and showed 
that optimizing the injection moulding conditions is equally important to performance as the 
dispersion of CNTs during the compounding process. 
 
In the final graph below, you can see the perfect surface aspect of the percolation curve of the 
polycarbonate in the NC7000 sample. 
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