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Abstract

Microinjection molding has emerged as an efficient way to manufacture devices which 
contain surface micro-features using a wide range of polymers with high accuracy.  
In our initial research [1], polyurethane -carbon nanotube (CNT) composites were 
micromoulded, and the electrical conductivity studied, including the use of post-
moulding annealing to optimize conductivity.  Quantification of the structures obtained, 
including in-situ TEM with detailed statistical analysis of the images, and computer 
modeling of conductivity have been undertaken.  It has been found that the electrical 
conductivity of microinjection molded parts is relatively low due to the high shear rates 
prevalent in the process. An annealing treatment improves the electrical conductivity 
by several orders of magnitude, although there are only nanoscale changes in the 
CNTs network (most probable nearest neighbour distance only decreases by several 
nanometres on annealing).  A mechanism of  residual stress release in the polymer at the 
CNT interface is proposed, and supported by Raman band shifts (the G+ band, 1590 cm-1, 
is sensitive to strain) [2, 3].

Secondly, shape memory polyurethane-carbon nanotube composites were prepared by 
twin-screw melt extrusion and subsequently processed using microinjection molding 
to obtain components with surface micropatterns (a circular Fresnel lens).  An electro-
activated surface micropattern tuning system was developed which could recover the 
original micropatterned surface of the components after a thermal deformation had 
been imposed.  This was achieved by applying a current which heats the component by 
resistive heating.  In order to optimize the technique, three key areas were investigated 
in this work: conductivity of the microinjection molded microparts, the retention of 
shape memory micropatterns on the surface of microparts during annealing treatment, 
and the macroscopic area shrinkage of microparts after thermal treatment. 

The required annealing treatment to improve electrical conductivity can be detrimental 
to the dimensional stability of the micropatterns, which depends significantly on 
particular micro-injection molding parameters, especially the mould temperature. 
Increasing the mould temperature, melt temperature, injection speed and injection 
pressure all result in better retention of the micropattern and improved dimensional 
stability after annealing [4].  
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Our research demonstrates the potential of electro-activated surface micropattern 
control for microinjection molded electrically conductive shape memory polymer 
composites, which could be a promising technology for a range of application areas 
including: electro-adjustable adherence, information storage, and anti-counterfeiting 
technology.
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