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Since their discovery by Ijiima [1], carbon nanotubes have been considered as an ideal reinforcing 

material to improve the mechanical properties in polymeric, ceramic and metallic materials [2-4]. The 

need to find high-strength lightweight materials in transportation industries has driven the development 

of new materials and manufacturing methods to reduce CO2 emissions into the atmosphere.  

 

Recently, a new manufacturing process for the production of metal matrix composites reinforced with 

carbon nanotubes, known as sandwich technique, has been proposed [5-7]. This technique produces 

materials comprised of a metallic matrix and banded structured-layers of multiwalled carbon nanotubes 

(MWCNTs).  

 

The composites fabricated, both pure aluminum and AZ31 magnesium reinforced with MWCNTs, were 

characterized and studied by FESEM, TEM and HRTEM techniques for identifying the interaction 

between aluminum or magnesium matrix and MWCNTs. Figure 1a shows the MWCNTs used in this 

study, which have outer diameters of 10–40 nm and inner diameters of 10–20 nm, with a length of 30–

50 µm. Some imperfections, including variable numbers of carbon layers and partial interior filling, 

amorphous carbon, and “bamboo” defects, are showed. These defects consist of several transverse, 

internal walls segmenting the interior of MWCNTs into independent pods or isolated volumes.  

 

In both aluminum and magnesium composites a good dispersion of the MWCNTs into the metal matrix 

is clearly seen (Figures 1b and 1c), which proves the success of the sandwich technique to synthesize 

these kind of composites. Figures 2 shows TEM and HRTEM images for both composites, where the 

MWCNTs can be observed embedded into the aluminum matrix (Figure 2a) and the magnesium alloy 

matrix (Figure 2b). The details in Figure 2 let see a good and homogeneous interface between both 

metal matrices and the MWCNTs, with no evidence of the formation of carbides or any other phase. 
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Figure 1. (a) TEM image of the MWCNTs used in this study. FESEM images of (b) Al/MWCNTs and 

(c) AZ31 Mg/MWCNTs composites. 

 

 
Figure 2. TEM images of (a) pure Al and (b) AZ31 Mg reinforced with MWCNTs. 
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