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1. Introduction 
 

Carbon nanotubes (CNTs) have been the focus of the 
growing attention of scientific communities, attracted to 
them by their many interesting properties as well as by their 
large potential for practical applications. Due to their 
unique size and structural diversities, many interesting 
physical properties were found. Of particular importance is 
the mechanical properties [3]. CNTs are attractive 
reinforcement materials for light weight and high strength 
metal matrix composites. Although extensive research has 
been performed on their electrical, mechanical and 
functional properties, there are not many successful results 
on the mechanical properties of CNT dispersed 
nanocomposites. In polymer- and ceramic-matrix composites, 
the strength and stiffness increased considerably with the 
reinforcement of the CNT [4]. However, reports on the 
improvement of properties in metal matrix composite 
(MMC) systems are rare possibly because of the low 
interfacial bonding strength between the matrix and the 
CNT reinforcements. 

It is well known that heavy cold deformation can result in 
significant refinement of the microstructure of metallic 
materials [5]. Based on this grain refinement effect, bulk 
nanostructured materials processed by several methods of 
severe plastic deformation (SPD) were developed [6-9]. 
Among the various SPD processes, equal channel angular 
pressing (ECAP) is a convenient procedure for obtaining 
ultrafine grained materials by extruding metallic materials 
through specially designed channel dies without a 

substantial change in geometries. Although numerous 
studies have dealt with ECAP of many pure metals and 
alloys, no studies on ECAP of CNT/MMCs starting from 
powder mixtures have been reported, as far as the authors 
know. 

In this abstract we investigated the powder ECAP 
processing and mechanical properties of powder ECAP 
processed CNT/Cu matrix composites.  

 
 

2. Experimental and Results 
 
Atomized commercial purity copper powders of 2-3 µm 

in diameter produced by Changsung Co. were used for a 
matrix material. Single-wall CNTs manufactured by Iljin 
Nanotech Co. using an arc discharge method were used for 
a reinforcement. The CNTs exist in the shape of bundles 
having 10 nm in diameter and 20 µm in length. Copper 
powders and 1 vol.% of CNT were mixed in ethanol, 
vibration treated for 1 hr with an ultrasonic cleaner to 
separate agglomerated powder and to help homogeneous 
mixing, dried at 50 oC to remove ethanol and inserted into a 
copper sheath of 6 x 6 x 50 mm3. 

The copper sheath containing powder mixtures of CNT 
and Cu were finally cold ECAP processed. ECAP 
processing was conducted up to eight passes at room 
temperature, following Route C, the workpiece being 
rotated by 180° around the longitudinal axis between the 
passes. A mixture of MoS2 powder and commercial oil was 
used for lubrication between the workpiece and the channel 
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surfaces.  
The Vickers microhardness was measured using an 

Akashi HM0-122 tester by applying a load of 100 g force 
for 10 sec and taking an average over 8 separate 
measurements.  

 
 

3. Results 
 
Figure 1 shows the effect of ECAP on the strengthening 

of the CNT/Cu nanocomposites. The hardness of the ECAP 
processed samples are more than twice of the initial Cu 
powders, due to a combined effect of matrix strengthening, 
densification and CNT particle strengthening. It should be 
noted that with the number of ECAP passes, hardness 
increases and hardness variations with measured position 
decreases (24 HV. 16 HV and 20 HV in 1 passed, 4 passed 
and 8 passed samples, respectively); the latter result implies 
that ECAP enhances spatial homogenization of the 
composite workpieces. Hence, ECAP has one more viable 
industrial application; homogenization of microstructures of 
bulk composite parts in addition to grain refinement. The 
fact that the increases of indenting load by 20% and 12% by 
adding only 1 vol.% of CNT is promising in the 
development of CNT-metal matrix nanocomposite.   
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Fig. 1. Hardness with the number of ECAP passes for 1 
vol.% CNT/Cu nanocomposites.  
 
  

4. Summary 
 

Bulk CNT-Cu nanocomposites from powder mixtures 
were processed by room temperature ECAP up to 8 passes 

using Route C to achieve densification and sound bulk 
formation without grain growth. It was found by the 
microhardness tests that effective densification, 
homogeneous microstructure and high mechanical strength 
could be achieved effectively as a result of the severe 
plastic deformation of ECAP and the well bonded powder 
contact surface during powder ECAP. The SPD processing 
of powders is a viable method to achieve both fully density 
and good particle bonding in CNT-metal matrix composites. 
The effects of CNT/matrix interface and CNT alignment 
will be the focus of our future work.  
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