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Abstract  Modified physical mixing method was extended to fabricate carbon nanotube reinforced nanocomposites. 
These nanocomposites were subsequently characterized using Scanning Electron Microscopy, Electron Dispersive 
Spectroscopy & X Ray Diffraction techniques. Morphological studies revealed that CNTs are homogenously dispersed into 
silver matrix. Effect of type of CNT reinforcement on hardness & modulus of elasticity was evaluated. A higher increase in 
hardness & modulus of elasticity was observed for SWCNT/Ag nanocomposites than the MWCNT/Ag nanocomposites 
which may be attributed to superior thermo physical properties of SWCNTs. 
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1. Introduction 
Silver is an important metal with distinct characteristics. 

Its excellent thermal & electrical conductivity makes it an 
attractive material to be used as a metal interconnect in 
electronic devices. However, Silver is a soft metal & 
mechanical strength is one of the essential requirements for 
such materials. Silver-graphite composites have normally 
been used as interconnects in electronic devices [1, 2]. 
Superior properties of carbon nanotubes such as high aspect 
ratio, hardness & exceptional young’s should make them 
better reinforcement materials to tailor mechanical 
properties of metal matrix composites [3, 4]. Mechanical 
properties of CNT/Cu & CNT/Al nanocomposites have been 
extensively studied but very few reports are available on 
CNT/Ag nanocomposites [5-7].  

Recently, Daush et.al. have reported improvement in 
hardness & elongation properties on reinforcement of 
MWCNTs in silver matrix [8]. But reinforcing effect of 
CNTs can be utilized only if homogenous dispersion of 
CNTs in metal matrix is achieved. This is a challenging task 
due to entangled structure of CNTs.  

In the present study, modified physical mixing method has 
been extended to fabricate CNT/Ag nanocomposites. Silver 
metal matrix was reinforced separately with single wall   
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carbon nanotubes (SWCNTs) & multiwall carbon nanotubes 
(MWCNTs). MWCNTs are cheaper & economically more 
suitable for industrial applications whereas SWCNTs 
possess better thermo physical properties such as higher 
aspect ratio & specific surface area. Effect of different type 
of CNT reinforcement on mechanical properties of silver 
matrix nanocomposites has been elucidated in the present 
work. 

2. Experimental Details 
2.1. Fabrication & Consolidation of CNT/Ag 

Nanocomposite 

Carbon Nanotube (0, 1.5, 3.0 & 4.5 Volume %) reinforced 
silver nanocomposites were fabricated using modified 
physical mixing method [9]. Functionalized nanotubes 
(SWCNTs & MWCNTs) & silver nanopowder were 
purchased from Nanoshel, USA. Weighed amounts of as 
received CNTs were soaked in 100 ml ethanol & sonicated in 
a probe sonicator for 2hrs. Then, required amounts of silver 
nanopowders were added to the sonicated solution. 
Simultaneous magnetic stirring and sonication was carried 
out for another 2 hrs. All the chemicals employed in the 
fabrication process were of analytical grade & were used 
without further purification. The mixture was then dried at 
50°C on a hot plate to obtain the CNT/Ag nanopowder. Both 
MWCNT/Ag and SWCNT/Ag nanopowders were fabricated 
separately using this method. Samples were compacted at a 
pressure of 7 tons using a hydraulic press into pallets of size 
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13mm x 2mm. Sintering of the pallets was carried out in a 
horizontal tube furnace equipped with a temperature 
controller at 800oC for 12hrs. 

2.2. Instrumentation 

XRD patterns of samples were recorded on a panalytical 
3050/60 Xpert-PRO using a CuKα radiation. Morphology of 
the samples was analyzed using a scanning electron 
microscope (SEM) FEI Quanta FEG 450 operated at 15 KV. 
Hardness & modulus of elasticity of the samples were 
measured using a CETR- Apex nanoindenter equipped with 
a berkovich diamond tip. 

3. Results & Discussion 
3.1. Microstructure Characterization 

Microstructure characterization was carried out using X 
Ray Diffraction, Electron dispersive spectroscopy & 
Electron microscopy. X-Ray diffraction patterns in figure 1 
indicate the crystalline nature of the samples. Diffraction 
peaks at 38.9°, 45.1°, 65.1° & 78.2° correspond to (111), 
(200), (220) & (311) reflections of FCC phase of silver. 
CNTs presence in the sample is indicated by slight hump at 
2θ values between 20° – 30°. 

 

 
Figure 1.  XRD pattern of CNT/Ag nanocomposite 

Electron Diffraction Spectroscopy was used to analyze the 
elemental composition of the sample. Figure 2 confirms the 
volume content of the CNTs in the sample. Peaks at 3.0, 3.2 
& 3.4 KeV correspond to binding energies of the silver 
whereas peak at 0.25 KeV correspond to binding energy of 
the carbon. 

Morphology of the samples is shown in figures 3a-c. It can 
be clearly seen that CNT’s are homogenously dispersed & 
embedded into silver matrix. Physical mixing method has 
been able to prevent agglomeration of CNTs to a large extent. 
However some agglomerates can be seen in composites 
reinforced with 4.5 Volume % Carbon Nanotube. 

 

Figure 2.  EDS characteristic profile of CNT/Ag Nanocomposite 

 

 

 
Figure 3.  SEM micrographs of (a) CNT (1.5 vol. %) /Ag, (b) CNT (3 
vol. %) /Ag and (c) CNT (4.5 vol. %) /Ag 
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3.2. Mechanical Properties 

Mechanical properties of a composite are influenced by 
CNT-metal interface, volume of CNT in the composite, 
CNT distribution into the metallic matrix and type of CNT 
used as reinforcement. MWCNTs are economical due to 
their easy availability and are better suitable for industrial 
applications whereas SWCNTs possess better 
thermo-physical properties than MWCNTS. 
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Figure 4.  Hardness of CNT/Ag Nanocomposites 
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Figure 5.  Modulus of elasticity of CNT/Ag nanocomposites 

Hardness & modulus of the elasticity has been measured 
using nanoindentation technique. The data has been plotted 
in figure 4 & 5. Both the mechanical properties are found to 
improve with increase in CNT reinforcement which may be 
attributed to large aspect ratio & specific surface area of 
carbon nanotubes which is considerable higher than that of 
other reinforcements such as carbon fiber.  

Homogenous distribution of the CNTs into silver matrix 
leads to the creation of a large interface between the two 
phases. This results into transfer of externally applied load 

from matrix to CNTs. Anchored CNTs inside the grain 
boundaries restricts the relative motion of the two phases 
with respect to each other which results an increase in 
hardness & modulus of elasticity [10]. Figure 4 & 5 clearly 
show that single walled carbonnanotube reinforced 
nanocomposites possess better hardness & a higher modulus 
of elasticity than the nanocomposites reinforced with 
multiwalled carbonnanotube. Hardness of a SWCNT/Ag 
nanocomposite is 1.75 GPa as compared to 1.49GPa for 
MWCNT/Ag nanocomposite with 4.5 Vol% CNT content. 
Modulus of elasticity is also higher for SWCNT/Ag than 
MWCNT/Ag composites with same CNT content. These 
superior properties of SWCNT/Ag nanocomposites are 
probably due to higher aspect ratio & specific contact surface 
area of SWCNTs as compared to MWCNTs. SWCNTs also 
do not possess any inactive internal layer which makes the 
transfer of load from silver reinforcement easier. 

4. Conclusions 
Modified physical mixing method was used to fabricate 

CNT/Ag nanocomposites reinforced with both SWCNTs & 
MWCNTs. Morphological studies confirmed the 
homogenous distribution of CNTs into silver matrix. 
Mechanical parameters viz. hardness & modulus of elasticity 
of various samples were analyzed with reference to variation 
in different type of CNTs. Nanoindentation testing showed 
that hardness & modulus of elasticity of SWCNT/Ag 
nanocomposite are significantly more than the hardness & 
modulus of elasticity of MWCNT/Ag nanocomposites which 
may attributed to better thermo physical properties of 
SWCNTs. We believe improvement in mechanical 
properties increases the potential of these materials for their 
applications as metal interconnect in electronic devices. 
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