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Abstract: In this research, Carbon Nanotubes (CNTSs) were incorporated into pure titanium to create a surface
nanocomposite using Friction Stir Processing (FSP) method. Initially, through various experiments, the desired
linear and rotational speeds were established (0=300 rpm, v=180 mm/min). Subsequently, different process passes
were conducted on pure titanium and the surface composite, which was fabricated using a fixed volume percentage
of 3.8% carbon nanotubes. The effect of this variable on the mechanical properties and microstructure of both pure
titanium and the surface composite was then investigated. The results showed that the optimal ultimate tensile
strength and hardness for the surface composite were achieved in the second pass, with values increasing to 512

Twinning, MPa and 265 Hv, respectively. In contrast, the ultimate tensile strength and hardness of pure titanium were
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Mechanical Properties
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measured at 390 MPa and 45 Hv, respectively. The findings indicated that friction stir processing did not have a
noticeable effect on the mechanical properties of pure titanium.

URL: https://www.jamt.ir/article_216721.html

1. INTRODUCTION

Friction Stir Processing (FSP), developed from
Friction  Stir Welding (FSW), enhances the
microstructure of pure metals and cast alloys. Research
indicates that FSP can completely refine the
microstructure of aluminum-silicon alloys, yielding a
uniform silicon distribution and an ultimate strength
increase of up to 30%. FSP is also used in producing
surface composites, such as the AZ series of magnesium
alloys reinforced with carbon nanotubes (Hosseini et al.,
2015). Further, the obtained results show that the number
of FSP cycles positively affects the distribution and
fragmentation of carbon nanotubes, improving both
mechanical properties and microstructure. This study
investigates the impact of cycle count on the
microstructure and mechanical properties of titanium-
carbon nanotube composites (Liu et al., 2014).

2. MATERIALS AND METHODS

The present study employs Friction Stir Processing
(FSP) to produce Ti/CNTs surface composites. The
processing parameters, including the number of passes,
are varied to investigate their effects on the
microstructure and mechanical properties of the
composite. The microstructure is characterized using
optical microscopy and scanning electron microscopy,
while the tensile testing and hardness testing were used
to evaluate the mechanical properties. Additionally, this
study employed the FSP to modify the microstructure and
mechanical properties of titanium and its composite with
carbon nanotubes. The processing involved multiple
passes, and the effects of each pass on the microstructure

and mechanical properties were examined.

3. RESULTS AND DISCUSSION

Friction Stir Processing (FSP) is an innovative
technique derived from Friction Stir Welding (FSW) that
aims to enhance the microstructure of metals and alloys.
Research indicates that FSP can significantly refine the
microstructure of aluminume-silicon alloys, resulting in
an approximate 30% increase in strength. Moreover, FSP
is effectively employed to develop surface composites,
such as magnesium-aluminum-zinc alloys reinforced
with carbon nanotubes. Studies have shown that
increasing the number of FSP processing cycles
improves the distribution and fragmentation of carbon
nanotubes within the matrix, leading to enhanced
mechanical properties (Zhang et al., 2008).

This study specifically investigates the impact of
varying the number of FSP cycles on the microstructure
and mechanical properties of titanium-carbon nanotube
composites. Titanium is renowned for its excellent
strength-to-weight ratio and corrosion resistance, making
it a valuable material in various applications, including
aerospace and biomedical fields. The incorporation of
carbon nanotubes into titanium matrices can further
improve mechanical properties such as strength,
ductility, and toughness (Kumar et al., 2008).

In this research, titanium-carbon nanotube
composites undergo multiple FSP cycles to assess how
these  cycles influence  their  microstructural
characteristics and mechanical performance. The process
involves using a rotating tool that generates frictional
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heat, causing local melting and plastic deformation of the
material. This method enables the uniform distribution of
carbon nanotubes within the titanium matrix, which is
crucial for achieving optimal mechanical properties
(Fujii et al., 2010).

Preliminary results suggest that increasing the
number of FSP cycles leads to finer microstructures and
better dispersion of carbon nanotubes, hence improved
mechanical performance. The enhanced properties
observed in these composites indicate their potential for
use in demanding applications where high strength and
lightweight materials are essential (Rios et al., 2010).

In summary, this study highlights the effectiveness of
FSP in refining the microstructure of titanium-carbon
nanotube composites. Optimizing the number of
processing cycles promises significant improvements in
mechanical properties, thus paving the way for advanced
applications in various industries (Figure 1 and 2). The
findings underscore the importance of further research
into processing parameters to fully harness the benefits
of FSP for composite materials.
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Figure 1. Stress-strain diagram with linear speed of 180
mm/min and rotational speed of 300 rpm and with different
number of passes of the friction mixing process
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Figure 2. Stress-strain diagram of surface composite with
different number of passes of friction mixing process

4. CONCLUSION

The study concludes that the number of passes is a
critical parameter in the friction stir processing of
Ti/CNT surface composites. An increase in the number
of passes leads to a decrease in grain size and an
improvement in the distribution of CNTSs, resulting in

enhanced mechanical properties. Furthermore, friction
stir processing proves to be an effective method for
improving the mechanical properties of titanium and its
composite with carbon nanotubes. This process
facilitates the formation of a fine-grained microstructure
and a more uniform distribution of carbon nanotubes,
which leads to improved strength and hardness. The
study also recommends using simulation software, such
as Deform, to validate the initial experimental data. It
also suggests that further research should investigate the
impact of friction stir processing variables, such as linear
speed, rotational speed, and number of passes on the
mechanical properties and microstructure of titanium-
based surface nanocomposites.
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3. Field emission scanning electron microscope
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