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1-Introduction

Development of technology in various fields, especially
in automotive industry causes to use materials with high
strength, low weight and low price in automobile industry.
The friction stir spot welding process (FSSW) has been
proposed as a high-efficiency method for the joining of
polymeric materials or polymeric materials with other
materials, including metals. FSSW parameters that have a
great impact on the weld strength include tool rotation
speed, tool plunging rate, and depth, tool tilt angle, and
geometric shape. In 2011, Kemal Bilici and Irfan Yukler
investigated the parameters of friction stir spot welding
for the joining of high-density polyethylene sheets. They
showed that with increasing tool dwell time and tool
rotation speed, the joint strength also increases.

2- Research materials and methods

In this research, for metal-polymer joining, 5083
aluminum  alloy sheets with  dimensions of
10cmx5cmx2mm, pure high-density polyethylene and
Carbon black powder N- 220 were used.

2-1 Sample preparation

Powders of high-density polyethylene and carbon black
were mixed together using a ball mill with a speed of 300
rpm for 15 minutes. After that, pure polyethylene and
composite powders were placed in hot press machine
(hydraulic model Sph 500), under a pressure of 45 tons
and a temperature of 190°C to prepare sheets with
dimensions of 10cmx5cmx2mm. Polyethylene composite
or polymer sheets and an aluminum sheet as a lap joint
were joint by friction stir spot welding method by using a
universal milling machine FP4AMH with a rotation speed
of 2500 rpm, a plunging depth of 3.2 mm, and a plunging
rate of 40 mm/min. The variable parameters in this study,
which include the dwell life of the tool and the weight
percentage of the carbon black which were shown in
Table 1.

Tablel: process variables for pure polyethylene and carbon
black reinforced composite

Carbon black 0% 2/5% 5%
wt. %
dwell life 5s,10s, 5s,10s, 5s,10s,
15s,20s 15s,20s 15s,20s

Shear tensile test was performed at room temperature
and at a speed of 2 mm/min using a universal device
according to DIN EN ISO 14273. Scanning electron
microscopy (SEM) and field emission electron
microscopy (FESEM) were used to microscopically
examine the composite reinforced with 5 wt. % of carbon
black in dwell time of 10s and pure polyethylene in dwell
time of 15s.
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Figure 1. - Force-elongation changes for (a) pure
polyethylene, (b) polyethylene reinforced with 5%wt of
carbon black at different dwell times.

3. Results and Discussion
The force-displacement curves of pure polyethylene and
composite specimens reinforced with 5 wt. % carbon
black at different dwell times are shown in Figure 1.
According to Figure (1-a), polyethylene was confronted
with higher temperature when dwell time increased, and
polyethylene converted from the paste state to the melted
state at a dwell time of 15 seconds, which increased the
surface area between the two phases and the strengthen
the joint. Also, a decreasing trend of joining strength is
observed for more than 15s.

Increasing carbon black in the polyethylene matrix
generally increases the viscosity (negative effect) and the
composite's thermal conductivity (positive effect). Figure
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(1-b) presents the force-displacement curve of HDPE/5
wt.% carbon black composite at different dwell times. The
increase in the thermal conductivity of the polyethylene
matrix during the constant dwell time, causing a higher
temperature than pure polyethylene. In addition, the
incremental trend in joint strength was seen until dwell
time of 10s, and then a decrease in joint strength is
observed .Based on figure 2, the roughness of the interface
between the aluminum and the composite or pure
polyethylene indicated mechanical interlocking and an
adhesive joint between two phases.
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Figure 2 - (a) FESEM image of the interface between Al

and pure polyethylene in dwell time of 15s; and (b) SEM

image of the interface between Al and HDPE/5%wt CB
composite in dwell time of 10s.

4- Conclusion

In this study, a joint between aluminum and carbon black
reinforced polyethylene matrix was produced by friction
stir spot welding method and the effect of the presence of
carbon black on the final properties was investigated. The
results showed that increasing the dwell time and the
temperature in the joint area for HDPE/5 wt.% CB
composite until dwell time of 10 s cause to incremental
trend of joint strength, but for HDPE sample in dwell time
of 15 seconds, the maximum of joint strength was
obtained. Mechanical interlocking was seen at interface of
aluminum, pure polyethylene, and carbon black
reinforced HDPE sample.
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