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Methods: AM60 specimens with a longitudinal grove in some of
them, near the joining edges for holding reinforcing alumina
nanoparticles, were prepared. Then the grooves were locked and
friction stir welding process was done by H13 steel tool and FP4ME
type welding machine on with and without alumina nanoparticles
specimens in 1000 rpm,1200 rpm and 1400 rpm rotational speed,
25 mm/min linear speed and starring pass of 1, 2 and 3 pass
conditions.

Findings: Microscopic analysis revealed peak condition could be
made in 1200 rpm rotational speed, not only in the absence of
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Friction stir welding, AM60 alloy, = Adverse effects of higher strains in lowering grain size and higher
Mechanical properties, = temperatures in grain growth should be considered. In the
Intermetallic compounds, & existence of alumina nanoparticles in the matrix some areas of low

content aluminum formed besides of high aluminum content of
intermetallic compounds regions. Higher hardness and ultimate
tensile strength achieved in optimum 1200 rpm rotational speed
not only with alumina nanoparticles but also in the absence of
alumina nanoparticles condition. Higher stresses and therefore
lower agglomerated alumina nanoparticles resulted with increasing
rotational speed. With alumina nanoparticles in matrix, lower grain
size, higher hardness and higher ultimate tensile strength was
attained.
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Modification of mechanical properties of friction stir welded AM60 magnesium alloy ...

Extended Abstract

Introduction

AMG60 alloy is a low cost magnesium alloy
with low Al and Mn content and proper
ductility which is used in automotive
industry [1,12] and friction stir welding
(FSW) is a solid state welding process which
is used for welding high temperature
sensitive materials such as magnesium
alloys. Produced heat and resulting material
flow are effective in microstructure
formation and linear speed and rotational
speed are the two main variables [2-4] in
FSW process. High linear speed and/or small
rotational speed result low temperature and
so small grain size microstructure [4]. Study
of reinforcing particles on friction stir
welded aluminum alloys have been studied
in numerous researches but number of such
studies in magnesium alloys is relatively low
and often related to other Mg alloys [5-11].
Low mechanical behavior of weld zone in
friction stir welded AM6 alloy structures has
been attributed to drastic changes in texture
and microstructure between weld zone and
thermomechanical zone [10] and high
hardness in AM60 weld zone has been
achieved in low linear speed and low
rotational speed conditions [9].

Materials and Methods

AM60 specimens with dimensions of 10
mm*5 mm*0.5 mm and a longitudinal grove
in some of them, near the joining edges for
holding reinforcing alumina nanoparticles,
were prepared. Then the grooves were
locked and friction stir welding process was
done by H13 steel tool [13] and FP4ME type
welding machine on with and without
alumina nanoparticles specimens in 1000
rpm,1200 rpm and 1400 rpm rotational
speed, 25 mm/min linear speed and starring
pass of 1, 2 and 3 pass conditions. Mean size
and purity of the reinforcing alumina
nanoparticles was 20 nm and 90%
respectively. Microstructural analyses were
performed with an optical Microscopy (OP),
a MIRA3 TESCAN-XMU model field emission
scanning electron microscopy (FESEM) and
a VEGA TESCAN-XMU type scanning electron
microscopy (SEM) equipped with energy-
dispersive x-ray spectroscopy (EDS). Tensile

tests were made using an Al-7000LA model
universal testing machine and Vickers
hardness tests with a MXT70 type
instrument. MIP software was used for
analyzing the microscopic images and
determining the size of grains and alumina
nanoparticles.

Results and Discussion

Similar to others' results, reduction in
volume percent of Mgi7Ali,, grain growth,
and formation of further intermetallic
compounds was observed in base and weld
Figures 1 and 2-A, Microscopic studies
showed formation of low aluminum content
areas (darker areas) in neighborhood of
aluminum intermetallic compounds (White
point) or in vicinity of high aluminum
content areas (lighter zones). This events
were not detected in specimens without
alumina nanoparticles. Heat which is
generated during FSW process causes to
occur dissolving and diffusion of alumina
nanoparticles [20].

Fig. 1: Formation of low aluminum content areas
(dark areas) in neighborhood of aluminum
intermetallic compounds (White point)

Fig. 2: A: Formation of low aluminum content areas
(darker areas) in vicinity of high aluminum content
areas (lighter zones) B: A nearly uniform distribution
of alumina nanoparticles (P points in Figure 2-B) in
specimens having alumina reinforcing nanoparticles

EDS analysis indicated a nearly uniform
distribution of alumina nanoparticles (P
points in Figure 2-B) in specimens with
alumina reinforcing nanoparticles which
showed the ability of FSW process in closely
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constant dispersion of nanoparticles in
matrix.

Grain size measurements showed a decrease
and then an increase in grain size with
increasing of rotational speed in both with
and without alumina nanoparticles
specimens. In lack of alumina nanoparticles,
the mean size of grains in stir zone were 7.4,
6.2 and 10.2 micron for rotational speeds of
1000,1200 and 1400 rpm respectively while
in samples with alumina nanoparticle, the
mean size of grains in stir zone decreased to
4.2 micron, 3.1 micron and 5.5 micron for
rotational speeds of 1000, 1200 and 1400
rpm respectively. Strengthening
nanoparticles cause to reduce grain size by
locking the dislocations and preventing the
grain growth [22]. Due to welding strains
[23], the size of agglomerated alumina
particles diminished with increasing of
rotational speed.

Vickers hardness tests revealed an increase
in hardness in samples having alumina
nanoparticles in comparison with non-
alumina nanoparticle specimens. Weld
centerline  hardness of non-alumina
nanoparticle specimens increased by 4.4,
12.5 and 3.7 percent of hardness of base
material with increasing of rotational speeds
of 1000, 1200 and 1400 rpm respectively
while for samples with  alumina
nanoparticles due to existence of reinforcing
alumina nanoparticles, amounts of this
factor were increased to 16.2, 32.4 and 21.3
percent respectively.

Tensile tests showed an increase in ultimate
tensile strength in specimens containing
alumina nanoparticles in comparison with
non- alumina nanoparticle samples.
Ultimate tensile strength of non-alumina
nanoparticle samples was obtained 75, 88
and 79 percent of ultimate tensile strength of
base material with increasing of rotational
speeds of 1000, 1200 and 1400 rpm
respectively while for samples with alumina
nanoparticles, due to existence of
reinforcing alumina nanoparticles, amounts
of this factor were increased to 88, 98 and 86
percent respectively.
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Conclusion

In friction stir welding process, strain and
heat rises with increasing of rotational
speed. Increasing of strain leads to a
decrease in grain size but reverse effect is
achieved with accumulative of heat. In lack
of alumina nanoparticles, the mean size of
grains in stir zone were 7.4, 6.2 and 10.2
micron for rotational speeds of 1000, 1200
and 1400 rpm respectively while in samples
with alumina nanoparticle, the mean size of
grains in stir zone decreased to 4.2 micron,
3.1 micron and 5.5 micron for rotational
speeds of 1000, 1200 and 1400 rpm
respectively.

Rotational speed of 1200 rpm was accepted
as an optimum rotational speed for hardness
and ultimate tensile strength. Reinforcing
nanoparticles cause to reduce grain size by
locking the dislocations and preventing the
grain growth.

In samples with reinforcing alumina
nanoparticles, the size of agglomerated
particles diminished with increasing of
rotational speed and aluminum intermetallic
compounds formed in vicinity of low
aluminum content areas.
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