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friction stir spot welding (FSSW)
2. stir Zone (SZ)
3. thermo-mechanically affected zone (TMAZ)
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ABSTRACT

Cast AZ91 alloy is one of the most used magnesium alloys, which is sensitive to liquation in the fusion weld method,s
and friction stir spot welding due to low eutectic temperature and the presence of the intermetallic compound in eutectic
temperature. In this research, the liquation behavior of AZ91 alloy during friction stir spot welding was investigated.
The process was carried out at two rotation speeds of 1000 and 2500 rpm and a dwell time of 1 second on the plate of
AZ91 with a 10 mm thickness. Microstructural characterization was carried out using optical and scanning electron
microscopes. The results showed that at low rotation speed (1000 rpm), mechanical grinding redistribution and
dissolution of y-Mg;7Al;» precipitates occurred. While at high rotation speed (2500 rpm), the predominant phenomenon
was liquation. In this condition, the liquation initiated around the y phase, and then the liquid re-solidified, leading to
the typical eutectic structure instead of initial y precipitates. Moreover, the liquation intensified by approaching the
stirred zone. Also, the presence of liquid film along grain boundaries resulted in decreased grain boundary strength and
liquation cracking.

Keywords: Friction stir spot welding, Liquation, Re-solidification, Liquation cracking.

1. INTRODUCTION AZ91 alloy caused by (i) melted eutectic film
Magnesium alloys with significant properties such formation, (ii) envelopment of melted eutectic
as low density and high specific strength are films, (iii) penetration of primary o-Mg grain
valuable candidates for conventional engineering boundaries in the stir zone, and (iv) crack
materials in the transportation industry [1]. AZ91 propagation when torque is exerted by the rotating
alloy contains the intermetallic compound of the tool.

y-Mg17Al 2 particles, which increases the strength In the present study, the effect of tool rotation
of the AZ91 alloy [2]. These particles that rate in friction stir spot welding on the sequence
remained at the eutectic temperature caused of phase transformation, and liquation behavior of
liquation upon heating by the eutectic reaction. AZ91 was investigated. For this purpose, the
Liquation and liquation cracking have been microstructural changes, initiation of liquation, re-
reported during fusion [3-5] and solid-state solidification of liquid, the thickness of liquid
welding of AZ91 alloy [6-8]. Robson et al. [7] along grain boundaries, and occurrence of
studied the refinement and dissolution of y phase liquation cracking by attention to the liquid
particles in the stir zone attributed to the liquation situation  along grain  boundaries  were
due to the low eutectic melting temperature of investigated.

AZ91. Yuan et al. [5] reported that the dissolution

of y particles reduced the susceptibility to 2. MATERIALS AND METHODS

liquation cracking. Yamamoto et al. [8] proposed Partially homogenized AZ91 alloy plates with a
that the liquation penetration induced (LPI) thickness of 10 mm were friction stir spot welded
cracking in friction stir spot welding (FSSW) of using rotational tool speeds of 1000 and 2500

- - rpm, dwell time of 1 second, and plunge depth
*: m.jabbareh@hsu.ac.ir
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of 0.2 mm. The shoulder diameter was 16 mm,
and the pin was 5 mm in diameter and 3 mm in
height. The microstructural studies were
conducted by a GX51 optical microscope and
scanning electron microscope.

3. RESULTS AND DISCUSSION

The AZ91 alloy in partially solutionized condition
consists of primary a-Mg dendrites and inter-
dendritic regions via ofy eutectic and
discontinuous y particles. The friction stir spot
welding process with the rotational tool speed of
1000 rpm provides high temperature and severe
plastic deformation for the dissolution of
discontinuous y particles and mechanical grinding
and partial dissolution of y-eutectic particles in the
thermo-mechanically affected zone. While the
course y-eutectic particles did not dissolve entirely
at rotational tool speed of 2500 rpm due to higher
heating rate and lower flow stress (Fig. 1a). In the
equilibrium condition, the complete dissolution of
y phases happened above solvus temperature.
However, the time for the dissolution process was
limited under non-equilibrium situations during
friction stir spot welding. The dissolution rate of y

"

Fig. 1. The optical microscopic images of the thermomechanically affected zone in the rotational tool speed of
2500 rpm (a), the liquation of the y-eutectic particles (b), continuous liquid film along grain boundaries (c),
and re-solidification of liquid film along grain boundaries (d).

precipitates during heating was proportional to the
size of the precipitates. Thus, the complete
dissolution of discontinuous y particles compared
to y-eutectic particles was related to their finer
size. In this condition, by reaching the eutectic
temperature, the un-dissolved y particles
experienced the eutectic reaction (Fig. 1b).
Towards the tool pin, sufficient temperature and
time resulted in the liquid encompassing for all of
the yp-eutectic particles. This liquid was re-
solidified as a uniform eutectic in place of initial
y-eutectic particles.

By approaching the stirred zone, a higher
temperature and strain rate provided appropriate
conditions for the eutectic liquid to stretch along
the grain boundaries in the direction of material
flow around the tool pin (Fig. 1c and 1d).

The presence of liquid along grain boundaries
weakened the bonding between grains. In this
condition, cracking occurred along grain
boundaries under the tool torque during the
process and tool withdrawal after dwell time. As
can be seen in Fig. 2a and 2b, the thickness of
liquid film along grain boundaries increased by
approaching the tool pin, and susceptibility to
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Fig. 2. The optlcal mlcroscoplc1mages of (a) llquatlon crackmg in the thermomechanically affected zone and
(b) Intensified liquation cracking towards the stirred zone.

liquation cracking intensified due to the
decreasing stress required for cracking. Also,
more solidification time resulted in the presence
of liquid film while stressing development. High
temperature and severe plastic deformation near
the tool pin resulted in new recrystallized grains.
As seen in Fig. la and 1b, new recrystallized
grains only occurred in the inter-dendritic regions.
This could be attributed to the more strain and
strain rate in the inter-dendritic area compared to
primary o-Mg due to the presence of precipitates.

4. CONCLUSION

I. In low tool rotational speed, mechanical
grinding of the y-eutectic particles, redistribution,
and dissolution of precipitates occurred.

2. The liquation reaction occurred in the eutectic
temperature by the presence of the p-eutectic
particles. The eutectic liquid resolidified as a
normal eutectic instead of the y-eutectic particles.
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