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1. Introduction

Magnesium alloys, being one of the lightest metallic
materials in practical use and having a very attractive balance
of properties, offer a great potential for weight saving in
many industrial products including vehicles. However, poor
weldability of these materials restricts their practical appli-
cation. In this regard, friction stir welding (FSW), an
innovative “solid-state” joining technology," appears to be
a very promising one for the alloys.

Early studies in this field have confirmed that FSW has a
very good potential for joining of the magnesium alloys.”
This necessitates development of a more fundamental under-
standing of the FSW process with the aim to control weld
properties through microstructures vs. properties relation-
ships. In this regard, microstructural evolution is becoming
now one of the key issues in FSW of the alloys.

Microstructural studies have shown that the material
within stirred zone (SZ) exhibits an equiaxed grain structure
which is commonly referred to as “recrystallized” one.*®
Nevertheless, transmission electron microscopy (TEM) ob-
servations have typically revealed high dislocation density in
grain interiors.>”” Limited experimental data have shown
that the microstructure may contain significant fraction of
low-angle boundaries (30 to 35%)%” and misorientation-
angle distribution is featured by an increased proportion of
30-deg. boundaries.” The characteristic feature of the
material in the central part of the SZ is a very specific,
(0001) // welding direction, texture.®1%1? Detailed studies
involving textural measurements in different locations
within SZ have shown that grains are oriented in such a
way that {0002} is roughly parallel to pin column sur-
face.!%1? Park et al.'® have attributed the development of
this texture to shear deformations induced by the rotation
of a tool pin.

The above mentioned research efforts have provided a
number of significant information on the microstructures
developed in the SZ. However, relatively little attention has
been paid to how the grain development occurs and to the
actual mechanisms governing this process. In this paper, we
focus on the process of the microstructural evolution during a
FSW of a ZK60A magnesium alloy. For this purpose, an elec-
tron back-scatter diffraction (EBSD) technique in conjunc-
tion with a field emission gun scanning electron microscopy
(FEG-SEM) has been employed in an attempt to provide in-
depth insight into the process of grain structure development.

2. [Experimental

Base material (BM) used in the present study was a
commercial ZK60 magnesium alloy with a nominal chemical
composition (in mass%): Zn 4.8-6.2, Zr 0.5-0.8, Cu < 0.03,
Ni < 0.005 and balance Mg. The BM was supplied as a hot-
extruded bar. The received bar had a partially recrystallized
grain structure and a prominent fibre texture with (1010)
direction aligned parallel to the extrusion axis. Second-phase
particles in the BM consisted of a mixture of coarse (>1 um)
Mg-Zn and Zn-Zr intermetallics precipitated along grain
boundaries and of fine (<0.1um) Zr-rich dispersoids inho-
mogeneously distributed in grain interiors.”

Welding blanks, 50mm wide and 3 mm thick, were cut
from the supplied bar perpendicularly to the extrusion
direction. The blanks were milled to provide a rectangular
shape and parallel surfaces and then butt-welded at a tool
rotation speed of 600 rpm and a travel speed of 100 mm /min.
Welding tool was made from a SKH9 carbon tool steel and
consisted of a shoulder having diameter of 14 mm and of a
M6 threaded cylindrical pin with 2.8 mm in length. During
FSW, the tool was tilted by 3° from the blank normal. Under
this FSW condition, a very fine-grained structure has been
obtained.” In this paper, the reference directions in FSW
geometry are denoted as follows: welding direction (WD),
extrusion direction (ED) and transversal direction (TD).
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