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Feasibility of FSW to produce defect-free welds and for microstructure refinement in a ZK60 magnesium alloy has been examined over
wide ranges of rotational and welding speeds. The results showed that joined-state was affected very much by the thickness of plates to be joined:
for “thin” 3-mm thick plates, FSW was successful in a relatively wide range of welding conditions, whereas all “thick” 6-mm welds were found
to be defective irrespective of rotational and welding speeds used. We have demonstrated that FSW is a very effective tool for microstructure
refinement in the ZK60 alloy plates: A coarse, mm-scale, original grain structure was efficiently refined down to fine-grained range. It appears
that second-phase particles containing Zr play an important role in the grain refinement.
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1. Introduction

Magnesium alloy is one of the lightest metallic materials in
practical use for structural applications. The promising
balance of physical and mechanical properties of such alloys
including high specific strength makes them very attractive
for automotive and aerospace industries. However, despite
the important benefits, magnesium alloys have been used for
only limited applications due to their two principal draw-
backs; generally poor weldability and low ductility.

Friction Stir Welding (FSW), a novel technology invented
in 1991," appears to be a very promising processing tech-
nique for broadening the industrial application of magnesium
alloys. As it is a solid-state process, FSW can avoid or limit
solidification problems conventional fusion welding tech-
niques have and thereby it can provide defect-free welds
having good properties even in materials that are generally
thought to be not appropriate for fusion welding. On the other
hand, a material being subjected to FSW usually undergoes
extreme levels of plastic deformation and thermal exposure,
and these can lead to a significant microstructure refinement
in the central part of the weld zone. This characteristic of the
process allows us to consider FSW as a potential tool for
superplastic property enhancement in magnesium alloys.

Considering the potential advantages of FSW, a number of
research efforts have been made to evaluate effects of FSW
on microstructures and various properties of magnesium
alloys.>'® Many studies on the ability of FSW to produce
defect-free welds in some magnesium alloys have been
published to date >1>715 However, as far as the authors know,
the influence of FSW parameters on weldability of magne-
sium alloys has not yet been fully investigated and optimal
“processing window” for joining has not been determined.
On the other hand, the effect of FSW on microstructure
refinement in magnesium alloys has been studied much
extensively.”>71® Results of these studies have shown that

FSW is generally suitable for grain refinement but the
refining efficiency appears to be not very high and noticeable
grain size reduction is typically observed only in cast
alloys.>” In order to facilitate microstructure refinement,
special approaches have been used in some works involving
addition of ceramic particles into magnesium matrix'>17
or effective cooling of the material under FSW by liquid
nitrogen.'®

It should be stressed that the above mentioned research
attempts have focused mainly on Mg-Al based alloys. In
contrast, less attention has been given to Mg-Zr based
magnesium alloys. Zirconium is known to be an extremely
potent grain refiner for magnesium alloys, and Mg-Zr based
alloys have significant industrial importance due to their
improved strength, ductility, creep resistance and so forth.
More knowledge about feasibility of FSW for welding and
microstructure refinement in these alloys is, therefore, re-
quired.

The work presented in this paper is part of a research
project aimed to investigate the effects of FSW on micro-
structures and various properties of a ZK60 magnesium alloy
belonging to Mg-Zn-Zr system. The present paper examines
the feasibility of FSW to (i) produce defect-free welds and
(ii) for microstructure refinement in the ZK60 and then
evaluates the range of the appropriate processing conditions.
For that purpose, a series of friction-stirred welds were made
over wide ranges of rotational and traveling (welding) speeds
for the plates having different thicknesses.

2. Experimental Procedure

The base material used in the present investigation was a
commercial ZK60A magnesium alloy with nominal chemical
composition (in mass%): Zn 4.8-6.2, Zr 0.45-0.8, other
element < 0.05, sum of other elements <0.30 and balance
Mg. The material was received as a hot-extruded bar.
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