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A B S T R A C T

This study investigates the variations in the microstructure and mechanical properties of a rolled Mg-3.0Al- 
0.8Zn-0.3Mn (AZ31, wt.%) alloy caused by ultrasonic nanocrystal surface modification (UNSM) treatment and 
subsequent annealing. The UNSM-treated material has a gradient microstructure characterized by a nanoscale 
grain region overlying a twinned region. The nanoscale grain region close to the surface has extremely high 
strain energy, while the twinned region contains abundant {10–12} twins. Severe plastic deformation near the 
surface due to UNSM treatment leads to the formation of ultrafine grains and an increase in dislocation density, 
thereby remarkably improving the hardness and strength of the material. However, the excessive dislocation 
density reduces the tensile ductility. During subsequent annealing, static recrystallization occurs rapidly in the 
nanoscale grain region, and partial grain-boundary migration and dislocation recovery occur in the twinned 
region. Consequently, a gradient microstructure is formed along the thickness direction in the material subjected 
to UNSM treatment and subsequent annealing, thereby resulting in a tensile yield strength of 172 MPa, an ul
timate tensile strength of 259 MPa, and an elongation of 15.4%. Notably, these values are higher than those of 
the as-rolled material, which are 132 MPa, 246 MPa, and 13.4%, respectively. This demonstrates that the 
sequential UNSM and annealing process results in a simultaneous improvement in the strength and ductility of 
the material. The strengthening mechanisms and fracture behavior are comprehensively discussed in this study.

1. Introduction

Magnesium (Mg) alloys are representative lightweight structural 
metallic materials and are attracting significant attention in the trans
portation industry owing to their low density, high specific strength, and 
excellent recyclability, which contribute to energy conservation and 
CO2 emission reduction [1–4]. Wrought Mg alloys, which are subjected 
to hot forming processes such as rolling, extrusion, and forging, exhibit 
finer-grained structures and superior mechanical properties to those of 
the cast Mg alloys. Nonetheless, compared to other structural metallic 
materials such as steels, aluminum (Al) alloys, and titanium (Ti) alloys, 
Mg alloys generally possess poorer hardness, strength, and formability, 
which ultimately hinder their widespread use in various industries. For 
example, the tensile yield strength (TYS) of a rolled AZ31 alloy (162 

MPa) is significantly lower than that of a rolled 6063 Al alloy (214 MPa) 
and a rolled Ti–6Al–4V alloy (830 MPa) [5–7]. Numerous attempts have 
been made to increase the strength of Mg alloys, for example by adding 
substantial quantities of rare-earth elements [8–10], applying intricate 
heat treatments [11–13], or employing processes that induce substantial 
plastic deformation [14,15].

In recent years, methods involving surface severe plastic deforma
tion (SSPD) have been extensively utilized to modify the microstructural 
features of various material surfaces. These techniques apply intense 
plastic deformation to the surface of the material, thereby resulting in 
substantial improvements in surface characteristics such as hardness, 
wear resistance, and fatigue resistance [16–18]. This severe plastic 
deformation on and near the material surface generates a deformed 
layer of a specific depth, induces surface compressive residual stress, and 
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