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Equal channel angular pressing (ECAP) was used on the Mg-Zn-Gd alloy in this study to improve its
corrosion and mechanical properties. Microstructural and phase analysis reveal that, after ECAP, a sub-
stantial grain refinement occurred, and secondary phases were observed. The grain size of the as-cast (AC)
sample is reduced from 20 ± 1 to 0.88 ± 0.6 lm, attributed to dynamic recrystallization. The mechanical
properties of the ECAP sample were significantly improved when compared to the AC sample. An
improvement in the microhardness (43%), ultimate tensile strength (73%), yield strength (76%), and
ductility (50%) were observed for the ECAP sample. A decrease in the corrosion rate was observed for
ECAP sample (9 ± 1 mm/year) compared to the AC (16 ± 2 mm/year) sample. The grain refinement and
crystallographic orientation of the ECAP samples contributed to the enhancement of corrosion resistance.
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1. Introduction

Biomaterials are potential candidates for bone fracture
applications. In recent times, numerous research has been
focused on magnesium (Mg)-based materials due to their
excellent mechanical properties and biocompatibility. Also, the
density, Young�s modulus and strength of Mg are closer to
human bone properties, which bought more attention to
develop degradable implant (Ref 1–3). However, high corro-
sion rates in the physiological environment are a major
drawback for Mg. Further, low ductility and yield strength at
room temperature make magnesium less desirable for
biodegradable implants (Ref 4). Proper selection of alloying
elements, severe plastic deformation and heat treatment can be
useful approaches to improve the mechanical properties and
corrosion behavior of Mg (Ref 5-7).

As mentioned above, proper selection of alloying elements
is one of the methods to improve mechanical and corrosion
properties of Mg. Metals such as zinc (Zn), aluminum (Al),

calcium (Ca), zirconium (Zr), manganese (Mn) and rare earth
elements (REE) have been alloyed with Mg to improve
mechanical properties and corrosion resistance (Ref 8). Some
commercially available Mg alloys are used in biomedical
research which includes Mg-Al-Zn (AZ), Mg-RE- Zr (WE) and
Mg-Zn-Zr (ZK) alloys (Ref 9). However, for biodegradable
implants, nontoxic metals should be considered while adding to
Mg. Zn was selected as first preference to alloy with Mg,
because it is one of the essential nutrients in the human body.
Zn helps to improve the immune system and plays an important
role in cell growth and wound healing (Ref 10). Wang et al.
(Ref 11) evaluated the effect of Zn on Mg alloy properties. It
was found that 1.5% addition of Zn in Mg alloy matrix could
result in improved strength and ductility. It is well known that
REE considerably strengthens Mg alloys at low and elevated
temperatures and improves the corrosion properties. For
example, gadolinium (Gd) has a high solid solubility
(23.5 wt.%) in Mg, and it has been reported to enhance the
mechanical and corrosion properties. According to the study
conducted by Kubaserk (Ref 12), addition of Gd in Mg matrix
also improves the corrosion resistance and ductility of Mg-
based alloy. Various studies have found that the addition of Zr
in Mg-based alloy in small quantity can be useful for the grain
refinement of the alloy (Ref 13-15). Hu et al. (Ref 13) reported
that, addition of 3 wt.% Zn in Mg-Gd-Zr alloy leads to
enhanced ultimate tensile strength (UTS) and yield strength
(YS). In spite of these various studies, still early degradation of
Mg alloys is one of the major concerns. Therefore, researchers
are focusing on controlling the corrosion rate of Mg alloys.

To this end, severe plastic deformation (SPD) can be used
for grain refinement by forming ultra-fine grains (grain size in
the range 0.1-1 lm) which influences the corrosion and
mechanical properties (Ref 16). Equal channel angular pressing
(ECAP) is one of the most advanced and efficient SPD methods
used for the synthesis of ultra-fine-grained materials (Ref 16,
17). ECAP can be useful to improve the properties of the
material such as tensile strength, hardness, wear resistance,
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