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Effects of Yttrium and Lanthanum Elements on the Microstructure  
and Wear Behaviour of Magnesium

This research investigates the impact of yttrium and lanthanum reinforcement on the dry wear, friction, and microstructure 
of magnesium alloy. The research investigates the effects of the processes such as as-casting and post-homogenization. The alloys 
MgY3.21La3.15 and MgY4.71La3.98 were created using a process of controlled melting and casting in an atmosphere-controlled 
environment. The MgY3.21La3.15 alloy, after undergoing homogenization, has a maximum hardness of 93.70 HB from 81.61 HB 
for the as- cast alloy. The MgY3.21La3.15 alloy exhibits a weight reduction of 0.024 g and a wear rate of 2.44×10–6 g/Nm, 
which demonstrates exceptional resistance to wear. The MgY4.71La3.98 alloy exhibits a weight loss of 0.053 g and a wear rate 
of 5.3×10–6 g/Nm. Friction occurs in parallel due to wearing, thus the MgY3.21La3.15 alloy has the lowest friction coefficient  
with 0.090.
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1. Introduction

Magnesium alloys have garnered significant interest as 
a potentially valuable lightweight material [1-3]. In recent 
years, there has been a notable surge in research and develop-
ment endeavours cantered on magnesium and its alloys. The 
increasing recognition of the importance of reducing the weight 
of transportation vehicles has been cited as the reason for this 
phenomenon [4-6]. Magnesium alloys have been found to have 
inadequate tribological characteristics [7]. Magnesium alloys 
are highly effective in automotive applications that involve 
non-lubricated wear. They can effectively replace various com-
ponents such as brakes, gear arrangements, and steering mecha-
nisms. During this process, component losses occur as a result 
of dynamic friction. The continuous sliding motion generates 
frictional force, which impacts the tribological behavior of these 
components [8]. Considerable research has been conducted to 
overcome these challenges in magnesium alloys by modifying 
their chemical composition, employing plastic deformation 
techniques (such as extrusion, rolling, or forging), and applying 
heat treatments. These efforts aim to improve the tribological 
properties of magnesium alloys [9-14]. The addition of rare 
earth (RE) elements to magnesium has proven to be a successful 

approach in achieving a balance between strength and ductility. 
Recent studies have shown that this approach improves grain 
refinement, aging response, and the formation of high melting 
point secondary phase particles [15-23]. The solubility of rare 
earth elements in magnesium alloys has been used as an indicator 
of their impact. Elements with low solubility in the magnesium 
(Mg) matrix have negligible influence on the strength of both 
the solution and the precipitate. The excessive presence of ele-
ments in magnesium alloys has resulted in notable alterations 
in their microstructure, ductility, and strength properties. This 
phenomenon arises when excess elements undergo reactions with 
other alloying elements, leading to the creation of particles that 
contain rare earth elements (RE). The particles containing Re 
contribute to the increased strength of the secondary phases [13]. 
Mg-RE alloys exhibit a diverse range of phases, such as Mg12RE, 
Mg17RE2, Mg3RE, or Mg2RE [24]. Therefore, it is crucial to 
accurately describe the microstructure to better understand the 
impact of rare earth elements (RE) on the tribological properties 
of magnesium alloys. Numerous studies have been conducted 
worldwide to examine the effects of different rare earth (RE) 
additions on the microstructural and mechanical properties of 
magnesium (Mg) alloys [25-30]. The wear behavior of Mg-RE al-
loys has been insufficiently studied. Extensive research has been 
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conducted on the wear characteristics of ternary and quaternary 
Mg-RE alloys. Prasad et al. [8] examined the effects of a small 
amount of La on the wear properties of the Mg-10Dy alloy. The 
study revealed a significant reduction in wear rate for the alloy 
containing La when compared to the Mg-10Dy alloy. Yarkadas 
et al. [31] investigated the mechanical and wear properties of 
Mg-3Al-3Sn-3Sb alloy with varying weight percentages (1%, 
3%, and 5%) of La. They found that the wear rates were low in 
La-containing alloys. Nouri et al. [32] examined the effects of 
yttrium on the wear, corrosion, and corrosive wear properties 
of Mg-3%Al alloy. The researchers noted that the addition of yt-
trium led to improved wear resistance. Zafari et al. [33] observed 
an improvement in wear resistance with the addition of 1.2% 
and 3% lanthanum by weight to the AZ91 alloy. Banijamali et 
al. [34] found that adding the Y element to the ZK60 extruded 
alloy led to a reduction in wear rate and friction coefficient. In 
a study conducted by Hamdy [35], the investigation focused on 
the wear resistance of an Al-Cu-Mg alloy with the addition of 
yttrium (Y), erbium (Er), and zirconium (Zr). The results indi-
cated that the inclusion of yttrium (Y) led to an enhancement 
in wear resistance.

Understanding the tribological properties of a material is 
essential for predicting its durability and identifying possible 
modes of failure [36]. Scientists generally agree that the tribo-
logical properties of magnesium alloys need enhancement to 
meet the demands of various industries. While previous studies 
have investigated the impact of various rare earth elements on the 
properties of magnesium alloys, limited research has focused on 
the effects of minor alterations in the rare earth composition of 
cast and homogenized magnesium alloys on these characteristics. 
This study aims to investigate the impact of varying amounts 
of lanthanum and yttrium on the microstructure and tribological 
properties of magnesium alloys.

2. Materials and methods

Following the casting process, the chemical composition of 
the alloys was determined by weight using X-ray fluorescence 
(XRF Rigaku ZSX Primus II, Japan), while the phases gener-
ated in the alloy were determined using X-ray diffractometry 
(XRD Rigaku Ultima IV, Japan). TABLE 1 presents the chemi-
cal compositions of two alloys, namely MgY3.21La3.15 and 
MgY4.71La3.98.

Table 1

Alloy compositions (wt.%)

Alloy
Constituent Chemicals (wt.%)

Y La Zr Mg
MgY3.21La3.15 3.216 3.151 0.626 Bal.
MgY4.71La3.98 4.715 3.984 1.163 Bal.

Firstly, to melt and cast the alloys, a low-pressure system 
was employed, which was regulated by the atmosphere. The in-

gots of magnesium purified to 99.9% were added to the ladle. To 
avoid leakage, thermal insulation double and O-ring are mounted 
on the melting furnace top cover to measure its interior tempera-
ture. The crucible was filled with the primary components and 
alloys in estimated proportions at a temperature of 780°C. The 
mixture was then stirred for a duration of 15 minutes. Mg-30La 
and Mg-30Y are master alloys containing rare earth elements. 
Then, the melt was combined with the 200°C-heated master Mg-
30Zr alloy. The melting furnace used CO2+ 0.8 SF6 shielding gas 
to isolate the crucible from the environment. A metal pipe was 
submerged in the melt after being heated to 700°C in a separate 
furnace. At 300 degrees Celsius on the pipe, the cylindrical mold 
was filled with 2 bars of pressure. 

The eutectic transition temperature of the Mg-Y alloy was 
determined to be 566°C, [37] which is in close proximity to the 
phase breakdown temperature of the alloy system. In contrast, the 
eutectic transition temperature of the Mg-La alloy was found to 
be 548°C [38]. To accomplish thorough homogenization without 
excessive heating, the homogenization temperature for the al-
loy was deliberately established in a range of 5-10°C below the 
solidus curves. In practice, a greater homogenization temperature 
reduced homogenization time, increased production efficiency, 
and provided good homogeneity. 525°C homogenized. The 
ingot castings, which were wrapped with aluminum foil, were 
subjected to a temperature of 525°C for a duration of 8 hours 
in a sand mixture consisting of SiO2 and graphite. The alloys 
underwent a process of homogenization in the furnace, followed 
by rapid cooling in water. The alloys’ microstructure was studied 
after casting and homogenization using a picral etching solution 
composed of 6 g of C6H3N3O7, 5 ml of CH3COOH, 10 ml of 
pure H2O, and 100 ml of C2H6O. Optical microscope (LOM- 
Carl Zeiss light optical microscope) was used to see the change 
of grains in phase structure; electron microscope (SEM- Carl 
Zeiss Ultra Plus scanning electron microscope) and EDX (en-
ergy dispersion X-ray spectrometry) were investigated to reveal 
the secondary phases. The Brinell hardness was determined by 
employing 2.5 mm steel balls under a load of 187.5 N.

In order to determine the tribological properties, wear and 
friction properties were examined. Samples with 3/4 cylindrical 
surfaces, 16 mm in diameter and length, were made for the de-
vice’s sample bed to conduct wear testing. The surfaces intended 
for wear were abraded using sandpaper with a grit size of up to 
1200 μm. The weights of the samples, which were cleaned using 
ethanol, were then measured using a Precisa brand balance with 
a precision of 0.1 mg. Abrasion experiments were conducted us-
ing a back and forth wear testing apparatus under dry conditions. 
The applied load was 20 N, the sliding velocity was 0.1 m/s, and 
the total sliding distance was 10000 m. AISI 52100 quality high-
hardness steel ball is used as the abrasive tip material. In order 
to remove wear residues, the sample surface was periodically 
cleansed using ethanol at intervals of 2000 meters. The weight 
measurements of the samples that underwent cleaning with 
ethanol were conducted using precision balances and thereafter 
subjected to the back-and-forth abrasion test once again. By us-
ing these values, the weight losses depending on the distance 
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were found by subtracting the post-wear value from the pre-wear 
value. The data pertaining to mass loss was transformed into 
a specific wear rate through the utilization of Eq. (1).

 

 
 

   

Specific Wear Rate g / N.m  

Wear Mass Loss g
=

Applied Load N Sliding Distance m




	 (1)

The friction coefficient was calculated according to the 
Eq. (2) given below, according to Coulomb’s law of friction. 
In the equation; FS defines the friction force, FN defines the test 
load, μ the friction coefficient.
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The measurement of the friction force throughout the wear 
process was conducted by connecting a load cell to the tribometer 
arm, and the resulting data was promptly recorded on the com-
puter. Depending on the changing alloy element amount and wear 
load after the wear test, the wear mechanism was investigated 
by means of SEM and EDX devices.

3. Results and discussion

3.1. XRD Patterns

The X-ray diffraction (XRD) analysis of the MgY3.21La3.15 
alloy primarily reveals the presence of the Mg24Y5 phase, which 
is characterized by a high yttrium content. Conversely, in the 
MgY4.71La3.98 alloy, the XRD analysis indicates the pres-
ence of the MgY phase. Furthermore, it is worth noting that 
the X-ray diffraction (XRD) standard cards commonly exhibit 
prominent peaks corresponding to the LaMg3 phase in both al-
loys. Mg2Y and La2Mg17 phases appeared as the initial XRD 
peaks at 17° (Fig. 1(a) in MgY3.21La3.15 alloy. The diffrac-
tion patterns obtained from the samples of α-Mg, Mg12La, and 
La2Mg17 exhibited distinct peaks at an angle of 14°, as seen in 
Fig. 1(b) (MgY4.71La3.98). Conversely, the peaks correspond-
ing to Mg12La and Mg2Y were observed at an angle of 17°. The 
X-ray diffraction (XRD) investigation revealed that the peak 
intensity in both alloys was detected at an angle of 36.5 degrees. 
MgY3.21La3.15 alloy has α-Mg, Mg2Y, Mg24Y5, Mg12La, and 
La2Mg17 phases, whereas MgY4.71La3.98 alloy contains α-Mg, 
Mg12La, and La2Mg17 phases. In Fig. 1(a), the XRD peaks of 
MgY3.21La3.15 alloy finish at 82° degrees, with the LaMg3 
phase; in Fig. 1(b), the XRD peaks of MgY4.71La3.98 alloy 
terminate at 85° degrees, with the LaMg3 and La2Mg17 phases.

3.2. Microstructure

LOM pictures of as-cast MgY3.21La3.15 and MgY4.71 
La3.98 alloys are shown in Figs. 2(a) and 2(b). There are three-
phase structures in microstructures. This group encompasses 

eutectic compounds with a reticular structure, together with α-Mg 
phases that have a lamellar shape. The presence of eutectic com-
pounds was predominantly noted in the immediate vicinity of the 
grain boundaries of the α-Mg crystals, whereas the lamellae-like 
phases displayed a more homogeneous dispersion inside the crys-
tals. The X-ray diffraction (XRD) patterns shown in Figs. 1(a) 
and 1(b) reveal that the peaks associated with the eutectic phases 
extend toward the borders of the grains. This observation sug-
gests the existence of intermetallic compounds have consisted 
of α-Mg and MgxRE(La/Y)y inside the material. With a rise in 
La content, the eutectic phase consisting of α-Mg and Mg17La2 
demonstrated a phenomenon of lamellae structure coarsening. 
With a rise in La content, the eutectic phase consisting of α-Mg 
and Mg17La2 demonstrated a noticeable has been coarsened of 
its lamellae structure [39]. The presence of yttrium resulted in 
an augmentation of dendrite-like phase structures and network 
structures at the grain boundaries [40]. Following homogeniza-
tion heat treatment, MgY3.21La3.15 and MgY4.71La3.98 alloys 
were observed under an optical microscope in Figs. 3(a) and 3(b). 
The homogenization procedure has resulted in a reduction in the 
occurrence of lamellae-like phases inside the interior regions 
of α-Mg granules, hence promoting the uniform distribution 
of alloy elements across the whole alloy system. According to 
Zhang et al. [41], it has been suggested that the presence of the 
Mg24Y5 phase decreases at the grain borders after the process 
of homogenization. On the other hand, Guo et al. [42] propose 
that the LaMg12 phase surrounds and isolates the α-Mg grains.

(a)

(b)
Fig. 1. X-ray diffraction (XRD) patterns of after-cast alloy: 
(a) MgY3.21La3.15, and (b) MgY4.71La3.98
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Figs. 4(a) and 4(b) depict SEM micrographs of as-cast 
MgY3.21La3.15 and MgY4.71La3.98 alloys. TABLE 2 pre-
sents the results of the Energy Dispersive X-ray (EDX) study 
conducted on the second phase, which exhibits different mor-
phologies denoted as (A-F) in Fig. 4(a)-(b). The Y and La phases 
have undergone dissolution inside the α-Mg matrix at position 
A in the as-cast MgY3.21La3.15 alloy, as seen in Fig. 4(a). 
At point B, it is hypothesized that the Mg24Y5 phase, which is 
rich in yttrium, has a rectangular or elliptical shape, consistent 
with Ref. [43]. This phase is characterized by a light gray contrast 
color observed at both the grain and grain borders, as indicated 
by the Energy Dispersive X-ray Spectroscopy (EDX) analysis 
(refer to Table 2). Grain structures in LaMg3 are cube-shaped 
at the C location (Fig. 4(a)). In as-cast MgY4.71La3.98 alloy, 
the phase shown in Fig. 4(b) has been identified as La2Mg17 
based on the percentage of La content. This identification was 
made by analysing the bright white contrast-colored ellipse 
and rod-like intermetallics present in the grain structure at the 
D point, as shown in the EDX analysis presented in TABLE 2. 
It’s possible that the little cube-shaped white structures at E’s 

grain and grain borders are Mg24Y5 and LaMg3 intermetallics. 
Magnesium-rich Mg12La and Mg2Y intermetallics may exist 
at the F point, as predicted by the almost identical La%, Y% 
elemental ratios. Figs. 5(a) and 5(b) depict SEM micrographs 
of homogenized MgY3.21La3.15 and MgY4.71La3.98 alloys. 
TABLE 3 presents the results of the Energy Dispersive X-ray 
(EDX) investigation conducted on the second phase, which 
exhibits various morphologies as indicated by labels (A-F) in 
Fig. 5(a)-(b). In homogenized MgY3.21La3.15 alloy, as shown 
in Fig. 5(a), the grain boundaries have been located at the A point 
exhibiting a high density of intermetallics. These intermetallics 
have characterized by their small size and cubic morphology. 
Furthermore, with the presence of these structures at the borders 
between grains, there are also rectangular structures within the 
individual grains. It is believed that Mg24Y5 and Mg12La are 
the intermetallics detected in the XRD patterns (Fig. 1(a)) for 
the intermetallics discovered here. Furthermore, the presence of 
elongated structures inside the grain at point B, together with the 
vascular white contrast, has garnered interest. These structures 
have been hypothesized to consist of Mg2Y and LaMg3. The el-

(a)

(b)
Fig. 2. Image of after-cast alloy LOM (50X): (a) MgY3.21La3.15 and 
(b) MgY4.71La3.98

(a)

(b)
Fig. 3. Image of homogenized alloy LOM (50X): (a) MgY3.21La3.15 
and (b) MgY4.71La3.98
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liptical structure seen at point C, characterized by a contrasting 
white grain, has likely attributed to the presence of the Mg2Y 
intermetallic compound. Dendritic rod-like structures had seen 
at the D point of homogenized MgY4.71La3.98 alloy (Fig. 5(b)). 
This structure has been seen all the way to the margins of the 
grain. In addition, at the grain boundaries, tiny, spherical objects 
have seen inside the grain. The spherical structure may be MgY, 
whereas the dendritic one is likely LaMg12. At location E, it is 
possible to observe the presence of a La2Mg17 phase character-
ized by cubic-like structures that extend from the grain border 
into the grain, with some of these structures have been located 
within the grain itself. The white contrast colored structure 
resembling a triangle at the F point and the dark gray contrast 
veined structures around this structure have attracted attention. 
The structure under consideration is believed to consist of inter-
metallic compounds, specifically Mg12La and Mg2Y. Birbilis et 
al. [44] repoted increase in the volume percent intermetallic as 
a function of La alloying addition. The augmentation of the La 
based second phase might be related to the preferential segrega-

(a)

(b)
Fig. 4. Image of after-cast alloy SEM: (a) MgY3.21La3.15 and 
(b) MgY4.71La3.98

(a)

(b)
Fig. 5. Image of homogenized alloy SEM: (a) MgY3.21La3.15 and 
(b) MgY4.71La3.98

Table 2
Fig. 4(a)-(b) EDX phases (wt.%)

Points Mg Y La Zr
A 93.80 4.41 1.71 0.09
B 71.53 20.19 8.04 0.24
C 80.33 8.39 11.09 0.20
D 80.84 4.71 13.98 0.48
E 75.99 17.55 6.21 0.26
F 95.66 2.08 1.80 0.46

Table 3
Fig. 5(a)-(b) EDX phases (wt.%)

Points Mg Y La Zr
A 79.55 12.43 7.42 0.59
B 80.93 7.10 11.62 0.34
C 88.01 6.39 5.36 0.25
D 83.42 8.15 7.91 0.53
E 85.10 4.94 9.63 0.33
F 81.63 7.10 7.58 3.69



824

tion of La atoms at grain boundaries [45,46]. Y based spherical 
intermetalics at the solid-liquid interface during the solidification 
process led to the grain refinement and decrease in the dendride 
growth [47]. La is the dominant element in the microstructure 
of the sample alloyed with both La and Y elements, and the in-
termetallics generated at the grain boundaries get coarser when 
more alloying elements are added. 

3.3. Hardness Test Results

TABLE 4 shows a comparison of MgY3.21La3.15 and 
MgY4.71La3.98 alloys in terms of hardness after casting and 
homogenization. In general, the hardness data show a rise fol-
lowing homogenization heat treatment. TABLE 4 shows that the 
hardest homogenized alloy is MgY3.21La3.15 (with a hardness 
of 93.70 HB), while the softest is as-cast MgY4.71La3.98 (with 
a hardness of 81.61 HB). It is believed that this is due to the 
evenly dispersed secondary phases. 

Table 4

Hardness results of MgY3.21La3.15 and MgY4.71La3.98 alloys 
after casting and homogenization

Alloy
Hardness (HB)

As-Cast Homogenized
MgY3.21La3.15 91.19 93.70
MgY4.71La3.98 81.61 87.37

The homogenization process led to an increase in hardness 
by evenly dispersing α-Mg and Mg17La2 eutectic phases along 
the grain boundaries, throughout distribution the fine particle 
within the structure (such as Mg2Y, MgY, Mg24Y5, Mg12La, 
LaMg3) and solid solution strengthening [48]. Due to the aug-
mentation of Y and La, the grain boundaries in the microstruc-
ture of the MgY4.71La3.98 alloy become larger, resulting in 
a decrease in its hardness [47,48]. With the exception of Refs. 
[43,49] that in many studies, up to 2% of both La and Y alloys 
were used. The complicated nature of these multicomponent 
systems may explain the change mechanisms in the attributes 
revealed in this study. 

3.4. Tribological (Wear and Friction) Test Results

Fig. 6 illustrates the observed fluctuations in the weights 
of MgY3.21La3.15 and MgY4.71La3.98 alloys as a function of 
distance. Fig. 7 provides a comparative representation of the wear 
rates at a distance of 10000 meters. Additionally, Fig. 8 presents 
the friction coefficients recorded throughout the wear process. 
Alloys that undergo wear subsequent to the casting process 
indicate higher levels of weight loss, whereas alloys subjected 
to wear after the homogenization process have enhanced resist-
ance to wear. MgY4.71La3.98 alloy was seen as the alloys with 
the weakest resistance to abrasion both after homogenization 
and after casting. The wear results support the hardness results 

and there is a parallelism in the results. After homogenization, 
MgY3.21La3.15 alloy was determined as the material with 
the least weight loss and the best wear resistance at the end of 
10000 meters. Weight loss and wear rate of this material at the 
end of 10000 meters, respectively; 0.024 g and 2.44×10–6 g/Nm. 
The material with the highest weight loss and the worst wear 
resistance was observed in MgY4.71La3.98 alloy after casting. 
Weight loss and wear rate at the end of 10000 meters, respec-
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tively; 0.053 g and 5.30×10–6 g/Nm. Depending on these results, 
the friction coefficients during wear are also parallel and the ma-
terial with the lowest friction coefficient is the MgY3.21La3.15 
alloy after homogenization with a value of 0.090. Although the 
intermetallic precipitates become coarser and lower slightly the 
hardness with the increase in Y and La alloying elements [46]. 
The homogenization process led to, the improvement in wear be-
haviour can be attributed to the fact that the coarse phases formed 
at the grain boundaries during friction prevent weight loss. 

The reason for the constant increase in the friction coeffi-
cient is explained based on the wear behavior and the condition 
of the contact surfaces. That is, the re-accumulation of some of 
the scraped particles on the wear surfaces as a result of wear in 
alloys creates resistance against movement during sliding. The 
increase in the coefficient of friction can be ascribed to the de-
formation encountered throughout the process of wear, as well as 
the heightened strength of the adhesive bond. Furthermore, it was 
observed that the surface hardness of the samples post-casting 
exhibited a notable decrease compared to the homogenized 
samples, resulting in a substantial increase in the breadth of the 
wear track. The augmentation of the contact area between the 
surfaces experiencing wear has led to a corresponding elevation 
in the friction coefficient.

According to SEM micrographs, it is seen that the effective 
wear mechanism is abrasive and adhesive wear types. As a result 
of the EDX analysis on the surface, a significant increase in the 
oxygen peak was observed, which clearly shows the existence 
of an oxidation wear mechanism. According to the wear micro-
graphs obtained, it is seen that there are deposits caused by plastic 
deformation around the wear trace, abrasion grooves are formed, 
oxidized wear debris are formed and it is formed as a sharp-line 
scraping as a result of abrasive wear. In addition, the presence of 
traces showing the effectiveness of the three-body abrasion, that 
is, the abrasion mechanism of the abrasive particle by sliding, 
is observed in the abrasion. In addition, it was determined that 
the adhesive bonds formed between the abrasive surface and the 
matrix were broken as the experiment progressed and plastered 
back to the material surface due to their high deformation and 
load-bearing capabilities. Figs. 9(a) and 9(b) depict SEM micro-
graphs of as cast MgY3.21La3.15 and MgY4.71La3.98 alloys. 
TABLE 5 presents the results of the Energy Dispersive X-ray 
(EDX) study conducted on the second phase, which exhibits dif-
ferent morphologies denoted as (A-D) in Fig. 9(a)-(b). Particles 
that detach from the matrix surface in the form of capillary frac-
tures may be observed at point A in the as-cast MgY3.21La3.15 
alloy, as depicted in Fig. 9(a). These particles are in the form of 
plastered on the matrix surface again with the pressure of the 
abrasive surface. Therefore, it is thought that the wear on the 
surface is of low order. At location B, the triangular debris on the 
surface becomes fully disengaged from the material’s particular 
surface, resulting in a drop in the wear rate when re-adhesion to 
another surface takes place. At point C; the fragments that break 
off in the form of capillary cracks are plastered in a very small 
area on the material surface. In as cast MgY4.71La3.98 alloy 
(Fig. 9(b)), the situation at point A (Fig. 9(a)) is also dominant 

at point C. At location D, it is observed that a fragment that had 
been separated from the surface of the material had reattached 
itself to the worn surface. When the wear mechanism of as-cast 
MgY4.71La3.98 alloy is examined in general, it is seen that this 
situation is dominant on more material surfaces. Figs. 10(a) and 
10(b) depict SEM micrographs of homogenized MgY3.21La3.15 
and MgY4.71La3.98 alloys. TABLE 6 presents the results of the 
Energy Dispersive X-ray (EDX) study conducted on the second 
phase, which exhibits different morphologies as indicated by la-
bels (A-D) in Fig. 10(a)-(b). In homogenized MgY3.21La3.15 al-
loy (Fig. 10(a)), at point A, swollen flakes in the form of sticky 
shells were observed due to adhesive wear. Particles separated 
from the surface due to this flaking are considered to support 
three-body abrasive wear. In general, except for the abrasive 
wear marks in Fig. 10(a), it is seen that the crust-shaped flakes 
are plastered on the material surface. The situation at point A 
dominates from that of point B in Fig. 10(a). It has been observed 
that the presence of oxidized wear residues is more evident in 
homogenized MgY4.71La3.98 alloy (Fig. 10(b)). The develop-
ment of the oxide layer on the surface has resulted in a rise in 

(a)

(b)
Fig. 9. SEM micrographs of alloys undergoing wear after casting: 
(a) MgY3.21La3.15 and (b) MgY4.71La3.98
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shaped pieces from oxidized wear residues have adhered to the 
material surface.

4. Conclusions

In this work, tribological (wear and friction) characteristics 
in dry settings and microstructural characterizations of yttrium 
and lanthanum alloying elements added to magnesium in vari-
ous quantities in casting and homogenization conditions were 
examined. And the following results have been given regarding 
this study:
•	 There are three-phase structures in microstructures. Includ-

ed in this category are the eutectic compounds characterized 
by a reticular structure, as well as the α-Mg phases that 
exhibit lamellar morphology. The eutectic compounds were 
mostly observed in close proximity to the grain boundaries 
of the α-Mg crystals, whereas the lamellae-like phases 
exhibited a more uniform distribution inside the crystals. 
With a rise in La content, the eutectic phase consisting of 
α-Mg and Mg17La2 demonstrated a phenomenon of lamel-
lae structure coarsening. The presence of yttrium resulted 
in an augmentation of dendrite-like phase structures and 
network structures at the grain boundaries. The process 
of homogenization has served to decrease the presence of 
lamellae-like phases inside the internal regions of α-Mg 
granules, hence has facilitated the even dispersion of alloy 
constituents over the entirety of the alloy system.

•	 While 93.70 HB value is the highest hardness of homog-
enized MgY3.21La3.15 alloy; With an HB value of 81.61, 
cast MgY4.71La is the alloy with the lowest hardness.

•	 According to their tribological properties, alloys that 
undergo wear subsequent to the casting process indicate 
higher levels of weight loss, whereas alloys subjected to 
wear after the homogenization process have enhanced re-
sistance to wear. The homogenized MgY3.21La3.15 alloy 
is the material with the best wear resistance with a weight 
loss of 0.024 g and a wear rate of 2.44×10–6 g/Nm. Cast 
MgY4.71La3.98 alloy, on the other hand, is the material 
with the worst wear resistance with a weight loss of 0,053 g 
and a wear rate of 5.3×10–6 g/Nm. The friction coefficients 
during wear are also parallel and the material with the lowest 
friction coefficient is MgY3.21La3.15 alloy with a value 
of 0.090 after homogenization.
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