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ABSTRACT 

When comparison to other metals, aluminium-silicone alloys have a higher strength, good wear resistance, and a lower thermal 
conductivity which makes them appealing to a variety of industries and automotive applications. These technological advances 
require a comprehensive study of their mechanical behaviour. The goal of this research is to examine how rare-earth elements like 
Gadolinium, at concentrations of 0.3, 0.5, 0.8, and 1 wt. %, influence microstructure and mechanical characteristics of Al-18%Si 
alloy. Microscopic studies include optical, scanning electron, and X-ray diffraction, as well as mechanical characteristics testing 
including tensile, and hardness testing. The results of microstructure and mechanical properties were found to be in good 
agreement. EDS analysis show that the adjustments cause the production of intermetallic compounds, which could be a major 
factor in increasing mechanical characteristics. The grain size of silicon decreases from 49 to 23μm, and the aspect ratio decreases 
from 1.4 to 1.1 when the alloy is added with 0.8 wt. % Gd. The addition of Gd to Al-18Si would an increase in ultimate tensile 
strength from 47 MPa to 69 MPa. The mechanical characteristics of the alloy reduced when further Gd is added (1.0 wt. %). 
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1. Introduction 
 

Aluminum alloys are extensively utilized in automotive industries. This is due to the 
requirement to save lightweight to reduce fuel consumption. currently replacing steel panels in many 
automotive industries [5]. For a long time, Al-Si alloys have been used in the tribological parts of 
diesel engines in both dried and lubrication contacts [11]. Low AI-Si alloy characteristics are caused 
by the brittleness of coarse Si crystals (alike eutectic and primary silicon), and coarse silicon crystals 
cause premature crack formation and stress fracture [3]. To get the required morphologies and 
characteristics, it is important to refine the microstructure of the alloy. Significant research has been 
done to modify the microstructure of Al-Si by castings with alloying elements that have excellent 
modification effects, such as cerium and phosphorus [13], praseodymium [1], and erbium [14]. Rare 
earth elements have also been shown to have important refinement/modification effects on the size 
and shape of the Si phase in certain studies. Experiments on three hypereutectic alloys (14.5 percent, 
17 percent, and 25 percent Si alloys) under reciprocating sliding conditions revealed that wear 
resistance was most likely governed by the distribution of silicon particles and aluminum, with the 
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17 percent Si alloy having the best wear resistance [11]. The P and RE complex adjustments refine 
the rough block primary silicon and modify the big needle eutectic silicon to fine fiber or lamella one. 
The alloys with 0.08 percent P and 0.60 percent RE added to them have the best microstructure and 
mechanical characteristics. The primary silicon of alloys can be reduced from 66.4 µm to 23.3 µm, 
and the eutectic silicon can be reduced from 8.3 µm to 5.2 µm, comparing to the unmodified alloy. 
Tensile strength has increased from 256 MPa to 306 MPa, and elongation has increased from 0.35 to 
0.48 percent [3]. The as-cast microstructure, tensile characteristics, and fracture characteristics of a 
secondary hypereutectic Al-18%Si-20% Cu alloy are investigated after fast quenching from a partly 
liquid and solid state. The metallographic link between primary and eutectic silicon showed that 
primary silicon functioned as a nucleus site for eutectic silicon. The microstructure refinement along 
with a favorable morphological transition, led in significantly improved tensile characteristics and 
more ductile fracture behavior in the investigated alloy [2]. It was discovered that adding 1.5 wt.% 
Gd–Sb to rough dendritic primary Mg2Si grains resulted in a perfectly truncated octahedral shape 
with a reduction in average size from 40µm to 12µm and a decrease in aspect ratio from 1.34 to 1.17 
[4]. The strength of the alloy can be improved by refining the grains and widening the grain 
boundaries [9]. Typical star-shaped and irregular morphology present in the primary silicon phase. It 
is very coarse, and the phase scale also exceeds 120 µm, offers a sample optical micrograph changed 
by 0.3 wt. percent Nd. Primary silicon morphology improves from star-shaped and irregular 
morphology to fine polyhedral, reducing primary silicon size to 20-50 µm [10]. Hypereutectic Al–
20%Si alloy with rare earth cerium microstructure development and mechanical characteristics (Ce). 
Tensile tests with various Ce concentrations were used to evaluate mechanical characteristics. The 
ultimate tensile strength (UTS) and elongation (El) of primary and eutectic Si crystals rose by 68.2% 
and 53.1%, respectively, as the size of the crystals shrank and the shape changed [7]. Although there 
is research on the influence of Gd additions in the literature, there are limits to the ability of Gd 
elements to modify the 18Si phase, particularly on the mechanism and microstructure behavior of 
Al-18Si composites. The influence of modifiers on microstructural changes of Al–18Si series alloys is 
thus of considerable interest and significance. As a result, the purpose of this research is to determine 
the influence of various Gd concentrations on the microstructural development of Al-18Si alloy. 
 
2. Experimental Procedure 
2.1 Material Fabrication 
 

Firstly, the ingot was sliced into a smaller piece by using cutter, then washed and dried, 
measured, and melted using an electrical furnace in a silicon carbide crucible. The melt's temperature 
was held for 5 minutes at 750 °C to allow complete homogenization of the melt. To eliminate dross 
and other impurities, the alloys were stirred and skimmed off the surface before casting. Then the 
molten alloy poured into the pre-heated mold (250 °C) at the temperature of 750 °C. 
 
2.2 Addition of Gd 
 

According to various concentrations and addition sequences, Gadolinium was introduced in 
solid form to the molten alloy to investigate the interaction of the additional element and its effects 
on microstructural characteristics and mechanical properties. To specify their optimum 
concentration, the addition levels were 0.1, 0.3, 0.5, 0.8, 1.0 wt. % Gd. Gadolinium was wrapped in 
aluminum foil and dipped into the molten to guarantee that it melted well and uniformly throughout 
the melt. It was then swirled for approximately 30 seconds for improved dissolving. Each addition of 
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material was allowed for homogenization 5 minutes before pouring. The melt was also blended 
immediately before sample pouring. 
 
2.3 Microstructural Characterization 
 

A cutter machine was used to cut the smaller piece of ingot for microstructure characteristics. 
Then the samples need to do undergone grinding and polishing process so that the samples will be 
ready for seeing of silicon grain obvious. In base and Gadolinium added Al-18Si alloys for 
microstructural measurements and crystallographic studies. Each sample was ground to 4000 grain 
using emery (SiC) paper and polished with colloidal silica liquid (5 µm). A microscopy (Nikon-
MIDROPHOT-FXL) equipped with an ImageJ app analyzer was utilized to perform quantitative study 
on the microstructure.  The average size, and aspect ratio were calculated. Scanning electron 
microscopy was used to examine microstructures in combination with energy dispersive 
spectroscopy (EDS).  

 
2.4 Tensile strength 
 

Tensile testing will be performed on the prepared test bars utilizing an Instron Universal 
Mechanical Testing System (model 5982). Tensile measurements were carried out at room 
temperature with a crosshead speed of 1 mm/min, and the observed tensile characteristics 
comprised ultimate tensile strength (UTS), 0.2 percent inset yield strength (YS), and % elongation 
(percent E). The recorded values are the sum of at least two quantities. 

 
2.5 Hardness 
 

Using a Vickers tester, hardness tests conducted according to the ASTM E10 standard. 
Samples were finished on the first surface, and at least ten tests were done at random in each piece 
to achieve an estimate of the exact hardness of the sample. 

 
3. Results and discussion  
3.1 Effect of Gd Additions on microstructure characterization of Al-18Si Alloy by optical microscopy 
 

Optical microscopy was utilized to describe the characteristic grain patterns of the Al-
18Si alloys utilized in this research to show the effect of Gd additions, as shown in Fig. 1. Silicon 
particle size and aspect ratio in base alloy are about 42~63 µm and 1.1~1.62, respectively. As shown 
in  Fig. 2. and Fig. 2, the particle size and aspect ratio were significantly decreased as a result of the 
amount of Gd. In  Fig. 1c shown that when measured the grain size and aspect ratio of silicon with 
addition 0.8% of Gd on the Al-18Si alloy it will be about 17~27 µm and 1.1, respectively. This behavior 
is fully similar with previous research which found that the rare earth element can reduce the grain 
size of Al-Si alloy [7]. However, when the content of Gd increases the size and aspect ratio of Si 
particles increases as well (Fig.1d, Fig.2). This effect may be due to the over modification phenomena 
for 1% of Gd. A similar reaction was seen when Sb addition reaches 1.0 wt.% in cast Al–12%Si alloys 
[12].  
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Fig. 1.  Optical images of Al-18Si with Gd addition, (a) 0, (b) 0.3, (c) 0.8 and (d) 1.0 wt.% need to insert the 

optical images 

 

   
Fig. 2. a) Grain size of silicone. b) Aspect ratio of silicone particles as a result of Gd addition. 

 

3.2 Effect of Gd Additions on microstructure characterization of Al-18Si Alloy by scanning electron 
microscopy 

 
scanning electron microscopy was utilized to describe the characteristic grain patterns of the 

Al-18Si alloys utilized in this research to show the effect of Gd additions, as shown in Fig. 3. Silicon 
particle size and aspect ratio in base alloy are bigger than Al-18Si with addition of Gd and in 0.8% Gd 
is the smallest grain size, and the shape of grain goes to be more round give good mechanical 
properties 
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Fig.3 SEM images of Al-18Si with Gd addition, (a) 0, (b) 0.3, (c) 0.8 and (d) 1.0 wt.% 

 

3.3 Elemental Mapping Test 
 

Elemental dot mapping was performed on the Al region in both base and Gd added specimens 
to ensure that rare earth elements such as Gd are successfully formed with the components Al and 
Si. It was clearly seen that the Al has covered most of the area followed by the Si due to the high 
percentage in the alloy, while the other elements are uniformly formed in the scanned area. On the 
other hand, after the addition of 0.8 wt. % of Gd, it seems that the entire alloying elements of the 
modified alloy have been uniformly formed along with the formation of Gd element/compounds on 
the boundaries of dendritic and precipitated inside as well, as shown in Fig. 4. 

 

 

 

  

 

Fig. 4. Elemental dot mapping of modified sample containing 0.8 wt.% Gd 
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In order to examine these Gd compounds the EDS analysis has been conducted. As can be 
seen in Fig.  from the EDS analysis of Al-18Si alloy with Gd wt. %, they are comprised of Al and Si 
elements with distinct atomic weight and the EDS analysis of 0.3 percent, 0.8 percent, and 1 percent 
Gd Al-18Si alloys, which are composed of three components: Al, Si, and Gd elements with various 
atomic weight. The mass percentage of Gd will increase by adding Gd up to 0.8 % according to EDS 
analysis, whereas by increasing the percentage of Gd to 1 % of Gd adding the mass percentage of Gd 
is reduced to 42 % because more Gd is consumed to produce binary Al-Gd and ternary Al-Si-Gd as it 
detected in XRD analysis (Fig.6). 

 

 
Fig. 5. The EDS analysis of Al-18Si alloy with Gd wt.% 

 

3.4 phase constituents’ identification of Al-18Si-x Gd Alloys by XRD 
 

X-ray diffraction was used to describe the development of phases caused by the alteration of 
Gd in Al-18Si alloy (XRD). The X-ray spectra of the unmodified and modified alloys is shown in Fig. . 
Al and Si phases were discovered, as well as binary and ternary Al2Si2Gd phases. Because to the large 
volume fraction of all these intermetallic compounds, the patterning peaks of (011), (111), and (200) 
of these compounds vary based on the quantity of Gd added, with the greatest intensity achieved 
with the 0.8 wt. percent Gd additions. 

 
Fig. 6. Various amounts of Gd additions produce different X-ray diffraction patterns 
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3.5 Effect of Gd Additions on Mechanical Properties of Al-18Si Alloy 
3.5.1 Tensile Test 
 

At room temp, Fig.  shows the mechanical characteristics of Al18Si alloys with various Gd 
amounts. The mechanical characteristics of Al18Si alloys are significantly influenced by the adding of 
Gd. With Gd increase from 0.3 percent to 0.8 percent, both ultimate tensile strength (UTS) and 
elongation are improved. As a result, the Al-18Si alloy with the adding of 0.8 wt. % has the best 
mechanical characteristics. For 0.8 percent Gd the UTS and elongation, respectively, are 69 MPa and 
14.95 GPa. The mechanical characteristics of the material are reduced as more Gd is added. As a 
result, the quantity of Gadolinium that may be added to Al18Si alloys must be kept within a 
reasonable range. The mechanical properties of Al-18Si alloys are well known to be highly dependent 
on the size and shape of silicon, as well as silicon features. The smaller the particle size, the greater 
the resistance to deformation, and hence the tensile strength and elongation. (Liu et al., 2017) 
Gadolinium may efficiently alter the size and morphology of the Al and Si phases, minimizing the 
effect of their separation from the alloy matrix and enhancing the Al18Si alloy's mechanical 
characteristics.  

 

 

 

 

Fig. 7. Tensile test results for base alloys with various amounts of Gd modifications, 
including YS, UTS, and E. 
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3.5.2 Hardness test 
 

Fig. 8. shows the Vickers harness results for the base and Gd added alloys of the Ai-18Si. After 
the adding of Gd, the hardness results improved from 62.95 MPa to 71.3 MPa, reaching their highest 
amount with the adding of 0.8 % Gd. When an additional 1.0 wt. percent of Gd was applied; 
therefore, the hardness was decreased to 65.75 MPa. These improvements are mostly due to 
microstructural changes, such as grain size, and round shape which resulted in the limiting of 
dislocation movement and therefore improved hardness. 

 
Fig. 8. Hardness test results for base alloys with various amounts of Gd modifications. 

 
4. Conclusions 
 

The follow conclusions are drawn based on the experimental findings drawn: 

1- Melt treatment influences the microstructure and mechanical characteristics of Al-18Si cast 
alloys. Modifying of aluminum alloys with rare earth materials, especially gadolinium, helps 
to microstructure refining, which is a cause for Al-Si alloys, according to this research. 

2- The primary silicon is clearly affected by Gd modifications and the refining influence of Gd on 

the primary silicon is much more noticeable. With increased Gd amount, the size of primary 

silicon reduces. The addition of Gd to an Al-18Si alloy may effectively modify the primary Si. 

Meanwhile, adding up to 1% Gd to Al–18Si alloy may cause particle size to increase. 

3- The Al-18Si-0.8 wt. percent Gd alloy, owns greater UTS, Young modulus, elongation, and 

maximum value These improvements may enhance the service life of the Al-18Si enhanced 

alloy as compared to unaltered alloy. 
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