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Abstract—Now a day’s in the current domain, manufacturing 

industries are competing to reduce the cost and fuel 

consumption rates. Especially, in automobile and aerospace 

applications because of the improvement of lightweight metal 

advantages. Magnesium, aluminum and other few materials 

are considered as lightweight materials to use in required 

applications due to their inherent properties. Therefore, in this 

paper tried to characterize the advances of LM20 aluminum 

alloy rods by using the die-casting processes at various 

processing temperatures followed by room temperature, 373 K, 

and 473 K. The main aim is to study the effect of various 

processing temperature on microstructures and mechanical 

properties of LM20 alloy. Also, this paper reveals the stability 

of the microstructures of LM20 aluminum alloy though the 

processing temperature has been increased. The tensile 

strength, hardness of the LM20 aluminum alloy was decreased 

with increase in processing temperature. Similarly, the wear, 

and surface roughness tests were performed on the LM20 alloy 

rods to understand the effect at various processing 

temperature.   
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Mechanical Properties, and Surface roughness.  

I.  Introduction 
LM20 aluminum alloy has been widely used in many 

applications like marine casting products, meter cases, water 

jackets, interior design equipment, street lightening and 

other castings products subjected to atmospheric exposure 

[1]. The reason behind these numerous applications are 

having many advantages of LM20 along with their inherent 

properties. They are excellent fluidity, wettability, 

formability, high specific strength, good castability, 

shrinkage reduction, corrosion resistance, low thermal 

expansion coefficient, wear resistance [2]. Also, Light 

Metals (LM) would became strong alloys as the combination 

of alloying elements (Al-Si-Cu-Mg-Ni), hence, using many 

industrial applications [3]. However, mechanical properties 

are reflected by stringent limitations to achieve these 

applications while processing using conventional methods 

[4]. 
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Therefore, these alloying properties especially porosity 

and stringent limitations need to be minimized by changing 

the conventional methods and processing temperatures. 

Also, Aluminum and silicon content alloys mechanical 

properties have been influenced by their particle size, shape 

and distribution [5,6]. However, there are several casting 

approaches to modify the size, shape and distribution of the 

alloys but, attaining expected outcomes would be possible 

through heat treatment processes while conducting the 

experiments [7]. Consequently, Fan et al., illustrated the 

influence of casting temperatures on microstructure, and its 

mechanical properties of Al-Zn-Mg-Cu alloy [8]. Maleki et 

al., considered the most influencing process parameters such 

as squeeze pressure, melt and die temperature to explore the 

effects on grain size of the LM13 alloy, and aspect ratio of 

eutectic silicon particles [9]. Wang et al., made an attempt to 

predict the temperature difference of the squeeze cast part at 

different casting conditions utilizing with back propagation 

algorithm of ANNs [10]. 

From the above review of literature, it is defined that 

casting process parameters also decides the final cast 

structure and on its mechanical properties. The aim of the 

present work is to explore the effects under experimental 

studies at various processing temperatures. An attempt made 

to experimentally investigate the final solidified structure 

using mechanical modification process parameters such as 

pouring and die temperatures.  

 

II. Experimental Work 
In the present work LM20 aluminum alloy was used as a 

casting material due to its stimulating features and the alloy 

chemical composition was performed using the spectroscopy 

test to confirm the exact composition as equivalent to the 

ASTM E1251-07 standard. Table 1, shows the chemical 

composition of the LM20 alloy. Besides, H13 hot die steel 

was used as die material to endure at various temperatures 

while performing the casting processes. Fig.1 shows the 

cylindrical cavity which was used to obtain the cylindrical 

samples of LM20 alloy. Experiments have been carried out 

on LM20 alloys at various die temperatures of room 

temperature, 373K, and 473K with constant muffle furnace 

temperature. Initially, as-received LM20 ingots were heated 

up to 1073K by using the controlled muffle furnace and the 

stirrer was fixed to mix properly to dissolve all elements in 

equal distribution. Suitable cover flux and hexachloroethane 

was used to clean the surface and to eliminate excessive 

gasses respectively while melting. Once melting was done, 

started pouring into the hot die which was maintained to the 
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room temperature to get five decent cylindrical shaped 

samples as shown in fig.2. 

 

TABLE 1.  CHEMICAL COMPOSITION OF LM20 ALLOY 

Elements Si Fe Cu Mn Mg Cr Ni Zn Ti Al 

Composition of 

LM20 (%) 

10.4 0.29 

 

0.18 0.53 0.18 0.017 0.016 0.35 0.18 87.84 

 

 

Similarly, experiments were conducted at various 

temperatures of 373K, and 473K. The obtained sample was 

divided by performing the machining operations and 

distributed for the various tests to study the behavior of the 

LM20 alloy at various temperatures. After completion of 

experimental work, the specimens are to be used for 

multipurpose testing such as microstructural characterization 

and mechanical testing. The specimen must have the fine 

structure by polishing for characterization and for check 

hardness. Furthermore, part of the specimen is to be used to 

prepare the standard tensile specimens for observe the 

strength and elongation of the material. Also, in the present 

work, surface roughness analysis has been carried out.  

 

 
 

Figure 1.  Die Cavity 

 

 
 

Figure 2. LM20 cylindrical shaped specimens 

 

The microstructure evaluation was done on LM20 

aluminum alloys using an Optical Microscope (OM).  These 

samples are to be prepared by mechanical polishing with 

silicon carbide abrasive papers (grades of 400, 600, 800, 

1000, 1200, 1500, 2000, 2/0, 4/0) followed by electro-

polishing (etched) using a solution composed of Kellers 

reagent [11]. Mechanical properties (YS, UTS, 

%Elongation, Hardness, Compression, and Wear) were 

studied for obtained LM20 alloy rods at various 

temperatures. Moreover, surface roughness analysis has 

been carried out to know the smoothness of the surface of 

the LM20 alloys.  

 

III. Results and Discussion 
Die-casting has been used to study the behaviour of the 

LM20 alloy by varying the die temperatures of room 
temperature, 373 K, and 473 K. In the present work, the 
following studies were conducted to know the behaviour of  
LM20 alloy.   

 Microstructure analysis 

 Hardness test 

 Tensile test 

 Wear test 

 Surface roughness test 

A. Microstructure Analysis 

 

Figure 3. Optical microscope images of LM20 alloy at (a) Room 

Temperature, (b) 373 K, and (c) 473 K. 
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The microstructural studies has been done on LM20 
alloy to reveal the arrangement of the internal structures. 
The microstructures helps to understands the stability of the 
grain structure and how the properties are changing by 
varying grain sizes at different processing die temperature 
[12]. Fig. 3 shows the optical microscopy images of LM20 
alloy processed at (a) Room Temperature, (b) 373 K, (c) 473 
K by using the 40X magnification. In fig 3(a), the grains 
were distributed with Si particles in the LM20 alloy 
processed at room temperature. However, dendrites were not 
found which must be available in the cast aluminum alloys. 
But, on contrary, the dendrites were found in the LM20 
alloy after processing through squeeze casting [13]. Fig. 
3(b)-(c) represents the coarse grains when compared to the 
grains where distributed in fig. 3(a). Similarly, the dendrites 
were not found in fig. 3(b)-(c). Manjunath et al., processed 
the LM20 alloy by using the squeeze casting at various 
temperatures and pressures to enhance the mechanical 
properties. Moreover, author added grain refineries to 
enhance the mechanical properties by changing the 
microstructures in LM20 alloy [14]. But, in the present 
work, we have found the grain boundaries without adding 
the grain refineries. It would be the eutectic Si, and other 
elements involved to play a major role to form the 
microstructures. Vandana et al., conducted experiments on 
Al-Si alloy with different sources of Ni. Author, concluded 
that eutectic Si phase, size and distribution could influence 
in the microstructure and mechanical properties [15]. 
Similarly, in this paper, microstructural changes would 
occurred due to Si and other elements distribution in LM20 
alloy. 

B. Hardness 
Fig. 4 describes the hardness of the LM20 alloy at 

various processing temperatures of 300 K, 373 K, and 473 
K. At room temperature (300 K), the hardness of the LM20 
alloy was found to be 84 Hv. The hardness of alloy was 
observed to be decreased with increase in processing 
temperature to 373K from room temperature. It was 
drastically decreases to 79 Hv at a processing temperature of 
473 K, when compared to the hardness at room temperature. 

       

 

Figure 4. Hardness Vs Processing Temperature of LM20 Alloy 
after die-casting. 

 

The hardness of the LM20 alloy was decreases with 
increase in processing die temperature is because of the 
recrystallization taken place. Therefore, the softness was 
increases at elevated temperatures. Similarly, the hardness 
of the alloy was decreased with increasing in processing 
temperatures [16]. 

C. Tensile Test 
Fig. 5 represents the Ultimate Tensile Strength (UTS) 

and percentage of Elongation graphs against the processing 
die temperatures. The tensile strength of the alloy was 
decreased with increase in processing temperature but the 
percentage of elongation was increased vice versa. 
Muralidhar et al., developed AZ31 alloy at various 
processing die temperatures and author concluded that the 
strength of the material was decreased with increase in 
temperature [17]. Azushima et al., reviewed and concluded 
that the strength of the material was inversely proportional 
to the grain size [18].  Also, the hall-petch equation 
describes clearly that the strength of the material depends 
upon the grain diameter [19]. Similarly, in the present study, 
optical micrographs represents the variation of the grains 
(fine grains to coarse grains) in the LM20 alloy at elevated 
temperatures as shown in fig. 3. Hence, the tensile strength 
of the LM20 alloy was decreased. Besides, the percentage 
elongation was increased with decrease in strength at 
elevated temperatures.   

 

Figure 5. Ultimate tensile strength and percentage Elongation against three 
processing temperature for LM20 alloy after die-casting. 

D. Wear Test 
Fig. 6 and Fig. 7 shows the curves for wear rate against 

the time in seconds at various three processing die 
temperatures. In fig. 6, the wear tests were conducted by 
applying the 1 kg load and the load was increased to 2 kg 
and performed the wear test for various time durations in 
fig. 7. In this paper, the speed 250 rpm kept constant for 
both the loads and conducted experiments to know the 
behavior of the LM20 alloy at various processing 
temperatures by changing the time durations from 120 
seconds to 600 seconds. The hardness of the LM20 alloy 
was slightly increased with increase in time duration. But, 
the wear rate was increased greatly with increase in 
processing die temperature even for both 1 kg and 2 kg 
loads. Also, the wear rate was higher at 2 kg load when 
compared to wear rate at 1 kg load. Archard model, says that 
the wear volume was not followed the linear trend with the 
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applied load [20]. Similarly, the trend of the wear curves 
was not linear with load.  

 

Figure 6. Wear rate against time in seconds for LM20 alloy at 1 kg. load 
with three processing temperatures. 

 

Figure 7.  Wear rate against time in seconds for LM20 alloy at 2 kg load 
with three processing temperatures. 

E. Surface Roughness Test 
The surface roughness was conducted on LM20 alloys at 

various processing die temperatures which was tabulated in 
table 2. The smooth surface was found where, the specimen 
casted at room temperature for the Ra value is 0.29. But, the 
roughness was increased at elevated temperatures like Ra 
value is observed to be 0.30 and 0.48 microns respectively.  

TABLE 2.  SURFACE FINISH DATA FOR THREE SELECTED PROCESSING 

TEMPERATURES OF LM20 ALLOY AFTER DIE-CASTING 

 Ra Ry Rz 

LM20@RT 0.29 2.92 2.92 

LM20@373 K 0.30 3.58 3.58 

LM20@473 K 0.48 6.39 6.39 

IV. Summary 
In the present work, the evaluation of microstructures 

and mechanical properties were studied on LM20 alloy at 
various three processing temperatures through die-casting. 
Also, the surface finish of LM20 alloy was found at 

different three processing temperatures. From the results and 
discussion, the following conclusions were described.   

The grain size of the LM20 alloy was increased with 
increase in the processing temperatures due to its 
recrystallization takes place during casting. Therefore, the 
hardness and tensile strength of LM20 alloy was decreased. 

 However, the wear rate of the LM20 alloy was found to 
be increases at various temperatures but, moderate changes 
were observed with different time durations. Surface 
roughness of the LM20 alloy was observed to be low at 
room temperature among three processing temperatures.  

Overall, the microstructure of the LM20 alloy was 
varying at high processing temperatures and the mechanical 
properties were observed to be decreases with increase in 
temperature range. Nevertheless, in the present scenario, 
companies are looking for stabilized, enhanced property 
products even at elevated temperatures. Hence, to make 
stabilization of microstructures and for improvement in the 
mechanical properties need to add some grain refineries 
which is sustainable at high temperatures.     
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