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Abstract— The effect of foundry variables, such as mold materials 

and pouring temperature on the microstructure, dendrite arm 

spacing, percentage porosity and mechanical properties of as-cast 

LM25 Al alloy was investigated. The microstructure of the as-cast 

samples was characterized by optical microscopy. The results 

showed that the secondary dendrite arm spacing (SDAS, λ) is well 

refined by pouring at higher temperatures in metal mold 

compared to greensand mold. The SDAS decreases with 

increasing pouring temperature due to multiplication of 

nucleation sites in the superheating liquid melt. The percentage 

porosity of the cast specimens decreases with increasing pouring 

temperatures and is lowest for metal mold at highest pouring 

temperature. The mechanical properties of the as-cast LM25 Al 

alloy, such as hardness and ultimate tensile strength increases as 

pouring temperature increases. However, percentage elongation 

of the as-cast alloy decreases with increasing pouring 

temperatures. Among the mold materials, permanent metal mold 

casting has shown to impart better quality than greensand mold 

casting. 

Index Terms— LM25 Al alloy, Pouring temperature, secondary 

dendrite arm spacing (SDAS, λ), percentage porosity, permanent 

metal mold, greensand mold, mechanical property.  

I. INTRODUCTION 

Aluminium and Aluminium alloy castings have dominated 

the automotive sector for decades [1]. Approximately two 

thirds of all aluminium castings are used in automotive 

industries and it continues to grow at the expense of iron 

castings. Although aluminium castings are significantly more 

expensive than ferrous castings, there is a continuing market 

requirement to reduce vehicle weight and to increase fuel 

efficiency. It is this requirement which drives the 

replacement of ferrous parts by aluminium. LM25 is a 

common purpose alloy of aluminium which finds application 

in the food, chemical, marine, electrical and many other 

industries and above all in the automotive industry for the 

manufacture of cylinder blocks and heads, and other engine 

and body castings [3]. Its potential uses are increased due to 

its availability in four conditions of heat treatment in both 

sand and chill castings. It is quite suitable for fairly thin 

castings as well and the production of castings in this alloy 

does not introduce any problems due to hot tearing. 
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It has a good resistance to corrosion and has a high strength 

and also offers good mach inability [4]. It is imperative to 

possess knowledge about solidification phenomena and their 

effect on mechanical properties while designing cast 

automotive parts. Knowledge of solidification phenomena 

can help a designer to ensure sound casting and this in turn 

will ensure that the casting will achieve the desired properties 

for its intended application [5]–[8]. The solidification of cast 

aluminum alloys start with separation of primary α- phase 

from the liquid. When the temperature lowers after 

nucleation, the primary phase grows as solid crystals having 

dendritic shape. When the eutectic temperature has been 

reached, the solidification proceeds at constant temperature 

with the formation of the eutectic solid phase in the space left 

between dendritic arms. The secondary dendrite arm spacing 

(SDAS), defined as the distance between the protruding 

adjacent secondary arms of a dendrite, has been used in 

recent years to characterize the metallurgical structure of cast 

materials. It is well known that various cooling rates during 

solidification can lead to variation in the amount and various 

morphological characteristics of as-cast structures, which in 

turn can lead to different mechanical properties [6], [9]–[11]. 

Castings having a finer microstructure show better tensile 

and fatigue properties, particularly for cast aluminum alloys, 

this improvement is related to a lower SDAS value. Studies 

on the effect of SDAS on tensile properties report that the 

tensile strength and ductility are found to decrease with 

increasing value of SDAS [12]. Because of the evident 

importance of SDAS, many automotive companies have 

included SDAS values in engineering data for aluminum 

castings. Increasing the strict control over SDAS enables the 

production of castings with improved properties [13]. In the 

present work, the influence of foundry variables such as mold 

materials and pouring temperatures on the microstructure and 

mechanical properties of as-cast LM25 Al alloy have been 

determined and studied. A relationship was drawn between 

casting variables such as pouring temperatures, SDAS and 

mechanical properties such as UTS, %EL and Hardness). 

Modelling of the alloys were done using JMatPro version 4.1. 

Thermodynamic calculations of changes in phases with 

temperature in both equilibrium and non-equilibrium 

solidification conditions were performed. From these 

calculations the identity and amount of different phases in the 

alloy at different temperatures were predicted.  

II. MATERIALS AND TEST PROCEDURES 

A. Specimen Preparation 

Four molds, two greensand molds and two metal molds were 

prepared in advance before melting the master alloy. About 

four kilograms of LM25 (BS 1490:1988 LM25) Al master 

alloy was melted in a graphite crucible placed in a 

gas fired pit furnace.  
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All the molds were preheated to required temperature. After 

using necessary fluxing and degassing agent (ammonium 

chloride), the liquid Al metal was poured in one greensand 

mold and in one metal mold at a pouring temperature of 

900oC. When the temperature of the melt dropped down to 

700oC, the remaining liquid metal was poured into a 

greensand mold and in a metal mold. The temperature 

readings were obtained by submerging a pyrometer rod into 

the molten liquid. The melt was continuously stirred to avoid 

non-uniform temperature distribution throughout the melt. 

After cooling the castings were removed from their 

respective gating systems. Thus two types of cast specimens 

were obtained corresponding to two different pouring 

temperatures, i.e. 900oC and 700oC.  

B. Microstructural analysis 

The specimens for microstructural analysis were machined to 

cylindrical shapes. Standard techniques were followed for the 

preparation for observation. Grinding was done on silicon 

carbide abrasive papers of various grit sizes, final polishing 

being done on a velvet cloth using a suspension of alumina 

(Al2O3) powder. The specimens were then washed and dried 

with acetone before observation. The microstructures were 

studied using a metallurgical microscope. Secondary 

dendrites were observed and length of secondary dendrite 

arm spacing (SDAS, λ) was calculated for all specimens as 

follows: 

a) A dendrite stem was selected where 5 or more secondary 

dendrite arms could be identified 

b) The length of the stem was measured and the number of 

secondary dendrite arms was counted 

c) SDAS was calculated [14] according to the formula: 

λ =  
(1) 

 

• L – Length of dendrite stem 

• n – No. of secondary dendrite arms 

• V - Magnification 

C. Phase analysis 

Using JMatPro the evolution and of phases during 

solidification of LM25 alloy was identified. The presence of 

intermetallic phases and their solidification was also studied. 

Furthermore, the stoppage of solidification of few 

intermetallic phases was also identified. 

D. Calculation of porosity 

Cylindrical specimens were created from the 

broken/discarded tensile test bars after tensile testing and 

machined to bring about surface smoothness. Then mass and 

volume was calculated for each specimen to find out the 

apparent density. True density of the LM25 Al alloy as per 

BS 1490:1988 LM25 is 2.68 gm/cc. The % porosity was 

calculated as follows: 

% Porosity =  (2) 

E. Hardness test 

The hardness values of the samples were determined using 

the Brinell hardness tester. The Brinell hardness test was 

conducted by applying 500 kg load (L) for 30 seconds with a 

ball of 10 mm diameter (D) on the surface of the samples. 

Then the diameter of the impression (d) was measured by the 

scale. Then the hardness was calculated by the equation given 

below: 

BHN=  
(3) 

F. Tensile test 

Four tensile specimens were machined from the four types of 

cast specimens according to ASTM B557 standards [15]. The 

tensile specimen is shown in Fig. 1 and the standard 

dimensions are shown in Table 1. From the tensile test UTS 

and %EL were recorded. 

 
Fig. 1 Standard 0.50 in Round Tension Test Specimen[15] 

 

Table 1 Standard ASTM B557 Tensile Test Specimen 

Dimensions in inches [15]. 

Nominal Diameter 

Standard Specimen 

(inches) 

0.500 

G – Gage length 2.000 ± 0.005 

D – Diameter 0.500 ± 0.010 

R – Radius of fillet 3/8 

A – length of reduced section 2 1/4 

III. RESULTS AND DISCUSSIONS 

A. Microstructural analysis 

The optical microstructures of the LM25 alloy casted in 

greensand mold at pouring temperatures of 700OC and 900OC 

are shown in Fig. 2(a) and (b) and that of the alloy casted in 

metal mold at pouring temperatures of 700OC and 900OC are 

shown in Fig. 3(a) and (b).  

(a) 
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(b) 

Fig. 2 Microstructure [Magnification: 100X] of LM25 

alloy casted in sand mold consisting of coarse dendrite 

structure. 

 
(a)

 
(b) 

Fig. 3 Microstructure [Magnification: 100X] of LM25 

alloy casted in metal mold consisting of fine dendrite 

structure. 

 

The SDAS of all samples at different pouring temperatures 

for different casting molds are shown in Table 2, it can be 

seen that the SDAS decreases with increasing pouring 

temperature, meaning that the pouring temperature has a 

significant refining effect. 

 

Table 2 SDAS, λ values for different pouring temperature 

Type of 

mold 

Pouring 

temperature 

SDAS, λ 

(µm) 

Greensand  
900OC 60 

700OC 69 

Metal 
900OC 55 

700OC 61 

 

In conventional cast processing, the melt is usually poured at 

higher temperature, by about 50OC than its liquidus point 

[16]. The higher the temperature, the more is the activity of 

liquid metal, which results in more nucleating spots in the 

liquid metal. It is well known that the refinement is achieved 

by the multiplication of the nucleation sites in the liquid melt 

[16]. According to the solidification theory, the critical 

nucleus diameter is inversely proportion to the melt 

undercooling and the decreasing Gibbs free energy. Thus, the 

increasing undercooling will be beneficial for nucleation due 

to decreasing size of critical nucleation and also provide a 

larger crystallization driving force. This means that pouring 

at higher temperature will result in the formation of small 

nucleation sites in large numbers. On the contrary, pouring at 

low temperatures will result in the formation of nucleation 

sites in small numbers but they will be larger in size than the 

former. The SDAS is effectively reduced due to the increase 

in amount of the nucleation at high pouring temperature. 

Therefore, the SDAS is decreased with increasing pouring 

temperature. The SDAS is mainly dependent on the cooling 

rate and high cooling rate results in small SDAS. The cooling 

rate is also controlled by the type of mold used for casting. 

Metal molds allow higher cooling rates than greensand molds 

and consequently the SDAS of specimen cooled in metal 

mold is smaller than that in greensand mold. 

B. Phase analysis 

Using JMatPro thermodynamic calculations of changes in 

phases with temperature in equilibrium solidification 

conditions were made. The identity and amount of different 

phases in the alloy at different temperatures were predicted.  

From the Step Temperature calculation predicted in 

thermodynamic modeling using JMatPro, the evolution and 

abolition of different phases in the LM25 Al alloy are clearly 

observed in Fig. 4. It is evident that the Al phase starts to 

solidify first at 6150C. It can be seen at the right that most of 

the intermetallic phases are of Al, Si, Cu, Fe and Mg. In Fig. 

5, we can see that the Silicon and Al-Fe-Si phase starts to 

solidify at 5670C. At 4450C, Al-Fe-Mg-Si phase 

(Al8FeMg3Si6) starts to grow and ends at 3880C with the 

evolution of Mg2Si phase. The Mg-Si phase totally vanishes 

at 3200C, while another Al-Cu-Mg-Si (Al5Cu2Mg8Si6) phase 

starts to grow at 3700C. So, those Magnesium and Silicon 

contents are transferred from the Mg2Si phase to the new 

Al-Cu-Mg-Si phase. Another Al-Cu phase (Al2Cu) starts to 

evolve at 1800C. From this study, we can assume that the Al 

phase solidifies first and forms the dendrite, while the Silicon 

and other intermetallic phases remain in the inter-denditric 

region.

http://www.ijeat.org/
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Fig. 4 Step Temperature Modeling of LM25 Alloy 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Changes in intermetallic phases 

 

C. Effect of mold materials and pouring temperature on % 

Porosity and Hardness. 

The %porosity and hardness of the specimens produced at 

different pouring temperatures were measured and the results 

are shown in Fig. 6 and Fig. 7. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 % Porosity of LM25 alloy at different pouring 

temperatures 
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Fig. 7 Brinell hardness of LM25 alloy samples at different 

pouring temperatures and cooled in the metal mold and 

sand mold, respectively 

The type of mold material is a major factor in reducing 

%porosity. From Fig. 6 it is clearly evident that the % 

porosity decreases with increasing pouring temperature and 

is lowest for metal mold casting. The SDAS also influences 

the size of eutectic Si and porosity. Finer SDAS leads to 

sound casting by reducing the porosity and the size of 

eutectic Si, which solidifies in between dendrite arms [17]–[ 

21]. The hardness of the specimens produced at different 

pouring temperatures was measured and the results are 

shown in Fig. 7. It can be seen that the hardness increases 

with increasing pouring temperature. Moreover, the hardness 

of the metal mold casting alloy is higher than that of sand 

mold casting alloy at the same pouring temperature. A high 

pouring temperature generally increases the nucleating spots 

in the superheated melt and refines the microstructure [16]. 

The refined microstructures can be seen in Fig. 3(a) and 3(b). 

The refined microstructures improve the hardness of the 

alloy, implying that SDAS of as-cast alloys have an effect on 

hardness. From Fig. 8 it can be clearly seen that hardness 

decreases with increasing SDAS. The relationship between 

hardness and SDAS at air cooling and sand cooling is shown 

in Fig. These results are also similar to those obtained by Jing 

[22]. 

Fig. 8 Relationship between hardness and SDAS (λ) [16]. 

D. Effect of mold materials and pouring temperature on 

tensile behaviour 

Fig. 9 shows the relationship between the tensile properties 

and the pouring temperature. It can be seen obviously from 

Fig. 9(a) that the ultimate tensile strength (UTS) increases 

with increasing pouring temperature, and the UTS of the 

metal mold casting specimens is higher than that of sand 

mold casting specimens because of the finer microstructure 

in metal mold casting specimens. The variation of the 

elongation (EL) with pouring temperature is given in Fig. 

9(b). It is indicated that the elongation decreases with 

increasing pouring temperatures, and the elongation of the 

metal mold casting specimens is lower than that of sand mold 

casting because of the higher hardness. Various cooling rates 

during solidification lead to various microstructural 

characteristics of as-cast structures, which in turn can lead to 

different mechanical properties. Castings having a finer 

microstructure show better tensile and elongation properties, 

particularly for cast aluminum alloys, this improvement is 

related to a lower SDAS value. Studies on the effect of SDAS 

on tensile properties reported that the tensile strength and 

ductility decreases with increasing value of SDAS. The 

SDAS influences the size of eutectic Si and also affects the 

Ultimate Tensile Strength (UTS) and elongation. 

 

(a) 

 
(b) 

Fig. 9 Relationship between (a) UTS and (b) % EL with 

pouring temperature 
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IV. CONCLUSIONS 

The effect of foundry variables such as mold materials and 

pouring temperature on the microstructure, secondary 

dendrite arm spacing (SDAS) and mechanical properties of 

as-cast LM25 Al alloy have been determined. Metal mold 

castings have refined microstructure than sand mold castings 

owing to increased cooling rate/solidification rate. Hence, 

LM25 Al alloy has fine dendrite structure when casted in 

metal mold and also has better mechanical properties. Using 

thermodynamic modeling, the presence of intermetallic 

CuAl2 and Al-Cu-Mg-Si phases were confirmed. These 

intermetallic phases are responsible for better mechanical 

properties of the LM25 alloy. Metal mold castings also have 

less % porosity which leads to sound castings. The 

relationships between mechanical properties and SDAS with 

pouring temperature are presented in Fig. 10. It is clearly 

evident from Fig. 10 that pouring temperature has a marked 

effect on SDAS and mechanical properties. Higher pouring 

temperature leads to finer secondary dendrite arm spacing 

and as a result the UTS and Hardness of the alloy increases 

with a decrease in % elongation. 

 

 

Fig. 10 Relationship between mechanical properties 

and SDAS with pouring temperature 
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