
International Journal of Education and Science Research Review  
                                                                                                                                                                            E-ISSN 2348-6457                          

                                            Volume-6, Issue-2, March-April – 2019                   P-ISSN 2349-1817                            

                            www.ijesrr.org                                                                                              Email- editor@ijesrr.org 

Copyright@ijesrr.org                                                                                                                                                  Page         190 

THE EFFECTS OF PRESSURE ON THE MECHANICAL 

PROPERTIES AND MICROSTRUCTURE OF DIE CAST 

ALUMINIUM ALLOYS 
Sneh Suman 

Research scholar 

 Kalinga University , Raipur, Chhattisgarh 

 

Dr Vinay Chandra Jha 

Professor 

 Kalinga University , Raipur, Chhattisgarh 

ABSTRACT  

Aluminum-metal matrix composites are the materials that are utilised the most frequently in the production 

of aviation pump components, transmission cases for automobiles, aircraft fittings and control parts, and 

cylinder parts for water-cooling systems. Because of its excellent cast ability, better weld ability, pressure 

handling capacities, and resistance to corrosion, some important parts of aircraft structures and engine 

controlling parts, nuclear energy installations, and a great deal of other applications where a high strength 

to weight ratio is required make use of this material. Aluminum metal matrix composites are preferred over 

numerous other materials for structural members in the aerospace and automobile industries. This is due to 

the superior capabilities of aluminium metal matrix composites in terms of their physical, chemical, 

mechanical, and tribological characters during machining and moulding behavior. Additionally, aluminium 

metal matrix composites have a better weight to strength ratio than many other materials. Due to the fact 

that these materials are typically subjected to material heat treatment in order to achieve grain development 

and uniformity as well as age hardening processes, they are commonly employed in the disciplines of 

engineering that deal with automobiles and aircraft. 
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INTRODUCTION 

Casting processes are among the most seasoned techniques for assembling metal merchandise. In most 

early casting processes (large numbers of which are as yet utilized today), the shape after use is regularly 

imploded to eliminate the item after cementing. The requirement for a super durable shape, which can be 

utilized to deliver parts in enormous volume amounts which are of top notch, is the conspicuous other 

option. In the medieval times, skilled workers idealized the utilization of iron in the production of shape. 

Also, the principal data transformation happened when Johannes Gutenberg fostered a technique to make 

parts in enormous amounts utilizing a super durable metal shape. Throughout the long term, the extremely 

durable metal form processes kept on advancing. In the late eighteenth century processes were created in 

which metal was infused into metal dies under the gun to fabricate print type creation. These improvements 

finished in the formation of the linotype machine for printing by Ottmar Mergenthaler in 1885, a 

computerized type casting gadget which turned into the unmistakable sort of gear in the distributing 

business which prompted making of a die cast machine. 
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Analysts like Adler et al. researched porosity surrenders in aluminum cast materials, and utilized 

volumetric examination to distinguish gas porosity deserts. They studied the impact of backscatter in their 

work on the ultrasonic review of aluminum cast materials, comparably Dahle et al. directed trials on the 

effects of pressure on thickness and porosity in an aluminum cast by applying pressure to the riser in a 

long-lasting mold (die) and found a level dissemination this season of thickness rather than porosity, was 

seen with the compressed riser. Dargusch et al. decided the effects of interaction factors on the nature of 

high pressure die cast parts with the guide of in-hole pressure sensors. Specifically, the effects of set 

strengthening pressure, defer time, and casting speed were explored and thusly the impact of varieties in 

these boundaries on the uprightness of the last part, porosity was found to diminish with expanding 

heightening pressure and increment with expanding casting speed, and afterward Zhu et al. directed 

examinations and reenactments on the impact of pressure on porosity in cast A356. 

The amalgam was softened under vacuum and pressure was applied in the fired form and observed that an 

increment in pressure diminishes how much porosity and that the pore size appropriation was moved to 

more modest pores as pressure expanded. Ming et al. directed examinations on the impact of pressure on 

the mechanical properties and microstructure of Al-Cu-based compound ready by crush casting and 

reasoned that hardness, elasticity and flexibility of ZA27 pressed casting are significantly impacted by 

applied pressure and essential response is advanced in press cast ZA27 amalgam that hardened at high 

pressure and a fine microstructure is gotten with the expansion of pressure and Wei et al. researched 

microstructures and properties of die casting parts with different thicknesses made of AZ91D compound 

through a filtering electron magnifying lens (SEM), transmission electron magnifying instrument (TEM), 

high-goal transmission electron magnifying instrument (HRTEM), and so on It was reasoned that 

mechanical properties of the die casting parts basically rely upon grain size of Mg stage. Chiang et al. 

proposed numerical models for the demonstrating and investigation of the effects of machining boundaries 

on the exhibition qualities in the HPDC interaction of Al-Si alloys which were created utilizing the reaction 

surface philosophy (RSM) to clarify the impacts of three handling boundaries (die temperature, infusion 

pressure and cooling time) on the presentation attributes of the mean molecule size (MPS) of essential 

silicon and material hardness (HBN) esteem. The test plan takes on the focused focal composite plan 

(CCD). 

The distinguishable impact of individual machining boundaries and the connection between these 

boundaries were additionally explored by utilizing examination of change (ANOVA). With the test values 

up to a 95% certainty stretch, it was genuinely well for the exploratory outcomes to introduce the numerical 

models of both the mean molecule size of essential silicon and its hardness esteem. Two fundamental huge 

variables engaged with the mean molecule size of essential silicon were the die temperature and the cooling 

time. The infusion pressure and die temperature likewise have measurably huge effects on microstructure 

and hardness. Li et al. directed tests on the effects of explicit pressure on microstructure and mechanical 

properties of crush casting of ZA27 amalgam and inferred that Hardness, elasticity and pliability of ZA27 

crushed casting with high tallness to-thickness proportion are significantly impacted by applied pressure 

and that Al and Cu components are homogeneously dispersed in framework of press cast ZA27 compound. 

Albeit numerous scientists have completed different chips away at crush casting of Al alloys, but little 

work has been accounted for on die casting of A380 combination with fluctuating applied pressure. 
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Aluminum reusing, especially aluminum chips, has for quite some time been the object of exhaustive 

exploration for a long time and ecological reasons . Processes continued in the reusing of aluminum directly 

affect the microstructure of the amalgam, which clarifies its mechanical conduct. In this way, to 

comprehend the advancement of the mechanical properties of such compound, it is basic to do a thorough 

investigation of its microstructure impacted by the execution interaction boundaries of from one viewpoint, 

and by the utilized metallurgical variables then again. 

Aftereffects of past studies show the dependability of the utilization of pressure in working on the 

mechanical properties of various alloys. Numerous analysts battle that the use of pressure on liquid metal 

during cementing can have a few effects, for example, changing the edge of freezing over as indicated by 

the Claudius- Chaperon relationship , changing the cooling rate and lessening porosity and shrinkage, 

which works on the microstructural properties of alloys. 

Accordingly, the mechanical decencies were gotten to the next level. Many studies have connected the 

mechanical properties and the cooling rate as per the Hall- Patch connection. 

Others explores are engaged in the improvement of Aluminum alloys decencies; Tang Liu et al. have 

arranged Aluminum-aluminum bimetal by casting fluid A356 aluminum compound onto 6101 aluminum 

expulsion bars and hardening under applied pressure. Patel et al. have made an endeavor to foresee the 

auxiliary dendrite arm dispersing (SDAS) using Mandeni, Takagi and Surgeon based fluffy rationale draws 

near. The presentation all models are looked at in making the expectation of SDAS in crush casting. P. 

Senile et al. have additionally produce the AC2A aluminum compound castings through direct crush 

casting process. Taguchi strategy and hereditary calculation were utilized for process enhancement to 

create excellent castings. They have announced that castings got for ideal crush casting condition showed 

better grain refinement in microstructure and around 65 % improvement in malleable yield strength than 

gravity die casting condition. 

Many have utilized the press casting as a cycle for getting ready composite alloys as a result of its high 

efficiency and incredible formability. E. Hajji et al. showed that the proper pressures for assembling carbon 

fiber built up aluminum composites, by crush casting process, in uncoated and Ni-covered condition are 

50 and 30MPa, separately. B. Lin et al. have arranged Al-5.0wt% Cu-0.6 wt.% Mn alloys with various Fe 

substance by gravity die casting and crush casting. The distinction in microstructures and mechanical 

properties of the T5 heat-treated alloys was inspected by malleable test, optical microscopy, profound 

scratching method, checking electron microscope and electron test miniature analyzer. They have shown 

that the crush cast alloys with various Fe substance have better mechanical properties analyzed than the 

gravity die cast alloys, which is fundamentally credited to the decrease of porosity and refinement of Fe-

rich intermetallic and a (Al) dendrite saw in T5 heat-treated gravity die cast combination. Suisse N. et al. 

explored the connection between a definitive elasticity, hardness and interaction factors in a press casting 

2017 a fashioned aluminum composite to, in a first report, and the Improvement of flexibility of this 

combination, in a subsequent report, utilizing the Taguchi strategy. The goals of the Taguchi technique for 

the press casting process are to lay out the ideal blend of cycle boundaries and to diminish the variety in 

quality between a couple of tests. The trial results show that the crush pressure essentially influences the 

microstructure and the mechanical properties of 2017 An Al alloys. 
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In this work, we utilized crush casting for reusing an aluminum composite; the impact of pressure minor 

departure from its metallographic structure and mechanical properties advancement were researched. The 

pressures applied during cementing were 0, 50, 75, 100 and 150MPa. We should foresee the impact of 

pressures on cooling rate changes and grain refinement; we were likewise expected to track down a tradeoff 

between micro structural results and mechanical conduct of the examples. The appropriate hotness 

treatment which could prompt better mechanical properties is likewise chosen. 

ALUMINIUM ALLOYS 

Aluminium was considered to be more rare and precious metal than gold and silver during the 19th century 

because of the complexities of refining aluminium from its ore. The pure form of the metal was first 

successfully extracted from ore in 1825. Aluminium is the third most abundant element that exists in the 

form of bauxite in the earth's crust, falling behind oxygen and silicon. It is the second most common 

metallic element next to steel and is, of course, the most significant of the nonferrous metals. Aluminium 

alloys are widely employed for diverse applications in a variety of industries due to their light weight, high 

strength, workability, excellent corrosion resistance, castability and good electrical and thermal 

conductivity. 

CLASSIFICATION OF ALUMINIUM ALLOYS 

Aluminium alloys are characterized by some groups based on the particular material's characteristics such 

as its capability to react to thermal and mechanical treatment, and the primary alloying element added to 

the aluminium alloy. In general, the aluminium alloys are classified into two main classifications as 

wrought alloys and cast alloys, both of which are further subdivided into heat treatable and non-heat-

treatable alloys. 

Wrought products are produced through cold or hot working process like rolling, drawing, extruding, etc. 

The wrought alloys are fashioned as solids by plastic deformation and are therefore designed to have 

attractive forming characteristics such as low yield strength, high ductility, superior fracture resistance and 

excellent strain hardening. 

On the other hand attractive characteristics for the cast alloys comprise low melting point, excellent fluidity 

and ability to control grain structure, superior surface finish and attractive as-solidified structures and 

properties. Undoubtedly, these properties are distinctly different and the alloys that have been designed to 

meet them are also different. 

Consequently, different classification systems exist for the wrought and cast aluminium alloys. 

1. Wrought Aluminium Alloys 

Based on the classification developed by Aluminium Association of the United States, the wrought 

aluminium alloys are designated by four digit numbers. Table1.1 indicates the alloy designation system of 

wrought aluminium alloys. 

 The first digit indicates the alloy group according to the principal alloying element which has been 

added to the aluminium alloy used to illustrate the aluminium alloy series. 
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 The second single digit is usually zero; it indicates a variation of the initial alloy.   

 The third and fourth digits are arbitrary numbers given to identify individual alloy variations in the 

series. 

Table 1.  Classification of wrought aluminium alloys 

 

2. Cast Aluminium Alloys 

Even though its low melting temperature leads to make it appropriate for casting, pure aluminium is seldom 

cast. Its extensive shrinkage and vulnerability to hot cracking cause significant difficulty and scrap is high. 

On the other hand suitable casting characteristics were obtained, and strength is increased by adding small 

amounts of alloying elements. Based on the classification developed by Aluminium Association of the 

United States, the cast aluminium alloys are designated by three digit numbers. Table1.2 indicates the alloy 

designation system of cast aluminium alloys. 

 The first digit indicates the alloy group according to the principal alloying element which has been 

added to the aluminium alloy used to illustrate the aluminium alloy series. 

 The second single digit is usually zero; it indicates a variation of an initial alloy. 

 The third and fourth digits are arbitrary numbers given to identify an individual alloy variations in 

the series. 

Table 2. Classification of cast aluminium alloys 
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SILICON ALLOYS 

Pure aluminium melts are not appropriate for casting and are only used for electrical applications and some 

other particular applications. Mainly casting alloys hold silicon as the major alloying element. Aluminium 

forms a eutectic mixture with silicon of 11.7% at 577°C. Aluminium Silicon (Al-Si) is the most important 

cast alloy system where the silicon intensity ranges from 4.0% to 13%. In wrought alloys, silicon intensity 

is below 3%, and this hold back their application in casting route (Joseph & Davis 1993) 

The silicon used in aluminium alloys is due to the significant features such as high fluidity, decrease melting 

temperature, low shrinkage, low cost and easy availability, which results in good castability and 

weldability. Increase in Si content enhances the hardness of the alloy but decreases the ductility and 

machinability of the alloy (Pio et al. 2005). When compared to other grades, Al-Si alloys solidify with 

primary shrinkage when cast at the same temperature. Cast Al-Si alloys are broadly used in a variety of 

applications including the automotive, aerospace, chemical, food and defence industries due to the above 

said properties. Al-Si alloys have been exceptionally developed over the period to meet the expanding 

demands of the existing industry (Woodward 1989). 

In general, cast aluminium alloys are less weldable when compared to wrought aluminium alloys. In this 

research work, the eutectic A413 (Al-Si) having the primary composition of 85.95% of aluminium and 11 

to 13% of silicon has been considered for investigation. The development of primary aluminium happens 

throughout the solidification of Al-Si alloy and tends to grow in dendrites or silicon phase and angular 

primary particles. Later than reaching the eutectic point, the eutectic Al-Si phases nucleate and develop 

right through the end of solidification. A413 alloys are useful for casting complex sections because of the 

distinct properties like higher fluidity and short freezing range (Totten & Mackenzie 2003). 

A413 alloy, which is used in castings where thin, complex castings with large surface areas are required. 

The alloy is of average strength with exceptional ductility but experiences a rapid loss of properties at 

higher temperatures. It is extensively suitable for marine fittings, water manifolds, automotive and 

aeronautical applications, because this alloy possesses high corrosion resistance, resist hot cracking, 
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pressure tightness and excellent castability. The alloy is predominantly suitable for complex, thin walled, 

leakproof, fatigue resistant castings. 

OBJECTIVE 

1. To decide the interaction boundaries (device rotational speed, instrument navigate speed) at 

which the handled material is without deformity. 

2. To review the impact of hardware nail profile to microstructure and mechanical properties of 

FSPed gravity die-cast AS7U3G Al combination. 

REVIEW OF LITERATURE 

Peng Ji-hua et al. (2010), have studied the effect of heat treatment on microstructure and tensile properties 

of A356 alloys with combined addition of rare earth and strontium with T6 treatment for long time 

treatment the effects of heat treatment on microstructure and tensile properties of the Al-7%Si-0.3%Mg 

alloys were investigated by optical microscopy, scanning electronic microscopy and tension test. 

Lee (2007) described effect of micro-porosity on the tensile properties of A356 alloy through experimental 

prediction that takes into account the strain rate sensitivity and strain-hardening exponent. The strain rate 

sensitivity with incremental strain rate for volumetric porosity and fracture porosity were also obtained 

from bulk density and quantitative fractography which showed that strong dependence of linear and inverse 

parabolic relationship for variation in micro-porosity. 

Zhanga et al. (2009) have discussed the effects of cooling fast to obtain phase-transition with a better 

cooling rate achieved for samples of diameter of 10mm for microstructure and mechanical properties, to 

show results of both the primary and secondary dendrite arm spacing well refined by faster cooling rate. 

The dendrite arm space decreases with increasing cooling rate, and the micro-hardness and strength 

increase correspondingly. 

Lee et al. (2007) has attributed the effects of eutectic silicon particles on tensile properties and fracture 

toughness of A356 aluminum alloys for low-pressure-casting and its tensile properties and fracture 

toughness analyzed micro-fracture mechanism. The results showed that eutectic Si particles segregated 

along solidification cells were cracking but that aluminum matrix is blocking crack propagation. Casting 

process is studied as it gives even hardness, strength, ductility, and fracture toughness due to homogeneous 

distribution of eutectic Si particles. As the squeeze-cast alloy is better refined, homogeneous microstructure 

results in reduced spacing between eutectic Si particles which works as fracture initiation points, thereby 

leading to the lower fracture toughness. The spacing between eutectic Si particles increased and their 

distribution became modified, the crack initiated at the notch tip propagated mostly along shear bands 

formed inside the matrix, instead of solidification cells. 

Fan & Fang (2010) introduced semisolid metal processing technology and die-casting developed for 

manufacturing near-net shape components of high integrity, directly from liquid Al-alloys. This process 

adapts well-established high shear dispersive mixing action of the twin-screw mechanism to in-situ creation 

of high quality semi solid metal slurry under high shear rate and high intensity of turbulence on A357 alloy 

were presented compared to other Al-alloys. A close-to-zero porosity, uniform microstructure on entire 
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length in cast alloy compared with those produced by conventional high-pressure die-casting (HPDC) 

improved tensile strength and ductility. Results showed heat treatment used to enhance the mechanical 

properties of the alloy, it was also noted that T5 and T6 treatments substantially improved the strength but 

slightly decreased the ductility. 

Micro-structural characteristics and its effect on tensile properties were studied by Bai & Zhao (2010) to 

determine the fracture behavior of partial squeeze die-casting of A356 alloys. Fine dendrites with smaller 

secondary dendrite arms and rounded silicon particles account for higher tensile properties, which is with 

its T6 treatment influences manufacturing process is due to heterogeneity of Al cells. The spheroidization 

of silicon particle and reduction of stress concentration at silicon / eutectic matrix interface increased the 

tensile properties increased significantly. The fracture path tends to cross the eutectic zones along the grain 

boundaries in the samples with fragment dendrites, angular, rosette and spheroidized a-Al cells, the tensile 

cracks extend through following a-Al cell boundaries and the appearance of the fracture surface. 

Brabazon et al. (2001) recognized the influences of regulated stirring in the course of the microstructure’s 

solidification as well as the mechanical properties of Aluminum alloys, compared with conservatively 

gravity chill cast materials. Designed factorial design of experiments to determine the effect of the process 

variables shear rate, shear time, and volume fraction solid during shear on microstructure and both static 

and dynamic mechanical properties of the stir cast alloy. Investigation of the microstructure consisted of 

computer-aided image analysis of the primary phase morphology. Globular primary phase was achieved at 

low values of shear stress but this was not the optimum morphology for mechanical properties. In all cases, 

improved mechanical properties and reduced porosity were obtained in the stir cast condition in comparison 

with conventional casting and in comparison with previous work on stir casting. 

Dey et al. (2006) compared microstructure, mechanical and tribological properties of A356 alloy produced 

by means of conventional gravity die casting. Mechanical properties are considerably better than the 

conventional cast samples. The microstructure of conventional cast samples is fully dendritic in the primary 

phases and of nearly spheroidal morphology. Results showed further increase in strength mainly due to 

plastic deformation and work hardening 

CONCULSION 

The review looks at the impact of hardware pin profile, device shoulder profile, number of covering passes 

and Post-FSP heat treatment on microstructure and mechanical properties of FSPed gravity die-cast 

AS7U3G Al compound and the accompanying significant ends are drawn: 

 At an apparatus rotational speed of 600 rpm and a device navigate speed of 12 mm/min the FS 

Processed material is without deformity. 

 Of the four apparatus pin profiles utilized in this examination, strung round and hollow pin 

profiled instrument delivered mechanically solid and pliable and metallurgically imperfection 

free FSP locale. 

 Of the four device shoulder profiles utilized, sunken shoulder profile showed a solid internal 

progression of material which improves material blending. 
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 Two-pass FSP with 100 percent covering delivered an articulated result in refining the chunk 

microstructure and the separation of the Si particles is additionally strengthened in the three-

pass FSP. 

 Three-pass FSP with 100 percent covering created a breathtaking result on microstructural 

refinement, homogeneity and densification of Si particles. 
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