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Abstract: Within the last few years there has been a rapid increase in the utilisation of aluminium- silicon alloys, particularly in 

the automobile industries, due to their high strength to weight ratio, high wear resistance, low density and low coefficient of 

thermal expansion. The advancements in the field of application make the study of their wear and tensile behaviour of utmost 

importance. In this present investigation, Aluminium based alloys containing 6%, 12% and 18% weight of Silicon were 

synthesized using casting method. Compositional analysis and tensile studies of different samples of same composition have 

shown near uniform distribution of Si in the prepared alloys. Study of microstructure has showed the presence of primary silicon. 

Tensile tests were carried out with universal testing machine. Wear behaviour was studied by using computerized pin on disc 

wear testing machine. Resistance to wear has increased with increase in silicon amount. 
Index Terms – Al-Si alloys, casting, wear, microstructure 

 
1.INTRODUCTION 

A composite is a material that has metallic properties and is shaped by blend of at least two synthetic components of which no 

less than one is a metal. A compound of a metal is made by joining it with at least one different metals or non-metals that 

frequently upgrades its properties. As of late aluminum composites are generally utilized in car enterprises. This is especially 
because of the genuine need to weight putting something aside for more decrease of fuel utilization. The run of the mill alloying 

components are copper, magnesium, manganese, silicon, and zinc. Surfaces of aluminum compounds have a splendid brilliance 

in dry condition because of the arrangement of a protecting layer of aluminum oxide. Aluminum combinations of the 4xxx, 5xxx 

and 6xxx arrangement, containing major essential added substances of Mg and Si, are currently being utilized to supplant steel 

boards if different vehicle ventures. Because of such reasons, these combinations were subject of a few logical examinations in 

the previous couple of years. 

 

Aluminium-silicon alloy 

Aluminum-Silicon compounds are of more prominent significance to building ventures as they show high solidarity to weight 

proportion, high wear opposition, low thickness, low coefficient of warm extension and so on. Silicon grants high ease and low 

shrinkage, which result in great castability and weldability. Al-Si compounds are assigned 4xxx combinations as indicated by 
the Aluminum Association Wrought Alloy Designation System. The significant highlights of the 4xxx arrangement are: 

a.   Good flow characteristics, medium strength 

b. Easily joined, especially by brazing and soldering 

There are two noteworthy employments of the 4xxx arrangement – for manufacturing and weld filler compound. These the two 

applications are because of the amazing stream attributes given by moderately high silicon content. 

Effects of silicon in the Al-Si alloys are as follows: 

 Thermal expansion is reduced substantially by silicon 

 Magnetic susceptibility is only slightly decreased by silicon  

 The lattice parameter is decreased slightly by silicon  

 Machinability is poor because of the hardness of the silicon 

Although numerous examinations exist in writing and dependent on the above exchange, it is apparent that there is sufficient 
extension for further research of Al-Si combinations particularly their mechanical properties. Consequently the destinations of 

this investigation are: 
1. Preparation of Al-Si alloys compositions.  

2. To study of their microstructure. 

3. To study of their mechanical properties. 

4. To evaluate their wear behaviour. 

 

Phase diagram 

Aluminum-Silicon framework is a straightforward paired eutectic with constrained dissolvability of aluminum in silicon and 
restricted solvency of silicon in aluminum. There is just a single invariant response in this outline, to be specific 

L → α + β (eutectic) 

In above equation, L is the liquid phase, α is predominantly aluminium, and β is predominantly silicon. It is now widely accepted 
that the eutectic reaction takes place at 577°C and at a silicon level of 12.6%. 
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Aluminum-Silicon (Al-Si) throwing amalgams are the most helpful of all basic foundry cast combinations in the manufacture of 
cylinders for car motors. Contingent upon the Si focus in weight rate, the Al-Si composite frameworks are isolated into three 

noteworthy classifications: 

i. Hypoeutectic (<12 wt % Si) 

ii. Eutectic (12-13 wt % Si) 

iii. Hypereutectic (14-25 wt % Si). 
 

 

 

 

Figure 1 Phase diagram of Al-Si alloy 

 
Uses of Al-Si alloys 

Late instances of aluminum applications in vehicles spread, control trains, frame, body structure and cooling. Aluminum castings 
have been connected to different car parts for a significant lot. As a key pattern, the material for motor squares, which is one of 

the heavier parts, is being changed from solid metal to aluminum bringing about critical weight decrease. Aluminum castings 

locate the most across the board use in vehicle. In car control train, aluminum castings have been utilized for practically 100% 

of cylinders, about 75% of chamber heads, 85% of admission manifolds and transmission (different parts-back hub, differential 

lodgings and drive shafts and so on.) For body applications, aluminum castings are utilized for about 40% of wheels, and for 

sections, brake segments, suspension (control arms, bolsters), guiding segments (air sack underpins, directing shafts, knuckles, 
lodgings, wheels) and instrument boards. 

Microstructure 

Twofold Al-Si compounds, in the unmodified state, close to the eutectic organization display acicular or lamellar eutectic silicon 
which is as substantial plates with sharp sides and edges. Al-Si combinations containing more than about 12% Si show a 

hypereutectic microstructure regularly containing essential silicon stage in an eutectic framework. Cast eutectic amalgams with 

coarse acicular silicon show low quality and flexibility in view of the coarse plate-like nature of the Si stage that prompts untimely 

break commencement and crack in pressure. Additionally, the essential silicon in typical hypereutectic compounds is normally 

extremely coarse and gives poor properties to these composites. Hence, composites with a dominatingly eutectic structure must 

be altered to guarantee sufficient mechanical quality and malleability. It is broadly perceived that the Group IA and IIA 

components (Na, Mg, Ca, Sr) are powerful modifiers of Al-Si eutectic; just sodium and strontium, nonetheless, have been utilized 

widely in the business generation of these composites. Refinement of essential silicon is generally accomplished by the expansion 

of phosphor to the soften. It is likewise revealed that uncommon earth metals are additionally equipped for altering the eutectic 

structure of cast aluminum-silicon composites. 

Mechanical properties 

Wislei R. Osório et.al. considered the impact of microstructure on mechanical properties for Al – 9wt% Si. Mechanical properties 

of Al– Si throwing amalgams depend on their compound structure as well as essentially reliant on microstructural highlights, for 

example, the morphologies of the Al-rich α-stage and of the eutectic Si particles. The impacts of silicon on the mechanical 

properties of Al-Si composites are very much contemplated. The mechanical properties of the Al-Si combination are reliant on 

the size, shape and conveyance of eutectic and essential silicon particles. Little, round, consistently circulated silicon particles 

upgrade the quality properties of Al-Si combinations. 
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      Wear behaviour 

Investigation of wear conduct has especially significance in a few vehicle and building businesses since wear, tear and seizure 
of parts are serious issues in such enterprises. Sliding wear conduct and rough wear conduct of Al-combination has been 

contemplated by numerous examiners. As indicated by these reports, wear and seizure opposition of Al-composite is 

fundamentally higher than that of the base compounds. This is predominantly credited to the way that the hard dispersoids 

(strengthening stage) shield the surface from the damaging demonstration of the abrasives by diminishing the profundity of 

infiltration of the abrasives and the contact between the rough and the framework. Then again, couple of examiners have 

announced a changeover of rough wear conduct of combinations which was dependent on grating size and connected burden. 

Likewise, it is clear from the writing that the wearing surface and the subsurface experience plastic distortion, and this twisting 

become increasingly serious when the grating size is coarser and the connected burden is higher. The rough wear conduct of 

amalgam relies upon the material qualities like size, circulation, shape and volume part of the dispersoids and exploratory 

parameters like connected burden and grating size. It has been seen that the wear opposition of combination increments with 
ascend in volume portion and size of the dispersoids. One of the critical variables of the improvement in wear opposition is 

increment in hardness of the Al-composite because of the expansion of hard dispersoids and better security of the grid from the 

damaging activity of the grating as the mean free way between the SiC particles is decreased with increment in volume portion 

of SiC molecule. A few agents have recommended that wear obstruction of a material likewise relies upon its malleability and 

sturdiness. The fortification of Al2O3 particles in aluminum combination improves the rough wear of the grid. The fortification 

of coarse molecule indicates better wear opposition. 

 

2.EXPERIMENTAL DETAILS 

Preparation of the alloys 

Al– Si compounds with differing Si rate were set up by liquefying economically unadulterated aluminum (99.7%) and monetarily 

unadulterated silicon (99.5%) in a graphite cauldron in a high recurrence acceptance heater and the dissolve was held at 800 °C 

so as to accomplish homogeneous creation. Each liquefy was blended for 30s after the expansion of the modifier, held for 5 min 

and afterward filled a gentle steel kick the bucket cinched with C-clip to avoid the spillage. The cast tests were of 100 mm length, 

30 mm wide and 20 mm height. 

Optical microscopy 

Microstructures of the composite examples were seen under electronic optical magnifying instrument (Model: Olympus BX51, 

Essex, UK). The Al-Si tests of various weight organization were precisely cleaned utilizing standard metallographic strategies 

before the examination. Portrayal is done in scratched conditions. Drawing was finished utilizing the Keller's reagent (1 volume 
piece of hydrofluoric corrosive (48%), 1.5 volume part of hydrochloric corrosive, 2.5 volume parts of nitric corrosive and 95 

volume pieces of water). The micrographs of the examples were acquired. 

 

Density test 

Density test was led for the distinctive piece utilizing density testing machine. First composition were kept in air and readings 

were taken. In view of a similar procedure composition were kept in the water and readings were noted. The method was utilized 

to conduct density test. 

 

Hardness test 

The hardness trial of the considerable number of tests have been finished utilizing a Vicker's hardness trying machine. The 
connected burden amid the testing was 5 kgf, with an abide time of 15 s. It has a square-base jewel pyramid indenter. The Vickers 

hardness number (VHN) is determined from the accompanying condition:                   

                                   Where, P = applied load, kgf 

                                   D = average length of diagonals, mm 

Tensile test 

Elastic properties of the combinations were broke down via doing test on the widespread testing machine (Model: INSTRON 

1195, Instron Industrial Products, Pennsylvania, USA). Elastic tests were done with a crosshead speed of 1mm/min, which relates 

to ostensible strain rate of 0.001 every second. Amid the tests, the heap prolongation information is caught by instigated 

programming, whose information is utilized for further investigation 

Wear test 

Electronic Ducom contact and wear screen stick on plate wear test machine was used for the wear tests (Model: DUCOM Wear 

and Friction Monitor, TR-20-M100, Bangalore, India). The turning circle was made of carbon steel of broadness 50 mm and 

hardness of 64 HRC. The Al-6%Si, Al-12%Si and Al-18%Si precedents were held stationary and a required run of the mill load 

was associated through a switch framework. No oil is used as test is done in dry conditions. Care has been taken that the models 

under test are continually cleaned with woolen material to evade the capture of wear refuse and to achieve reliably in experiential 
system. 
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3.RESULT 

Distinctive tests like compositional investigation, tensile test, hardness test, wear test and so forth on Al-Si amalgams were 

completed. The outcomes got from these tests are accounted for, broke down and examined further in this part. 

 

Microstructure 

Microstructures got from automated optical magnifying lens are appeared in figure 2 to figure 13 with various magnification for 

Al-6% Si, Al-12% Si and Al-18% Si individually. 

 

 
Figure 2 Microstructure of Al-6%Si 

with 50X magnification 

 

 
Figure 3 Microstructure of Al-12%Si 

with 50X magnification 

 

 
Figure 4 Microstructure of Al-18%Si 

with 50X magnification 

 

 
Figure 5 Microstructure of Al-6%Si 

with 100X magnification 

 

 
Figure 6 Microstructure of Al-12%Si 

with 100X magnification 

 

 
Figure 7 Microstructure of Al-18%Si 

with 100X magnification 

 

 
Figure 8 Microstructure of Al-6%Si 

with 200X magnification 

 

 
Figure 9 Microstructure of Al-12%Si 

with 200X magnification 

 

 
Figure 10 Microstructure of Al-

18%Si with 200X magnification 

 

 
Figure 11 Microstructure of Al-6%Si 

with 500X magnification 

 

 
Figure 12 Microstructure of Al-12%Si 

with 500X magnification 

 

 
Figure 13 Microstructure of Al-

18%Si with 500X magnification 

 

 

 
After preparing of Al-Si alloy, we found that the microstructure of 18% shows a high amount of silica content in it, where as 

12% has a lesser amount of silica content that 18% and 6% shows the least amount to silica content in its composition. 

As from the microstructure we observed that 18% composition contain high amount of porosity. Primary and secondary grain 

boundaries are formed in the microstructure. 
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Density test 

Density was recorded utilizing density testing machine for Al-6%Si, Al-12%Si and Al-18%Si composition. 

Table 1 Density of different composition 

Composition Weight of sample in 

air 

Weight of sample 

in water 

Density 

(g/cc)  

Average 

Density 

(g/cc) 

 

Al-6%Si 

12.477 7.746 2.63  

2.62 

 
12.892 7.945 2.60 

12.257 7.624 2.64 

 

Al-12%Si 

13.124 8.269 2.70  

2.70 13.292 8.389 2.71 

13.401 8.468 2.71 

 

Al-18%Si 

12.318 7.490 2.53  

2.54 12.578 7.744 2.54 

13.108 8.018 2.57 

 

After conducting density experiment we got the following results: 6% composition has a density of 2.62 g/cc, 12% composition 

has a density of 2.70 g/cc, 18% composition has a density of 2.54 g/cc. 

Hardness test 

The hardness test of all the specimen were conducted using a Vickers hardness testing machine with dwell time of 15s and 

applied load of 5 kgf during the tests. For sample five indentations were taken and average value is reported. The following table 

shows length of the diagonals of the impression on the surface and the calculated Vickers hardness number (VHN). 

 

 

  

Figure 14 Indentation of Al-6%Si 

 

 

 

Figure 15 Indentation of Al-12%S 

Figure 16 Indentation of Al-18%Si 

Table 2 Hardness of different composition 

Composition D1 (mm) D2 (mm) VHN Avg. VHN 

 

 

Al-6%Si 

0.152 0.126 96.2  

 

116.78 
0.133 0.136 102.8 

0.121 0.124 123.7 

0.118 0.118 133.5 

0.120 0.120 127.7 

 

 
Al-12%Si 

0.110 0.116 145.2  

 
94.3 

0.150 0.156 79.2 

0.148 0.145 86.7 

0.153 0.159 76.2 

0.145 0.151 84.2 

 

 

 

Al-18%Si 

0.118 0.120 65.4  

 

64.86 
0.114 0.117 69.4 

0.124 0.118 63.4 

0.123 0.122 61.8 

0.119 0.121 64.3 
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Figure 17 variation of hardness along with their standard deviation 

 

After hardness testing we found increase in the hardness of the composition: 6% hardness was found to be 116.78 VHN, 12% 

hardness was found to be 94.3 VHN, 18% hardness was found to be 64.86 VHN. 

Tensile test 

From the load and elongation values, obtained from the universal testing machine, corresponding engineering stress and 

engineering strain were calculated and plotted to get stress vs. strain curves for different samples of Al-6% Si, Al-12% Si and 

Al-18% Si alloys. 

 

For Al-6%Si  

                                                                                                       

Figure 18 Engineering stress-strain curve for Al-6%Si 
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For Al-12%Si 

          

Figure 19 Engineering stress-strain curve for Al-12%Si 

 

For Al-18%Si 

 

 

Figure 20 Engineering stress-strain curve for Al-18%Si 

 

After tensile test of different composition we found a increase in there yield strength and we also found the increase in there 

percentage elongation also gets decreased. The ultimate tensile strength and total elongation:  For 6% is 141.87 MPa and 5.40 

%, For 12% is 125.62 MPa and 3.19 %, For 18% is 108.95 MPa and 19.40 % 
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Wear test 

The wear tests of Al-Si alloys were carried out with varying applied load and sliding speed. The results are obtained from the 

series of tests which is done by keeping two parameters constant against wear. 

 

Table 3 Experimental values of wear of Al-Si alloys at different applied loads (Load vs. Wear) 

  
Load (N) 

Wear (µm) 

Al – 6% Si Al – 12% Si Al – 18% Si 

Sample I 20 44.59 30.00 127.16 

Sample II 30 41.18 30.61 141.89 

Sample III 40 42.21 31.36 70.75 

 

 

 

 

Figure 21 Variation of wear of Al-Si alloys with load 
 

Sliding speed vs. Wear: 

 

Table 4 Experimental values of wear of Al-Si alloys at different sliding speeds 

 

 Sliding Speed 

 
(rpm) 

Wear (µm) 

Al – 6% Si Al – 12% Si Al – 18% Si 

Sample I 200 54.08 29.34 36.82 

Sample II 400 39.35 39.18 122.14 

Sample III 600 187.89 160.23 413.54 

 

 
 

Figure 22 Variation of wear of Al-Si alloys with sliding speed 
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4.Conclusions 

We successful prepared the mixture of aluminum and silica powder, in which we kept on varying the percentage of the silica 

powder to 6%, 12%, 18% and we observed that the allow have homogeneous distribution of silica powder throughout the cast. 

As we increased the percentage of silica powder from 6%, to 12%, to 18%, we observed the increased in silica in the casted 

material as we took the microstructure of different composition. On varying the percentage or weight of silica powder and 

experimenting on different composition we found a increase in yield strength as well as the ultimate tensile strength and we 

plotted the respective graphs. We also observed that with the increase in the percentage of silica powder, the total elongation got 
decreased. On experimenting through hardness testing we found that with the increase in the amount percentage of silica powder 

the hardness of Al-Si composite also got increased. After conducting the wear test we found that with the percentage increase of 

silica powder the height loss due to wear decreases. 
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