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Abstract— In this work the microstructure and mechanical 

properties were studied on Al7075 alloy with the tin 

addition as the alloying element in a cast condition.  5% tin 

was added in Al7075 alloy to study the characteristic 

changes.   The alloy was casted by die casting process in the 

foundry in required shape.  After stir casting, the samples 

are age hardened and analysed for structural, mechanical 

and corrosion behaviour. The formed intermetallic 
compounds (Al₃Cu₁₂Sn) retards the grain growth, lead to 

grain refinement and result in further strengthening effect.  

The incremental increase in the strength of the cast sample 

is due to the precipitation hardening and orowan 

strengthening which are working together.  The outcome of 

this process indicate, that the mechanical strength and 

Corrosion resistance have been enhanced much better than 

the parent material. 

Keywords: Casting, Tin, Al7075 alloy 

I. INTRODUCTION 

Casting is a fabrication process whereby a totally molten 

metal is poured into a mold cavity having the desired shape 

upon solidification, the metal assumes the shape of the mold 

but experiences some shrinkage [1][2].  Aluminium is the 

second most employed metal in the world; several of its 

properties make it critical to many applications-among these 

are: good corrosion resistance, low density, high electrical 

conductivity, as well as good thermal conductivity. Pure 

aluminium exhibits poor mechanical properties, but by 
additions of alloying elements these properties can be 

substantially improved [3][8][9].  The important alloying 

element, that effect on aluminium are Si, Mg, Cu, Mn, and 

Zinc [7].  The low melting point metals such as bismuth, 

lead, tin and cadmium are added to aluminium to make free-

machining alloys.  Tin used in aluminium casting alloys for 

reducing friction in bearing and brushing applications.  

Alloying element tin in emergency condition can provide 

short-term liquid lubrication to rubbing surfaces if such 

bearings severely overheat in service. 

The optimum properties of aluminium are achieved 
by alloying addition and heat treatments [3][4][5][10]. This 

promotes the formation of small hard precipitates which 

interfere with the motion of dislocation and improve its 

mechanical properties.  One of the most commonly used 

aluminium alloy for structural application is 7075 al alloy 

due to its attractive comprehensive properties such as low 

density, high strength, ductility, toughness, and resistance to 

fatigue.  It has been extensively used in aircraft structural 

parts and other highly stressed structural applications 

[6][11][12]. But aluminium-zinc alloy as it is in 7075 Al 

alloy is susceptible to embrittlement because of micro 

segregation of MgZn₂ precipitates which may lead to 

catastrophic failure of components produced from it.  

Addition of alloying element tin to 7075 alloy reduce the 

precipitate content at the grain boundary and improving 

mechanical properties and also increase the corrosion 

resistance [13][14].  The objectives of this work are to 

investigate the effect of tin addition in 7075 alloy on 

precipitation hardening. 

II. METHODOLOGY 

A. Material Details 

In this study, the 7075 Aluminium alloy is fabricated 

through die casting technique due to its simplicity, 

flexibility and availability [13].  Die casting was carried out 

by adding tin in 7075 Aluminium alloy of composition 

shown in table 1.  The material was cast in the form of 

round cylindrical rods of 20mm diameter and 500mm long 

and also in the form of cube of required size.  

B. Procedure 

The small sized 7075 Al alloy sample is taken in a crucible 

and melted in the muffle furnace at 660 °C [9].  Then 

allowed to melt and 5% Tin is added to the melting 

Aluminium alloy.  After uniform mixing of tin and 

aluminium, they casted to required shape using die casting.  

The figure 1, 2 and 3 shows the die casting, cast sample and 
chemical composition of 7075 aluminium alloy from 

Spectroscopy.  The table 1 shows the chemical composition 

of 7075 aluminium alloy from Spectroscopy analysis. 

 
Fig. 1: Die casting           Fig. 2: Cast Sample. 

C. Heat treatment 

Two types of heat treatments were carried out namely 

annealing and precipitation hardening on sample machined 

from castings.  Annealing was carried out by heating the 

already machined, metallographic and hardness test piece 
samples to 470 °C, soaking them at this temperature for 3 

hours and then furnace cooled.  For solution treatment  

another set of machined, metallographic and hardness test 

piece samples at a temperature of 465 °C for 2 hours 

followed by rapid quenching in cold water.  The quenched 

samples were then subjected to a precipitation hardening 

treatment (age hardening) by heating them to different 

temperature at different time say for 423 K and 453 K for 2 

hrs, 4 hrs and 6 hrs.  Then followed by air cooling to room 

temperature. 
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Fig. 3: Chemical composition of 7075 aluminium alloy from 

Spectroscopy 

Element %wt 

Al 87.820 

Cu 1.341 

Mg 2.742 

Si 0.048 

Fe 0.178 

Mn 0.048 

Ni < 0.030 

Pb 0.043qq 

Sn 5.131 

Ti 0.043 

Zn 5.131 

Table 1: Chemical composition of 7075 aluminium alloy 

from Spectroscopy analysis. 

III. RESULTS AND DISCUSSION 

The annealed and solution treated sample are taken for 

micro structural and some mechanical testing such as wear 

test, corrosion test and micro hardness. 

A. Microstructure 

The microstructures of the casted sample were studied using 

optical microscope [3][4].  The flat samples were first 

ground using belt grinder and then using polishing papers of 

gradually increasing fineness.  The polished samples were 

then lapped on polishing machine using diamond-lapping 
paste and velvet cloth for about 30 minutes so that mirror 

finish is obtained on the samples.  The samples were etched 

with 5 % hydrofluoric solution for about 45 seconds and 

washed with distilled water before the micro structural 

analysis.  Then the optical micrograph of  casted and heat 

treated 7075 aluminium alloy with 2.3 weight % of tin were 

taken and studied for micro structural analysis from 

metallurgical microscope, shown in the figure 4. 

 
Fig. 4: Metallurgical microscope 

The microstructure of Al7075 alloy is shown in the 

figure 5.  From the figure it has been observed that the 

precipitate Mg₂Zn₁₁ is formed along the parent alpha phase.  

The figure 6 shows the microstructure of cast sample and it 

describes the disappearence of some of the compounds of 

MgZn phase through adding 2.3% of tin into the alloy is 

attributed to the impact of tin in the nucleation, which 

suppress some of the nucleation sites of MgZn phase.  The 

heat treatment process annealing coarsen the precipitates 

which are present in the cast sample without altering the 

composition.  It is observed in the figure 7. 

 
Fig. 5: Microstructure of Al7075 alloy 

 
Fig. 6: Microstructure of Cast sample of 7075 (with 2.3% 

tin) 

From the figure 8 and 9 micro structure, the 

precipitation hardening effect of the alloy element within the 
base alloy and the formation of tin rich compounds were 

observed.  These inter metallic compounds retard the grain 

growth and lead to the grain refinement. 

Mg₂Zn₁₁ 

 Alpha Phase 
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Fig. 7: Microstructure of annealed sample (with 2.3% tin) 

 
Fig. 8: Microstructure of Solution treated sample of 7075 

(with 2.3% tin) 

 
Fig. 9: Microstructure of precipitation hardened sample of 

7075 (with 2.3% tin) 

B. Hardness: 

The hardness of the specimens was measured by Vickers 

microhardness tester [6][12].  All the samples were 

measured under a load of 100kg by using Diamond tip 

indenter.  For each specimen, at least three measurements 

were taken at equivalent positions of the sample.  The dwell 

time for each reading taken is 10 seconds.  The figure 10 

shows the vickers microhardness tester. 

 
Fig. 10: Vickers Microhardness Tester 

Sample Hardness(HV) 

Al 7075 sample 168 

Casted sample 177 

Annealed sample 160 

Solution treated sample 184 

Aged 190 

Table 2: Vickers hardness for different sample 

Vickers hardness reveals, that casting of Al7075 

with addition of 2.3% tin increases the hardness than the 
parent Al7075 sample.  The hardness of casted sample 

increase on solution treatment and ageing. Whereas in the 

process of annealing the hardness of cast sample decreases 

due to formation of coarse grains.  Vickers hardness for 

different samples are given in the table 2 and Vickers 

hardness chart is shown in figure 11.  The table 3 shows the 

Vickers hardness for aged sample. 

 
Fig. 11: Vickers hardness chart for different samples 

Temperature 
Hardness (HV) 

T1  (2hrs) T2 (4hrs) T3 (6hrs) 

150 185 189 190 

180 186 189 192 

Table 3: Vickers hardness for aged sample 

C. Wear test 

The wear behaviour of stir casted sample were studied by 

adhesive wear tester called pin on disc test machine [6].  

The pin on disc wear testing machine is shown in the figure 

12.  The wear rate of Al-Zn-Mg-Sn were studied.  The lower 
hardness value provides low resistance to wear.  The cast 

sample 7075 alloy with 2.3% tin shows lower wear 

resistance than the 7075 alloy.  The wear test is carried 
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under the normal load of 20 N and sliding speed was 

maintained constant at 300 RPM for about 10 minutes for all 

test.  The loss in weight was found by weighing the samples 
before and after each test on an electronic balance with an 

accuracy up to 0.1mg.  The weight loss and specific rate for 

casted and heat treated samples are given in the table 4.  

 
Fig. 12: Pin on disc wear testing machine 

The casted sample of Al7075 alloy with 2.3% tin 

has less wear rate than the parent Al7075 alloy.  On solution 

treatment and ageing the wear rate decreases but on 

annealing the wear rate increases.  Increase in hardness 

decrease the wear rate whereas decrease in hardness 
increase the wear rate. 

Sample 
Weight loss 

( wear mass ) mg 

wear rate 

{𝑚2/N} 

Al 7075 (without tin) 0.08 0.20 

Casted 0.07 0.18 

Annealed 0.11 0.28 

Solution heat treated 0.06 0.15 

Aged 0.04 0.10 

Table 4: Weight loss and specific rate for casted and heat 
treated samples 

 
Fig. 13: Chart for weight loss and specific wear rate for 

casted and heat treated sample 

The figure 13 shows the chart for weight loss and 

specific wear rate for casted and heat treated sample. 

D. Corrosion test: 

The salt spray test  is a standardized and popular corrosion 

test method used to check corrosion resistance of materials 

and surface coatings [13].  The corrosion test is carried by 

electrolyte solution of 3.5% NaCl in 100ml distilled water is 

prepared.  The corrosion behaviour of casted and heat 
treated sample was evaluated by polarization and AC 

impedance studies.  A conventional three- electrode setup 

with a platinum electrode and saturated calomel electrode as 

counter and reference electrodes, respectively used to 

evaluate the corrosion resistance.  The corrosion potential 

and corrosion current density were determined from the 

polarization curves using tafel extrapolation method.  The 

charge transfer resistance and double layer capacitance 

values were determined from the plot.  The casted Al-Zn-

Mg-Sn samples are dipped in a electrolyte solution and 

allowed for corrosion to occur. From the tafel software the 

readings were taken.  The figure 14 shows the corrosion test 
setup. 

 
Fig. 14: Corrosion             Fig. 15: Surface of 

                   test setup                     corroded sample 

The surface of corroded sample are shown in the 

figure 15 and the corrosion rate are given in the table 5. The 

figure 10 shows the corrosion rate chart. The various 

polarization curves are shown in figure 17, 18, 19 and 20. 

The  casted sample of Al7075 alloy with 2.3% tin has less 
corrosion rate than the parent Al7075 alloy.  

Sample Corrosion rate (mpy) 

Al 7075 sample (without tin) 4.349𝑒+001 

Casted sample 3.767𝑒+001 

Annealed sample 3.88𝑒+001 

Solution treated sample 8.748𝑒+001 

Aged sample 1.446𝑒+001 

Table 5: Corrosion rate for various sample 

 
Fig. 16: Corrosion rate chart 
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Fig. 17: Corrosion rate graph for casted sample 

 
Fig. 18: Corrosion rate graph for annealed sample 

 
Fig. 19: Corrosion rate graph for solution treated sample 

 
Fig. 20: Corrosion rate graph for precipitation hardened 

sample 

On annealing and ageing the corrosion rate 

decreases but on solution treatment the corrosion rate 

increases [13].  Decrease in corrosion rate is due to the 

addition of 2.3% tin in Al 7075 alloy. 

IV. CONCLUSION 

The following results were obtained in this work, 

From the obtained micro structure, the 

disappearance of MgZn phase precipitate is due to the 

addition of 2.3 % Sn forms the Al₃Cu₁₂Sn precipitate which 

act as a nucleation site during solidification.  The formed 

intermetallic compounds retards the grain growth, lead to 

grain refinement and result in further strengthening effect.  

The increase in the strength of the cast sample is 

due to the precipitation hardening and orowan strengthening 
which are working together.  Due to this precipitation 

hardening and orowan strengthening the hardness of casted, 

solution treated and aged sample has increase in hardness 

compared to the parent Al 7075 alloy.  The hardness of 

annealed sample decreases due to the coarsening of grains. 

The wear rate of casted sample with 2.3% tin has 

less compared to the Al 7075 alloy.  The heat treated sample 

has less wear than casted ones but annealed sample has high 

wear rate due to less hardness.  Increase in corrosion 

resistance of casted sample is due to the addition of tin. 

REFERENCES 

[1] Pandey, Awadh B., “ASM International Handbook, 

Metallic Matrices”, 2001, pp380-382. 

[2] Åström, B. Thomas., “ASM International Handbook, 

Processing of Metal Matrix Composites”, 2001, pp 

1359-1381. 

[3] L.F. Mondolfo, “Aluminum Alloys: Structure and 

Properties”, Butterworths, 1976. 

[4] R.K. Wyss and R.E. Sanders, Jr., “Microstructure-
Property Relationship in a 2xxx Aluminum Alloy with 

Mg Addition”, Metall. Trans. A, Vol 19A, 1988, pp 

2523-2530. 

[5] Sahin, Y. “Preparation and some properties of SiC 

particle reinforced aluminium alloy composites”, 

Materials and Design, Vol. 24, pp. 671-679, 2003. 

[6] Bialo, D., Zhou, J and Duszczyk, J. “The tribological 

characteristics of the Al-20Si-3Cu-1Mg alloy reinforced 

with Al2O3 particles in relation to the hardness of a 

mating steel”, Journal of Materials Science, Vol. 35, pp. 

5497-5501, 2000. 

[7] Yang, L.J. “The transient and steady wear coefficients 
of A6061 aluminium alloy reinforced with alumina 

particles”, Composites Science and Technology, Vol. 

63, pp. 575-583, 2003. 

[8] J. Hashim, L. Looney, M.S.J. Hashmi, “Particle 

distribution in cast metal matrix composites”, Part 11, J. 

Mater. Process. Technol. 123, 2002, pp 258–263. 

[9] Aqida, S.N. Ghazali, M.I. and Hashim J, “The effects of 

stirring speed and reinforcement particles on porosity 

formation in cast MMC”. Journal Mechanical, 16, 2003, 

pp 22-30. 

[10] Manoj Singla D. Deepak Dwivedi, Lakhvir Singh, 
Vikas Chawla, “Development of Aluminium based 

silicon Carbide particulate MMC” Journal of Minerals 

& Materials Characterization & Engineering, Vol. 8, 

No.6, 2009, pp 455-467. 

[11] G. B. Veeresh Kumar, C. S. P. Rao, N. Selvaraj,  

“Mechanical and Tribological Behavior of Particulate 

Reinforced Aluminum Metal Matrix Composites – a 



Study of Characteristic Changes in Al 7075 Alloy with Addition of Tin 

 (IJSRD/Vol. 7/Issue 12/2020/206) 

 

 All rights reserved by www.ijsrd.com 796 

review” Journal of Minerals & Materials 

Characterization & Engineering, Vol. 10, No.1, 2011, 

pp.59-91. 
[12] M. Sreenivasa Reddy, Dr. Soma V. Chetty, Dr. Sudheer 

Premkumar “Evaluation of Hardness and Tensile 

Properties of Al7075 based composite”, International 

Journal of Advances in Engineering Research Vol. No. 

3, Issue No. I, 2012. 

[13] Li, J.F.; Peng, Z.W.; Li, C.X.; Jia, Z.Q.; Chen,W.J.; 

Zheng, Z.Q. Mechanical properties, corrosion 

behaviours and microstructures of 7075 aluminum alloy 

with various aging treatments. Trans. Nonferr. Met. 

Soc. China, 18, 2008, pp 755–762. 

[14] N.V. Ravi Kumar, E.S. Dwarakadasa, “Effect of matrix 

strength on the mechanical properties of Al-Zn-
Mg/SiCp composites”, Composites: Part A, 31, 200, pp 

1139-1145.  


