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ABSTRACT 

 

 Several researchers have conducted studies on the recycling of aluminium 

waste to reduce carbon footprint and the aim of this study is to conduct heat treatment 

process on aluminium 7075 waste and determine whether it is a suitable material 

replacement for medical tools usually made up of stainless steel. Based on its quality, 

considered to be the strongest aluminium alloy, aluminium 7075 is selected. Heat 

treatment parameters is decided to be at 110°C, 130°C and 150°C, each having three 

heating duration of 1, 3 and 5 hours. Density test using gas pycnometer device and 

Vickers Microhardness test is done after the heat treatment process to see the best 

results among the set heat treatment parameters compared to the untreated sample. The 

results of the tests shown that sample heat treated at 130°C at 1-hour duration has the 

most preferable density and hardness value, which is at 2.7984 g/cm^3 and 180.35 

HV. Comparison of the test results with the known specification of stainless steel 

concluded that the heat treated aluminium 7075 at 130°C for 1 hour have higher 

hardness value that steel with a much lower density. The result of the comparison 

shows that heat treated aluminium 7075 is a viable substitute in making medical tools.  

  



5 

 

TABLE OF CONTENTS 
 

1.0 INTRODUCTION ................................................................................................. 7 

1.1 Background ......................................................................................................... 7 

1.2 Problem Statement .............................................................................................. 9 

1.3 Objective and Scope of Study ........................................................................... 10 

2.0 LITERATURE REVIEW .................................................................................... 11 

2.1 Aluminium Alloys ............................................................................................ 11 

2.2 Heat Treatment ................................................................................................. 13 

3.0 METHODOLOGY ............................................................................................... 16 

3.1 Process Flow Chart  .......................................................................................... 16 

3.2 Design of Experiment ....................................................................................... 17 

3.2.1 Heat Treating Parameters ........................................................................... 17 

3.3 Material Testing ................................................................................................ 18 

3.3.1 Density Test Method and Equipment ......................................................... 18 

3.3.2 Microhardness Vickers Test Method and Equipment ................................ 19 

3.4 Gantt Chart and Milestones .............................................................................. 21 

4.0 RESULTS AND DISCUSSION .......................................................................... 22 

4.1 Sample Heat Treatment and Tests Preparation ................................................. 22 

4.2 Density Test Results ......................................................................................... 24 

4.3 Vickers Microhardness Test Results ................................................................ 26 

4.4 Maximum, Minimum, and Untreated Results Comparison .............................. 29 

5.0 CONCLUSION AND RECOMMENDATIONS ................................................. 31 

5.1 Conclusion ........................................................................................................ 31 

5.2 Recommendations ............................................................................................. 32 

6.0 REFERENCES ..................................................................................................... 33 

 

  



6 

 

LIST OF FIGURES 

 

FIGURE 2.1 Uniaxial Tensile Stress-Displacement Curves...................................... 13 

FIGURE 2.2 Hardness Variation of Heat Treatment at Temperature 520°C ............ 14 

FIGURE 3.1 Project Flow .......................................................................................... 16 

FIGURE 3.2 AccuPyc II 1340 V3.00 ........................................................................ 18 

FIGURE 3.3 Vickers Hardness Test .......................................................................... 19 

FIGURE 4.1 Oven for Heat Treatment ...................................................................... 22 

FIGURE 4.2 Sample Cutting for Testing ................................................................... 23 

FIGURE 4.3 Graph of Density Test Results .............................................................. 25 

FIGURE 4.4 Indentation Resulting from 200 gf and 300 gf...................................... 26 

FIGURE 4.5 Measurement Points for Vickers Microhardness .................................. 27 

FIGURE 4.6 Graph of Vickers Microhardness Test Result ....................................... 28 

FIGURE 4.7 Graph of Maximum, Minimum and Untreated Results ........................ 29 

 

 

LIST OF TABLES 

 

TABLE 2.1 Wrought Aluminium Alloy Designation System ………………………… 12 

TABLE 3.1 Heat Treatment Parameters .................................................................... 17 

TABLE 4.1 Average Density Results ........................................................................ 24 

TABLE 4.2 Average Vickers Microhardness Test Results ....................................... 27 

  



7 

 

CHAPTER 1 

1.0 INTRODUCTION 

 

1.1 Background 

 

Technological advancement has affected the various industries such as in the 

manufacturing sector which opens the way for the increase in demands of natural 

resources, especially metal for fabrication of vehicle, equipment etc. One of the 

materials commonly used in the industry is aluminium, as the material's alloy has very 

good mechanical properties, low density and a high elastic framework and strength 

that is very useful in the manufacture of aircraft and car frames and metal equipment 

[1]. The wide use of aluminium is the industry will make it possible to increase the 

demand for aluminium in the near future. 

 

The argument is backed by [2], where it is estimated that the demand for 

aluminium will increase by a factor between 2.6 and 3.5, more than the expected 

demand for steel ranging between 1.8 and 3.5. In the car manufacturing industry, fuel 

consumption can be reduced by about 5 to 7% by using aluminium instead of steel for 

every 10% reduction in weight that supports increased use of the material [3]. 

However, rising demand would pose a serious problem which contributes to the 

decline in our quality of the environment. 

 

Overall raw material production contributes 25% of global carbon dioxide 

(CO2) emissions and aluminium production accounts for 3% of the total emission [2]. 

Based on the statistics, finding a solution to which the effect on the environment is a 

reasonable thought, and one of the solutions is to recycle the industry-produced 

aluminium waste. Recycling aluminium waste provides a significant effect in the effort 

to preserve the environment [4]. 
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It could also be cost-effective to use waste aluminium. Aluminium could be 

cheaper than stainless steel which is more costly with rising grade depending on the 

usage. Nonetheless, aluminium processing itself is costly as the process absorbs very 

current value for the electrolytic reduction process, where the power consumption may 

account for up to 40% of the total production cost [3]. 

 

Different efforts have been made in the recycling of aluminium, and the 

conventional method is to melt the aluminium scraps and cast them as billets, while 

another approach is to use pre-compaction and hot aluminium chip extrusion to create 

about the same mechanical properties as the conventional method [2]. Through the 

numerous recycling campaigns, the recycled commodity is hoped to be able to serve 

as a replacement material for some of the costly metals used in the industry today 

without losing the properties of the substituted material such as the use of titanium in 

medical appliances. 

 

In the medical sector, titanium has been commonly used in the manufacture of 

the equipment since the 1970s primarily due to its high strength and strong corrosion 

resistance by alloying it with other elements such as aluminium and vanadium. [5]. 

This research will therefore observe the possibility of aluminium waste alloy as a 

replacement material for medical equipment manufacturing without affecting the 

material's initial mechanical properties. The statement of the problems will be defined 

in the next part for a clearer view of the research purposes. 
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1.2 Problem Statement 

 

The pollution contributed by material production of aluminium is recorded as 

high as 3% from the global CO2 emission which reduces the quality of the 

environment. Due to the statistic, various efforts have been done to recycle the 

aluminium chips that is produced during material fabrication and re-use the recycled 

product to reduce the effect on environment. 

 

 Furthermore, the usage of titanium alloys or stainless steel for appliances in the 

medical fields also is very costly but provides good properties that is suitable for its 

application. Through the usage alternative materials that has properties at par with the 

currently used materials with cheaper price, cost of appliances could be reduced. 

 

 Aluminium billets that consists of scrap aluminium chips has the possibility of 

decrease in mechanical properties due to the consolidation of metal chips. Selection of 

suitable recycled aluminium alloy and manufacturing process would improve the 

quality and guarantee the desired mechanical properties. The suggested alloy to be 

studies is Aluminium 7075 because of its excellent mechanical properties. 

 

 Currently, usage of titanium alloy that contains vanadium has corrosion issues 

where vanadium ion is released into the bloodstream and cause health concerns for 

patients. Studies had been done to find potential material substitute that has mechanical 

properties at par with the currently used titanium alloy and solve the problem. Testing 

on aluminium 7075 will be one of the step taken towards that objective. 

 

The following section will describe the objectives of this research and outline 

the scope of study for a better understanding of research goals and the area where the 

research is focused on. 
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1.3 Objective and Scope of Study 

 

The objectives and scopes of study is proposed in the following part to ensure 

the project is conducted with a set target, and at the same time does not exceed the 

defined boundary of the research to produce the desired output. 

 

Based on the initial study, the objectives of the project are listed below: 

i. To prepare Aluminium 7075 under different temperature and time duration. 

ii. To study the effect of heat treatment towards material integrity of 

Aluminium 7075. 

iii. To compare heat treated Aluminium 7075 through microhardness test and 

density test. 

 

The scope of study for this project is as listed below: 

i. To determine the method and parameters of heat treatment process to be 

conducted on the Aluminium 7075. 

ii. To conduct the heat treatment process on the aluminium alloy. 

iii. To cut the aluminium alloy sample and conduct material integrity testing 

for each of the samples and study the results. 

iv. To compare the results of the testing between samples that produce the 

maximum and minimum values, and untreated sample. 

 

The initial project research theory on the heat treatment process, and related 

testing is documented in the next part of the report for a deeper understanding on the 

decision-making process and project execution. 

  

 

 



11 

 

CHAPTER 2 

2.0 LITERATURE REVIEW 

 

2.1 Aluminium Alloys 

 

 Aluminium is one of the metals that is highly available throughout the earth. 

Aluminium accounts for roughly 8% of the Earth’s stable surface weight [3], [6]. The 

special characteristic of aluminium that is the reason why it is very sought for is its 

high strength compared to its lightweight properties, durability, etc, by alloying with 

other elements or composites such as Fe, Cu, etc in Aluminium 7075 [3], [7]. 

Aluminium 7075 with the addition of high Zinc content as an alloying element also 

shows especially high strength and many aging methods have been used for the said 

material [8]. Thus, with the predicted demand of aluminium to be increasing in the 

future, it is a valid choice to select aluminium alloy as potential substitute material for 

medical appliances. 

 

 There are 2 major classification of aluminium alloys, which are cast and 

wrought aluminium alloy. Focusing on the wrought alloy, based on the Aluminium 

Association system, the wrought aluminium alloys is further classified using a four-

digit system starting from 1xxx to 9xxx series. Out of all the series, the 7xxx series 

that has Zinc as the primary alloying element is the strongest aluminium alloy and is 

suitable for high strength application [9]. However, its drawback is that, taking 

aluminium 7075 as example, the fatigue strength is lower compared to steel where in 

high fatigue conditions, fatigue endurance of aluminium 7075 are at 5 million cycles 

with maximum stress resistance of 140-160 MPa [1].  
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TABLE 2.1 Wrought Aluminium Alloy Designation System 

 

 

The statement concluded that applications that involves high fatigue 

conditions, aluminium 7075 is not a viable substitute material without conducting 

mechanical properties enhancement process beforehand such as using severe plastic 

deformation for material grain refinement [10]. Taking the issue into consideration, 

basic medical appliances are normally not operated in such harsh condition. Improving 

the mechanical properties of aluminium 7075 could also be considered to achieve 

better performance thus, the alloy is suitable to be selected as a material for medical 

appliances.  

 

The next part will involve in the theory of heat treatment process that will be 

conducted in this research, which in theory is capable of improving material 

mechanical properties. 

 

 

 

 

 

 

 



13 

 

2.2 Heat Treatment 

 

 Heat treatment process is a treatment for metal that has said to be able to 

improve their properties. Through the process, the microstructures are affected in the 

terms of precipitates behaviour, grain size and the changes in mechanical as well as 

corrosion resistance [8]. A study done by [11], found that after heat treatment is done 

on welded zone of material Aluminium 6065, the hardness of the joint increased by 

almost 50 MPa as the aging treatment causes the structure of the metal to be more 

uniform throughout the solid. According to the study, the mechanical performance of 

Aluminium 7075 can also be improved by heat treatment process as illustrated in [11, 

Fig. 1]. 

 

 

FIGURE 2.1 Uniaxial Tensile Stress-Displacement Curves 

 

 Increase in mechanical performance also includes the increase in hardness 

values of a material when heat treatment is conducted. According to [12], Ni-P-TiN 

coatings was reported to have increase in microhardness and has the highest corrosion 

resistance after being heat treated at 500°C.  
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 The surface of metal in heat treatment undergoes changes after the process. 

The heat treatment process hardens the outer part of a metal and encapsulate the soft 

part which will absorb impacts thus increases its strength. It is usually done at an 

elevated temperature and the time is varied. According to a study done by [13], as the 

heat treatment increases, the hardness measurement does not necessarily increase as 

well. The result shows that initially the hardness value increases for the heat-treated 

sample for 2 hours, but then decreases as the time increases, but still above the 

untreated sample [12, Fig. 2]. 

 

 

FIGURE 2.2 Hardness Variation of Heat Treatment at Temperature 520°C 

 

The result is due to the fragmentation of Silicon particles at short heat treatment 

time, while longer heat treatment time reduces the vacancies between the particles and 

forming distortions, causing fewer precipitates and slowing down the increase in 

material strength. This statement is also in line with another study that produces the 

same hardness test patterns and discussed that higher holding times will cause the 

softening of the composites in the material [14].  
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To see the maximum hardness value that a material could achieve, heat 

treatment study on the material must be done with different sets of temperature values 

and the durations of each treatment process. Further added by [13], the heat treated 

aluminium alloy experiences increase in hardness value and then the value started to 

decrease because of overaging, where the hardness drops due to extensive aging that 

resulted in precipitation to be at the equilibrium phase. Thus, this study will also 

observe the result and compare the findings to see the correlation between the hardness 

value, density and heat treatment duration. 

 

The project flow and methods will be explained in the next part of the report 

to have a focused view on the test that will be conducted as well as the timeline of the 

project starting from project initiation until completion.   
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CHAPTER 3 

3.0 METHODOLOGY 
 

3.1 Process Flow Chart  
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3.2 Design of Experiment 
 

This part of the report is to show the preparation to proceed for material integrity 

testing before conducting the heat treatment process for smooth completion of testing. 

 

3.2.1 Heat Treating Parameters 
 

The heat treatment process requires the decision on two variables, which are 

the temperatures, and the aging time. Counting the variables into factor, the available 

equipment specification must be known, such as the maximum operating temperature 

of the equipment, which in this case, the oven. The oven available in the UTP 

Mechanical Department Block 17 has a maximum operating temperature of 150°C and 

the parameters of the heat treatment is as list in Table 2 below. 

 

TABLE 3.1 Heat Treatment Parameters 

Sample Name Temperature (°C) Aging Time (hours) 

HT110-1 110 1 

HT110-3 110 3 

HT110-5 110 5 

HT130-1 130 1 

HT130-3 130 3 

HT130-5 130 5 

HT150-1 150 1 

HT150-3 150 3 

HT150-5 150 5 

 

 

 Maximum operating temperature of the oven is 150°C, thus the decided 

temperature values are 110°C, 130°C and 150°C, utilizing the maximum temperature 

value and 20°C difference in temperature. The aging time are 1, 3 and 5 hours for each 

of the temperature values. 9 samples will undergo heat treatment based on the decided 

parameters and 1 sample will left untreated for the comparison of result at the end of 

the project to see the difference in effects of heat treatment process. 
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3.3 Material Testing 

 

The bending test will be conducted on the Aluminium 7075 plates after the heat 

treatment and the resultant product will be cut into several pieces for the several testing 

that shall be conducted. The 10 samples that has undergone bending test including the 

untreated sample will undergo Density Test and Microhardness Vickers test. 

 

3.3.1 Density Test Method and Equipment 
 

 The first test that will be conducted is a density test to gain the density of the 

material by using a gas pycnometer machine. Density is obtained using the volume 

and mass to calculate density of a material. The tools and materials required for this 

test is a weighing scale, gas pycnometer and the samples. The purpose of this test is to 

see whether the heat treatment has an effect on the density of the material as 

theoretically, heat treating will change the structure of the material. Material packing 

or bulk density is important in material selection as it affects the performance of an 

equipment or machine [15].  

 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (
𝑔

𝑐𝑚3) =
𝑀𝑎𝑠𝑠 (𝑔)

𝑉𝑜𝑙𝑢𝑚𝑒 (𝑐𝑚3)
  (1) 

 

 

FIGURE 3.2 AccuPyc II 1340 V3.00 
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 Sample is first weighed using a weighing scale to find the approximate mass 

of the sample and then placed into a cartridge and inserted into the gas pycnometer 

machine. Density of the sample is calculated using the mass and volume obtained using 

equation (1) and the density test is repeated 10 times. The density data is then averaged, 

and the resultant values are plotted into graphical form. The usage of gas pycnometer 

is decided based on a study that conducted density readings on plutonium aluminium 

alloy using both Archimedes method and gas pycnometer machine [16]. Based on the 

study, gas pycnometer produces improved accuracy of 0.002 compare to 0.02 by using 

Archimedes technique. Thus, the usage of gas pycnometer is justified. 

 

3.3.2 Microhardness Vickers Test Method and Equipment 

 

 Heat treatment on metal will harden the outside part of the metal and one of 

the ways to measure the level of hardening is by Microhardness Vickers Test. The test 

involves creating a square pyramidal-shaped indentation on the surface of sample at a 

specific force value by a diamond indenter and the Vickers hardness value (HV) is 

calculated by measuring the width and length of the pyramidal-shaped indentation. 

The advantage of using Vickers hardness method is that the indentation produced is 

geometrically similar and is independent of the load force value unlike the indentation 

methods that use spherical indenters and is dependent on depth of indentation [17]. 

 

FIGURE 3.3 Vickers Hardness Test 
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𝐻𝑉 = (2𝑃 sin(
𝛂 

2
))/(d^2) =

1.8544𝑃

𝑑2
   (2) 

  where: 

  P = force, kgf 

  d = mean diagonal of impression, mm 

  α  = face angle of diamond = 136° 

 

 The Vickers hardness value is calculated using equation (2), where the varying 

values for the calculation is P, the indentation force and d, the mean diagonal 

impression [18]. However, value of m depends on the indentation itself and only 

indentation force is set beforehand. A suitable value for the indentation force is based 

on a study by [19] on 2219 aluminium, where the researcher set the force value at 

300gf. In this project, considering aluminium alloy is the material which are similar to 

the study, the same indentation force is used. 

 

 The next part is the projection of project timeline for FPY I and FYP II as a 

guideline for the project to finish smoothly from project research, decision making, 

material acquisition, testing and the analysis and documentation of test results. 
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3.4 Gantt Chart and Milestones 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  Expected Progress 

      X Actual Progress

Semester  September - December 2019 January - May 2020 

Tasks 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Phase 1   

Understanding Project Requirements X X X                          

Literature Review   X X X X X X X                    

Heat Treatment Parameters Decision          X                   

Testing and Equipment Decision          X X X                 

Phase 2  

Material Acquisition             X X X              

Test Equipment Booking                X X X X          

Heat Treatment on Samples                    X X        

Post-Heat Treatment Processing                      X       

Phase 3  

Gas Pycnometer Density Test                       X      

Microhardness Vickers Test                        X     

Test Results Analysis and Documentation                        X X X X  

Phase 4  

Submission of Dissertation and Video Presentation                            X 
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CHAPTER 4 

4.0 RESULTS AND DISCUSSION 

 

4.1 Sample Heat Treatment and Tests Preparation 

 

 The 9 samples for heat treatment and 1 untreated sample were acquired and at 

the same time, the equipment for heat treatment and material testing are booked such 

as the oven, gas pycnometer and Vickers microhardness testing machine. For the heat 

treatment process, each of the samples is placed on a tray and placed into the oven 

based on the set parameters. Temperature is allowed to first rise to the desired 

temperature, and then the sample is placed inside for the desired time duration. 

 

 

FIGURE 4.1 Oven for Heat Treatment 

 

 After each heat treatment duration is completed, the sample is left outside and 

be quenched by air at room temperature for about 1 hour or until it is fully cooled. 

Based on the heat treatment technique for improving mechanical properties of 

aluminium alloy by appropriate heating and subsequent cooling explained by [13], 

quenching is an important part of the hardening process where supersaturated solid 

saturation is obtained. Through that process, material strength will increase. 

 



23 

 

  

 

FIGURE 4.2 Sample Cutting for Testing 

 

The 10 samples were then put to bending test and the end of the plates are cut 

into 2 small parts with the dimension of roughly 10mm x 10mm using a hand saw, 

each for the density test and microhardness test as shown in Figure 7 above.  
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4.2 Density Test Results 

 

 Each of the 10mm x 10 mm piece from 9 heat treated samples and 1 untreated 

sample were put into a gas pycnometer machine to accurately measure the density of 

the samples. The gas pycnometer uses Helium gas as the analysis gas and conducted 

at around 25°C temperature. The mass of a sample is weighed beforehand, and the 

volume is calculated by employing gas displacement method. The results of the density 

test conducted using the gas pycnometer device is as shown in Table 3 and Figure 8. 

 

TABLE 4.1 Average Density Results 

Sample Average Density (g/cm^3) 

HT110-1 2.8014 

HT110-3 2.7970 

HT110-5 2.7981 

HT130-1 2.7984 

HT130-3 2.7995 

HT130-5 2.7990 

HT150-1 2.7950 

HT150-3 2.7999 

HT150-5 2.7974 

UNT 2.7977 

 

 

 Analysing the average density result for temperature 110°C, for time duration 

of 1 hour, the density increases significantly from the untreated value represented by 

the red line. However, the density value drops below the untreated level and started 

increasing slightly above the untreated level at the 5-hour mark. Taking only the 

density into factor, based on the results, at 1-hour duration the increase in density is 

only due to its volume since the mass is constant. It is possible that after cooling the 

volume of sample decreases and become more compact. 
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FIGURE 4.3 Graph of Density Test Results 

 

 At temperature 130°C, density of sample for the 1-hour duration increases 

above the untreated level and reaches its peak at the 3rd hour before showing the slight 

decrease in value. The increase and decrease trend are also similar to the samples 

subjected to heat treatment at temperature 150°C. However, for HT150-1 there is a 

sharp decrease in density below the untreated value but spiked significantly at the 3-

hour mark before dropping again slightly below the red line at the 5th hour. 

 

 The overall summary for the trend in average density values for the heat-treated 

samples is the trend for temperatures 130°C and 150°C is similar, as the density is 

highest at the 3-hour duration. On the contrary to samples at temperature 110°C, the 

3-hour sample is resulted in the lowest density value for the temperature point. 

However, the temperature that produces the most consistent results in having densities 

above the untreated sample is the samples at 130°C.  

 

Measurement of the gas pycnometer is accurate to 0.0001 accuracy. Thus, if 

there is any flaw with the measurement, it would be the mass weighing part because 

the sample is weighed on a weighing scale manually. The trend gained from the density 

test results will be compared with the results from the microhardness test in the next 

part of the report. 
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4.3 Vickers Microhardness Test Results 

 

 The 2nd piece that are cut from the heat-treated samples are subjected to Vickers 

Microhardness Test. Based on [19], 300 gf is used as the indentation force for the test 

and since the material tested in this project is also aluminium alloy, the same 

indentation force should be suitable. Although the indentation depth does not play a 

role in Vickers microhardness, a comparison between indentation force of 300 gf and 

200 gf is done to see the difference in indentation produced. In Figure 9 shows the 

indentation observed resulting from force of 200 gf and 300 gf. 

 

 

FIGURE 4.4 Indentation Resulting from 200 gf and 300 gf 

 

 Indentation formed from 200 gf is expectedly smaller compared to indentation 

using 300 gf. Considering that the length of diagonal of impression using the Vickers 

Microhardness equipment available is obtained manually, a bigger and clearer 

indentation is favourable for more accurate results. Thus, indentation for of 300 gf 

provides better observable indentation and is suitable to be used in the testing. 10 

measurement were taken on the surface of the sample piece as shown in Figure 10 and 

the readings are averaged and presented in Table 4.  

 

200 gf 

300 gf 
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FIGURE 4.5 Measurement Points for Vickers Microhardness 

 

TABLE 4.2 Average Vickers Microhardness Test Results 

Sample Average Vickers Hardness (HV) 

HT110-1 161.58 

HT110-3 166.68 

HT110-5 175.51 

HT130-1 180.35 

HT130-3 169.68 

HT130-5 175.91 

HT150-1 158.54 

HT150-3 155.41 

HT150-5 175.92 

UNT 168.87 

 

 The results obtained from the Vickers microhardness test shows that for 

temperature 110°C, hardness increase with increasing time of heating, while for 

temperatures 130°C and 150°C, for each of the 3-hour heating duration, the hardness 

drops in value similar to the trend displayed in the density test results where there are 

sudden increase and decrease in values as shown in Figure 11. Comparing between the 

trend of all the samples, all the 130°C samples are above the untreated line, thus 

favouring temperature point instead of the others. The result also shows that hardness 

value for HT130-1 has the highest average hardness among all the samples. 

x 
x 

x 
x 

x 

x 

x 
x 

x 
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FIGURE 4.6 Graph of Vickers Microhardness Test Result 
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4.4 Maximum, Minimum, and Untreated Results Comparison 

 

 Based on the two test results, the maximum and minimum values are selected 

and compared to the untreated values. Figure 12 shows the comparison of the selected 

samples. The minimum value is determined to be HT150-1 where among the samples, 

it has the highest decrease in density and hardness compared to the untreated sample. 

On the other hand, the maximum value is HT130-1 because the density for all three 

time durations for samples of temperature 130°C is about the same values. Thus, the 

deciding factor is the hardness value which trumps all the hardness among the samples.  

 

 

FIGURE 4.7 Graph of Maximum, Minimum and Untreated Results 

 

 HT150-1 resulted in having the lowest density among all the samples and also 

among the two lowest in hardness values that is because of insufficient heat treatment 

duration. However, according to the trend of the graph for both tests at 150°C, the 

highest density recorded is at 3 hour but produces the lowest hardness value, then the 

hardness increases but density decreases to the untreated value. Thus, a 5-hour duration 

are most probably still not sufficient and heat treatment at 150°C are not recommended 

because of the long duration of heat treatment. 

 

145

150

155

160

165

170

175

180

185

2.793

2.794

2.795

2.796

2.797

2.798

2.799

HT150-1 HT130-1 Untreated

H
A

R
D

N
ES

S 
V

IC
K

ER
S 

(H
V

)

D
EN

SI
TY

 (
K

G
/M

^3
)

Density HV



30 

 

 On the contrary to that, sample HT130-1 returns the highest hardness value 

while producing an average increase in density, but higher than the density of the 

untreated sample. Based on the recorded results trend, if the sample is heated at 130°C 

for more than 1 hour, the density increases but hardness drops significantly. Thus, heat 

treatment at 130°C for 1 hour is the best temperature and time duration for the 

aluminium 7075 samples used in this study. 

 

 The results obtained has to be compared to the material that is used as medical 

tools and in this case the example is a surgical scalpel. A scalpel is usually using 

stainless steel as its material. Known density and hardness values of 316 stainless steel 

are at 8 g/cm^3 and 152 HV. As long as hardness is concerned, the hardness produced 

by sample HT130-1 is at an average of 180 HV and far exceeds the hardness of the 

stated stainless steel. However, the density of the sample is at around 2.8 g/cm^3 and 

is far less than the density of stainless steel. Based on the comparison of values, it is 

determined that heat treated aluminium 7075 at 130°C for 1-hour duration can indeed 

be a viable substitute material for medical tools because of higher hardness value and 

lightweight properties of the material compared to 316 stainless steel. 

 

 The next part of this report will conclude and summarizes this study and 

provide some recommendations that can be applied for future related studies. 
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CHAPTER 5 

5.0 CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

 

 The purpose of the study is to consider aluminium 7075 waste as a potential 

substitute for medical tools in material by optimizing forging parameters based on the 

results of material integrity testing. Heat treating waste aluminium 7075 plates at 

110°C, 130°C and 150°C at different time durations produces a mixed trend of 

increasing and decreasing of hardness value and density. 

 

   At temperature 110°C, the density peaks at 1 hour but has lower hardness 

values compared to the untreated sample which indicates material softening after heat 

treatment. Increasing the time duration until 5 hour shows improvements but does not 

produce the highest hardness value and signifies that at 110°C, duration of heat 

treatment should be increased further. The same trend is shown for temperature 150°C 

where the results promotes higher heat treatment duration. 

 

 The best result is presented by sample HT130-1 which is heat treated at 130°C 

for 1 hour. The hardness recorded the highest value among all the samples despite the 

slight increase in density compared to the untreated sample. However, increasing the 

duration of the heat treatment may cause the precipitation in the material to be out of 

phase and cause the hardness of the material to drop. Nevertheless, by heat treating 

aluminium 7075 at 130°C for 1 hour produces a viable substitute for making medical 

tools that is usually manufactured using stainless steel. 

 

 To summarise, the objectives of this study is to conduct heat treatment and 

conduct material integrity testing on the samples were successfully carried out. The 

next part will discuss on the recommendations for future related studies. 
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5.2 Recommendations 

 

 This study focuses on the hardness and density values effects by heat treatment. 

The variation in temperature and heat treatment durations should be further improved 

by increasing the heating duration and temperature at a lower step size. The heat 

treatment should also be conducted at a lower or higher temperature range which are 

at less than 100°C or higher than 150°C. 

 

 Besides that, the Vickers microhardness test is highly dependent on the human 

eye competency and it varies from person to person. The equipment used for this study 

had reportedly using a low-quality lightbulb and causes the magnification image to be 

blurry. The samples are recommended to be polished so that there is better reflection 

of light on the surface and easier for the eye to determine the diagonal of impression 

and produce better and consistent results. 

 

 The density and hardness are also directly correlate with the microstructure of 

the material and optical micrographs should be used to study the formation of 

precipitation of the material. In addition to that, the percentage of elements in the 

material will vary the hardness and density of material and SEM-EDX test can be done 

to determine the phase and composition of the material. 

 

 Further study to increase the density of heat treatment aluminium 7075 can also 

be done by work hardening process. Increasing the density will strengthen the material 

and reducing the chances of material failure. Medical tools should comply with 

ISO13485 and the failure rate for a substitute material for medical tools should be very 

low because it involves human health concerns. 
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