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The use of aluminum as a transportation component has been widely used because 

it is light, easy to shape and resistant to corrosion in dry environments. Aluminum 

Scrap is used material or aluminum waste that can be recycled and reused in the 

production process. In previous research, the aluminum scrap casting process was 

carried out in the shape of a propeller but there was porosity. So a surface coating 

process with anodization is required. The propeller used was cut to a size of ± 2 cm 

x 2.5 cm x 0.5 cm for hardness testing based on ASTM E92 and wear with a size of 

± 6 cm x 3 cm x 1 cm based on ASTM G 99 and the anodization process with 22 

ml sulfuric acid solution and 178 ml distilled water with time variations of 30, 45 

and 60 minutes. This research aims to find out how the variation in anodization time 

for propellers made from aluminum scrap affects the hardness and wear and tear. 

The results of hardness testing using the Vickers test on the surface of aluminum 

scrap after anodizing had the highest hardness of 96.52 HV, with a time of 60 

minutes. Meanwhile, the untreated one had a hardness of 81.68 HV, while for wear, 

after being tested, the sample that was most resistant to wear was the one without 

treatment with an average trace width of 2.19 mm and specific abrasion of 1.75 

(10−6mm3/ mm).The anodized sample that was most resistant to wear was treated 

with a 60 minute treatment time with an average trace width of 2.27 mm and a 

specific abrasion of 1.94 (10−6mm3/ mm), When observed under the SEM at 

magnifications ranging from 50X to 2000X, the anodized layer was not yet fully 

formed. Both a barrier layer and a porous layer were formed after 60 minutes. 

 

Keywords: aluminum scrap, Anodization, hardness, wear, propeller. 
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CHAPTER I 

INTRODUCTION 

1.1 Introduction 

 

Aluminum material is one of the metals that is often used in the industrial 

world with various advantages, including resistance to rust, light weight, good 

electrical conductivity, and easy to recycle [1]. The use of this material is widely 

used as a transportation component with its advantages which are easy to shape, 

lightweight and corrosion resistant. Aluminum is also divided into several types of 

aluminum, one of which is aluminum scrap. Aluminum Scrap is used material or 

used aluminum waste then reprocessed for production. aluminum management is 

very important in the context of sustainability and resource management. Research 

has been conducted on the manufacture of a boat propeller-shaped aluminum scrap 

casting method using sand casting [2]. The Propeller is an object that produces 

thrust by rotating, which is found on ships, planes and so on [3]. 

In this scrap aluminum casting process, the effect of mold temperature on 

the microstructure of cast aluminum from scrap also shows a temperature of 

550° C which has a morphology with the least pores. This is due to the temperature 

difference between the mold and the low melted aluminum which makes the 

solidification process take a long time [4]. Although many studies have been 

conducted on the effect of scrap aluminum casting temperature, there are still few 

that examine its impact on mechanical properties such as hardness and wear. In 

addition, this research also focuses on the use of aluminum in corrosive seawater 

environments. It is known that high salinity in such environments can cause 

localized corrosion of aluminum, especially in the form of pitting, which is often 

triggered by the presence of intermetallic phases in aluminum alloys [5]. Due to the 

disadvantages of aluminum, such as low hardness and dull surface, a surface 

coating process is required. Surface treatment is carried out to improve the 

mechanical and physical properties of aluminum, including increasing hardness, 

wear resistance, and corrosion resistance [6]. One of these surface treatments is 

anodizing. 

Anodizing is an electrolysis coating process that aims to turn the surface of 



2 
 

 

 

 

aluminum into aluminum oxide (Al₂O₃) Based on this definition, the main principle 

of this process is electrolysis, which is a chemical reaction that occurs due to the 

flow of electric current, in the electrolysis process, the key components needed are 

electrodes and electrolytes. The electrode consists of two poles, the cathode acts 

as a negative pole and serves as a conductor for the workpiece. and the anode acts 

as a positive pole and is the workpiece to be coated. [7]. 

Research has been conducted by Diki Adita et al, in this study concluded 

that the greater the current density used in the anodization process, the thicker the 

layer formed. This process is proven to significantly increase the surface hardness 

of Aluminum Alloy 6061 material. Based on existing data, the hardness increased 

from 107.03 HVN to 301.03 HVN within 30 minutes with a current density of 

2.8/𝐴𝑑𝑚2 [8]. Research conducted by Bambang Wahyu Sidharta in this study 

concluded that the best wear test value was obtained from the material anodizing 

process using an electrolyte of 15% vol.𝐻2𝑆𝑂4 (Sulfuric Acid) 6% wt. C(2) H(2) O(4) 

(Oxalic Acid) decrease in the value of specific wear (Ws) on aluminum alloy 

material occurs after the process for 7 minutes. 3.04 x 10−4𝑚𝑚2 /kg before 

anodizing to 7.15 x10−4 𝑚𝑚2 /kg after anodizing process for 7 minutes, the 

specific wear value (Ws) of aluminum alloy material decreased. This indicates that 

the material becomes more wear-resistant compared to the condition without 

anodizing process [9]. 

Therefore, after reviewing the background above, research was conducted 

on the PERFOMANCE ANALYSIS OF ANODIZING PARAMETER 

VARIATIONS ON THE HARDNESS AND WEAR RESISTANCE OF 

PROPELLERS MANUFACTURED FROM ALUMINIUM ALLOY SCRAP, 

[10], [11], [12]to find out whether variations in anodizing time on scrap aluminum 

can improve mechanical properties, especially hardness and wear. 
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1.2 Problem Formulation 

 

Based on the existing background, this research faces several problems 

which are then formulated as follows: 

1. How does variation in anodization time for propellers made from aluminum scrap 

affect hardness? 

2. How does variation in anodization time for propellers made from aluminum scrap 

affect wear? 

3. How does variation in anodization time for propellers made from aluminum scrap 

affect the surface morphology of the material? 

1.3 Research Objectives 

Based on the purpose of the research, the formulation of this problem is: 

1. To find out how the variation in anodization time for propellers made from 

aluminum scrap affects hardness. 

2. To find out how the variation in anodization time for propellers made from 

aluminum scrap affects wear. 

3. To find out how the variation in anodization time for propellers made from 

aluminum scrap affects the surface morphology of the material. 



4 
 

 

 

 

 

1.4 Problem Limitation 

In order for this discussion to run as expected and not expand, this research 

includes problem limitations including: 

1. The sample used is Aluminum Scrap material. 

 

2. Material coating using anodization method with Hard Anodizing coating 

type. 

3. The anodizing time uses variations of 30, 45 and 60 minutes. 

 

4. Hardness tests were conducted using the Vickers method, which refers to the 

ASTM E92 standard. 

5. Wear test was conducted by pin-on-disk method, which refers to ASTM G99 

standard. 

6. Morphology test on the surface of the sample material after anodizing using 

SEM. 

1.5 Benefits Of Research 

The benefits of activities for the author for carrying out this research include: 

1. Being an experience for the author in soft skills and hard skills regarding the 

anodization process and the hardness and wear testing process. 

2. The application after this research can be applied in propellers, especially with 

aluminum scrap material. 

3. The results of this study can be used as a reference for making or developing 

variations in current and anodization time that are similar. 
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BAB V 

CONCLUSION 

1.1 Conclusion 

Therefore on this study the test results and data analysis in this study that 

has been done, it can be concluded that: 

1. Vickers ASTM E92 test results shows that increasing varying anodization 

time on aluminum scrap increases surface hardness. Sample (D) without 

treatment had an average of 81.86 HV, sample (A) at 30 minutes reached 

92.14 HV, sample (B) at 45 minutes was 93.82 HV, and the highest was 

sample (C) at 60 minutes with a value of 96.52 HV. 

2. The wear test results showed that sample (D) without treatment had the 

improved wear resistance significantly, with an average gap width of 2.19 

mm. For the anodized samples, the average gap widths were 2.51 mm for 

sample (A, 30 minutes), 2.50 mm for sample (B, 45 minutes), and 2.27 mm 

for sample (C, 60 minutes). From these results, it can be understood that the 

smaller the gap width value, the better the wear resistance of the material. 

3. SEM analysis revealed that anodization affected the surface morphology. 

Sample (D) without treatment showed no layer formation, while sample (A, 

30 minutes) exhibited an initial barrier layer with visible gaps. In sample 

(B, 45 minutes), the gaps became narrower, resulting in a denser layer. 

Meanwhile, sample (C, 60 minutes) displayed a more clearly barrier layer 

along with the early growth of a porous layer, although the pore structure 

can be improved by further research by varying anodization parameter. 
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1.2 Suggestion 

1. Extend the anodizing duration to more than one hour to produce a thicker, 

stronger, and more uniform oxide layer. 

2. Apply X-Ray Diffraction (XRD) testing to identify the crystal phases and 

oxide composition after anodizing. 

3. Perform more comprehensive surface preparation to achieve a smooth, 

defect-free, and uniform anodizing result. 

4. Use cross-sectional Scanning Electron Microscope (SEM) analysis to 

examine the thickness and uniformity of the oxide layer in detail. 
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