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ABSTRACT

Aluminum waste as a component of ship propeller manufacturing is often faced
with the problem of damage due to seawater corrosion. Anodizing methods are
required to increase the resistance of the propeller to corrosion. This study was aim
to determine the effect of anodizing time on corrosion resistance and alumina layer
growth on propellers. The aluminum waste to be anodized is cut according to time
variations of (a) 30 minutes, (b) 45 minutes, (¢) 60 minutes, and (TP) without
treatment with a size of 3cm*3cmx5mm. The tests carried out were corrosion tests
(Potentiodynamic Polarization & EIS) and Microstructure Observation (SEM).
Results from polarization corrosion and EIS testing on 3.5 wt% NaCl media from
samples (a), (b), (c), and (TP). The longer the anodizing time of the sample (c) the
polarization test results in a corrosion current (Icorr) of 2.4 x .10-—7. (A/,cm-2.) and
its corrosion value is 0.0030 (mmPY). The results of the EIS test obtained 3 graphs,
namely the nyquist graph showing that the anodized sample has a graph that tends
to be small in the radius of the curve. At the high-frequency range (,10-5.—,10-1.)
bode magnitude, sample (c¢) has a higher magnitude impedance and at a high-
frequency phase angle bode of 34.560 Hz indicates sample (c) has a higher phase
angle up to -36.403°. The results of microstructure observation (SEM) in samples
(a), (b), (c), and (TP). The growth of the alumina layer is seen in the anodized
sample. When the corrosion rate value is low, the corrosion resistance value
increases. The longer the anodizing time, the more the alumina layer on the surface

Srows.

Keywords : Anodizing, Propeller, Corrosion, Aluminum Waste, Polarization
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CHAPTER1
INTRODUCTION

1.1 Background of the Study

Aluminum waste is used aluminum material or waste that can be recycled
and reused in the production process. Aluminum is one of the most widely used
metals in the world due to its various advantages, including light weight, rust
resistance, good electrical conductivity, and easy recycling. Therefore, the
management of aluminum waste is very important in the context of sustainability
and resource management [1]. Aluminum products can be produced through two
methods, namely the casting process and the forming process. Aluminum made
through the casting process is generally used for household appliances or vehicle
parts, such as rims, pistons, engine blocks, and so on [2]. Meanwhile, aluminum
resulting from the forming process is usually processed using place, roll, or
extrusion techniques to create products such as aluminum profiles and plates that

are widely used in the construction sector [3].

Aluminum waste can be used to make propellers. A propeller is a machine
element that transmits power by converting rotational motion into thrust. This
device operates by harnessing the power of the engine, which is channeled through
a shaft to create thrust. Propellers themselves are widely used in several industries,
such as aviation, maritime, and various other industries that utilize energy-
generating machinery. For this reason, the materials used and the type of testing

greatly influence the quality of the propeller [4].

In some cases involving ship propellers, damage is often caused by seawater,
which corrodes metal. Corrosion is the destructive result of a chemical reaction
between metal or metal alloys and their environment. Corrosion cannot be stopped,
but it can be controlled in various ways. One way to control corrosion is by using
anodizing. Corrosion is characterized by a slow but continuous process. In some
cases, corrosion will form a thin layer like a stain or a collection of spots that
function to inhibit further corrosion. In other types, corrosion will form products

characterized by corrosion products in the form of oxides and leave traces in the



form of pores that provide no protection against corrosion. As is known, the oxide
layer present on the metal surface can protect the metal from further corrosion
attacks. Metal corrosion resistance can be improved by anodizing or cladding

processes [5].

Anodization is a coating process using an electrolysis method that converts
the aluminum surface to be coated into aluminum oxide (Alz203). Based on this
explanation, it is known that the main principle of anodization is electrolysis,
namely a chemical reaction that is formed due to the flow of electric current. The
process includes two important components, namely electrodes and electrolytes. In
the electrolysis process, the cathode functions as a negative pole that sends current
to the workpiece, while the anode functions as a positive pole that functions as the
workpiece itself [S5]. The results of anodization are greatly influenced by the
selection of anodization process parameters, including current density, potential
difference, process time, distance between the anode and cathode, and the type and

temperature of the electrolyte solution [6].

A study was conducted by Mochamad Muzaki et al., in his research, it was
stated that variations in the anodization process time had an influence on the
thickness of the anodized layer formed, where a time variation of 7 minutes
produced the thinnest layer of 10.34 microns. While a time variation of 11 minutes
produced the thickest layer thickness of 16.73 microns [6]. Muhammad Faruq
Alfalah in his research concluded that the longer the anodization time would affect
the decrease in the corrosion rate, this was because the longer the anodization time

would provide an opportunity for the oxide layer to form pores perfectly [5].

This study investigated the effect of time variations on the corrosion
resistance of anodized aluminum waste. Compared to previous studies, this study
chose a relatively longer anodization time. This study aimed to further understand
the effect of time on the corrosion resistance developed during the anodization

Process.



1.2 The Problems of the Research
The problem formulation raised in this research is as follows:
1. How does anodizing time affect the increase in corrosion resistance of
propellers made from waste aluminum alloy?
2. How does anodizing time affect the growth of the alumina layer on propellers

made from waste aluminum alloy?

1.3 The Objectives of the Research
The objectives of this research for the author include:
1. Knowing the effect of anodizing time on corrosion resistance of propellers
made from waste aluminum alloy.
2. To determine the effect of anodizing time on the growth of the alumina layer

on propellers made from waste aluminum alloy.

1.4 Scope of Problem of the Research
So that this discussion runs as expected and does not become too broad, the
scrope of problem in this research include:
1. The material used is Aluminum Waste .
2. The material is coated using the anodizing method.
3. Corrosion Testing with Potentiodynamic Polarization & Electrochemical
Impedance Spectroscopy (EIS).

4. Microstructural observation using Scanning Electron Microscopy (SEM).

1.5 The Benefits of the Research
The benefits of this research for the author include:
1. It provides experience for the author in soft skills and hard skills regarding
the anodization process and corrosion testing.
2. The application of this post-research can be applied to propellers, especially

with waste aluminum material.



CHAPTER V
CONCLUSIONS AND SUGGESTIONS

5.1 Conclusion

From the research conducted on the effect of propeller anodization time on

corrosion resistance, the following conclusions can be drawn:

I.

Corrosion test results show that anodizing time significantly influences
corrosion resistance. The longer the anodizing time, the greater the corrosion
resistance.

The results of scanning electron microscopy (SEM) images show that the
anodization time greatly affects the growth process of the alumina layer, the
longer the anodization time, the more barrier layers and pore layers will be

formed on the surface of the material.

5.2 Suggestions

In further research, the author has several suggestions that may be used to

develop research, including:

1.

Find out and explore topics in detail regarding the anodizing process and
corrosion testing with supporting references.

The time used for the anodizing process must be longer, so that the layer
formed on the surface of the material is more even and perfect.

Before testing the sample, ensure that the sample is ready to be tested, in order

to get good results.

34
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