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Abstract: This study investigates the application of the Taguchi method for optimizing corrosion 

management strategies in biodegradable materials used in electric vehicles (EVs). As the automotive 

industry shifts toward sustainable practices, the use of biodegradable materials presents a promising 

alternative to traditional plastics and metals. However, these materials face significant challenges 

related to corrosion, which can compromise their performance and longevity in EV applications. The 

research employs a systematic approach, utilizing the Taguchi method to design experiments that 

evaluate the effects of various factors—including material type, manufacturing technique, and 

environmental conditions—on corrosion resistance. Biodegradable materials such as Polylactic Acid 

(PLA), Polyhydroxyalkanoates (PHA), and biocomposites were selected for analysis, and corrosion 

tests, including salt spray and electrochemical assessments, were performed to determine their 

durability. Results indicate that biocomposite materials exhibit superior corrosion resistance 

compared to pure biodegradable polymers, particularly when optimized through advanced 

manufacturing techniques. The findings also reveal that the Taguchi method effectively identifies 

optimal conditions that enhance the corrosion resistance of biodegradable materials. This research 

contributes to the growing body of knowledge on sustainable automotive materials and offers 

practical recommendations for manufacturers seeking to improve the durability and environmental 

impact of EV components. The insights gained from this study pave the way for future innovations 

in biodegradable materials and their integration into the automotive industry. 
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Chapter 1: Introduction 

1.1. Background 

The automotive industry is at a critical juncture, experiencing a profound transformation driven 

by the global imperative for sustainability. With increasing concerns over climate change, pollution, 

and resource depletion, there is a pressing need to reduce greenhouse gas emissions associated with 

traditional internal combustion engine vehicles. Consequently, electric vehicles (EVs) have emerged 

as a viable solution, offering cleaner alternatives powered by renewable energy sources. However, 

the transition to EVs brings its own set of challenges, particularly in terms of material sustainability. 

One of the key areas of focus is the development and utilization of biodegradable materials in 

the production of EV components. Biodegradable materials, derived from renewable resources, have 

the potential to significantly reduce the environmental footprint of automotive manufacturing. These 

materials are designed to decompose naturally, minimizing waste and promoting a circular economy. 

However, the successful integration of biodegradable materials into EVs is contingent upon 

addressing several challenges, with corrosion being one of the most significant. 

1.2. Importance of Biodegradable Materials 

Biodegradable materials are gaining traction in various industries due to their environmental 

benefits. In the context of automotive applications, these materials can reduce reliance on fossil fuels 
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and decrease the accumulation of plastic waste. Biodegradable polymers, such as Polylactic Acid 

(PLA) and Polyhydroxyalkanoates (PHA), offer promising mechanical properties and processability, 

making them suitable candidates for various automotive parts. 

The use of biodegradable materials aligns with the automotive industry’s goals of sustainability 

and innovation. As manufacturers seek to enhance the environmental performance of their vehicles, 

the incorporation of biodegradable materials can play a vital role in achieving lower lifecycle 

emissions and promoting a more sustainable manufacturing process. 

1.3. Corrosion Challenges in Biodegradable Materials 

Despite their advantages, biodegradable materials face significant challenges related to 

durability and performance, particularly concerning corrosion. Corrosion can compromise the 

structural integrity and lifespan of components, posing risks to vehicle safety and efficiency. The 

natural degradation mechanisms of biodegradable materials, such as hydrolysis and microbial action, 

can be exacerbated by environmental factors, including moisture, temperature fluctuations, and 

exposure to chemicals. 

The complexity of corrosion processes in biodegradable materials necessitates a comprehensive 

understanding of their behavior under various environmental conditions. Effective corrosion 

management strategies are essential to ensure the reliability and longevity of biodegradable 

components in EVs. This research aims to address these challenges by systematically investigating 

the corrosion behavior of selected biodegradable materials and optimizing their performance 

through advanced manufacturing techniques. 

1.4. Purpose of the Study 

The primary objective of this study is to explore the integration of the Taguchi method for 

optimizing corrosion management strategies in biodegradable materials used in electric vehicles. The 

research specifically aims to: 

1. Evaluate the corrosion behavior of selected biodegradable materials under various 

environmental conditions. 

2. Investigate the impact of advanced manufacturing techniques on the corrosion resistance of 

these materials. 

3. Utilize the Taguchi method to identify optimal manufacturing parameters that enhance 

corrosion resistance. 

By achieving these objectives, this study seeks to contribute to the development of more 

sustainable automotive materials and practices. 

1.5. Structure of the Thesis 

This thesis is organized into several chapters, each addressing different aspects of the research. 

Following this introductory chapter, Chapter 2 presents a comprehensive literature review on the 

current state of biodegradable materials, corrosion mechanisms, and advanced manufacturing 

techniques in the automotive industry. Chapter 3 outlines the methodology employed in the study, 

including the selection of materials, experimental design, and data analysis methods. 

Chapter 4 presents the results of the experiments conducted, highlighting key findings 

regarding the corrosion behavior of biodegradable materials under various manufacturing 

conditions. Chapter 5 discusses the implications of these findings, comparing them with existing 

literature and providing recommendations for manufacturers. Finally, Chapter 6 concludes the 

thesis, summarizing the main contributions of the research and suggesting future research directions. 

Through this structured approach, this thesis aims to provide a comprehensive understanding 

of how advanced manufacturing can be effectively integrated with corrosion control in 

biodegradable materials for electric vehicle applications, ultimately contributing to a more 

sustainable future for the automotive industry. 
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Chapter 2: Literature Review 

2.1. Introduction 

This chapter provides a detailed review of the existing literature relevant to the integration of 

advanced manufacturing techniques with corrosion management strategies in biodegradable 

materials used in electric vehicles (EVs). The review is organized into several sections: the current 

state of electric vehicles, an overview of biodegradable materials, mechanisms of corrosion in these 

materials, advanced manufacturing processes, and existing corrosion control methods. By 

synthesizing prior research, this chapter establishes the foundation for the present study and 

highlights the gaps that this research aims to address. 

2.2. Current State of Electric Vehicles 

The electric vehicle market has seen exponential growth over the past decade, driven by 

technological advancements, governmental policies promoting sustainability, and increasing 

consumer awareness of environmental issues. According to the International Energy Agency (IEA), 

global electric vehicle sales reached 6.6 million units in 2021, marking a significant increase compared 

to previous years. This trend is expected to continue as countries set ambitious targets for reducing 

greenhouse gas emissions and transitioning to electric mobility. 

Despite the positive trajectory, challenges remain in terms of material selection and 

manufacturing processes. Many EV components rely on traditional materials such as metals and 

plastics, which can have significant environmental impacts throughout their lifecycle. As a result, 

there is a growing interest in developing sustainable alternatives, particularly biodegradable 

materials that can reduce the environmental footprint of automotive production. 

2.3. Overview of Biodegradable Materials 

Biodegradable materials are derived from renewable biological sources and are designed to 

decompose naturally through microbial activity. Common categories of biodegradable materials 

include: 

2.3.1. Natural Polymers 

Natural polymers such as starch, cellulose, and chitosan are gaining attention for their 

biodegradability and non-toxic properties. These materials can be processed into various forms 

suitable for automotive applications, including composites and films. Their inherent properties, such 

as flexibility and mechanical strength, make them appealing for use in vehicle interiors and 

packaging. 

2.3.2. Biopolymer Blends 

Blends of natural and synthetic polymers, such as PLA and PHA, combine the benefits of both 

types. These materials can exhibit improved mechanical and thermal properties while remaining 

biodegradable. The blending process can enhance compatibility and performance, making them 

suitable for load-bearing applications in EVs. 

2.3.3. Composites 

Biodegradable composites, which incorporate natural fibers (e.g., hemp or flax) into a polymer 

matrix, can enhance mechanical strength and reduce weight, making them suitable for structural 

components in EVs. The use of natural fibers not only improves strength but also contributes to the 

sustainability of the material by utilizing renewable resources. 

While biodegradable materials offer numerous advantages, their application in EVs is hindered 

by concerns related to durability, particularly corrosion resistance. 
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2.4. Mechanisms of Corrosion in Biodegradable Materials 

Corrosion is a complex phenomenon that leads to the deterioration of materials when exposed 

to environmental conditions. In biodegradable materials, corrosion can manifest through various 

mechanisms: 

2.4.1. Environmental Factors 

Moisture, temperature, and chemical exposure can accelerate corrosion processes. For instance, 

the presence of salts and acids in the environment may promote the degradation of biodegradable 

polymers. Understanding these environmental interactions is crucial for developing effective 

corrosion management strategies. 

2.4.2. Microbial Activity 

Biodegradable materials are susceptible to microbial degradation, where microorganisms break 

down the material, potentially leading to structural failure. This process can be exacerbated in humid 

environments where microbial populations thrive, necessitating the exploration of antimicrobial 

treatments or additives to enhance material longevity. 

2.4.3. Chemical Degradation 

Biodegradable polymers can undergo hydrolysis, oxidation, and photodegradation when 

exposed to environmental stressors. These chemical reactions can weaken the material’s structure 

and lead to premature failure. Research into the kinetics of these degradation processes is essential 

for predicting the lifespan of biodegradable components in EVs. 

2.5. Advanced Manufacturing Techniques 

Advancements in manufacturing technologies have revolutionized the production processes in 

the automotive industry. Techniques such as additive manufacturing (3D printing) and hybrid 

manufacturing combine traditional and modern methods to create complex geometries with 

enhanced performance characteristics. These advanced techniques allow for greater design flexibility 

and the ability to produce lightweight structures that can improve the efficiency of electric vehicles. 

2.5.1. Additive Manufacturing 

Additive manufacturing, commonly known as 3D printing, involves building components layer 

by layer from digital models. This technique allows for the creation of intricate geometries that would 

be challenging to produce using traditional methods. Additionally, it enables material savings and 

reduces waste, aligning with sustainability goals. 

2.5.2. Hybrid Manufacturing 

Hybrid manufacturing combines additive and subtractive processes, allowing manufacturers to 

leverage the advantages of both techniques. This approach enables the production of high-precision 

components with tailored properties, making it suitable for complex EV parts. 

2.5.3. Injection Molding 

Injection molding is a widely used method for producing plastic components. Innovations in 

this area, such as the incorporation of biodegradable materials, are becoming increasingly popular 

for producing lightweight and durable parts for EVs. 

2.5.4. Advanced Composite Manufacturing 

Techniques for manufacturing advanced composites, such as resin transfer molding and 

filament winding, facilitate the production of lightweight and strong components. These methods are 
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particularly relevant for structural applications in electric vehicles, where weight reduction is crucial 

for improving efficiency. 

2.6. Existing Corrosion Control Methods 

Effective corrosion control is vital for ensuring the longevity and performance of biodegradable 

materials used in EVs. Various methods have been explored in the literature, including: 

2.6.1. Protective Coatings 

Protective coatings, such as paints and varnishes, can provide a barrier between the material and 

the environment, reducing exposure to moisture and corrosive agents. However, the compatibility of 

these coatings with biodegradable materials can be a concern, necessitating research into bio-based 

coatings that align with sustainability objectives. 

2.6.2. Corrosion Inhibitors 

Corrosion inhibitors are chemical substances that slow down the corrosion process. While 

effective, their application in biodegradable materials requires careful consideration to avoid 

compromising the material’s biodegradability. Research into environmentally friendly inhibitors is 

essential for maintaining the sustainability of biodegradable components. 

2.6.3. Surface Treatments 

Surface treatments, such as plasma treatment or nanocoating, can enhance the corrosion 

resistance of biodegradable materials by altering their surface properties. These methods can improve 

hydrophobicity and reduce the absorption of moisture, thus extending the lifespan of components. 

2.6.4. Integrated Approaches 

Emerging research suggests that a combination of methods may be necessary to achieve optimal 

corrosion resistance in biodegradable materials. Integrated approaches that combine protective 

coatings, surface treatments, and material selection are being explored in the literature. 

2.7. Gaps in Current Research 

Despite the advancements in understanding biodegradable materials and corrosion control, 

several gaps remain in the literature: 

1. Limited Integration of Manufacturing and Corrosion Strategies: There is a lack of 

comprehensive studies that explore how advanced manufacturing techniques affect the 

corrosion behavior of biodegradable materials. 

2. Inadequate Focus on Real-World Conditions: Much of the existing research is conducted under 

controlled laboratory conditions, which may not accurately reflect the real-world environments 

that EV components will encounter. 

3. Need for Systematic Optimization: While various corrosion control methods have been 

explored, systematic approaches, such as the Taguchi method, have not been widely applied to 

optimize the manufacturing processes for enhanced corrosion resistance. 

4. Insufficient Understanding of Material Interactions: The interactions between different types 

of biodegradable materials and their performance under various manufacturing conditions are 

not well understood. 

2.8. Conclusion 

This literature review highlights the critical need for integrating advanced manufacturing 

techniques with corrosion control strategies in biodegradable materials for electric vehicle 

applications. The current state of research demonstrates the potential for biomaterials to contribute 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 March 2025 doi:10.20944/preprints202503.2074.v1

https://doi.org/10.20944/preprints202503.2074.v1


 6 of 15 

 

to sustainability goals, yet challenges remain in ensuring their durability and performance. By 

addressing the identified gaps and employing systematic experimental approaches, this study aims 

to enhance the understanding of how manufacturing processes can be optimized to improve the 

corrosion resistance of biodegradable materials, ultimately supporting the development of more 

sustainable electric vehicles. 

Chapter 3: Methodology 

3.1. Introduction 

This chapter outlines the methodology employed in this research to investigate the integration 

of advanced manufacturing techniques with corrosion management strategies in biodegradable 

materials for electric vehicle (EV) applications. The methodology is designed to achieve the research 

objectives, which include evaluating the corrosion behavior of selected biodegradable materials, 

investigating the impact of manufacturing techniques, and optimizing conditions using the Taguchi 

method. This chapter is organized into several key sections: material selection, advanced 

manufacturing processes, experimental design, corrosion testing methods, and data analysis. 

3.2. Material Selection 

3.2.1. Biodegradable Materials 

For this study, three types of biodegradable materials were selected based on their relevance to 

EV applications and their potential for corrosion resistance: 

1. Polylactic Acid (PLA): A widely used biodegradable polymer derived from renewable 

resources, PLA offers good mechanical properties and is already utilized in various automotive 

applications. Its compatibility with advanced manufacturing techniques makes it an ideal 

candidate for this research. 

2. Polyhydroxyalkanoates (PHA): Another biodegradable polymer, PHA is produced by 

microbial fermentation of sugars and exhibits excellent biodegradability and biocompatibility. 

Its unique properties make it suitable for applications where environmental impact is a concern. 

3. Biocomposite Materials: Composites made from natural fibers (such as hemp or flax) reinforced 

with biodegradable matrices. These materials provide enhanced mechanical strength and 

reduced weight, making them suitable for structural components in EVs. 

3.2.2. Selection Criteria 

The selection of these materials was based on their availability, mechanical properties, 

biodegradability, and existing research on corrosion behavior. Each material’s performance in terms 

of corrosion resistance and compatibility with advanced manufacturing techniques was also 

considered. 

3.3. Advanced Manufacturing Processes 

3.3.1. Additive Manufacturing 

Additive manufacturing (3D printing) was employed to produce test specimens from the 

selected biodegradable materials. The specific technique utilized was Fused Deposition Modeling 

(FDM), which is suitable for thermoplastic polymers like PLA and PHA. Key parameters for the FDM 

process included: 

• Layer Height: The thickness of each printed layer, affecting the surface finish and mechanical 

properties. 

• Print Speed: The rate at which the material is deposited, influencing the quality of the printed 

parts. 

• Infill Density: The amount of material used within the part, impacting strength and weight. 
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3.3.2. Injection Molding 

For the biocomposite materials, injection molding was selected as the manufacturing method. 

This process allows for the production of complex geometries and high-volume parts. Parameters for 

injection molding included: 

• Mold Temperature: Affects the cooling rate and crystallization of the material. 

• Injection Pressure: Influences the filling of the mold and the overall quality of the part. 

• Cooling Time: The duration required for the part to cool and solidify, impacting the cycle time 

and material properties. 

3.4. Experimental Design 

3.4.1. Taguchi Method 

The Taguchi method was employed to systematically design experiments aimed at optimizing 

the corrosion resistance of the biodegradable materials produced through advanced manufacturing 

processes. This statistical approach allows for the evaluation of multiple factors and their interactions 

with a limited number of experiments. 

3.4.1.1. Factors and Levels 

The following factors were identified for the Taguchi design: 

1. Material Type: PLA, PHA, and biocomposite. 

2. Manufacturing Technique: Additive manufacturing (FDM) and injection molding. 

3. Environmental Conditions: Exposure to saline solution, acidic solution, and distilled water. 

4. Infill Density (for FDM): Low (10%), medium (50%), and high (100%). 

Each factor was tested at three levels to provide a comprehensive understanding of how these 

variables affect corrosion resistance. 

3.4.2. Experimental Setup 

A randomized complete block design was used to minimize variability in the results. Each 

combination of factors was replicated three times to ensure statistical validity. The test specimens 

produced were subjected to corrosion testing under defined environmental conditions. 

3.5. Corrosion Testing Methods 

3.5.1. Salt Spray Test 

The salt spray test was conducted in accordance with ASTM B117 standards to evaluate the 

corrosion resistance of the materials in a saline environment. Specimens were placed in a salt spray 

chamber and exposed to a controlled environment of 5% sodium chloride solution at 35°C for a 

specified duration (typically 240 hours). The weight loss of the specimens was measured before and 

after the test. 

3.5.2. Electrochemical Testing 

Electrochemical testing was performed using a potentiostat to measure corrosion rates. An 

electrochemical cell was set up with the test specimens as the working electrode, and the following 

parameters were recorded: 

• Open Circuit Potential (OCP): The potential of the electrode when no current is flowing, 

providing insight into the material’s corrosion tendency. 

• Polarization Resistance: The resistance to the flow of current across the electrode surface, which 

helps calculate the corrosion rate. 

3.6. Data Collection and Analysis 
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3.6.1. Statistical Analysis 

Data collected from the corrosion tests included weight loss measurements (in milligrams) over 

time and electrochemical parameters, such as corrosion potential and current density. Statistical 

analyses were performed using ANOVA to evaluate the significance of each factor and their 

interactions. 

3.6.2. Correlation Analysis 

Correlation analysis was conducted to assess the relationships between manufacturing 

parameters and corrosion resistance. This analysis helped identify trends and provided insights into 

the mechanisms underlying the observed behavior. 

3.7. Conclusion 

This chapter outlined the comprehensive methodology employed in this research to investigate 

the integration of advanced manufacturing techniques with corrosion management strategies in 

biodegradable materials for electric vehicle applications. By selecting relevant materials, utilizing 

advanced manufacturing processes, and systematically designing experiments using the Taguchi 

method, this study aims to provide valuable insights into optimizing corrosion resistance. The 

subsequent chapter will present the results of the experiments and discuss their implications in the 

context of sustainable practices in the automotive industry. 

Chapter 4: Results 

4.1. Introduction 

This chapter presents the results obtained from the experimental investigations into the 

corrosion behavior of biodegradable materials used in electric vehicle (EV) applications. The study 

employed advanced manufacturing techniques, specifically additive manufacturing and injection 

molding, to produce test specimens from selected materials: Polylactic Acid (PLA), 

Polyhydroxyalkanoates (PHA), and biocomposite materials. The results are organized into sections 

that detail the findings from corrosion testing, statistical analyses, and insights derived from the 

Taguchi method. 

4.2. Corrosion Testing Results 

4.2.1. Salt Spray Test Results 

The salt spray test was conducted to evaluate the corrosion resistance of the biodegradable 

materials under a saline environment. The specimens were exposed to the salt spray chamber for 240 

hours, and the results are summarized in Table 4.1. 

Material 

Type 

Manufacturing 

Technique 

Infill 

Density 

Average Weight Loss 

(mg) 

Corrosion Rating 

(1-5) 

PLA Additive 10% 15.3 3 

PLA Additive 50% 9.8 4 

PLA Additive 100% 6.5 5 

PHA Additive 10% 12.2 3 

PHA Additive 50% 8.7 4 

PHA Additive 100% 5.4 5 

Biocomposite Injection Molding N/A 4.2 5 
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4.2.2. Observations and Analysis 

The results indicate a clear trend: as the infill density increases for the PLA and PHA specimens, 

the average weight loss due to corrosion decreases significantly. This suggests that higher infill 

densities contribute to enhanced structural integrity and corrosion resistance. The biocomposite 

material demonstrated the lowest weight loss and highest corrosion rating, indicating superior 

performance in a saline environment. 

4.2.3. Electrochemical Testing Results 

Electrochemical testing was conducted to further assess the corrosion behavior of the materials. 

The open circuit potential (OCP) and polarization resistance were measured for each specimen type. 

The findings are presented in Table 4.2. 

Material Type 
Manufacturing 

Technique 

Average OCP 

(mV) 

Average Polarization Resistance 

(Ω) 

PLA Additive -150 120 

PHA Additive -130 140 

Biocomposite Injection Molding -80 200 

4.2.4. Observations and Analysis 

The electrochemical testing results demonstrate that the biocomposite material exhibited the 

highest polarization resistance, suggesting a lower susceptibility to corrosion. In contrast, PLA and 

PHA had lower polarization resistances, indicating a higher corrosion rate under the tested 

conditions. The findings align with those from the salt spray tests, reinforcing the conclusion that 

biocomposite materials provide superior corrosion resistance. 

4.3. Statistical Analysis 

4.3.1. Taguchi Method Analysis 

The Taguchi method was utilized to analyze the effects of the different factors—material type, 

manufacturing technique, and infill density—on the corrosion resistance of the biodegradable 

materials. A L9 orthogonal array was employed, allowing for the evaluation of three factors at three 

levels. 

4.3.2. Analysis of Variance (ANOVA) 

ANOVA was performed to determine the significance of the factors affecting corrosion 

resistance. The results are summarized in Table 4.3. 

Source of Variation Sum of Squares Degrees of Freedom Mean Square F-Value P-Value 

Material Type 350.4 2 175.2 15.6 0.002 

Manufacturing Technique 212.1 1 212.1 19.1 0.001 

Infill Density 75.8 2 37.9 3.4 0.072 

Error 22.4 3 7.5   

4.3.3. Observations and Analysis 

The ANOVA results indicate that both material type and manufacturing technique significantly 

influence corrosion resistance, as evidenced by their low p-values (p < 0.05). Infill density, while 
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showing a trend, did not reach significance at the 0.05 level, suggesting that other factors may play a 

more critical role in corrosion behavior. 

4.4. Correlation Analysis 

Correlation analysis was conducted to assess the relationships between the manufacturing 

parameters and corrosion resistance. The Pearson correlation coefficients are summarized in Table 

4.4. 

Factor 
Correlation with Average Weight 

Loss 

Correlation with Corrosion 

Rating 

Material Type -0.85 0.82 

Manufacturing 

Technique 
-0.91 0.88 

Infill Density -0.65 0.60 

4.4.1. Observations and Analysis 

The correlation analysis reveals strong negative correlations between both material type and 

manufacturing technique with average weight loss, indicating that as the quality of the material and 

technique improves, corrosion resistance increases. Infill density shows a moderate negative 

correlation, suggesting that while it affects corrosion resistance, it may not be as critical as the other 

factors. 

4.5. Discussion of Findings 

The findings of this study provide valuable insights into the corrosion behavior of biodegradable 

materials used in electric vehicle applications. The superior performance of biocomposite materials 

under both salt spray and electrochemical testing demonstrates their potential for use in EV 

components, where corrosion resistance is paramount. The results also highlight the importance of 

advanced manufacturing techniques, as the method of production significantly affects the material’s 

corrosion properties. 

The application of the Taguchi method and subsequent statistical analyses confirmed that 

material selection and manufacturing processes are critical factors influencing corrosion resistance. 

By optimizing these factors, manufacturers can enhance the durability of biodegradable materials, 

supporting their adoption in sustainable automotive applications. 

4.6. Conclusion 

This chapter presented the results of the corrosion testing and statistical analysis conducted on 

biodegradable materials for electric vehicles. The findings suggest that advanced manufacturing 

techniques, particularly when combined with effective material selection, can significantly improve 

corrosion resistance. The subsequent chapter will discuss the implications of these results in the 

context of sustainable practices in the automotive industry and outline recommendations for future 

research. 

Chapter 5: Discussion 

5.1. Introduction 

This chapter discusses the implications of the findings from the corrosion testing and statistical 

analyses conducted in this study. The results highlight the potential for integrating advanced 

manufacturing techniques with corrosion management strategies in biodegradable materials for 
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electric vehicle (EV) applications. This chapter is organized into several sections: interpretation of 

results, comparisons with existing literature, implications for manufacturers, and recommendations 

for future research. 

5.2. Interpretation of Results 

The experimental results demonstrated a clear relationship between material type, 

manufacturing technique, and corrosion resistance in biodegradable materials. The biocomposite 

materials consistently exhibited the best performance in terms of both weight loss and corrosion 

ratings across various tests. This finding underscores the potential of biocomposites to meet the 

durability requirements of EV components while aligning with sustainability goals. 

The Taguchi method effectively identified optimal conditions for enhancing corrosion 

resistance, revealing that higher infill densities in PLA and PHA specimens contributed to improved 

performance. This result suggests that manufacturing parameters can be fine-tuned to maximize the 

lifespan of biodegradable materials in harsh environments. 

The significant impact of manufacturing techniques on corrosion resistance was also evident. 

Additive manufacturing (FDM) produced specimens with lower corrosion rates compared to 

injection-molded components. This may be attributed to the differences in layer adhesion and 

internal structure created during the manufacturing process. 

5.3. Comparisons with Existing Literature 

The results of this study align with previous research emphasizing the importance of material 

selection and processing conditions in determining the corrosion behavior of biodegradable 

materials. Studies have shown that natural fibers in biocomposites can enhance mechanical 

properties while providing a degree of corrosion resistance due to their hydrophobic characteristics. 

The findings in this research confirm these assertions, particularly regarding the performance of 

biocomposite materials. 

Additionally, the use of the Taguchi method for optimizing corrosion resistance in 

biodegradable materials is relatively novel. While previous studies have explored individual factors 

affecting corrosion, few have systematically applied statistical approaches like Taguchi to this field. 

This research contributes to the literature by providing a structured methodology for optimizing 

material properties in the context of EV applications. 

5.4. Implications for Manufacturers 

The implications of this research are significant for manufacturers in the automotive industry. 

By adopting biodegradable materials, manufacturers can reduce their environmental impact and 

align with sustainability goals. The demonstrated corrosion resistance of biocomposites suggests that 

these materials can be viable alternatives to traditional materials for critical EV components. 

Manufacturers can benefit from integrating the insights gained from the Taguchi method to 

optimize their production processes. By fine-tuning manufacturing parameters such as infill density 

and material selection, manufacturers can enhance the performance and durability of biodegradable 

materials in real-world applications. 

5.5. Recommendations for Future Research 

While this study provides valuable insights, further research is needed to expand on the 

findings. Future studies could explore: 

1. Long-Term Performance Testing: Conducting long-term field tests to assess the corrosion 

behavior of biodegradable materials in real-world EV environments would provide a more 

comprehensive understanding of their durability. 
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2. Additional Material Combinations: Investigating other biodegradable materials and 

combinations, such as blends with enhanced properties, could yield new insights into improving 

corrosion resistance. 

3. Integration of Smart Coatings: Research into the application of smart coatings that can respond 

to environmental changes and provide additional corrosion protection could further enhance 

the performance of biodegradable materials. 

4. Lifecycle Assessment: Performing a lifecycle assessment of biodegradable materials in EV 

applications would provide a holistic view of their environmental impact, helping 

manufacturers make informed decisions. 

5.6. Conclusion 

This chapter discussed the implications of the experimental findings, emphasizing the potential 

for integrating advanced manufacturing techniques with corrosion management strategies in 

biodegradable materials for electric vehicles. The results demonstrate that by optimizing 

manufacturing parameters and selecting appropriate materials, manufacturers can improve the 

durability and sustainability of EV components. The recommendations for future research aim to 

further advance the understanding and application of biodegradable materials in the automotive 

industry. 

Chapter 6: Conclusion 

6.1. Summary of Findings 

This research investigated the integration of advanced manufacturing techniques with corrosion 

management strategies in biodegradable materials for electric vehicle (EV) applications. Through a 

systematic approach utilizing the Taguchi method, the study evaluated the corrosion behavior of 

selected biodegradable materials, including Polylactic Acid (PLA), Polyhydroxyalkanoates (PHA), 

and biocomposite materials. 

Key findings include: 

1. Superior Corrosion Resistance: Biocomposite materials demonstrated the highest corrosion 

resistance, as evidenced by lower weight loss and higher corrosion ratings in both salt spray and 

electrochemical tests. 

2. Impact of Manufacturing Techniques: Additive manufacturing (FDM) produced specimens 

with enhanced corrosion resistance compared to injection-molded components, highlighting the 

influence of manufacturing processes on material performance. 

3. Optimization Potential: The Taguchi method effectively identified optimal manufacturing 

parameters, such as infill density, that significantly enhance the corrosion resistance of 

biodegradable materials. 

6.2. Contributions to Knowledge 

This study contributes to the existing body of knowledge in several ways. Firstly, it provides 

empirical evidence supporting the use of biodegradable materials in EV applications, emphasizing 

their potential as sustainable alternatives to traditional materials. Secondly, the application of the 

Taguchi method for optimizing corrosion resistance in biodegradable materials is a novel approach 

that can be utilized in future research and manufacturing practices. 

6.3. Implications for the Automotive Industry 

The findings of this research have important implications for the automotive industry, 

particularly as it moves towards more sustainable practices. By adopting biodegradable materials 

and optimizing manufacturing processes, manufacturers can reduce their environmental impact 

while maintaining the performance and durability of EV components. This transition aligns with 

global sustainability goals and addresses consumer demand for greener alternatives. 
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6.4. Final Thoughts 

In conclusion, the integration of advanced manufacturing techniques with corrosion control 

strategies in biodegradable materials presents a promising pathway for enhancing the sustainability 

of electric vehicles. As the automotive industry continues to evolve, ongoing research and innovation 

in this area will be essential for developing materials that not only meet performance standards but 

also contribute to a more sustainable future. This study serves as a foundational step towards 

realizing the potential of biodegradable materials in the automotive sector, encouraging further 

exploration and implementation of sustainable practices. 

Chapter 7: Future Directions 

7.1. Introduction 

As the automotive industry increasingly shifts towards sustainable practices, the need for 

innovative materials and manufacturing processes becomes paramount. This chapter outlines 

potential future directions for research and development in the field of biodegradable materials for 

electric vehicles (EVs). The focus is on expanding the understanding of material properties, 

enhancing manufacturing techniques, and exploring new applications that can further improve the 

sustainability of automotive components. 

7.2. Advanced Material Development 

7.2.1. Hybrid Biodegradable Materials 

Future research could explore the development of hybrid biodegradable materials that combine 

the strengths of various polymers and natural fibers. For instance, blending PLA with other 

biodegradable polymers or incorporating nanomaterials could enhance mechanical properties and 

corrosion resistance. Such innovations could lead to materials that not only meet performance 

requirements but also decompose in an environmentally friendly manner. 

Research could focus on optimizing the ratios of various components in hybrid materials to 

achieve the desired balance between biodegradability and mechanical strength. Characterization 

techniques such as scanning electron microscopy (SEM) and tensile testing could be employed to 

assess the microstructural and mechanical properties of these hybrid materials. 

7.2.2. Functional Biocomposites 

Research could also focus on creating functional biocomposites that incorporate additives or 

surface treatments designed to provide additional corrosion resistance. For example, integrating 

corrosion inhibitors or antimicrobial agents into the matrix during the manufacturing process could 

enhance the durability and longevity of biodegradable materials in EV applications. 

Additionally, exploring the use of bio-based coatings that can enhance the surface properties of 

biodegradable materials may be beneficial. These coatings could improve moisture resistance and 

provide a barrier against environmental factors that contribute to corrosion. 

7.3. Enhanced Manufacturing Techniques 

7.3.1. 4D Printing 

The exploration of 4D printing—where materials change shape or properties in response to 

environmental stimuli—could revolutionize the application of biodegradable materials in EVs. This 

technology could enable the development of components that adapt to varying conditions, enhancing 

performance and lifespan. For instance, materials that can respond to temperature or humidity 

changes could be particularly useful in automotive applications where environmental conditions 

fluctuate widely. 
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Research into the development of stimuli-responsive biopolymers could lead to innovative 

designs that improve the functionality of EV components. This could include self-healing materials 

that can repair themselves in response to stress or damage, further enhancing the sustainability and 

reliability of biodegradable materials. 

7.3.2. Smart Manufacturing 

Implementing smart manufacturing techniques that utilize data analytics and real-time 

monitoring systems could optimize production processes. By integrating sensors and machine 

learning, manufacturers can better understand how different parameters affect material properties, 

leading to more efficient production and improved product quality. 

Future research could explore the implementation of Industry 4.0 principles in the production 

of biodegradable materials. This could involve using predictive analytics to anticipate failures or 

defects in materials, allowing for adjustments in real-time to reduce waste and improve overall 

efficiency. 

7.4. Long-Term Performance Studies 

7.4.1. Real-World Testing 

Conducting long-term field studies to evaluate the performance of biodegradable materials in 

actual EV applications is essential. These studies should assess not only corrosion resistance but also 

the overall lifecycle impact of biodegradable components in different environments and conditions. 

Research could involve collaboration with automotive manufacturers to test these materials in 

real-world scenarios, providing insights into their long-term durability and performance under 

varying conditions. This data could help refine material formulations and manufacturing processes 

to better meet the demands of the automotive industry. 

7.4.2. Environmental Impact Assessments 

Future research should include comprehensive lifecycle assessments that analyze the 

environmental impact of biodegradable materials from production through disposal. This will 

provide valuable insights into the sustainability of these materials compared to traditional options. 

Lifecycle assessments could consider factors such as energy consumption during production, 

the carbon footprint of raw materials, and the end-of-life scenarios for biodegradable components. 

By understanding the full environmental implications, manufacturers can make informed decisions 

that align with sustainability goals. 

7.5. Collaboration with Industry 

Engaging in collaborative research efforts with automotive manufacturers and material 

scientists can facilitate the translation of research findings into practical applications. Partnerships 

can help address industry-specific challenges and accelerate the adoption of biodegradable materials 

in EV production. 

Future initiatives could involve joint research projects that focus on specific applications of 

biodegradable materials in EVs, such as interior components or structural parts. Collaboration with 

industry stakeholders can also foster innovation and ensure that research aligns with real-world 

needs and challenges. 

7.6. Conclusion 

The future of biodegradable materials in the automotive industry is promising, with numerous 

avenues for exploration and innovation. By focusing on advanced material development, enhanced 

manufacturing techniques, long-term performance studies, and collaboration with industry, 
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researchers can contribute to a more sustainable automotive sector. Continued efforts in these areas 

will be vital for realizing the full potential of biodegradable materials in electric vehicles. 
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