
International Journal of Engineering & Technology, (2025) Vol 1, 10-16 
 

 

 

 

 

Nanoparticle Surface Enhancement for Non-Metal Surface 

Aziah Mahmud1, Zakiah Roslan2 
1Faculty of Engineering, University of Technology, Malaysia 

2Faculty of Science, Universiti Malaysia Pahang Al-Sultan Abdullah, Malaysia 
 

Corresponding Author: aziah.mahmud@ut.edu.my 
 
 
Nanoparticle coatings on metal surfaces are a rapidly growing field of research due to their potential 
to improve various properties such as corrosion resistance, wear protection, biocompatibility, and 
catalytic activity. The integration of nanoparticles onto metal surfaces introduces unique nanoscale 
interactions that enhance material performance. This article reviews the current advances in 
nanoparticle coatings on metals, the techniques used for deposition, the functional enhancements 
provided, and potential applications across diverse industries including energy, aerospace, biomedical, 
and electronics. 
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1.​ Introduction 
 
Metals are widely used in industrial applications due to their mechanical strength, electrical 
conductivity, and heat tolerance. However, their surfaces are prone to degradation through processes 
such as corrosion, wear, and oxidation. Surface modification using coatings is a traditional strategy to 
mitigate these issues. Nanoparticle coatings, in particular, have emerged as a promising solution 
because of their ability to modify surface properties at the nanoscale, providing superior performance 
compared to conventional coatings. 
This article explores the principles of nanoparticle coatings on metal surfaces, their deposition 
techniques, and their various applications, highlighting recent breakthroughs in the field [1] 
 
Nanoparticle coatings are typically applied to metal surfaces to achieve specific functional properties, 
including: 

●​ Corrosion resistance 
●​ Wear and friction reduction 
●​ Biocompatibility 
●​ Enhanced electrical or thermal conductivity 
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2.​ Methodology 
 
Several techniques are used to apply nanoparticle coatings on metal surfaces. The choice of deposition 
method depends on the desired thickness, uniformity, adhesion strength, and coating properties. 
Below are the most common techniques: 
 
Electrodeposition 
Electrodeposition involves the reduction of metal ions from a solution onto a conductive substrate, 
allowing nanoparticles to be co-deposited onto the metal surface. This method is widely used for 
producing metal-matrix composite coatings that incorporate nanoparticles such as silica (SiO₂), 
alumina (Al₂O₃), or titanium dioxide (TiO₂). Electrodeposition provides good control over coating 
thickness and composition but may require post-treatment to enhance coating uniformity. 
 
Chemical Vapor Deposition (CVD) 
CVD involves the vapor-phase deposition of nanoparticles onto metal substrates through chemical 
reactions. Nanoparticles such as carbon-based materials (e.g., graphene, carbon nanotubes) or metal 
oxides are deposited onto metal surfaces to improve electrical, thermal, or corrosion resistance 
properties. CVD provides excellent adhesion and uniform coatings but requires high temperatures and 
complex equipment [2]. Table 1 shows…. 
 
 
 

Table 1. Chemical [1] 
 

Chemical Properties 
Copper 
Ferum 

 

  
  

 
Figure 1 shows that…. 
 
 

 
Figure 1. The graph 
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Sol-Gel Process 
In the sol-gel process, nanoparticles are synthesized and applied to the metal surface using a liquid 
precursor solution, which undergoes a gelation reaction to form a solid coating. This method is highly 
versatile and can produce coatings containing metal oxides, ceramics, or hybrid materials. The sol-gel 
process allows for the formation of thin, uniform coatings with excellent corrosion resistance and 
thermal stability. 
 
Thermal Spray 
Thermal spray techniques involve the projection of molten or semi-molten particles onto a metal 
surface to form a coating. Nanoparticles such as tungsten carbide (WC) or alumina (Al₂O₃) are often 
used in thermal spray coatings to improve wear resistance and hardness. This method is advantageous 
for coating large surface areas and provides high deposition rates but may require post-processing to 
enhance the coating’s mechanical properties. 
 

 
 
3.​ Result & Discussion 
The future of nanoparticle coatings on metals holds significant promise for new applications in 
nanotechnology, energy storage, and biomedical fields. However, challenges such as scaling up 
deposition techniques, improving the durability of nanoparticle coatings, and ensuring environmental 
safety must be addressed. Research is also focused on developing multifunctional coatings that 
combine multiple properties (e.g., corrosion resistance, wear resistance, and catalytic activity) in a 
single system. 
Additionally, the environmental impact and toxicity of nanoparticles, particularly during the 
manufacturing and disposal phases, require further investigation to ensure the safe deployment of 
nanoparticle-coated materials in industrial and consumer applications. 
 

 
 
 
4.​ Conclusion 
Nanoparticle coatings on metal surfaces offer an innovative approach to enhancing the properties of 
metals for various applications. Through advanced deposition techniques and material engineering, 
these coatings provide improved corrosion resistance, wear protection, biocompatibility, and catalytic 
performance. As research and development in this field continue to advance, nanoparticle coatings 
will play an increasingly important role in the future of materials science, contributing to the 
development of more durable, and efficient 
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