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Abstract: Biomedical implants play a crucial role in modern healthcare, but their long-term success hinges 

on the materials used. This study focuses on developing a composite coating of polyetheretherketone (PEEK) 

and silver nanoparticles (AgNP) on 316L stainless steel substrates, aiming to enhance their biocompatibility 

and antibacterial properties. PEEK is known for its biocompatibility and mechanical properties, while AgNP 

exhibit excellent antibacterial activity. By combining these materials, we aim to create a coating that not only 

supports the integration of implants with surrounding tissue but also reduces the risk of infections, a common 

complication in implant surgery. The fabrication process involves depositing a PEEK layer on the stainless 

steel substrate, followed by the incorporation of AgNP using a suitable method such as electro spinning or 

dip coating. The coated substrates will undergo comprehensive characterization, including mechanical 

testing, surface analysis, and antibacterial efficacy assessment. The mechanical properties of the coating will 

be critical to ensure its durability and resistance to wear in the demanding environment of the human body. 

Furthermore, the chemical and biological properties of the coating will be evaluated to ensure its 

biocompatibility and safety for implantation. This study aims to contribute to the development of advanced 

coatings for biomedical implants, ultimately improving their performance and longevity. The findings of this 

research could lead to the development of safer and more effective biomedical implants, benefiting patients 

and healthcare systems worldwide. 

1. INTRODUCTION 

Biomedical implants have revolutionized modern medicine, offering solutions for a wide range of health conditions. 

However, the long-term success of these implants depends largely on the materials used and their interaction with 

the biological environment. Stainless steel, particularly the 316L grade, is commonly used for orthopedic and 

cardiovascular implants due to its good mechanical properties and corrosion resistance. However, stainless steel 

implants are prone to bacterial infections and may not always integrate optimally with surrounding tissue. To 

address these challenges, composite coatings have emerged as a promising approach to enhance the performance of 

biomedical implants. Polyetheretherketone (PEEK) is a biocompatible polymer known for its excellent mechanical 

properties and resistance to wear, making it an ideal candidate for implant coatings. Silver nanoparticles (AgNP) 

have also gained attention for their strong antibacterial properties, which can help reduce the risk of infections 

associated with implants. The objective is to improve the biocompatibility and antibacterial properties of the 

substrate, ultimately enhancing the performance and longevity of biomedical implants. The fabrication process will 

involve depositing a PEEK layer on the stainless steel substrate, followed by the incorporation of AgNP using a 

suitable technique. The coated substrates will undergo thorough characterization to evaluate their mechanical, 

chemical, and biological properties. Mechanical testing will assess the coating's durability and wear resistance, 

while surface analysis will provide insights into its structure and composition. Antibacterial efficacy testing will 

determine the coating's ability to inhibit bacterial growth, crucial for preventing infections around the implant site. 

Implantation is human Body previously damaged to repair tissues or Human with intent to transform an object 

inserted into the body. Compatibility of implants to increase character and life in various types of products 

Composite coatings are widespread are used. Metal products Their exceptional mechanical Dental or due to 
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characteristics [2–5]. More for bone implants are the main biomass. Cobalt-based Alloys, stainless steel and titanium 

and Its compounds are metallic substances are known as, they are used as implants. However, the lower Young's 

modulus and titanium and corrosion of its alloys Because of the resistance, the modulus is still More than natural 

bone for metal implants though They are considered the best choice [6]. Corrosion of titanium A contributing factor 

to resistance is A naturally occurring oxide of the passive surface of the layer The latter is [7]. Nevertheless, due to 

high mechanical strength Pure in the field of medicine Titanium than titanium Because alloy is preferred, alloy A 

naturally occurring oxide on The layer is not always constant, also alloy metal species are released from the surface, 

It can be toxic. ,9]. Oxid under certain conditions Changing layer is such May prevent leakage and implant 

Enhancement properties can be added [8,10]. Surface activation and longer duration of implantation with a view to 

sustaining, surface terrain and/or Surface of biomaterials More to chemical change Emphasis is placed on [11]. 

Titanium or its alloy hardening of the oxide layer on in adaptive processes One is the surface Also makes it 

biocompatible. Plasma spraying, sandblasting, Acid etching or Anodization [12,13] This can be achieved by The 

surface of the bone is nano-structured Since, the surface Nano-modification of the landscape has attracted significant 

interest [11,14]. on the Ti alloy surface Titanium Dioxide (TiO2) Growing nanotubes, required hardness High 

surface area and vol A to provide with ratio The best way, therefore High reactivity [15]. Anodization is is an 

electrochemical process, thereby TiO2 nanotubes Titanium/Titanium on the surface of the composite Can be grown 

locally. This fabrication process Desirable because it Uniform Nanotubes Arrays and controllable allowing the 

formation of pore size [16]. 

2. DEVELOPING COMPOSITE COATING 

Developing a composite coating is a multifaceted process that involves the careful selection, preparation, and 

application of materials to achieve specific performance goals. The process begins with the identification of the 

desired properties for the coating, such as mechanical strength, corrosion resistance, biocompatibility, or 

antimicrobial properties. Based on these requirements, researchers select base materials that possess these properties 

or can be modified to achieve them. In the case of biomedical implants, for example, 316L stainless steel is often 

chosen as the substrate due to its excellent mechanical properties and biocompatibility. To enhance its properties, a 

polymer like Polyether ether ketone (PEEK) may be selected for its chemical resistance and similarity to bone. 

Additionally, silver nanoparticles (AgNP) may be incorporated into the polymer matrix to impart antimicrobial 

properties to the coating. Once the base materials are selected, they undergo a series of preparation steps to ensure 

proper adhesion and compatibility. Surface treatments such as cleaning, etching, or plasma activation may be 

employed to improve the substrate's surface energy and promote adhesion. The polymer matrix is then prepared, 

often through a process like melt blending or solution mixing, to incorporate the nanoparticles. The dispersion of 

nanoparticles within the polymer matrix is critical to achieving uniform properties throughout the coating. After the 

materials are prepared, the composite coating is applied to the substrate using a suitable method. Common 

application techniques include spray coating, dip coating, or electrochemical deposition, depending on the desired 

thickness and uniformity of the coating. The coating process must be carefully controlled to ensure that the 

composite material is applied evenly and adheres securely to the substrate. Following the application of the 

composite coating, the material undergoes a series of tests to evaluate its performance against specific criteria. These 

tests may include assessments of mechanical properties, such as hardness and adhesion strength, as well as 

evaluations of corrosion resistance, biocompatibility, and antimicrobial efficacy. These tests are crucial to ensuring 

that the composite coating meets the required standards for safety and effectiveness in its intended application. 

Developing a composite coating requires a deep understanding of materials science, chemistry, and engineering 

principles. Researchers must carefully select and prepare materials, control the coating process, and evaluate the 

performance of the final product to meet specific performance criteria. The resulting composite coatings offer a 

unique combination of properties that can be tailored to meet the diverse needs of various applications, from 

biomedical implants to aerospace components, highlighting the importance and complexity of the development 

process.  

3. PEEK AND AGNP ON 316L STAINLESS STEEL SUBSTRATE FOR BIOMEDICAL 

IMPLANT  

The composite coating of Polyether ether ketone (PEEK) and silver nanoparticles (AgNP) on 316L stainless steel 

substrate for biomedical implant applications represents a cutting-edge development in biomaterials engineering. 

PEEK is a highly desirable material for medical implants due to its exceptional biocompatibility, chemical 
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resistance, and mechanical properties comparable to bone, making it an ideal candidate for load-bearing 

applications. However, PEEK's inherent hydrophobic nature and lack of antimicrobial properties limit its use in 

biomedical applications, particularly in environments prone to bacterial colonization, such as orthopedic and dental 

implants. To address these limitations, researchers have explored the incorporation of silver nanoparticles into the 

PEEK matrix. Silver nanoparticles are well-known for their potent antimicrobial properties, effectively inhibiting the 

growth of a wide range of bacteria, fungi, and viruses. By blending AgNPs with PEEK, the composite material gains 

antimicrobial capabilities, reducing the risk of implant-associated infections, a major concern in implant surgeries 

that can lead to implant failure and serious complications. The choice of 316L stainless steel as the substrate for the 

composite coating is strategic, as 316L stainless steel is a commonly used material in biomedical implants due to its 

excellent mechanical properties, corrosion resistance, and biocompatibility. The combination of PEEK and AgNP on 

a 316L stainless steel substrate offers a synergistic approach, where the substrate provides structural support and 

durability, while the composite coating enhances biocompatibility and antimicrobial performance. The application 

of this composite coating extends beyond traditional orthopedic and dental implants. It has the potential for use in a 

wide range of biomedical devices, such as cardiovascular stents, catheters, and surgical instruments, where infection 

prevention and biocompatibility are paramount. Additionally, the composite coating may facilitate better 

osseointegration, the process by which the implant fuses with the surrounding bone tissue, promoting faster healing 

and improving the long-term stability and functionality of the implant. The development of a composite coating 

comprising PEEK and AgNP on a 316L stainless steel substrate represents a significant advancement in biomaterials 

science. It addresses key challenges in implantology, offering a multifaceted solution that combines the mechanical 

strength of stainless steel, the biocompatibility of PEEK, and the antimicrobial properties of silver nanoparticles.  

4. TYPES OF COMPOSITE COATINGS  

 

 
FIGURE 1. Composite Coatings 

Anti- bacterial coatings 

Biocompatible coatings 

Anti-bacterial coatings: Anti-bacterial coatings are materials applied to surfaces to inhibit or kill bacteria, 

preventing their growth and spread. These coatings are crucial in various industries, including healthcare, food 

processing, and consumer goods, where maintaining cleanliness and preventing infections are paramount. One 

common type of anti-bacterial coating incorporates silver nanoparticles, known for their potent anti-microbial 

properties. Silver ions released from these coatings can disrupt bacterial cell membranes, leading to cell death. Other 

approaches include coatings with chemical compounds like quaternary ammonium compounds or antibiotics, which 

can also inhibit bacterial growth. The development of anti-bacterial coatings has significantly reduced the risk of 

infections in hospitals and food processing facilities, enhancing public health and safety. Continued research into 

novel materials and application methods is essential to improve the effectiveness and longevity of these coatings in 

diverse environments. 
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FIGURE 2. Anti-bacterial coatings 

 

Biocompatible Coatings: Biocompatible coatings are materials designed to be compatible with biological systems, 

particularly in medical applications where they come into contact with living tissues or fluids. These coatings are 

crucial for reducing the risk of adverse reactions such as inflammation or rejection when medical devices are 

implanted or used in the body. Biocompatible coatings can be made from a variety of materials, including polymers 

like polyethylene glycol (PEG), hydrogels, or ceramics. They are often used on implants such as joint replacements, 

stents, or catheters to improve their integration with the body and reduce the risk of infection. Biocompatible 

coatings are also used in drug delivery systems to ensure the safe and effective release of medications within the 

body. The development of biocompatible coatings continues to be a focus of research to enhance their performance 

and expand their applications in the medical field. 

 

 
FIGURE 3. Biocompatible Coatings 

5. SYNTHESIS AND CHARACTERIZATION 

PEEK Synthesis and Characterization: Polyetheretherketone (PEEK) synthesis involves the polymerization of the 

monomer 4,4'-difluorobenzophenone with hydroquinone in the presence of a catalyst under high temperatures and 

pressures. This process results in a high-performance polymer known for its excellent mechanical, thermal, and 

chemical properties. Characterization of PEEK involves various techniques to assess its molecular structure, thermal 

stability, and mechanical properties. Common characterization methods include Fourier-transform infrared 

spectroscopy (FTIR) to analyze chemical bonds, thermogravimetric analysis (TGA) to determine thermal stability, 

and mechanical testing to evaluate properties such as tensile strength and modulus of elasticity. Additionally, 

techniques like X-ray diffraction (XRD) and scanning electron microscopy (SEM) can provide insights into the 
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crystallinity and morphology of PEEK. Overall, synthesis and characterization are essential steps in understanding 

and utilizing the unique properties of PEEK in various applications, including biomedical implants, aerospace 

components, and industrial parts. 

 

AgNP Synthesis and Characterization: Silver nanoparticles (AgNP) are typically synthesized using chemical 

reduction methods, where a silver precursor, such as silver nitrate, is reduced in the presence of a reducing agent, 

such as sodium borohydride or citrate, and a stabilizing agent, such as polyvinylpyrrolidone (PVP) or sodium 

dodecyl sulfate (SDS). This process results in the formation of nanoparticles with controlled size and shape. 

Characterization of AgNPs involves various techniques to assess their physical and chemical properties. Overall, 

synthesis and characterization are crucial for tailoring the properties of AgNPs for various applications, including 

antimicrobial coatings, catalysis, and biomedical applications. 

 

Coating Process: 

 
FIGURE4.Coating process for biomedical implant  

 

The coating process involves applying a thin layer of material onto a substrate to enhance its properties or add new 

functionalities. The process typically consists of several steps, including surface preparation, application of the 

coating material, and curing or drying. Surface preparation is essential to ensure proper adhesion of the coating to 

the substrate. It may involve cleaning the substrate to remove dirt, grease, or old coatings, and roughening the 

surface to improve adhesion. The coating material is then applied to the substrate using various methods such as 

spraying, dipping, brushing, or rolling. The choice of method depends on the properties of the coating material and 

the substrate. After application, the coating is cured or dried to form a solid, continuous film. Curing may involve 

heat, chemical reactions, or exposure to ultraviolet (UV) light, depending on the type of coating material. The final 

step may include post-coating treatments such as polishing, buffing, or applying a topcoat to improve the appearance 

or durability of the coating. Overall, the coating process is critical for enhancing the performance, appearance, and 

lifespan of various products ranging from industrial equipment to consumer goods. 

6. CHARACTERIZATION TECHNIQUES 

Surface Morphology Analysis: Surface morphology analysis is the study of the surface features, structure, and 

topography of materials at a microscopic or nanoscopic scale. This analysis is crucial for understanding the physical 

and chemical properties of surfaces, which play a significant role in determining the performance and functionality 

of materials in various applications. Techniques such as scanning electron microscopy (SEM), atomic force 

microscopy (AFM), and profilometry are commonly used to analyze surface morphology. SEM provides high-

resolution images of surface features, allowing for the observation of details such as roughness, cracks, and pores. 

AFM measures the surface topography by scanning a sharp probe over the surface, providing information about 

surface roughness and texture at the nanometer scale. Profilometry measures surface roughness and waviness by 

scanning a stylus along the surface. Overall, surface morphology analysis is essential for quality control, material 

characterization, and research in fields such as materials science, engineering, and nanotechnology. 
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FIGURE 5. Characterization Techniques 

 

Mechanical testing: Mechanical testing is a fundamental method used to assess the mechanical properties of 

materials, providing crucial insights into their behavior under various loading conditions. These tests are essential in 

industries such as aerospace, automotive, and biomedical, where materials must withstand specific mechanical 

stresses to ensure safety and reliability. One of the most common mechanical tests is tensile testing, which measures 

a material's strength and elasticity by applying a pulling force until it breaks. This test helps determine the material's 

ultimate tensile strength, yield strength, and elongation at break, providing valuable information for material 

selection and design. Compression testing is another important mechanical test that evaluates a material's ability to 

withstand compressive forces. This test is vital for materials used in structural applications, such as concrete and 

metals, where compression is a primary mode of loading. By subjecting the material to controlled compression, 

engineers can determine its compressive strength and modulus of elasticity, which are critical for assessing its load-

bearing capacity. Bending testing is commonly used to assess a material's flexibility and resistance to bending 

stresses. This test is particularly relevant for materials used in applications where bending or flexing is expected, 

such as in beams, columns, and other structural elements. By applying a bending force to the material, engineers can 

determine its bending strength, modulus of elasticity, and other properties that affect its ability to withstand bending 

loads. Impact testing is used to assess a material's resistance to sudden loading, such as that experienced in a 

collision or impact event. This test helps determine the material's toughness, which is its ability to absorb energy 

before fracturing. Toughness is a critical property for materials used in impact-prone applications, such as 

automotive crash structures and protective equipment. Fatigue testing is essential for evaluating a material's ability 

to withstand repeated loading over time. This test is crucial in industries where components are subjected to cyclic 

loading, such as in aircraft structures and automotive components. By subjecting the material to repeated loading 

cycles, engineers can determine its fatigue strength and fatigue life, helping to ensure the long-term durability and 

reliability of the component. 

Chemical Composition Analysis: Chemical composition analysis is the process of determining the elemental and 

molecular constituents of a substance. This analysis is crucial for understanding the properties and behavior of 

materials in various applications. Techniques such as spectroscopy, chromatography, and mass spectrometry are 

commonly used to perform chemical composition analysis. Overall, chemical composition analysis is essential for 

quality control, research, and development in fields such as chemistry, materials science, and environmental science. 

Biocompatibility Assessment: Biocompatibility assessment is a critical process in the development of biomaterials 

and medical devices to ensure their safety and compatibility with biological systems. This assessment involves 

evaluating the interaction between the material and living tissues, including cells, tissues, and organs, to determine 

the potential for adverse reactions or harm. Biocompatibility assessments typically include in vitro tests, such as 

cytotoxicity assays, which evaluate the material's effect on cell viability and proliferation, and genotoxicity assays, 

which assess its potential to damage genetic material. In vivo tests, such as implantation studies in animal models, 

are also conducted to evaluate the material's biocompatibility in a more complex biological environment. 

Additionally, biocompatibility assessments consider factors such as the material's degradation products, surface 

properties, and mechanical compatibility with the surrounding tissues. Overall, biocompatibility assessment is 

crucial for ensuring the safety and efficacy of biomaterials and medical devices, helping to mitigate the risk of 

adverse reactions and improve patient outcomes. 
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Surface Properties:  Surface properties refer to the characteristics of a material's outermost layer that influence its 

interaction with the environment. These properties include surface roughness, topography, energy, and wettability. 

Surface roughness determines how irregularities on the surface affect adhesion, friction, and wear. Surface 

topography describes the surface's geometric features, such as peaks, valleys, and patterns, which can affect optical, 

mechanical, and biological interactions. Surface energy influences wetting and adhesion, with high-energy surfaces 

promoting better adhesion. Wettability describes how well a liquid spreads across the surface, indicating its 

hydrophobic or hydrophilic nature. Understanding and controlling these surface properties are crucial for various 

applications, including coatings, adhesion, lubrication, and biomaterials. 

Coating Adhesion: Coating adhesion is a critical property that determines the durability and effectiveness of 

coatings in various applications, including corrosion protection, wear resistance, and surface modification. It refers 

to the strength of the bond between the coating and the substrate, which is essential for preventing the coating from 

delaminating or peeling off over time. Several factors influence coating adhesion, including surface preparation, 

coating composition, application method, and curing conditions. Surface preparation is crucial, as it involves 

cleaning and roughening the substrate to ensure proper adhesion. The coating composition plays a significant role, 

as the compatibility between the coating and substrate materials affects the adhesion strength. The application 

method and curing conditions also influence adhesion, as improper application or curing can lead to weak bonds. 

Various test methods, such as pull-off tests and tape tests, are used to assess coating adhesion and ensure that 

coatings meet the required adhesion standards for their intended application. coating adhesion is a critical property 

that must be carefully controlled and evaluated to ensure the performance and longevity of coated surfaces. 

7. CONCLUSION 

The development of a composite coating of PEEK and AgNP on 316L stainless steel substrate shows great promise 

for biomedical implant applications. The combination of PEEK and silver nanoparticles offers a synergistic effect, 

enhancing the mechanical properties, biocompatibility, and antibacterial activity of the coating. The use of PEEK 

provides excellent biocompatibility, chemical resistance, and mechanical strength, making it an ideal material for 

biomedical implants. The incorporation of silver nanoparticles further enhances the antibacterial properties of the 

coating, reducing the risk of infections post-implantation. The adhesion of the composite coating to the 316L 

stainless steel substrate is crucial for long-term durability and performance of the implant. Overall, the composite 

coating of PEEK and AgNP on 316L stainless steel shows potential for improving the success rate and longevity of 

biomedical implants, leading to better patient outcomes and quality of life. 
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