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Chapter 7

Composite Materials in Biomimetic Nanohybrid 
Structures for Analytical Chemistry, Surface 
Chemistry, and Corrosion 

Doğu Ramazanoğlu1

Abstract

This book chapter delves into the fascinating and extensive applications 
of composite materials synthesized in biomimetic nanohybrid structures 
in the fields of analytical chemistry, surface chemistry, and corrosion. The 
chapter introduces the advantages of these materials over traditional ones, 
including their exceptional mechanical, thermal, and optical properties, 
high surface area-to-volume ratio, and enhanced resistance to corrosion. 
The synthesis methods used to create composite materials in biomimetic 
nanohybrid structures are also discussed, with examples including layer-by-
layer assembly, in situ polymerization, and sol-gel processes. The chapter 
then proceeds to examine the potential benefits of these materials in 
analytical chemistry, where they offer improved sensitivity and selectivity, 
as well as examples of their use in sensors and separation techniques. In 
surface chemistry, composite materials in biomimetic nanohybrid structures 
can enhance properties such as adhesion and durability, and their application 
in areas such as coatings and catalysis is discussed. Furthermore, the chapter 
highlights the importance of composite materials in biomimetic nanohybrid 
structures in corrosion prevention, where they offer enhanced resistance to 
corrosion. Examples are given of their use in corrosion-resistant coatings 
and materials. The chapter concludes with a summary of the potential 
future developments and applications of these materials, highlighting their 
potential to revolutionize various fields, including biotechnology, energy, 
and materials science.
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1. Introduction

Composite materials are a class of materials consisting of two or 
more different constituent materials with distinct physical and chemical 
properties. They are engineered to have desired mechanical, thermal, 
electrical, or optical properties, which are not achievable with any single 
material alone1,2. Composite materials offer several advantages over 
traditional materials, such as improved strength, stiffness, toughness, and 
durability3,4. Additionally, composite materials exhibit excellent resistance 
to corrosion, high temperature, and harsh chemical environments, making 
them ideal for use in a variety of industries5,6, including aerospace, 
automotive, and energy.

Biomimetic nanohybrid structures are a type of composite material that 
mimics the structure and function of biological systems7. They combine 
the unique properties of inorganic and organic materials to create hybrid 
materials that exhibit remarkable mechanical, chemical, and biological 
properties8. The biomimetic nanohybrid structures can be synthesized 
through various methods, such as sol-gel processes, layer-by-layer assembly, 
and in situ polymerization9. They offer several benefits over conventional 
composite materials, including enhanced biocompatibility, biodegradability, 
and catalytic activity.

In this book section, we explore the importance of composite materials 
synthesized in biomimetic nanohybrid structures in analytical chemistry, 
surface chemistry, and corrosion. In analytical chemistry, composite 
materials offer improved sensitivity and selectivity, and they are used in 
sensors and separation techniques. In surface chemistry, they enhance 
properties such as adhesion, durability, and catalytic activity, making them 
useful in applications such as coatings and catalysis. Furthermore, composite 
materials in biomimetic nanohybrid structures offer enhanced resistance 
to corrosion, making them ideal for use in corrosion prevention, such as 
in corrosion-resistant coatings and materials. This book section provides 
an in-depth overview of composite materials synthesized in biomimetic 
nanohybrid structures, their synthesis methods, and their applications in 
analytical chemistry, surface chemistry, and corrosion.
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2. Synthesis of Composite Materials in Biomimetic Nanohybrid 
Structures

2.1. Overview of biomimetic nanohybrid structures and their 
synthesis methods

Biomimetic nanohybrid structures are a type of material that imitates the 
structure and function of biological systems found in nature. These materials 
typically consist of a combination of organic and inorganic components that 
work together to achieve a specific function. Due to their unique properties 
such as high mechanical strength, biocompatibility, and thermal stability, 
these materials have gained significant attention in various fields including 
drug delivery tissue engineering, and catalysis10,11.

There are two primary approaches to synthesizing biomimetic nanohybrid 
structures: top-down and bottom-up methods. Top-down methods involve 
breaking down larger structures into smaller components while bottom-up 
methods involve building up structures from smaller building blocks. Self-
assembly, co-precipitation, and sol-gel methods are some of the commonly 
used bottom-up approaches12.

Self-assembly is a process in which the building blocks organize 
themselves spontaneously into a desired structure. This approach allows 
for precise control over the size and shape of the resulting structure by 
adjusting the concentration of the building blocks13. or the pH of the 
solution. Co-precipitation involves the simultaneous precipitation of two 
or more components from a solution, allowing for the synthesis of complex 
nanohybrid structures. Sol-gel methods, on the other hand, involve the 
hydrolysis and condensation of metal alkoxides to form inorganic networks 
with high purity and homogeneity14,15.

The choice of synthesis method depends on the specific application, the 
desired properties of the final structure, and the availability of equipment 
and expertise. As biomimetic nanohybrid structures continue to develop, 
they are expected to have a significant impact on various industries and 
contribute to the advancement of new technologies.

2.2. Types of composite materials used in biomimetic nanohybrid 
structures

Biomimetic nanohybrid structures are composite materials that are 
designed to mimic the structure and function of biological systems found in 
nature. These materials typically consist of a combination of inorganic and 
organic components that work together to achieve a specific function. In 
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this article, we will discuss the various types of composite materials used in 
biomimetic nanohybrid structures.

One	type	of	composite	material	used	in	biomimetic	nanohybrid	structures	
is metal-based composites. These composites include metals such as gold, 
silver, and platinum. Metal-based composites are often used as a coating 
or a nanoparticle embedded in a polymer matrix to enhance the material’s 
mechanical, electrical, or optical properties. For example, gold nanoparticles 
can be used to improve the optical properties of a material, while silver 
nanoparticles can provide antimicrobial properties16,17.

Another type of composite material used in biomimetic nanohybrid 
structures is carbon-based composites. These composites include materials 
such as carbon nanotubes, graphene, and carbon fiber. Carbon-based 
materials are known for their exceptional mechanical strength, thermal 
conductivity, and electrical properties18. Carbon nanotubes, for example, 
have a high aspect ratio and can improve the mechanical properties of a 
composite material.

Polymer-based composites are also widely used in biomimetic 
nanohybrid structures. These composites typically consist of an inorganic 
component such as silica or calcium carbonate and an organic component 
such as polyethylene or polypropylene9. The properties of polymer-based 
composites can be customized by altering the ratio of the inorganic and 
organic components or by introducing additives such as nanoparticles.

Ceramic-based composites are another type of biomimetic nanohybrid 
structure that includes ceramics such as hydroxyapatite, alumina, and zirconia. 
Ceramic-based composites are often used in biomedical applications due to 
their biocompatibility and mechanical strength. For instance, hydroxyapatite, 
a ceramic material like the mineral component of bones and teeth, can be 
used in bone tissue engineering19.

In conclusion, biomimetic nanohybrid structures are composite materials 
that combine inorganic and organic components to achieve specific functions. 
The type of composite material used depends on the desired properties of the 
final structure and the specific application. By combining different materials, 
biomimetic nanohybrid structures can achieve exceptional mechanical, 
electrical, and optical properties, making them useful in various fields such 
as medicine, engineering, and energy. As research in biomimetic nanohybrid 
structures continues to advance, we can expect to see even more innovative 
and complex materials in the future.
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2.3. Examples of composite materials synthesized in biomimetic 
nanohybrid structures for analytical chemistry, surface chemistry, 
and corrosion.

Composite materials have become increasingly important in various fields 
of science and engineering, thanks to their unique properties that surpass 
those of their constituent materials. In recent years, biomimetic nanohybrid 
structures have emerged as a promising approach for synthesizing composite 
materials with superior properties for analytical chemistry, surface chemistry, 
and corrosion applications. In this article, we will discuss some examples of 
composite materials synthesized in biomimetic nanohybrid structures for 
these three applications.

One	 example	 of	 a	 composite	 material	 synthesized	 in	 a	 biomimetic	
nanohybrid structure for analytical chemistry is a gold nanoparticle/graphene 
oxide	(AuNP/GO)	composite20. This composite material is synthesized by 
the self-assembly of gold nanoparticles onto graphene oxide sheets, which 
mimic the structure of natural biological systems. The resulting composite 
material exhibits excellent properties, such as high sensitivity, selectivity, and 
stability, making it an ideal candidate for use in biosensors for detecting 
biomolecules, such as DNA, proteins, and enzymes21.

Another example of a composite material synthesized in a biomimetic 
nanohybrid	structure	for	surface	chemistry	is	a	titanium	dioxide/silica	(TiO2/
SiO2)	 composite

22. This composite material is synthesized by depositing 
titanium dioxide nanoparticles onto silica particles, miming the structure of 
natural biological systems, such as diatoms. The resulting composite material 
exhibits superior properties, such as high surface area, good stability, and 
photocatalytic activity, making it an ideal candidate for use in catalysis, water 
treatment, and self-cleaning surfaces.

A third example of a composite material synthesized in a biomimetic 
nanohybrid structure for corrosion applications is a graphene oxide/zinc 
oxide	 (GO/ZnO)	 composite23. This composite material is synthesized by 
depositing zinc oxide nanoparticles onto graphene oxide sheets, miming the 
structure	of	natural	biological	systems,	such	as	bone	(Fig.	1)23. The resulting 
composite material exhibits excellent properties, such as high mechanical 
strength, good thermal stability, and corrosion resistance, making it an ideal 
candidate for use as a protective coating on metallic surfaces.
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Figure 1. A schematic diagram illustrating the application of a (GO/ZnO) composite in 
dentistry.23

In conclusion, the examples discussed above demonstrate the potential of 
biomimetic nanohybrid structures for synthesizing composite materials with 
superior properties for analytical chemistry, surface chemistry, and corrosion 
applications. As research in this field continues to evolve, we can expect to see 
more innovative composite materials synthesized in biomimetic nanohybrid 
structures, leading to new and exciting applications in various fields.

3. Analytical Chemistry Applications of Composite Materials in 
Biomimetic Nanohybrid Structures

Analytical chemistry plays a critical role in the design and development 
of composite materials for biomimetic nanohybrid structures. These 
materials combine the unique properties of different materials to create 
new and improved materials with enhanced functionality for a wide range 
of applications. Composite materials have shown great potential in the 
development of biomimetic nanohybrid structures for various biomedical 
and environmental applications.

One	 of	 the	 most	 significant	 applications	 of	 composite	 materials	 in	
biomimetic nanohybrid structures is the development of biosensors. 
Biosensors are analytical devices that utilize biological or biologically derived 
recognition elements to detect and measure the concentration of specific 
analytes. The performance of biosensors can be improved by incorporating 
composite materials into the sensing interface. For example, graphene oxide 
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nanocomposites24 have been used as a sensing interface in biosensors due to 
their high sensitivity and selectivity. 

Composite materials have also been used in the development of 
nanocatalysts for environmental applications. Nanocatalysts are materials 
that accelerate chemical reactions and are widely used in environmental 
remediation, such as the degradation of pollutants25. Composite materials 
with high surface area and excellent catalytic properties have been developed 
by combining different materials, such as metal nanoparticles and carbon-
based materials, for use as nanocatalysts.

In addition, composite materials have been used in the development of 
drug-delivery systems for the treatment of various diseases. These systems 
utilize composite materials to improve the drug’s solubility, stability, and 
targeting ability. For example, mesoporous silica nanoparticles26 have been 
combined with organic polymers to create composite materials for the 
delivery of anticancer drugs.

Another important application of composite materials in biomimetic 
nanohybrid structures is in tissue engineering. Composite materials can be 
used to create scaffolds that mimic the structure and properties of natural 
tissues. For example, composite materials made from biodegradable polymers 
and hydroxyapatite have been used as scaffolds for bone tissue engineering27.

In conclusion, composite materials have shown great potential in the 
development of biomimetic nanohybrid structures for various biomedical 
and environmental applications. Analytical chemistry plays a critical role in 
the design and development of these materials by providing insights into 
the structure and properties of composite materials and their interaction 
with biological and environmental systems. The use of composite materials 
in biomimetic nanohybrid structures will continue to grow as researchers 
explore new applications and develop new materials with improved 
properties and functionality.

3.1. Advantages of using composite materials in analytical 
chemistry

Composite materials offer many advantages in analytical chemistry, 
which is the study of the chemical and physical properties of substances 
and their interactions. In this field, composite materials have been widely 
used to enhance the performance of analytical techniques and devices. Here 
are some of the key advantages of using composite materials in analytical 
chemistry:



110 | Composite Materials in Biomimetic Nanohybrid Structures for Analytical Chemistry...

Enhanced sensitivity and selectivity: Composite materials can improve the 
sensitivity and selectivity of analytical techniques by increasing the surface 
area and providing unique functional groups for specific interactions with 
analytes. For example, composite materials made of metal nanoparticles and 
carbon-based materials have been used as sensing interfaces in electrochemical 
and	optical	sensors	(Fig.2)28, enabling highly sensitive and selective detection 
of various analytes28.

Figure 2. A diagrammatic illustration of electrochemical sensors designed to identify 
and measure the amount of paracetamol in pharmaceutical and biological samples28.

Improved stability and durability: Composite materials can offer 
improved stability and durability compared to single-component materials. 
For instance, composite materials made of metal-organic frameworks and 
polymers have been used as solid-phase microextraction29 coatings for 
gas chromatography, providing higher stability and longer durability than 
conventional coatings.

Tailored properties: Composite materials can be designed with specific 
properties for specific applications. By combining different materials, 
such as metals, polymers, and ceramics, the properties of the composite 
material can be tailored to meet the needs of the analytical application. 
For example, composite materials made of carbon nanotubes and metals 
can be used as nanoelectrodes with tunable properties for electrochemical 
measurements30.

Reduced	matrix	effects:	Composite	materials	can	reduce	matrix	effects,	
which can interfere with the accurate measurement of analytes31. By 
incorporating functional groups that selectively interact with the analyte, 
composite materials can reduce the effects of the sample matrix, improving 
the accuracy and precision of the analytical technique.
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Versatility: Composite materials offer versatility in their applications in 
analytical chemistry. They can be used in various analytical techniques, such 
as chromatography, spectroscopy, and electrochemistry. Moreover, composite 
materials can be designed for use in different fields, such as environmental 
monitoring, food analysis, and biomedical diagnostics32.

In conclusion, composite materials offer many advantages in analytical 
chemistry, making them an essential tool for the development of new 
analytical techniques and devices. By offering enhanced sensitivity and 
selectivity, improved stability and durability, tailored properties, reduced 
matrix effects, and versatility, composite materials have become an 
indispensable component in the analytical chemistry toolbox.

3.2. Types of composite materials used in analytical chemistry.

Composite materials have been widely used in analytical chemistry 
to improve the sensitivity, selectivity, and accuracy of various analytical 
techniques. In this field, composite materials are often designed by combining 
different materials to create new materials with enhanced properties for 
specific applications. Here are some of the most common types of composite 
materials used in analytical chemistry:

Metal-based composites: Metal-based composites are composed of metal 
nanoparticles, metal-organic frameworks, metal-containing polymers, and 
other materials. These composites are used in various analytical techniques, 
such as electrochemistry, spectroscopy, and chromatography. For example, 
gold nanoparticles and graphene oxide composites have been used as sensing 
interfaces in electrochemical sensors for the detection of various analytes32.

Polymer-based composites: Polymer-based composites are made of 
polymers and other materials, such as nanoparticles or carbon-based 
materials. These composites can be designed to have specific properties, 
such as improved sensitivity, selectivity, and stability. For instance, composite 
materials made of polymeric materials and carbon nanotubes have been used 
as sorbents in solid-phase microextraction33.

Carbon-based composites: Carbon-based composites are made of 
carbon materials, such as carbon nanotubes, graphene, and activated 
carbon, and other materials, such as polymers or metals. These composites 
have unique properties, such as high surface area, high conductivity, and 
excellent mechanical properties. They are often used in electrochemical and 
chromatographic applications, such as in the development of nanoelectrodes 
and stationary phases for chromatography34. 
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Ceramic-based composites: Ceramic-based composites are made of 
ceramics and other materials, such as metals or polymers. These composites 
have excellent mechanical and thermal properties, making them ideal for 
use in high-temperature and harsh chemical environments35. Ceramic-based 
composites have been used as stationary phases in high-performance liquid 
chromatography, providing excellent separation performance.

Hybrid composites: Hybrid composites are composed of two or more 
different types of materials, such as polymers, metals, and ceramics. These 
composites can be designed to have unique properties by combining the 
benefits of different materials36. For example, hybrid composites made of 
metal nanoparticles and carbon-based materials have been used as sensing 
interfaces in electrochemical sensors, providing high sensitivity and selectivity.

In conclusion, composite materials offer a wide range of properties and 
functionalities that can be tailored to meet the specific needs of analytical 
chemistry applications. By combining different materials, such as metals, 
polymers, ceramics, and carbon-based materials, composite materials have 
become an essential tool for the development of new analytical techniques 
and devices.

4. Surface Chemistry Applications of Composite Materials in 
Biomimetic Nanohybrid Structures

Biomimetic nanohybrid structures containing composite materials 
have numerous applications in surface chemistry. The unique properties of 
these materials, such as high surface area, biocompatibility, and selective 
adsorption, make them ideal for various surface chemistry applications. Here 
are some examples of surface chemistry applications of composite materials 
in biomimetic nanohybrid structures:

Surface modification: Composite materials can be used to modify the 
surface of various substrates, such as metals, polymers, and ceramics, to 
improve their properties, such as adhesion, wettability, and biocompatibility. 
For example, composite materials made of silica nanoparticles and polymeric 
surfactants have been used to modify the surface of metals, providing 
enhanced adhesion and corrosion resistance37.

Surface functionalization: Composite materials can be functionalized with 
various functional groups, such as amino, carboxylic, and hydroxyl groups, 
to create surfaces with specific properties, such as charge, hydrophilicity, and 
reactivity38. For example, composite materials made of silica nanoparticles 
and organosilanes have been functionalized with various functional groups, 
providing surfaces with specific chemical and physical properties.
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Surface-enhanced	 Raman	 scattering	 (SERS):	 Composite	 materials	
containing metal nanoparticles, such as gold and silver, have been used for 
surface-enhanced	Raman	scattering	(SERS)	applications39.	SERS	is	a	highly	
sensitive	 analytical	 technique	 (Fig.3)39 that allows the detection of trace 
amounts of analytes. Composite materials containing metal nanoparticles 
provide	enhanced	SERS	signals	due	to	the	high	surface	area	and	plasmonic	
properties of the metal nanoparticles.

Figure 3 This figure demonstrates the SERS response of Gold nanostars (GNS), 
indicating that coating them with a layer of silver with an appropriate thickness can 

result in a 7-fold increase in SERS signals39.

Surface-enhanced	 fluorescence	 (SEF):	Composite	materials	 containing	
metal nanoparticles, such as gold and silver, have also been used for surface-
enhanced	 fluorescence	 (SEF)	 applications40. SEF is a highly sensitive 
analytical technique that allows the detection of fluorescent molecules. 
Composite materials containing metal nanoparticles provide enhanced SEF 
signals due to the high surface area and plasmonic properties of the metal 
nanoparticles.

Surface	 plasmon	 resonance	 (SPR):	 Composite	 materials	 containing	
metal nanoparticles, such as gold and silver, have been used for surface 
plasmon	resonance	(SPR)	applications41.	SPR	is	a	highly	sensitive	analytical	
technique that allows the detection of biomolecules, such as proteins 
and DNA. Composite materials containing metal nanoparticles provide 
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enhanced	SPR	signals	due	to	the	high	surface	area	and	plasmonic	properties	
of the metal nanoparticles.

In conclusion, composite materials in biomimetic nanohybrid structures 
have numerous applications in surface chemistry. By mimicking the 
structures and properties of natural systems, these materials provide unique 
properties and functionalities that make them ideal for various surface 
chemistry applications. The development of new composite materials and 
their application in biomimetic nanohybrid structures is an exciting area of 
research in surface chemistry.

4.1. Importance of composite materials in surface chemistry

Surface chemistry plays an essential role in various fields, including 
materials science, biotechnology, and analytical chemistry. Surface chemistry 
involves the study of chemical reactions and processes that occur at the 
interface between two materials. Composite materials have emerged as a 
promising approach in surface chemistry due to their unique properties and 
versatility.

Composite materials are materials that consist of two or more different 
components that are combined to produce a material with enhanced 
properties. These components can be of different types, such as polymers, 
metals, ceramics, and carbon-based materials. Composite materials can be 
designed to have specific properties, such as mechanical strength, thermal 
stability, and chemical resistance.

One	of	the	key	advantages	of	composite	materials	 in	surface	chemistry	
is their high surface area42,43. The high surface area of composite materials 
allows for increased interaction with other materials and can enhance the 
efficiency of chemical reactions. This makes composite materials ideal for 
applications such as catalysis and adsorption.

Another advantage of composite materials is their tunability44. Composite 
materials can be designed to have specific properties, such as porosity, surface 
charge, and surface chemistry. This allows for the creation of materials with 
specific functionalities, such as selective adsorption, sensing, and separation.

Composite materials also exhibit enhanced mechanical properties 
compared to their individual components45. This makes composite materials 
ideal for applications that require high mechanical strength and durability, 
such as in the construction of biomedical implants and sensors.

Furthermore, composite materials have excellent chemical stability and 
can withstand harsh environments. This property makes composite materials 
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ideal for applications in which materials need to be resistant to chemical 
attacks or high temperatures.

In conclusion, composite materials have become an essential tool 
in surface chemistry due to their unique properties and versatility. By 
combining different components, composite materials can be designed 
to have specific properties and functionalities that are not possible with 
individual components. The development of new composite materials and 
their application in surface chemistry is an exciting area of research that has 
the potential to revolutionize various fields, including materials science, 
biotechnology, and analytical chemistry.

4.2. Types of composite materials used in surface chemistry

Various types of composite materials are used in surface chemistry 
applications, including polymer-based composites, metal-based composites, 
and silica-based composites. Polymer-based composites are composed of a 
polymer matrix and one or more fillers, such as carbon nanotubes, graphene, 
or metal nanoparticles46. These composites are lightweight, flexible, and 
have good mechanical properties. Metal-based composites consist of a 
metal matrix and one or more fillers, such as ceramic particles or carbon 
fibers. These composites exhibit high strength and stiffness, making them 
ideal for structural applications32. Silica-based composites, also known as 
hybrid organic-inorganic materials, consist of a silica-based matrix and an 
organic polymer. These composites have a high surface area and can be 
functionalized with various functional groups to create surfaces with specific 
properties.	 Overall,	 the	 selection	 of	 composite	 material	 depends	 on	 the	
specific application and the desired properties.

4.3. Examples of biomimetic nanohybrid structures containing 
composite materials for surface chemistry applications

Biomimetic nanohybrid structures containing composite materials have 
been developed for a range of surface chemistry applications7.	One	example	
is the development of superhydrophobic surfaces that mimic the water-
repellent properties of lotus leaves. These surfaces are created by coating a 
composite material consisting of a polymer matrix and silica nanoparticles 
onto a substrate. The resulting surface has a high contact angle with water, 
making it highly water-repellent. Another example is the development 
of biomimetic membranes that mimic the selective permeability of cell 
membranes. These membranes are composed of a polymer matrix and 
functionalized carbon nanotubes, which allow for the selective transport 
of molecules across the membrane. Additionally, composite materials have 
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been used to create surfaces with specific chemical functionalities, such as 
amino or carboxyl groups, which can be used for selective adsorption or 
separation	 of	 biomolecules.	 Overall,	 biomimetic	 nanohybrid	 structures	
containing composite materials have shown great potential for a range of 
surface chemistry applications, and continued research in this area is expected 
to lead to further advancements.

5. Corrosion Applications of Composite Materials in Biomimetic 
Nanohybrid Structures

Corrosion is a major problem in various industries, including aerospace, 
marine, and automotive industries. Corrosion leads to the deterioration 
of materials, which can result in significant economic and safety issues. 
Composite materials have been shown to have promising potential in the 
field of corrosion due to their unique properties, including high mechanical 
strength and excellent chemical resistance. Biomimetic nanohybrid structures 
containing composite materials have emerged as a promising approach for 
corrosion prevention and mitigation10.

One	 of	 the	 primary	 advantages	 of	 composite	 materials	 in	 corrosion	
applications is their high resistance to chemical attack. Composite materials 
can be designed to have specific chemical resistances, making them ideal 
for use in harsh environments. In addition, composite materials can be 
designed to have a high surface area, which can increase their interaction 
with corrosive substances, such as water and oxygen, leading to enhanced 
protection25,28,39,41.

Biomimetic nanohybrid structures containing composite materials 
have been developed for a range of corrosion applications11. For example, 
biomimetic coatings have been developed that mimic the protective 
properties of the enamel on teeth19,23,27. These coatings consist of a composite 
material composed of a polymer matrix and nanoparticles, which can 
provide enhanced corrosion resistance. Another example is the development 
of biomimetic membranes for corrosion protection. These membranes 
are composed of a composite material consisting of a polymer matrix and 
functionalized carbon nanotubes, which can selectively transport molecules 
across the membrane and prevent corrosion46,47.

In addition, composite materials can be used in the development of sensors 
for corrosion detection48. For example, composite materials have been used 
to create sensors that can detect the presence of corrosive substances, such 
as hydrogen sulfide and carbon dioxide. These sensors can provide early 
detection of corrosion, allowing for timely preventive measures to be taken.
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Overall,	 the	 use	 of	 composite	 materials	 in	 biomimetic	 nanohybrid	
structures has shown great potential in the field of corrosion prevention and 
mitigation. Continued research in this area is expected to lead to further 
advancements in the development of corrosion-resistant materials and 
coatings. These advancements have the potential to improve the safety and 
efficiency of various industries, leading to significant economic benefits.

5.1. Significance of composite materials in corrosion protection

Composite materials have a significant significance in the field of corrosion 
protection	due	to	their	unique	properties.	One	of	the	primary	advantages	
of composite materials is their high resistance to chemical attack49, making 
them ideal for use in harsh environments. In addition, composite materials 
can be designed to have specific chemical resistances, which can enhance their 
corrosion resistance properties. Composite materials can also be designed to 
have a high surface area, which can increase their interaction with corrosive 
substances, leading to enhanced protection25,28,39,41. Furthermore, composite 
materials can be used to create biomimetic nanohybrid structures that can 
mimic the protective properties of natural materials, such as the enamel on 
teeth or the waxy coating on leaves7. These structures can provide enhanced 
corrosion	resistance	and	protection.	Overall,	the	use	of	composite	materials	
in corrosion protection has the potential to improve the safety and efficiency 
of various industries, leading to significant economic benefits.

5.2. Types of composite materials used in corrosion prevention.

There are various types of composite materials that are used in corrosion 
prevention.	One	type	of	composite	material	 is	polymer	matrix	composites,	
which consist of a polymer resin matrix reinforced with fibers or particles. These 
composites have high strength and resistance to corrosion, making them ideal 
for use in harsh environments. Another type of composite material is ceramic 
matrix composites, which consist of a ceramic matrix reinforced with fibers 
or particles. These composites have excellent resistance to high temperatures 
and corrosion, making them ideal for use in high-temperature applications. In 
addition, metal matrix composites are also used in corrosion prevention, which 
consists of a metal matrix reinforced with ceramic or metal particles. These 
composites have high strength and resistance to corrosion, making them ideal 
for use in the aerospace and automotive industries. Furthermore, biomimetic 
nanohybrid structures containing composite materials have been developed 
for corrosion prevention. These structures can mimic the protective properties 
of	natural	materials,	providing	enhanced	corrosion	resistance.	Overall,	the	use	
of composite materials in corrosion prevention offers a range of options for 
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designing materials with high resistance to corrosion, improving the safety 
and efficiency of various industries.

5.3. Examples of biomimetic nanohybrid structures containing 
composite materials for corrosion prevention applications

Biomimetic nanohybrid structures containing composite materials have 
shown	promising	results	for	corrosion	prevention	applications.	One	example	
is the development of a zinc oxide-based composite coating that mimics 
the waxy coating on leaves51,52,53. The coating provides enhanced corrosion 
resistance and self-healing properties by releasing zinc ions in response to 
corrosion, which then react with oxygen and moisture to form a protective 
layer54. Another example is the use of graphene-based nanocomposites that 
mimic the structure of fish scales. The nanocomposites are highly resistant 
to corrosion due to their unique structure, which consists of overlapping 
graphene layers that provide a barrier against corrosion. Additionally, 
biomimetic nanohybrid structures inspired by the structure of enamel on 
teeth have been developed for corrosion prevention7,19,23,27. These structures 
consist of a calcium phosphate mineral layer on a titanium alloy substrate, 
providing enhanced corrosion resistance and biocompatibility55.	 Overall,	
these examples demonstrate the potential of biomimetic nanohybrid 
structures containing composite materials for corrosion prevention 
applications, offering innovative solutions for improving the durability and 
performance of various materials in harsh environments.

6. Conclusion and Future Outlook

In conclusion, composite materials synthesized in biomimetic nanohybrid 
structures offer numerous benefits for analytical chemistry, surface chemistry, 
and corrosion prevention applications. These materials have unique properties 
that can be tailored to specific applications, offering enhanced durability, 
corrosion resistance, and performance. Additionally, biomimetic nanohybrid 
structures can mimic the protective properties of natural materials, providing 
innovative solutions for various industries. In the future, it is expected 
that there will be further developments in the synthesis and application 
of composite materials in biomimetic nanohybrid structures. Potential 
applications include the development of new coatings and materials for use in 
harsh environments, such as the oil and gas industry, and the development of 
advanced sensors and diagnostic tools for analytical chemistry applications. 
Overall,	composite	materials	synthesized	in	biomimetic	nanohybrid	structures	
have the potential to revolutionize various industries and improve the safety, 
efficiency, and sustainability of our world.
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