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ABSTRACT 

	Epoxy resin, a globally prevalent organic material, accounts for 81% of total sales in coatings, composite materials, and construction sectors. Its exceptional corrosion resistance makes it the preferred choice for buildings, ships, and automobiles. Epoxy resin is widely used in the automotive industry due to its excellent corrosion resistance, chemical resistance, and high adhesion. Applications include surface painting and repainting of vehicles, as well as manufacturing body components such as engine covers, doors, and bumpers, and interior parts like instrument panels and seat frames. This paper systematically analyzes the performance characteristics and influencing factors of various epoxy resins, while documenting current modification techniques. It details how different modifiers enhance resin properties, summarizes curing types and mechanisms, and provides a comprehensive review of curing structures. Epoxy resin modification is required in applications due to its properties, such as toughness, flammability, chemical resistance, mechanical properties, and electrical conductivity. The materials involved include organic materials, nanomaterials, fibre materials, elastomer toughening, halogens, and thermoplastic polymer composites. The study concludes with research on epoxy resin applications in construction, shipbuilding, and automotive industries. Further research could focus on modifying and curing processes for epoxy resin, particularly in corrosion-resistant and high-temperature applications. The ongoing study of epoxy resin materials remains a promising area for technological advancement.
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1. INTRODUCTION


Epoxy resin, a globally ubiquitous organic material, holds a leading position in thermosetting materials due to its multifunctional properties. It exhibits outstanding mechanical strength, chemical resistance, high-temperature stability, and corrosion resistance [1], enabling extensive applications in coatings, composite materials, construction, electronics, adhesives, and power systems [2–4]. The epoxy ring structure, formed by two carbon atoms and one oxygen atom, constitutes the epoxy group. Compounds containing this three-membered ring are collectively termed epoxy-based materials. Depending on the synthetic substances used, epoxy resins can be classified into various types. Epoxy resin possesses two or more epoxy groups referred to as epoxide or oxirane, in the molecule. It is widely used in several industries due to the properties they possess both during processing and after curing. It is capable of showing low viscosity during processing and requires a little amount of pressure to form products. They can also combine with several types of hardeners at low temperatures and elevated temperatures. After curing, they exhibit low cure shrinkage and residual stresses and give a good chemical and heat resistance (Abiodun et al., 2025). Epoxy resins are synthesized through various methods, including bisphenol-based, phenolic, cycloaliphatic, aliphatic, glycidylamine, and glycidyl ester types. Each epoxy resin type exhibits distinct properties, influenced by factors such as molecular weight, epoxy group quantity, and main chain structure. However, due to their poor toughness, fatigue resistance, and impact resistance [5], these resins require post-treatment before application [6]. Depending on the modifiers used, they are categorized into organic [7], nanomaterials [8,9], fiber materials [10], elastomer toughening [11], and halogenated [1] 2] halogen-free composites [13], thermoplastic polymer composites [14], and bio-based materials [15]. To meet current demands for composite applications, research focuses on epoxy resin materials with high thermal conductivity [16], waterproofing [17], flame retardancy [18], and corrosion resistance [19]. As a non-solid material, epoxy resin requires curing treatment in practical applications. The cross-linking between curing agents and resin forms a stable structure with excellent mechanical properties [20]. Traditional epoxy coatings have been widely used for their good mechanical properties and corrosion resistance. However, recent modifications have significantly enhanced their performance. For example, metal-based compounds like ZnO and TiO2 improve barrier properties and active corrosion protection. Organic compounds such as polyaniline enhance adhesion and self-healing capabilities. Organometallic compounds like MOFs offer tunable structures for improved corrosion resistance, while carbon-based materials like graphene provide excellent barrier properties and mechanical strength. These modifications address the limitations of traditional epoxy coatings, offering superior protection in harsh environments. To continuously improve their performance under various application environments, a variety of methods and numerous novel composites have been employed to engineer the structure of epoxy coating (Hao et al., 2025).

Epoxy resins account for 81% of the total epoxy resin usage in coatings, composite materials, and construction applications [21] (Figure 1). This paper provides a comprehensive overview of epoxy resin types, analyzes how various factors influence their properties, and details their synthesis and modification methods. The study examines how different chemical structures affect application mechanisms and curing processes. It also introduces practical applications of epoxy resins in coatings, composite materials, and construction, offering a thorough analysis of their operational mechanisms.
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Fig.1 & Fig.2 Initial structure before curing reaction .in this system ，the matrix resins and curing agcnts arc randomly packcd in a 3D pcriodic ccll.[20]
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Fig.3 Statistical Analysis of Epoxy Resin Consumption Demand in Various Fields

Epoxy resin base
1.1 ​Properties of Epoxy Resin



Epoxy resins are classified into several types based on their synthetic materials, including bisphenol epoxy resins, hydrogenated bisphenol A epoxy resins, phenolic epoxy resins, cycloaliphatic epoxy resins, aliphatic epoxy resins, glycidylamine epoxy resins, and glycidyl ester epoxy resins. Among these, bisphenol A epoxy resins and phenolic epoxy resins are the most commonly used. As shown in Table 1, phenolic epoxy resins are high-molecular-weight organic compounds with multiple benzene rings and epoxy groups. Through process modifications, composite functional epoxy resins and halogenated epoxy resins have also been developed [22]. The unique properties of these epoxy resins are determined by their specific compositions. Bisphenol epoxy resins are synthesized from bisphenol compounds and epichlorohydrin. Propane-reacted bisphenol A exhibits excellent mechanical properties, while bisphenol F demonstrates superior chemical resistance. Phenolic epoxy resins containing formaldehyde and phenol products are more heat-resistant but more brittle [23,24]. Table 2 lists application-oriented composite resins, including nanomaterial composites [25], organo-inorganic composite modified multifunctional epoxy resins [26], halogen flame-retardant modified epoxy resins, halogen-free flame-retardant epoxy resins [27,28], aromatic epoxy resins, and aliphatic epoxy resins [29].

Table 1 : Types of Phenolic Epoxy Resins and their Structural Formula
	Epoxy resin type name
	abbreviation
	molecular structural formula

	Bisphenol A-type epoxy resin
	DGEBA
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	Bisphenol F-type epoxy resin
	DGEBF
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	Hydrogenated Bisphenol A Epoxy Resin
	HBPAE
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	novolac epoxy
	PER
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	cycloaliphatic epoxy
	CER
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	aliphatic epoxy resin
	AER
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	Glycidyl amine epoxy resin
	GAER
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	Glycidyl ester epoxy resin
	GEER
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	type of epoxy resin
	attribute
	参考文献

	bisphenol epoxy resin
	It contains two hydroxyl groups (-OH) and two benzene rings connected by a methylene bridge, appearing as a white crystalline powder or granules with chemical resistance, heat resistance, reactivity, and electrical insulation properties.
	[23,24]

	cycloaliphatic epoxy resin
	It contains one or more cyclic structures and is a transparent or pale yellow liquid or low-melting-point solid with low viscosity, easy processability, chemical resistance, weather resistance, heat resistance, electrical insulation, and mechanical properties.
	[30

	novolac epoxy resin
	It contains structural units of phenolic resin and epoxy groups, presenting as a transparent or pale yellow liquid or solid with high viscosity, chemical resistance, heat resistance, weather resistance, electrical insulation properties, and mechanical performance.
	[23,24]

	multifunctional composite epoxy resin
	The overall heat resistance, chemical resistance, mechanical properties, flexibility, conductivity, thermal conductivity and electrical insulation of ER were improved by combining silicone, rubber, nanomaterials, heterocyclic compounds and multifunctional monomers.
	[26]

	halogen epoxy resin
	The introduction of halogen groups (F, Cl, Br) adjacent to or on the epoxy backbone of the resin yields transparent or pale yellow liquids/solids, significantly enhancing flame retardancy, chemical resistance, heat resistance, electrical insulation, and mechanical properties.
	[22]


Table 2. Types of Phenolic Epoxy Resins and their attributes

2.2 Factors Affecting the Properties of Epoxy Resin
The performance of epoxy resins is influenced by multiple factors, including resin type, molecular weight, epoxy group quantity, preparation method, and curing agent [30]. Notably, the resin preparation method and curing agent selection directly determine the main chain structure. Table 3 details these effects. Elham's study employed N,N' -bis(4-(4-aminophenoxyl)phenyl)phthalic diamine (DIDA) to cure bisphenol A diethylene glycol ester (BDEGE) and polyethylene glycol (PEGDGE). Experimental results demonstrated that as PEGDGE was progressively added to the resin mixture, the hydroxyl branching and molecular weight of the composite resin increased. The flexibility of the resulting product is significantly enhanced. [31] Garima et al. investigated epoxy resins with varying concentrations of carboxyterminal butadiene-acrylonitrile (CTBN). As the epoxy group concentration decreased, the tensile strength of the cured material declined. Their team attributed this to insufficient chemical bonding between the epoxy groups and rubber fillers during curing due to reduced epoxy group quantity, leading to a decrease in overall tensile strength. [32] Liuzhongguo et al. developed a trifluoromethyl side-chain epoxy resin using polypropylene glycol diether (D230), methylene diamine (DDM), and phthalic anhydride (P A). The team conducted experimental data analysis on four curing agents, including A and 2-methylimidazole (2MI), and concluded that all cured resins exhibited high thermal stability, excellent low hygroscopicity, and certain hydrophobicity. Notably, DDM curing demonstrated a higher glass transition temperature (Tg), while PA curing achieved the highest contact angle of 105.5°. [33]
Sun et al.[11] effectively improved the dispersibility and compatibility of gas-phase silica in organic systems through advanced technologies such as organofluorine modification.
 The modified material retained its original reinforcing and thickening properties while acquiring new characteristics such as hydrophobicity, oleophobicity, stain resistance, and self-cleaning, thereby broadening its application range in high-end manufacturing.
Polymer grafting modification involves grafting polymer chains (e.g., polyethylene glycol, polystyrene) onto surfaces to form core-shell structures, enhancing interfacial bonding with organic matrices.
 Cabot prepared gas separation membranes with a 153% increase in gas flux and a separation coefficient of 30.77 through polyether block amide grafting modification.
 Functional groups can be customized to meet specific application needs.
 


	Factors Affecting the Properties of Epoxy Resin
	influence mechanism
	specific impact performance
	References

	LMN
	Short molecular chains result in weak intermolecular forces; the presence of high-density epoxy groups enhances reactivity.

	low viscosity, high reactivity, low mechanical properties, good flexibility and impact resistance, poor heat resistance, average chemical resistance

	[31]

	high molecular
	The long molecular chain and strong intermolecular forces, coupled with the low density of epoxy groups, reduce the number of reactive sites and consequently lower the reactivity.

	high viscosity, low reactivity, high mechanical properties, good rigidity and durability, excellent heat resistance, and superior chemical resistance
	[31]

	Number of epoxy groups
	Epoxy resins contain more epoxy groups and reaction sites, which enhances their reactivity. However, the limited number of epoxy groups and reaction sites in epoxy resins weakens their reactivity.
	Reactivity, mechanical properties, heat resistance

	[32]

	main chain structure
	Different main chain structures, such as benzene rings, cyclic structures, and long-chain alkanes, confer their respective properties.
	The benzene ring exhibits high rigidity and heat resistance, but may be brittle. The cyclic structure demonstrates excellent flexibility and weather resistance, though its heat resistance is slightly inferior to that of long-chain alkanes. It possesses good flexibility and weather resistance, but exhibits lower heat resistance and mechanical properties.
	[29,33]

	main chain structure
	The modifier is combined with epoxy resin through physical blending and chemical copolymerization, thereby imparting corresponding properties to the epoxy resin.

	The silicone groups improve the heat resistance, weather resistance and flexibility of the epoxy resin, the rubber particles improve the impact toughness and crack resistance of the epoxy resin, the nanoparticles improve the mechanical properties, electrical conductivity and thermal conductivity of the epoxy resin, and the heterocyclic compounds improve the heat resistance and chemical resistance of the epoxy resin.
	[31–35] 


table 3: Factors influencing the properties of Epoxy Resin


2.3 Modification of Epoxy Resin

Epoxy resin modification is required in applications due to its properties such as toughness, flammability, chemical resistance, mechanical properties, and electrical conductivity. The materials involved include organic materials, nanomaterials, fiber materials, elastomer toughening, halogens, and thermoplastic polymer composites. Table 4

Most organic modifications can enhance the flexibility and mechanical properties of epoxy resins. Phitsanulok synthesized a cycloepoxy polycyanopropylmethylsiloxane (PCPMS)-copolydimethylsiloxane (PDMS) and tested the data of different ratios of silane and phenolic resin through nuclear magnetic resonance (NMR), Fourier transform infrared (FTIR), and differential scanning calorimetry (DSC). The glass transition temperature (Tg) of the polysiloxane ranged from 118 to 68°C. By adjusting the ratio of organic silicon in the epoxy resin, PCPMS, and PDMS, its maximum toughness strength was achieved at 1.11 MPa·m⁻⁰.⁵. 35] Yuan Wang et al. designed and synthesized a vinyl bifunctional epoxy resin, which showed a 391% increase in tensile strength, a 78% increase in elongation at break, and a 292% increase in shear strength according to mechanical test data. [34]

Nanomaterial modification can effectively enhance the mechanical and thermal conductivity properties of epoxy resins. Yinke Kang et al. prepared coatings by dispersing hydrophilic silica nanoparticles coated with epoxy in epoxy resin. The friction coefficient of the coatings with different epoxy-to-nano-SiO2 ratios was measured using a surface profile analyzer. When the ratio reached 8:1, the friction coefficient was minimized to 0.05, whereas the friction coefficient of the resin alone ranged from 0.35 to 0.47. Tianjin300072 developed hybrid epoxy resins with nanoparticles and tested the microalumina (AO) using a TC3010 hot pan thermal analyzer. The thermal conductivity of the composite coatings (AN, AO/AN/GE, AO (micron alumina), AN (aluminium urate), CNT (graphene)) was 0.46,0.54,0.57, and 0.55 W/(m·K), respectively. When AO was added to the epoxy resin alone, its thermal conductivity increased by 130% compared to pure resin. [36]

Fiber materials can enhance the thermal and mechanical properties of epoxy resins. T. Niranjana et al. prepared polypropylene fiber epoxy resin composites and investigated the optimal first-stage decomposition temperature of 3758°C and complete decomposition temperature of 6008°C through thermogravimetric analysis when polypropylene fibers were incorporated at 10wt%. At this temperature, the activation energy (E) reached 101.84 Kj/mol, with a first-stage Rmax (maximum weight loss rate) of 5.12wt%/min. The second-stage E was 127.83 Kj/mol, and the Rmax was 4.96wt%/mol. [37] Nagara Jan et al. investigated the mechanical properties and epoxy composite interface strength of alkali-treated Cocos Nucifera Var Aurantiaca Peduncle (CNVAP) fibers. When the CNVAP content was 30wt%, the composite material exhibited optimal overall performance, with a tensile strength of 57 MPa and a tensile modulus of up to 480 MPa. The flexural strength was 130 MPa, and the flexural modulus was 5.3 GPa. [38]

There are multiple methods for toughness enhancement and modification. Elastoplastic materials such as organic hyperbranched or rubber can significantly improve the toughness of epoxy resin. A bio-based hyperbranched toughening agent, carboxylic acid-functionalized tannic acid (CATA), was prepared by Hangzhou 311300 in Zhejiang. When the resin contains 1 wt% CATA, its comprehensive performance reaches the optimal level, with tensile strength of 48 MPa, modulus of 1050 MPa, and impact strength of 16 kJ/m². DSC (differential scanning calorimetry) and TGA (thermogravimetric analysis) measurements revealed a Tp (thermal peak) of 153.7°C and T(50%) (50% thermal weight loss) of 456.6°C. [39]

In the field of epoxy resin flame retardant modification, two main approaches exist: environmentally friendly halogen-free formulations and high-efficiency halogen-based modifications. Zhang et al. developed DOPO (9,10-dihydro-9-oxo-10-phenanthro-10-oxide) loaded flame-retardant epoxy resin (Eps). The combustion parameters of DOPO-loaded Eps were as follows: TTI (ignition time) 54 seconds, p-HRR (peak heat release rate) 686 kW/m², THR (total heat release rate) 96 MJ/m², TSR (total smoke release rate) 4675 m², and SEA (specific extinguishing area) 1111 m²/kg. All these values showed significant improvement compared to pure resin. [40] Jin et al. prepared fluorinated epoxy resin (FEP) blended with tetrafunctional epoxy resin (TGDDM). The increase in fluorine content reduced the total surface energy. When the fluorine content reached 80 wt%, the composite exhibited optimal overall performance, with an initial decomposition temperature (IDT) of 303°C, a maximum degradation rate temperature (Tmax) of 418°C, and a decomposition activation energy (Ed) of 140 kJ/mol. [41]

Thermoplastic modification of epoxy resin not only enhances its temperature resistance but also improves mechanical properties and electrical insulation. Ma et al. developed a novel damping composite using polyester-based polyurethane/epoxy resin and functional particles. TGA and DMA (Dynamic Mechanical Analysis) tests revealed that the effective damping temperature increased from 43.9°C to 132.6°C after PU addition, with the damping peak value rising from 0.75 to 1.44. [42] Abeer et al. investigated the mechanical properties and dielectric constant of epoxy resin composites with varying PVC (polyvinyl chloride) content. Experimental data showed that adding 6g PVC to 20g epoxy resin... The邵氏硬度 reaches 75D, compressive strength is 68MPa, Young's modulus is 0.15MPa, total elongation reaches 300%, dielectric constant is 1.0, and dielectric loss is 0.05-0.12. [43]


	Modification method
	material
	function
	References

	organic modification
	Silicone, phosphides (e.g. PDMS), aminosilanes, vinyltrimethoxysilanes, DHPDOPO, phosphotriamides
	Flexibility, mechanical properties, electrical insulation, weather resistance, heat resistance
	[7,31] [32] [34,35]

	nanomaterial modification
	nano-ZnO，nano-TiO2，nano-SiO2，CNTs，Graphene 
	strong mechanical properties, excellent thermal conductivity, corrosion resistance, electrical insulation
	[8,36]

	fiber modification
	glass fiber, carbon fiber, aramid fiber, nanofiber, composite fiber
	strong mechanical properties, heat resistance, weather resistance
	[10,37] [38]

	toughening modification
	rubber particles, core-shell particles, liquid crystal polymers, block copolymers, hyperbranched polymers
	high toughness, impact resistance, wear resistance
	[11,39]

	Halogenated, halogen-free modified
	Fluorides, bromides, nitrates, phosphates
	high flame retardancy, chemical resistance, mechanical properties, adhesion, electrical insulation, heat resistance
	[12] [13,40] [41]

	Thermoplastic Polymer Composite Modification
	PE,PP,PVC,PS,PA,PC,PET,PMMA,PU,POM,PEEK
	high toughness, impact resistance, heat resistance, chemical resistance, electrical insulation
	[14,42] [43]


table 4. Epoxy Resin Modification Method
3. Curing of Epoxy Resin


3.1 Plasma Treatment

Epoxy resins, owing to their inherently stable chemical structure, typically require curing agents and accelerators during the curing process to ensure proper curing [44]. Different curing agents necessitate distinct conditions and reactions, resulting in epoxy resins with varying performance advantages. Commonly used curing agents include amine-based, anhydride-based, phenolic resin-based, and aliphatic amine-based types. The chemical bonding between epoxy resins and curing agents through amine groups, anhydride groups, and aromatic groups synthesizes organic structures with diverse properties [45]. five

Zhou et al. investigated the thermal analysis of degradation-curing for epoxy resin cured with methyl anhydride (MNA) and 2-ethyl-4-methylimidazole accelerator. Through DMTA and DSC-TGA tests, the epoxy resin cured with anhydride groups under accelerator synergistic effects exhibited a glass transition temperature (Tg) of 224°C, with decomposition heat release peaks at 191°C and 360°C, and a degradation onset temperature of 324°C, demonstrating thermal stability of the epoxy resin system. [46] Fatemeh et al. utilized diaminodiphenylmethane (DDM, an aromatic amine) and diethylenetriamine (DETA, a fatty amine) to cure epoxy resin, with the number of activated hydrogen in the amine group calculated. The cured resin was bonded with epoxy resin groups, and the Tg of the cured resin was 179°C obtained by DSC and TGA experiments. Analysis showed that the aromatic components in the curing agent exhibited excellent thermal stability. [47]



3.2 cured resin structure


Epoxy resin curing is broadly categorized into anhydride curing and amine curing [48]. Anhydride curing involves the reaction of anhydride with epoxy groups, which cleaves the epoxy ring to generate hydroxyl and carboxyl groups. These carboxyl groups then react with newly formed epoxy groups to form ether bonds, repeating this process to create a three-dimensional cross-linked structure. Amine curing, on the other hand, involves the opening of the epoxy ring by amino groups, producing hydroxyl and secondary amines. These secondary amines subsequently react with another epoxy group to form cross-linked structures, with the process repeating to build a three-dimensional cross-linked structure. Table 5 presents the structural formula flow of common epoxy resin curing agents.
type of curing agent

Amine curing agents: These are among the most commonly used curing agents, including aliphatic amines, aromatic amines, and modified amines. Amine curing agents can undergo ring-opening addition reactions with epoxy groups to form a three-dimensional network structure, thereby curing the resin. The characteristics of amine curing agents include rapid curing speed, but they may cause skin irritation.

Anhydride curing agents: Curing is achieved through the formation of ester bonds via reaction with epoxy groups. These curing agents exhibit higher curing temperatures and typically require heating to complete the reaction. However, the cured materials possess excellent chemical resistance and mechanical properties.

Phenolic resin: When used as a curing agent, it provides excellent heat resistance and mechanical properties, but the curing rate is relatively slow, typically requiring heating.

Isocyanate: Although not the most commonly used curing agent for epoxy resins, isocyanate can serve as a curing agent in certain specialized applications, such as two-component polyurethane-epoxy systems, providing excellent mechanical properties and chemical resistance.








Condition of cure

Temperature: Most epoxy resin curing reactions are exothermic. An increase in temperature can accelerate the reaction rate and shorten the curing time. However, excessively high temperatures may lead to degradation of material properties or the formation of bubbles.

Humidity: Certain amine curing agents are sensitive to humidity. Excessive humidity may impair curing efficiency and even degrade material performance.

Catalyst: In certain cases, a catalyst may be added to accelerate the curing process. The selection of the catalyst depends on the type of curing agent used and the required curing conditions.
curing process
Pre-mixing stage: Mix epoxy resin and curing agent uniformly in a specified ratio. Inadequate mixing may lead to localized poor curing.
Gel phase: The mixture begins to thicken, gradually losing its fluidity and forming a gel-like substance.
Hardening stage: The gel undergoes further cross-linking to form a solid polymer material. This stage requires a certain duration, with the specific time depending on factors such as the type of curing agent, temperature, and catalyst.
Post-curing: To further enhance the material's properties, post-curing treatment is sometimes required, which involves heating at higher temperatures for a period to ensure more complete cross-linking.
apply
The cured epoxy resin exhibits outstanding mechanical properties, chemical resistance, heat resistance, and electrical insulation performance, making it widely applicable across various fields, including but not limited to:
Composite materials: As matrix resin, combined with fibre-reinforced materials, high-performance composite materials are prepared.
Electronic packaging: Used to encapsulate electronic components, providing protection and insulation.
Adhesive: Exhibits excellent bonding performance and is suitable for bonding various substrates.






	Types of curing agents
	Schematic diagram of curing mechanism
	References

	acid anhydride
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	 [48,49] 

	amine
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	[50,51]

	aliphatic amine
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	[47,52]

	aromatic amine
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	[47,52,53]

	anhydride amine
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	[46,54] [33]



Table 5. Types of Curing agents and their mechanism diagram

4 Application of Epoxy Resin




The global application and consumption of epoxy resin have been continuously growing. According to surveys, the Asia-Pacific region accounted for 44.9% of the global market value in 2014. Until 2020, the consumption of waterborne epoxy resin in the Asia-Pacific region remained dominant, with China being the primary market in the region. From 2016 to 2022, the annual growth rate of the epoxy resin market, based on global market information statistics, was 6%, and the epoxy resin market reached $9 billion in 2021. China's epoxy resin production capacity accounted for approximately 45% of the global total, while its consumption accounted for about 50% of the global total. The market consumption of epoxy resin is mainly in coatings, electronic equipment, power, and construction. Composite materials and adhesives are widely used across various applications. As shown in Table 6, epoxy resin accounts for approximately 50% of the anticorrosive applications in the coatings industry.
	Direction of application
	Application ratio(%)

	Coatings
	50

	Composites
	18

	Construction
	13

	Electronics
	8

	Tooling
	6

	Electrical
	2










Table6 Application of epoxy rasin
Epoxy resins demonstrate exceptional corrosion resistance, particularly on metal surfaces. S. et al. evaluated their anti-corrosion performance on galvanized steel plates using EIS (electrochemical impedance spectroscopy). Through breakpoint frequency analysis, experimental impedance measurements, coating capacitance data, and pore resistance analysis, they concluded that epoxy resin coatings exhibit outstanding anti-corrosion effects on galvanized steel. The pore resistance reaches its minimum at a coating thickness of 100μm, with the breakpoint frequency increasing over time to 4Hz after 2000 hours of exposure. The experimental impedance measurements showed the most significant fluctuations at 0Hz (4Ω) within the first 2 hours of testing. At 31 hours and 0 Hz, the impedance of thicker epoxy resin (200 μm and 500 μm) remained stable with minimal fluctuation over the corrosion duration, while that of thinner epoxy resin showed significant variations. [55]


3.1 Architecture

The construction industry faces widespread corrosion challenges, particularly in bridge steel frames, maritime infrastructure, and high-rise metal components. Epoxy resin is extensively utilized in structural repair and reinforcement, waterproofing materials, adhesives, and thermal insulation applications. [56] Typical applications include interior walls, flooring, kitchens, bathrooms, basements, roofs, and reinforced concrete structures.

Li et al. conducted a comprehensive study on the application of epoxy resin in architectural floor coatings. Among these, waterborne epoxy wear-resistant coatings, solvent-free epoxy self-levelling coatings, and epoxy anti-static floor fillers are the most widely used. As application scenarios become increasingly complex and diverse, selecting appropriate raw materials and optimizing formulation design are key to addressing challenges. [57]

L. et al. developed an epoxy resin that effectively repairs surface defects in Portland cement concrete pavements, bonding the hardened concrete surfaces together. [58]


3.2 Ships

The same epoxy resin is applied in the field of ship research, coating the surface of the bottom and deck, and manufacturing the hull and deck, propeller, rudder, etc., so as to provide high mechanical properties and seawater corrosion resistance for the ship application.

Joseph et al. investigated a modified tantalum carbide (TaC) composite graphene oxide (GO) epoxy resin coating. EIS analysis revealed that this composite material exhibits a strong adhesion of 15.8 MPa and a high hydrophobic angle of 168°. Resistivity measurements showed that after 960 hours of seawater immersion (800 KΩcm², 640 KΩcm⁴), the resistivity fluctuation was minimal compared to the initial value (800 KΩcm², 800 KΩcm⁴) [59,60][59].


3.3 Automobiles

Epoxy resin is widely used in the automotive industry due to its excellent corrosion resistance, chemical resistance, and high adhesion. Applications include surface painting and repainting of vehicles, as well as manufacturing body components such as engine covers, doors, and bumpers, and interior parts like instrument panels and seat frames.

Sushmit et al. investigated a cathodic electrodeposition (CED) epoxy resin coating and conducted a performance summary study, which found that CED coatings can significantly reduce the emission of organic compounds while enhancing the anticorrosive performance of the coating. [60]

4. Conclusions and Perspectives

The global market share of epoxy resin materials continues to grow annually, with their exceptional corrosion resistance accounting for over 90% of applications in construction, coatings, electronics, and adhesives. This article provides a comprehensive overview of epoxy resin's global demand, covering its fundamental properties, curing processes, and practical applications. As a high-performance composite material, epoxy resin achieves outstanding performance across diverse fields through specialized composites. Further research could focus on modifying and curing processes for epoxy resin, particularly in corrosion-resistant and high-temperature applications. The ongoing study of epoxy resin materials remains a promising area for technological advancement. 
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