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Abstract: Epoxy resin adhesives, as a versatile and highly efficient bonding material, have been widely employed in the field 
of cultural heritage restoration in recent years. Their unique chemical stability and superior mechanical properties have allowed 
them to excel in various types of artifact restoration. This article examines the fundamental characteristics of epoxy resin 
adhesives and, in conjunction with their application status in the restoration of paper, wood, ceramic, and metal artifacts, explores 
the optimal application measures and future development directions. Research indicates that epoxy resin adhesives not only 
effectively restore the original appearance of artifacts but also extend their lifespan; however, there are certain limitations in their 
application that require further research and technological advancements to overcome. Moving forward, with the continuous 
emergence of new materials, the role of epoxy resin adhesives in cultural heritage restoration is expected to become even more 
significant. 
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1. Introduction 
Cultural heritage serves as a testament to history, 

embodying the memories of human civilization. However, as 
time progresses, many artifacts are subject to the gradual 
deterioration caused by natural environments and social 
factors. To restore the pristine appearance of these precious 
relics and extend their lifespan, conservationists have been in 
constant pursuit of efficient and secure repair materials. epoxy 
resin adhesives, due to their outstanding chemical stability 
and mechanical properties, have increasingly become pivotal 
materials in the field of artifact restoration. This paper aims 
to explore the current applications of epoxy resin adhesives in 
the restoration of various types of cultural heritage, propose 
rational and effective application measures, and envision its 
future developmental trajectory. 

2. The Basic Characteristics of The 
Epoxy Resin Adhesive 

The application of epoxy resin adhesives in the restoration 
of cultural heritage has steadily increased, primarily due to 
their exceptional chemical stability and superior mechanical 
properties. As a class of polymers containing epoxy groups, 
epoxy resin adhesives undergo a chemical reaction with 
hardeners to solidify, forming a robust and durable bonding 
layer. This process not only enhances the efficiency of 
cultural heritage restoration but also ensures the long-term 
stability of the repaired areas. In practical applications, epoxy 
resin adhesives exhibit remarkable adhesion strength, 
securely bonding various materials regardless of 
environmental conditions, be they dry or humid. This is 
crucial in preventing further damage to cultural artifacts post-
restoration. Additionally, their minimal shrinkage and 
excellent transparency render the restorations nearly invisible 
to the naked eye, preserving the original aesthetics and texture 
of the artifacts. Notably, epoxy resin adhesives also boast 
exceptional weather resistance and anti-aging properties, 
capable of withstanding the effects of ultraviolet light, 
temperature fluctuations, and humidity—critical 

considerations in cultural heritage protection. When used in 
the restoration of ceramics, metals, and wooden artifacts, the 
temperature resistance and corrosion resistance of epoxy resin 
adhesives highlight their unique advantages, maintaining 
robust bonding even in high-temperature or moist 
environments. However, these adhesives are not without their 
flaws; their lengthy curing time necessitates meticulous 
control of ambient temperature and humidity, and further 
research is needed on their compatibility with certain 
materials. Despite these challenges, the potential for epoxy 
resin adhesives in the field of cultural heritage restoration 
remains vast. They not only assist conservators in restoring 
artifacts to their original state but also provide effective 
insurance for their long-term preservation, marking a 
significant advancement in the protection of human cultural 
heritage [1]. 

3. Epoxy Resin Adhesive in The 
Application of Cultural Relics 
Restoration Status Quo 

3.1. Paper-based cultural relics restoration 
The restoration of paper artifacts has long been an area 

fraught with considerable challenges, as paper itself is 
extraordinarily delicate and susceptible to damage from 
humidity, light, and chemical agents. The application of 
epoxy resin adhesives in this field has been progressively 
expanding, particularly in the repair of torn and missing 
sections, where they excel. Due to their low viscosity and 
superior permeability, epoxy resin adhesives can deeply 
penetrate the fibers of the paper, creating a uniform adhesive 
layer that effectively restores the integrity and strength of the 
paper. Simultaneously, the transparency and minimal 
yellowing properties of epoxy resin adhesives ensure that the 
repaired paper is nearly indiscernible, which is crucial for 
preserving the original appearance of valuable documents and 
paintings. In practical applications, conservators have found 
that epoxy resin adhesives cure rapidly, enabling repairs to be 
completed in a relatively short time frame, thereby 
significantly enhancing work efficiency. However, the use of 
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epoxy resin adhesives also presents certain challenges, such 
as the need for cautious selection of appropriate hardeners to 
avoid secondary damage to the paper [2]. Additionally, while 
the immediate effects of epoxy resin adhesives are notable, 
their long-term stability remains to be thoroughly validated. 
To ensure the enduring protection of paper artifacts, 
researchers are actively exploring more environmentally 
friendly and stable hardeners and formulations, aiming to 
retain the advantages of epoxy resin adhesives while 
mitigating their potential impacts on the artifacts. This 
continuous research and improvement not only reflects a 
profound respect for historical and cultural heritage but also 
opens up new possibilities and methodologies for future 
conservation work. 

3.2. Wooden cultural relics restoration 
The restoration of wooden cultural artifacts is an intricate 

and delicate endeavor, as wood is susceptible to insect 
infestation, decay, and deformation, all of which gravely 
impact the integrity and aesthetic appeal of the artifacts. The 
application of epoxy resin adhesives in the restoration of 
wooden artifacts has been steadily increasing, primarily due 
to their exceptional filling and bonding capabilities. In 
practical operations, epoxy resin adhesives can effectively fill 
cracks and cavities on the surface of wood, enhancing the 
structural stability of the timber. The low shrinkage rate and 
transparency of these adhesives ensure that the restored areas 
blend seamlessly with the original wood, creating a naturally 
harmonious appearance. Additionally, the weather resistance 
and anti-aging properties of epoxy resin adhesives are 
particularly noteworthy, safeguarding the artifacts from 
environmental influences over extended periods. 
Conservationists have discovered that these adhesives can 
also prevent further decay of the wood during the restoration 
process, thereby extending the lifespan of the artifacts. 
However, the use of epoxy resin adhesives is not without 
challenges, particularly for ancient and fragile wooden 
artifacts. Selecting appropriate hardeners and diluents to 
avoid secondary damage to the artifacts is crucial. Moreover, 
the longer curing time of these adhesives requires specific 
temperature and humidity conditions, posing certain 
operational difficulties. Despite these challenges, the 
prospects for the application of epoxy resin adhesives in the 
restoration of wooden artifacts remain promising. Future 
research will focus on enhancing their compatibility and 
reducing curing time, thereby better serving the cause of 
artifact preservation. This technological advancement not 
only provides new tools for conservationists but also offers a 
more scientific and meticulous repair for artifacts battered by 
time, renewing their vitality [3]. 

3.3. Ceramic artifacts restoration 
The restoration of ceramic artifacts constitutes an 

exceedingly vital aspect of cultural heritage preservation, as 
ceramic materials are not only inherently fragile and brittle 
but also become even more susceptible to the adverse effects 
of various environmental factors after prolonged burial and 
exposure. The application of epoxy resin adhesives in the 
restoration of ceramic artifacts has progressively expanded, 
primarily due to their exceptional adhesive strength and 
remarkable transparency. During the restoration process, 
epoxy resin adhesives effectively bond fragmented ceramic 
pieces, restoring their original structural integrity and form. 
More importantly, the transparency of these adhesives ensures 

that the repaired portions are nearly indistinguishable from 
the original artifact, significantly enhancing the visual appeal 
of the restored piece. The low shrinkage rate of epoxy resin 
adhesives is another noteworthy advantage, as it prevents the 
application of additional stress on the ceramic during the 
curing process, thereby minimizing the risk of secondary 
damage. Furthermore, the superior water and chemical 
resistance of epoxy resin adhesives make them an ideal choice 
for restoring ceramic artifacts found in moist or chemically 
contaminated environments. Conservation practitioners have 
found that the use of epoxy resin adhesives not only increases 
the efficiency of restoration but also enhances its reliability. 
However, given the varied nature of ceramic materials, 
different types of ceramics may require distinct adhesive 
properties. Thus, when selecting epoxy resin adhesives, it is 
imperative to consider the specific material composition of 
the artifact and the requirements of the restoration process. 
Future research may focus on developing more versatile and 
efficient formulations to accommodate the restoration needs 
of various types of ceramic artifacts. This profound research 
and application not only contribute to the better preservation 
and dissemination of precious ceramic artifacts but also open 
up new possibilities for future restoration technologies, 
allowing those artifacts shattered by time to regain their luster 
[4]. 

3.4. Metal artifacts restoration 
The restoration of metal artifacts presents a unique 

challenge within the realm of cultural heritage preservation. 
The susceptibility of metal to oxidation, corrosion, and 
mechanical damage poses significant threats not only to the 
aesthetic integrity of these artifacts but also to their long-term 
preservation. In recent years, oxygen-containing resin 
adhesives have begun to emerge as a promising solution in 
the field of metal artifact restoration, particularly in the realm 
of bonding and filling cracks and defects on metal surfaces. 
These adhesives boast exceptional strength and superior 
chemical stability, effectively resisting the erosion of various 
corrosive media and providing enduring protection. 
Furthermore, the fill performance of oxygen-containing resin 
adhesives is remarkably effective, precisely mending minute 
fissures on metal surfaces and restoring the original form of 
the artifacts. The transparency and minimal color change of 
these adhesives ensure that the repaired surfaces are nearly 
indistinguishable from their original state, which is crucial for 
intricately detailed metal artifacts. Preservation professionals 
have discovered in practice that these adhesives not only 
enhance the structural stability of metals but also prevent 
further oxidation and corrosion, thereby extending the 
lifespan of these artifacts. However, given the diverse nature 
of metal artifacts, ranging from bronzes to ironware, each 
with distinct chemical and physical properties, it is essential 
to consider these factors comprehensively when selecting 
oxygen-containing resin adhesives to ensure optimal 
restoration outcomes. Future research may delve deeper into 
the compatibility of these adhesives with various metal 
materials, developing more specialized formulations for 
specific metals.  
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4. Resin Adhesive in The Application 
of Cultural Relics Restoration 
Measures 

4.1. Selection of suitable resin adhesive 
In practical application, restoration artisans must possess 

an encompassing understanding of the material composition, 
condition, and historical context of artifacts, thereby enabling 
them to make the most judicious selections. For instance, for 
those artifacts requiring a high degree of surface luster, 
transparent epoxy resin adhesives are markedly more suitable, 
as they can preserve the original appearance of the artifacts to 
the greatest extent. In contrast, for artifacts that necessitate 
long-term preservation in humid environments, the water 
resistance and chemical resistance of epoxy resin adhesives 
become particularly crucial. Additionally, the curing time of 
the adhesive is a factor that cannot be overlooked; if it is 
excessively prolonged, it may complicate the restoration 
process and impede operational efficiency. When selecting 
resin adhesives, their mechanical properties, such as bonding 
strength and tenacity, should also be considered. Different 
restoration requirements impose varying demands on these 
properties. For example, when restoring large metal artifacts, 
adhesives with high bonding strength and tenacity should be 
chosen to ensure that the restored areas can withstand external 
pressures. Conversely, when restoring fragile wooden or 
paper artifacts, adhesives with good flexibility and that do not 
exert excessive pressure on the artifacts should be selected to 
prevent new damage during the restoration process. 
Consequently, choosing the appropriate resin adhesive is not 
merely a technical endeavor but an art that requires 
restoration artisans to make flexible judgments based on 
specific circumstances. Experimental research and practical 
application experience have demonstrated that the 
formulation and composition of resin adhesives have 
profound implications for the restoration outcomes. Some 
advanced resin adhesives not only offer exceptional bonding 
properties but also exhibit excellent reversibility, meaning 
that the restored sections can be easily removed through 
specific methods if needed, which is of significant importance 
in artifact preservation [5].  

4.2. Cleaning and pretreatment 
Prior to the formal restoration process, restorers 

meticulously cleanse the surface of the artifact, meticulously 
removing dust, grime, and corrosion, ensuring that adhesive 
can adhere evenly and securely to the artifact. This process is 
akin to treating a precious masterpiece, with each step 
executed with great care; any lapse could potentially inflict 
new damage upon the artifact. The cleaning method must be 
chosen based on the material and current condition of the 
artifact; common methods include dry brushing, wet cleaning, 
and ultrasonic cleaning, each boasting unique advantages and 
appropriate applications. For instance, dry brushing is 
suitable for artifacts with fragile surfaces, as it prevents 
further erosion by moisture; for artifacts with severe surface 
dirt, wet cleaning is more thorough. Pre-treatment is equally 
indispensable, encompassing not only surface cleaning but 
also meticulous processing of the artifact's surface, such as 
sanding and degreasing. Sanding removes rust and 
irregularities on the artifact's surface, rendering it smoother 
and facilitating adhesive adhesion. Degreasing removes oil 
and wax from the surface, preventing these substances from 

affecting the adhesive's bonding effect. In practice, restorers 
must flexibly select pre-treatment methods based on the 
artifact's specific condition; sometimes, they must repeat 
these steps multiple times to ensure optimal restoration results. 
When choosing cleaning and pre-treatment methods, the 
historical value and artistic merits of the artifact must also be 
considered. For example, for ceramic artifacts with special 
decorations or paintings, overly aggressive cleaning methods 
may damage the surface patterns, necessitating gentler 
treatment.  

4.3. Adhesive operation 
The bonding process constitutes a pivotal aspect of cultural 

relic restoration, directly influencing the restoration's ability 
to reinstate the original integrity and stability of the artifacts. 
In practical operations, restorers must approach each step 
with meticulous care, ensuring that adhesives penetrate the 
damaged areas of the artifacts fully and uniformly. For 
instance, with artifacts featuring a rougher surface or 
numerous cracks, a diluted epoxy resin adhesive can be pre-
applied to better wet and fill minor fissures, thereby 
enhancing bonding efficacy. Controlling the amount of 
adhesive used is equally critical; an overabundance may result 
in spillage, contaminating other parts of the artifact, while 
insufficient application may fail to achieve the desired 
bonding strength. Temperature and humidity are also 
significant factors affecting bonding outcomes. Under 
optimal conditions, the curing time and strength of the epoxy 
resin adhesive are more stable. Generally, bonding at room 
temperature is more convenient, but in specific 
circumstances—such as when restoration needs to be 
conducted at lower temperatures or higher humidity levels—
auxiliary measures, like heating tools or dehumidifying 
equipment, are necessary. This meticulous approach is not 
merely a technical requirement but also a form of care for the 
artifact. Each step demands the restorer's heartfelt attention, 
akin to caring for an ailing elder—gentle yet thorough. The 
success of the bonding process also hinges on a profound 
understanding of the artifact's structure. Restorers need a clear 
grasp of the internal structure and mechanical properties of 
the artifact to select the best bonding positions and methods.  

4.4. Post-treatment and finishing 
Post-treatment and refinement are indispensable 

components in the realm of cultural relic restoration, as they 
directly influence the ultimate presentation of the restoration 
results. Following the adhesive procedures, restoration 
artisans meticulously sand and polish the repaired areas to 
ensure seamless integration with the original surface of the 
artifacts. Special care must be exercised during the sanding 
process to avoid excessive material removal, which could 
lead to new damages, demanding exceptional skills and 
profound experience from the restorers. Post-sanding, 
appropriate polishing is executed to restore the luster of the 
artifact's surface, rendering it more natural and complete. 
Occasionally, slight color discrepancies may appear on the 
restored surface, necessitating color matching and retouching. 
This step not only tests technical proficiency but also the 
restorer's aesthetic sensibilities and artistic intuition. 
Typically, pigments or dyes are employed for localized 
retouching to achieve color consistency with the original 
artifact. In this process, restorers are akin to painters crafting 
a masterpiece, meticulously honing every detail, striving for 
perfection. Some artifacts, after restoration, require 
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waterproofing and moisture-proofing treatments to prevent 
water erosion of the restored areas and extend the longevity 
of the artifacts. Waterproof agents can be applied through 
surface spraying or impregnation to form a protective layer 
on the artifact's surface. Such protective measures not only 
effectively prevent water infiltration but also enhance the 
artifact's resistance to weathering and chemical agents. 

4.5. Quality control and assessment 
After employing epoxy resin adhesives for the restoration 

of cultural artifacts, restoration professionals conduct a series 
of evaluations to ensure that the adhesive strength, stability, 
and aesthetic outcome of the restored areas are optimal. The 
methods of evaluation are diverse, encompassing mechanical 
testing, chemical analysis, and microscopic observation, each 
with its distinct purpose and advantages. For instance, 
mechanical testing assesses the tensile and compressive 
strengths of the restored areas, ensuring that the artifacts 
remain intact during long-term preservation and display, thus 
preventing any further damage. Chemical analysis verifies 
whether the adhesives have adversely affected the artifact's 
material, ensuring its chemical stability. Microscopic 
observation is a common means for assessing restoration 
effectiveness, providing clear insights into the details of the 
restoration site, including the distribution and filling of the 
adhesives. Should uneven distribution or residues be detected, 
restoration professionals will promptly make adjustments to 
ensure the smooth and aesthetically pleasing qualities of the 
restoration. Additionally, the aesthetic evaluation is of 
paramount importance; restoration professionals 
meticulously scrutinize the color, luster, and texture of the 
restored areas to ensure they harmonize seamlessly with the 
original artifact, thereby avoiding any visual discordance.  

5. Conclusion 
epoxy resin adhesives are polymers composed of epoxy 

groups, characterized by exceptionally high bonding strength 
and excellent chemical corrosion resistance. The curing 
process, which is achieved through chemical reaction with a 
hardening agent, results in the formation of a robust, durable 
bonding layer. Furthermore, epoxy resin adhesives exhibit 
minimal shrinkage and superior transparency, ensuring that 
the original appearance and texture of artifacts are preserved 
in conservation efforts. Their weather and aging resistance 
also make them an ideal choice for long-term protection of 
cultural heritage. 
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