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Disclaimer and Guidelines for Formulations

o Trial and Testing: All formulations mentioned in this book have been extensively tried and tested
for efficacy and performance.

o Disclaimer of Responsibility: Our organization does not accept responsibility for any issues that
may arise due to specific conditions or circumstances beyond our control.

o Non-Refundable Policy: All payments made for accessing our formulations are non-refundable.

o Generic Chemical Names: We provide formulations using generic chemical names only, without
endorsing or recommending specific brand names.

o No Affiliation with Brands: We do not have any affiliations with specific chemical brands or
manufacturers.

o Startup Business Guide: This book serves as a startup business guide, offering formulations
tailored to meet customer demands and market needs.

o Wide Spectrum Formulations: Our formulations cover a wide spectrum to cater to various client
requirements and market demands.

o Client-Specific Market Demand: Each client may have unique market demands and
specifications, and formulations should be adapted accordingly.

o Market Trends Disclaimer: We do not guarantee alignment with market trends or specialty
issues beyond our formulation's scope.

o Rights Reserved: All rights reserved for the formulations provided in this book. Reproduction or

distribution without permission is prohibited.

These points clarify the terms and conditions under which our formulations are offered, ensuring

transparency and managing expectations for potential users and clients.
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Introduction to "*"Two Components Epoxy Adhesive Formulation™

Adhesives play a critical role in a wide range of industrial applications, from construction and
automotive to electronics and medical devices. Among the most versatile and durable adhesives
are two-component (2K) epoxy adhesives, renowned for their strength, durability, and resistance
to various environmental factors. This book, Two Components Epoxy Adhesive Formulation,
aims to provide a comprehensive guide for formulating, developing, and optimizing two-
component epoxy adhesive systems. These adhesives, typically composed of a resin and a
hardener, offer a unique combination of properties that make them ideal for high-performance
bonding.

The formulation of epoxy adhesives requires a deep understanding of the chemical interactions
between the components, the curing process, and the desired end-use properties of the adhesive.
Epoxy systems are used in everything from bonding metals and plastics to providing protective
coatings for machinery and structures. Their ability to form strong, long-lasting bonds with a

wide variety of substrates makes them indispensable in many industries.

This book is structured to take readers through every step of the process of developing epoxy
adhesive formulations, starting with the basic principles of epoxies and their chemistry. It covers
a broad spectrum of epoxy resin types, hardeners, and additives, providing insight into how
different combinations of these ingredients can affect the final performance of the adhesive. The
importance of curing mechanisms, pot life, and handling characteristics will also be explored in
detail.

Throughout this book, we will delve into key considerations when developing epoxy

formulations, including:

1. Basic Chemistry of Epoxy Resins — Understanding the fundamental chemical structures

of epoxy resins and hardeners and how they react to form strong bonds.

2. Selecting Components for Formulation — The importance of choosing the right resin,
hardener, and additives based on the intended application, considering factors like curing

time, temperature, and strength requirements.



3. Optimization of Adhesive Properties — How to tailor the adhesive's properties, such as

viscosity, work time, strength, and chemical resistance, to suit specific needs.

4. Curing Mechanisms — Exploring the different curing agents and accelerators that

influence curing time, temperature sensitivity, and performance.

5. Additives and Fillers — The role of fillers, plasticizers, thickeners, and other additives
that can modify the viscosity, flexibility, and gap-filling ability of the adhesive.

6. Industrial Applications — Real-world case studies demonstrating how epoxy adhesives
are used in various industries, including automotive, electronics, aerospace, construction,

and more.

7. Troubleshooting and Quality Control — A guide to ensuring consistent quality in

production, including common formulation issues, tests, and standards for performance.

The goal of this book is not only to educate readers on the science and art of formulating two-
component epoxy adhesives but also to provide practical tools and insights for creating adhesives
that meet the rigorous demands of modern industries. Whether you are a researcher, product
developer, or manufacturer, this book will serve as a valuable resource for understanding the
complexities of epoxy adhesive systems and the techniques for optimizing them for specific

applications.

With the knowledge shared in this book, you will be empowered to create high-performance,
reliable epoxy adhesives tailored to meet the needs of a variety of sectors, pushing the
boundaries of adhesive technology and opening up new possibilities in bonding applications.



Basic Chemistry of Epoxy Resins

Understanding the Fundamental Chemical Structures of Epoxy Resins and Hardeners and

How They React to Form Strong Bonds

Epoxy resins are one of the most widely used thermosetting polymers in adhesive formulations,
coatings, and composite materials due to their excellent mechanical strength, chemical
resistance, and adhesion properties. The fundamental chemistry behind epoxy adhesives is based
on the reaction between an epoxy resin (typically containing epoxide functional groups) and a
curing agent, also known as a hardener. This reaction results in a highly crosslinked polymer

network that provides superior bonding and durability.

1. Structure of Epoxy Resins

Epoxy resins are characterized by the presence of epoxide (oxirane) groups in their molecular
structure. These groups are three-membered cyclic ethers containing an oxygen atom and two
carbon atoms. The most commonly used epoxy resin is diglycidyl ether of bisphenol-A
(DGEBA), which is synthesized through the reaction of bisphenol-A (BPA) with

epichlorohydrin under alkaline conditions.

Basic Chemical Formula of DGEBA:

CnH(2n+2)On\text{C}_n\text{H} {(2n+2)}\text{O} nCnH(2n+2)On

where nnn determines the molecular weight and viscosity of the resin.

The general structure of DGEBA epoxy resin can be represented as:
\text{CH}_2\text{(C_6H_4)} 2\text{C(CH_3)_20CH} 2\text{CH(OH)CH}_2
Other types of epoxy resins include:

e Novolac Epoxy Resins — Higher crosslinking density, used for high-temperature

resistance.

e Cycloaliphatic Epoxy Resins — Used for improved weathering and UV resistance.



o Glycidyl Amine Epoxy Resins — Used for aerospace and structural applications.

2. Epoxy Hardener Chemistry

Epoxy resins require a hardener to undergo crosslinking and cure into a strong adhesive. The
choice of the curing agent determines the final properties of the adhesive, including flexibility,

toughness, and heat resistance.
Common Hardener Types:
1. Amine-Based Hardeners — Most commonly used for industrial applications.

o Primary amines (e.g., ethylene diamine, diethylenetriamine) react readily with

epoxides.

o Secondary amines (e.g., cycloaliphatic amines) offer slower curing and better

thermal resistance.

o Aromatic amines (e.g., methylene dianiline, MDA) are used for high-

performance applications.

2. Anhydride-Based Hardeners — Used for high-temperature applications with excellent

electrical insulation properties.
o Examples include phthalic anhydride and maleic anhydride.
3. Polyamide Hardeners — Offer improved flexibility and toughness.
o Typically used in marine coatings and adhesives.
4. Polymercaptan Hardeners — Enable fast curing, commonly used in rapid adhesives.

5. Catalytic Hardeners — Include Lewis acids or bases (e.g., boron trifluoride, tertiary

amines) to accelerate polymerization without direct participation in crosslinking.



3. Epoxy Curing Reaction: Crosslinking Mechanism

The curing process, or polymerization, occurs when the epoxy resin reacts with the hardener,
forming a highly crosslinked thermoset polymer. This reaction transforms the liquid or semi-
solid epoxy formulation into a rigid, three-dimensional structure with superior mechanical and

chemical resistance.
Primary Curing Mechanisms:
e Amine Curing Reaction:

o The nucleophilic attack of an amine (-NHz) on the epoxy (-C:H4O) ring results in
ring opening and the formation of hydroxyl (-OH) groups.

o The hydroxyl groups further react with additional epoxy groups, leading to

extensive crosslinking.
Example Reaction (with Primary Amine):

R-NH2+CH2(CH-0-CH2)—R-NH-CH2CH(OH)CH2\text{R-NH} 2 + \text{CH} 2\text{(CH-
O-CH}_2) \rightarrow \text{R-NH-CH}_2\text{CH(OH)CH}_2R-NH2+CH2(CH-O-CH2)—R-
NH-CH2CH(OH)CH2

e Anhydride Curing Reaction:

o Anhydrides react with epoxides in the presence of heat and catalysts, forming

ester linkages.
o Cationic Polymerization (for Cycloaliphatic Epoxies):

o Lewis acids (e.g., BFs) initiate the opening of epoxide rings, leading to

polymerization.

4. Factors Affecting Epoxy Adhesive Performance

Several factors influence the final properties of an epoxy adhesive formulation:



1. Resin-to-Hardener Ratio — The stoichiometry of the resin and curing agent must be

balanced for optimal crosslinking.

2. Curing Temperature — Higher temperatures enhance polymerization and improve

mechanical strength.
3. Curing Time — Sufficient time is required to ensure full crosslinking.

4. Fillers and Additives — Reinforcements such as silica, alumina, and toughening agents

can enhance strength, flexibility, and impact resistance.

Understanding the fundamental chemistry of epoxy resins and their hardeners is essential for
designing high-performance two-component epoxy adhesive formulations. The choice of resin
type, hardener system, and curing conditions all play crucial roles in determining the mechanical,
thermal, and chemical properties of the final adhesive. Mastering these principles allows
formulators to develop epoxy adhesives tailored for specific industrial applications, from

structural bonding to advanced aerospace materials.

Selecting Components for Epoxy Adhesive Formulation

The Importance of Choosing the Right Resin, Hardener, and Additives Based on the
Intended Application

Formulating a high-performance two-component epoxy adhesive requires selecting the
appropriate resin, hardener, and additives to achieve the desired properties. The formulation must
consider factors such as curing time, temperature resistance, bond strength, flexibility, and
environmental resistance to ensure optimal performance in its intended application. This chapter

provides a detailed guide to selecting each component based on specific requirements.



1. Choosing the Right Epoxy Resin

Epoxy resins serve as the primary binder in the adhesive formulation. The type of epoxy resin
selected will determine the adhesive's viscosity, mechanical strength, chemical resistance, and

overall durability.
Key Factors in Resin Selection
1. Molecular Weight & Viscosity

o Low molecular weight resins (liqguid DGEBA) are preferred for easy processing

and high bond strength.

o High molecular weight resins (solid epoxy resins) enhance toughness and heat

resistance.
2. Crosslinking Density

o High crosslinking density leads to superior chemical and thermal resistance but

may reduce flexibility.
o Lower crosslinking resins provide higher elongation and impact resistance.
3. Environmental & Chemical Resistance
o Novolac epoxy resins provide high chemical resistance for harsh environments.
o Cycloaliphatic epoxies offer excellent weathering and UV resistance.
4. Application-Specific Considerations
o Structural Bonding: High-strength DGEBA-based epoxies.
o Electronics & Potting: Low-viscosity cycloaliphatic epoxies.
o High-Temperature Resistance: Novolac or high-Tg epoxy resins.

o Flexible Adhesives: Modified epoxy resins or toughened systems.



2. Selecting the Right Hardener (Curing Agent)

The curing agent (hardener) plays a crucial role in determining the reaction speed, mechanical

properties, and chemical resistance of the epoxy adhesive.

Types of Hardeners and Their Characteristics

Hardener Type

Properties

Applications

Aromatic Amines (e.g., MDA,
DDS)

High heat resistance, slow

curing

Aerospace, composites

Aliphatic Amines (e.g., DETA,
TETA)

Fast curing, moderate strength

General-purpose

adhesives

Cycloaliphatic Amines (e.g.,
IPDA, PACM)

UV resistance, good toughness

Outdoor applications,
coatings

Polyamide Hardeners

High flexibility, good impact

resistance

Marine, flexible bonds

Anhydride Hardeners (e.g.,
phthalic anhydride)

Excellent heat and chemical

resistance, slow cure

Electrical insulation,

composites

Thiols (Polymercaptans)

Ultra-fast curing, low-

temperature cure

Instant adhesives,

emergency repairs

Catalytic Hardeners (e.g., boron
trifluoride)

Controlled cure, excellent
adhesion

High-performance

coatings

Hardener Selection Based on Application

« Structural bonding: Aromatic amines for high strength.

« Fast curing adhesives: Thiols or aliphatic amines.

o Flexible adhesives: Polyamide-based hardeners.




o Outdoor/weather-resistant applications: Cycloaliphatic amines.

e High-temperature applications: Anhydrides or aromatic amines.

3. Selecting Additives for Performance Enhancement

Additives modify the adhesive's properties to enhance its workability, mechanical performance,

and resistance to environmental factors.

Key Additive Types and Their Functions

Additive Type

Function

Examples

Fillers Increase strength, reduce Silica, alumina, glass beads

shrinkage
Plasticizers Improve flexibility Polybutadiene, phthalates
Toughening Enhance impact resistance Rubber particles, core-shell elastomers
Agents
Thixotropic Control viscosity, prevent Fumed silica, clays
Agents sagging

Accelerators

Speed up curing reaction

Tertiary amines, imidazoles

Flame Retardants

Improve fire resistance

Antimony trioxide, phosphorus

compounds

Pigments & Dyes

Provide coloration

Titanium dioxide, iron oxide

Defoamers

Prevent bubble formation

Silicone defoamers

UV Stabilizers

Enhance UV resistance

Hindered amine light stabilizers
(HALYS)

Selecting Additives for Specific Needs




o High-strength adhesives: Reinforcing fillers like glass or silica.
o Flexible adhesives: Plasticizers and rubber-modified epoxy resins.
o High-temperature resistance: Mica or alumina fillers.

e Rapid curing adhesives: Accelerators and catalytic hardeners.

4. Optimizing the Formulation Based on Curing Time, Temperature, and Strength

The performance of the epoxy adhesive depends on balancing curing conditions with the final
mechanical and thermal properties.

Curing Time and Temperature Considerations
e Room Temperature Curing: Aliphatic amines, polyamides.
e Heat Curing (Above 100°C): Aromatic amines, anhydrides for high thermal resistance.
e Cold Weather Curing: Thiols and low-viscosity amines.
Mechanical Strength Optimization
e High Tensile Strength: Aromatic amine curing, silica reinforcement.
e Toughness & Impact Resistance: Rubber-modified epoxies, polyamide hardeners.

o Chemical Resistance: Novolac resins with anhydride curing.

5. Case Studies: Selecting Components for Specific Applications
Example 1: Aerospace Structural Epoxy Adhesive
o Resin: DGEBA with Novolac for high heat resistance.

« Hardener: Aromatic amine (DDS) for superior thermal stability.



o Additives: Silica for reinforcement, accelerators for controlled curing.

o Result: High-strength, heat-resistant adhesive for composite bonding.
Example 2: Fast-Curing Epoxy Adhesive for Automotive Repairs

e Resin: Low-viscosity DGEBA for easy application.

o Hardener: Polymercaptan for ultra-fast curing.

o Additives: Thixotropic agents to prevent sagging.

e Result: Rapid bonding adhesive with strong impact resistance.
Example 3: Flexible Marine Epoxy Adhesive

« Resin: Modified epoxy with added flexibilizers.

o Hardener: Polyamide for high flexibility.

« Additives: Corrosion inhibitors, UV stabilizers.

o Result: Waterproof, impact-resistant adhesive for marine applications.

Selecting the right components for a two-component epoxy adhesive formulation is critical to
achieving the desired performance characteristics. The choice of resin, hardener, and additives
must align with the intended application, ensuring optimal curing, bond strength, and
environmental resistance. By understanding the properties and interactions of these components,
formulators can develop high-performance epoxy adhesives tailored to a wide range of industrial

and commercial applications.



Optimization of Adhesive Properties:

Tailoring Viscosity, Work Time, Strength, and Chemical Resistance

Optimizing the properties of a two-component epoxy adhesive involves fine-tuning its viscosity,
work time, strength, and chemical resistance to meet the specific demands of its application.
Achieving the ideal balance requires careful selection of raw materials, additives, and
formulation techniques, taking into account environmental factors, curing conditions, and
intended performance. This chapter outlines the key factors to consider when optimizing these

properties and the strategies used to tailor the adhesive's characteristics for specific needs.

1. Viscosity Control: Ensuring Ease of Application and Handling

Viscosity is a critical property that determines how easily the adhesive can be applied to the
substrate, spread across surfaces, and fill gaps in bonding. Both the resin and hardener contribute
to the final viscosity, and adjustments can be made based on the adhesive's intended application

(e.g., spreading, injection, or bonding of large or small surfaces).
Key Factors Influencing Viscosity:

e Resin Molecular Weight and Structure: Higher molecular weight resins result in
higher viscosity. Low-molecular-weight liquid epoxy resins are ideal for low-viscosity
formulations, allowing for easy application.

o Hardener Type: Solid or viscous hardeners, such as certain aromatic amines, tend to
increase the adhesive's viscosity. Using low-viscosity curing agents, such as amines or

thiols, helps reduce the overall viscosity.

o Additives and Fillers: The incorporation of thixotropic agents (like fumed silica),
rheological modifiers, or low-viscosity solvents can help control and adjust viscosity.
Fillers (e.g., glass microspheres, silica) may increase viscosity, but they can also
reinforce the adhesive, making it stiffer.

Optimizing Viscosity for Specific Applications:



Thick or Gap-Filling Adhesives: For applications where the adhesive must fill gaps or
create a thick bond, using fillers such as silica or glass beads helps to improve the gap-

filling capability while managing the viscosity.

Injection Molding or Automated Dispensing: Low-viscosity formulations are ideal to
ensure the adhesive flows smoothly during automatic application, avoiding clogging or

inconsistency.

Surface Bonding: Medium-viscosity adhesives are appropriate for surface bonding

applications, ensuring the adhesive spreads evenly without excessive dripping.

2. Work Time (Pot Life): Balancing Curing Speed and Application Flexibility

Work time, also known as pot life, refers to the period during which the mixed epoxy adhesive

remains usable before it begins to cure. The work time is a crucial consideration in applications

that require extended manipulation or adjustment, such as during assembly, positioning, or

adjustments to alignment.

Key Factors Affecting Work Time:

Hardener Reactivity: The choice of hardener greatly affects work time. Fast-reacting
hardeners like amines and thiols shorten work time, while slower-reacting anhydrides or

cycloaliphatic amines extend it.

Curing Temperature: Higher curing temperatures generally reduce the work time by
accelerating the reaction between resin and hardener. Conversely, lower temperatures

extend work time but may require additional curing time for full strength.

Additives for Work Time Control: To extend pot life, formulators can add retarders or
inhibitors, such as quaternary ammonium salts, which slow down the curing process

without compromising adhesive strength.

Optimizing Work Time for Specific Needs:



Quick Assembly/Repair: If rapid bonding is required, especially in automated or high-
volume settings, a fast-curing resin with a short work time may be desired. Thiol-based

hardeners or amine hardeners work well in this case.

Complex Assembly: For applications requiring alignment or adjustment of parts before
setting, a formulation with a longer pot life is beneficial. Using a slower hardener or

adding retarders can help extend work time without affecting the ultimate strength.

3. Strength and Mechanical Properties: Enhancing Bonding Performance

The strength of the adhesive—particularly tensile, shear, and impact strength—determines how

well the adhesive will hold up under mechanical stress. This property is essential for structural

bonding, where the adhesive must withstand significant forces and vibrations.

Key Factors Influencing Strength:

Resin Selection: DGEBA-based resins offer good tensile and shear strength. Modified
resins, such as Novolac or phenolic epoxy resins, improve thermal stability and

mechanical strength in demanding environments.

Curing Agent Selection: Aromatic amine-based hardeners generally enhance the
strength and rigidity of the adhesive bond. For applications requiring high strength, a
higher crosslinking density achieved through aromatic amines or anhydride hardeners is

critical.

Fillers and Reinforcements: The inclusion of fillers like glass fibers, carbon fibers, or
aramid fibers improves tensile strength and impact resistance. However, excessive fillers

can negatively affect the flexibility and workability of the adhesive.

Optimizing Strength for Specific Applications:

High-Strength Structural Bonding: For bonding structural materials, such as metals or

composites, use high-performance resins (e.g., DGEBA) and hardeners like aromatic



amines. Reinforcing the adhesive with glass fibers or carbon fibers enhances its

mechanical strength.

Flexible Bonds: For applications that require some degree of flexibility (e.g., automotive
or aerospace), using rubber-modified resins or polyamide-based hardeners will improve
the adhesive's impact resistance and elongation.

4. Chemical Resistance: Ensuring Durability in Harsh Environments

Chemical resistance is crucial for adhesives used in environments where exposure to solvents,

acids, bases, or other chemicals is common. Epoxy adhesives must be formulated with

components that provide a durable bond capable of withstanding these conditions.

Factors Affecting Chemical Resistance:

Resin Type: Novolac resins are highly resistant to harsh chemicals and are ideal for
applications that involve exposure to oils, acids, or solvents. Cycloaliphatic epoxies are

often used when UV stability and weathering resistance are critical.

Hardener Type: Hardeners such as anhydrides or aromatic amines provide excellent

chemical resistance, particularly in high-temperature and high-stress environments.

Additives for Chemical Resistance: Incorporating chemical stabilizers, such as
antistatic agents or corrosion inhibitors, can help improve resistance to environmental

factors like humidity, UV radiation, or saltwater exposure.

Optimizing Chemical Resistance for Specific Applications:

Marine and Offshore Applications: In applications exposed to saltwater, Novolac

resins combined with anhydride hardeners offer superior chemical and water resistance.

Industrial Chemical Exposure: For bonding components in industries where chemicals
are prevalent, using cycloaliphatic epoxies with appropriate fillers ensures high chemical

resistance while maintaining strength.



Achieving Tailored Epoxy Adhesive Properties

The optimization of epoxy adhesive properties is a delicate balance of resin, hardener, and
additive selection, adjusted to meet the specific needs of the application. By focusing on
viscosity control, work time, strength, and chemical resistance, formulators can tailor epoxy
adhesives for a wide range of industries, from automotive and aerospace to electronics and
construction. Fine-tuning each property ensures the adhesive performs under demanding

conditions, offering strong, durable, and reliable bonds for critical applications.

Curing Mechanisms:

Exploring Curing Agents and Accelerators for Epoxy Adhesives

Curing is a critical step in the performance of epoxy adhesives. The curing mechanism
transforms the liquid epoxy resin into a solid, durable thermoset polymer. This process involves
a chemical reaction between the resin and the curing agent (or hardener), leading to the
formation of a crosslinked network that imparts strength, heat resistance, and chemical durability
to the adhesive. The choice of curing agent and the incorporation of accelerators are essential
factors that influence curing time, temperature sensitivity, and ultimately, the adhesive's final

performance.

1. Types of Curing Agents (Hardeners)

The curing agent, or hardener, is one of the primary components in the curing process, and its
chemical structure directly affects the final properties of the cured epoxy adhesive. Different
hardeners vary in their reactivity, curing time, and thermal stability. Below are the most

commonly used types of curing agents for epoxy systems.



a) Amine-Based Hardeners

Amines are the most widely used curing agents for epoxy resins. They are divided into several

categories based on their structure and curing characteristics.

o Aliphatic Amines: These are fast-curing hardeners that promote quick crosslinking at
ambient temperatures. They are often used for applications requiring rapid bonding but
may not offer the best chemical or thermal resistance. Examples include
triethylenetetramine (TETA) and diethylenetriamine (DETA).

e Aromatic Amines: Aromatic amines are slower curing but offer better thermal stability,
chemical resistance, and overall performance. They are used in high-performance
adhesives for demanding environments. Examples include isophorone diamine (IPD) and
methylene dianiline (MDA).

o Polyamide Hardeners: Polyamides are formed from the reaction of dimerized fatty
acids and amines, providing a longer working time and good flexibility in the cured
adhesive. Polyamide-based hardeners are used in adhesives for automotive and industrial

applications where stress resistance and flexibility are required.

e Cyclic Amine Hardeners: These hardeners offer a balance of curing speed and
flexibility. Cycloaliphatic amines are widely used in adhesives requiring high UV

resistance and moisture stability, such as in outdoor and electrical applications.
b) Anhydride Hardeners

Anhydride-based curing agents react with the epoxy resin at elevated temperatures, forming a
highly crosslinked, durable network. Anhydride curing agents are preferred when high-
temperature resistance and excellent mechanical properties are required. They also provide better

resistance to moisture and chemicals.

o Examples: Phthalic anhydride, hexahydrophthalic anhydride (HHPA), and
methylhexahydrophthalic anhydride (MHHPA).



Anhydride-curing systems typically require a curing temperature of 120°C to 180°C to achieve
optimal crosslinking. While they provide excellent thermal and chemical resistance, they

generally have longer curing times and are more temperature-dependent.
¢) Thiol-Based Hardeners

Thiol-based hardeners are reactive agents containing sulfur (-SH) groups. When combined with
the epoxy resin, these agents initiate a curing reaction that is typically faster than amines, and can
be cured at room temperature. Thiol-based curing systems offer improved chemical resistance,

particularly to oils and solvents, and provide good low-temperature flexibility.
o Examples: 1,2-ethanedithiol (ETD) and mercaptan compounds.

These systems are increasingly used for applications where quick bonding and flexibility are

desired.

2. Accelerators and their Role in Curing

While curing agents drive the crosslinking process, accelerators or catalysts are often added to
speed up the reaction between the resin and hardener. Accelerators are particularly useful in
systems where long curing times would otherwise be a hindrance, such as in production lines

with high throughput or in low-temperature environments.
a) Amine-Based Accelerators

Amine-based accelerators are often used in combination with polyamine or polyamide hardeners.
These accelerators lower the activation energy of the reaction, promoting faster curing at room

temperature and improving the handling time. Common accelerators include:

o Imidazole Compounds: Imidazoles are commonly used to accelerate the reaction
between amine-based hardeners and epoxy resins. They significantly shorten the curing
time without compromising the mechanical properties of the adhesive. Examples include

2-methylimidazole and 1,2-dimethylimidazole.



o Polymeric Accelerators: Polymeric accelerators can also be used to extend pot life while
still providing quicker curing once the mixture is applied. These are especially useful in

applications requiring work time flexibility combined with fast final curing.
b) Metal-Based Accelerators

Certain metal compounds are effective in accelerating the curing process, particularly for

anhydride systems or polyamine-based systems.
o Examples: Zinc stearate, cobalt octoate, and copper-based catalysts.

Metal accelerators are typically used for applications requiring high-temperature curing, such as
in automotive or aerospace bonding. These accelerators speed up the curing process by reducing

the time required to reach full hardness and strength.
¢) Organic Accelerators

Organic accelerators are often used to facilitate the curing of epoxy resins in low-temperature
applications. They are typically used in systems with thiol-based or amine-based hardeners and

can help reduce the curing time in colder environments.

o Examples: Dicyandiamide (DICY) is a common organic accelerator, particularly for

epoxy systems that require elevated temperatures for full curing.

3. Factors Affecting Curing Time and Temperature Sensitivity

Curing time and temperature sensitivity are critical parameters in the performance of epoxy
adhesives, and their management is crucial for optimizing adhesive formulations. These factors
are influenced by the curing agent, accelerator, and resin system, as well as external factors like

ambient temperature and humidity.
a) Temperature Sensitivity

The curing temperature plays a significant role in the rate at which the epoxy resin hardens.

Curing at low temperatures (below 25°C) generally leads to longer curing times, while elevated



temperatures accelerate the curing process. The sensitivity of a system to temperature can be

managed by carefully selecting curing agents and accelerators.

e Low-Temperature Curing: Systems that need to be applied at low temperatures or
require extended handling time benefit from slower-reacting amines or thiol-based

hardeners.

e High-Temperature Curing: Anhydride curing systems are ideal for high-temperature
applications as they offer improved performance in extreme conditions, though they

require a carefully controlled curing environment.
b) Curing Time

The curing time is determined by both the reactivity of the resin-hardener combination and the
temperature at which the curing takes place. Fast-curing systems are useful in production
environments where speed is essential, but they may not be appropriate for applications requiring

a longer pot life or additional handling time.

o Faster Curing Agents: Amine-based or thiol-based systems, combined with

accelerators, reduce curing time at ambient or elevated temperatures.

o Slower Curing Systems: Anhydride hardeners, combined with mild accelerators, offer

controlled curing over longer periods, ideal for high-performance applications.

4. Performance Considerations in the Curing Process

The curing process directly impacts the mechanical, thermal, and chemical performance of the
epoxy adhesive. Understanding how different curing agents and accelerators influence these

factors allows formulators to optimize adhesive formulations for their intended applications.
a) Strength and Durability

The correct choice of curing agent ensures that the adhesive achieves the desired bond strength,

impact resistance, and durability. Faster-curing systems may offer quicker initial strength but



may not develop full strength over time, while slower curing systems tend to offer better long-

term performance.
b) Chemical and Thermal Resistance

The chemical resistance of the adhesive is largely determined by the resin-hardener combination
and its curing mechanism. Anhydride and aromatic amine-based systems offer superior chemical
and thermal resistance, making them ideal for heavy-duty applications, such as automotive and

industrial bonding.

: Customizing Curing for Optimal Performance

The choice of curing agent and accelerator is paramount in defining the curing time, temperature
sensitivity, and overall performance of an epoxy adhesive. By understanding the various curing
mechanisms, formulators can customize epoxy adhesives for different applications, ensuring that
the final product meets the required specifications for strength, chemical resistance, and
processing time. Tailoring the curing system allows manufacturers to achieve the optimal

balance between curing speed and ultimate adhesive performance.

Additives and Fillers:

Modifying Epoxy Adhesives for Enhanced Performance

Additives and fillers are essential components in epoxy adhesive formulations, offering a wide
range of performance improvements. By adjusting the properties of the adhesive, such as
viscosity, flexibility, strength, gap-filling ability, and environmental resistance, formulators can
tailor epoxy adhesives to meet the specific needs of various applications. The role of each

additive depends on the desired characteristics of the final product, whether it's enhancing the



adhesive's mechanical properties, improving processing efficiency, or adapting the adhesive for

specialized uses.

1. Fillers in Epoxy Adhesives

Fillers are materials added to epoxy adhesives to modify their properties, reduce costs, improve
physical properties, or provide specific functional characteristics. The choice of filler influences

aspects such as strength, thermal conductivity, hardness, and electrical properties.
a) Inorganic Fillers

Inorganic fillers are widely used in epoxy formulations to improve strength, durability, and

thermal properties. Some common inorganic fillers include:

« Silica (Fumed and Precipitated): Silica is commonly used to enhance the viscosity of
the epoxy, increase its hardness, and improve its thermal stability. Fumed silica can also
improve the thixotropic behavior, preventing the adhesive from sagging on vertical

surfaces.

e Calcium Carbonate (CaCOs): This filler is used to reduce the cost of the adhesive while
improving its impact resistance and workability. It also helps reduce shrinkage during

curing.

e Aluminum Hydroxide: Often used in flame-retardant formulations, aluminum
hydroxide reduces flammability by releasing water vapor during combustion. It also

increases the adhesive's thermal stability.

o Talc and Clay: These fillers help increase viscosity and improve gap-filling ability. They
are useful in applications where the adhesive needs to fill voids and create a smooth

surface.
b) Organic Fillers

Organic fillers are typically used to enhance the flexibility and impact resistance of the cured

adhesive. Examples include:



e Wood Flour: Wood flour is used in epoxy adhesives to increase the gap-filling ability
and provide a low-cost option for certain types of bonding applications, such as

woodworking and furniture repairs.

o Cotton Fiber and Natural Fibers: These fibers improve the adhesive’s flexibility and
provide reinforcement, making them ideal for applications requiring both bonding

strength and toughness.

2. Plasticizers: Enhancing Flexibility

Plasticizers are compounds added to epoxy adhesives to increase flexibility, reduce brittleness,
and improve flow properties. By reducing the glass transition temperature (Tg) of the cured
adhesive, plasticizers enable the adhesive to maintain its performance at lower temperatures,

improving the overall impact resistance.
a) Common Plasticizers Used in Epoxy Formulations

« Phthalates: Phthalate esters, such as dioctyl phthalate (DOP), are widely used
plasticizers that increase flexibility, reduce viscosity, and improve flow during
processing. However, there is growing concern about their potential toxicity, leading to

the development of safer alternatives.

o Adipates and Citrates: These plasticizers provide low volatility and better thermal
stability compared to phthalates, making them suitable for applications where heat

resistance is important.

o Epoxidized Soybean Oil (ESO): ESO is an eco-friendly plasticizer often used in
combination with other plasticizers. It not only enhances the flexibility but also improves
the environmental sustainability of the adhesive.

b) Effect of Plasticizers on Epoxy Properties



o Increased Flexibility: Plasticizers make the epoxy resin more flexible, which is
particularly useful in applications where the adhesive needs to withstand movement or

thermal expansion.

o Reduced Brittleness: Adding plasticizers to epoxy reduces the tendency to crack under
stress or extreme temperatures, enhancing the long-term durability of the adhesive.

o Lower Viscosity: Plasticizers can reduce the viscosity of the epoxy resin, making it

easier to apply in thin layers or to fill small gaps in joint areas.

3. Thickeners: Controlling Viscosity

Thickeners are added to epoxy adhesives to modify their viscosity, providing the proper
consistency for different application methods. Proper viscosity is critical for achieving good flow
characteristics, maintaining uniform thickness, and preventing the adhesive from running or

sagging in vertical or overhead applications.
a) Types of Thickeners

o Cellulose Derivatives (e.g., Hydroxyethyl Cellulose): These are commonly used
thickeners that can provide high viscosity without significantly affecting the cure rate.
They are especially effective for water-based epoxies and help improve the overall

adhesion properties.

« Polyamide Resins: These resins are used to thicken epoxy adhesives and improve their

tackiness, which helps in bonding difficult substrates like metals and plastics.

« Fumed Silica: As mentioned earlier, fumed silica is a versatile thickener that increases
the viscosity of the resin, providing thixotropic behavior that allows the adhesive to stay

in place when applied to vertical or overhead surfaces.

o Clay Minerals: Clay, such as bentonite, is another filler that acts as a thickener,
providing rheological control and improving the suspension of other additives or fillers

within the resin.



b) Impact of Thickeners on Performance

Improved Handling: By adjusting viscosity, thickeners allow for better control over the
adhesive's application, particularly for vertical or large-area bonding, where the adhesive

must resist gravity.

Controlled Flow Properties: Thickeners help the adhesive maintain a controlled flow,

which is essential in applications where precise bead placement or gap filling is required.

Prevention of Settling: Thickeners prevent fillers and other ingredients from settling

during storage, ensuring uniform consistency throughout the product’s shelf life.

4. Other Additives: Tailoring Specific Properties

In addition to fillers, plasticizers, and thickeners, a variety of other additives can be incorporated

into epoxy adhesives to achieve specific performance characteristics.

a) Antioxidants and Stabilizers

Purpose: Antioxidants are added to prevent the degradation of the epoxy resin due to
exposure to oxygen, light, or heat. They prolong the shelf life of the product and improve

its long-term durability, particularly in outdoor or high-temperature applications.

Examples: Butylated hydroxytoluene (BHT) and hindered amine light stabilizers

(HALS) are common antioxidants used in epoxy formulations.

b) UV Stabilizers

Purpose: UV stabilizers are incorporated into epoxy adhesives used in outdoor or
exposed applications to protect the adhesive from degradation caused by ultraviolet (UV)

radiation.

Examples: Benzophenone derivatives and UV-absorbing compounds are added to

prevent the yellowing and brittleness caused by UV exposure.

¢) Colorants and Pigments



e Purpose: Colorants are added to epoxy adhesives for aesthetic purposes, such as

matching specific color requirements or improving product visibility during application.

o Examples: Titanium dioxide (for white color) and iron oxide (for red or brown hues) are

often used, with the additional benefit of improving UV stability.
d) Rheology Modifiers

o Purpose: Rheology modifiers are additives that help control the flow behavior of the
epoxy resin under various conditions. These additives are particularly important in

formulations designed for high-precision applications or for coatings that need to resist

sagging.

5. Enhancing Gap-Filling Ability

One of the key attributes that many epoxy adhesives are known for is their excellent gap-filling
capability. The incorporation of certain fillers and additives can improve this property, making

the adhesive ideal for applications where surfaces are uneven or difficult to bond.
a) Expanding Fillers

Some fillers, such as microspheres or hollow glass beads, help the epoxy expand to fill large
gaps between substrates. These fillers reduce the adhesive's overall density while maintaining

structural integrity, making the adhesive ideal for lightweight, gap-filling applications.
b) Thixotropic Agents

Thixotropic agents, often used in combination with thickening agents like fumed silica, improve
the gap-filling properties by enhancing the adhesive's ability to stay in place after application.
This is particularly useful in situations where the adhesive must remain in the joint area without

dripping or flowing away.

: Tailoring Epoxy Adhesives with Additives and Fillers



The careful selection and incorporation of additives and fillers into epoxy adhesive formulations
provide formulators with the flexibility to meet the diverse requirements of various applications.
Whether adjusting the adhesive’s viscosity, enhancing its gap-filling ability, improving
flexibility, or increasing its thermal and chemical resistance, each additive plays a vital role in
optimizing the adhesive's performance. Understanding how these components interact allows
manufacturers to fine-tune the properties of the epoxy to achieve the best possible results for

their specific needs.

Industrial Applications of Epoxy Adhesives:

Real-World Case Studies

Epoxy adhesives are versatile materials with a broad range of industrial applications, known for
their exceptional bonding strength, durability, and resistance to environmental factors. They are
used across multiple industries to solve complex engineering challenges, from automotive and
aerospace to electronics and construction. Below, we explore real-world case studies that
demonstrate how epoxy adhesives are applied in various industries.

1. Automotive Industry: High-Strength Bonding for Lightweight Components
Case Study: Structural Bonding in Car Manufacturing

Application: In the automotive industry, epoxy adhesives are crucial for bonding lightweight
composite materials, such as carbon fiber-reinforced plastics (CFRP) and fiberglass, to metal
parts. These adhesives are particularly useful in electric vehicles (EVs) and high-performance

cars where reducing weight is critical for energy efficiency and speed.

Real-World Example:
In the production of the Tesla Model 3, epoxy adhesives are used to bond parts of the vehicle's

body and frame. These adhesives are critical for joining aluminum and composite parts, as they



not only provide superior adhesion but also contribute to the overall strength of the vehicle,
improving safety and structural integrity. The lightweight nature of the epoxy adhesive reduces

vehicle weight, contributing to improved fuel efficiency and battery performance in EVs.
Benefits:

« Enhanced bonding strength with minimal weight addition

o Ability to bond dissimilar materials (e.g., metals and composites)

e Superior resistance to temperature fluctuations and vibrations

2. Electronics Industry: Conductive and Insulative Adhesives for Microelectronics
Case Study: Epoxy for Semiconductor Packaging

Application: Epoxy adhesives are widely used in the electronics industry for assembling and
protecting delicate components, particularly in semiconductor packaging. They provide reliable
bonding solutions for microchips, sensors, and printed circuit boards (PCBs), offering both

electrical conductivity (in some cases) and insulation (in others).

Real-World Example:

In the assembly of smartphones, tablets, and computers, epoxy adhesives are used to bond
microchips to PCBs and encapsulate sensitive electronic components. One specific use is in the
application of underfill epoxy adhesives that protect the delicate solder joints between a
microchip and the PCB. These underfill materials prevent mechanical stress and environmental
factors from damaging the components, ensuring long-term reliability.

Additionally, conductive epoxies are used in the manufacture of components like resistors and

capacitors, where electrical conductivity is needed to connect circuits.
Benefits:
« Ability to withstand high temperatures, ensuring durability of sensitive electronics

« Customizable to be electrically conductive or insulating based on requirements



« Effective in microbonding small and delicate components

3. Aerospace Industry: Structural Bonding for Aircraft and Satellites
Case Study: Bonding Aircraft Panels and Composite Materials

Application: In the aerospace industry, epoxy adhesives are essential for bonding advanced
materials like carbon fiber, aluminum, and composites used in aircraft manufacturing. These
adhesives must withstand extreme conditions, including high temperatures, vibrations, and

pressure changes during flight.

Real-World Example:

Epoxy adhesives are used in the construction of commercial airplanes, such as the Boeing 787
Dreamliner, where they bond composite materials to form the aircraft's fuselage and wing
components. The use of epoxy reduces the overall weight of the plane, which is crucial for fuel
efficiency. The epoxy adhesives used in this case are designed to provide high tensile strength,

excellent fatigue resistance, and long-term durability under extreme environmental conditions.

Moreover, in satellite manufacturing, epoxy adhesives are used to assemble delicate electronic
instruments and protect them from radiation and extreme temperatures. They are also used for
bonding lightweight materials like carbon fiber-reinforced polymer (CFRP) that are essential for

satellite structures.
Benefits:
o Exceptional strength-to-weight ratio, critical for reducing aircraft weight
e Resistance to temperature extremes, UV radiation, and mechanical stresses

e Longevity and durability in high-performance applications

4. Construction Industry: High-Performance Bonding for Structural Integrity

Case Study: Epoxy Adhesives for Concrete Repair and Bonding



Application: In construction, epoxy adhesives are widely used for bonding concrete, metal,
glass, ceramics, and other materials. They are especially valuable in repairing and restoring
damaged structures, such as bridges, buildings, and roads. Epoxy is also used for sealing joints
and cracks, providing high durability and long-lasting performance.

Real-World Example:

Epoxy adhesives have been used in the repair of large-scale concrete structures, such as highway
overpasses and bridges. For example, in the restoration of a critical bridge in the United States,
epoxy-based adhesives were used to bond steel reinforcements to cracked concrete to restore
structural integrity. The high bond strength of these adhesives, coupled with their resistance to

environmental factors like moisture, makes them ideal for such applications.

In addition, epoxy is used as a binding agent in the installation of heavy-duty flooring in
warehouses and manufacturing facilities. It helps create strong bonds between the concrete

substrate and the flooring material, ensuring long-lasting durability under heavy traffic and wear.
Benefits:

o High tensile strength and bonding performance

« Resistance to water, chemicals, and extreme weather conditions

o Excellent adhesion to concrete and other construction materials

5. Marine Industry: Epoxy for Boat Building and Repairs
Case Study: Bonding and Sealing in Boat Construction

Application: In the marine industry, epoxy adhesives are used for bonding wood, fiberglass,
aluminum, and composite materials used in boat building and repair. The adhesives must be

resistant to water, salt, and the corrosive effects of the marine environment.

Real-World Example:
Epoxy adhesives are used in the construction of luxury yachts and commercial ships. One

common application is bonding fiberglass layers to create the hull of the boat. Epoxy's ability to



create strong bonds with materials that are exposed to water and harsh conditions is crucial for
the durability of marine vessels. Additionally, epoxy is used for sealing joints and gaps to

prevent water leakage, enhancing the waterproof performance of the vessel.

In boat repair, epoxy adhesives are used to patch up cracks and holes in fiberglass and wooden
boat hulls. These adhesives provide excellent adhesion and flexibility, which are essential in

maintaining the structural integrity of the boat.

Benefits:
o Excellent water resistance, preventing leaks and ensuring waterproofing
« High bond strength that withstands harsh marine conditions

« Durability and flexibility to cope with thermal and mechanical stresses

6. Wind Energy: Epoxy for Blade Manufacturing and Bonding
Case Study: Epoxy in Wind Turbine Blade Production

Application: The wind energy industry relies on epoxy adhesives for bonding and assembling
wind turbine blades, which are often made of composite materials like fiberglass and carbon
fiber. These adhesives must withstand extreme weather conditions, including high winds, UV

radiation, and temperature fluctuations.

Real-World Example:

In the production of wind turbine blades, epoxy adhesives are used to bond the internal core
structures of the blades to the outer fiberglass layers. Epoxy’s exceptional mechanical properties
and resistance to environmental degradation make it an ideal choice for maintaining the long-
term performance of wind turbine blades, which must endure constant stress and harsh

conditions over decades.
Benefits:

e Long-term durability in harsh weather conditions



« High strength-to-weight ratio, critical for lightweight turbine blades

e Resistance to UV radiation, reducing degradation over time

Epoxy Adhesives in Diverse Industries

Epoxy adhesives play a vital role in numerous industries, providing innovative bonding solutions
for a wide range of applications. Whether in the automotive, aerospace, electronics, construction,
marine, or wind energy sectors, the versatility and performance of epoxy adhesives continue to
drive technological advancements. By offering high strength, durability, and resistance to
extreme conditions, these adhesives help industries meet their specific challenges, ultimately

contributing to the development of stronger, lighter, and more efficient products.

Basic Two-Component Epoxy Adhesive Formulation

Here's a basic formulation for a two-component epoxy adhesive, including both the epoxy resin
and hardener components, as well as the detailed steps for mixing, application, and curing. The

formulation is designed to provide strong adhesion and excellent durability.

Formula#l

Component A (Epoxy Resin)

Ingredient Chemical Name CAS Function % by
Number Weight
Epoxy Resin  Bisphenol-A Epichlorohydrin 25068-38-6 Base resin that forms the 60-80%

Epoxy Resin (DGEBA) adhesive bond



Fillers Silica, Microspheres 112926-00-8 = Modifies viscosity, improves = 1-10%
(Optional) (Silica) adhesion and gap-filling

Component B (Hardener)

Ingredient Chemical Name CAS Function % by
Number Weight
Hardener Triethylenetetramine (TETA - Amine- = 112-24-3 Crosslinks with resin ~ 20-40%
based Hardener) for curing
Accelerators 2-Ethyl-4-methylimidazole 90160-02-6 = Speeds up curing 0.1-2%
(Optional) (Accelerator) time

Basic Formula Breakdown
e Component A (Epoxy Resin):
o Epoxy Resin (DGEBA): 60-80%
o Fillers (Optional, e.g., silica or microspheres): 1-10%
e Component B (Hardener):
o Hardener (Amine-based, e.g., Triethylenetetramine - TETA): 20-40%

o Accelerators (Optional): 0.1-2%

Instructions
1. Mixing:

o Keep Component A (epoxy resin) and Component B (hardener) separate until

ready for use.



o Mix Component A and Component B in the specified proportions (based on the
desired ratio of resin to hardener). Typically, a 2:1 or 1:1 ratio is used, but this can

vary depending on the specific resin and hardener chosen.

o Ensure thorough mixing to achieve a homogeneous blend.

2. Application:

o Apply the mixed epoxy adhesive directly onto the surfaces to be bonded.

o Ensure the surfaces are clean, dry, and free of contaminants (dust, grease, oil,

etc.).

o For best results, roughen the surfaces slightly to improve adhesion.

3. Curing:

Notes:

o Allow the adhesive to cure as per the product instructions, which typically

provide guidance on curing time and temperature.

o Curing times can vary based on the specific resin and hardener selected, and

whether accelerators are used.

o Curing is complete when the adhesive is hard, fully bonded, and can withstand

handling or stress.

Compatibility Test: Always conduct small-scale tests before full-scale application to

ensure compatibility and performance meet expectations.

Safety: Follow safety guidelines and regulations when handling chemicals. Work in well-
ventilated areas, wear appropriate protective equipment (gloves, goggles, etc.), and

follow the safety data sheets (SDS) for each component.



Advantages of Two-Component Epoxy Adhesives:

« High Bonding Strength: Provides excellent bonding to metals, plastics, wood, and

ceramics.

o Durability: Offers resistance to temperature fluctuations, moisture, chemicals, and

mechanical stresses.

o Customization: By adjusting the proportions of resin and hardener, and including
optional fillers or accelerators, the adhesive's properties can be tailored for different

applications.

This basic two-component epoxy adhesive formula can be modified by changing the resin,
hardener, or additives to meet specific requirements, such as faster curing, better gap-filling, or

improved environmental resistance.



Two-Component Epoxy Adhesive Formula

This is a two-component epoxy adhesive formula, designed for high-performance applications.

The improvements aim to enhance its bonding strength, durability, workability, and resistance to

environmental factors like temperature, moisture, and chemicals.

Formula#2

Ingredient

Epoxy
Resin

Epoxy
Resin
(Modified)

Hardener

Accelerator

Chemical Name

Bisphenol A-Epichlorohydrin Epoxy

Resin (DGEBA)

Novolac Epoxy Resin

Aliphatic Amine Hardener
(Triethylenetetramine - TETA)

2-Ethyl-4-Methylimidazole

CAS

Number

25068-
38-6

28064-
14-4

112-24-
3

90160-
02-6

Function

Base resin for
forming
adhesive bond

Provides high
heat resistance
and better
bonding to

metals

Crosslinks
with resin,

curing agent

Speeds up

curing time

% by
Weight

45.00%

10.00%

30.00%

1.50%

Processing

Mix with
hardener at
ambient

temperature

Incorporate
into the resin
blend for
enhanced heat

resistance

Slowly mix
with the epoxy
resin at a
controlled
temperature
(room

temperature)

Add after resin
and hardener
mixture, stir to
activate faster

curing



Fillers

Plasticizer

Toughening

Agent

Thickener

Adhesion

Promoter

Antioxidant

Silica Fume (Amorphous Silica)

Butyl Phthalate

Epoxy-Polyamide Toughening Agent

Bentonite Clay

Silane Coupling Agent (Gamma-
Methacryloxypropyltrimethoxysilane)

Irganox 1010

69012-
64-2

85-68-7

9003-
27-4

1302-
78-9

2530-
83-8

6683-
19-8

Enhances
viscosity and

thixotropy

Improves
flexibility and
workability

Increases
impact and

shear strength

Modifies
viscosity and
improves gap-
filling

Enhances
adhesion to
substrates
such as metals

and plastics

Prevents
degradation
during curing
and improves
shelf life

5.00%

3.00%

3.00%

2.00%

1.00%

0.50%

Blend
thoroughly for
uniform

dispersion

Add into resin
phase, mix well
to ensure
uniform

consistency

Stir into the
resin system to
enhance
mechanical

properties

Slowly
disperse into
resin mixture,
maintain
stirring to
prevent

clumping

Incorporate
into resin
mixture to
improve
substrate
bonding

Mix into the
resin blend
before adding
hardener to

prevent



uv

Stabilizer

Solvent

Curing
Agent

Reactive

Diluents

Colorant

Benzotriazole Derivative (Tinuvin
1130)

Acetone

Polyamine (Polyetheramine)

Cycloaliphatic Epoxy Resin

Carbon Black

3896-
11-5

67-64-1

9046-
10-0

28064-
14-4

1333-
86-4

Protects 0.50%
adhesive from

uv

degradation,

improves

longevity

Used for As
thinning and needed

cleaning

Ensures full 8.00%
crosslinking
and higher

bond strength

Modifies

viscosity,

1.50%

improves flow
properties,
and reduces

cure time

Provides 0.50%
color,
improving

visual appeal

oxidation

during storage

Add to resin
phase to

prevent UV
degradation

over time

Use for
adjusting
viscosity or
cleaning
equipment
during

processing

Mix with
hardener to
activate curing
process at
ambient

temperature

Incorporate
into the resin
phase to reduce
viscosity for
easier

application

Add to resin
phase, disperse
evenly for
uniform

coloring



Processing Steps:
1. Preparation of Resin Blend:

o Start by weighing the specified amount of Bisphenol A-Epichlorohydrin Epoxy

Resin (DGEBA) and Novolac Epoxy Resin into a clean mixing container.

o Gradually incorporate the Plasticizer (Butyl Phthalate), Toughening Agent,
Fillers (Silica Fume), and Adhesion Promoter (Silane Coupling Agent) into the
resin mixture. Mix thoroughly to achieve uniform dispersion and ensure that the

resin is free from air bubbles.
2. Addition of Hardener:

o Inaseparate container, measure the required amount of Triethylenetetramine
(TETA) and Polyetheramine. Slowly combine the hardener blend with the

prepared resin mixture while continuously stirring to ensure even distribution.
3. Incorporating Additives:

o Add Accelerator (2-Ethyl-4-Methylimidazole) and UV Stabilizer (Tinuvin
1130) into the mixture to enhance curing speed and protect the adhesive from UV

degradation. Stir until the mixture becomes homogeneous.
4. Final Viscosity Adjustment:

o If necessary, adjust the viscosity by adding Solvent (Acetone) and Reactive
Diluents (Cycloaliphatic Epoxy Resin) to achieve the desired flow characteristics.

Continue mixing to ensure the solution is well blended.
5. Incorporating Colorant and Antioxidant:

o Introduce Carbon Black and Irganox 1010 to the mixture. Ensure the colorant is
evenly distributed throughout the adhesive for consistent color and the antioxidant

is mixed in to prevent degradation during storage.

6. Curing Process:



o Apply the adhesive to the substrates and allow it to cure under controlled
conditions (typically ambient temperature, with accelerated curing possible with
heat). The adhesive will undergo the chemical crosslinking process, solidifying to
form a high-strength bond.

This two-component epoxy adhesive formula is designed for high-performance bonding in
demanding applications such as automotive, aerospace, and electronics. The inclusion of
advanced resins, toughening agents, adhesion promoters, and additives enhances the adhesive's
mechanical properties, workability, and environmental resistance. The carefully balanced
formulation ensures excellent bonding strength, impact resistance, and durability, making it

suitable for critical bonding and sealing operations.

Hardener Composition B1 Preparation and Adhesive Results

Below is a detailed description of Hardener Composition B1, its preparation process, and the
performance of the resulting adhesives when combined with various resin compositions (Al to
A8). The hardener composition is designed for use in two-component epoxy adhesives and

provides various properties based on the choice of resin.

Hardener Composition B1:

Material wt %
Lupasol P 4
Jeffamine D400 14

Jeffamine T403 28



Jeffamine D2000 5

4,7,10-Trioxa-1,13-tridecanediamine 9

HYCAR ATBN X16 11
Ancamine K54 12
Wetting agent FC4430 0.3
Colorant TiO2 0.7
DICY: Amicure 1200G 4
Talc 1IN 4
Aerosil 380 8

Preparation of Hardener Composition B1:
1. Mixing Process:

o Materials to mix: Lupasol P, Jeffamine D400, Jeffamine T403, Jeffamine D2000,
4,7,10-Trioxa-1,13-tridecanediamine, HYCAR ATBN X16, Ancamine K54, and
Wetting agent FC4430.

o Process: These ingredients are mixed in a laboratory planetary mixer under

vacuum for about 30 minutes.
2. Additional Ingredients:

o Remaining Ingredients: After initial mixing, the colorant TiO2, DICY: Amicure
1200G, Talc 1N, and Aerosil 380 are added.

o Further Mixing: The mixture is then stirred for about 5 minutes, followed by a

scrape-down and an additional 30 minutes of mixing under vacuum.



Adhesive Testing:

The adhesives were prepared by combining Resin Compositions Al to A8 (from Example 3)

with Hardener Composition B1 in a 2:1 weight ratio (A:B). After mixing and curing for 7 days

at 23°C, various adhesive properties were tested, including lap shear strength, impact peel

strength, glass transition temperature (Tg), E-modulus, tensile strength, elongation at break, and

viscosity. The results for each resin composition are shown in Table

Adhesive Performance Data

Property Al/B1 | A2/B1 | A3/B1 | A4/B1 | A5/B1 | A6/B1 | A7/Bl | A8/B1
Lap shear strength [MPa] 21 19 20 21 20 19 19 18
Impact peel strength [N/mm] 30 25 28 30 32 38 39 36
Tg[°C.], DMA1Hz 76 78 75 74 72 62 66 58
E-modulus [MPa] 1050 | 680 850 850 - - - -
Tensile strength [MPa] 20 22 21 21 - - - -
Elongation at break [%0] 22 27 38 26 - - - -
Viscosity at 23°C (Pa - s) 42 9 11 27 30 34 44 15
Viscosity at 23°C (10 s—1 shear rate) | 81 26 31 55 55 60 81 31
Viscosity at 15°C (10 s—1 shear rate) | 120 24 34 63 75 77 110 27
Viscosity at 10°C (10 s—1 shear rate) | 180 55 82 111 115 114 169 51
Viscosity at 10°C (10 s—1 shear rate) | 183 38 68 128 145 183 179 56

Analysis of Results:




o Lap Shear Strength: All formulations show strong bonding capabilities, with strengths
ranging from 18 MPa to 21 MPa, indicating the adhesives provide high adhesion to

various substrates.

o Impact Peel Strength: The adhesives demonstrate good impact resistance, with the
highest strength observed in formulations A7/B1 and A8/B1 (39 N/mm and 36 N/mm,

respectively).

e Glass Transition Temperature (Tg): The adhesives vary in Tg, with formulations
A2/B1 and A1/B1 showing higher values (76°C to 78°C), which are beneficial for

temperature resistance.

e E-modulus and Tensile Strength: These values indicate the stiffness and strength of the
adhesives. Formulations A1/B1 and A2/B1 exhibit high E-modulus values, which reflect
their rigidity.

« Viscosity: The viscosity values show that these adhesives can be processed efficiently at
both room temperature (23°C) and lower temperatures (15°C and 10°C), with the

viscosity increasing as the temperature decreases.

These results demonstrate that the hardener composition B1, when combined with the
appropriate resin compositions, provides a versatile and high-performance epoxy adhesive with

excellent strength, impact resistance, and temperature stability.



Crystal Clear, Gap-Filling, Two-Part Epoxy Adhesive Formula

Formula#4

Component A (Epoxy Resin)

Ingredient

Epoxy Resin

Flexible

Epoxy Resin

Fillers

Talc

Plasticizer

Colorant

Clarifying
Agent

Chemical Name

Bisphenol A Epoxy
Resin (DGEBA)

Epoxy Resin
(flexible type)

Silica (fumed or

precipitated)

Magnesium Silicate
Di-2-ethylhexyl
Phthalate

Titanium Dioxide

Synthetic Wax

CAS No.

25085-
99-8

24937-
78-8

112945-
52-5

14807-
96-6

117-81-7

13463-
67-7

9002-88-
4

Function

Resin Base

Adds flexibility for gap
filling

Thickener &

Reinforcement

Improves gap-filling

properties

Increases flexibility and

reduces brittleness

White colorant for

clarity

Enhances clarity and

transparency

Preferred %

by Weight

50-65%

5-10%

5-10%

2-5%

1-3%

0.5-1%

0.5-1%



Component B (Hardener)

Ingredient Chemical Name CAS No. Function Preferred %
by Weight
Amine Cycloaliphatic Amine ~ 2855-13-  Curing Agent 25-35%
Hardener (e.g., D-230) 2
Polyamide Polyamide (C12-C14)  68441- Curing Agent & 10-15%
Resin 17-8 Adhesion Promoter
Accelerator 2-Methylimidazole 542-67-0  Speeds up curing 0.5-2%
time
Fillers Silica (Fumed) 112945-  Improves viscosity & 5-10%
52-5 gap-filling ability
Plasticizer Butyl Benzyl Phthalate  85-68-7 Increases workability 1-2%
and flexibility
Thixotropic Bentonite Clay 1302-78-  Controls viscosity, 1-2%
Agent 9 helps thicken

Processing Instructions:

1. Component A (Epoxy Resin):

o Mixing: In a clean container, combine the Bisphenol A Epoxy Resin with the
Flexible Epoxy Resin. Gradually add the Silica, Talc, and Plasticizer to thicken
the resin and enhance flexibility. Add Titanium Dioxide to achieve the desired
white, crystal-clear appearance, and use Synthetic Wax or Clarifying Agent to

improve transparency.

2. Component B (Hardener):



o

Mixing: In a separate container, combine the Cycloaliphatic Amine and
Polyamide Resin to create the curing agent. Add Silica to help reinforce the
adhesive's gap-filling properties. For better workability and curing time control,
add 2-Methylimidazole as an accelerator and Butyl Benzyl Phthalate as a
plasticizer. Add Bentonite Clay as a thixotropic agent to control the viscosity and

help the adhesive stay in place during application.

3. Mixing of Components A and B:

@)

Proportions: Mix Component A and Component B at a 2:1 ratio by weight
(A:B).

Mixing Process: Thoroughly mix the two components until homogeneous,
ensuring that the fillers and additives are evenly distributed throughout the

mixture. Use a low-shear mixer to avoid introducing air bubbles.

4. Application:

o

o

Apply the mixed adhesive to the surfaces to be bonded. Ensure that the surfaces

are clean, dry, and free from any contaminants.

The adhesive should fill gaps effectively while maintaining its crystal-clear

appearance.

5. Curing:

o

Curing Time: Allow the adhesive to cure at room temperature (23°C). The curing
time will depend on the resin/hardener ratio and may take 24 to 48 hours to fully

cure.

Post-Cure (Optional): For enhanced mechanical properties, you can post-cure

the adhesive by heating it at 60-80°C for 2-4 hours.



Properties of the Crystal Clear, Gap-Filling Epoxy Adhesive:

Property Value

Appearance Crystal Clear

Viscosity 5000-15000 cP (at 25°C)
Gap-Filling Ability Excellent

Tensile Strength 30-50 MPa

Elongation at Break 5-10%

Bonding Strength (Lap Shear) 20-30 MPa

Glass Transition Temperature (Tg) | 70-85°C

Impact Resistance

High (Peak Peel Strength > 25 N/mm)

Curing Time (Room Temp)

24-48 hours

Key Features:

1. Crystal Clear: The formula uses high-quality resins and clarifying agents, making it

ideal for transparent and aesthetic applications.

2. Gap Filling: The blend of flexible resins, silica fillers, and thixotropic agents ensures

excellent gap-filling capability, making it suitable for uneven or poorly matched surfaces.

3. High Mechanical Strength: The formula provides robust bonding strength, even under

impact and stress.

4. Excellent Transparency: With the proper plasticizers and clarifying agents, the adhesive

remains clear, ensuring that the bond is visually appealing.




This two-part epoxy adhesive provides superior clarity, gap-filling capability, and high

mechanical strength, making it perfect for use in applications where both aesthetics and

performance are essential, such as glass bonding, electronics, and precision engineering.

Two-Part Epoxy Adhesive Formula for Metal Bonding

For a two-part epoxy adhesive designed specifically for metal bonding, the formulation needs

to provide strong adhesion, chemical resistance, durability, and the ability to withstand stress and

temperature variations. Here is an upgraded high-grade formula suitable for metal applications:

Component A (Epoxy Resin)

Ingredient

Epoxy Resin

Flexible
Epoxy Resin

Fumed Silica

Aluminum

Powder

Plasticizer

Colorant

Chemical Name

Bisphenol A
Epoxy Resin
(DGEBA)

Epoxy Resin
(flexible type)

Fumed Silica

Aluminum

Powder

Di-2-ethylhexyl
Phthalate

Titanium Dioxide

CAS No.

25085-
99-8

24937-
78-8

112945-
52-5

7429-90-

5

117-81-7

13463-
67-7

Function

Base resin for bonding and

strength

Adds flexibility to prevent
cracking under stress

Thickener and reinforcement

Reinforcement for metal
bonding, improves

mechanical strength

Enhances workability and

flexibility

White colorant for visual

clarity

Preferred %
by Weight

60-70%

5-10%

3-5%

3-5%

1-2%

0.5-1%



Component B (Hardener)

Ingredient

Polyamide

Resin

Cycloaliphatic

Amine

Fumed Silica

Reactive

Diluent

Accelerator

Thixotropic
Agent

Chemical Name

Polyamide (C12-C14)

Cycloaliphatic Amine

(e.g., D-230)

Fumed Silica

Tetrahydrofurfuryl
Alcohol

2-Methylimidazole

Bentonite Clay

Processing Instructions:

1. Component A (Epoxy Resin):

CAS No.

68441-
17-8

2855-13-
2

112945-
52-5

97-99-4

542-67-0

1302-78-
9

Function

Curing agent and

adhesion promoter

Curing agent for

hardening the resin

Reinforcement and

viscosity control

Low viscosity and
improved wetting

properties

Speeds up the curing

process

Increases viscosity for

gap filling

Preferred %

by Weight

10-20%

20-30%

3-5%

5-10%

0.5-2%

1-3%

o Mixing: In a clean container, combine Bisphenol A Epoxy Resin with Flexible

Epoxy Resin. Add Fumed Silica to thicken the resin and improve flow



properties. Incorporate Aluminum Powder to enhance mechanical strength and
Plasticizer for better workability. Titanium Dioxide is added to improve opacity

and clarity.
2. Component B (Hardener):

o Mixing: In a separate container, combine Polyamide Resin with Cycloaliphatic
Amine to create a strong curing system. Add Fumed Silica for reinforcement,
followed by Tetrahydrofurfuryl Alcohol as a reactive diluent to improve the
resin's wetting properties. Add 2-Methylimidazole accelerator for faster curing,

and Bentonite Clay to increase the viscosity and make the product gap-filling.
3. Mixing of Components A and B:

o Proportions: Mix Component A and Component B in a 2:1 ratio by weight
(A:B).

o Mixing Process: Ensure thorough mixing using a low-shear mixer to prevent air

entrapment. Mix for 5-10 minutes until homogeneous.

4. Application:

o Apply the mixed adhesive to clean, dry metal surfaces. Ensure that the surfaces
are free of oils, dust, and rust before application. The adhesive is highly effective

on metals like steel, aluminum, brass, and copper.

o The adhesive should be applied thickly enough to fill any gaps between metal

surfaces, making it ideal for applications where surfaces are not perfectly aligned.
5. Curing:

o Curing Time: Allow the adhesive to cure at room temperature (23°C) for 24 to
48 hours, depending on the thickness of the applied adhesive. Higher

temperatures can speed up the curing process (e.g., cure at 60°C for 2-4 hours).

o Post-Cure (Optional): For additional strength and resistance, a post-cure cycle at

80-90°C for 2-4 hours may be applied.



Properties of the Epoxy Adhesive for Metal:

Property Value

Appearance Light to Medium Yellow

Viscosity 5000-10000 cP (at 25°C)

Gap-Filling Ability Excellent

Tensile Strength 30-50 MPa

Elongation at Break 5-10%

Bonding Strength (Lap Shear) 20-40 MPa

Glass Transition Temperature (Tg) | 70-80°C

Impact Resistance High (Peak Peel Strength > 30 N/mm)
Curing Time (Room Temp) 24-48 hours

Key Features:

1. Superior Metal Bonding: The formulation is designed for strong adhesion to metals,

including steel, aluminum, and other alloys.

2. Gap Filling: The adhesive has high thixotropy, allowing it to fill gaps between uneven or

poorly aligned metal surfaces.

3. High Mechanical Strength: The addition of Aluminum Powder and Fumed Silica

ensures robust mechanical properties and high shear strength.

4. Good Chemical and Environmental Resistance: The cured adhesive provides

resistance to water, oils, and other chemicals, making it suitable for harsh environments.



5. Thermal Stability: With a Tg of 70-80°C, the adhesive can withstand moderate

temperatures without losing its strength or integrity.

This two-part epoxy adhesive for metal is designed for high-performance bonding applications

in industrial, automotive, and aerospace fields, where both strength and durability are critical.

Two-Part Epoxy for Ceramic Bonding

This two-part epoxy adhesive for ceramic bonding, designed for high performance and
enhanced properties. This formulation ensures strong adhesion to ceramic surfaces while

maintaining durability, chemical resistance, and thermal stability.

Component A (Epoxy Resin)

Ingredient Chemical Name CAS No. Function Preferred %
by Weight
Bisphenol A Bisphenol A Epoxy  25085- Base resin for bonding  60-70%
Epoxy Resin Resin 99-8 and structural strength
(DGEBA)
Flexibilized Epoxy Resin 24937-  Adds flexibility to 5-10%
Epoxy Resin (Flexible type) 78-8 prevent cracking under
stress
Fumed Silica Fumed Silica 112945-  Thickener for improved 2-5%
52-5 viscosity and flow

control



Aluminum Oxide = Aluminum Oxide

(Alumina)

Plasticizer Dioctyl Adipate
(DOA) (DOA)

Colorant Titanium Dioxide
(Titanium

Dioxide)

Reactive Diluent  Tetrahydrofurfuryl
Alcohol

Component B (Hardener)

Ingredient Chemical Name

Cycloaliphatic 1,3-
Amine Diaminopropane

Polyamide Resin = Polyamide (C12-

Cl4)
Fumed Silica Fumed Silica
Anhydride Nadic Methyl

Curing Agent Anhydride

1344-28-
1

103-23-1

13463-
67-7

97-99-4

CAS No.

108-99-4

68441-
17-8

112945-
52-5

25068-
38-6

Reinforcement for
high-strength and

abrasion resistance

Plasticizer to improve
flexibility and
workability

White colorant for
opacity and aesthetic

enhancement

Reduces viscosity for
better handling and

flow

Function

Curing agent for epoxy

resin

Curing agent for stronger
and tougher bonds

Reinforcement for
mechanical strength and

viscosity control

3-5%

2-3%

1%

3-4%

Preferred %

by Weight

18-25%

15-25%

3-5%

Provides improved curing  5-7%

and enhanced adhesion



Benzyl Alcohol

Accelerator
(Imidazole)

Thixotropic

Agent

Benzyl Alcohol

2-
Methylimidazole

Bentonite Clay

Processing Instructions:

Component A (Epoxy Resin):

1. Mixing: In a clean, dry container, combine Bisphenol A Epoxy Resin (DGEBA) with

100-51-6

542-67-0

1302-78-
9

Diluent and solvent to 1-2%

adjust viscosity

Speeds up curing process = 0.5-1%
for faster bond strength

Thickening agent for gap- 1-3%

filling properties

the Flexibilized Epoxy Resin. This provides both strong bonding and flexibility.

2. Thickening: Add Fumed Silica to achieve the desired viscosity and improve handling.

Aluminum Oxide is incorporated for enhanced mechanical strength and abrasion

resistance.

3. Plasticizer: Add DOA Plasticizer to enhance the workability and flexibility of the resin.

4. Coloration: Incorporate Titanium Dioxide to provide opacity and aesthetic appeal,

especially in applications where appearance is important.

5. Diluent: Add Tetrahydrofurfuryl Alcohol to reduce the viscosity and facilitate easier

mixing and application.

Component B (Hardener):

1. Curing Agent Mix: Mix Cycloaliphatic Amine and Polyamide Resin. This

combination will create a strong curing system that works well with ceramic surfaces.

2. Fumed Silica: Add Fumed Silica to enhance viscosity and provide reinforcement for

bonding.



3. Anhydride Curing Agent: Incorporate Nadic Methyl Anhydride to improve curing

efficiency and adhesion properties.

4. Solvent/Viscosity Adjustment: Add Benzyl Alcohol to control viscosity and improve

handling during application.

5. Accelerator: Include 2-Methylimidazole to accelerate curing, particularly for faster

applications.

6. Thickening: Add Bentonite Clay for a gap-filling consistency, improving the adhesive’s

ability to fill larger voids in ceramic bonding.
Combining Components A and B:
« Mixing Ratio: Combine Component A and Component B in a 2:1 weight ratio (A:B).

e Mixing Process: Use a low-shear mixer to combine the two components thoroughly,

ensuring no air bubbles or unmixed regions. Mix for 5-10 minutes.

« Application: Apply the mixed adhesive to the ceramic surfaces. The mixture will adhere

to a variety of ceramic materials including porcelain, stoneware, and terracotta.
Curing:

1. Room Temperature Curing: Allow the adhesive to cure at ambient temperature (23°C)
for 24-48 hours.

2. Accelerated Curing: To speed up the curing process, expose the adhesive to 60°C for 2-

4 hours.

3. Full Curing: For full strength, allow the adhesive to cure for 7 days at room temperature.

Properties of Epoxy for Ceramic:

Property Value




Appearance Light to Medium Yellow

Viscosity (at 25°C) 5000-12000 cP
Gap-Filling Ability Excellent
Tensile Strength 30-40 MPa
Elongation at Break 6-10%

Lap Shear Strength 15-30 MPa

Glass Transition Temperature (Tg) | 75-85°C

Impact Resistance High (Peak Peel Strength > 25 N/mm)
Curing Time (Room Temp) 24-48 hours

Thermal Stability Up to 120°C

Chemical Resistance Good resistance to acids, alkalis, and solvents

Key Features of Upgraded Formula:

1. Superior Ceramic Bonding: The combination of Cycloaliphatic Amine and Polyamide

Resin ensures strong, durable bonds with ceramics.

2. Enhanced Gap-Filling: The Bentonite Clay thickens the mixture, enabling it to fill gaps

and irregularities in ceramic surfaces.

3. Improved Workability: The inclusion of Plasticizers and Tetrahydrofurfuryl Alcohol

provides easy handling and reduces viscosity.

4. High Thermal and Chemical Resistance: The hardened adhesive can withstand

temperatures up to 120°C and resists exposure to acids and alkalis.

5. Flexibility and Durability: Flexibilized Epoxy Resin ensures that the bond will

withstand stress, vibration, and environmental factors without cracking.



This high-performance two-part epoxy adhesive for ceramics is ideal for applications in
industries like pottery repair, ceramics manufacturing, and even heavy-duty applications like tile

setting and stone bonding.

Two Parts Epoxy Resin for Craft Formula

Here is a two-part epoxy resin formula specifically designed for craft applications. This
formulation balances ease of use, clarity, and strong bonding capabilities while ensuring it is safe

for typical craft projects such as jewelry making, resin art, and small repair tasks.

Component A (Epoxy Resin)

Ingredient Chemical Name CAS Function Preferred
No. % by
Weight
Epoxy Resin Epoxy Resin (DGEBA)  25085-  Base resin for 60-70%
(Bisphenol A type) 99-8 bonding and
structural
strength
Flexible Epoxy Epoxy Resin (Flexible 24937-  Adds flexibility  10-15%
Resin type) 78-8 for low-stress
applications
Tetrahydrofurfuryl Tetrahydrofurfuryl 97-99-4  Low-viscosity 5-7%
Alcohol Alcohol diluent to adjust

workability



Fumed Silica Fumed Silica 112945-  Thickening agent = 2-4%

52-5 for viscosity
control
Titanium Dioxide Titanium Dioxide 13463-  White colorant 0.5-2%
67-7 for opacity and
aesthetic
purposes
UV Stabilizer 2-Hydroxy-4- 131-57- UV protectionto  0.2-0.5%
methoxybenzophenone 7 prevent
yellowing
Component B (Hardener)
Ingredient Chemical Name CAS No. Function Preferred %
by Weight
Cycloaliphatic 1,3- 108-99-4 Curing agent for epoxy 15-20%

Amine Diaminopropane resin

Polyamide Resin  Polyamide Resin 68441- Secondary curing agent 10-12%
(C12-C14) 17-8 for improved bond
strength

Dimethylamine  Dimethylamine 124-40-3 Accelerator to speed up 0.5-1%

curing process

Benzyl Alcohol  Benzyl Alcohol 100-51-6 = Solvent to control 1-2%
viscosity and mixing

consistency



Fumed Silica Fumed Silica 112945-  Reinforcement for gap- 2-4%

52-5 filling properties and
viscosity adjustment

Plasticizer Dioctyl Adipate 103-23-1 Plasticizer to enhance 2-4%

(DOA) flexibility and ease of use

Processing Instructions:

Component A (Epoxy Resin):

1.

Mixing the Resin: In a clean, dry container, combine Epoxy Resin (DGEBA) with
Flexible Epoxy Resin. This mix provides both strength and flexibility for general

crafting projects.

Viscosity Adjustment: Add Tetrahydrofurfuryl Alcohol to reduce the viscosity and

improve the handling of the resin.

Thickening: Gradually incorporate Fumed Silica to achieve the desired viscosity,

particularly for applications that require a thicker consistency (e.g., embedding objects).

Colorant: For a clear finish, add a small amount of Titanium Dioxide (for opacity), or

skip it for transparent resin.

UV Protection: Incorporate UV Stabilizer to prevent the resin from yellowing under UV

light exposure.

Component B (Hardener):

1.

2.

Mixing the Hardener: In a separate container, combine Cycloaliphatic Amine and
Polyamide Resin for curing. This mixture ensures good bonding strength while

maintaining flexibility for craft projects.

Accelerator: Add Dimethylamine to speed up the curing process for quicker turnaround

times in small craft projects.



. Solvent/Viscosity Adjustment: Add Benzyl Alcohol to adjust the viscosity and improve

the mixability of the hardener.

. Thickening: If you need a thicker consistency for embedding or casting, add Fumed

Silica.

Plasticizer: Incorporate Dioctyl Adipate (DOA) to improve the workability of the resin

and to prevent cracking when used in jewelry or small craft applications.

Combining Components A and B:

Mixing Ratio: Combine Component A and Component B in a 2:1 weight ratio (A:B).

This ratio ensures optimal curing and workability.

Mixing Process: Mix thoroughly for at least 5-10 minutes to ensure complete
homogenization. Scrape the sides and bottom of the container to ensure no unmixed resin

or hardener remains.

Air Bubbles: After mixing, allow the resin to sit for a minute or two to let air bubbles
rise to the surface. You can also use a torch or heat gun gently over the surface to

eliminate any trapped bubbles.

Application: Apply the resin to the desired surface or mold, ensuring an even layer. Use

for casting, coating, or adhesive purposes.

Curing Instructions:

1. Room Temperature Curing: Allow the mixed epoxy resin to cure at room temperature

(23°C) for 24-48 hours. Full strength is achieved after 72 hours.

2. Accelerated Curing: To speed up the curing process, place the craft items in an oven

preheated to 60°C for 2-4 hours.



3. Handling: Once cured, the resin will be hard and durable, ideal for making jewelry,

small sculptures, or bonding items together.

Properties of the Two-Part Epoxy Resin for Crafting:

Property Value

Appearance Clear or Translucent (if no colorant added)
Viscosity (at 25°C) 1000-4000 cP

Cure Time (Room Temp) 24-48 hours

Tensile Strength 25-35 MPa

Elongation at Break 5-10%

Glass Transition Temperature (Tg) | 50-60°C

Impact Resistance Moderate (good for low-stress applications)
UV Stability Good (with UV stabilizer added)

Hardness 70-80 Shore D

Gap-Filling Ability Moderate

Chemical Resistance Low to moderate

Key Features of the Craft Epoxy Formula:

1. Clarity: The formula produces a crystal-clear finish without yellowing, ideal for

decorative resin art and jewelry.

2. Workability: The resin is easy to mix and apply with a medium viscosity, making it

versatile for many types of craft projects.



3. Flexible Curing: Offers flexibility in curing time, from room temperature to oven curing,

giving you control over project timelines.

4. UV Protection: The added UV Stabilizer prevents yellowing, preserving the aesthetic

quality of craft items that are exposed to sunlight.

5. Durability: The resin provides strong adhesion and durability for a wide range of craft
applications, ensuring long-lasting results.

This two-part epoxy resin for crafting is designed for use in various creative projects, offering
ease of handling, quick curing, and strong, durable bonding. It can be used for applications such
as jewelry making, resin art, small repairs, and general crafting where clarity, flexibility, and

strength are needed.

Two-Part Epoxy Paint Formula

This is a two-part epoxy paint formula suitable for a variety of applications, including
industrial coatings, metal surfaces, and general use where high durability, chemical resistance,

and long-lasting finish are needed.

Component A (Epoxy Resin)

Ingredient Chemical Name CAS Function Preferred
No. % by
Weight



Epoxy Resin
(Bisphenol A type)

Flexible Epoxy

Resin

Tetrahydrofurfuryl
Alcohol

Pigment (Titanium
Dioxide)

Aluminum Powder

Fumed Silica

Component B (Hardener/Curing Agent)

Ingredient

Cycloaliphatic

Amine

1,3-

Diaminopropane

resin

Epoxy Resin 25085-  Base resin providing
(DGEBA) 99-8 bonding and
structural strength
Flexible Epoxy 24937- Enhances flexibility
Resin (modified) 78-8 and impact
resistance
Tetrahydrofurfuryl 97-99-4  Low-viscosity
Alcohol diluent for improved
workability
Titanium Dioxide 13463-  White pigment for
67-7 opacity and color
consistency
Aluminum Powder 7429-90- Metallic finish and
5 increased durability
Fumed Silica 112945-  Thickener and
52-5 reinforcement for
viscosity control
Chemical Name CAS No. Function

108-99-4  Curing agent for epoxy

50-60%

10-15%

2-4%

5-10%

3-5%

1-2%

Preferred %
by Weight

20-25%



Polyamide Resin = Polyamide Resin  68441- Secondary curing agent  8-10%
17-8 for enhanced bonding
strength

Dimethylamine  Dimethylamine 124-40-3  Accelerator to speed up  0.5-1%

curing process

Benzyl Alcohol ~ Benzyl Alcohol 100-51-6 = Solvent to adjust 2-3%
viscosity and improve
workability

Cobalt Drier Cobalt 61790- Drying agent to speed up  0.1-0.3%

Naphthenate 82-5 the curing process
Fumed Silica Fumed Silica 112945-  Viscosity control and 1-2%
52-5 thickening agent

Plasticizer Dioctyl Phthalate 117-81-7 Plasticizer to increase 2-4%
flexibility and
smoothness

Processing Instructions:
Component A (Epoxy Resin):

1. Mixing the Epoxy Resin: In a clean, dry container, combine Epoxy Resin (DGEBA)

and Flexible Epoxy Resin. Stir until fully incorporated to ensure a smooth base.

2. Adjusting Viscosity: Gradually add Tetrahydrofurfuryl Alcohol to reduce viscosity for
ease of application. This step is particularly useful if the paint is to be applied using a

brush, roller, or spray gun.

3. Pigmentation: Add Titanium Dioxide for opacity and Aluminum Powder for a
metallic finish, if desired. These pigments will provide the desired color and sheen to the

finished paint.



4. Thickening: Add Fumed Silica in small amounts to control viscosity. This ensures the

paint has the right consistency for spreading and leveling.
Component B (Hardener):

1. Mixing the Hardener: Combine Cycloaliphatic Amine with Polyamide Resin to create

a robust curing system. Stir until fully homogeneous.

2. Accelerating the Cure: Add Dimethylamine to speed up the curing process, especially

for fast turnaround applications.

3. Adjusting Viscosity: If necessary, add Benzyl Alcohol to modify the viscosity for easier

mixing and application.

4. Drying: Incorporate Cobalt Drier to facilitate faster curing, especially in industrial

applications where time is critical.

5. Thickening: Optionally add Fumed Silica to increase the thickness if needed, especially

for heavy coatings or gap-filling.

Mixing Component A and Component B:

e Mixing Ratio: Combine Component A (Epoxy Resin) and Component B (Hardener)

in a 3:1 weight ratio (A:B). This ensures proper curing and optimal performance.

e Mixing Process: Thoroughly mix the two components for at least 5-10 minutes to ensure
the hardener and resin are fully blended. Scrape the sides and bottom of the container to

avoid unmixed areas.

e Viscosity Adjustment: If the mixture is too thick for your desired application method,

add more Benzyl Alcohol to achieve the right consistency for brushing, rolling, or

spraying.

Application Instructions:



1. Surface Preparation: Clean and degrease the surface to be painted. Ensure the surface is

dry and free from contaminants such as rust, dust, and oils.

2. Application Method: Apply the epoxy paint using a brush, roller, or spray gun,
depending on the desired finish and surface area. Multiple coats may be required for full
coverage.

3. Curing: Allow the paint to cure at room temperature (23°C) for 24-48 hours. Full

hardness and chemical resistance are achieved after 7 days.

4. Optional Curing: To accelerate curing, the coated surface can be heated to 60°C for 2-4
hours.

Properties of Two-Part Epoxy Paint:

Property Value
Appearance Glossy or matte finish (depending on pigment)
Viscosity (at 25°C) 5000-15000 cP (varies by formulation)

Cure Time (Room Temp) | 24-48 hours

Tensile Strength 40-50 MPa

Elongation at Break 3-6%

Impact Resistance High (good for industrial use)

Chemical Resistance High (resistant to solvents, oils, mild acids and bases)
Hardness 70-85 Shore D

UV Stability Moderate (can yellow with prolonged UV exposure)

Gap-Filling Ability Moderate




Key Features of the Two-Part Epoxy Paint:

1. High Durability: Provides a tough, scratch-resistant finish, making it ideal for metal,

concrete, and industrial surfaces.

2. Chemical Resistance: The formula resists mild acids, bases, oils, and solvents, providing

long-lasting protection in industrial and commercial environments.

3. Metallic and Non-Metallic Finishes: Allows for a wide range of finishes from glossy to

matte, with options for metallic sheen using Aluminum Powder.

4. Versatility: Suitable for use on a variety of substrates, including metal, wood, concrete,

and plastics.

5. Fast Curing (if required): With the inclusion of Dimethylamine and Cobalt Drier, the

curing time can be accelerated for quicker application.

This two-part epoxy paint is designed for use in applications requiring a durable, high-
performance finish. It is suitable for industrial coatings, machinery, vehicles, and metal surfaces
that need strong chemical resistance and high-impact durability. The formula can be easily

customized with different pigments to achieve the desired aesthetic.







