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ABSTRACT 
 

Currently, epoxy paint is being widely used in the industry. Nanotechnology can create many small 
nanometer-sized materials with many applications, it has brought many outstanding properties to 
epoxy paints. The aim of this study is to investigate the effect of TiO2 nanoparticles in epoxy paint 
formulation towards metal surface. We created a sample of two-component epoxy paint, part A is 
epoxy resin, anti-sedimentation, dispersant substance, foam breaking agent, cover substance, 
solvent, other additives, and part B is a curing agent for epoxy resins.  Methods of analyzing the 
properties of the epoxy paint film are based on Vietnam standards. TiO2 nanoparticles are a good 
coating substance in epoxy paint. The study results showed that TiO2 nanoparticles have 
increased the properties of the epoxy paint film, improving the Impact and Glossy of the epoxy 
paint film. TiO2 nanoparticles increases from 1% to 6% by weight, the impact increased by about 
18.75%.  (80 to 96 kg.cm), Glossy 600 increased by about 12.79% (80 to 97). Adding TiO2 
nanoparticles to epoxy paint has increased Impact and Glossy for the paint film. The higher the 
rate of TiO2 nanoparticles, the better the properties of the epoxy paint film. Therefore, TiO2 
nanoparticles are a good coating in epoxy paint, it improves the properties of the paint film. 
Because the cost of nanomaterials is higher than that of normal coating materials, the 
nanomaterial should only be added with a ratio of about 2-5% by weight.  
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1. INTRODUCTION 
 

Currently, epoxy paint is being widely used in the 
industry. Using epoxy paint to protect and 
reinforce metal and concrete surfaces increases 
the life of the building with many advantages 
such as beautiful glossy surfaces, diverse colors, 
anti-slip, waterproof, anti-abrasion [1,2]. Epoxy 
paint is paint with 2 components, part A is the 
paint part and part B is the curing agent. These 
two components mixed together in a certain ratio 
will produce a film with very high adhesion, the 
paint film has strong toughness, high gloss, 
abrasion resistance, solvent resistance, good 
chemical resistance, anti-static. electric, anti-rust, 
acid-resistant [3,4,5]. 
 

Part A is epoxy resin, anti-sedimentation, 
dispersant substance, foam breaking agent, 
cover substance, solvent and other additives. 
Epoxy resin is the most important ingredient for 
epoxy paint, it greatly affects the adhesion of the 
paint film. The properties of epoxy resins depend 
on the degree of reactivity and the molecular 
mass distribution of the polymer. The functional 
group of epoxy resin determines the 
thermomechanical properties of the resin. It can 
be classified into several different classes on the 
basis of the structure of the phenol-containing 
molecule and the number of phenol groups in 
each molecule [6,7,8]. 
 

Component B is a curing agent for epoxy resins, 
which helps bind epoxy molecules together. 
Currently, there are many methods of curing 
epoxy resin by chemical [9,10,11], and UV light 
[12]. Chemical curing agents such as polyamide, 
aromatic diamine with hetero-cyclic side chain 
structure, amido amide, cyclo aliphatic [13]. 
Polyamide is a medium viscosity epoxy curing 
agent, produced based on the dimerization of 
fatty acids and polyamines. This product has 
good chemical and corrosion resistance, good 
adhesion, and is waterproof [14].  
 

Nano is a new field that is being studied and 
applied by scientists. Nanoparticles have a small 
particle size of less than 100 nm but a larger 
surface area than conventional particles. Studies 
show that nanomaterials have a small size with 
many outstanding properties, so they are widely 
used in medicine, electronics, optics, industry 
and life. Scientists are currently debating the 
implications of nanotechnology in the future. 
Nanotechnology poses many of the same 
problems as any new technology, including 

concerns about the toxicity and environmental 
impact of nanomaterials [15]. 
 
Nanotechnology can create many small 
nanometer-sized materials with many 
applications, it has brought many outstanding 
properties to epoxy paints in terms of gloss, 
impact resistance, and reduced chemical and 
environmental corrosion [16,17,18]. Many kinds 
of nanomaterials such as nano TiO2, nano 
CaCO3, nano ZnO, nano BaSO4, nano SiO2, 
nano Fe2O3 have been studied and applied in 
epoxy paint [19]. The production of TiO2 
nanoparticles has also been noted to create 
nanoscale materials by various methods.  Many 
studies on the properties of TiO2 nanomaterials, 
the properties of paints with TiO2 nanomaterials 
as coatings have been evaluated. There are still 
many problems in using nanomaterials as 
coatings in paints that need further research 
such as durability of paint films over time when 
replacing TiO2 coatings with TiO2 nanomaterials, 
the relationship between replacement rate and 
economic efficiency in using this paint [ 
20,21,22]. TiO2 nanoparticles have been studied 
and applied in many different aspects in epoxy 
coatings. 
 

The purpose of this study is to investigate the 
effect of TiO2 nanoparticles in epoxy paint 
formulation on metal surfaces. 
 

2. MATERIALS AND METHODS 
  

2.1 Materials 
 

2.1.1 Component A of epoxy 
 

• Epoxy is the original epoxy resin of diglycidyl 
ether Bisphenol-A, it has excellent adhesion, 
chemical resistance, heat resistance. Epoxy 
YD 011X75 has been dissolved in xylene for 
easy use in applications, solid content is 
75%. Made in Korea. 

•  Bentone 34 is a special clay mineral, it is a 
sodium-aluminum hydrosilicate.  Bentone 34 
is used to refer to natural stone, it is a very 
fine particle material that mainly consists of 
clay minerals. Made in China 

•  Cloparaffin is a clear or pale yellow liquid. 
Chlorine content: 51.7, Density (g/ml) at 
25oC:1.26. Made in India 

•  Disper is an effective dispersant that 
disperses organic and inorganic additives in 
the paint to create a gloss for paint film. 
Chinese origin. 
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•  Foamex N is effective against micro-foam in 
the stirring process. Germany origin.  

•  Airex 900 is a foam breaking agent, it breaks 
down bubbles formed in the process of 
grinding, mixing, to make the paint film 
glossy and smooth. Chinese origin. 

•  TiO2 is a compound with a high melting point 
(heat resistance), little chemical effect 
(chemical resistance), abrasion resistance, 
large hardness but still remains stable, good 
plasticity, less cracking, TiO2 has a high 
coverage, fine particles, good oil permeability 
and very durable under the effect of moist 
air, seawater. TiO2 is not denatured over 
time, it is widely used in the paint industry. 
Made in China.  

•  TiO2 nanoparticles is Particle size 5-30nm, 
purity 99.99%, white color, inertness, fine 
powder, dispersed in water and oil. This type 
of TiO2 nanoparticles is often used as a 
coating for printing ink and paint with the rate 
used in the formula from 2-25%. TiO2 
nanoparticles have very good sun protection. 
The sun protection mechanism of TiO2 
nanoparticles is reflective of sunlight, 
protecting the painted object under radiation, 
so it has the ability to stabilize the coating to 
extend the life. Made in China. 

•  Barium sulfate is an inorganic compound 
with the chemical formula BaSO4, Density: 
4.49 g/cm3. It is an odorless white crystalline 
substance and is insoluble in water. Barium 
sulfate is used as a pigment as a coloring 
additive for the paint industry, which can 
increase adhesion, keep the color bright, and 
not fade. Made in China 

•  Methyl Isobutyl Ketone (MIBK) is a colorless 
liquid, with a ketone odor, density: 
0.802g/cm3, freezing point: -84.7oC, boiling 
point: 117-118

o
C. Made in Korea. 

•  Cyclohexanone is a medium-volatile solvent, 
a transparent, high-boiling liquid with a 
characteristic ketone odor, with good 
solubility in many organic substances, 
insoluble in water. Made in the Netherlands 

•  Acetate butyl is a colorless liquid with a fruity 
aroma similar to that of a ripe banana, 
melting point: -74

o
C, boiling point: 126°C. 

Acetate butyl is the most commonly used 
solvent in the paint industry, helping to dry 
paint quickly while ensuring an even coating 
and good gloss. Made in Vietnam 

•  BYK 066 is defoamer for coatings, and 
ambient curing plastic systems on the basis 
of epoxy resin. Made in Germany. 

•  Xylene is a clear colorless liquid with a 
pleasant aroma. Auto-ignition temperature 

500
o
C. Density at 20

o
C is 0.865-0.875 kg/l.  

This mixture is liquid, colorless. Made in 
China. 

 

2.1.2 Component B of epoxy 
 

Epicure 3125 is a polyamide type epoxy curing 
agent with medium viscosity, good chemical and 
corrosion resistance, good adhesion. Made in 
India. 
 

2.2 Method of Creating Epoxy Paint Film 
 

We created different paint formulations with the 
replacement rate of TiO2 coating material by TiO2 
nanoparticles, then examined how the 
nanomaterials affect the properties of epoxy 
coating films. Each sample epoxy paint 
formulation is painted on 12 metal sheets 
measuring 70x150 mm and 0.5 mm thick with the 
same film thickness. It's quite difficult to create a 
coat of uniform thickness, so we have created 
many designs for you to choose from. A common 
tool for creating coatings in the lab is the manual 
film gauge. We used the manual scissors model 
BGD 201/5 with the 100 µm scale of the 
manufacturer Biuged. It is made of stainless steel 
with 2% accuracy, easy to use, produces a 
relatively uniform paint film. The paint film is 
created based on the Doctor Blade technique. 
 

2.3 Method of Creating Epoxy Paint 
Samples 

 

There have been some previous studies using 
nanomaterials in the paint at rates as low as 2-
5% by weight. Thien and his colleagues 
investigated and supplemented in the 
nanocomposite coating containing 2 wt % nano-
SiO2 [23]. Priyanka A and his colleaguesfound 
that adding 5% by weight of nano-silica to 
polyurethane paint gave a good effect [24]. In 
this study, we investigated the addition of TiO2 
nanoparticles from 1-6% by weight to the 
formulations of epoxy paints. 
 

We have created epoxy coating formulations C1, 
C2, C3, C4, C5, C6 and C7 with the same 
composition, only different in TiO2 and TiO2 
nanoparticles. The percentage of TiO2 
nanoparticles in the above formulas increased 
from 1-6% by weight (Table 1). 
 

2.4 Methods of Analysis 
 

•  Drying time of the paint film is determined 
according to Vietnam Standard TCVN [25].  

•  Coverage of dry paint film is determined 
according to TCVN [26].  
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•  Gloss 60
0
 is determined according to TCVN 

[27]  
•  The impact is determined according to TCVN 

[28]. 
 

Table 1. Composition of epoxy paint formulations 
 

No  
Component 

Raw 
materials 

Uses C 1 
Wt.
% 

C 2 
Wt.
% 

C 3 
Wt.
% 

C 4 
Wt.
% 

C 5 
Wt.
% 

C 6 
Wt.
% 

C 7 
Wt.
% 

1 Component 
A 

Epoxy 
YD 011X75 

Resin 
adhesion for 
paint 

 
41 

 
41 

 
41 

 
41 

 
41 

 
41 

 
41 

2 Bentone 34 Anti-
sedimentation 

0.3 0.3 0.3 0.3 0.3 0.3 0.3 

3 Cloparafin Plasticizer 
Additives, 
Chemical 
resistance 

4 4 4 4 4 4 4 

4 Disper 710S Dispersant 
substance 

0.4 0.4 0.4 0.4 0.4 0.4 0.4 

5 Foamex N Anti-foam 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

6 Airex 900 Foam 
breaking 
agent 

0.4 0.4 0.4 0.4 0.4 0.4 0.4 

7 TiO2 Cover 
substance 

20 19 18 17 16 15 14 

8 TiO2 
nanoparticle
s 

Cover 
substance 

0 1 2 3 4 5 6 

9 BaSO4 Cover 
substance 

3 3 3 3 3 3 3 

10 Xylen Solvent 14 14 14 14 14 14 14 

11 MIBK Solvent 3 3 3 3 3 3 3 

12 Cyclohexan
one 

Solvent 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

13 Acetate 
Butyl 

Solvent 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

14 BYK 066 Defoaming 
Additives 

0.2 0.2 0.2 0.2 0.2 0.2 0.2 

15 Component 
B 
 

Epicure 
3125 

Solidifying 
agent 

9 9 9 9 9 9 9 

  Total  100 100 100 100 100 100 100 
 

3. RESULT AND DISCUSSION  
 

Table 2. Properties of epoxy paint 
 

No Properties Unit C 1 C 2 C 3 C 4 C 5 C6 C 7 
1 Face dry time minutes 27 27 27 27 27 27 27 
2 Natural drying time hours 10 10 10 10 10 10 10 
3 Density 300C  1.21 1.21 1.21 1.21 1.21 1.21 1.21 
4 Smoothly μm 26 26 25 25 24 24 24 
5 Impact level kg.cm 80 82 86 90 93 95 96 
6 Coverage of dry paint film g / m2 113 113 113 113 113 113 113 
7 Glossy 60

0
  86 87 90 93 95 96 97 



 

Fig. 1. 
 

 

Fig. 2. Glossy 60
 

The data and graphs in Fig. 1 and Table 2 show 
that with increasing concentration of TiO
nanoparticles, the degree of impact also 
increases. Impact of epoxy paint formulations 1 
to 7 rapidly increased from 80 - 96 kg. cm when 
increasing the proportion of TiO2 
from 1 to 6% by weight. Without adding TiO
nanoparticles, Impact of C1 was 80 kg.cm
adding 1% of TiO2 nanoparticles, Impact of C2 
increased by 2.5%, adding 2% of TiO
nanoparticles, Impact of C3 increased by 7.5%, 
adding 3% of TiO2 nanoparticles. TiO
nanoparticles, Impact of C4 increased by 12.5%, 
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 Impact of epoxy paint formulations 

Glossy 60
0
 of epoxy paint formulations 

1 and Table 2 show 
that with increasing concentration of TiO2 

, the degree of impact also 
increases. Impact of epoxy paint formulations 1 

96 kg. cm when 
 nanoparticles 

from 1 to 6% by weight. Without adding TiO2 
nanoparticles, Impact of C1 was 80 kg.cm, 

nanoparticles, Impact of C2 
increased by 2.5%, adding 2% of TiO2 
nanoparticles, Impact of C3 increased by 7.5%, 

nanoparticles. TiO2 
nanoparticles, Impact of C4 increased by 12.5%, 

adding 4% of TiO2 nanoparticles, Impac
increased by 16.25%, adding 5% of TiO
nanoparticles, Impact of C6 increased by 17.5%, 
adding 6% of TiO2 nanoparticles, Impact of TiO
nanoparticles C7 increased by 18.75%. Thus, the 
Impact index increased rapidly when TiO
nanoparticles were added from 2 to 4% by 
weight. 
 

The data and graphs in Fig. 2 and Table 2 show 
that as the concentration of TiO2

increases, glossy also increases. Glossy 60
epoxy paint formulations 1 to formula 7 increased 

86
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nanoparticles, Impact of C5 
increased by 16.25%, adding 5% of TiO2 
nanoparticles, Impact of C6 increased by 17.5%, 

nanoparticles, Impact of TiO2 
nanoparticles C7 increased by 18.75%. Thus, the 
Impact index increased rapidly when TiO2 

were added from 2 to 4% by 

2 and Table 2 show 

2 nanoparticles 
increases, glossy also increases. Glossy 60

0
 of 

epoxy paint formulations 1 to formula 7 increased 

96
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from 86 to 97. When not adding TiO2 
nanoparticles, Glossy 600 of C1 was 86, adding 
1% of TiO2 nanoparticles, Glossy 60

0
 of C2 

increased by 1.16%, adding 2% of TiO2 
nanoparticles, Glossy 600 of C3 increased by 
4.65%, adding 3% of TiO2 nanoparticles, Glossy 
600 of C4 increased by 8.14%, adding 4% of TiO2 
nanoparticles, Glossy 60

0
 of C5 increased by 

10.46%, adding 5% of TiO2 nanoparticles, 
Glossy 600 of C6 increased by 11.62%, adding 
6% of TiO2 nanoparticles, Glossy 60

0
 of C7 

increased by 12.79%. Thus, the Glossy 600 index 
increased rapidly when TiO2 nanoparticles were 
added from 2 to 4% by weight. 
 

The data and graphs in Fig. 2 and Table 2 show 
that when increasing the concentration of TiO2 
nanoparticles, the impact level and glossy 600 of 
the epoxy coating film also increase. This can 
explain that TiO2 nanoparticles are very small 
and fine, so they create glossy on the metal 
surface. This issue has also been raised in some 
previous studies on nano coatings in paints. TiO2 
nanoparticles are oxide nanostructured particles 
with spherical or multifaceted high surface areas.  
 

Incorporation of nanoparticles into epoxy resin is 
a solution to enhance coating durability as fine 
particles dispersed in the coating can fill the 
voids, reducing the porosity of the paint film. 
Nanoparticles can also prevent epoxy separation 
during curing, making the coating more uniform. 
Nanoparticles tend to reduce pore defects as a 
result of local shrinkage during epoxy resin 
curing. In addition, epoxy coatings containing 
nanoparticles will protect against corrosion and 
reduce the tendency of the coating to blister or 
delamination. In recent research, epoxy 
nanocomposites improve the mechanical, 
thermal and morphological anti-corrosion 
properties of the coating. 
 

4. CONCLUSION  
 

Adding TiO2 nanoparticles to epoxy paint has 
increased Impact and Glossy for the paint film, it 
helps the paint film to resist the harmful effects of 
the environment. TiO2 nanoparticles are a good 
coating in epoxy paint, it improves the properties 
of the paint film. Because the cost of 
nanomaterials is higher than that of normal 
coating materials, the nanomaterial should only 
be added with a ratio of about 2-5% by weight. 
 
The study of adding nanomaterials to coatings 
has an important meaning, it not only gains many 
benefits in improving the properties of paint films 
but also contributes to proving and clarifying the 

value of nanotechnology and its effective 
applications now and in the future. 
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