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1. INTRODUCTION 
Vietnam is located in a humid 

tropical climate with a long coastline 
along the country and has many big 
and small islands [1]. In the context of 
serious damages caused by the impact 
of high temperatures, rising sea levels, 
and floods, we have come up with 
many solutions to overcome and 
adapt to the new situation, in which 
the construction of coastal houses 
from quick assembly works is 
considered as a solution with high 
adaptive efficiency [1, 2]. Porous 
materials used to create building 
blocks can be easily implemented on a 
large industrial scale with domestically 
available equipment. The quick 
assembly works clearly show the 
advantages of weather resistance, 
seawater resistance, effective 
temperature and sound insulation etc. 
[3, 4, 5], as well as the high flexibility 
when dismantling and moving, 
especially low initial investment costs. 

Thanks to the advantage of light 
weight (specific gravity is in the range 
of 16kg/m3 to 50kg/m3), types of 
foams such as expanded polystyrene 
(EPS), extruded polystyrene (XPS), 
polyurethane (PU), glass wool panel, 
mineral wool panel, etc., have been 
manufactured by many companies 
and firms, their panels can be used in 
the construction of assembly works. 
However, the use of these porous 
blocks is limited due to its short 
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lifespan, especially at the wall foundation, which absorbs 
a lot of salt due to frequent contact with seawater. Epoxy 
based materials have superior properties compared to 
other resins such as good adhesion on the surface of 
different materials, strong impact resistance, salt 
resistance (the E-glass/epoxy retained 94% of its strength 
after 7.5 years of immersion in seawater) [6], chemical 
resistance etc. [7, 8, 9]. This type of materials has been 
applied as a coating on the surface of different types of 
foam to solve the disadvantages of some types of foam to 
improve the durability and increase the lifespan of all 
types of foam. This is a scientific and effective solution in 
practice. 

2. MATERIALS AND METHODS 

2.1. Materials 
XPS, EPS and PU foam (Vietnam), ethanol 99.6% 

(Vietnam), epoxy resin YD-128 (Korea), hardener 
polyethylene polyamine (PEPA) (China), acetone (China), 
solution NaCl 3.5%, laboratory analytical balance PR224/E 
(Ohaus, USA), heating oven UN110 (Memmert, Germany), 
templates, electronic calipers, rulers, and cutting machines. 

2.2. Fabrication of epoxy materials 
The epoxy resin YD-128 and hardener PEPA are 

prepared according to the weight rate as specified in Table 
1 [10]. Stir well to make a homogeneous mixture solution 
(epoxy resin sample), the mixture cures at the room 
temperature for 24 hours. 

Table 1. Component of epoxy resin samples 

Component 
Sample 

M1 M2 M3 M4 M5 

Epoxy resin YD-128 50 60 70 80 90 

Hardener PEPA 10 10 10 10 10 

An epoxy resin YD-128 is poured into a mold (cleaned 
and non-stick mold) according to the standards for the 
determination of tensile, bending and impact strength. 

2.3. Fabrication of samples 
PU, EPS, XPS foam panels are cut, measured and 

weighed. 

Weight rate of epoxy resin and curing agent; the 
quantity of epoxy material coated on the surface of the 
foam panel is calculated previously. 

A bristle brush is used to coat epoxy on the surface of 
foam panels EPS [11] (PU or XPS), making sure to cover the 
entire foam surface evenly and tightly. The surface of 
specimen panel is dried after 24h at the room temperature. 
The coating is stabilized for at least 7 days. It is required to 
determine the criteria of compressive strength, salt water 
absorption rate. 

2.4. Test methods 
The salt water absorbance is determined according to 

TCVN 178:1986 [12]. 

The tensile strength is determined according to ASTM 
D638 [13], on the Instron 5582-100kN device (USA), and at a 
tensile rate of 5 mm/min. 

The bending strength is determined according to ASTM 
D790-10 [14], on the Instron 5582-100kN device (USA). 

The impact strength (grooved) is determined according 
to ISO 180:1993 [15], on the Tinius Olsen device (USA). 

The compressive strength is determined according to 
ISO 604:2002 [16], on the Z010TH ProLine/Zwick device. 

The gel content is determined as follows: 

Crush the epoxy material, pack it into a filter paper and 
place in the Soxhlet extraction system. Acetone solvent is 
used to extract the residual epoxy resin and PEPA curing 
agent that are still residual in the epoxy material specimen 
after the curing reaction. 

The gel content (G, %) is determined according to the 
following formula (1): 

G =
(�����)

(�����)
. 100%         (1) 

In which: 

g0 - mass of dry filter paper, (g); 

g1 - total mass of dry filter paper and study sample 
before extraction, (g);  

g2 - total mass of dry filter paper and study sample after 
extraction, (g); 

 
Figure 1. Testing procedure 

3. RESULTS AND DISCUSSION 
3.1. Evaluation of epoxy resin-based fabrication materials  

3.1.1. Surveys of epoxy resin curing degree 
During the curing process of epoxy resin, the accurate 

amount of hardener used is very important because it 
determines the physical and mechanical properties of the 
material after curing. 

The gel content represents the curing ability of the 
material after fabrication, from which the appropriate rate 
of components is selected to assure that the fabricated 
material can achieve the highest physical and mechanical 
properties. 

The gel content is determined according to formula (1), 
and the results are presented in Figure 2. 

Based on Figure 2, the results showed that samples M1, 
M2, M4 and M5 have lower gel content. Sample M3 has the 
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highest gel content (G = 98.19%). It can be explained that, 
in the fabricated material samples, there is also an 
excessive amount of epoxy resin (for samples M4 and M5) 
or excess PEPA (for samples M1 and M2) that does not 
participate in the crosslinking reaction so that it is extracted 
by acetone solvent from the material sample, causing the 
total sample mass after extraction decreases significantly; 
as a result, the gel content (G) reaches a low value. For the 
material sample M3, the gel content reaches a higher value, 
which means that the rate of epoxy resin/PEPA = 7/1, this 
makes the curing mixture more thoroughly, and this rate is 
used to fabricate the material samples for further studies 
and surveys. 

 
Figure 2. Gel content of epoxy material specimens 

3.1.2. Evaluation of the mechanical strength of epoxy 
materials 

Epoxy resin-based paints, coatings and composite 
materials using curing agents PEPA are widely applied 
because of their outstanding advantages such as high 
strength, minor shrinkage, effective chemical resistance, 
and especially, this material is available on the domestic 
market, so it is completely active for the manufacture of 
these materials. 

Based on the survey as mentioned above, it is possible 
to choose an appropriate rate of epoxy resin/PEPA = 7/1. 
Some mechanical properties of epoxy material samples 
such as tensile strength, bending strength and impact 
strength are summarized in Table 2. 

Table 2. Physical and mechanical properties of epoxy material samples 

Mechanical properties Value 

Tensile strength, MPa 45.3 

Bending strength, MPa 132.5 

Impact strength, kJ/m2 4.6 

The strength values of epoxy materials as described in 
Table 2 meet the requirements for the purpose of 
strengthening the mechanical properties of other materials 
to improve the use efficiency in practice. 

3.2. Surveys of the properties of epoxy-coated foam 
panels 

The epoxy material layer is used as a coating on the 
surface of PU, EPS and XPS foam panels with the quantity 
listed in Table 3. 

Table 3. Quantity of epoxy coating 

Type of foam panel Epoxy resin quantity, g/m2 

EPS 458.1 

XPS 487.1 

PU 570.2 

3.2.1. Seawater absorption of the material 
The epoxy-coated porous material panels are immersed 

in seawater (NaCl 3.5%) for 48 hours. The results for 
determination of seawater absorption of foam panels are 
summarized in Table 4. 

Table 4. Seawater absorption of epoxy-coated foam panels 

Material sample 
Seawater absorption, g/m2 

Non-coating epoxy Coating epoxy 

EPS 34.176 1.157 

XPS 37.022 1.021 

PU 36.835 0.861 

Based on Table 4, the results showed that the epoxy-
coated PU material samples have the highest seawater 
resistance capacity (the lowest seawater absorption is 
0.861g/m2), the epoxy-coated XPS and EPS foam samples 
have the lower seawater resistance capacity (the seawater 
absorbance values are of 1.021g/m2 and 1.157g/m2, 
respectively). This can be explained as follows: the surface 
structure of PU foam has small and uniform pores. In 
addition, there is polar hydroxyl group in the chemical 
structure of epoxy resin, so it is easy to bond and 
compatible with PU foam, thereby creating a dense mass of 
materials and increasing the water penetration prevention 
capacity. 

The results of Table 4 also expressed that the seawater 
absorption of foam panels is greatly improved when 
coated with epoxy, these values are very low compared to 
the samples of porous materials not coated with epoxy. 

 
Figure 3. Testing for determination of seawater absorption 

3.2.2. Compressive strength of fabricated materials 
For porous materials, compressive properties are 

important mechanical properties to evaluate the structural 
stability of pores under the impact of external forces. For 
porous material panels coated with epoxy material, this 
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epoxy resin layer will greatly determine the mechanical 
properties of the fabricated materials. 

The results for determination of the compressive 
strength of material samples are summarized in Table 5. 

Table 5. Compressive strength of epoxy-coated porous samples 

Material samples Compressive strength, kJ/m2 

EPS 714.9 

XPS 563.1 

PU 1219.3 

Based on the results of Table 5, it showed that the 
epoxy-coated PU material samples achieve the highest 
compressive strength. This is explained as follows: 1) PU 
foam panel has higher compressive strength than EPS and 
XPS foam panels; 2) The quantity of epoxy coating on the 
surface of PU panels (570.2g/m2) is the highest compared 
to the quantity of epoxy coating on the EPS and XPS foam 
panels, this provides high mechanical properties for the PU 
foam panels. 

4. CONCLUSION 
Based on the rate (mass ratio) of epoxy resin/hardener 

PEPA = 7/1, epoxy materials achieve the highest curing 
efficiency, the material achieves the tensile strength of 
45.3MPa, bending strength of 132.5MPa and impact 
strength of 4.6kJ/m2. 

The use of epoxy materials on the surface of EPS, XPS 
and PU foam panels helps reduce significantly the seawater 
absorption from 96.6% to 97.7%, its compressive strength 
reaches 563.1kJ/m2 (for XPS panels), reaching values of 
714.9kJ/m2 (for EPS panels) and 1219.3kJ/m2 (for PU 
panels). These epoxy-coated foam panels are suitable for 
quick-assembly works in coastal and island areas, meeting 
the requirements of durability, mobility, flexibility and 
timely adaptation in stormy conditions, floods and rising 
sea levels due to climate change. 
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