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SOME EVALUATION AND RESEARCH RESULTS
OF MECHANICAL PROPERTIES AND SEAWATER RESISTANCE
OF EPOXY COATINGS ON POROUS MATERIALS

MOT SO KET QUA NGHIEN CUU, DANH GIA CO TiNH VA KHA NANG CHIU NUGC BIEN

CUA LGP PHU EPOXY TREN NEN VAT LIEU XOP
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ABSTRACT

Due to outstanding properties of mechanical properties, resistance to chemicals, seawater etc., epoxy
materials are used effectively in the fields of paints, glues, composites, bulk materials, etc., and in many
other specialized sectors such as transportation, aerospace. Within the scope of this research, the
efficiency of epoxy materials is evaluated in the marine environment with the main purpose of improving
the resistance capacity of seawater intrusion and also increasing the mechanical properties of porous
materials in quick assembly works in the sea and on islands. This research presents some research results
on the effectiveness of epoxy coatings on expanded polystyrene foam, extruded polystyrene foam and
polyurethane foam. The achieved results showed that, when coating foam panels with the quantity from
460g/m” to 570g/m? by epoxy resin, the level of seawater resistance reaches 97.7%, the compressive
strength of the porous materials when coating epoxy reaches 1219.3kJ/m”,
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TOM TAT

V6i nhitng déc tinh ndi trdi vé co tinh, kha nang khang héa chat, nudc bién, .. . vat liéu epoxy dugc st
dung hiéu qua trong linh vuc son, keo, composite, vat liéu khdi,. . . trong nhiéu linh vuc dac chiing tir giao
thdng van tai, hang khong vil try, ... Trong khudn khé bai bédo nay da nghién ciiu, danh gia hiéu qua cta
I6p vat liéu epoxy trong méi trutng nudc bién, véi muc dich chinh la cai thién kha ndng ngan chan moi
trudng nudc bién xam nhap, dng thai tang co tinh cho vét liéu xGp trong cac cong trinh |3p ghép nhanh
viing bién, trén cac ddo. Bai bdo trinh bay mt s6 két qua nghién ciiu hiéu qua cla I6p phi epoxy ddi véi
x0p polystyrene gian ng, xop polystyrene ép dun va xop polyurethane. Cac két qua xac dinh cho thay, véi
céc tdm xdp dugc pha 16p nhua epoxy véi lugng 460g/m?* dén 570g/m?, mitc do ngan chan nudc bién dat
dén 97,7%, d6 bén nén ctia tam vat liéu xGp dugc ph 16p epoxy nay dat 1219,3k)/m2

Tir khod: Nhua epoxy YD-128; chdt ddng rdn polyethylene polyamine; xp EPS; xdp XPS; xdp PU.
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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 s
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/m® to 50kg/m?®), 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 (Vietham), 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

Sample
Component
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].
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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 I1SO 180:1993 [15], on the Tinius Olsen device (USA).

The compressive strength is determined according to
ISO 604:2002 [16], on the Z0O10TH 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 = &80 1000 (1)
(81—80)
In which:

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

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

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

Epoxy resin (YD-128) Hardener PEPA

A4

Epoxy
material

Determine the ratio and physical
and mechanical properties

Coating

Epoxy material
coated sheet

Determination of salt water
absorbance and compressive strength

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.
M1 M4 M5

M2 M3
Figure 2. Gel content of epoxy material specimens
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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 453
Bending strength, MPa 132.5
Impact strength, kJ/m? 46

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.
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Table 3. Quantity of epoxy coating

Type of foam panel Epoxy resin quantity, g/m’
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

. Seawater absorption, g/m’
Material sample . 3
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/m?), the epoxy-coated XPS and EPS foam samples
have the lower seawater resistance capacity (the seawater
absorbance values are of 1.021g/m? and 1.157g/m?
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/m’
EPS 714.9
XPS 563.1
PU 12193

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 (570.29/m? 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
453MPa, bending strength of 132.5MPa and impact
strength of 4.6kJ/m?.

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/m? (for XPS panels), reaching values of
714.9kJ/m? (for EPS panels) and 1219.3kJ/m> (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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