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ABSTRACT

Purpose: This work aimed at evaluating the properties of the ethyl silicate-based coating
that can be applied on low carbon steel.

Design/methodology/approach: Two mixture ratio types (2:1, and 3:2) of resin and
hardener respectively were used to prepared two specimen models (A and B).

Findings: It found that some mechanical properties (tensile, hardness, and impact strength)
of ethyl silicate resin were evaluated according to standard criteria.

Research limitations/implications: The effect of heat treatments at various temperatures
(100, 150, and 200°C) and holding at different times (10, 20 & 30) min on hardness was
investigated.

Practical implications: Moreover, an open circuit potential corrosion test with a solution
of 3.56% Sodium Chloride at room temperature and 60°C was used to determine the
corrosion resistance of low carbon steel specimens coated with the two mixture types.

Originality/value: The effects of mixture ratios (for resin and hardener) and heat treatment
conditions on properties of ethyl silicate-based coating were studied. From obtained results,
acceptable values of tensile, hardness, and toughness were recorded. Increasing heat
treatment temperature and holding time leads to enhance hardness for both model types. An
open circuit potential (OCP) tests show that there is an enhancement of protective properties
of ethyl silicate coatings with mixture type B in comparison with type A was achieved.
Generally, the results indicate that specimen model B has higher properties as compared
with specimen model A.
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1. Introduction

Surface engineering is a multidisciplinary activity
intended to improve the properties and features of the
surface of engineering parts so that their function and
serviceability can be enhanced [1]. The coating is one of the
most important methods utilized for the modification of the
surface properties and protection of the components from
corrosion and aggressive conditions. The metal corrosion
protection efficiency is dependent on many variables like
quality of coating, metal characteristics, metal-coating
interface properties, and the aggression of the environment
[2]. Undoubtedly, ferrous alloys are one of the most
important alloys used in the different industries [3]. But on
of its limitation is the low corrosion resistance, i.e. to return
to its origin, and become useless, this result in losses
amounting to about 10% of the world output [4]. So, the
enhancement of corrosion resistance of ferrous, i.e. to keep
the ferrous alloys in their usable form, and extend the life or
improve the performance of steel components working in
severe conditions have often an important matter. This can
be attained by developing new material, applying the
coating, or a combination of these [5]. various coatings have
been developed for protecting ferrous alloys against
corrosion in modern technologies. Many coating systems
ranging from polymeric or metallic to ceramic (oxide base),
out of which ethyl silicate polymeric based coatings have
additional advantages of shock-resistance, lightweight, and
excellent chemical properties comparing to nowadays
coatings.

Ethyl silicate, often referred to as tetracthoxysilane or
tetra ethylortho silicate (TEOS), Si(OC:Hs)s, is a tetra
functional silicon alkoxide (Fig. 1) synthesized in two ways;
firstly, via reacting ethanol with silicon tetrachloride (SiCly)
and secondly, via reacting ethanol with silicon metal [6].
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Fig. 1. Chemical structure of tetra ethyl ortho silicate
(TEOS) [6]
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Many plastics, like acrylic resin, and polycarbonate
resin, have downside that scratches quickly occur on the
surface, greatly detracting from the quality of items.
However, by utilizing products that use ethyl silicate, a very
thin film of SiO, is created on the surfaces, that resulting in
enhances the resistance of abrasion and reduces scratching.

Moreover, heat and weather resistance is dramatically
enhanced, by using ethyl silicate onto a variety of different
substrates, and the fields of application of the substrate are
widely extended. Additionally, the light transmission can be
boosted and avoid the reflection of the light more
operatively by adding it to plastic or glass. Moreover, the
particles' surfaces can be covered by a SiO> membrane, thus
enhancing the dispersibility of the particles and other
properties.

In addition, ethyl silicate was applicable in the world,
especially when the liquid precursor of silica (SiOy) is
demanded. [7]. Silica fine particles are produced by ethyl
silicate which acts as a binder adherence ceramic to
refractories [8]. Corrosion resistance coating was applied
when it combined with zinc [9]. It can be used for the
consolidation of wall paintings [10,11]. One of its uses as an
electrical insulator to the surface of semiconductor chips
after vaporization and thermal decomposition of ethyl
silicate to make silica gel. This technique is used to
manufacture integrated circuits [12]. There is continuous
development in ethyl silicate chemical applications include
silicon cross-linking and versatile chemicals [12]. Ethyl
silicate as a polymer or monomer form has wide applications
in silicon-based materials as liquid precursors [13]. Silica
colloids as binder agents were produced by hydrolysing and
condensing ethyl silicate, to use in manufacturing ceramic
materials with a high resistance to corrosion and superior
mechanical strength and dielectric properties. However,
although the ethyl silicate-based coatings were studied by
many researchers, there are few works that treat the effects
of mixture ratios (for resin and hardener) and heat treatment
conditions on properties of ethyl silicate-based coating.
Researchers have studied the effect of the mechanical
properties improvement that increased with the increase of
the chromium ratio in the four cases in general to reduce the
rate of the corrosion [14]. The powder metallurgy method
was used in order to prepare the produced pad friction
materials to test the hardness and roughness [15]. Hence, to
compensate for the lack in this issue, the current study is
aimed at the evaluate of some mechanical properties of the
ethyl silicate resin with different mixture ratios and under
different heat treatment conditions. Additionally, the
suitability of this coating to protect the steel sheet against

corrosion was investigated.
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2. Materials and specimens
2.1. Materials

A commercial ethyl silicate (ETS) based coating with its
hardener (Hardener 1, type 008 7380 0360), were used in the
current study. Two mixing methods (2:1 and 3:2) for resin
and hardener respectively were prepared and used in tests.
Specimens of low carbon steel sheets (10 x 10 x 0.8) mm
with the chemical composition shown in Table 1 were used
as a substrate in the current work.

2.2. Mixtures and specimens preparation

A manual method was used to mixing ethyl silicate with
its hardener. Two mixing types (2 risen - 1 hardener and the

Table 1.
The chemical composition of low carbon steel
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3 resin -2 hardener) were used to prepare two specimens
model symbolled (A and B) respectively. To perform the
tensile test, a mixture of two series was poured into a mould
in form of a tensile specimen according to ASTM D638
(Fig. 2) and curing for about 24 hours. Also, specimens were
cut to perform impact strength and hardness tests. Moreover,
for polishing the low carbon steel specimens, emery papers
with have various grades ranging from 80 to 1000 were
employed. After that, the specimens were washed and
cleaned with water and ethanol to be prepared for the coating
process. Lastly, the low carbon steel samples recovered with
the two mixture models of ethyl silicate coatings as shown
in Figure 3 to prepare it for corrosion testing (OCP test).
Furthermore, samples for the hardness test were cured and
thermally treated (Fig. 4) in an oven at different times and
temperatures. Heat treatment conditions and sample
designation were illustrated in Table 2.

Element C Mn P S Si Cr Vv Cu
wt.% 0.09 0.85 0.007 0.005 0.25 0.015 0.003 0.016
a) b)
—
o o
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Fig. 3. Coated low carbon steel sample
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Fig. 4. Heat treated samples
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Table 2.
Heat treatment conditions and samples classification
Specimen type Symbol Heat treatment conditions
A. As received
A Heated to 100°C then hold to 10 minute
A Heated to 150°C then hold to 10 minute
NE Heated to 200°C then hold to 10 minute
A Az Heated to 100°C then hold to 20 minute
A Heated to 150°C then hold to 20 minute
Ax; Heated to 200°C then hold to 20 minute
Aj Heated to 100°C then hold to 30 minute
Az Heated to 150°C then hold to 30 minute
Az Heated to 200°C then hold to 30 minute
B. As received
B Heated to 100°C then hold to 10 minute
Bz Heated to 150°C then hold to 10 minute
Bis Heated to 200°C then hold to 10 minute
B B2 Heated to 100°C then hold to 20 minute

B2 Heated to 150°C then hold to 20 minute
Bas Heated to 200°C then hold to 20 minute
B3 Heated to 100°C then hold to 30 minute
B3 Heated to 150°C then hold to 30 minute
Bss Heated to 200°C then hold to 30 minute

3. Methods The hardness measurements of the specimens were

3.1. Mechanical tests

The Izod impact toughness test according to ASTM D256
standard was used in this work Figure 5. Five individual
readings were performed and averaged to get an acceptable
value of the impact strength of a material. The total energy
of the impact test affected by the notch shape, size, and
length of the test specimen.

S

A=10.2 mm
B=32mm
C=64 mm
D=0.25R
E=12.7 mm
$=22.5°

1 W=12 mm
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Fig. 5. Schematic of Izod test specimen
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carried out by using a shore tester type D according to
ASTM D 2240. The hardness was determined by taking five
readings on each specimen and averaging them.

3.2. Open circuit potential measurement
To evaluate corrosion resistance, the open circuit

potential (OCP), as well called the free corrosion potential,
was used (Fig. 6). For each specimen, open circuit potential

Fig. 6. The electrochemical cell and open circuit potential

(OCP) test setup
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(OCP) was carried out for a half-hour. To get this value, the
specimens were placed in a 3- electrode cell (coated steel
specimen as a working electrode (WE), platinum wire
service as counter electrode (CE), and a saturated calomel
electrode (SCE) used as reference electrode) immersed in
3.5% sodium chloride (NaCl) solution with ensuring
connections establishment in the potentiostat set. The OCP
value is the criterion employed to make a comparison
between the dissolution of specimens in the same
environments within the solution.

4. Results and discussion
The results of the tensile test for two types of specimens

were evaluated by using stress — strain diagrams presented
in Figure 7. The result reveals that the tensile stress of

35

30

N
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Stress (MPa)
N
<
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specimen B much higher than that of specimen A.
Meantime, the elongation for specimen B dramatically
decreasing as compared with specimen A. the main reason
for this behaviour is the increase in hardener content in
specimen B. The increase in the mixture ratio in specimen B
maybe leads to fill the more open porosities embedded in
ethyl silicate structural and consequently increases the
structure integrity and strengthen it.

On other hand, Table 3 displays the results of the
hardness test. In general, it noticed the hardness values were
enhanced with increasing both the temperature and time
holding of heat treatment. At the same time, it is observed
the hardness properties of specimen B are better as
compared with specimen A. This may be attributed to that
heat treatment leads to enhance the formation of higher-
ordered structures of samples and consequently enhancing
the hardness properties.
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Fig. 7. Stress-strain diagram of two specimens
Table 3.
Hardness test results
Results
Specimens Temperature, °C Holding time
10 min 20 min 30 min
100 60 65 67
A 150 65 63 66
200 69 70 72
100 72 71 75
B 150 77 78 77
200 77 78 78
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The results of toughness properties of impacted
specimens indicate that there are slight differences between
the two types of specimens. The toughness value for
specimen A was 27 while for specimen B was 26. This
difference may be associated with a slight increase in
brittleness in specimen B as a result of increasing the
hardener. At the same time, by referring to the strain-strain
diagrams of the two samples, A and B, the areas under the
two curves are somewhat close, which gives the same
indication that the toughness value of the two samples is
approximately corresponding. This suggests that the
modification in the mixing ratio has no significant inverse
impact on the toughness property of the resultant coating.

Table 4.
Open circuit potential results

OCP (V) in 3.5 wt.%

OCP (V) in 3.5 wt.%

Model NaCl solution NaCl solution (60°C)
base -53 -57

Sample A -44 -49

Sample B -43 -48

The Open-Circuit Potential (OCP) corrosion test results
are presented in Table 4. It is clear that the dissolution of
samples B less than of that samples A, also the samples
immersed in 3.5 wt.% NaCl solution at static conditions and
room temperatures have fewer OCP values comparing to
those exposed with the same condition but at high
temperature. This means that the immersed samples in 3.5
wt.% NaCl solution at room temperature nobler and have a
tendency to dissolve were lower. The most important point
on the tests performed at both of room and high temperature
was that the samples had approximately the same open-
circuit potential. It can be concluded from this test that at
these two temperatures, coatings behaviours with different
mixture ratios were approximately the same. Actually, these
values were indicative of more active OCP values of the
specimens at elevated temperatures. On other hand, the
results reveal that the resistance to corrosion of coated
samples significantly improved for both temperature
conditions. This suggests that ethyl silicate is powerful and
efficient method to protect steel from a corrosion. This
chemical inertness is attributed to the chemical inorganic-
organic formulation of the ethyl silicate resin and its small
monomer sizes. The same trend was observed by [16,17] for
ethyl silicate-coated steel penal by using electrochemical
method and nanocomposite modified ethyl silicate.
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5. Conclusions

In current work, some properties of ethyl silicate-based
coating were evaluated. The effect of two mixture ratio types
(A and B) of resin and hardener on mechanical properties
(tensile, hardness, and impact) and corrosion resistance were
studied. Moreover, the effect of heat treatments conditions
(temperature and holding time) on hardness were
investigated. It can be summarized from the experimental
finding the following conclusions:

1. Generally, sample B has properties higher than the ones
of sample A.

2. Hardness of heat-treated samples was improved by
increasing the temperature and holding time of the heat
treatment process.

3. Ethyl silicate is a powerful and efficient method to
protect steel from corrosion.

4. The immersed samples in 3.5wt.% NaCl solution were
nobler at room temperature, and less dissolve comparing
to those at high temperature.
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