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stiffness of this composite increased with the increase in the number of metal
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1. Introduction

Metal reinforced polyester composite has increasingly drawn the attention of the
researchers during the last decades. Concepts are changing for structural materi-
al used in house building construction, household materials, transport material,
electronics, etc. Materials with lower cost, long shelf life, higher strength and
mach inability are the pre-requisite during procuring new structural materials.

The researchers focus on finding an alternative structural material which is me-
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chanically strong but light in weight. In this respect a common approach is to
produce composite materials by varying a range of matrix materials and rein-
forcing agents. Composites are classified in different ways, according to the dis-
tribution of the material that is geometry composites can be classified as parti-
culate, laminated and fibrous. On the other hand, according to the matrix ma-
terial and reinforcing agents composites can be classified as metal matrix com-
posite, polymer matrix composite, ceramic matrix composite, etc. [1]. A single
homogenous material has its inherent deficiencies in mechanical performance
[2]. When they are stiff and sufficiently hard, they are brittle and hardly pro-
cessible and vice versa. The contribution of a composite interface, to the me-
chanical performance of the resultant material is mainly related to its potential
for transferring mechanical strength from matrix to the reinforced material
during loading [3].

In this project, the metal mat reinforced polymer (MMP) composites were
developed where an aluminum metal mat of high strength reinforcing was com-
bined with a polymer (polyester resin) matrix. Aluminum is a reasonably soft, re-
silient, lightweight, ductile, and malleable metal. It shows impressive protective
performance against corrosion as a layer of aluminum oxide forms on its surface
which prevents it from corrosion. This process is termed as passivation [4]. Po-
lyester resins are readily available and have been commonly used in composite
materials due to their dimensional stability, desirable mechanical performance and
high chemical resistance. However, polyester resin is very brittle and cannot be
used without any reinforcement [5]. Therefore, it is important to choose a suita-
ble reinforcement which can improve the mechanical properties of the compo-
site materials for construction and household purposes. To this end, the aim of
this study is to develop an aluminum wire mat reinforced polyester composite

and estimate its competency in the respect of mechanical properties.

2. Materials and Methods
2.1. Materials

The materials used for the sample preparation were polyester resin, aluminum
wire mat, methyl ethyl ketone per oxide (MEKP) as hardener, and styrene. All
the materials were of commercial grade and purchased from the local market of
Dhaka, Bangladesh.

2.2. Methods for Sample Preparation

Metal mat was cut as per desired size (in this study metal wire was cut into a di-
mension of 5 cm long 5 cm wide). Unsaturated polyester resin and styrene we
remixed in a ratio of 9:1. Methyl ethyl ketone was added in an amount of 1.5
wt% of polyester resin and styrene in an amount of 10% of polyester resin was
added as hardener with continuous stirring for half an hour. Then the mixer was
poured into the mould to make zero layered metal mat reinforcement polyester

composite. For the single layered, double layered and triple layered metal rein-
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forcement composite, the metal mat was put on the mould by a support and
when the mixer was poured on the mould, the mat was at the center of the mix-
er. After 36 hours of drying the composite specimen was ready for further test-
ing as shown in Figure 1. These composite was then cut into desired dimensions

(6] [7].

2.3. Characterization

2.3.1. Water Absorption Test

Water absorption is the amount of water absorbed by the dry sample soaked in
water for a certain time period. First of all, the test specimen was cut into a di-
mension of 10 to 12 mm long, 5 to 6 mm wide and 3 to 4 mm high According to
ASTM D1505-18 [8]. The sample was kept in a container filled with distilled
water (23°C) and soaked in the water for around 120 hours for measuring water
absorption according to ASTM D570-98 (2018) [9]. Percent water absorption
was measured by every 24 hours.

(a) (®)

(d)

Figure 1. Aluminum wire mat reinforced polyester composite (a) zero metal mat (b) sin-
gle metal mat (c) two metal mat (d) three metal mat.
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Percent water absorption was calculated by using the following equation:
Wet Weight — Dry Weight "

- 100 (1)
Dry Weight

Percent water absorption =

2.3.2. Tensile Strength Test
Tensile strength is a very important mechanical property of any materials. Ma-
thematically it is the ratio of applied load to the cross-sectional area. Tensile
strength is a measure of performance that is how much a material can resist an
applied force. Specimen for tensile strength test was prepared according to
ASTM D638-02a [10]. Tensile strength test was carried out according to the
standard method described in ASTM D638-14 [7] and calculated by using equa-
tion

Applied load

2
Cross sectional area of the load bearing area object 2

Tensile strength =

Percent Elongation (PE) is reported with tensile strength that is the measure
of ductility and is defined as the ratio of maximum elongation with original gage
length.

Final gage length — Original gage length y

Percent Elongation = 100 (3)

Original gage length

2.3.3. Flexural Strength Test

Flexural strength is a property of material defines as the stress that is applied just
before rapture of the materials. That is the pressure just before bending of any
material are termed as flexural strength.

Specimen for flexural strength test was prepared according to ASTM D 790-02
[11]. The flexural strength test was then carried out by using the standard me-
thod described in ASTM D790-17 [6] and calculated by using the following equ-
ation

3PL
=207 (4)
where, S = stress in the outer fibers at mid span, in MPa; P = load at a given
point; L = length of the tested specimen in mm; B = width of the tested specimen
in mm; D = Depth of tested specimen in mm.

2.3.4. Rebound Hardness Test

When impacting a metal sample with a magnet the hardness of the metal was
calculated in terms of energy loss by the magnet. In the reaction the magnetic
body rebounded faster when impacting a hard sample than softer ones. In the
case of the magnetic impact body a voltage arised that reduced the velocity as it
was moving through the measuring coil. When measuring the velocity of the
magnetic impact body, the rebound hardness was calculated by using the fol-

lowing equation [12] [13].

10007,
HL=—"+ (5)
V.
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where, HL is the rebound hardness, V;is the velocity before impact; V, is the ve-

locity after the impact.

3. Results and Discussion
3.1. Sorption Behavior

Result showed that percent of weight gain due to water absorption is very low
for the current studied samples. A comparative study of water absorption of the
resulting composites is shown in Figure 2. It shows that the water absorption
values increased with increasing the metal mat layers in the composite. That is
water absorption was found minimum (0.21%) for zero layered composite and
then water absorption increased with subsequent addition of metal mat layer.
Water absorption found maximum for three metal mats layered composite.
There are various models in order to describe the sorption behavior of materials
which based on the Fick’s law of diffusion [14]. According to Fick’s law of diffu-
sion, moisture absorption increase with the thickness of the material. However,
after a certain time the rate of water absorption rate decreased sharply due to the
saturation attained. Water absorption rate in cellulose based composite is higher
than metal reinforced composite, because cellulose itself absorbs a large amount
of water whereas metal doesn’t absorb any water [14]. When a composite ab-
sorbs much water then its mechanical properties are adversely hampered. In this
respect the studied sample will serve better.

3.2. Tensile Strength

Among all working samples, the tensile strength for the three layered metal
composite was found to be the highest (15.27 MPa) and the lowest (10.60 MPa)
for zero layered metal mat-polyester composite respectively. Therefore, the ten-
sile strength of the sample increased with the increase in the number of metal
mat layers in the composite, as shown in Table 1. It is well established that
presence of reinforcement increases the strength of composite and higher fiber

content increases strength higher than short fiber content [15].

3.3. Percentage Elongation

Percentage Elongation (PE) was also found to increase with increasing metal mat

0.7
0.6
0.5 /\
04 - = 0 Layer

=] Layer
0.3 ~

2 Layer

0.2 3 Layer

24 hr 48 hr 72 hr 96 hr 120 hr

Figure 2. Water absorption of different layered metal mat polyester composite.
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Table 1. Tensile strength of consecutive layer of metal mat in composite.

81?;2; lse Number Thickness (mm) Width (mm) Tensil;\e/{;t:)ength ls\frti;f}f E;Z;iz

S1 4 21 10.20

1] S2 4 21 11.10 10.60
S3 5 20 10.49
S1 5 20 11.39

1 S2 4 20 11.57 11.78
S3 5 23 12.38
S1 5 20 12.05

2 S2 5 21 12.14 12.14
S3 5 20 12.23
S1 5 20 14.76

3 S2 5 20 15.42 15.27
S3 5 20 15.64

layer in the composites and it was found to be 4.13% for the three layered compo-
site and 3.34% for zero layered one. So, the higher layered metal mat-unsaturated
polyester composites were less ductile than low layered ones as shown in Figure
3.

3.4. Elastic Modulus

Elastic modulus of the composite, as shown in Figure 4, was found to be very
similar to the trend of percent elongation found maximum (378 MPa) for the
three layered composite & minimum (344 MPa) for the zero layered composite.

So, the stiffness of the composite increased with the increase of metal mat layer.

3.5. Flexural Modulus

Reinforcement provides strength to the composite. So, it is hard to bend the
composite with the consecutive increases of metal mat layer. Three mat layered
composite gave highest flexural.

Similar results trend was found for flexure modulus of the composites, which
was calculated to be 3124 MPa for the three layered composite, 928 MPa for the
Zero layered one, as shown in Table 2. A number of studies support current
study as it is seen that flexural stress increases with reinforcement [16] [17]. As
aluminum wire has higher flexural strength than polyester resin so it increases
flexural strength of the composite.

3.6. Rebound Hardness

As it is already described that tensile strength, flexural strength increases in the
resulting composite with successive increase of metal mat layer. Similar result also

found in many study on composites, that is strength increases with reinforcement
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Figure 3. Elongation (%) of differently layered metal mat polyester composite.
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Figure 4. Elastic modulus of differently layered metal mat polyester composite.

Table 2. Flexural modulus of different layered metal-mat polyester composite.

Wi Fl M M f Fl
Sample layers Number Thickness (mm) idth exural Modulus ean of Flexural

(mm) (MPa) Modulus (MPa)

S1 5 22 1824

0 S2 5 22 1949 1928
S3 5 22 2011
S1 5 22 2190

1 S2 4 23 2333 2283
S3 5 23 2326
S1 5 22 2454

2 S2 5 22 2576 2556
S3 5 22 2638
S1 5 22 2889

3 S2 5 22 3097 3124
S3 5 22 3386

[18]. Therefore, rebound hardness of the samples also increased with the addi-

tion of metal mat layer to the composite as shown in Figure 5.
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Figure 5. Rebound hardness of differently layered metal-mat polyester composite.

4. Conclusion

It was an endeavor to develop a metal mat reinforced polyester composite with a
low cost which can be readily used as an alternative structural material to the
conventional homogenous material. The mechanical properties found in this
study suggested that the resulting composite can be used as a construction ma-
terial for heavy duty performing households purposes. For long term use, both
laboratory and full scale loading tests are required and needed to develop a da-

tabase for assessment.
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