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After primary uses of the plastic product, most developing countries like Ethiopia are facing a shortage of postconsumer
disposal waste sites and it became a very serious problem on environmental pollution due to its nonbiodegradable nature.
For this reason, regenerating and using the waste product as resources and reducing environmental pollutions are a great
opportunity. This research is aimed at the manufacturing of composite materials from waste poly(ethylene terephthalate)
(PET) bottles reinforced with glass fibers and filled with waste glass powder for floor tile applications. The tile composites
were prepared by the melt-mixing method followed by compression molding. The effect of filler, fiber, and PET matrix
loading on the composite was investigated using their tensile, compression, and flexural strength tests. The sample was
characterized using a universal testing machine. PerkinElmer FTIR instrument was also used. For this, eleven samples
prepared by varying the glass fiber weight % from 0 to 10, PET matrix weight % from 70 to 85, and glass powder filler
weight % from 5 to 20. The measurement results of the composite were maximum tensile strength (81.625MPa) and
flexural strength (1067.59 MPa) recorded at 10%weight of glass fiber, 85% weight of PET matrix, and 5%weight of window
glass filler. The maximum compressive strength is 1876.14 MPa at 10% weight glass fiber, 70 wt% PET matrix, and 20 wt%
window glass filler. Based on this, the tensile strength and flexural strength increased with increased weight % of glass
fiber and decreased with increased window glass filler. The FTIR spectrum shows some of the groups that have been
removed from the recycled PET; this explains the brittleness of the recycled PET as compared to the waste bottle PET.
The microstructure was uniformly distributed, and the material became opaque, probably because the decrease in chain
length improves chain packing, increasing the crystallinity degree and crystal size.

1. Introduction

Most developing countries facing a shortage of postcon-
sumer disposal waste sites, and it becomes a very serious
problem for environmental pollution. For this reason, regen-
erating and using waste products as resources and prevent
environmental pollutions is a greater concern. Therefore,
different researchers, considering the postconsumer waste
glass and waste plastics, there is an effort to recover and
use waste glass and waste plastics to avoid pollution other-
wise it ends up at a disposal landfill. Currently, most of the

recovered waste glasses and waste plastics are used by glass
and plastic manufactured companies in the production of
new glasses and plastics such as bottles and windowpane.
But only a limited amount from the waste glass and plastic
collected can be used towards the production of new glass
and plastic [1].

Wastes are unwanted or discarded materials after pri-
mary uses such as plastics and glasses. However, we can pro-
duce different products, such as composite, from those waste
materials by combining or separately using different recy-
cling methods [2, 3]. Short life packaging materials (bags,
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bottles, etc.), used goods (computers, cell phones, furniture,
cars, etc.), demolition materials from buildings (insulation,
flooring, pipes, etc.), and disposables are some of the waste
materials [4, 5]. Among municipal wastes, plastics are the
most common material that can be easily recycled, and
poly(ethylene terephthalate) (PET) is one of its major
types. Usually, a recycling process is tailored to a specific
material for optimal purification and decontamination to
obtain high-grade recyclable material [6].

Recycling also helps in greening our infrastructures by
conserving natural resources, making our infrastructures
more durable due to high-performance mixtures, reducing
greenhouse gas emissions and air pollution, and groundwa-
ter contamination [7]. Efficient recycling should provide
new opportunities for the reintegration of discarded mate-
rials into the economic cycle; increase the added value of
products from recycled materials, creating a sustainable
solution of the polymer waste problem; and decrease the
dependence on businesses utilizing oil to obtain raw mate-
rials and energy. The most common recycling methods are
mechanical and chemical recycling and combustion [5].
Recycling and incineration are the usual aspects of recovery
methods in the case of thermoplastic polymers. The inciner-
ation presents some problems like the production of toxic
gases and residue ash. Recycling presents advantages such
as reduction of environmental problems and saving both
material and energy [8-10].

Polymeric composites are formed by combining fibers
and polymer resin which is also known as fiber-reinforced
plastic (FRP) [11]. Commonly, composites tend to have
characteristics such as high strength; high modulus; low
density; and excellent fatigue resistance, creep, creep rup-
ture, corrosion, and wear. Each type of glass fiber has unique
properties and is used for various applications in the form of
polymer composites [12]. Silica, such as fumed silica and
quartz, and silicates, such as clay and talc which are widely
used as a filler [13, 14] were used.

The existing ceramic tiles are thin slabs of clay or other
inorganic materials, hardened by oven firing and usually
coated with some kind of glaze. It is most often a great
choice for kitchens and bathrooms because it is easy to clean
and does not harbor germs. But many homes, especially in
warm climates, use tile to great effect in living areas and bed-
rooms, too. Ceramic tile is rated from zero to five based on
hardness; zero through two is suitable for wall tile, three is
good for most residential uses, and four and five are hard
enough for commercial applications. The existing ceramic
tiles are heavy, brittle, expensive, etc.; these are some disad-
vantages [15].

The most common solid waste is plastic material espe-
cially PET, and the other form of solid waste is broken glass.
These PET bottle materials are disposed to the environment
after the consumer consumes the product and glass products
are also discarded as solid waste material if there is some
cracking or broken down of the product.

Now, there are a lot of manufacturing companies that
produce plastic- and glass-packed products. After the pri-
mary uses of the product, the packing plastics and glasses
are disposed of everywhere randomly to the environment.
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Since the living standard of the society increases year in
and year out, the amount of solid waste disposal of PET
and glass materials also increases. The solid waste is not
properly managed, it results in environmental pollution.
Consequently, it creates hazard on human life and it affects
humans, animals, and many types of ecosystem’s health,
socioeconomic conditions, coastal and marine environment,
and climate. The impact also increases with the amount of
solid waste increasing. However, most developing countries
face a shortage of postconsumer disposal waste sites, and it
becomes a very serious problem for environmental pollution
due to the nonbiodegradability of plastics and glasses [16].
For this reason, regenerating and using waste materials as
resources and reducing environmental pollution are a
greater concern. Therefore, the objectives of this study were
to manufacture and characterize recycled poly(ethylene tere-
phthalate) and waste glass as a filler composite reinforced
with glass fiber for floor tile application. In addition, studies
the mechanical properties of the composite and the effect of
the weight percentage of the composition.

2. Materials and Methods

2.1. Materials and Equipment. The following raw materials
were used: glass fiber (GF) is used as reinforcement, waste
PET bottle is used as a matrix, waste glasses are used as a
filler, stove and casserole (cooker) are used to melt the
shredded PET plastic, soap and water are to clean the impu-
rities, sheet metal is used to make the mold, weight balance,
jaw crusher, disk miller, sieve analysizer, and basin of water
are used to wash the PET bottle and glass wastes.

The following testing device were used: universal testing
machine (WAW-600D) was used to test the tensile, com-
pressive, and flexural strength of the composite and Perki-
nElmer FTIR instrument was used to test the functional
groups.

2.2. Methods. The waste PET bottles were collected, cleaned,
dried, and shredded for easier melting. After melting, the
fibers and fillers were added at the required proportion
and stirred until a homogeneous mixture was achieved.
The mixture was then poured into the prepared mold and
pressed to ensure it spread throughout the mold.

2.2.1. Shredding of PET Bottles. The collected waste PET bot-
tles were prepared for recycling by cleaning them to remove
any impurities and drying them to ensure no moisture
remains. After which, they were shredded into small sizes
as shown in Figure 1. This was done for easier melting.

2.2.2. Grinding of Waste Glasses. The collected waste glass
was prepared for grounding into small sizes by cleaning
them to remove any impurities or foreign objects and drying
them at room temperature to ensure no moisture remains.
After which they were ground into small sizes using jaw
crusher and disk miller (to finer) and to get a uniform parti-
cle size which is 0.75-1.0mm; sieve analysis is used (see
Figures 2(a)-2(i)). This was done for easier mixing with
the melted PET which is called a matrix.
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(a) Waste PET bottle

(b) Shredded of waste PET bottle

FIGURE 1: Shredding of PET bottles.

2.2.3. Glass fiber. The glass fibers (GF) were bought in the
form of a nonwoven mat. It was separated manually into
individual fibers of 4 cm length as shown in Figure 3. This
was done for easy mixing with the melted PET.

The most suitable processing size for melt mixing which
gives effective reinforcement to plastics is from 5 to 36 mm
[17]. Glass fibers (GFs) are most widely used among all the
synthetic fibers as they offer excellent strength and durabil-
ity, thermal stability, resistance to impact, chemical, friction,
and wear properties.

2.2.4. Manufacture of Mold. The mold was manufactured
according to the shape of the composite to be produced.
For this work, a square mold of 20 x 20 x 3 cm. The mold
was produced with the use of a 3 mm heavy gauge iron sheet
so that it was not affected by the high temperature during
composite manufacture. Besides, it is not bent during the
manufacturing of composite material and gets stabled-
shaped products.

2.2.5. Determining the Proportion of the Mixtures. The pro-
portion of the three components was varied until the opti-
mum result was obtained. To get the optimal proportion of
ingredients, Design-Expert (DOE) software package was
used and estimate the minimum and the maximum value
for the factors according to related previous literature (see
Table 1). Finally, the test results of the composites at differ-
ent proportions will be feed to the software, and the software
by itself analyzes the feed data and gives the optimum range
of the factors with their optimal response value. In this
study, three factors, namely, glass fiber, PET matrix, and
waste window glass weight percentage variation will be con-
sidered and their effect on the performance of the composite
will be analyzed.

2.3. Composite Sample Preparation. Randomly oriented
glass fiber-recycled PET with waste window glass filler
composite with varying fiber, matrix, and filler weight pro-
portion were manufactured by the melt-mixing process.

The parameters used were a mixing time of 8 min, rotor
speed of 60rpm, and mixing temperature of 265°C based
on an early work by Gebremedhin and Rotich [18]. The
temperature of 265°C was used because it does not affect
the fiber properties. Composite tiles of size 200 x 200 x 10
mm were prepared using a closed mold. The mold was
polished with a release agent to avoid PET from sticking
to it. The process involved melting of the shredded PET,
adding a predetermined proportion of the chopped fibers
and fillers, melt-mixing thoroughly to form a homogeneous
viscous solution (to get better fixation and uniformity), and
pouring (placing) it into the prepared mold. Finally, the
mold was closed and the samples were cooled down to
room temperature under 12.5MPa pressure for 30min
and demolding the sample as shownd in Figure 4.

2.4. Characterizations

2.4.1. Functional Group Analysis. The functional groups
found in waste glass, bottle PET, and recycle PET were ana-
lyzed using the PerkinElmer FTIR instrument. FTIR spec-
trum outputs were obtained in the range of 4000-500 cm™!
using 5 scans and recorded in the absorbance mode as a
function of wavenumber.

2.5. Mechanical Test

2.5.1. Tensile Strength Test. Tensile tests were performed on
Universal Testing Machine (WAW-600D) at a cross-head
speed of 50 mm/min. The detail dimension is shown in
Table 2. The samples (rectangular shape specimen) were
prepared for this test according to the ASTM (D 3039) test
standard. The specimens were positioned vertically in the
grips of the testing machine. The grips were tightened evenly
and firmly to prevent any slippage with gauge length kept at
50mm. At the beginning of the tensile test, the specimen
elongates, and the resistance of the specimen increases
which was detected using a load cell. This value was
recorded until the specimen fractured, and five samples were
tested.
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FiGure 2: Continued.
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F1GURE 2: Grinding of waste glasses: (a) waste glass collecting, (b) washing, (c) drying, (d) jaw crusher, (e) glass particles after jaw crusher, (f)
disk miller, (g) glass particles after disk miller, (h) sieve analyzer, and (i) 0.75-1.0 mm sieve size glass particles.

2.5.2. Compression Strength Test. The composite will
undergo compressive loading and unloading. The tests were
performed using a universal tensile machine (WAW-600D),
and the specimens were prepared according to the ASTM
(D6641) test standard with dimensions 140 x12x10mm.
The detail dimension is shown in Table 3. Five samples were
tested.

2.5.3. Flexural Strength Test. Flexural strength is the combi-
nation of compressive strength and tensile strength. The
tests were done on a universal testing machine (WAW-
600D). The flat specimens were prepared according to the
ASTM D7264 test standard with dimensions 125 x 12 x 10
mm. The specimens were tested on a support span of
65mm as per the standard. The three-point system was
used, and five samples were tested.

2.6. Microstructures Using Optical Microscope. The physical
properties and mechanical behavior of a material depend
on the microstructure. In this study, composite samples are
subjected to direct microscopic observation using optical
microscopes. For this research, a metallurgical optical
microscope and 10x image magnification were used. A small

piece of a specimen is cut by a metal-cutting-saw. After
cutting operation, burrs on the edges of the specimen were
carefully removed by a fine grinding paper and then
polished the specimen. The purpose of this test is to see
the distributions of the components in the crystal.

2.7. Data Analysis. Classical experimental design methods
are too complex and are not easy to use. A large number
of experiments have to be carried out when the number
of parameters increases. To determine the relationship
between independent variables (fiber loading, polymer
loading, and filler loading) and the response variables (tensile
properties, compression, flexural, impact strength, hardness,
and water absorbency), the Design-Expert statistical software
package was used. In this research study, a mixture optimal
was used because it is a more appropriate model for response
variables.

3. Results and Discussion

FTIR analysis Figure 5 shows the FTIR spectrum of bottle
waste PET (V-PET) and recycled PET (R-PET). The FTIR
spectrum shows that there is a difference between the waste
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(b) Individualization

(c) Separated glass fiber

FiGure 3: Glass fiber individualization process.

bottle PET and the recycled PET. Some of the groups have
been removed from the recycled PET; this explains the brit-
tleness of the recycled PET as compared to the waste bottle
PET. This could be because of the reduction in PET molecu-
lar weight or reduction of the chain length due to moisture
absorption, contamination, oxidation, and thermal degrada-
tion [19].

Throughout the recycling process, there is both chemical
and mechanical degradations. This affects the mechanical
properties and chemical resistance plus the melt viscosity
of recycled PET which is less than virgin PET. The factors
that cause a reduction in the physical, mechanical, chemical,
and rheological properties of recycled PET will also affect the
brittleness of the recycled polymer. These factors also make
recycled PET lose its melting elasticity behavior [19].

FTIR spectra identified the key chemical compound
existing in the waste glass filler as revealed in Figure 6 which
shows the FTIR curve of the waste glass which confirms the

presence of oxides which is glass formers or glass network
former such as SiO,, B,0, and P,O, and glass modifiers such
as Al,O,, TiO,, Na,0, and CO;. In general, it confirms the
presence of silica glass, borosilicate, and aluminum silicate.
These groups play an important role in determining the
interface between glass, glass fiber, and recycled PET.

It should be noted that the peaks of waste glasses
appeared from 3200 to 2850cm™ ' which corresponds to
O-H bending and stretching vibration from the Si-OH sila-
nol groups and are owing to adsorbed H,O molecules on the
sample’s surface. Carbonyl stretching C-O very strongly
appeared at 1638 cm™ and mediumly at 869-864 cm™". Band
1050-1170cm™ was owed to the asymmetric stretching
vibration network of Si-O-Si. The peak appeared at
1273 cm™" which corresponds to B-O stretching whereas a
small peak at 750-606 cm ™" indicated Si-O-Al was assigned
to symmetric stretching vibration network of the gel net-
work [20].
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TaBLE 1: Proportion of the mixtures using mixture optimal design
of expert and sample codes.

Run %fiber %matrix %filler Sample
loading loading loading code

1 10 85 5 GF,MjsFs
2 85 14 GF,Mg.F,,
3 9 78 13 GFoM_4F, 5
4 10 80 10 GF,oMgFyo
5 6 81 13 GF My, Fys
6 4 85 11 GF,Mg.F,,
7 10 74 16 GF,,M,,F ¢
8 4 76 20 GF,M,F,,
9 79 17 GF,M,F,,
10 0 82 18 GF,Mg,F,,
11 10 70 20 GF,oM,F,,

Note: GF, M, and F stand for glass fiber, PET Matrix, and filler, respectively.
And the subscript number indicates the weight % of each component.

FIGURE 4: Glass fiber-reinforced PET matrix with window glass
filler composites.

TaBLE 2: Rectangular-shaped specimen dimension.

Dimension Value (mm)
Thickness, T 10
Width overall, W 20
Length overall, L, 200
Gauge length, G 50
Distance between grips, D 100

3.1. Mechanical Properties of Manufactured Composites. For
the characterization of the manufactured composites, from
the experiments, it was found that the manufactured com-
posite contains the following mechanical properties as
shown in Table 4. The results of the mechanical test were
in maximum force.

3.1.1. Tensile Strength. The tensile strength of the composite
samples is shown in Figure 7. At 10wt.% of glass fiber,
85wt.% and 5wt.% of glass powder (filler), (GF, Mg.F;),
loading, the maximum tensile strength of the composite
were 81.625MPa and the minimum tensile strength was
12.92MPa when the weight % of glass fiber, PET matrix

TaBLE 3: Rectangular specimen dimension for compression testing.

Specimen dimension Value (mm)
Thickness 10
Width 12

Length 140

0.25 4

0.20 A

0.15 4

0.10 4

Absorbance (%)

0.05

e

M \

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

0.00 4

— Bottle PET
—— Recycled PET

F1GURE 5: Bottle and recycled PET FTIR spectrum.

0.14 4 864

0.12 4 369

0.10 -
0.08 4 3035

3065

0.04 12731138
0.02 | 1638 4

0.00 A 707

0.06 4

Absorbance (%)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

—— Powder glass

FIGURE 6: Waste glass powder FTIR spectrum.

and window glass powder is (0, 82 & 18), (GF,My,F,),
respectively. The tensile strength of the composites increased
with an increase in the fiber weight proportion. This incre-
ment indicates that there is a better interfacial distribution
between glass fiber (GF), PET matrix, and filler and the com-
posite becomes stiff and could withstand higher stress at the
same strain portion. This means that, Young’s modulus of
the composite is increased.

On the other hand, the tensile strength of the composite
is decreased with an increase in the weight percentage of
the matrix (PET) and the weight % of filler. Because the
filler is stiffer and rigid than the matrix and deforms less,
causing an overall reduction in the matrix strain and
increasing stiffness, especially in the vicinity of the filler
as a result of the filler/matrix interface. Fillers were con-
sidered additives and could only moderately increase the
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TABLE 4: Test results of the average mechanical property.

Run Fiber loading Matrix loading Filler loading Tensile strength Compression strength Flexural strength
(%) (%) (%) (MPa) (MPa) (MPa)

1 10 85 5 81.625 1219.42 1067.59

2 85 14 21.595 424.387 834.514

3 9 78 13 73.4725 1374.43 1041.78

4 10 80 10 76.827 1314.04 1053.15

5 81 13 65.734 987.79 972.649

6 4 85 11 62.525 678.901 935.053

7 10 74 16 70.0963 1690.82 1051.26

8 76 20 45.9984 898.371 920.256

9 79 17 57.445 788.434 910.234

10 0 82 18 12.9205 360.867 809.754

11 10 70 20 69.9525 1876.14 1049.74

Tensile strenght (MPa)

GFOM82F18
GF1M85F14
GF4M76F20
GF4M79F17
GF4M85F1
GF6M81F13
GF10M70F20
GF10M74F16
GF9M78F13
GF10M80F10
GF10M85F5

FiIGURE 7: The maximum of the average tensile strength of
composites.

modulus of the polymer, while tensile strength remained
decreased. To conclude, tensile strength decreased because
of glomeration because the most reinforced constituent is
filler/particle. Fiber agglomerations happened thus causing
dispersion problems in PET, which lead to a decrement in
tensile strength [21, 22].

(1) The Effect of Fiber, PET Matrix, and Filler Loading on
Tensile Strength. In the tensile test, most properties can be
represented by Young’s modulus and tensile strength. The
fiber served as reinforcement because the major share of the
load was taken up by the fibers. As shown in Figures 8(a)
and 8(b), the tensile strength of the composite increased
drastically with the increase in the fiber weight proportion
from 0% to 10% and 12.9205MPa to 81.625 MPa, respec-
tively. On the other hand, the tensile strength of the compos-
ite is decreased with an increase in the weight percentage of
the matrix (PET) (70-85wt. %). In this case, the weight %
of filler is fixed (14 wt.%). It can be deduced that the initial
linear portion of the graph shows the elastic behavior of the
composite specimen, which is consistent as observed in the
sharp increments from 0 to 8 weight percentage of fiber load-
ing and from 85 to 78% of matrix loading. This linear incre-
ment indicates that there is a better interfacial distribution
between glass fiber (GF), PET matrix, and filler and the com-

posite becomes stiff and could withstand higher stress at the
same strain portion. This means that, according to Hooke
law, Young’s modulus of the composite is increased. The ten-
sile modulus showed a linear increase with glass fiber content
in the composites [23-26]. From observation, after 8 wt %
fiber loading, the increments of tensile strength become
almost the same value and Young’s modulus of the compos-
ite is decreased (see Figures 8(a) and 8(b)).

Traditionally, fillers were considered additives, which,
due to their unfavorable geometric features, surface area,
or surface chemical composition, could only moderately
increase the modulus of the polymer, while tensile strength
remained decreased. The filler is stiffer and rigid than the
matrix and deforms less, causing an overall reduction in
the matrix strain and increasing stiffness, especially in the
vicinity of the filler as a result of the filler/matrix interface
as shown in Figure 8(c).

As seen in Table 4 and Figure 9, the tensile strength
(81.625 MPa) of sample 1 (10wt.% of fiber, 85wt.% of
matrix, and 5wt.% of filler) is greater than the tensile
strength  (69.95MPa) of sample 11 (10wt% of fiber,
70 wt.% of matrix, and 20 wt.% of filler). In both cases, the
fiber content is the same but the matrix and filler are differ-
ent. The wt. % of the PET matrix in sample 1 is greater than
sample 11. Now in the case of sample 1, a better interfacial
distribution between glass fiber (GF), PET matrix, and filler
and the composite becomes stiff and could withstand higher
stress at the same strain portion [25, 26].

However, in the case of sample 11, the wt.% of the matrix
is less and the wt. % of fiber was a bit excessive that the PET
matrix was hard enough to flow through every fiber thus
leaving voids and fibers were more easily exposed to envi-
ronmental degradation and the tensile strength is decreased
[24]. To conclude, tensile strength decreased because the
interfacial adhesion between the fiber and PET was not
good; fiber-to-fiber interaction was preferred by the system.
Fiber agglomerations happened thus causing dispersion
problems in PET, which lead to a decrement in tensile
strength [21, 22].
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FiGure 10: The maximum of average compressive strength of
composites.

3.1.2. Compressive Strength. For this study, compressive
strength is the most important of mechanical properties.
Because the floor tile is mostly exposed to compression load-
ing. Figure 10 shows the compressive strength test results.
The maximum and minimum compressive strengths of the
composite are 1876.14 MPa and 360.867 MPa, when the
weight % of glass fiber, PET matrix and filler are (10, 70,
and 20) and (0, 82, and 18), respectively, was achieved.
The compressive strength was increased with increased
weight % of filler content due to its high rigidity and stiffness
properties of window glass filler, and the filler are stiffer and
rigid than the matrix and deform less, causing an overall
reduction in the matrix strain and increasing stiffness
because fillers moderately increase the modulus of the poly-
mer, while compressive strength remained increased. Due to



10 International Journal of Polymer Science
2000.00 - Filler = 14% 2000.00 - Matrix = 79%
= s
S 1500.00 S 1500.00
] £
=Te) o0
=] =]
g g
% 1000.00 -| % 1000.00 -|
=} =}
= .S
£ 500.00 £ 500.00
o Q
o] @)
0.00 - 0.00 -
T T T T T T T T T T
A: 10 8 5 3 1 : 8 5 3 1
B:76 78 80 83 85 C:11 13 15 18 20
A: Fiber (%) A: Fiber (%)
B: Matrix (%) C: Filler (%)
(a) (b)
2000.00 -| Fiber = 6%
<
S 1500.00 -
=
oo
=]
&
£ 1000.00 |
=}
L
£ 500.00
Q
o
0.00
T T T T
B: 85 82 79 77 74
C:9 12 14 17 20

B: Matrix (%)
C: Filler (%)

(0
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function of filler on compressive strength.

this, the composite becomes stift and could withstand higher
compressive stress. The compressive strength increased with
fiber loading increasing and decreased with increased weight
% of the PET matrix. However, when the content of the
fibers is increased in the composite, the compatibility
between the fiber and the PET matrix is decreased because
the PET matrix was hard enough to flow through every fiber
thus leaving voids; due to this, the compressive strength
becomes decreased [24-26].

The weight % of the PET matrix is increased; it creates
voids, and then, the interfacial adhesion between the filler
and PET is not good, which leads to a decrement in com-
pressive strength. Besides, fiber agglomerations happened
thus causing dispersion problems in PET, which lead to a
decrement in compressive strength [18, 24-26]. In general,
the compressive strength is maximum when the weight %

of fiber and filler is increased and the PET weight % was
decreased.

(1) The Effect of Fiber, Matrix and Filler Loading on Com-
pressive Strength. The compressive strength increased with
fiber loading increased. Figures 11(a) and 11(b) shown that
the compressive strength increased when the fiber loading
is increased and decreased with increased weight % of PET
matrix and filler.

However, seen in Figure 11(c), the compressive strength
is increased when the weight % of filler is increased con-
cerning the weight % of the PET matrix because the filler
is highly stiffer and rigid and then carrying maximum load
than the PET matrix. Also, the filler is very fine (particle
size is between 0.75 and 1mm sieve size) so the ratio of



International Journal of Polymer Science

276
[48 1777
2000 —
=
S
g so0t—0u 1 1 .
on -
(=]
E g
Z 1000 ‘
8 4
2 4 s
I %
o
E 500 ¢—
Q
09—
0 B (70)
A(=5)
B (85)

11

Design-expert® software

ul Component coding: actual

highs/lows inverted by U_Pseudo coding
% | Compression strength (MPa)

@ Design points above predicted value
O Design points below predicted value
361 I 1876

X1 = A: Fiber
x2 = C: Filler
X3 = B: Matrix

A (10)

C(5)

FIGURE 12: The effect of fiber, matrix, and filler weight % on compressive strength.

1200.00 -

1000.00 -

800.00 - gz

600.00

400.00

Flexural strength (MPa)

200.00

\.@a?:
2

GF4MB85F11 E:

0.00

GFOMS82F18
GFIMS85F14
GF4M79F17 [
GF4M76F20
GF6MB8I1F13 [
GFIM78F13 [
GF10M70F20
GF10M74F16 [5
GF10MS0F10
GF10M85F5

FiGURe 13: The maximum of the average flexural strength of
composites.

the surface area is higher. Due to these, the filler reduced
the thermal expansion and contraction, increased the stiff-
ness, and reduced polymerization shrinkage of the PET
matrix, and then strengthens the compressive strength of
the composite. On the contrary, the weight % of the PET
matrix is increased; it creates voids, and then, the interfacial
adhesion between the filler and PET is not good, which
leads to a decrement in compressive strength. Besides, fiber
agglomerations happened thus causing dispersion problems
in PET, which lead to a decrement in compressive strength
[18, 24, 25].

Figure 12 shows the effect of the weight % of fiber, PET
matrix, and filler loading on compressive strength. The com-
pressive strength is maximum at 10, 70, and 20 weights % of
fiber PET matrix and filler loading, respectively. In general,
the compressive strength is maximum when the weight %
of fiber and filler is increased and the PET weight % was
decreased.

3.1.3. Flexural Properties. The flexural strength increased
when fiber loading increased and decreased with PET matrix

and filler proportion increased as shown in Figure 13. When
the content of fibers is increased in the composite, the com-
patibility between the fiber and the PET matrix is decreased.

The flexural strength of the composite is maximum
(1067.59 MPa) at 10 weight % of fiber, 85 weight % of
matrix, and 5 weight % filler, respectively. On the contrary,
the minimum (809.754 MPa) flexural strength when the
weight % of fiber, matrix, and filler is 10, 70, and 20, respec-
tively, was achieved (see Figure 13). As explained above, the
reduction could be associated with poor dispersion of matrix
in the fiber and fiber-to-fiber entanglements, and the maxi-
mum weight % of filler is used. The more the weight % of
filler is associated with the stiffer and brittle property of
the composite. As a result, the more the reduction to carry
out the flexural loading [18, 27].

(1) The Effect of Fiber, PET Matrix, and Filler Loading on
Flexural Strength. Figures 14(a) and 14(b) show that the flex-
ural strength increased when fiber loading increased and
decreased with PET matrix and filler proportion increased.
The flexural strength of the composite increased linearly
with fiber composition. An increase in fiber content from 0
to 10wt% increases the flexural strength by about 24.15%.
This could be due to more fibers being present on a given
composite cross-section to carry the load at a higher fiber
weight %.

Figure 14(c) shows that the interaction (interfacial effect)
between the matrix and filler on flexural strength. Here, the
flexural strength is not changed (not significant) when the
weight % of matrix and filler proportion is whether increased
or decreased concerning one another because the filler is
more brittle and stiffer and so it cannot be carried a maxi-
mum flexural loading [26]. However, a further increase in
fiber content above the maximum value resulted in a lower-
ing of flexural strength. The decrease in flexural strength at
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higher weight % of fiber loading is due to the increased fiber-
to-fiber interactions and dispersion problems. Defect and fail
when the stress initiated the defective cells as a result of stress
concentration. Consequently, the fiber can withstand bend-
ing forces which comprise compressive forces and tensile
stress [18, 24-26].

The flexural strength of the composite is higher at 10,
85, and 5 weight % of fiber, matrix, and filler, respectively.
On the contrary, minimum flexural strength when the
weight % of fiber, matrix, and filler is 10, 70, and 20,
respectively (see Figure 15). As explained above, the reduc-
tion could be associated with poor dispersion of fiber in
the matrix, fiber-to-fiber entanglements, and the maximum
weight % of filler is used. The more the weight % of filler
is associated with the stiffer and rigid property of the com-
posite. As result, the more the reduction to carry out the
flexural loading [18, 27].
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FiGUurg 15: The effect of fiber, matrix, and filler weight % on
flexural strength.
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FIGURE 16: Microstructure of different specimens.

3.1.4. The Microstructure of Composites. Six samples were
selected from manufactured (eleven samples), and the
microstructure of composite was seen. As shown in
Figure 16, the fiber, PET matrix, and filler components are
distributed uniformly. Glass fiber and crystalline PET matrix
have opaque properties; due to these, it was a dark part on
the microstructure and the white part on the optical micro-
scopic (10x magnifications) image showed the filler which is
window glass particles due to its translucent properties.
Here, the more window glasses, the whiter surface is
observed or detected and the more weight % of glass fiber
and PET matrix has the darker surface which was observed
or detected uniformly throughout the crystalline structure
of composite [24-26]. Because the crystallinity of PET varies
from amorphous to fairly high crystalline, poly(ethylene
terephthalate) polyester (PETP) can be highly transparent
and colorless but thicker sections are usually opaque and
oft-white. As PET degrades, its color changes, first to yellow
then to brown, and finally to black. Virgin PET is transpar-
ent, and the reprocessed material shows an increasing color-
ing after each processing cycle. Chain scission leads to the
formation of chromophore substances, which are difficult
to isolate and are responsible for light absorption in the near
UV and visible range. It was also observed that the material
became opaque, probably because the decrease in chain
length improves chain packing, increasing the crystallinity
degree and crystal size [25, 26, 28].

4. Conclusions

In recent years, plastics (thermoplastics and thermosets)
have been a dominant material for different applications,
especially the society widely used for packing solid and liquid
products. Among the thermoplastic polymer’s poly(ethylene
terephthalate) (PET) used abundantly for water packing
purposes as a bottle. After primary uses of the product, most
of the developing countries face a shortage of postconsumer
disposal waste sites and it became a very serious problem
on environmental pollution. Waste plastics and glasses cause
environmental pollution due to their nonbiodegradability.
To mitigate this problem, the waste PET bottles can be reused
or recycled into other products. Because of the contamina-

tions, reuse may not be an attractive option but recycling into
different products is more appealing. Recycling waste glass is
also a good option but it requires energy to crush, melt, and
reform or reshape. For this reason, regenerating and using
the waste product as resources and prevent environmental
pollutions are a greater concern.

This research was given an insight into other ways of
recycling of waste PET bottles which will go a long way in
preserving the environment and reducing the waste disposed
to the landfills. Apart from the environmental issues, it is
capable of providing employment opportunities in the
collection and manufacture of composites. This also can
provide business opportunities to companies in expanding
their product line.

And as a conclusion, the results of this study showed that
a useful composite with good properties could be success-
fully developed using glass fiber as a reinforcing agent and
waste window glass as a filler and the recycled PET was as
a matrix. From this, several conclusions can be drawn
regarding the mechanical properties of the composite to
the effect of fiber loading, filler loading, and PET matrix
loading, namely, tensile strength, compressive strength, and
flexural strength properties. To obtain optimum properties
of composites, the weight % of fiber, PET matrix, and filler
are 8, 72, and 20, respectively. The tensile strength of glass
fiber reinforced PET matrix composites increased drastically
up to the optimum level of fiber weight fraction, i.e., beyond
these there is a leveling off on the tensile strength. At 10
weight % of glass fiber, 85 weight% of PET matrix, and 5
weight % of window glass filler we get maximum tensile
strength and flexural strength which is 81.625MPa and
1067.59 MPa, respectively. The maximum compressive
strength is 1876.14 MPa when the weight % of glass fiber,
PET matrix, and window glass filler is 10,70, and 20, respec-
tively. Based on this, we can conclude that the tensile
strength and flexural strength increased with increased
weight % of glass fiber. The compressive strength increased
with increased weight % of window glass filler.

The FTIR spectrum shows that there is a difference
between the waste bottle PET and the recycled PET. Some
of the groups have been removed from the recycled PET; this
explains the brittleness of the recycled PET as compared to
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the waste bottle PET. This could be because of the reduction
in PET molecular weight or chain length due to moisture
absorption, contamination, oxidation, and thermal degrada-
tion. The factors that cause a reduction in physical, mechan-

ical,

chemical, and rheological properties of recycled PET

also affect the brittleness of the recycled polymer and also
make the recycled PET lose its melting elasticity behavior.

Finally, the implementation of this research will achieve

two things: will clean the environment and will provide
employment.

Data Availability

All relevant data to the manuscript have been included.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

(1]

(2]

(4]

(5]

9]

(10]

(11]

(12]

J. M. L. Reis, R. Chianelli-Junior, J. L. Cardoso, and F. J. V.
Marinho, “Effect of recycled PET in the fracture mechanics
of polymer mortar,” Construction and Building Materials,
vol. 25, no. 6, pp- 2799-2804, 2011.

S.S.D. Goorah, M. L. I. Esmyot, and R. Boojhawon, “The health
impact of non-hazardous solid waste disposal in a community:
the case of the Mare Chicose landfill in Mauritius,” Journal of
Environmental Health, vol. 72, no. 1, pp. 48-54, 2009.

M. A. Barlaz, P. O. Kaplan, S. R. Ranjithan, and R. Rynk, “Eval-
uating environmental impacts of solid waste management
alternatives,” Biocycle, vol. 44, no. 10, pp. 52-52, 2003.

N. Singh, D. Hui, R. Singh, I. P. S. Ahuja, L. Feo, and
F. Fraternali, “Recycling of plastic solid waste: a state of art
review and future applications,” Composites Part B: Engineer-
ing, vol. 115, pp. 409-422, 2017.

I. A. Ignatyev, W. Thielemans, and B. Vander Beke, “Recycling
of polymers: a review,” ChemSusChem, vol. 7, no. 6, pp. 1579-
1593, 2014.

M. A. Zulkifley, M. M. Mustafa, A. Hussain, A. Mustapha, and
S. Ramli, “Robust identification of polyethylene terephthalate
(PET) plastics through Bayesian decision,” PloS one, vol. 9,
no. 12, p. e114518, 2014.

A. O. Sojobi, S. E. Nwobodo, and O. J. Aladegboye, “Recycling
of polyethylene terephthalate (PET) plastic bottle wastes in
bituminous asphaltic concrete,” Cogent engineering, vol. 3,
no. 1, p. 1133480, 2016.

J. Hopewell, R. Dvorak, and E. Kosior, “Plastics recycling: chal-
lenges and opportunities,” Philosophical Transactions of the
Royal Society B: Biological Sciences, vol. 364, no. 1526,
pp. 2115-2126, 2009.

R. Francis, Recycling of Polymers: Methods, Characterization
and Applications, John Wiley & Sons, 2016.

R. Francis, N. Joy, A. Sivadas, and G. P. Gopalan, “Fibers,”
Recycling of Polymers: Methods, Characterization and Applica-
tions, vol. 2016, pp. 163-208, 2016.

M. H. P. S. Jawaid and H. A. Khalil, “Cellulosic/synthetic fibre
reinforced polymer hybrid composites: a review,” Carbohy-
drate polymers, vol. 86, no. 1, pp. 1-18, 2011.

T. P. Sathishkumar, S. Satheeshkumar, and J. Naveen, “Glass
fiber-reinforced polymer composites — a review,” Journal of

(13]

(14]

(15]
(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

International Journal of Polymer Science

Reinforced Plastics and Composites, vol. 33, no. 13, pp. 1258-
1275, 2014.

R. B. SEYMOUR, “The role of fillers and Reinforcements,” in
Plastics Chemistry, ACS Publications., 1974.

R. Seymour, “Role of fillers and reinforcements in plastics
chemistry,” in Abstracts of Papers of the American Chemical
Society, AMER chemical SOC 1155 16TH ST, NW, WASH-
INGTON, DC 20036, 1973.

E. Fazio, The Pros and Cons of Concrete Tiles, 2009.

R. Choudhary, A. Kumar, and K. Murkute, “Murkute, proper-
ties of waste polyethylene terephthalate (PET) modified
asphalt mixes: dependence on PET size,” PET content, and
mixing process., vol. 62, no. 3, pp. 685-693, 2015.

J. George, S. S. Bhagawan, N. Prabhakaran, and S. Thomas,
“Short pineapple-leaf-fiber-reinforced low-density polyethyl-
ene composites,” Journal of Applied Polymer Science, vol. 57,
no. 7, pp. 843-854, 1995.

N. Gebremedhin and G. K. Rotich, “Manufacturing of bath-
room wall tile composites from recycled low-density polyeth-
ylene reinforced with pineapple leaf fiber,” International
Journal of Polymer Science, vol. 2020, 9 pages, 2020.

V. Jankauskaite, G. Macijauskas, and R. Lygaitis, “Polyethylene
terephthalate waste recycling and application possibilities: a
review,” Mater Sci (MedZiagotyra), vol. 14, no. 2, pp. 119-
127, 2008.

P. E. Imoisili, K. O. Ukoba, and T.-C. Jen, “Synthesis and char-
acterization of amorphous mesoporous silica from palm kernel
shell ash,” Boletin de la Sociedad Espariola de Cerdmica y
Vidrio, vol. 59, no. 4, pp. 159-164, 2020.

N. Venkateshwaran, A. ElayaPerumal, and M. S. Jagatheesh-
waran, “Effect of fiber length and fiber content on mechanical
properties of banana fiber/epoxy composite,” Journal of Rein-
forced Plastics and Composites, vol. 30, no. 19, pp. 1621-
1627, 2011.

O. Adekomaya and K. Adama, “Glass-fibre reinforced com-
posites: the effect of fibre loading and orientation on tensile
and impact strength,” Nigerian Journal of Technology,
vol. 36, no. 3, pp. 782-787, 2017.

N. M. L. Mondadori, R. C. R. Nunes, L. B. Canto, and A. J. Zat-
tera, “Composites of recycled PET reinforced with short glass
fiber,” Journal of Thermoplastic Composite Materials, vol. 25,
no. 6, pp. 747-764, 2012.

M. H. Hamidon, M. T. Sultan, A. H. Ariffin, and A. U. Shah,
“Effects of fibre treatment on mechanical properties of kenaf
fibre reinforced composites: a review,” Journal of Materials
Research and Technology, vol. 8, no. 3, pp. 3327-3337, 2019.

F. Mustapha, K. D. Aris, N. A. Wardi, M. T. H. Sultan, and
A. Shahrjerdi, “858. Structural health monitoring (SHM) for
composite structure undergoing tensile and thermal testing,”
Journal of Vibroengineering, vol. 14, no. 3, article
$2238785418308561, 2012.

P. Zakikhani, R. Zahari, M. T. Bin Haji Hameed Sultan, and
D. L. Abang Abdul Majid, “Morphological, mechanical, and
physical properties of four bamboo species,” BioResources,
vol. 12, no. 2, pp. 2479-2495, 2017.

1. C. Mirica, G. Furtos, B. Baldea et al., “Influence of filler load-
ing on the mechanical properties of flowable reesin compos-
ites,” Materials, vol. 13, no. 6, p. 1477, 2020.

M. A. S. Spinacé and M. A. De Paoli, “Characterization of
poly(ethylene terephtalate) after multiple processing cycles,” Jout-
nal of Applied Polymer Science, vol. 80, no. 1, pp. 20-25, 2001.



	Mechanical Properties of Composite Materials from Waste Poly(ethylene terephthalate) Reinforced with Glass Fibers and Waste Window Glass
	1. Introduction
	2. Materials and Methods
	2.1. Materials and Equipment
	2.2. Methods
	2.2.1. Shredding of PET Bottles
	2.2.2. Grinding of Waste Glasses
	2.2.3. Glass fiber
	2.2.4. Manufacture of Mold
	2.2.5. Determining the Proportion of the Mixtures

	2.3. Composite Sample Preparation
	2.4. Characterizations
	2.4.1. Functional Group Analysis

	2.5. Mechanical Test
	2.5.1. Tensile Strength Test
	2.5.2. Compression Strength Test
	2.5.3. Flexural Strength Test

	2.6. Microstructures Using Optical Microscope
	2.7. Data Analysis

	3. Results and Discussion
	3.1. Mechanical Properties of Manufactured Composites
	3.1.1. Tensile Strength
	3.1.2. Compressive Strength
	3.1.3. Flexural Properties
	3.1.4. The Microstructure of Composites


	4. Conclusions
	Data Availability
	Conflicts of Interest

