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Abstract

In Kenya, the cost of ceramic floor tiles has been increasing due to rapid population growth and urbanization. As
a result, there has been significant research into developing affordable composite tiles made from plastics and
sand to address this issue. Plastics, particularly PET, causes environmental pollution because they are non-
biodegradable and versatile. This study created a stain-resistant and flame-retardant floor tile composite using
sand and PET plastic bottle waste as a binder to address this issue. The sand was collected from Ndondo, Isiolo
County, while the PET plastic bottle waste was collected from the Nyeri County dump site in Kenya. The composite
tile was formulated by varying the amount of sand and keeping the weight of PET plastic bottle waste constant.
ZnO was added to the mixture, then coated using a pigment containing TiO.. The physiochemical properties of
the composite tile were assessed according to ASTM standards. The sand used in the study was composed of
93.90% SiO2, and the composite tile produced with 55.56% sand content had the optimum values for compression
strength and tensile strength, and water absorption (104.17 N/mm?, 12.22 N/mm?, and 0.21%, respectively).
Flame retardation ability improved with adding ZnO, while chemical resistivity depended on the amount of sand
added. The composite tile was mainly made of SiO, (81.39%) and showed good resistance to acids, bases,
swimming pool salts, and household chemicals. The floor tile had varying levels of viscoelasticity (flexible to
brittle), depending on the storage modulus. Characterization of the composite revealed that PET and sand had
good crosslinking, as evidenced by FTIR analysis. XRF characterization showed that the composite tile was
mainly composed of SiO, (81.39%). In summary, PET waste bottles can be used as a sand binder to create floor
tile composites that are stain-resistant, flame-retardant, and suitable for residential and commercial use.

Keywords: Composite tile, PET, characterization, formulation, waste, cross-linking, flame retardation and
viscoelasticity.
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l. Introduction

The cost of building and construction materials for both commercial and residential properties in Kenya
has been rising steadily since 2010, due to a lack of local manufacturing industries that use readily available
resources such as sand and clay *. A study in 2021 showed that there was a 56% increase in construction material
costs in Kenya primarily as a result of rapid population growth, industrialization, and urbanization 2. Meanwhile,
global solid waste production, particularly of plastics, has surpassed 17 billion tons per year, with a projected
increase to 27 billion tons by 2050 2. This surge in plastic waste production poses significant risks to animals,
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humans, and the environment, as highlighted and is a pressing concern for governments, municipalities, and
individuals alike *.

Back in the 1800s, the construction industry mainly used traditional building materials like stone,
ceramic, cement, and wood for flooring. But as the 1900s rolled in, new materials like composites came into play.
One of the earliest composite flooring materials, linoleum, came about by blending solidified linseed oil, pine
resin, ground cork dust, sawdust, and mineral fillers 5. It was lightweight, corrosion-resistant, and rot-resistant,
making it a popular choice in construction. Composite materials, particularly Fiber Reinforced Polymer (FRP)
composites, have become increasingly popular in the building industry due to their advantages over traditional
materials. FRP composites combine plastic polymer resin with solid fibers, resulting in a strong and consolidated
material where each component retains its original shape 8.

In recent years, there has been a growing recognition and acceptance of the importance of green
chemistry and technology to promote environmental sustainability, particularly in developing composites. The
conventional view of garbage as pollution is gradually being replaced by a new perspective that regards waste as
a valuable resource that can aid in achieving sustainable development 7. Consequently, extensive research has
been conducted on recycling solid waste materials, including plastics, into construction materials such as
composites, aiming to lower waste volume, construction costs, and demand for natural resources in the
construction industry. Plastics, in particular, are of great interest in this sector due to the toxic substances
incorporated during their production and gradually released into landfills. African countries like Kenya are
particularly affected by plastic pollution due to the high percentage of mismanaged plastic waste and a lack of
sophisticated plastic recycling facilities ®.

Previous studies examining the physio-chemical properties of floor tile composites produced from plastic
waste have demonstrated that such composites possess strong mechanical features, high water resistivity, and fire.
One such study analyzed floor tile composites made from PET and PE waste plastics and discovered that these
composites possess a density of 1.44 g/cm?®, compressive strength of 15.5 MPa, and water absorption of 0.3%.
The study also determined that the composites are fire and insect-resistant. Another study examined the
characteristics of floor tile composites produced from waste PP and HDPE plastics and found that the composites
have a density of 1.2 g/cm®, compressive strength of 35 MPa, and water absorption of 0.2%. Therefore, more
research is necessary to evaluate the long-term performance of these composites in real-world applications despite
their promising properties °.

The traditional method of producing floor tiles typically involves using clay and quartz sand, but this
study explored alternative economically feasible methods for making composite tiles . The study used a
combination of silica sand containing quartz (SiO, and SiO4), PET plastic bottle waste, and ZnO to develop a
composite floor tile resistant to stains and it's a flame retardant tile. The physical and chemical properties of the
composite tile, such as compression strength, tensile strength, stain resistance, flame retardation, viscoelasticity,
and chemical resistance, were tested to determine if it could replace commercial ceramic tiles. XRF was used to
characterize the elemental composition of the sand and composite tile, while FTIR was used to evaluate the
binding capacity of PET to sand.

Il.  Methodology
PET Plastic Waste bottles Collection

The PET plastic bottle waste samples were collected from the Nyeri County dumping site, while sand
samples were collected from the Ndondo area in Isiolo County, Kenya.

Elemental Composition Analysis of Sand

The sand samples were randomly collected from the Ndondo area in Isiolo County, Kenya. They were
sun-dried before being sieved to a consistent grain size of 2 mm. The sand samples used in this study were
characterized using XRF S1 TITAN model number 500S with an SDD silicon drift detector having a resolution
of 145 eV. The elemental analysis methods were adopted from studies conducted by ** 22,

Floor Tile Composite Formulation

In this study, techniques from ** 14 were utilized to formulate the composite floor tiles using PET plastic
bottles, ZnO, and sand. To prepare the materials, the PET bottles were cleaned and dried in the sun, then cut into
tiny pieces, and the sand was also sun-dried and sieved to achieve 2mm grain sizes. The weight of the PET plastic
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waste (200g) while the amount of sand varied between 100g, 150g, 200g, 250g, 300g, 350g, and 400g in the
composite formulation. Metal molds were used to shape the composite tiles, which were dried and cured for 24
hours before being characterized.

Physical Tests
Compressive Strength Test

The compressive strength of the formulated composite floor tiles was tested using the DDHCTM model
number STYE-2000 and ASTM C1424 standards. Samples with dimensions of 200mm x 100mm x 100mm were
prepared and placed in a UTM, where a load was applied until the sample broke, and the maximum load applied
was recorded. Equation (1) was used to calculate the compression strength.

. F Applied
Compression Strength = ———-FP2eC

(@)

Area

Tensile strength

The tensile strength of the floor tile composites was tested in accordance with 1ISO 10545 standards using
a Universal Testing Machine (UTM) of model WA-100B *°. Equation (2) was used to calculate the compression
strength.

Force Applied

Tensile Strength = (2)

Area

Viscoelasticity (Storage modulus)

The storage modulus of composite floor tiles was examined per the ASTM C627 standards using a WA-
100B UTM. The composite samples were shaped into cubes that measured 100mm on each side. The samples
were subjected to a consistent force to determine their storage modulus. In contrast, the displacement of the sample
was monitored with a displacement transducer, and the force applied to the sample was measured using a load
cell connected to the UTM. The storage modulus of the samples was calculated using equation (3) and then
compared with any changes detected in the tensile strength of the composite floor tile.

Stress

Storage Modulus (G’) = —— 3)

Strain

Where, Stress = Force / Area and Strain = Deformation / Original Length
Water Absorption Test (WA)

The ability of composite floor tiles to absorb water was evaluated according to the ASTM C373-88
guidelines. To do this, samples of the tiles were prepared in 100 mm x 100 mm x 10 Omm sizes, weighed (M1),
and submerged in 250 mL of distilled water for a week. After letting them drip for 30 mins, the samples were
weighed again (M2). The water absorption of each tile was determined using Equation (4).

Water Absorption = % X 100% 4)

Where M1 is the original weight of the ceramic material and M2 is the final weigh of the composite material after
immersion in water.

Chemical Resistance Tests

The 1SO 10545-13 standards were followed to test how well the composite tiles could withstand exposure
to different chemicals. The composite tile samples for this study were cut into 50mm x 50mm x 50mm pieces,
which were weighed (W1). For seven days, these samples were soaked in various chemicals, including household
chemicals, swimming pool salt, strong and weak acids, and alkalis. After the soaking period, the samples were
taken out of the water and left to drip for 30 minutes before being weighed again (W2). To determine the Chemical
of each composite tile sample, equation (4) was used.

Chemical Resistivity = % X 100% 5)
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The chemicals used in this test were prepared as shown;

Household chemical

The common household chemical used in this study was Ammonium chloride (NH4CI) solution, 100 g/I.
Swimming pool salt

Sodium hypochlorite (NaCIO) solution of 20 mg/I prepared from technical grade sodium hypochlorite solution
5% (W/V) was used for this test.

Acids and alkalis
Low concentrations

The acid used in this test was 3% hydrochloric acid solution. This acid was prepared from 40% v/v
concentrated HCI. Moreover, 30g/L KOH was used as an alkali in this test.

High concentrations

For the high concentration in the acids and alkali tests, an 18% hydrochloric acid solution prepared from
40% v/v concentrated H.SO4 was used. In addition, 100g/L KOH was used as an alkali in this test.

Flame Retardation Test

The flame retardation ability test in this study aimed to assess the flame retardation ability of a composite
tile with the optimum physio-chemical properties (Composite D with the ratio of sand to PET of 5:4) by varying
the amount of ZnO in the composite from 0 g to 30 g. The ASTM D635 standard was used to determine the linear
burning rates of 7 composite tile samples. The samples were prepared by cutting them into 100 mm bars, applying
paraffin to the top end, and igniting them with a Bunsen burner. The time taken for the flame to extinguish was
recorded, and the linear burning rate was calculated using equation (6).

60L

V=— (6)

T
Where V- Linear burning rate in mm/min, L - Burned length in millimeters and T - Period in minutes.
Stain Resistivity of the floor tile composite

After the physical and chemical resistivity tests were done, the coated and uncoated tiles’ stain resistivity
were tested using 1SO 10545-14 standards. This test was done for the tile that had high chemical resistivity and
physical property. lodine Solution and Rhodamine B Dye are the two dyes used in this test. lodine solution was
prepared by mixing a 2% potassium iodide solution in water. Rhodamine B Dye. Rhodamine B dye was prepared
by mixing water, ethanol, and glacial acetic acid in a ratio of 70:30:1 ¢ 7,

I11.  Results and Discussions
Characterization using XRF
4.1.1 Elemental analysis of sand

The elemental composition of the sand used in the formulation of the floor tile composite was determined
by XRF spectroscopy. Table 1 shows the elemental composition of the sand sample used in this study.

Table 1:The elemental composition of the sand used in the composite formulation

Constituent SiO, Al,O4 MgO P,Os S Fe K0 CaO TiO, Sr Zr Ba

Composition

93.9 0.97 0.87 0.12 0.04 242 0.37 0.6 0.45 019 0.06 0.14
Percentage (%)
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According to Table 1, the sand analyzed in this study consisted mainly of SiO, which classified it as
silica sand with a content of 93.90%. Iron was also found in the sand sample at a concentration of 2.42%, a
common impurity affecting sand properties depending on its concentration. However, since the iron content in
this sand sample was low, it did not significantly affect its suitability for construction applications Additionally,
the sand maintained its natural white color as a result of the high SiO; content 8. Other impurities in the sand,
including Al.O3, MgO, Ti, and S, were also present in low concentrations, with compositions of 0.97%, 0.87%,
0.45%, and 0.04%, respectively. These impurities are known to affect sand properties. Since the concentrations
of these impurities were below 5% of the total weight in the sand sample used in this study, their impact on the
floor tile composite's properties was insignificant. XRF analysis confirmed that the sand used in the floor tile
composite had high SiO, and low impurity concentrations, making it suitable for building and construction
applications *°.

Elemental analysis of the Floor Tile Composite

XREF spectroscopy was utilized in the inorganic elemental composition characterization of the formulated
floor tile composite.

Table 2:Inorganic Elemental Composition of the Floor Tile Composite.

Constituent SiO, Al,O3 MgO P,0s S Fe KO CaO TiO, Zn Sr Zr Ba

Composition (%) 81.39 1.88 021 0.02 031 7.16 277 3.35 241 0.15 012 008 017

According to Table 2, the composite floor tile had the highest SiO, composition at 81.39%. However,
this was still lower than the original SiO content in the sand used. This difference is due to the use of quartz
during crosslinking and bond formation of Si-O-Si and Si-O-C bonds?® 2%, The amount of Al,O3 in the composite
increased to 1.88% due to the PET plastic bottle waste used in the formulation, which contains Al,Os as a coating
material. This coating material enhances barrier properties, making it more resistant to gas and moisture
permeation. The composite's stain resistivity property, provided by TiO», also increased to 2.41%. This is because
both the sand and PET used in the formulation contained TiO,, which acts as a UV stabilizer in PET%,

Characterization using FTIR
FTIR spectra of raw Sand
In this study, sand was analyzed using FTIR analysis to characterize it. This characterization aimed to detect the

existence of different chemical functional groups and recognize particular minerals, impurities, or other chemical
substances found in the sand utilized for the floor tile formulation.
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Figure 1:FTIR Spectrum of the sand used in the floor tile composite formulation

The FTIR Spectrum of the sand used in the floor tile composite formulation (Figure 1) revealed the
stretching of TiO2 bonds in the 750-550 cm™ region, confirming the presence of TiO; in the sand sample 23, The
stretching vibrations of Al-O bonds were also observed in the range of 1400 — 1260 cm, indicating the presence
of aluminum compounds, which are feldspar or clay. Additionally, the 3100-2800 cm™ region was associated
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with aromatic and aliphatic —-C-H symmetrical stretching, possibly indicating the presence of organic compounds
or hydrocarbons in the sand 2. The region between 3600-3200 cm™ was associated with stretching OH bonds,
suggesting the presence of hydroxyl, which is present in minerals such as mica or clay, common components of
sand. The stretching vibrations of Si-O-Si and SiO. bonds were observed in the 1200 — 1000 cm-1 region,
confirming the presence of SiO; in the sand sample. The bending of -Si-O-Si bonds observed at peak 548 cm™
also indicates the presence of SiO; 2°. The FTIR analysis suggests that the sand sample used in this study mainly
comprises SiO; (quartz) with aluminum and titanium compounds impurities. OH, bonds suggest the presence of
water or moisture in the sample.

FTIR spectrum for Composite tile

The functional groups in the composite tile were identified using FTIR to demonstrate the cross-linking and
bonding between PET and SiO, during the formulation process, resulting in the formation of the composite.
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Figure 2: Composite tile's FTIR spectrum

From the FTIR spectrum (Figure 2) of the composite tile, the stretching of TiO, bonds is observed in the
region between 750-600 cm™, which indicates the presence of TiO; in the composite tile %. The TiO; is from the
sand used during the formulation of the composite tile. The Si—H group is readily identified by a strong band in
the range 2280-2070 cm™, indicating the presence of silanes in the composite tile 2”. Silanes are commonly used
as coupling agents to improve the composites' adhesion between the filler and the matrix. Furthermore, the FTIR
spectrum shows a band at about 1200 -1000 cm'%, attributed to the Si-O-Si and Si-O-C bonds typically observed
in alkoxysilanes which also acted as a coupling agent in the tile composite during crosslinking 2°. In summary, the
FTIR spectrum of the composite tile provided detailed information about the functional groups present in the tile,
including TiOy, silica, silanes groups which showed the presence of crosslinking between SiO; in sand and PET.

Physical Properties of the composite tile
Water Absorption Ability (WA)

The capacity of the floor tile composite to absorb water was measured by calculating the percentage difference
in weight.
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Figure 3:A graph of how water absorption ability (WA) is affected with the amount of sand in the composite
(PET, 200g constant).

Figure 3 shows how WA of the composite is affected with the amount of sand added during the
formulation of the composite tile. From figure 3 results, the WA values of the six tile composite samples tested
ranged from 0.21% to 1.22%. Water absorption ability decreased with increase in amount of sand to 0.21% (300
g of sand), beyond that the increase in amount of sand increased the WA. Decrease in WA at low sand level was
attributed to the crosslinking between sand and PET increased . However, the WA values were seen to increase
beyond ratios of D (5:4) which can be explained by the fact that as sand content increased, there was reduction in
crosslinking and binding between sand and PET which increases the composite’s porosity 28. The formulated
composite had a water absorption rate of 0.2% lower than the previous studies of similar materials 2°. This
difference can be caused by geographical source of sand and the type of plastic used among other factors. In
conclusion, according to ASTM C373-88 standards, tiles A (1:2), B (3:4), and C (1:1) are classified vitreous,
which means they are suitable for indoor use *. However, tile composites D (5:4) and E (3:2) are classified as
impervious tiles, making them appropriate for both indoor and outdoor applications hence can be used as floor
tiles 3L

Compressive Strength Test

The compressive strength of composite tiles that were created was evaluated using samples containing
different ratios of sand to PET of 1:2, 3:4, 1:1, 5:4, 3:2, and 7:4.
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Compressive Strength Test VS Amount of Sand
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Figure 4:A graph showing how Compressive strength of the composite changes with the amount of sand (PET,
200g constant).

According to Figure 4, which displays the relationship between the Compressive strength of the
composite and the amount of sand, it is evident that the compression strength of the composite increased as the
amount of sand in the mixture was increased. The optimum compression strength of the composite was observed
to be 104.17 N/mm? for the 5:4 (D) composite. The reason for the increase in compression strength is believed to
be due to the enhanced ability of PET to crosslink with silica, resulting in an improved filler/matrix ratio for the
composite 3. Compression strength decreased between samples 3:2 to 7:4 due to reduced filler/matrix ratio
composite. This was caused by weaker binding between the sand and PET resulting from adding more sand while
keeping the amount of PET constant. These values were greater than the values reported by 3 because this study
only involved varying sand ratios. Additionally, this study reported a compressive strength of 5.1 N/mm? for
studies done on mechanical properties of plastic sand brick containing plastic waste 3. From the results, the
formed composite floor tiles' total strength is impacted by the filler/matrix ratio of PET and sand 34. Additionally,
the overall compressive strength of the tile composite is impacted by the PET's capacity to bind to silica sand **.
The compressive strength values had a p-value of 0.003 which was statistically significant at p < 0.05 level.
Moreover, the formulated composite tiles meet the standards set by ASTM C648 which sets the minimum
compression strength at 13.8 N/mm? for composite tiles 6.

Relationship of Viscoelasticity (Storage modulus) and Tensile strength
This test aimed to investigate the impact of altering the quantity of sand in the composite substance on its

viscoelastic characteristics. The study compared the material's capacity to endure stretching forces without
fracturing to the storage modulus.
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Relationship of Viscoelasticity (Storage modulus) and Tensile strength
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Figure 5: A graph the relationship between viscoelasticity (Storage Modulus) and Tensile strength

The results in figure 5 indicate that the composite material's tensile strength improved as the amount of
sand added increased until it reached 300 g. At this point, the highest tensile strength of 12.22 N/mm? was
achieved, followed by a decline in strength to 5.53 N/mm? at 350 g of sand wight. In addition, the storage modulus
also rose with increasing sand content, beginning at 90.22 N/mm? with 100 g sand content and steadily rising to
268.22 N/mm? with 350 g sand content. This behavior implies that adding sand increases the composite material's
rigidity and tensile strength ¥”. The rise in tensile strength and storage modulus can be credited to the PET and
sand being cross-linked. A higher amount of sand increases the cross-linking between the polymer chains,
resulting in greater rigidity and strength. Nevertheless, when the sand content reaches 350 g, there is a significant
reduction in tensile strength. This may be due to an excessive amount of sand, which could have led to a decrease
in cross-linking density and weaker bonding between the PET polymer matrix and sand particles. As a result, the
composite material became weaker. Introducing sand into the composite floor tiles increased the tensile strength
and storage modulus. The improvement in these properties is due to the cross-linking of the polymer chains.
However, when sand content is in excess, the tensile strength reduces due to the weakening of the cross-linking
and adhesion between PET and sand %,

In conclusion, the storage modulus values increased with increasing sand content, indicating increased
stiffness and ability to store elastic energy. On the other hand, the decrease in tensile strength with excess sand
content suggests that the composite material also exhibits viscous behavior. Therefore, the composite material
studied can be classified as viscoelastic, exhibiting both elastic and viscous behaviors depending on the sand
content.

Flame Retardation Test

The composite tile's resistance to flames was evaluated by varying the quantity of ZnO added to the tile.
Additionally, this experiment aimed to determine if the ZnO addition could serve as a flame retardant.
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Figure 6: A graph of Linear Burning Rate (mm/min) of the composite samples.

According to Figure 6, the composite samples' linear burning rate (measured in mm/min) decreased as
the amount of added ZnO increased. However, the burning rate reached its best level when 15 g of ZnO was
added, with a burning rate of 13.32 mm/min. ZnO contributes to flame retardancy in two ways: through thermal
and gas-phase mechanisms. In the thermal mechanism, ZnO absorbs heat generated during combustion and
decomposes, releasing oxygen. This oxygen reacts with free radicals and volatile gases produced during
combustion, suppressing the combustion process as demonstrated in equation 7.

Zn0 —— Yy Zn+120,
(7

The gas-phase mechanism involves the reaction of ZnO with the volatile gases generated during
combustion to create solid and stable zinc compounds. This eliminates the fuel source for the combustion process
and prevents the fire from spreading. Moreover, the combustion rate decreases because the sand's SiO, and Al;O3
have already undergone complete oxidation, making them unable to burn further. This limits the carbonization of
polymers and leads to heat absorption, which creates a barrier to suffocate the fire and reduce the oxygen supply.
This ultimately lowers the combustion rate 3. The minimum linear burning rate of the formulated floor tile
composite was between 13.32 mm/min which are much lower than published values of similar work by 4° %4, The
values in this study were lower because the ZnO used in the formulation of this tile increased char formation,
inhibiting flame spread even further 4. Incorporating ZnO into the composite tile matrix has decreased the tile's
linear burning rate, suggesting that it functions as a flame retardant. This effect is probably due to thermal and
gas-phase processes, whereby ZnO absorbs heat, emits oxygen, and interacts with unstable gases to form stable
compounds, which restrict the propagation of the flame. The tile specimens satisfy the requirements for being
classified as flame retardant tile, as per NFPA 101 standards, since their burning rate is no less than 38mm/min.
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Chemical Resistivity Tests
Household chemicals

The sand-PET composite tiles with ratios of 1:2, 3:4, 1:1, 5:4, 3:2, and 7:4 was subjected to a resistivity
test against NH4Cl for seven days.

A graph of Percentage Change v.s Amount of Sand

1.2 E F KEY
— 1 Composite Ratio
L samples (Sand: PET)
< 08 b A 12
® :
2 06 ; B 34
s__ts C 111
0.4
% D 54
% 0.2 B E 3:2
E 0 F 74
@
© 0.2 0 1R0 200 300 400
)
0 04
-0.6

Amount of Sand added (g)

Figure 7: A graph of percentage change versus amount of sand when emerced in 100g/L NH4CI

The graph presented in Figure 7 displays the correlation between the percentage change and the quantity
of sand when immersed in NH4CI solution with a concentration of 100 g/L. Based on the graph, an increase in
sand resulted in a reduced mass loss in the composites. This indicates that the composite's resistance to NH4CI
increased as the sand content increased. The mass loss in composites with lower sand compositions is because
ammonium salts are typically more reactive than other types of base salts*2. The primary way the NH4Cl solution
interacts with metal oxides (such as SiO2) is by creating metal complexes with chloride and ammine. This
chemical reaction between NH.Cl and SiO is classified as an acid-base reaction since ammonium chloride is an
acidic salt and silicon dioxide is a basic oxide. Equation 7 displays the chemical reaction.

NH,Cl + Si0 ——— 3 NH; + H,0 + SiCl,
®)

The chemical process involves the combination of ammonium chloride and silicon dioxide, which results
in the creation of ammonia (NHs), water (H20), and silicon tetrachloride (SiCls). To summarize, ammonium
chloride and silicon dioxide reaction produce ammonia, water, and silicon tetrachloride “3. Composite 7:4
displayed the greatest resistance to NH4Cl (0.98%) compared to composite 1:2, which showed the lowest
resistivity (-0.38%). The average resistivity was 0.41%, and the p-value was 0.16.The figures of this study are
lower than the values reported by “* because the incorporation of more organic additives (PET) in this study as
opposed to cement increased resistivity of this composite toward NH4Cl #4. According to EN 14411 standards the
maximum weight loss allowed for a tile for chemical resistivity is set at 1%. Since the average resistivity of the
tile is 0.41%, the tile is resistant to NH4Cl and is classified as class 1 tile.

Swimming pool salts

The formulated composite tiles of sand to PET ratios of 1:2, 3:4, 1:1, 5:4, 3:2, and 7:4 was tested for their
resistivity against NaCIO for a period of 7 days.
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Figure 8: The chemical resistivity of the composite tile towards NaClO by varying the amount of sand and the
amount of PET constant at 200 g.

The findings depicted in figure 8 indicate that as the quantity of sand increased to 250g, there was a
reduction in the percentage change in the weight of the composite tile. After that, the percentage change in weight
slightly increased for larger quantities of sand. This implies that the composite tile containing 250g of sand
demonstrated superior chemical resistivity towards NaClO (0.009%). This is because SiO; has high chemical
resistivity towards NaClO, and the increased concentration of SiO; resulting from the increased amount of sand
in the composite tile enhances chemical resistivity. Nevertheless, when the sand quantity gets excessively high,
the mechanical attributes of the composite tile may be undermined because of the reaction between NaClO and
the extra SiO2, causing a slight reduction in chemical resistivity “°. The chemical reaction that occurs between
SiO, and NaClO is shown as follows:

SiO2 + 2NaOCl — NazSiOs + 2NaCl + O; 9)

These results indicate that increasing the amount of sand in the composite tile up to a specific limit can
increase its chemical resistivity towards NaCIO “6. Moreover, at very high amounts, the mechanical properties of
the composite tile may be compromised. These figures demonstrate that the formulated floor tile composites are
resistant to swimming pool salts i.e. NaCIO and can be classified as GA tiles since the resistivity of the tile shows
that weight loss for all the samples is below 1% #.

Acids and Alkalis
Resistivity to low and high concentration hydrochloric acid solution

The resistance of composite tiles made from different ratios of sand to PET i.e., 1:2, 3:4, 1:1, 5:4, 3:2,
and 7:4 against HCI was tested.
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Figure 9:A graph of Resistivity of the composite to low and high concentration hydrochloric acid solution

The resistance of the tile composite formulated against 18% HCI and 3% HCI, investigated as per 1SO
10545-13 standards, is illustrated in Figure 18. The results indicate that the tile composites became more resistant
to HCI corrosion with increased sand content, and minimal weight loss. The composite showed the highest
resistance to both high and low concentrations of HCI at a sand content of 300g (E), with resistivity values of
2.411% and 1.115%, respectively. The improved ability of composites to resist HCI is due to the presence of PET,
which prevent aggressive solutions from passing through and decrease the absorption of any corrosion causing
solvent into PET-mortar composites 4 %8, Furthermore, PET is resistant to HCI because of its unique chemical
structure. The presence of ester groups in PET's molecular structure makes it resistant to acid attack “°. This is
because the ester groups have a resonance structure, which means that electrons can move between the two oxygen
atoms in the ester group, making them less susceptible to breaking apart. Additionally, the reduction in porosity
in the composite matrix was caused by the incorporation of HCI resistant sand granules which greatly contributed
to the reduction HCI solution absorption, hence by minimal weight loss in the composite tile. These findings are
consistent with those reported by 4. It should also be noted that the concentration and nature of the acid have an
effect on the chemical resistance of materials. According to the graph (Figure 18), 18% HCI is more corrosive
than 3% HCI *. Since the average weight loss of the tile is below 1% , these composite tiles are resistant to HCI
and is classified as class 1 tile.

Resistivity to low and high concentration potassium hydroxide solution

To evaluate the resistance of composite tiles to strong and weak KOH solutions, samples formulated with
varying sand-to-PET ratios (1:2, 3:4, 1:1, 5:4, 3:2, and 7:4) were tested for seven days.
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Figure 10:A graph of the Resistivity of the composite tile to low and high concentration potassium hydroxide
solution.

Figure 10 illustrates the resistivity of the composite tile to low and high-concentration KOH solution.
The graph indicates that as the concentration of sand in the composite material increased, the tile's resistance to
KOH decreased. This trend is because KOH does not typically affect most types of plastic, such as PET, despite
being a good solvent for dissolving organic substances %%. In contrast, the sand's SiO; reacts with potassium
hydroxide to produce potassium metasilicate, water and potassium metatetrasilicate 2. Both reactions take place
as shown in equation 10;

4KOH + 2Si0; — K3SiO3 + K>Sis0s + 2H20 (10)

Sample A containing 100 g of sand, exhibited the strongest resistance to KOH, as indicated by Figure
10, with 0.100% and 0.099% readings for KOH concentrations of 100gL and 30g/L, respectively. These results
were lower than those reported by 5% but consistent with the findings of 4. The consistency in the results is
attributed to using similar materials and conditions in the study. Furthermore, the average weight loss of the tile
was less than 1%, demonstrating that these composite tiles are resistant to KOH and are classified as class 1 tiles.

Stain Resistance Property

The coated and uncoated tiles were subjected to a test for stain resistivity that followed the 1SO 10545-
14 standards. Once all the physical and chemical tests were completed, the composite tile with the best properties
(Composite D) was split into coated and uncoated. Eight samples were taken from each group and stained with
lodine Solution and Rhodamine B Dye for 24 hours. After cleaning, the samples were classified based on their
stain-removal capabilities. Classification 5 indicates that the stain was removed with hot water at 55°C. Class 4
means the stain was removed with a weak cleaning agent (soap) and non-abrasive cloth. Class 3 means the stain
was removed with a strong bristle brush and a strong cleaning agent (bleach). Class 2 indicates the stain was
removed by soaking the sample in a strong solvent (Acetone) for 24 hours. Class 1 indicates that the stain was not
removed.
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Figure 9:A graph of stain resistivity and classification of the Coated and Uncoated composite tile toward lodine
and Rhodamine B Dye.

Uncoated tile

The uncoated composite tile was analyzed for its ability to resist stains using lodine and Rhodamine B
Dye. The results, shown in Figure 9, indicate that the tile could resist Rhodamine B Dye for up to 20 washes and
iodine stains for up to 25 washes. The test results classify the uncoated composite tile as a Class 2 tile, which
means it is unsuitable for high-traffic areas like bathrooms, kitchens, and commercial spaces 5.

Coated Tile

Figure 9 illustrates the evaluation of the stain resistance and classification of a composite tile coated with
a layer that was tested against lodine and Rhodamine B Dye. According to the results, the coated tile could resist
Rhodamine B Dye for up to 10 washes and iodine stains for up to 10 washes. Consequently, the coated composite
tile has been classified as a Class 5 tile. The composite tile outperformed the uncoated tile due to TiO,, which
functions as a stain-resistant layer in the composite. This means the composite tile can withstand the effects of
heavily staining substances such as coffee, red wine, and oil-based products 4.

V. Conclusions

This study's investigation and experimental results show that PET wastes can be used as a binder in the
formulation of floor tile composites when combined with natural sand. Moreover, the addition of ZnO in the
matrix of the composite helps to improve the composite's flame retardation ability. Coating the composite with a
pigment containing TiO> helped in enhancing the stain resistivity of the floor tile composite. Moreover, the results
from this study show that household chemicals, swimming pool salts, acids, and bases do not affect the floor tile
composite formulated from PET wastes, sand, zinc (I1) oxide, and titanium (IV) oxide. The floor tile composite
from PET wastes, sand, zinc (1) oxide, and titanium (V) oxide is a flame retardant. These results show that PET
and sand can be used to develop floor tile composites that are thermally stable and resistant to chemicals provided
by SiO; in the sand. At the same time, PET offers a composite with high strength and flexibility, high compression,
and tensile strength.

V. Recommendations

The PET plastic waste must be melted and treated using an appropriate machine to create a consistent
blend with the sand. However, this process may generate hazardous gases that cannot be easily contained in a gas
chamber. Depending on the desired characteristics of the end product, it may be beneficial to include additives
like UV stabilizers or colorants. Incorporating these additives can enhance the tiles' resistance to weather and fire
and improve their aesthetic appearance.
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