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Abstract:

Nylon waste is a silent threat to the environment and its disposal leads to harmful effects on the environment, since
waste nylon has low biodegradability. In this study, melted waste nylon aggregate was used as a binding agent in full
replacement of cement with sharp sand aggregate in paving stones production. Test on water absorption, porosity,
compressive strength and weather effect test were carried out on two different percentages of 30% and 70% (waste
nylon and sand) ratio 7:3 and 3:7. The result shows that, the interlocks produced with 30% waste nylon and 70% sharp
sand (3:7) absorbed water than the interlocks produced with 70% nylon and 30% sharp sand (7:3). Also, the interlocks
containing 70% waste nylon and 30% sharp sand (7:3) has higher compressive strength (stronger) than that of 30%
waste nylon and 70% sharp sand (3:7) at different temperature. Base on the test, results, findings and conclusion, the
following recommendations were made: Government should invest in using sand aggregate with waste nylon to make
paving stone and create more awareness of this new innovation to the public, this could serve as waste reduction and
employment opportunity.
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1. Introduction

Waste is now a global problem, and one that must be addressed in order to solve the world's resource and energy
challenges. Plastics are made from limited resources such as petroleum, and huge advances are being made in the
development of technologies to recycle plastic waste among other resources [1].

Plastic is one of the most commonly used materials in the modern era mainly due to its versatility and durability.
It has also made life easier and better, but it is also very hazardous when not properly managed. Due to its non-
biodegradable nature it gets accumulated in the environment and causes a lot of problems [2]. Plastics are generally
lightweight, non-corrosive, soft, flexible and nor biodegradable in nature. Its high heat and electrical insulation features
make plastics an indispensable packaging material. Also plastics rank first in the total amount of global waste produced.
Four percent of the oil produced in the world is used in the production of plastics. Plastics are mostly used in packaging
and construction industries. Polyethylene (PE), Polypropylene (PP), Polyethylene Terephthalate (PET), Polyvinyl Chloride
(PVC) and Polystyrene (PS) are the main types of plastics [3]. Waste plastics can be used for production of construction
materials like building blocks, roof and floor tiles and also for bridge construction materials. This in turn optimizes the
problem of waste material storage and the high cost of building materials. The waste plastics are incorporated with sand
and other additives to form the construction materials [4]. Plastics account for 16% of chlorine in the environment and
have 54 carcinogens. Polythene bags for disposal if burnt irresponsibly releases highly toxic gases like phosgene, carbon
monoxide, chlorine, sulphur dioxide, nitrogen oxide, besides deadly dioxin. Polymer materials are steadily replacing
natural materials like metal, timber, fiber and thus conserving the natural environment [5].

When solid waste is properly managed, it can be converted into an opportunity that helps to provide cheap raw
materials, conserving natural resources, protect the environment, and promote sustainable development [3]. The behavior
of dumping and/or inadequate management of solid wastes from various sectors has a negative significant impact on the
environment elements, which will be added to the existing environmental problems. However, a better way of managing
such very cheap waste to use it as a source of raw material to reduce the cost of the end product [2, 4].

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT DOI No. : 10.24940/ijird/2020/v9/i4/APR20005 Page 42


http://www.ijird.com

www.ijird.com April, 2020 Vol 9 Issue 4

Since plastic waste has low biodegradability and is present in large quantities, disposal of plastic waste in open
environment is considered to be a big problem [12]. Out of the total plastic waste that is generated, the majority of it is not
reused and recycledas the process requires massive manpower and large processing cost [8]. Recently, many researchers
have suggested the utilizationofplasticwasteinconcrete. Utilizingplastic waste in the construction industry has two
advantages, namely: (i) Resolving the environmental problem of the disposal of waste; (ii) Reduction in construction costs
as the waste is available in large quantities at low costs [8].

Cement as the significant established binder in development industry is extremely costly [14]. This is a direct
result of extraordinary populace development and urbanization which have activated appeal of cement for a few
development purposes to get together with the need to grow a vast number of structures [15]. In this manner the need to
interface the void amongst request and high cost has justified the reason to research the utilization of less expensive
elective sources such as Polyethylene Terephthalate (PET) [16,17] This research aims to explore the viability of using
waste nylon from municipal solid waste in the place of cement to produce paving stones/interlock tiles. This research is
strictly geared towards developing and producing valid and reliable paving stones from recycled waste nylon.

The main objective of this research work is examining the possibility of recycling nylon waste to produce paving
stones or interlock. Using a waste nylon as a binding agent in replacement of cement in the production of paving stones is
an effectively of converting waste nylon into building materials and have been studied and the paving stones obtained was
shown to have a compressive strength than that the traditional made from cement. It also has a very low degree of
porosity; it absorbed less water compare to cement paving stones.

2. Methodology
Material and equipment used in making pavement stone: The materials used in making pavement stone are
sourced locally, they includes:
e Sand
Nylon waste
Sharp Metal mold
Wood stirrer
Sieve
Hand glove
Coal pot
Nose mask
Engine oil

2.1. Procedure into Production of Paving Stone
Steps involved in the production of paving stone are as follows:

2.1.1. Collection of Raw Materials

Most of the materials used for the research were made or collected locally. TheNylon Wastes was collected from
Poli Water, Federal Polytechnic near digital library Ado-Ekiti. The metal mold was produced locally from a mechanical
workshop; Obasanjo Innovation Center Federal Polytechnic Ado-Ekiti. The paving stone size is 5cm thick made in different
shapes, the wood stirrer was produced from the Department of Civil Engineering Federal Polytechnic Ado-EKiti.

2.1.2. Collection of Sand, Sieving and Drying Operation

The fine aggregate (sand) was collected from Ajebamidele Ado-Ekiti. After collection, the sand was sieved to
remove small stones and to get a smooth and fine surface. The sieved sand was dried with the use of an aluminum pot and
a heat source (Fire wood). This was done to avoid water absorption which can affect the result.

2.1.3. Melting of the Nylon and Curing Process

An aluminum pot was placed on a heat source (fire wood) for about 5-10 minutes and g of the water sachets were
added. The shredded Nylon waste was allowed to melt completely inside the aluminum pan at a temperature of 5000c.
Fine aggregate (sand) was added and mixed thoroughly at stated ratio 7:3 and 3:7. The mixture was continuously stirred
for 10 minutes to allow uniformity of the blended mixture. This mixture was poured into a 5cm thick ironmold which has
been lubricated with engine oil for easy removal. The edge of the mold was banged continuously, to allow even
distribution of the mixture which aids the escape of bubbles that can cause a crack in the composite. The curing process
involves the cooling of the composite material till it solidifies, this was done for 30 minutes (Fig.1).

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT DOI No. : 10.24940/ijird/2020/v9/i4/APR20005 Page 43


http://www.ijird.com

www.ijird.com April, 2020 Vol 9 Issue 4

Figure 1: The Paving Stones Made from Recycled Nylon Waste

2.2. Laboratory Tests on the Composite Produced

Tests were carried out on the composite samples to ascertain the strength of the paving stone when compared
with conventional paving stones. These tests include: Water absorption test, Porosity test, Compressive strength test,
Weather effect test, Crushing strength test.

2.2.1. Weather Effect Test

This is done to know the effect of weather when the state of the atmosphere at a particular place and time as
regards heat, cloudiness, wind, rain, etc. by expose some of the samples to ambient and some to laboratory temperature
for 21 days, and the weight of the sample was checked with a weighing-balance before and after the test.

2.2.2. Crushing Strength Test
This is the greatest compressive stress that the paving stone can sustain without fracture. The crushing machine

was calibrated in (KN) kilonewton. The sample was taken to the laboratory and with the used of the crushing machine this
test was carried out on it.

2.3. Liquid Limit Test

No of Trials Trial1l | Trial2 | Trial 3 | Trial 4
Initial 51 17 50 80
Final 293 301 365 368

M.C 56.0 59 61.1 70.7

Table 1: Liquid Limit Test
Source: Fieldwork, 2019

Water Absorption: The results obtained shown the highest levels of water absorption amongst the composites
were 30% nylon (1.96%) while the lowest was at 70% nylon (0.57%). This implies that 70% has the least affinity for water
with absorption rate of 0.57%. This simply showed that increase in nylon content led to corresponding decrease in water
absorption up to 70% nylon which is in line with [23].

2.4. Water Absorption Test

Can weight/M.C% Sample A(7:3) Sample B (3:7)
70% Nylon and 30% Sand 30% Nylon and 70% Sand
W1 14.6 14.8
W2 187.5 199.4
W3 158.9 168.1
M.C% 0.57% 1.96%
Table 2: Water Absorption Test
Source: Fieldwork, 2019
2.5. Porosity Test
Sample A (3:7) Sample B(7:3)
30% Nylon and 70% Sand 70% Nylon and 30% Sand
Water Vol. 350ml 312ml
Remnant Vol. 177ml 88ml
Sand Vol. 400ml 400ml
Porosity % 44.25% 22%
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S/N

Samples
Description

Weight
(kg)

Density (kg/)

Load
(N)

Compressive
Strength (N/

1

30% nylon and 70%
sand exposed to
ambient air

1.15

8762 x10-°

110000

419X102

70% nylon and 30%
sand exposed to
ambient air

1.28

9148 x 105

130500

513X102

30% nylon and 70%
sand exposed
Laboratory room
temperature.

0.86

2275x107

72200

860X102

70% Nylon and 30%
sand exposed to
laboratory room

temperature.

0.9

2434 x 107

90000

1071X102

e Density: From experiment conducted, the average density of the interlock specimens with lowest recorded
density was at 70% (72.05 kg/m3) and the highest for nylon was 30% nylon (130.20 kg/m3). From Figure 3, the
graph indicates a rise in average density at 30% nylon and a decrease at 70%. When compared with control

Table 4: Compressive Strength Test
Source: Fieldwork, 2019
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Figure 2: Weight of the Sample

interlock, the composite interlock density decreases as the percentage of nylon increases.
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Figure 3: Density of the Samples (Kg/M"3)
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Figure 4: Load of the Samples

Particle Size Distribution Test Results: The sieve analysis was determined to know the aggregate gradation of fine
sand. Figure 5 shows that the fine sand sample is well graded. Also, 2.670, 0.960, 2.7 values of coefficient of uniformity,
Coefficient of gradation, and Fineness Modulus obtained from the study show that the aggregate is as well graded and is
suitable for construction work.
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Figure 5: Particle Size Distribution Test
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Figure 6: Compressive Strength (N/mm*2)

Results and Findings: From the Figure, the maximum compressive load sustained by the Polypropylene/Rubber
composite interlock is 22.70 tons. Therefore we can come to a conclusion that interlocks made of waste nylon will sustain
a much higher load and compressive strength compared to the normal concrete interlocks. Also the results obtained from
moisture content and porosity tests shows that the interlocks produced with 30% nylon and 70% sand absorbed water
than the interlocks produced with 70% nylon and 30% sand.

3. Conclusion

This work effectively converts waste nylon into useful building material which is paving stones/interlocks which
can effectively reduce the environmental pollution and further decreases the problem of waste nylon in the society. Rather
than the waste nylon going into the landfill or incinerators, it can be used as construction materials at a much lower cost
after undergoing certain specific processing. It also reduces the construction cost by eliminating the use of cement. From
the compression testing results we come to know that waste nylon material when effectively mixed with sharp sand gives
the highest compressive strength and sustains high compressive load.
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