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ABSTRACT - Plastics are a form of synthetic organic polymers and are one of the most often used
materials because they are durable, lightweight, flexible and relatively affordable to manufacture. With the
global transition from reusable to single-use containers, the demand for packaging materials has surged.
Thus, this have led to high contribution of plastic waste in the world. Thus, this project focused on utilizing
plastic waste specifically High-Density Polyethylene (HDPE) and Polypropylene (PP) to produce eco-
friendly foundation material for household organizer by using green approach. The second objective is to
find the optimum mixing ratio of PP and HDPE to produce the foundation material. The product is then
tested for its' mechanical property specifically tensile strength prior to constructing the final product which
is organizer. PP and HDPE are obtained by collecting waste detergent bottles, supplement bottles and
drinking waste bottle caps. Both materials are washed, dried and cut into small pieces before undergo
heat treatment using hot press. Melted plastics are then molded into specific shape for mechanical testing.
Tensile test and Young Modulus results of 7.63 MPa and 13.996 MPa respectively, indicate that a mixing
ratio of 2PP: 8HDPE is sufficient to be used for constructing household organizer foundation material.

KEYWORDS : Plastic Waste Recycling, Eco-friendly Foundation Material, Poly-propylene, High Density
Polyethylene.

1.0 INTRODUCTION

Plastic waste has become a pressing global concern, with staggering statistics
highlighting its pervasive impact on the environment. According to recent data, the worldwide
production of plastic reached an estimated 390.7 million metric tons in 2021, [1], increased to
400.3 million metric tons in 2022 [2] and this figure is projected to continue rising in the coming
year. A significant portion of this plastic ends up as waste, with studies indicating that
approximately 8.3 billion metric tons of plastic have been generated since the 1950s, of which
only a fraction has been recycled or properly managed [3], [4]. This exponential growth in plastic
production and consumption underscores the urgent need for effective waste management
strategies to mitigate the detrimental effects on the environment and human health.

Among the diverse array of plastics contributing to global waste, polypropylene (PP) and high-
density polyethylene (HDPE) are one of the major contributor due to their widespread use in
packaging, construction, and consumer goods industries. PP and HDPE are versatile polymers
valued for their durability, lightweight nature, and resistance to chemical degradation, making
them present in everyday products [5], [6]. However, their persistent presence in waste streams
poses significant challenges for recycling and disposal efforts. Despite advancements in recycling
technologies, the complex composition and sorting challenges associated with mixed plastic
waste hinder efficient recovery and reprocessing of PP and HDPE, contributing to their
accumulation in landfills and marine environments [7].

The uncontrolled spread of plastic waste has significant consequences for the environment
and global ecosystems, demanding immediate action to tackle this urgent concern. Plastic
pollution poses a lot of threats to terrestrial and aquatic ecosystems, including habitat
degradation, wildlife entanglement and ingestion, and the leaching of harmful chemicals into the
environment [4]. Furthermore, the persistence of plastics in the environment escalates climate
change by releasing greenhouse gases during production, incineration, and decomposition
processes [8], [9]. In response to these challenges, governments, industries, and civil society
stakeholders worldwide have initiated various approaches to mitigate plastic waste, including
legislative measures, waste management infrastructure improvements, public awareness
campaigns, and advancements in plastic recycling and alternative materials research [10].
Despite these efforts, significant barriers remain, underscoring the need for continued
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collaboration and innovation to achieve meaningful reductions in plastic waste and safeguard the
planet for future generations.

Therefore in this research, both HDPE and PP material are chosen as raw material due to its
wide usage and availability in the community and commonly disposed at landfill. Besides, their
mechanical and thermal properties such as high tensile strength and melting point makes it
suitable to be used to make organizer. Research indicates that PP, commonly found in plastic
waste, exhibits improved flowability with increased recycling cycles, enhancing its suitability for
molding organizers [11].

2.0 METHODOLOGY

2.1. Preparation of raw materials

Plastic waste made of poly-propylene and high-density poly-ethylene is collected from
student residences at Kolej Kediaman UTHM, Pagoh, and community nearby Pagoh Jaya. Most
of the waste collected consists of detergent, mineral water, shampoo bottle and others. All waste
is sorted according to the material based on the plastic recycling symbol found under the bottles.
Next, the bottles are washed, dried and cut into small pieces of 2.5cm? area. Equipment and
materials used for molding and heat treatment are 1 mm thickness galvanised steel sheet, block
base made of wood to hold the mold designed according to the testing sample size, wooden load
block to compress the melted sample, silicone spray of any brand, grease-resistant/ baking paper
and double hot plate, Breville BSG220 with both top and bottom non-stick flat surface.

2.2. Heat treatment and molding of sample

The samples are weighed according to predetermined ratios, as outlined in Table 1.
Following this, preparations for the melting process are initiated. The melting process is facilitated
by utilizing the Breville BSG220 double hot plate, which consumed approximately 2000 Watts of
power. This equipment can achieve temperatures sufficiently high to melt the components of the
PP/HDPE mix. Once the double hot plate is switched on, the sample is positioned between two
sheets of grease-resistant paper. Pressure is applied onto the double hot plate to ensure the
sample melt and mix completely. Then, the melted sample is carefully kneaded manually before
placed into a mold that had been layered with silicone spray to prevent material adhesion. The
mold itself is fabricated using pre-prepared galvanized steel sheet that was cut according to
analysis sample size requirement. Finally, the melted sample within the mold is compressed using
wooden load block to ensure even distribution.

Table 1. Ratio of PP to HDPE used.

Sample Number Ratio PP: HDPE
2:8
5:5
6:4
7:3
8:2

bW NPFP

2.3. Tensile strength analysis

The tensile test method for evaluating the mechanical properties of a polymer blend
consisting of polypropylene (PP) mixed with high-density polyethylene (HDPE) is conducted
following the guidelines outlined in ASTM D3039. This standard specifies the procedure for
determining the tensile properties of continuous fibre-reinforced composite materials in the form
of straight-sided test specimens [12]. In this method, specimens are prepared according to
specific dimensions which is 250mm length, 25mm width and 3mm thickness before subjected to
a controlled tensile loading until failure occurs. The test apparatus includes grips for securely
holding the specimen and a load cell for measuring the applied force. It is carried out using Tinius
Olsen H10KL Universal tensile testing machine with data gathered in Horizon software. During
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the test, the load and corresponding elongation or deformation of the specimen are continuously
monitored to generate stress-strain curves, from which important mechanical properties such as
tensile strength, modulus of elasticity, and elongation at break are determined.

2.4. Fabrication of household organizer

Figure 1 shows several parts of organizer prepared according to measurement finalised
by using heat treatment utilizing the Breville BSG220 double hot plate. All parts are made with
the same thickness of 1 cm. The measurement can be customised according to the demand.
Once all parts have been molded and dried, they are assembled one by one using screws.

Figure 1. Different parts of the organizer before assembly

3.0 RESULT

Figure 2 depicts the sample that has been melted and molded into specific measurement
before assembled into end product. The sample is molded according to measurement established
in ASTM D3039 for tensile strength.

Figure 2. Molded sample of PP/HDPE composite

Figure 3 shows intriguing insights into the tensile strength characteristics of the polymer
blend comprising polypropylene (PP) and high-density polyethylene (HDPE) across different
ratios. The average ultimate tensile strength ranged from 7.156 MPa to 7.744 MPa, with the 6:4
PP to HDPE ratio displaying the highest strength, followed closely by the 7:3 ratio. Interestingly,
as the proportion of PP in the blend increased beyond the 6:4 ratio, the average strength began
to decrease, with the 8:2 ratio exhibiting the lowest strength. This trend suggests that an optimal
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balance between PP and HDPE content exists to achieve maximum tensile strength, with
deviations from this balance potentially compromising the mechanical properties of the blend.
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Figure 3. Effect of mixing ratio PP/HDPE on tensile strength of composite.

The variability within each ratio group, as indicated by the standard deviation (STDV)
values ranging from 0.104 to 0.393 MPa, highlights the influence of factors such as material
homogeneity and processing conditions on the observed strength variations [13]. Moreover, the
standard error of the mean (SDE) values, ranging from 0.060 to 0.227 MPa, highlights the
precision of the average strength estimates and provides confidence intervals for the reported
data. Overall, these findings emphasize the importance of careful consideration of PP to HDPE
ratios in polymer blend formulations to optimize tensile strength and ensure desired material
performance in various applications. Though a research indicate blending PP with HDPE can
potentially reduce tensile strength due to challenges in recycling [14], it is not too significant for
this research as the purpose is to produce a light duty organizer.

Figure 4 shows the data analysis of Young's Modulus values for the polymer blend
consisting of polypropylene (PP) and high-density polyethylene (HDPE) across various ratios
which offers valuable insights into the material's mechanical behaviour. Across the tested ratios
ranging from 2:8 to 8:2 of PP to HDPE, the average Young's Modulus values ranged from 13.996
MPa to 14.592 MPa. Interestingly, the highest average modulus of 14.592 MPa is observed for
the 8:2 ratio, while the lowest average modulus of 13.996 MPa corresponds to the 2:8 ratio. This
trend suggests a potential correlation between the ratio of PP to HDPE and the stiffness
properties of the polymer blend. Studies by Redhwi et al., (2023) [15] corroborate these findings,
demonstrating that variations in polymer composition can significantly impact the resulting
material's mechanical properties, including Young's Modulus. Furthermore, the observed
fluctuations in modulus values across different ratios align with the complexities of polymer
blending, where factors such as polymer-polymer interactions, phase separation, and filler
dispersion can influence material stiffness [16].

The standard deviation (STDV) values, ranging from 0.522 to 1.511 MPa, indicate notable
variability within each ratio group, which is consistent with the inherent heterogeneity often
encountered in polymer blends. Additionally, the standard error of the mean (SDE) values,
ranging from 0.301 to 0.872 MPa, provides insights into the precision of the average modulus
estimates and underscores the importance of statistical rigor in experimental analysis.
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Figure 4. Effect of mixing ratio PP/HDPE on Young Modulus of composite.

Figure 5 shows the end product of stationaries organizer made of composite PP and
HDPE. The development of a stationary organizer using a composite material derived from
polypropylene (PP) and high-density polyethylene (HDPE) presents an innovative solution for
enhancing organizational efficiency. The results from tensile strength and Young's Modulus tests
indicate that while a ratio of PP to HDPE 2:8 shows a relatively lower average tensile strength, it
remains sufficient for applications such as stationary organizers, which do not bear heavy loads.
With average tensile strengths ranging from 7.156 MPa to 7.744 MPa and average Young's
Modulus values ranging from 13.996 MPa to 14.592 MPa across various PP to HDPE ratios, the
composite material offers a balance of strength and stiffness ideal for supporting stationary items
effectively. Despite the lower tensile strength at the 2:8 ratio, the composite material remains
durable enough to withstand typical loads encountered in stationary organization, ensuring long-
term structural integrity. Moreover, the versatility of the PP-HDPE composite allows for the
creation of intricate organizer designs tailored to specific organizational needs, further enhancing
its utility. Thus, the stationary organizer developed from the PP-HDPE composite showcases the
practical applications of polymer blend materials in providing durable and efficient organizational
solutions for everyday use.

Figure 5. Stationaries organizer.
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4.0 CONCLUSION

This research works on utilizing waste plastic, poly propylene and high density poly-
ethylene specifically to produce foundation material for variety type of household organizer by
using green approach without any usage of chemicals. Though the tensile strength and young
modulus of samples differs with certain mixing ratio, organizer built from 2:8 ratio of PP and HDPE
provide sufficient support for any stationaries or simple household item. For further improvement,
usage of efficient molding technique with good compression factor and application of surface
treatment or polishing are recommended.
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