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ABSTRACT

The increased use of personal protective equipment (PPE), particularly single-use face masks
during the COVID-19 pandemic, has significantly contributed to global plastic pollution. This
study proposes a sustainable approach to mitigate this environmental burden by repurposing
used surgical masks into composite materials suitable for furniture applications. Through a
combination of qualitative and quantitative research methods, including surveys, material
experimentation, and mechanical testing, a composite material was developed using 70%
shredded mask fibers and 30% resin. The resulting material demonstrated strong compression,
impact resistance, and hardness, comparable to wood. This research highlights the potential
of medical waste repurposing in reducing plastic pollution while supporting the development
of sustainable alternatives to wood in the furniture industry.
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Introduction

The global use of personal protective equipment (PPE) surged dramatically during the
COVID-19 pandemic, with disposable face masks being the most used. This surge in mask
production has not only created an immediate public health solution but also a severe
environmental problem. According to recent studies, the production and disposal of face masks
have generated vast quantities of waste, much of which is non-recyclable due to the materials
used, primarily polypropylene (Oluniyi & Fadare, 2020). These masks are often discarded
improperly, contributing to microplastic pollution in oceans and landfills (Adyel, 2020;
Chowdhury & Chowdhury, 2020; Windfeld & Brooks, 2015).
According to Sangkham (2020) and Benson et al. (2021), Asia alone generated over 16,000
tons of pandemic-related medical waste daily, with Pakistan contributing approximately
1,099.3 tons per day. Improper disposal methods, such as open burning and landfilling, have
resulted in secondary pollution. A sustainable solution is therefore urgently required.
This study investigates the potential of repurposing used disposable surgical masks as a
composite material for the furniture industry. By incorporating mask fibers into resin
composites, this research seeks to provide a sustainable alternative to wood-based materials.
The findings of this study contribute to achieving the United Nations’ Sustainable
Development Goals by reducing plastic waste and promoting environmental sustainability
(Alam, 2016).
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Figure 1: Survey Analysis of Face Mask Types Used During COVID-19 Pandemic
Materials and Methods
Research Methodology
This research employed both qualitative and quantitative methods. Qualitative research
involved reviewing literature and observing local practices (Kajanan Selvaranjan et al., 2021),
while quantitative methods included conducting surveys and performing material
experimentation (Rubio-Romero et al., 2020).
Survey
The information is gathered by conducting an online survey among several age groups
(children (12-15), teenagers (16-25), and adults (26-65) in a variety of nations. During the
COVID-19 pandemic outbreak, this survey was conducted on a total of 1033 people for a
month (5th July — 6th August 2020).
The objective of the survey is to identify the generation of mask waste and provide basic
information about the environmental effect of mask waste.
Data analyses demonstrate that roughly 80% of the people wear masks and sometimes 16%
wear the mask as shown in the figure.
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Figure 2: Mask Usage Frequency Among Survey Participants During the COVID-19

This shows that approximately 96% of people understand the importance of the use of the mask
during the pandemic. However, 3% of them used the mask seldom, which could be because of

Figure 3: Survey Analysis of Different Types of Face Masks Used During the COVID-19
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their insufficient awareness and less importance. About 1% of the people never used the mask
because they were medically ill.
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Type of masks
The figure showed the type of masks used by those involved in the survey. This figure shows
that for their safety, the highest population of people use surgical masks. At the same time, the
cloth mask is the secoglnd largest to be used because it is cheaper than the N95 mask.
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Figure 4: Weekly Mask Waste Generation Per Person During the Pandemic

The figure shows a person's per week amount of waste mask created. The survey shows that 5
mask waste is produced per week for over 25 percent of people. Therefore, one person per day
produced at least one mask waste.
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Figure 5: Improper Disposal Methods of Face Masks
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The figure shows that 19% of people ruthlessly throw the facial masks out on the street and
12% wash and dispose of the masks. About 3% of those in toilets flush the mask and 10% burn
the mask

The findings revealed a high usage rate of surgical masks, underscoring the need for effective
disposal and recycling strategies (Kajanan Selvaranjan et al., 2021).

Material Collection and Processing

Used masks were collected from institutions and sanitized using hydrogen peroxide and boiling
water (Rubio-Romero et al., 2020; Palanisamy & Suresh, 2011; Battegazzore et al., 2020).
After removing metal strips and ear loops, the m&sks were shredded using a grinder.

v

Figure 6: Shredded Polypropylene Fibers from Collected Face Masks

Experimentation

Three different resin binders were tested for compatibility with the polypropylene fibers of the
face masks. The resins used included:

Liquid Silicone: This resin was used for its flexibility and moldability.

Epoxy Resin: Known for its hardness and strong bonding properties, this resin was used to
enhance the mechanical strength of the composite material.

Fiberglass Resin: A combination of fiberglass and polypropylene fibers was tested to explore
potential applications in high-strength products.

Three samples of different compositions were prepared. This comparison shows the contrasting
ratio of fiberglass and mask.

Sample 1 Sample 2 Sample 3

Fiberglass Ratio :  60% Fiberglass Ratio :  70% Fiberglass Ratio :  50%
Mask Ratio : 40% Mask Ratio : 30% Mask Ratio : 50%

Figure 7: Visual Representation of Composite Samples with Varying Fiberglass and Mask Ratios

Testing Procedures
The selected composite sample was tested for:
e FTIR (Fourier-transform infrared spectroscopy) to determine chemical bonding
(Mathia, 2018)
e Compression strength (Plummer, 2014)
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e Impact resistance (Impact Test, n.d.)

e Vickers hardness (Vicker Hardness Testing, n.d.)
Results
FTIR Test
The FTIR test revealed that the polypropylene fibers from the face masks retained their
polymer structure after being mixed with the resins. The infrared spectra of the composite
materials showed characteristic peaks of polypropylene, indicating that the resin did not
chemically alter the mask fibers but instead acted as a bonding agent (Mathia, 2018).
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Figure 8: FTIR Spectra Analysis of Polypropylene and Resin Composite

Mechanical Properties
The results from the compression, impact, and hardness tests indicated that the composites with
epoxy and fiberglass resins performed the best. The 70% polypropylene and 30% resin
composite showed superior hardness, good impact resistance (Langgeng Jaya Group, n.d.), and
a compressive strength suitable for furniture applications (Zhao et al., 2023).
e Compression Resistance: The composite material was able to withstand significant
pressure before deformation, making it a potential alternative to traditional wood

(Plummer, 2014).
Universal Tensile / Compression Test
Test parameters o0ad P
Test: Universal Tensile / Compression Test =
UTM type: TIRAtest 2810 E6 8000
Load cell:
Extensometer: XHd.pos
Clamping device: 01--
Test area. Lower test area 6000
Sample dimensions: d =54 mm =
Length data: LO=125mm =
Test rates V0 =1 mm/min g
Rate switch points: o

4000
End of test criterions: F = 9000 N; dL = 7 mm; dF =95 %
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Figure 9: Compression Testing of Composite Material

e Impact Resistance: The material exhibited resilience to high-rate loading, a crucial
characteristic for furniture materials that may undergo sudden force (Impact Test, n.d.).
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Length Thickness Notch Depth Notch Length Results

52.34mm 6.03mm 3.93mm 74mm 0.85 equals to 0.35x10 Ib.ft

57.93mm 4.9mm 348mm 7.38mm 0.85 equals to 0.35x10 Ib.ft
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Figure 10: Impact Testing of Composite Material

e Hardness: The Vickers hardness test showed that the epoxy and fiberglass composites
had a hardness comparable to hardwoods, suggesting they could be used in
manufacturing furniture products (Vicker Hardness Testing, n.d.).

Figure 11: Vicker hardness Testing of Composite Material

Suitability for Furniture Applications

The composite materials produced from face masks and resin were tested for their potential use
in furniture. The materials' aesthetic appeal and structural integrity were evaluated in
comparison to traditional wooden materials. The findings suggest that these composites could
serve as a substitute for wood, particularly in the production of items such as flooring and
structural panels.

The sample containing 70% mask fibers and 30% fiberglass resin demonstrated the best
performance. The material was hard, impact-resistant, and visually suitable for product
applications. It showed strong bonding and high mechanical durability.

Discussion

This study demonstrates the potential for repurposing single-use face masks, a major
contributor to plastic waste, into a usable composite material. The results highlight the
feasibility of utilizing discarded face masks as an alternative raw material in the furniture
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industry, which traditionally relies heavily on wood products (Schwartz, 2015). The composite
materials produced in this study exhibit mechanical properties that are comparable to those of
wood-based products, making them suitable for use in furniture and other structural
applications.

The repurposing of face masks not only provides a solution to the growing problem of PPE
waste but also offers an innovative approach to sustainable material sourcing. The findings also
align with the principles of the circular economy by promoting the reuse of materials that would
otherwise contribute to environmental pollution (Kajanan Selvaranjan et al., 2021; Windfeld
& Brooks, 2015; Langgeng Jaya Group, n.d.; Patricio Silva et al., 2021).

However, the study also faced several limitations, including the need for more research into
the long-term durability of these composite materials in various environmental conditions.
Additionally, the cost-effectiveness of large-scale production needs further exploration,
particularly in terms of resin costs and manufacturing processes.

Conclusion

The repurposing of COVID-19 single-use face masks into composite materials for furniture
applications represents a significant step toward sustainable waste management. The
composites produced in this study exhibited mechanical properties that make them suitable for
use in a variety of furniture applications. This research not only addresses the urgent need to
recycle medical waste but also contributes to the reduction of plastic pollution (Akter, 2000;
Patricio Silva et al., 2021; Rubio-Romero et al., 2020).

Future work should focus on scaling up the production process and further evaluating the
environmental impact of large-scale use of such materials. By expanding the applications of
recycled PPE, this approach could significantly reduce plastic waste and provide a sustainable
alternative to traditional wood products.
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