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Abstract. Masks play a critical role in protecting individuals from inhaling harmful substances and
airborne contaminants. However, the improper disposal of masks poses a significant environmental
challenge. Medical masks, primarily composed of polypropylene, consist of three layers: outer and
inner waterproof non-woven fabric layers and a middle layer of melt-blown material. This review
explores the potential of repurposing discarded polypropylene-based medical masks as an
innovative additive in the formulation of asphalt mixtures. Through an extensive analysis of existing
literature and the examination of the effects of mask waste on asphalt mixtures, this study sheds
light on its potential applications. Notably, Research Gate, Science Direct, and Google Scholar
serve as the primary sources of reference for this review. The results highlight the promising
benefits of integrating medical mask waste into asphalt mixtures, including improved asphalt
performance, recyclability for asphalt modification, and the promotion of environmentally-friendly
practices in road construction.

Keywords: Discarded mask, polypropylene, asphalt additive, recycling, sustainable road
construction.

1. INTRODUCTION

The COVID-19 pandemic has created serious health, financial, and environmental
problems around the world, and in the current pandemic period (Garel & Petit-Romec,
2021). During the current pandemic, the use of personal protective equipment (PPE) has
increased sharply compared to the time before the pandemic (Maderuelo-Sanz et al.,
2021). This is mainly due to the mandatory requirements for wearing PPE, especially
medical masks (Rowan & Laffey, 2021). One effective way to fight the coronavirus is to
use medical masks to avoid the spread of the virus (Royo-Bordonada et al., 2021). 20%
annual growth in medical mask supply is estimated from 2020 to 2025 (llyas et al., 2020).
At least 6.8 billion disposable masks are used worldwide every day (Novena, 2021).
Masks can reportedly protect humans from the virus by up to 90% (Atmojo et al., 2020).
Therefore, the use of medical masks is indispensable, but the disposal of medical masks
threatens the environment (Boroujeni et al., 2021).

Masks are disposable personal protective equipment, if they are not recycled or
reused in a sustainable way, discarded masks will seriously pollute the environment
(Yang et al., 2022). This is because masks made of lightweight materials can be easily
moved by wind and rain, even if they are thrown in the bin or dumped in a landfill. This
is why face masks are everywhere in our cities, parks, car parks, and local areas.
Ultimately, used face masks can easily find their way into rivers and oceans, threatening
marine life (Kilmartin-Lynch et al., 2022). According to estimates, every year, nearly 0.15-
0.39 million metric tons of waste masks enter the ocean, posing a potential threat to the
survival of marine life (Chowdhury et al., 2021). According to Fauzi (2022), in Indonesia,
from March 2020 to July 2021, there have been 18,460 metric tons of COVID-19 waste
generation. This amount is very large and worrying. Therefore, with the increasing
consumption of non-biodegradable materials, it is estimated that by 2050, the oceans will
contain more plastic than fish (Morganti & Morganti, 2020). The method of disposing of
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masks by burning them at high temperatures will exacerbate not only global warming but
also produce toxic gases that will aggravate environmental pollution (Xu et al., 2021).
The use of landfills will cause pollution in the soil, and the decomposition of mask waste
often takes a very long time, even up to hundreds of years (Patricio Silva et al., 2021).

Masks have several types and classifications that the general public needs to know
about, such as medical masks, cloth masks, and N95 masks. Medical masks consist of
three layers that prevent transmission: spun-bond, melt-blown filter, and spun-bond
again. Fabric masks need to have three layers: an innermost layer made of hydrophilic
material (such as cotton), a middle layer of hydrophobic material (such as
polypropylene), and an outer layer of hydrophobic material (such as polypropylene). The
N95 mask uses a material consisting of 4-5 layers (an outer layer of polypropylene, a
middle layer of polypropylene electret, and an inner layer of cotton). In every research
study on the manufacture of asphalt using a type of medical mask, all the constituent
layers of the medical mask are made of polypropylene. The characteristics of this
material are a soft and thin surface, good durability, absorbency, and strength. It has a
high melting point of 165°C and can be used at a temperature of 100°C in a short time
(Ririn et al., 2021). Generally, masks are semi-liquid between 115.5 and 160°C, which is
in the hot mix asphalt and paving temperature range, and can act as a bonding agent to
bond aggregates together (Wang et al., 2022). Medical masks are made of polypropylene
plastic material that is difficult to decompose, but the material can be an alternative
mixture material in asphalt by utilizing its elastic properties, which are good for use as an
adhesive (Setyaningrum et al., 2022). According to Budiman et al. (2022), medical masks
are made of materials mostly made of polypropylene with thermoplastic properties. This
makes polypropylene material similar to the properties of the main material in road
pavements, namely asphalt. Asphalt material is a non-renewable resource because it
comes from nature, whose formation takes millions of years (Putri et al.,, 2017).
Therefore, a possible solution to this problem is to recycle used medical mask waste and
reuse it as reinforcement for construction materials (Selvaranjan et al., 2021).

The collection of mask fiber from domestic activities is an option considering that
mask waste from health department activities is not allowed because it has special
handling procedures (Wiryadi et al., 2021). Due to the fact that the coronavirus does not
last more than 5 minutes at 70°C (Eslami & Jalili, 2020), Asphalt mixing usually takes
place at 150-180°C; the time required for asphalt production, transport, and
implementation lasts at least 30 minutes, and the asphalt temperature remains in the
range of 120-150°C during this time. The coronavirus is predicted to be completely
eliminated in the asphalt production and implementation process.

Researchers have also explored the utilization of medical mask waste on road
pavements (Saberian et al., 2021). This article summarizes some of the utilization
analyses in developing recycled medical mask waste from polypropylene in the
manufacture of asphalt mixtures from previous researchers.

2. RESEARCH METHODS

Method used through an extensive analysis of existing literature. The topic
was chosen based on the fact that the accumulation of mask waste has increased due
to the coronavirus that has occurred around the world. The result of the increasing
amount of mask waste accumulation is that it can pollute the environment. Therefore, an
innovative and effective solution to reduce the amount of mask waste accumulation is to
recycle the mask waste, which can be used as an additional material in asphalt mixtures.
Notably, Research Gate, Science Direct, and Google Scholar serve as the primary
sources of reference for this review. The number of references found in this study was
47,
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3. RESULTS AND DISCUSSION
3.1 Aggregate

Aggregate or rock is generally defined as the hard, solid formations of the earth's
crust. Aggregate is the main component of the pavement layer, containing 90%—95%
aggregate by weight or 75%—-85% aggregate by volume (Saodang, 2005). Thus, the
quality of the pavement is also determined by the nature of the aggregate and the
resultant mixture of the aggregate with other materials. The selection of the appropriate
type of aggregate for use in pavement construction is influenced by several factors:
gradation, strength, grain shape, surface texture, adhesion to asphalt, and chemical
cleanliness and properties. The type and mix of aggregate greatly affect the durability or
stability of a pavement (Sumiati & Sukarman, 2014).

3.2 Asphalt

Asphalt is a natural material with hydrocarbon chemical components, the result of
exploration with a black color is plastic to liquid, insoluble in dilute acid and alkali solutions
or water, but soluble mostly in ether, CS2, benzene, and chloroform (Saodang, 2005).
The function of asphalt in asphalt pavement is as a binder so that the aggregate is not
easily separated due to traffic and the environment. In addition, asphalt also functions as
an impermeable layer that protects the aggregate and other materials underneath from
the influence of water (Al-Amri, 2013).

3.3 Asphalt Pavement Mix

Asphalt pavement mix is a combination of aggregate and asphalt. Asphalt acts as
a binder or glue between aggregate particles and the aggregate itself acts as
reinforcement. The mechanical properties of the asphalt in the mix are obtained from the
friction and cohesion of the ingredients. Aggregate friction is obtained from interlocking;
the strength of the aggregate depends on the gradation, surface texture, grain shape,
and maximum aggregate size used. While its cohesion properties are obtained from the
properties of the asphalt used. Therefore, the performance of a paved mixture is strongly
influenced by the properties of the aggregate and asphalt, as well as the properties of
the solid mixture that has been formed from these two materials (Departemen
Kimpraswil, 2002).

3.4 Mask

Masks play a critical role in protecting individuals from inhaling harmful substances
and airborne contaminants. Respiratory protection, or masks, are not intended to replace
the preferred method of eliminating disease but are used to adequately protect the
wearer (Cohen & Birdner, 2012). The type of mask used in this article is a medical mask,
which is generally made of a type of non-woven or non-woven fabric. The characteristics
of this material are a soft and thin surface, durability, good absorption, and strength. It
also has a high melting point of 165°C and can be used at a temperature of 100°C in a
short time (Ririn et al., 2021). The mask consists of three layers: the outer layer and the
inner layer are waterproof non-woven fabric, and the middle layer is melt-blown material
(Fadare & Okoffo, 2020). The three main functions of the medical mask (Figure 1) are
that the outer layer is waterproof, the middle layer serves as a filter, and the inner layer
is useful for absorbing fluids that come out of the mouth (Sunda, 2020).
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Figure 1. Three-layer medical mask
Source: Goli and Sadeghi (2022)

Generally, masks are semi-liquid at temperatures between 115.5 and 160°C, within
the hot mix asphalt and paving temperature ranges, and can act as a bonding agent to
bond aggregates together (Wang et al., 2022). The mask starts to melt at 115°C after 10
minutes in the oven, which can be seen in Figure 2. N95 masks and medical masks
contain approximately 11 and 4.5 g of polypropylene and/or other plastic derivatives
(e.g., polyethylene, polyurethane, polystyrene, polycarbonate, and poly acrylonitrile)
(Abbasi et al., 2020). Mostly, the chemical composition of the mask is polypropylene
(Chalermsinsuwan et al., 2022) (Table 1). Polypropylene is a downstream petrochemical
product derived from the olefin monomer propylene through addition polymerization to
form polymers with long molecules, or polymer chains (Maddah, 2016). Polypropylene is
one of the polymers of the thermoplastic type that can be recycled. It is the lightest among
other polymeric materials, has a high melting point, is corrosion-resistant, is easy to
process, has low processing costs, is easily available in the market, and can be recycled,
so it is widely applied to household furniture (Amalia et al., 2014). Polypropylene has a
strength that is still considered normal at the sixth recycling process, although its tensile
strength will be reduced due to pressure and heat during extrusion (Vidakis et al., 2021).
The fibers used in masks known as melt-blown and spun-bond are non-woven fibers.
Due to their physical structure, these fibers are produced without the use of weaving
operations. These fibers have very small pores to perform the filtration operation well.
This type of fiber is most widely used in the medical industry due to its filtration properties
(Goli & Sadeghi, 2022). The main difference between melt-blown and spun-bond fibers
lies in the manufacturing process and the resulting fiber structure (Affifah & Zulfa, 2021),
not on the elemental composition of the chemical compounds present in the material.

Figure 2. The mask starts to melt
Source: Wang et al. (2022)
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Table 1. Chemical composition of the mask

Elemen Berat (%)
Mg 2.94
Al 9.99
Ca 25.85
Si 59.11
K 2.11

Source: Ali et al. (2022)

3.5 Types of Masks

The following are the types and classifications of masks that the general public

needs to know:

1.

Cloth Mask

According to Hapsari and Munawi (2021), cloth masks can be used to prevent
transmission while anticipating the scarcity of masks that occurs. The filtering
effectiveness of cloth masks increases with the number of layers and the density of
the woven fabric used. The cloth mask needs to have three layers: an innermost layer
made of hydrophilic material (such as cotton), a middle layer made of hydrophobic
material (such as polypropylene), and an outer layer made of hydrophobic material
(such as polypropylene). Cloth masks need to be washed and can be worn many
times. The materials used for cloth masks include cotton cloth, scarves, and so on.

. Medical Mask or Surgical Mask

The medical mask consists of three layers that prevent transmission: spun bond, melt
blown filter, and spun bond again. The outer layer of non-woven fabric is impermeable
to water, the inner layer is a high-density filter layer, and the inner layer is directly
attached to the skin, which functions as a large liquid absorber that comes out of the
wearer when coughing or sneezing. Because they have this filter layer, medical masks
are effective in filtering droplets that come out of the wearer when coughing or
sneezing (Badan Nasional Penanggulangan Bencana, 2023).

. N95 Mask

N95 masks use materials consisting of 4-5 layers (an outer layer of polypropylene, a
middle layer of polypropylene electrete, and an inner layer of cotton) and have better
filtration capabilities compared to surgical masks. This type of mask has the
advantage of not only protecting the wearer from exposure to droplet-sized liquids but
also liquids up to aerosol size. This group of masks is recommended especially for
health workers who must be in close contact, directly handling cases with high
infectious levels, such as patients positively infected with the COVID-19 virus
(Farmalkes, 2021).

3.6 Products produced from polypropylene

According to Winata (2007), polypropylene products can be used in various

applications. Applications of the various product specifications can be used for various
purposes, among them:

a.

BOPP (Biaxial Oriented Polypropylene) Film

This type of resin has the highest molecular weight. Its uses include food packaging
materials, cigarettes, plastic lamination, and plastic decoration.

Yarn

Widely used as a raw material for making chemical sacks, the bottom of carpets,
and raffia. It is strong, slippery, and does not absorb water.

IPP (Inflation Polypropylene) Film

These resins are most widely produced and used for food packaging, inner plastic
bags, and textile wrapping.
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Injection Molding

This resin is widely used for household appliances such as bottles, chairs, and
kitchen utensils, as well as for automotive purposes.

Fiber

This type is used for carpets, yarns, and upholstery carpets.

Thermoforming

This resin is widely used for glass and plastic containers. It is clear, strong, and does
not cause odor or taste.

Cast film

Used for coating materials on metal. The sheet is drawn only in one direction but is
softer because it is flexible.

3.7 Mask Waste Management

Based on guidelines from Kementerian Kesehatan Republik Indonesia (2020), the

steps for managing used masks in the community are:
1.
2.

3.

5.

Collecting used disposable masks

Disinfect the used masks. Mask disinfection can be done by soaking the mask in a
disinfectant, chlorine, or bleach solution.

Change the shape of the mask. After disinfection, the mask must be cut or damaged
so that it cannot be reused.

Dispose of it in domestic waste after wrapping it in tight plastic. In accordance with
the Minister of Environment and Forestry's circular, if the government has provided
special mask bins or drop boxes in public spaces, the public can dispose of the
disposable masks in the special mask bins provided.

Wash hands with soap and running water after handling masks.

3.8 Previous Research Results
Based on the results of the analysis of the addition of medical mask waste to
asphalt mixtures derived from several previous studies, they can be seen in Table 2.

Table 2. The analysis results of the addition of medical mask waste to the asphalt

mixture

No | Authors/ | Asphalt

Year Mixture Results
Types

1 Goli and | Asphalt The masks were added to the asphalt concrete mix in 4
Sadeghi | Concrete | different weight percentages (0% (control), 0.07%, 0.1%,
(2022) 0.12%, and 0.15%) to the aggregate weight and in two

different sizes (12 mm and 8 mm), and tests were
conducted. The results showed that the addition of these
materials to the asphalt mix improved the performance of
the asphalt.

2 Wang et | Rapid The Rapid Setting (RS) emulsified asphalt mixtures
al. Setting modified with fiber masks exhibited excellent resistance to
(2022) Asphalt permanent deformation. The rutting depth value was

Emulsion | reduced from 3.0 mm to 0.93 mm by increasing the fiber
(RS) mask content from 0% to 1.5% by weight.

3 Zhao et | Stone Adding medical mask waste fiber as an additive into SMA

al.(2022) | Mastic mixtures in 4 different weight percentages (1%, 2%, 3%,
Asphalt and 4%) can improve strength and stiffness, as well as
(SMA) deformation resistance. Overall, medical mask waste can

be recycled to modify asphalt in road construction.

4 Saberian | Asphalt The asphalt concrete mixtures adding mask fiber at three
et Concrete | different percentages (1%, 2%, and 3%) to the aggregate
al.(2021)
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can increase the strength and stiffness but also increase
the elasticity and flexibility of the asphalt mixtures.

5 Permata | Asphalt The percentage addition of mask waste mixture is
et al. | Concrete | sensitive to the stability and flow values. The optimum
(2023) percentage addition was obtained at a percentage of

1.50% with stability and flow values of 1020.36 kg and 4
mm, respectively.

6 Dadwal Asphalt The addition of COVID-19 plastic waste to the asphalt
et al. | Concrete concrete mixture at a percentage of 10%, 12.5%, 15%,
(2022) 17.5%, and 20% by weight of asphalt can increase the
stability and flow values of the asphalt mixture. The
addition of COVID-19 plastic waste to asphalt concrete is
safe and sustainable for road construction.

CONCLUSION
The results highlight the promising benefits of integrating medical mask waste into
asphalt mixtures, including:

1. Improved asphalt performance.

2. Recyclability for asphalt modification.

3. The promotion of environmentally-friendly practices in road construction.

Based on the results of the analysis and conclusions above, the suggestions that
can be given are:

1. Using medical mask waste as an additive in asphalt mixtures can serve as an
environmentally friendly method to reduce environmental pollution while producing
high-quality asphalt.

2. Further analysis is needed regarding the effect of the addition of medical mask
waste on asphalt properties.
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