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ABSTRACT

Background: Masks are essential personal protective equipment used as the main
barrier to protect against viruses that spread through these droplets. Wearing a mask has
become daily life for many people. This has led to a significant increase in the demand
for disposable face masks worldwide. Mishandling of these materials threatens the
environment with new forms of plastic pollution. This study aimed to describe two
options for recycling COVID-19 mask waste and explain product planning using the
quality function deployment method.

Subjects and Method: This was a qualitative study. The study variables were
reutilization of covid-19 waste mask and environmental pollution. The data were
collected by in-depth interview and reported accordingly.

Results: Green and highly efficient pathway for the catalysis of waste mask
carbonization reported into high-value carbon nanomaterials. The pyrolysis stream
generated in the first stationary reactor passed through the second reactor, filled with a
catalyst bed. Without a catalyst, the masked CFP did not produce aromatic compounds
but branched hydrocarbons (C8eC46). QFD the product design team plays an essential
role in driving sustainability by incorporating relevant requirements early in the design
process.

Conclusion: Conventional QFD's limited focus on customer needs and analytical
approach lacks understanding and assumes certainty in decision making. Several
integrated approaches to product design have been proposed in the literature to
overcome the limitations of conventional QFD in the context of creating a framework for
sustainable product design.
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BACKGROUND ranging from the common cold, to
In December 2019, infection with the more severe illnesses. COVID-19 is
new Corona virus (COVID-19) spread transmitted through droplets or
rapidly  throughout the world, splashes that come out when an
including Indonesia. COVID-19 is a infected person coughs, sneezes or
variant of SARS or commonly called talks either directly from person to
(SARS-Cov-2). Like other SARS person or through objects that have
variants, namely MERS, COVID-19 been touched by the droplets (WHO,
also attacks the human respiratory 2020).
system (Lai et al., 2020). The virus is On March 11, 2020, the world
known to cause respiratory infections health organization or WHO (World
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Health Organization) declared the
Corona COVID-19 virus outbreak a
global pandemic (WHO, 2020).
Judging from the active cases and the
death rate that is still growing, the
COVID-19 case in Indonesia itself is
quite worrying. Loaded on kompas.c-
om, the total number of COVID-19
cases in Indonesia until July 14, 2021
reached 2,670,046 people since the
first case was announced by President
Joko Widodo on March 2, 2020. Of the
total cases, 2,157,363 people were
declared cured. and 69,210 people
died. since the start of the pandemic.
With the increasing number of
COVID-19 cases, Indonesia was once
the country with the highest number of
COVID-19 cases in Southeast Asia.

WHO calls on countries to take
immediate and aggressive action to
prevent and contain the spread of this
virus. The Indonesian government
requires the implementation of health
protocols for the entire community.
The COVID-19 health protocol and
maintaining endurance refers to the
5th Revision COVID-19 Prevention
and Control Guidelines issued by the
Indonesian Ministry of Health, namely
using a mask, washing hands with
water and soap or hand sanitizer,
avoiding touching the face and shaking
hands, avoid gathering/gathering,
avoid touching objects in public places,
avoid public transportation and keep a
distance (WHO, 2021).

Masks are one of the most
important types of personal protective
equipment as the last barrier to protect
against viruses that spread through
these droplets. Wearing a mask has
become a daily routine for many
people. This has led to a significant

increase in the demand for disposable
face masks globally (Fadare and
Okoffo, 2020). Disposable masks are
basically made of poly-propylene and
high-density polyethylene, and may
contain other polymeric materials
such as polyester, poly-urethane, poly-
styrene, and polyacrylony-trile.(Prata
et al., 2021).
Garbage Mask Collection During
the COVID-19 Pandemic

The ongoing COVID-19 pandemic has
resulted in the mass consumption of
personal protective equipment (PPE)
worldwide (Torres and DelaTorre,
2021). Disposable face masks are one
of the most common types of PPE used
to prevent viral infections. However,
mismanagement of these materials
threatens the environment with new
forms of plastic pollution. Ignoring the
seriousness of this problem could
result in the release of large amounts
of microplastics in landfills and the
marine environment, which could
have serious implications for flora and
fauna (Dharmaraj et al., 2021).

The amount of medical waste
generated in different hospitals is
proportional to the number of infected
people and the average amount of
waste generated per bed. Preliminary
studies show that the daily accumu-
lation of medical waste in Jordan is
2.69 kg/bed/day (Minoglou et al.,,
2017). Meanwhile, according to
estimates and analysis of medical
waste in the city of Istanbul, the annual
average unit of medical waste per day
in hospitals was 0.43 kg/bed/day in
2000 to 1.68 kg/bed/bed in 2017. by
day(Korkut, 2018). In April 2020, the
maximum production level of medical
waste during the COVID-19 pandemic
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is estimated to be around 14,500
tonnes (Sangham, 2020)

Another aspect of the COVID-19
epidemic is the improper disposal of
solid waste. Improper disposal of
waste can spread viruses. As a result,
the number of confirmed cases has
skyrocketed, and the amount of
medical waste associated with COVID-
19 has also increased significantly
(Peng et al., 2020). In addition, the
existing operational protocols for the
disposal of SARSCoV2 sewage and
municipal sewage (MSW)216 have
special precautions, to reduce the
potential risk of SARSCoV2 infection
due to improper waste management
processes.

Examples of Using COVID-19
Garbage Masks
As the coronavirus (COVID-19) is
spreading rapidly around the world,
wearing a mask has become the last
barrier to protect people from the virus
that spreads through droplets, and it
has become a daily routine for
everyone to wear a mask. However,
masks that are disposed of carelessly
can cause many environmental
problems such as microplastics that
are harmful to various ecosystems (Rai
et al., 2021a, b). Therefore, it is very
necessary to develop a method for
handling discarded masks. This study
proposes a way to produce value-
added chemicals (e.g., aromatic com-
pounds) from high amounts of masks
through catalytic rapid pyrolysis
(CFP). CFPs have been developed to
make high-value aromatic compounds
from carbonaceous substances (eg,
biomass and organic waste) such as
benzene, toluene, ethylbenzene and
xylene (BTEX). The main body of the

mask (inner, middle, outer and filter)
is made of polypropylene (PP) which is
pyrolyzed with various zeolite catalysts
(HBeta, HY, and HZSM-5) to make
BTEX. The mask was pyrolyzed in a
fixed bed reactor, and the pyrolysis gas
evolved in the reactor was directed to a
secondary reactor where the zeolite
catalyst was loaded. Without a
catalyst, the masked CFP does not
produce any aromatic compounds but
branched hydrocarbons. The use of a
catalyst generally decreases the oil
yield and increases the gas yield
without much change in the amount of
residual solids. The catalyst also
results in the production of aromatic
compounds from the mask. The large
pore zeolite groups HBeta and HY
accounted for 134% and 67% higher
BTEX concentrations than HZSM-5,
likely because they had larger pores,
higher surface area, and higher acid
site density than HZSM-5. HZSM-5.
These different factors (i.e., porosity,
surface area, and acidity) synergis-
tically contribute to the higher pro-
duction of aromatic compounds from
the mask.

Polypropylene (PP) is the main
composition of face masks, so the
recycling of mask waste is exactly the
same as that of PP waste recycling. As
one of the most promising recycling
strategies, catalytic carbonization
provides an easy, economical and
efficient way to produce carbon
nanomaterials from polymer waste
through thermochemical conversion.
It is noted that the elemental carbon
content reaches 85.7% by weight in PP,
which means that PP is a promising
carbon raw material for producing
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carbon-based nanomaterials. Mean-
while, PP catalytic carbonization is
also a sustainable concept and pre-
vents PP waste from being directly
dumped into landfills or incinerators.
To convert PP into carbon nano-
materials, a series of combined cata-
lysts was developed consisting of orga-
nically modified clay (OMC)/nickel
(Ni-Cat) catalysts, zeolite/NiO, chlori-
nated compounds/Ni203, activated
carbon/Ni203, carbon black/Ni20
and C60/ Ni(OH)2. Our results reveal
that this catalyst can promote the
decomposition of PP to selectively
produce more aromatic compounds,
which are then dehydrogenated and
reassembled into carbon nanotubes
(CNTs). Our previous work reported
on the catalytic carbonization of PP
waste to a magnetic carbon/Fe304
hybrid, which was used as an
adsorbent to effectively remove dye
pollutants from water. In particular,
carbon/metal hybrids are also one of
the promising types of microwave
absorbent materials due to their
synergistic effect between dielectric
and magnetic loss. Our results show
that the resulting product is a CNT/Ni
hybrid, and the highest carbon yield is
64.4 g/100 g WM. Due to the syner-
gistic effect of CNT and Ni.

3. Variable
The research variables are the reutili-
zation of COVID-19 waste masks and
environmental pollution.
4. Operational Definition of
Variable
The operational definition of the
variable in this study is the problem of
pollution of COVID-19 mask waste in
the environment.
5. Instrument
The research instrument used is a
literature study by dissecting several
journals regarding the contamination
of COVID-19 waste masks in several
journals and their handling solutions.
6. Data Analysis
Data analysis was carried out by
outlining the problem of contamina-
tion of COVID-19 waste masks in
several journals. The analysis is
continued by reviewing several ways of
reprocessing COVID-19 waste masks.
7. Research Ethics
The research ethic applied is the effort
to reduce pollution to the environment
on COVID-19 waste masks around the
world.

DISCUSSION

SUBJECTS AND METHOD

1. Study Design

This research is a qualitative research.
2. Population and Sample

The population of this study is the
worldwide contamination of COVID-
19 waste masks. The sample of this
study was taken from several journals
discussing the contamination of
COVID-19 waste masks.

The study says a green and highly
efficient pathway is reported for the
catalysis of the carbonization of waste
masks into high-value carbon nano-
materials. The results showed that the
product obtained was a CNT/Ni
hybrid, and the highest carbon yield
was 64.4 g/100 g WMs. Due to the
synergistic effect of CNT and Ni, the
resulting hybrid exhibits outstanding
microwave absorption with a high
reflection loss of 56.3 dB and a band-
width of 4.3 GHz at 2.0 mm thickness,
equivalent to or much better than most
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C hybrids. / Ni. Considering the conve-
nience and feasibility of recycling WM
from different environments, it is
believed that this strategy will be
extended to the actual large-scale
industrial production. In addition, the
recycling target is not limited to used
masks, but also includes polymer
waste or other biowaste, so that more
valuable carbon nanomaterials will be
produced and applied. It is more
promising to be developed.

The second study investigated for
the first time the effect of zeolite
properties on BTEX production from
COVID19 mask waste via CFP. The
mask mainly consists of PP which has
been pyrolyzed with a different zeolite
catalyst (HBeta, HY or HZSM5) to
produce BTEX. The pyrolysis steam
generated in the first stationary
reactor passes through the second
reactor which is filled with a catalyst
bed. Without a catalyst, the masked
CFP did not produce aromatic com-
pounds but branched hydrocarbons
(C8eC46). The highest oil yield (80.7%
by weight) was obtained at 550 °C,
which was accounted for in all CFP
experiments. The use of a catalyst
usually reduces the oil yield and
increases the gas yield without signifi-
cantly changing the residual solids.
The catalyst also leads to the product-
ion of aromatics from the mask. HBeta
and HY catalysts showed significantly
higher selectivity towards BTEX than
HZSM5. HBeta and HY zeolite cata-
lysts have larger pores, higher surface
area and larger number of acid sites
compared to HZSM5. The pore sizes of
HBeta and HY are larger than the
kinetic diameter of the branched
hydrocarbons, allowing the thermally

derived branched hydrocarbons to
diffuse within the pores and thus
transform into aromatic hydrocarbons
above the acidic sites located mainly
within the pores. HBeta has a higher
acidity than HY, and this leads to more
aromatic formation. These different
factors (i.e., porosity, surface area, and
acidity) synergistically contribute to
the higher production of aromatic
compounds from the mask. Higher
surface area and greater number of
acid sites compared to HZSM5. The
pore sizes of HBeta and HY are larger
than the kinetic diameter of the
branched hydrocarbons, allowing the
thermally derived branched hydro-
carbons to diffuse within the pores and
thus transform into aromatic hydro-
carbons above the acidic sites located
mainly within the pores. HBeta has a
higher acidity than HY, and this causes
more aromatic formation. These diffe-
rent factors (i.e., porosity, surface
area, and acidity) synergistically
contribute to the higher production of
aromatic compounds from the mask.
Higher surface area and larger number
of acid sites compared to HZSM5. The
pore sizes of HBeta and HY are larger
than the kinetic diameter of the
branched hydrocarbons, allowing the
thermally derived branched hydro-
carbons to diffuse within the pores and
thus transform into aromatic hydro-
carbons above the acidic sites located
mainly within the pores. HBeta has a
higher acidity than HY, and this causes
more aromatic formation. These
different factors (i.e., porosity, surface
area, and acidity) synergistically
contribute to the higher production of
aromatic compounds from the mask.
allows the thermally derived branched
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hydrocarbons to diffuse within the
pores and thus transform into aro-
matic hydrocarbons over acidic sites
located mainly within the pores. HBeta
has a higher acidity than HY, and this
causes more aromatic formation.
These different factors (i.e., porosity,
surface area, and acidity) synergisti-
cally contribute to the higher produc-
tion of aromatic compounds from the
mask. Allows the thermally derived
branched hydrocarbons to diffuse
within the pores and thus transform
into aromatic hydrocarbons over the
acidic sites located mainly within the
pores. HBeta has a higher acidity than
HY, and this causes more aromatic
formation. These different factors (i.e.,
porosity, surface area, and acidity)
synergistically contribute to the higher
production of aromatic compounds
from the mask.

In the two studies conducted,
further research can be done by analy-
zing the planning and development of
products that can be produced from
mask waste. The method that can be
used is Quality Function Deployment
(QFD). Traditionally, Quality Function
Deployment (QFD) has been the main
framework for product design. How-
ever, due to the limited focus of
conventional QFD on customer
requirements and the analytical
approach lacking understanding and
assuming certainty in decision
making, several integrated approaches
to product design have been proposed
in the literature to overcome the
limitations of conventional QFD in the
context of creating a framework. for
sustainable product design (Ocampo
et al., 2020). Previous models include
green QFD (Zhang et al., 1999; Wong

and Jupiter, 2002), QFDEnoi (Masui
et al., 2003; Otani and Yamada, 2011;
Younesi and Roghanian, 2015), ana-
lysis of the impact of QFD failure
modes (Chen and Ko, 2009), QFD
design for the environment (Rahimi
and Weidner, 2002), ecological QFD
(Ernzer and Birkhofer, 2003; Kuo et
al., 2009; Utne, 2009), QFDLife cycle
evaluation (Sakao) et al., 2005; Sakao,
2007), environmentally conscious
QFD (Vinodh and Rathod, 2010),
among others.

With Quality Function Deploy-
ment (QFD) as the basis, the product
design team plays an important role in
driving sustainability by incorporating
relevant requirements early in the
design process. However, the litera-
ture in this area has significant gaps,
especially regarding mask waste. First,
the current document does not take
into account the requirements of all
relevant stakeholders, which are criti-
cal for sustainability. Second, while
some offer different models of QFD
Fuzzy-Multiple Attribute Decision
Making (QFD-MADM), they do not
comprehensively address the funda-
mental interdependencies of the
decision parameters in QFD. More-
over, most of the work on QFD-MADM
is limited to product planning while
losing control over the later stages of
product development. Therefore, this
work attempts to fill this gap by
proposing an integrated multiphase
fuzzy QFD-MADM framework that
combines QFD, Analytical Hierarchy
Process (AHP), Evaluation and Test
Lab. (DEMATEL) and Analytical
Network Process (ANP) with fuzzy set
theory.
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There are several ways to handle
mask waste. The main parts of the
mask (inner, middle, outer, and filter)
are made of polypropylene (PP) pyro-
lyzed with various zeolite catalysts
(HBeta, HY, and HZSM- 5) to make
BTEX. The mask is pyrolyzed in a fixed
bed reactor, and the pyrolysis gas
developed in the reactor is directed to
a secondary reactor where the zeolite
catalyst is loaded. Rapid -catalytic
pyrolysis (CFP) has been developed to
prepare high value aromatic com-
pounds from carbonaceous substances
(eg, biomass and organic waste) such
as benzene, toluene, ethylbenzene and
xylene (BT-EX).

Polypropylene (PP) is the main
composition of face masks, so re-
cycling mask waste is exactly the same
as recycling PP waste. As one of the
most promising recycling strategies,
catalytic carbonization provides an
easy, economical and efficient way to
produce carbon nanomaterials from
polymer waste through thermo-
chemical conversion. The results
showed that the resulting product was
a CNT/Ni hybrid, and the highest
carbon yield was 64.4 g/100 g WM.
Due to the synergistic effect of CNT
and Ni, the resulting hybrid exhibits an
outstanding microwave absorption
capacity of a strong reflection loss of -
56.3 dB and a wide bandwidth of 4.3
GHz at a thickness of 2.0 mm, which is
comparable or far better than most
other C/Ni hybrids.

In the two studies conducted,
further research can be done by ana-
lyzing the planning and development
of products that can be produced from
mask waste. The method that can be
used is Quality Function Deployment

(QFD). Traditionally, Quality Function
Deployment (QFD) has been the main
framework for product design.
However, due to the limited focus of
conventional QFD on customer
requirements and the analytical
approach lacking understanding and
assuming certainty in decision
making, several integrated approaches
to product design have been proposed
in the literature to overcome the
limitations of conventional QFD in the
context of creating a framework. for
sustainable product design.
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