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During this pandemic, it has become customary to wear a face waste mask to guard against coronavirus
illness (COVID-19). However, huge production of face waste masks, PPE kit and gloves pose environmen-
tal risks, since existing disposal methods such as incineration and reclamation which are emitting haz-
ardous substances. In the present study covid-19 medical waste material like waste face waste masks;
gloves and PPE kit (personal protective equipment) are considered as the feedstock for the thermal degra-
dation process. Mainly nylon, polyethylene and polypropylene compounds are present in the Covid-19
medical waste compounds, further feedstock material is subjected to physical characterization process
like proximate, ultimate and thermo gravimetric analysis (TGA), to determine the moisture, ash, volatile
matter and decomposition temperature respectively. The waste waste mask has lower ash content of
9.7 %, whereas gloves and other PPEs has 11.8 and 11.2 % of ash respectively. Similarly volatile matter
is also higher for waste waste mask than other feed stocks. Pyrolysis process is carried out between a
temperature range of 100 �C to 700 �C and the products of the pyrolysis process are pyrolytic liquid,
gas and residue. The maximum pyrolytic oil is produced from waste masks, gloves and other PPE kit at
300, 350 and 320 �C respectively. The calorific value of the pyrolytic oil from waste mask, gloves and
other PPE kit possess 40.85,40.11,40.31 MJ/kg respectively, which indicates that all the pyrolytic oil
has closer to the diesel fuel. Therefore pyroltic oil obtained from the Covid-19 medical waste can be used
as an alternative fuel for CI engine.
Copyright � 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International Con-
ference and Exposition on Advances in Mechanical Engineering.
1. Introduction

The novel coronavirus disease-2019 (COVID-19) was discovered
in Wuhan-China, in Dec 2019. The World Health Organization
(WHO) declared the current situation to be there a pandemic, cit-
ing the massive increasing of the virus-related illness, which was
impacting the people of most of the world’s nations in March
2020. It killed millions of people all across the world, leaving more
than 100 million of people affected with the viral disease (exact
statistics - As of January 29, 2021, there were 100,455,529 million
verified covid-19 cases) [1]. In covid-19, a massive amount of Med-
ical Waste (MW) was produced; almost three to six times the
amount of typical municipal solid waste (MSW). Hospitals,
healthcare institutions and clinics are the primary sources of
MW. Apart from hospitals, home isolation treatment and the
wastes created from them are also categorized as MW. Medical
waste released from health care or hospitals facilities may include
infectious pathogens and is thus classified as hazardous waste
(HW). For the period of the covid-19 pandemic, the global preva-
lence of medical waste handling and disposal was not properly
addressed. Several nations saw an unexpected rise in MW from
healthcare or hospitals facilities that did not have the processing
time or capacity to handle the infrastructure development required
holding and appropriately disposing of the MW. The present covid-
19 issue in the care, management, and discharge of Covid Medical
Waste (CMW) is highlighted in this report. Additionally, it seeks to
give appropriate answers for current issues that are overcome dur-
ing the covid-19 circumstances, particularly with regard to waste
management operations. Particular attention has been paid to
ering.
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pyrolysis an ecologically acceptable strategy, which would be an
appropriate treatment procedure for changing CMW into useable
energy products. BMW (Bio-medical waste) is termed as waste cre-
ated by medical facilities and their connected research institutes,
as defined by WHO diagnosis, healing, prevention and caring ther-
apies in the field of animal and human healthcare are all part of the
medicinal practise carried out at such places. Even garbage created
by a person’s healthcare operations at home is included in the
BMW category. Medicinal, chemical, pathogenic, metallic (sharps),
infectious and radioactive compounds are all included in BMW [2].
During the crisis of covid-19, health concerns forced the deploy-
ment of plastic bag for one-time usage in various nations. The
use of plastic bags is often advantageous, and then it creates a
lot of garbage, which contributes to the already overburdened
waste management infrastructure in any nation. Consumers’
behavior patterns would alter as a result of this temporary plastic
bags used just once, since they would choose to utilize them as a
barrier against contamination. If the scenario persists, Plastics that
are reusable or recyclable will lose their use, and plastic bags
would rise in everyday use and remain in general circulation long
after the crisis [2]. Photo degradation, hydrolytic degradation, and
biodegradation thermo-oxidative degradation employing microbes
are all natural ways to destroy plastics in the environment. Some
processes, such as photo degradation followed by thermo-
oxidation, can cause plastic materials to crack. Later, due to micro-
bial action, the carbon (C) in the polymer is converted to carbon
dioxide (CO2) or used for biomolecule separation, although this
process proceeds several months. As a result, plastic recycling
would be the best choice [3].

Quaternary recycling is the technique of recovering all of the
energy from plastic wastages polymer by using incineration [4].
Despite the fact that the technology aids in the generation of signif-
icant energy from waste plastic, certain airborne harmful com-
pounds dioxins are discharged into the environment, resulting in
ecological contamination, that makes the major problem today
[5]. The initial step for proper handling and Covid-19 Waste treat-
ment might be to use disinfection technology (DT). It can be disin-
fected in a temporary storage location at the healthcare centre
before being released and sent to a large-scale waste treatment
facility [6].In the storage and transportation of the covid-19 med-
ical waste causes serious issues to the environment. In order to
minimize the pollution and also producing useful energy from it.
In this investigation process, the Covid-19 medical waste are used
as the feedstock for the batch-type pyrolysis reactor and the
physicochemical properties are carried out for the covid-19 medi-
cal waste, to identifies the elemental composition and its decom-
position temperature by using proximate, ultimate and TGA
analysis. Further the pyrolytic oil is subjected to fuel properties like
viscosity, flash, fire point and calorific value.
Fig. 1. PPE Kit for Covid-19 Patient.
2. Materials and methods

Enormous usage of gloves, waste masks, gowns and so many
caring kits, causes pollution to environment during their incinera-
tion process. Furthermore, hazardous exposure from landfill open
burning, dumping and firing may have an effect on health effects
and have air quality [1]. The researchers are focused in the pyrol-
ysis approach since it has a high waste breakdown rate, simple
procedure, and helps solid waste controlling over existing inciner-
ation procedures. Pyrolysis is a thermal degradation method that
changes polymer/plastic waste into lower molecular weight com-
pounds in a deoxygenated atmosphere at high temperatures. [7].
While the bottom ash from plastic waste incineration contains lar-
gely water, CO2, and unburned particles known as micro plastics
[7]. Many works are interested in plastic trash is converted to
2

hydrocarbon mixtures by pyrolysis. Because it has the ability to
minimize obtain chemicals, waste and replace alternative energy
[8,9]. In this study focused on advancements of waste plastic pyrol-
ysis method, notably in the treatment of polypropylene plastic,
which has not been mentioned in earlier studies. Furthermore, this
research study provided a complete review of the optimize of (PP)
pyrolysis product outcomes, as well as the important impacting
aspects in the (PP) plastic pyro-process that need to be considered
in order to maximize the liquid fuel and char yield while also
improving oil quality [18,20,21]. The use of pyrolysis char in recent
and projected future applications is expected to enhance environ-
mental protection growth and sustainable energy production in
order to achieve environmental sustainability [25,26].

2.1. Feedstock

PPEs are mostly made of PP polymer, which accounts for 72 per-
cent of the total product [10]. PP is a thermoplastic material made
from the polymerization of propylene monomers. The images for
the PPEs that are most commonly used by frontline healthcare staff
in isolation facilities are shown in Fig. 1. Polypropylene is a chem-
ically and thermally stable saturated polymer having a linear
chemical bond of hydrocarbon that melts at 160 �C [11]. After ster-
ilizing process of covid-19 medical waste (gloves, waste mask,
other PPE’s kit), in order to ensure that harmful virus are killed
and it is collected in around of hospital in villupuram town. The
collected covid-19 medical waste are consider as the feedstock
for the pyrolysis process (see Fig. 2).

2.2. Pyrolysis process

Pyrolysis is the thermo-chemical destruction of bits and pieces
at elevated heat, such as plastic trash, in an inert, deoxygenated
environment [6]. Pyrolysis is a useful and successful waste man-
agement method to treat of medical and industrial solid waste,
then it is a viable thermal decontamination technique for the
action of COVID-19 related waste. Because of the heating and pres-
sure, the end products of the waste pyrolysis plant are often burn-
able smaller molecular weight, shorter chain, and far less complex
particles [12,13,16]. In general, gaseous end-products such as
methane, carbon monoxide and hydrogen will be produced. When
the working temperature is high, liquid outputs are collected the
most. Acetone, acetaldehyde, acetic acid, solvent oil, tar, methanol



Fig. 2. Layout of pyrolysis setup [14].

Table 2
COVID-19 Plastic waste [1].

PPE components Raw materials

Facewaste masks PP
Standard surgical waste masks PP
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and other organic materials are among the numerous fluid-like
final yields produced [6,17]. Apart from that, solid end-yields
might be created primarily by low-temperature thermal degrada-
tion pyrolysis. As a result, coke, carbon black and char will be gath-
ered [23,24].
Gowns Mainly PP
Goggles High quality PC
Gloves HDPE
Shoe covers PP
Hair nets PP

Where, PP – Polypropylene, PC –Polycarbonate.
2.3. Pyrolysis setup

The pyrolysis reactor also has a thermocouples, and the ideal
temperature is established by a temperature systematize process.
One side of the condensing flask is coupled to tubing in the pyrol-
ysis reactor, and liquid product is collected at the other side
through into the tapered flask. In the first stage, the temperature
in the reactor’s inside core rises at an 8 �C/min rate before falling
to 3 �C at the completion. As a consequence, the control equip-
mentof temperature parameter raises the heat to 500 �C and the
regular power meter reads 4.8kWh (see Table 1 and Table 2).
3. Result and discussion

3.1. Feedstock characterization

The face waste mask, gloves and PPE kits has filter parts, which
are made of polypropylene (PP), High quality polycarbonates etc.
The proximate analysis of face waste mask has 81.2 % of volatile
mater, 9.1 % of fixed matter and Ash content 9.7 % and ultimate
Table 1
COVID-19 Medical Waste (CMW) and their associated plastic wastes.

Disposable
sources

Medical Clinics, Research and Development sectors,
Household, Hospitals, Health-care centers, Home
Quarantine.

COVID-19
Medical
Waste

Waste masks, feeding tubes, suction probes, gloves, Shoe
waste masks, caps, covers, clothing, COVID test kits,
respirators, syringes, oxygen pipes, saline bottles,
catheters, aprons, face waste masks, goggles\glasses, and
packaging bags.

Types of Plastic
waste

HDPE(High density poly-ethylene)- PP(Poly-propylene)-
PS(poly-styrene)- PET(poly-ethylene terephthalate)-
LDEP (low density poly-ethylene) and PVC -(poly-vinyl-
chloride)

3

analysis has composition of C, H, O, N are 76.1, 15.1, 7.9 and
0.9 %. The proximate analysis of gloves has 79.3 % of volatile mater,
8.9 % of fixed substance and ash substance 11.8 %. And Ultimate
analysis is the composition of C, H, O, N are 77.3, 15.4, 6.2 and
1.1 %. The proximate analysis of other PPE has 79.6 % of volatile
mater, 9.2 % of fixed matter and Ash content 11.2 % and ultimate
analysis has composition of C, H, O, N are 75.1, 16.1, 8.1 and
0.7 % respectively. It is seen that ash contain is more for gloves than
waste mask and PPE kit, this because of denser polypropylene pre-
sent in the gloves. It is also seen that the other compositions are
almost same for all their medical wastes. The Table 3 shows the
proximate and ultimate analysis.
Table 3
Analysis results of proximate and ultimateof the Covid-19 Plastic waste.

wt.% Waste mask Gloves Other PPEs

Proximate analysis
Moisture 0 0 0
Volatile matter 81.2 79.3 79.6
Fixed matter 9.1 8.9 9.2
Ash 9.7 11.8 11.2
Ultimate analysis
C 76.1 77.3 75.1
H 15.1 15.4 16.1
O (by difference) 7.9 6.2 8.1
N 0.9 1.1 0.7
S N.D. N.D. N.D.



Fig. 3. TGA analysis of Covid-19 medical waste.

Fig. 5. Pyrolysis oil.
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3.2. Thermo gravimetric analysis (TGA)

Thermal decomposition is the heat breaking of a material in an
inert environment. As a result, the optimum pyrolysis temperature
needed to be calculated. The raw materials were subjected to
thermo gravimetric analysis (TGA) for this purpose.

The samples were shredded into small pieces. To minimise
undesirable oxidation of the material, high quality nitrogen gas
at a flow rate of roughly 100 mL/min was utilised as an inert purge
gas to displacing gas in the pyrolysis zone. The temperature-
dependent thermogravimetric weight loss curve was shown in
Fig. 3 that shows the TGA plot of a face mask, gloves, and PPE kit
in a nitrogen atmosphere at a heating rate of 3 �C per minutes.
The TGA of face waste mask, gloves, and PPE kit indicates that
the pyrolytic zone occur in the temperature range of 300-400 �C.

In the pyrolysis zone weight reduction of feedstock occurs in
three stages based on different temperature range. The first phase
of breaking down into small components at 100–150 �C results in a
weight loss of 10–16 % was recorded in the first phase of decay,
75–85 % loss of weight was recorded in the second phase decay
at 200–350 �C, while 15–25 % loss of weight was found in the third
phase decay at 350–400 �C. Because of the increased decay rate per
unit point in time, a rapid decomposition region is designated as an
active region. At 320–340 �C, the weight loss of Disposal mask and
Other PPEs waste becomes decrease suddenly. In the gloves waste
Fig. 4. Photographic view
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where there sudden weight loss carried at the temperature of 260–
350 �C.

3.3. Pyrolysis of disposable (COVID-19 medical waste)

After the sterilization process of the CMW is collected and sub-
jected to the batch type type pyrolysis reactor as shown in the
Fig. 4. Pre-treatment equipment is not required in batch type
pyrolysis process, and feedstock can be fed directly into the reac-
tor. This method is capable of processing scrap tyres, plastics, rub-
ber, etc. The end products of this process obtained the pyrolytic oil.

The covid-19 Medical waste was shredded into small pieces and
uploaded in the reactor and the pyrolysis process is carried out for
1–2 h. Initially nitrogen gas is passed into the reactor, to ensure the
absence of oxygen inside the reactor. Then the water is discharge
into the condenser unit, in order to condense the volatile matter
of pyrolysis setup.



Fig. 6. Yield rate of Pyrolytic oil.

Table 4
Physical Properties of COVID-19 Plastic waste.

Physical Properties

Calorific value (MJ/kg) Density @ 15 �C (gm/cm3) Viscosity (mm2/s) Pour point (�C) Flash point (�C)

Feedstock (Covid Medical Wastes)
Waste mask 40.8 0.85 4.07 �8 30
Gloves 40.1 0.88 5.07 �5 28
Other PPE 40.31 0.84 3.89 �7 29
Commercial Standards Value (ASTM 1979)
Gasoline[19] 42.5 0.780 1.17 – 42
Diesel[19] 43.0 0.807 1.9–4.1 6 52
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evolved during the pyrolytic process. The condensable gas is
turned into pyroytic oil and it is dark brown in colour as shown
in the Fig. 5. [14,15]. There was no solid residue (char) left after
the pyrolysis. The waste mask, gloves, and PPE kits are completely
thermally degraded.
3.3.1. Yield rate of pyrolysis products
The pyrolysis process was carried out at various temperature

ranges, where the maximum oil yield rate varies from one feed-
stock to another feedstock. From the Fig. 6 shows the yield rate
of pyrolytic oil at various temperatures At 200–250 �C tempera-
ture, pyrolytic oil yield rate from waste mask, gloves and other
PPE kits are 70.1 %, 75.7 % and 70.7 % respectively. Similarly at
300–350 �C and 350–400 �C, pyrolytic oil yield rate for waste mask,
gloves and other PPE kits are 80.3 %, 78.1 % and 80.1 %, 76.6 %,
77.6 % and 79.3 % respectively. It is concluded that maximum pyr-
olytic oil yield rate is lies between the temperature ranges of 300–
350 �C. Among the covid-19 medical waste, waste waste mask has
a higher pyrolytic oil yield rate than other medical waste. The res-
idence time refers to the amount of time the case will remain in the
pyrolysis chamber, which affects the final output. Prolonged resi-
dence time accelerates the decay of the main product, resulting
5

in the creation of more thermally stable products such as low
molecular weight hydrocarbon. The heating rate determines the
response rate and sets the particle temperature profile. In thermal
analysis improving the heating rate results in greater temperatures
for weight loss.
3.4. Fuel properties – Pyrolytic oil from Covid-19 medical waste

The fuel qualities of the liquefied oil generated in the thermal
cracking bythe process of pyrolysis were reported in Table 4. Waste
mask, gloves, and other PPE all have experimental calorific values
beyond 40 MJ/kg, which are regarded a lot of energy usage. Overall,
the physicochemical characteristics of plastic products pyro-oil,
those of commercial diesel and gasoline were very comparable,
as shown in Table 4. Consequently, plastic pyro-oil offers a great
deal of promise for usage as an alternative to fossil fuels. For Waste
mask, density (0.85 kg/m3), viscosity (up to 4.07 mm2/s), flash
point (30 �C), pour point (�8 �C), and energy content (40.8 MJ/
kg), For gloves, density (0.88 kg/m3), viscosity (up to 5.07 mm2/
s), flash point (28 �C), pour point (�5 �C), and energy content
(40.1 MJ/kg).For Other PPEs, density (0.84 kg/m3), viscosity (up to
3.89 mm2/s), flash point (30 �C), pour point (�7 �C), and energy
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content (40.31 MJ/kg) of the liquid oils generated by Covid medical
waste pyrolysis are comparable to ordinary diesel.

4. Conclusions

The covid-19 medical face waste mask, gloves, and other PPE
equipment were subjected to pyrolysis process and the following
results are obtained.

� Proximate and ultimate analysis, identifies that covid-19 medi-
cal waste has zero moisture content and it possess higher vola-
tile matter

� The maximum pyrolytic yield was achieved for the waste mask
at a temperature of 300 �C, gloves at a temperature of 350 �C
and other PPEs at 320 �C.

� The maximum yield rate was found at temperature of 300–
350 �C, when the oil yields of Waste mask, gloves and other
PPE kits are 80.3 %, 78.1 % and 80.1 %.

� The fuel properties of waste mask, gloves and other PPE kit were
closer to the diesel fuel. Where there calorific value of the pyr-
olytic oil of waste mask, gloves and other PPE kit possess
40.85,40.11,40.31 MJ/kg respectively.

Hence it is concluded that the Covid-19 medical waste as a
potential for usage of feedstock in the pyrolysis process and the
pyrolytic oil derived from Covid-19 medical waste has been used
as an alternative fuel without any modification in engine.
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