METAL: JURNAL SISTEM MEKANIK DAN TERMAL - VOL. 7 No. 2 (2023) 36-44

fgmmwm

Terbit online pada laman web jurnal : http://metal.ft.unand.ac.id

METAL: Jurnal Sistem Mekanik dan Termal

ISSN (Print) 2598-1137 | ISSN (Online) 2597-4483 |

Research Article

Pyrolytic Product Distribution Analysis on Co-Pyrolysis of Face Mask
Waste and Lignocellulosic Waste

Rain Agri Mahendra?, Abrar Ridwan? Wahyu Meka®", Yulia Fitri¢, Tri Nur Rezeki®, Azzalya Putri
Athala®, Laras Sita Widara®, Munawir Hamzah®

aFaculty of Engineering, Universitas Muhammadiyah Riau, Pekanbaru, 28294, Indonesia
bDepartment of Chemical Engineering, Institut Teknologi Sepuluh Nopember, Surabaya, 60111, Indonesia
°Faculty of Mathematics, Natural Science, and Health, Universitas Muhammadiyah Riau, Pekanbaru, 28294, Indonesia

INFORMASI ARTIKEL

ABSTRACT

Article History:

Received: 12 August 2023
Revised: 25 September 2023
Accepted: 29 October 2023

KATA KuNClI

Co-pyrolysis
Face Mask
Lignocellulose
Biofuel

Biochar

KORESPONDENSI

E-mail: w.meka@its.ac.id

Co-pyrolysis was conducted at 400 °C with N2 flowing at 0.5 I/min on face
mask and lignocellulosic waste to investigate synergy-dependant pyrolytic
product yields. The lignocellulosic waste used was the most generated biomass
waste such as food waste, garden waste, and paper. Individually, food waste
pyrolysis generated the highest amount of pyrolytic oil yield (40%) due to high
content of starch degraded at low temperatures while pyrolysis of garden waste
and paper generated lower pyrolytic liquid yields at around 15% because high
content of lignin degraded at high temperatures. No pyrolytic liquid was
observed in face mask pyrolysis due to consecutive degradation of long-chain
aliphatic compounds and repolymerisation of the degraded compounds into wax
products. Co-pyrolysis of face masks and lignocellulosic waste with proportion
of 25:75 was able to improve pyrolytic yields with food waste as the
lignocellulosic waste giving the highest yield of pyrolytic liquid. The presence
of food waste suppressed the formation of wax products because of starch
domination. Oxygen donor from the starch to the aliphatic compounds of face
mask might enhance oxygenated compound yields indicated with large
pyrolytic liquid yield at 40% and decreased char yield.

1. INTRODUCTION

waste is not plausible to recycle and become another
source of COVID-19 spread. The inability to
recycle face mask waste along with poor waste

Coronavirus Disease 2019 (COVID-19) had been a
seriously deadly pandemic for the last couple years
that it caused breathing disturbance problems,
pneumonia, and death [1-2]. Personal protective
equipment such as face masks and medical gloves
was used as non-pharmaceutical intervention to cut
the spreading of COVID-19 [3] In Indonesia, the
use of face mask was mandatory as per
government’s instruction to suppress surging
COVID-19 [4-5]. Due to health issues, face mask
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management promoted the increase of medical
waste [6]. Up until August 2021, Indonesian
medical waste had reached around 20,000 t m= [7].
Medical waste does not only contain hazardous
waste (B3) but also non-hazardous waste (B3)
composed of domestic waste such as food waste,
papers, and garden waste in significant proportions
[8-11].
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The amount of waste in Indonesia in 2021 was
around 28 million tonnes, 35.68% (10 million
tonnes) of which were improperly managed [12].
The accumulation of such amount might potentially
damage the environment due to its hazardous
substance [13]. To reduce the waste generation rate,
a proper method is required. One of such method is
pyrolysis which is considered environmentally-
friendly and highly efficient [14].

Pyrolysis is a thermal material decomposition
process without O or with a very low amount of O
at relatively low temperatures, 400 to 700 °C. The
pyrolysed materials are expected to degrade into oil,
char, and gas [14-22]. Furthermore, pyrolytic
product qualities could be enhanced via co-
pyrolysis two or more different materials, e.g.,
biomass and plastics. The presence of plastics in the
co-pyrolysis enhances the quality and yield of the
products because of high C and H content and low
O content that the co-pyrolysis facilitates H donor
to the biomass to form H-rich hydrocarbons [23].
Compared to other methods, e.g.
hydrodeoxygenation, hydrogenation, etc., co-
pyrolysis is relatively safe since it does not require
high pressures [24-29].

Hence, this paper aims to investigate the influence
of co-pyrolysis of face masks as hazardous medical
waste and food waste, papers, and garden waste as
non-hazardous medical waste on the vyield of
pyrolytic oil, char, and wax. This paper further is
expected to contribute as an approach to promote
the use of alternative fuel and waste reduction.

2. METODOLOGY

2.1. Materials

The co-pyrolysis of medical waste conducted in the
laboratory of Chemical Engineering Study
Programme at Universitas Muhammadiyah Riau.
The hazardous medical waste was disposable face
masks purchased in local pharmacies in Pekanbaru.
The non-hazardous medical waste was food waste,
garden waste, and papers. The food waste was
obtained from local Padang restaurants in
Pekanbaru. The garden waste was garden residues
collected at the yard of Universitas Muhammadiyah
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Riau. The papers were obtained from paper bins
located in the office buildings at Universitas
Muhammadiyah Riau. The medical waste was
converted into samples with particle sizes of
roughly 50 mm via milling to reduce intra-material
heat and mass transfer limitation [30-31]. The food
waste samples were dried at 90 °C for 24 hours to
remove excessive moisture before co-pyrolysed
[32].

2.2. Experimental Setup

Figure 1. Pyrolysis System Setup: (1) Nitrogen
Gas Cylinder, (2) Regulator, (3) Hose, (4) Heating
Mantle, (5) Three-neck Round-bottom Flask, (6)
Rubber Stopper, (7) Reducer, (8) T-neck, (9)
Liebig Condenser, (10) Vacuum Adapter, (11)
Two-neck Round-bottom flask, (12) Cooling Bath,
(13) Salted Ice, (14) Stopwatch

The pyrolysis equipment diagram is illustrated in
Figure 1. Each prepared sample was put in the three-
neck round-bottom flask. During pyrolysis, N, was
allowed to flow at roughly I min?t from the gas
cylinder to the three-neck round-bottom flask to
ensure O,-free environment and efficient heat
transfer via forced convection [33-34]. Pyrolysis
duration was started when the heating mantle was
turned on and monitored via a stopwatch. The
maximum set point of heating mantle temperature
was at 400 °C. The produced gas flowed through
Liebig condenser and condensed counter-currently
using flowing tap water. The condensed gas flowed
through the Liebig condenser and were collected in
the two-neck round-bottom flask. The two-neck
round-bottom flask was immersed in an ice bucket
to keep the two-neck round-bottom flask
environment at water freezing temperature reducing
pyrolytic fluid flow velocity to allow more pyrolytic
liquid aerosol left in the two-neck round-bottom
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flask [35]. The observed time shown on the
stopwatch was stopped when the gas flowing in the
pyrolysis equipment was already clear from smoke.
The obtained pyrolytic liquid was weighed after

pyrolysis.

Yield percentage of pyrolytic oil obtained from the
co-pyrolysis is calculated via Equation 1.

L="2%100 (1)
m
Yield percentage of pyrolytic char obtained from
the co-pyrolysis is calculated via Equation 2.
_Ms )
S = x 100
m
Yield percentage of pyrolytic gas obtained from the
co-pyrolysis is calculated via Equation 3.

m-—m, —ms;—my

G = x100

m
Yield percentage of pyrolytic wax obtained from the

co-pyrolysis is calculated via Equation 4.
m
W =2 % 100 (4)
m

3. RESULT AND DISCUSSION

3.1. Raw Material Characteristics

Raw materials used in this research were face masks
as the hazardous medical waste and food waste,
garden waste, and papers as the non-hazardous
medical waste. The face masks were made of
several polymers, namely: mask filter made of
polypropylene, ear loop made of polyamide and
polyurethane, and nose wire made of aluminium [5],
[36]. The food waste consisting of rice, meats,
bones, and vegetables, were chemically a
combination of starch, hemicellulose, cellulose,
lipid, and protein [37]. Papers and garden waste
contained lignin, hemicellulose, and cellulose [38-
40]. Based on their primary compositions, these raw
materials were rich in C, H, and O, which are very
potential as sources of alternative energy. The
percentage of these compositions is reflected in both
proximate analysis results as shown in Table 1.
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Table 1. Proximate Analysis Result

Waste Moisture  Volatile Ash le)'(sgn
o) 0, 0,
(%) 00 ) T
Face Mask 2,24 63,85 15,38 18,52
Food
Waste 26,95 70,06 2,51 0,47
Garden 6,95 6411 2415 477
Waste
Paper 3,02 65,54 19,20 12,23

3.2. The Influence of Particle Sizes and
Temperatures

Particle size affects the performance of co-
pyrolysis. Heating rates in the three-neck round-
bottom flask were faster as particle sizes became
smaller due to less heat and mass transfer restriction
within the raw materials [31]. Fast heating rates
promotes fast pyrolysis rate which influences
pyrolytic product selectivity [41].

Temperatures also significantly dictates the
selectivity of pyrolytic product yield [40,42-46].
Each of medical waste component also behaves
uniquely when pyrolysed at certain temperatures
[47]. High temperatures enhance carbon conversion
and heavy molecule breakdown [18,48]. The
enhanced carbon conversion is the results of fast
heating rates promoted via high temperatures.
Moderately fast heating rates accommodate rapid
molecule breakdown leading to high selectivity on
pyrolytic liquid containing alkanes, amides, nitryl
aliphatic, esters, and long-chain fatty acid [49-51].
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3.3.  Pyrolytic Products

Face Food

Garden Paper
Mask Waste Waste

® Liquid ™ Solid = Gas © Wax

Figure 2. Product Yield of Individual Raw
Material Pyrolysis

Pyrolytic liquid mass distribution of the individual
raw materials is shown in Figure 2. Food waste
pyrolysis produced pyrolytic liquid at the highest
distribution since it contained mostly starch and
hemicellulose which were degraded at low
pyrolysis temperatures [22,52,53]. Face mask
pyrolysis produced at around 5% of pyrolytic wax
due to the reformation of long-chain hydrocarbon
polymer from short-chain hydrocarbon polymer
resulted in polypropylene degradation during
pyrolysis [3,5,36,54]. Wax formation occurs at
around 350-450 °C while pyrolytic liquid formation
occurs when the temperatures at around 450-600 °C
[55].

In Figure 2, paper pyrolysis produced char with the
highest mass distribution due to high lignin content
promoting high char selectivity [46]. Char
selectivity was also highly promoted with low
temperatures leading to low heating rates [16,46].

The highest mass distribution of pyrolytic gas was
obtained in pyrolysis of face masks and garden
waste. Pyrolytic gas in face mask pyrolysis was
resulted from non-condensable short chain
hydrocarbon. In garden waste pyrolysis, pyrolytic
gas was formed due to high hydrogen content in
garden waste as lignocellulosic materials [56-58].

https://doi.org/10.25077/metal.7.2.23-30.2023

3.4. Co-pyrolysis Products
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Figure 3. Product Yield of Co-Pyrolysis of Face
Mask and Food Waste
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Figure 4. Product Yield of Co-Pyrolysis of Face
Mask and Garden Waste
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Figure 5. Product Yield of Co-Pyrolysis of Face
Mask and Paper

3.4.1. Co-pyrolysis Masks and Food Waste

Pyrolytic product mass distribution of face mask
and food waste co-pyrolysis is shown in Figure 3.
Three pyrolysis experiments were conducted with
varying raw material proportion. The highest
pyrolytic oil distribution (41.67%) was obtained
from co-pyrolysis of face masks and food waste
with ratio of 25:75. Furthermore, high food waste
proportion in the raw materials led to high pyrolytic
oil distribution. The presence of starch and
hemicellulose in food waste enhanced pyrolytic oil
yield due to the ease of starch and hemicellulose
degradation at around 400 °C [59]. At face mask
proportion of 50%, the products contained wax with
distribution of 1.67%. The wax originated from the
repolymerisation of short-chain organic polymer
resulted from the breakdown of polypropylene as
the main ingredient of face mask filter [54].

As seen in Figure 3, The highest distribution of
pyrolytic char of 62% was obtained in co-pyrolysis
of raw materials with 75% of face masks. High face
mask proportion promoted large pyrolytic char
yield because of high face mask ash composition
increasing heat capacity and reducing thermal
diffusion of raw materials, leading to slow heating
rates [60].
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Co-pyrolysis of 50% of face masks produced
pyrolytic products with the highest pyrolytic gas
distribution. The significant composition of food
waste might allow intensive hydrogenation on the
food waste via hydrogen donor from face mask and
form high concentrations of stable and non-
condensable hydrocarbon which increased the
distribution of pyrolytic gas. The non-condensable
gas is likely to be propane, propylene, ethane,
ethylene, methane, hydrogen, and carbon dioxide.

3.4.2. Co-pyrolysis Masks and Garden Waste

In Figure 4, the product distribution results of co-
pyrolysis of face masks and garden waste are
illustrated. The highest pyrolytic oil yield of 10%
was obtained from co-pyrolysis 25% face masks.
This vyield is significantly lower than that of co-
pyrolysis of face masks and food waste since garden
waste contained lignin at significantly higher
concentration than food waste. Hemicellulose and
lignin were the primary source of pyrolytic liquid
[39,61]. At face mask proportion of 50%, the
pyrolytic wax was formed at a significant
distribution of 13.33% due to face mask degradation
rate dominance over garden waste [55].

The co-pyrolysis produced pyrolytic char at
relatively uniform distribution with face mask of
25% of distribution gave the highest pyrolytic char
distribution. High pyrolytic char yield was generally
promoted with high ash content [60]. Despite
garden waste was dominated with woody biomass
with low ash content, high lignin content in garden
waste was decomposed at low heating rate and
enhanced pyrolytic product selectivity towards
pyrolytic char.

Pyrolytic gas distribution was the highest at 42.5%
in the co-pyrolysis of 75% of face mask. As
explained previously, low lignin content due to low
garden waste proportion in the raw materials
enhanced heating rate and increased the selectivity
towards pyrolytic gas.
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3.4.3. Co-pyrolysis Masks and Paper

Pyrolytic product mass distribution of face mask
and paper co-pyrolysis is shown in Figure 5. In the
co-pyrolysis of 25% of face mask, the highest
distribution of pyrolytic oil was obtained. This
behaviour was similar to that of co-pyrolysis of face
masks and garden waste since papers were also rich
in lignin. This similarity also applied to pyrolytic
wax formation.

Pyrolytic char also relatively dominated other
pyrolytic products with 55%, 46.76%, and 52.5% of
pyrolytic char distribution in co-pyrolysis of face
masks with proportion of 25%, 50%, and 75%,
respectively.

4. CONCLUSIONS

This research focused on co-pyrolysis of hazardous
and non-hazardous medical waste, e.g., food waste,
garden waste, and papers, to produced pyrolytic
products. Co-pyrolysis is considered clean, safe, not
complex, and effective to reduce medical waste
accumulation during and post-pandemic.

Co-pyrolysis of face masks and either food waste,
garden waste, and papers resulted in varying
pyrolytic product distribution. The experiments
conclude that the co-pyrolysis improves the yield of
certain pyrolytic products and diminishes others.
With changes of raw material proportion, selectivity
towards certain products could be tuned.
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