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Highlights:

¢ Seven samples of char by-products from the pyrolysis
process of low-density polyethylene (LDPE) plastic at various
reaction temperatures and catalyst types were studied.

* The proximate test is used to determine the properties of
char such as moisture content, ash, volatile matter, and fixed
carbon.

* The impact resistance index (IRI) was used to test the
performance of the briquettes.

¢ High volatile matter content in some samples indicates
imperfect devolatilization.

Abstract

Pyrolysis has been proven as a method to reduce plastic waste and produce useful products,
especially liquid fuels. However, plastic pyrolysis also produces gases and char as by-products
which are being investigated for useful products. Therefore, our present study aims to investigate
the char characteristics of plastic pyrolysis for further use as briquettes. Seven samples of char by-
products from the pyrolysis process of low-density polyethylene (LDPE) plastic at various reaction
temperatures and catalyst types were studied. The proximate test is used to determine the
properties of char such as moisture content, ash, volatile matter, and fixed carbon while the bomb
calorimeter is used to determine the calorific value. Briquettes are formed by mixing 4 grams of
char and 0.5-1 gram of binder (1% starch and 90% water). The briquettes were formed into solid
cylinders with a diameter of 1.75 cm and formed with a pressure of 10 kg/cm2. Furthermore, the
impact resistance index (IRI) was used to test the performance of the briquettes and showed an IRI
value between 100 and 200. However, of the seven char samples tested, three of them were
impossible to process into briquettes because they melted during the combustion test.

Keywords: Plastic waste; Pyrolysis; Char, Catalyst, Briquettes

1. Introduction

Global plastic production has increased over the years due to its increasingly widespread
applications in many sectors [1]. As the economy has developed, the production and consumption
of plastics have increased markedly to meet demand and provide practical benefits in applications
such as agriculture, electronics, automotive, construction, home furnishings, and packaging [2].
However, the massive use of plastic also creates environmental problems due to its non-
biodegradable nature [3]. Therefore, efforts are being made to manage plastic waste and research
to convert plastic waste into other products to find alternative solutions that are cleaner and more
sustainable [4]-[6].

The trend of plastic production is expected to increase over the next few decades [7] and it
results in a substantial accumulation of plastic waste, requires a large space, and increases the
burden on the environment [8]. Conventional techniques, such as landfilling and burning, produce
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exhaust emissions (CO2, CO, NOx, and SOx) and various other pollutant particles that are harmful
to health [9]. Therefore, the application of the reuse, reduce, and recycle (3R) method is very
important to minimize the negative impact of waste disposal on human health and the
environment [10]. In addition, promoting awareness and education about proper waste
management practices can encourage individuals to adopt sustainable behaviors [11].

Among several options for reducing plastic waste, the recycling concept is the most promising
method. Plastic waste is considered a cheap and abundant raw material to be converted into other
useful products [12]. Processing plastic waste into oil is an interesting way to produce new fuel
while improving the quality of handling plastic waste. It can be done by pyrolysis, where a thermal
process is applied to decompose molecules without oxygen [13]. This process is not only
environmentally friendly but also cost-effective, making it a promising solution to the growing
problem of plastic waste. However, further research is needed to optimize the process, ensure
safety, and maintain sustainability [14].

Until now, plastic pyrolysis has been oriented toward the manufacture of several types of oil-
based fuels. In general, by-products in the form of non-condensable gas and char have not been
properly utilized. These non-condensable gases can be utilized, for example, to heat reactors or to
be processed into useful compounds [15], [16]. Likewise, char which has a high carbon content can
be processed into fuel besides being used as fertilizer (biochar) [17]-[19]. According to Feng [20],
cracking temperature and residence time significantly affect the carbon and char content formed.
Cracking temperature is the temperature reached before the plastic begins to decompose.
Meanwhile, the residence time, especially in the slow pyrolysis method, is the time needed to
produce the product. In addition, another important parameter is the heating rate, which is the
temperature rise when the plastic is attached to a hot surface until it decomposes and evaporates
[21], [22].

The type of plastic used as raw material for pyrolysis also affects the volume of char produced.
A study revealed that variations in the proportion of raw materials present some interesting
findings [23]. When compared to products in gaseous form, char is easier to process and store as
a fuel reserve. As previously explained, several factors affect the end-product of a plastic pyrolysis
process. The amount of char, gas, and liquid fuel produced can vary depending on the temperature
setting of the reactor. The higher the temperature of the reactor, the more oil, gas, and char will
be produced. However, if there is overtemperature, oil production decreases, and gas production
increases. On the other hand, the percentage of char and solids will be higher at lower reactor
operating temperatures [24], [25]. In addition, the use of a catalyst affects the character of the
type of compound used. Therefore, finding the optimum temperature and the right catalyst is
critical to maximizing oil production while minimizing gas production and the formation of char or
solids in the reactor [26]—[28]. This requires careful experimentation and analysis of the chemical
reactions involved in the process.

In our present work, the application of pyrolysis techniques is not only intended to produce
more liquid fuel, but also to optimize its by-products. As is known, char is a by-product of pyrolysis
which is easier to process than gas. Although the amount is relatively small, it has the potential to
be further processed into an energy source. Most of the chemical content of char is solid carbon,
so it is possible to process it into briquettes. Density is a parameter that determines the strength
of the briquettes, where the higher the formation pressure, the higher the density. In this research,
the strength test refers to the ASTM D 440-86 standard by carrying out the Impact Resistance Index
(IRI) [29]. Furthermore, the proximate test and ultimate test were also carried out to identify the
quality of the plastic pyrolysis residue.

2.Material and Methods

The materials used in this study were seven samples of char resulting from the pyrolysis of
LDPE (low-density polyethylene) plastic waste with several different treatments during the
process. Samples were distinguished by treatment with variations in the amount and type of
catalyst, as shown in Table 1. The pyrolysis process is an effective method for converting plastic
waste into valuable products. The use of different catalysts during the process can significantly
affect the properties of the resulting char samples. The reactor used for the pyrolysis process is a
batch reactor type with a slow pyrolysis concept, as shown in Figure 1. The plastic capacity is 1 kg
with pyrolysis reactor temperatures ranging from 450 °C to 500 °C. The data in Table 1 shows the
different variations in plastic waste treatment samples and their corresponding results. These
results can be used to optimize the pyrolysis process for maximum efficiency.
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Table 1.

The pyrolysis
treatment was
observed

Figure 1.
Pyrolysis reactor
equipment:

1) Reactor;

2) Residue char;
3) Hopper;

4) Thermometer;
5) Condenser;

6) Oil pan;

7) Feedstock

Figure 2.
Unit briquette
hydraulic press
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No. Materials Operating T:emperature Catalyst type Catalyst weight
sample (°C) (gram)

1 LDPE 450 Natural zeolite 300
2 LDPE 500 Natural zeolite 100
3 LDPE 450 Natural zeolite 0

4 LDPE 450 Zeolite Y 100
5 LDPE 450 Natural zeolite 400
6 LDPE 450 Natural zeolite 100
7 LDPE 450 Natural zeolite 200

3.Results and Discussion

3.1. Proximate Char Test

. Piston

. Hollow rod

. Dies

. Base plate

. Base pipe

. Pusher base

. Frame

. Hydraulic press
. Pressure gauge
0. Lever arm

The briquettes that are
made are products with raw
material char resulting from the
pyrolysis of LDPE plastic waste
without carbon admixture from
other materials. Char pyrolysis
results were subjected to a
proximate test to determine
water content, volatile matter,
ash content, fixed carbon, and
calorific value. The char material
was made into briquettes for the
test sample with a composition
of 4 grams of char mixed with
0.5-1 gram of binder (1% starch
and 90% water).

The briquettes were made
in a cylindrical shape with a
diameter of 1.75 cm and a
pressing pressure of 10 kg/cm?.
The briquette pressing tool uses
a hydraulic press equipped with
a pressure gauge (Figure 2). The
strength of this briquette is
important because itis related to
ease and durability, so that it
does not break easily during
transportation and use. The
hydraulic press allows for
consistent and precise pressure
application, resulting in uniform
briquette strength. This ensures
that the briquettes can
withstand handling and usage
without disintegrating or
crumbling.

The characteristics of char, which is a product of the plastic pyrolysis process, can be
determined through the proximate test. The data shows that each char sample has a ratio between
ash content (ash), moisture, volatile, and fixed carbon content at different percentages. The
identity of each sample number is presented in Table 2. The proximate test is a useful method to
determine the composition of the char samples obtained from the plastic pyrolysis process. This
information can be used to optimize the process and improve the quality of the final product.
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Proximate char
pyrolysis test results
for LDPE
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Proximate test

Sample Heating value Ash Moisture Volatile Fixed carbon
(cal/g) (%) (%) (%) (%)
1 6562.85 23.57 5.81 55.46 15.15
2 3840.14 41.06 9.28 24.68 24.97
3 4229.48 36.51 4.69 6.24 52.56
4 7583.17 21.58 4.7 60.94 12.77
5 4128.47 38.35 6.02 24.72 30.91
6 7531.75 19.77 1.99 64.59 13.63
7 7169.70 22.64 5.51 60.32 11.52

The interesting differences in properties to observe are in samples made from pyrolysis LDPE
with a reactor temperature of 450 °C (samples 1, 2, 4, and 5). The average volatile matter content
in the char samples was still higher than the fixed carbon content, except for sample 5, which had
6.18% more fixed carbon than volatile matter due to the influence of the percentage of more
zeolite. Sample char number 2, which was obtained through pyrolysis at 500 °C, has a fixed carbon
content of 0.295% higher than volatile matter. These findings suggest that the pyrolysis
temperature plays a crucial role in determining the fixed carbon content of the char samples.
Further studies could explore the effect of other parameters, such as heating rate and residence
time, on the char properties.

The large value of the volatile matter in char indicates that there is a possibility that the
pyrolysis process that has been carried out is still in the incomplete devolatilization stage. Moisture
content and ash content (ash) are important parts to be analyzed. The percentage of ash as a non-
combustible material will greatly reduce the percentage of other useful content in char. In addition
to the ash, as a raw material for briquettes, the moisture content is an important part to pay
attention to. According to research, moisture has a large influence on changes in calorific value
during combustion. In addition to affecting the calorific value, according to the effect of moisture
on briquettes, levels of 6-8% will provide good and strong quality briquettes, while levels of 10%
or more will have an impact on weakening the strength of briquettes [30]. Therefore, it is
important to consider the moisture content of the briquettes during production to ensure optimal
quality and performance. Additionally, the calorific value of briquettes can be further improved by
incorporating additives such as binders and fillers.

The effect of reactor temperature during the pyrolysis process can be observed through the
proximate test data for 100% PE with 100 g NZ (samples 2 and 6). The observed reactor
temperatures were between 450 °C and 500 °C. The higher reaction temperature indicates that
the percentage of volatiles will decrease, as shown in Figure 3a. The decrease in the volatile content,
sample with reaction temperature of 450 °C had a volatile content of 64.594%, while sample with
sample with reaction temperature of 500 °C had a volatile content of 24.681%. However, the
condition of the data is limited to the temperature used during the study, so at higher
temperatures (> 500 °C), no graphs of changes in volatile levels are obtained.

Changes in volatile levels, as seen, have a different trend from fixed carbon levels, which, on
the contrary, will increase according to the determination of the higher reactor temperature. The
graph shows an increase in the percentage of fixed carbon. With pyrolysis at 450 °C, the value is
13.637%; at a temperature of 500 °C, it is higher at 24.976%. Effect of pyrolysis reactor temperature
on volatile and fixed carbon content. However, if you see that the moisture content has actually
increased, it is necessary to review the handling and storage conditions of the char so that there
may be an influence of environmental humidity that is in direct contact with the char. n addition,
the pyrolysis process carried out using waste raw materials with different conditions from the
waste content in the plastic, such as additives, impurities, or other compounds, although both use
the same type of PE plastic, with the type of additives and uncontrolled raw material composition
allowing for different proximate data.

The difference in pyrolysis temperature shows the effect that occurs on changes in the
calorific value of char, where at a temperature of 500 °C, it seems to have decreased. Figure 3b
shows the change in the calorific value, which is 7531.748 cal/g at 450 °C pyrolysis temperature,
and it decreases to 3840.142 cal/g at 500 °C. The increase in carbon content reduces the calorific
value of the char since carbon has a lower calorific value than the volatile components. The degree
of carbonization is another element that influences the calorific value of char. At high
temperatures, the char undergoes increased carbonization, resulting in a denser and more solid
structure. This denser structure reduces the char's surface area, which reduces its reactivity and
combustion efficiency, resulting in a decrease in calorific value. Observing the data above, what is
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Figure 3.

Effect of reactor
temperature on char
composition (a) and
caloric value (b)

Figure 4.
Proximate test char
data from LDPE
pyrolysis with the
amount of natural
zeolite catalyst

Figure 5.

LDPE char proximate
test data between
zeolite Y and without
catalyst
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interesting is the fixed carbon content which increases at a temperature of 500 °C while the heating
value decreases. Theoretically, the calorific value will increase in proportion to the carbon content.
Therefore, it should be remembered that in a proximate test, fixed carbon is a grade that does not
consider the carbon content in the volatile matter.

The calculation of the heating value is using the total carbon content measured through the
ultimate test. The condition of sample 6 which actually has a high calorific value is due to the large
volatile content of 64.594%, while sample 2 although the fixed carbon content is higher, the volatile
content is only 24.681%. In addition, the ash and moisture content of Sample 2 is much higher,
causing the calorific value per unit mass to be lower than that of Sample 6. The types of char from
LDPE pyrolysis with Natural Zeolite catalyst in addition to Samples 2 and 6 that have been discussed
previously have characteristics based on proximate tests as data presented in Figure 4.

Thus, it can be assumed that the catalyst does not affect the char composition. However,
from the samples obtained, different data were obtained, possibly related to the amount of raw
material and the duration of pyrolysis time used. Figure 5 shows the data for char obtained from
the process without catalyst and with Y Zeolite. Samples 3 and 4 are still char obtained from LDPE
pyrolysis at 450 °C. The results for char produced without a catalyst and using type Y zeolite.
Samples 3 and 4 are still charred following 450 °C LDPE pyrolysis. The findings show that utilizing
type Y zeolite as a catalyst during the pyrolysis process increases char yield. This suggests that the
use of type Y zeolite could potentially improve the efficiency and sustainability of pyrolysis
processes for producing char, which has various industrial applications, such as in the production
of activated carbon.
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Figure 6.
Photographic view of
char during combustion

Table 3.

Briquette dimension
data and impact
resistance index (IRI)
values
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3.2. Characteristics of Char

The char is made into briquettes at a later stage, but due to its physical properties and
characteristics, not all samples of char can be made into briquettes. The problem is that some
physical properties are soft and melt when exposed to heat, as shown in Figure 6. Of course, this is
not feasible if applied as briquettes to be burned in the
furnace because the melt will merge with each briquette
or even drip out of the air holes in the furnace. This is why
soft char will not be tested for combustion characteristics
because the melt can drip into the test equipment. These
conditions will need to be improved to obtain accurate
combustion data.

In the analysis of these physical properties, it is
predicted that char can melt when exposed to heat as if it
still had the properties of a raw material polymer.
Observing  highly volatile data indicates that
devolatilization is incomplete, or in polymer pyrolysis, it
can be said that depolymerization is incomplete. Based on
the analysis, the char unsuitable for making briquettes are
Samples 3, 6, and 7. Meanwhile, the char that can be made
into briquettes are Samples 1, 2, 4, and 5.

3.3. Char Briquettes Performance

Based on the preliminary analysis, as previously explained, it has been predicted that there
are three samples of char that are not suitable for making briquettes. However, to ensure the
results, the three samples were still made into briquettes and tested for combustion test. The data
presented in Table 3 can show that there are three briquettes that melted when burned and
dripped in the test equipment, as shown in Figure 7a, so only four samples could be tested for
combustion. Figure 7b shows that dry char will make briquettes testable because until the burning
is complete, there is no melt, including the ashes, which will remain on the weighing device. Char
briquettes are made in a hollow cylindrical shape which aims to make it easier to place the
briquettes on a platform that is connected to a digital scale. The finished and dried briquettes are
then tested for strength using the concept of impact resistance index (IRl).

Testing the strength of the briquettes through the impact resistance index shows an average
value of IRI 200, which means that the briquettes are not damaged and are not easily broken. In
this test, the briquettes are dropped twice from a distance of 1.83 meters onto the concrete floor,
and then the briquettes will remain intact or break, calculated using IRl = (100N)/n. One of the
briquettes, namely Sample 1, has an index of 100 because it was broken into two parts. Even so,
the strength test value of the briquettes is limited by the dimensions and mass of the samples
made in this study; this is because the amount of char obtained is very limited. In making
briquettes, the high pressing pressure will increase the density. A study [31] showed that
briquettes made at lower pressures (30—-60 MPa) were easily broken, while the properties of
briquettes made at high pressures (150-250 MPa) were more consistent and denser. Usually,
production at low pressure requires additional binders, for example, starch, drops, and asphalt
[32].

Proximate test

No. Outside Inside Long (L) Weight Volume Density Ratio RI
Sample diameter diameter (cm) (gram) (cm3) (L/D)
(D) (cm) (cm)

1 1.75 0.25 1.8 4.38 4.24 1.03 1.03 100
2 1.75 0.25 1.8 4.46 4.24 1.03 1.03 200
3 melted during the combustion test
4 1.75 0.25 1.5 4.38 3.53 1.24 0.86 200
5 1.75 0.25 1.6 4.37 3.77 1.16 0.91 200
6 melted during the combustion test
7 melted during the combustion test
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Figure 7.

Melted soft char
briquettes during
testing (a) and char
burning briquettes in
dry conditions (b)
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Melting
char

4. Conclusion

Char characteristics are strongly influenced by the pyrolysis process that has been carried out
and the storage conditions after being removed from the reactor. Some samples' high volatile
matter content indicates incomplete devolatilization, so if the pyrolysis time is longer, the char
characteristics will differ. In addition, direct contact with the air in the storage environment results
in the char having a moisture content due to the adsorption properties of carbon. As a fuel for
briquettes, moisture must be removed to facilitate combustion and save energy. However, the
significant carbon content with soft char particles makes the porosity of the briquettes small and
inhibits the diffusion of oxygen. Further studies could explore the effect of other parameters, such
as heating rate and residence time, on the char properties.

Authors’ Declaration

Authors’ contributions and responsibilities - The authors made substantial contributions to the
conception and design of the study. The authors took responsibility for data analysis,
interpretation, and discussion of results. The authors read and approved the final manuscript.

Funding —No funding information from the authors.
Availability of data and materials - All data are available from the authors.
Competing interests - The authors declare no competing interest.

Additional information — No additional information from the authors.

References

[1] T. R. Walker and L. Fequet, “Current trends of unsustainable plastic production and
micro(nano)plastic pollution,” TrAC - Trends in Analytical Chemistry, vol. 160, p. 116984, 2023,
doi: https://doi.org/10.1016/j.trac.2023.116984.

[2] O©O. O. Olanrewaju and D. Oyebade, “Environmental Menace of Plastic Waste in Nigeria:
Challenges, Policies and Technological Efforts,” in World Environmental Conservation
Conference, 2019, no. June, pp. 322—-333.

[3] R.Kumaretal., “Impacts of plastic pollution on ecosystem services, sustainable development
goals, and need to focus on circular economy and policy interventions,” Sustainability, vol.
13, no. 17, p. 9963, 2021, doi: https://doi.org/10.3390/su13179963.

[4] T. D. Moshood, G. Nawanir, F. Mahmud, F. Mohamad, M. H. Ahmad, and A. AbdulGhani,
“Sustainability of biodegradable plastics: New problem or solution to solve the global plastic
pollution?,” Current Research in Green and Sustainable Chemistry, vol. 5, p. 100273, 2022,
doi: https://doi.org/10.1016/j.crgsc.2022.100273.

[51 N. Evode, S. A. Qamar, M. Bilal, D. Barcel6, and H. M. N. Igbal, “Plastic waste and its
management strategies for environmental sustainability,” Case Studies in Chemical and
Environmental Engineering, vol. 4, p. 100142, 2021, doi:
https://doi.org/10.1016/j.cscee.2021.100142.

[6] J.NikiemaandZ. Asiedu, “Areview of the cost and effectiveness of solutions to address plastic
pollution,” Environmental Science and Pollution Research, vol. 29, no. 17, pp. 24547-24573,

Mechanical Engineering for Society and Industry, Vol.3 No.2 (2023)



(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

[19]

(20]
(21]

(22]

(23]

(24]

Sunaryo et al.

2022, doi: https://doi.org/10.1007/s11356-021-18038-5.

M. Ramkumar, K. Balasubramani, M. Santosh, and R. Nagarajan, “The plastisphere: A
morphometric genetic classification of plastic pollutants in the natural environment,”
Gondwana  Research,  vol. 108, no.  August, pp. 4-12, 2022, doi:
https://doi.org/10.1016/j.gr.2021.07.004.

S. D. A. Sharuddin, F. Abnisa, W. M. A. W. Daud, and M. K. Aroua, “A review on pyrolysis of
plastic wastes,” Energy conversion and management, vol. 115, pp. 308-326, 2016, doi:
https://doi.org/10.1016/j.enconman.2016.02.037.

Y. Tang, X. Ma, Z. Lai, D. Zhou, H. Lin, and Y. Chen, “NOx and SO2 emissions from municipal
solid waste (MSW) combustion in CO2/02 atmosphere,” Energy, vol. 40, no. 1, pp. 300-306,
2012, doi: https://doi.org/10.1016/j.energy.2012.01.070.

J. D. azimi Jibril, I. Bin Sipan, M. Sapri, S. A. Shika, M. Isa, and S. Abdullah, “3R s Critical Success
Factor in Solid Waste Management System for Higher Educational Institutions,” Procedia -
Social and Behavioral Sciences, vol. 65, no. ICIBSoS, pp. 626-631, 2012, doi:
https://doi.org/10.1016/j.sbspro.2012.11.175.

J. K. Debrah, D. G. Vidal, and M. A. P. Dinis, “Innovative use of plastic for a clean and
sustainable environmental management: Learning cases from Ghana, Africa,” Urban Science,
vol. 5, no. 1, p. 12, 2021, doi: https://doi.org/10.3390/urbansci5010012.

S. S. Ali et al., “Bioplastic production in terms of life cycle assessment: A state-of-the-art
review,” Environmental Science and Ecotechnology, vol. 15, p. 100254, 2023, doi:
https://doi.org/10.1016/j.ese.2023.100254.

R. Kumar, M. K. Mishra, S. K. Singh, and A. Kumar, “Experimental evaluation of waste plastic
oil and its blends on a single cylinder diesel engine,” Journal of mechanical science and
technology, vol. 30, pp. 4781-4789, 2016, doi: https://doi.org/10.1007/s12206-016-0950-7.

M. S. Qureshi et al., “Pyrolysis of plastic waste: Opportunities and challenges,” Journal of
Analytical  and  Applied  Pyrolysis,  vol. 152, p. 104804, 2020, doi:
https://doi.org/10.1016/j.jaap.2020.104804.

J. Hernandez-Fernandez, H. Lambis, and R. V. Reyes, “Application of Pyrolysis for the
Evaluation of Organic Compounds in Medical Plastic Waste Generated in the City of
Cartagena-Colombia Applying TG-GC/MS,” International Journal of Molecular Sciences, vol.
24, no. 6, p. 5397, 2023, doi: https://doi.org/10.3390/ijms24065397.

M. Akbarzadeh, “Plant design and optimization of hydrogen production from non-
condensable gas of plastic pyrolysis,” Politecnico di Milano, 2022.

A. Alabdrabalnabi, R. Gautam, and S. M. Sarathy, “Machine learning to predict biochar and
bio-oil yields from co-pyrolysis of biomass and plastics,” Fuel, vol. 328, p. 125303, 2022, doi:
https://doi.org/10.1016/j.fuel.2022.125303.

A. G. Adeniyi, K. O. lwuozor, E. C. Emenike, O. J. Ajala, S. Ogunniyi, and K. B. Muritala,
“Thermochemical co-conversion of biomass-plastic waste to biochar: A review,” Green
Chemical Engineering, 2023, doi: https://doi.org/10.1016/j.gce.2023.03.002.

E. Singh et al., “Pyrolysis of waste biomass and plastics for production of biochar and its use
for removal of heavy metals from aqueous solution,” Bioresource Technology, vol. 320, p.
124278, 2021, doi: https://doi.org/10.1016/j.biortech.2020.124278.

G. Feng, “Pyrolysis of Waste Plastics into Fuels,” University of Canterbury, 2010.

V. Mortezaeikia, O. Tavakoli, and M. S. Khodaparasti, “A review on kinetic study approach for
pyrolysis of plastic wastes using thermogravimetric analysis,” Journal of Analytical and
Applied Pyrolysis, vol. 160, p. 105340, 2021, doi: https://doi.org/10.1016/j.jaap.2021.105340.

G. K. Parku, F.-X. Collard, and J. F. Gorgens, “Pyrolysis of waste polypropylene plastics for
energy recovery: Influence of heating rate and vacuum conditions on composition of fuel
product,”  Fuel Processing Technology, vol. 209, p. 106522, 2020, doi:
https://doi.org/10.1016/j.fuproc.2020.106522.

S.-H. Jung, M.-H. Cho, and J.-S. Kim, “Pyrolysis Of Post-Consumed Waste Plastics For The
Recovery Of Btx-Aromatics Using A Fluidized Bed Reactor,” 2009.

A. Al-Rumaihi, M. Shahbaz, G. Mckay, H. Mackey, and T. Al-Ansari, “A review of pyrolysis
technologies and feedstock: A blending approach for plastic and biomass towards optimum
biochar yield,” Renewable and Sustainable Energy Reviews, vol. 167, p. 112715, 2022, doi:

Mechanical Engineering for Society and Industry, Vol.3 No.2 (2023)



[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Sunaryo et al.

https://doi.org/10.1016/j.rser.2022.112715.

Y. Bow and S. Kurniawan, “Study of temperature and use of catalysts in the pyrolysis of LDPE
plastic waste on the quantity of oil fuel products produced,” in 4th Forum in Research,
Science, and Technology (FIRST-T1-T2-2020), 2021, pp. 24-28, doi:
https://doi.org/10.2991/ahe.k.210205.005.

E. T. Aisien, I. C. Otuya, and F. A. Aisien, “Thermal and catalytic pyrolysis of waste
polypropylene plastic using spent FCC catalyst,” Environmental Technology & Innovation, vol.
22, p. 101455, 2021, doi: https://doi.org/10.1016/j.eti.2021.101455.

D. Yao, H. Li, Y. Dai, and C.-H. Wang, “Impact of temperature on the activity of Fe-Ni catalysts
for pyrolysis and decomposition processing of plastic waste,” Chemical Engineering Journal,
vol. 408, p. 127268, 2021, doi: https://doi.org/10.1016/j.cej.2020.127268.

R. Thahir, M. Irwan, A. Alwathan, and R. Ramli, “Effect of temperature on the pyrolysis of
plastic waste using zeolite ZSM-5 using a refinery distillation bubble cap plate column,”
Results in Engineering, vol. 11, p. 100231, 2021, doi:
https://doi.org/10.1016/j.rineng.2021.100231.

M. Saikia and D. Baruah, “Analysis of physical properties of biomass briquettes prepared by
wet briquetting method,” International Journal of Engineering Research and Development,
vol. 6, no. 5, pp. 12-14, 2013.

S. J. Mitchual, K. Frimpong-Mensah, and N. A. Darkwa, “Evaluation of Fuel Properties of Six
Tropical Hardwood Timber Species for Briquettes,” Journal of Sustainable Bioenergy Systems,
vol. 04, no. 01, pp. 1-9, 2014, doi: http://dx.doi.org/10.4236/jsbs.2014.41001.

J. Kers et al., “Determination of physical, mechanical and burning characteristics of polymeric
waste material briquettes,” Estonian Journal of Engineering, vol. 16, no. 4, p. 307, 2010, doi:
http://dx.doi.org/10.3176/eng.2010.4.06.

H. Saptoadi, “The best biobriquette dimension and its particle size,” Asian J. Energy Environ,
vol. 9, no. 3, pp. 161-175, 2008.

Mechanical Engineering for Society and Industry, Vol.3 No.2 (2023)



	1. Introduction
	2. Material and Methods
	3. Results and Discussion
	3.1. Proximate Char Test
	3.2. Characteristics of Char
	3.3. Char Briquettes Performance

	4. Conclusion
	Authors’ Declaration
	References

