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Abstract. This study addresses the specific characterization of fuels obtained
through the pyrolysis of polystyrene after being analyzed in laboratories and
a study of their applicability. Pyrolysis is the chemical decomposition of
materials by heating them at high temperatures without the presence of oxygen
to decompose them into simpler fractions. The research focused on evaluating
viscosity, flash point, density and ASTM distillation and then comparing the
results with commercial fuel standards. The results show that pyrolysis-
derived fuels have characteristics intermediate between diesel and gasoline,
with a density similar to diesel, but a viscosity and flash point closer to
gasoline. Distillation reveals a mixture of volatile and non-volatile
components, suggesting that these fuels could be alternatives, although further
testing to evaluate their performance and safety in specific applications is
needed to validate the feasibility and safety of polystyrene pyrolysis by-
products as alternative fuels.
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Resumen. Este estudio aborda la caracterizacion especifica de los
combustibles obtenidos a partir de la pir6lisis del poliestireno después de
haberlos analizado en laboratorio y realizado un estudio de su aplicabilidad.
La pirdlisis es la descomposicion quimica de materiales calentandolos a altas
temperaturas sin presencia de oxigeno para descomponerlos en fracciones
mas simples. La investigacion se centra en la evaluacion de la viscosidad, el
punto de inflamacidn, la densidad y la destilacion ASTM y Los resultados se
compararon con los estandares de combustible comerciales. Los resultados
muestran que los combustibles de pir6lisis tienen caracteristicas intermedias
entre la gasolina y el diésel, con una densidad similar al diésel, pero una
viscosidad y un punto de inflamacién mas cercano al de la gasolina. La
destilacion revela una mezcla de componentes volatiles y no volatiles, lo que
sugiere que estos combustibles pueden ser combustibles alternativos, incluso
necesarios. Pruebas adicionales para evaluar su rendimiento y seguridad en
aplicaciones especificas para validar la viabilidad y seguridad de los
productos de pirdlisis de poliestireno como combustibles alternativos.

Palabras claves: Poliestireno, Pir6lisis, Combustibles, Reciclaje Quimico,
Plastico.

57



Vol. 03, Tssue 02 (2024): August-December EASI UG

1. INTRODUCTION

Pyrolysis is a thermochemical reprocessing process that involves heating plastics to high temperatures in the
absence of oxygen, allowing their decomposition into simpler compounds (Angulo & Carrera, 2023). By delving
deeper into the mechanisms involved in pyrolysis and conducting a thorough characterization of the obtained
products, the aim is to refine and optimize this technique to produce more efficient and higher-quality fuels
(Marimon, 2022).

The generation of fuels from the pyrolysis of polystyrene is being developed in a context of growing concern
about the environmental impacts of plastics, driving the active search for innovative technological solutions. Pyrolysis
is considered a potential option to convert plastic waste, such as polystyrene, into useful products like fuel. However,
despite its great potential, the comprehensive characterization of fuels generated by this process remains an
understudied but essential area to evaluate the viability and sustainability of technology (Kwakwa & Alfonso, 2021).

Ecuador faces a significant challenge in managing plastic waste, particularly single-use plastics. Managing this
waste has become an urgent necessity (Ortega et al., 2020) due to its slow degradation and the severe environmental
impacts it causes, such as air and water pollution (Espinoza, 2022). In this context, the pyrolysis of polystyrene has
emerged as a potential alternative to address this problem, offering the possibility of converting plastic into useful
fuels and contributing at the national level (Castro et al., 2024). This approach aims to transform plastic waste into
value-added products, significantly reducing its environmental impact and promoting more sustainable resource
management (Machado et al., 2015).

The study aimed to characterize the fuel extraction process via pyrolysis to identify the optimal temperature and
duration conditions required to maximize liquid fuel production (Miandadd, 2017). The resulting fuel may have a
chemical composition different from conventional fuel, making it necessary to conduct tests to evaluate its stability.
These tests may include engine performance analysis, emissions analysis, and compatibility with current fuel systems
(Pinargote & Sanchez, 2023).

1.1. Factors that influence the pyrolysis of plastics.

The efficiency of plastic pyrolysis is determined by several essential factors that affect the yield and quality of
the obtained products. These factors include:

Influence of Temperature: Maintaining an appropriate temperature is critical to initiating and sustaining the
thermal decomposition of polymers. Studies indicate that high temperatures can accelerate the decomposition
process and favor the production of gaseous and liquid products with higher energy yield (Nuifiez, 2019). However,
at very high levels, undesired byproducts such as dioxins and furans may be generated (Mohamed, 2017).

Importance of Residence Time: Residence time determines the duration for which the input material remains
in the reactor. A longer residence period can facilitate a more complete decomposition of the polymers and improve
the generation of products of interest (Salinas & Vazquez, 2010).

Impact of Pressure: Changes in pressure can influence product distribution and the rate of chemical reactions.
Research shows that higher pressures can increase the production of gases and liquids, while lower pressures favor
the formation of solid carbon products (Rojas, 2012).

Composition of Feedstock Material: The type of plastic used in the pyrolysis process is another determining
factor. Different polymers have thermal and chemical properties that affect their decomposition rate and the quality
of the final products. Heterogeneous plastic mixtures may require adjustments in operating conditions to maximize
yield and minimize unwanted byproducts.

1.2. Chemical and physical properties of Commercial Diesel

API Gravity: The specific gravity scale developed by the American Petroleum Institute (API). This scale
measures the relative density of different petroleum-derived liquids, expressed in degrees. In general, crude oil has an
API gravity between 30 and 40 degrees, with variations depending on its specific composition and the refining process
it has undergone (Maprin, 2022).

Specific Gravity: The ratio between the absolute density of a substance and that of a reference standard, which
is water for liquids and air for gases. The density of petroleum, also known as crude oil or naphtha, ranges between
0.79 and 0.88 at a temperature of 15.6°C (59°F), indicating it is less dense than water, which has a density of 1000
kg/m?.

PSW (Water and Sediment Content): This parameter is critical for evaluating fuel quality because it indicates
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the number of impurities, such as sediments and water, present in the fuel. During production, transportation, and
storage, fuels can contain small amounts of water. Excessive water can cause various problems.

ASTM Diesel Distillation: This parameter is crucial for assessing fuel quality, as it indicates the levels of
impurities, such as sediments and water, present in the fuel. Fuels may accumulate small amounts of water during
production, transportation, and storage, and excessive amounts can lead to various issues.

Flash Point: The minimum temperature at which a flammable mixture can form when interacting with air. The
Pensky-Martens apparatus is used to determine this value. A flammable substance is one that undergoes changes when
in contact with fire or combustion. For diesel, the flash point range is between 52°C and 96°C (INSST, 2018).

Kinematic Viscosity: Secondary reference materials, such as fuel oil No. 6 and diesel, were used with
viscosities ranging from 347.0 to 869.5 mm?*/s and colors between 0.5 and 7.9 units. Precision parameters and
uncertainty were evaluated and analyzed. Certified reference materials (N600) were used to verify accuracy.

Sulfur Content: To meet the demand for premium oil in Ecuador, the Esmeraldas refinery produced this type
of oil with an average sulfur content of 44 ppm in February 2022, representing about 35% of the national supply of
hydrocarbons (EP PETROECUADOR, 2022).

ASTM Color: This system, known as the "mineral oil color value," classifies petroleum-derived products.
During the refining process, the color of mineral oils is continuously monitored to ensure they are refined to the
appropriate level. Additionally, it helps ensure proper fuel use for its intended purpose and prevents contamination
and quality degradation (Hernandez, 2009).

Calorific Value: In diesel engines, 7% to 10% biodiesel is used. This is added to diesel to reduce soot production
during combustion and improve the calorific value. The higher the temperature in the combustion chamber, the more
fuel can be burned, reducing the effort required to move the piston and connecting rod within the engine. The lower
calorific value of biodiesel is 35.86 MJ, although it can vary depending on its composition (RACE, 2022).

2. MATERIALS AND METHODS

An exploratory study was conducted to analyze the chemical and physical properties of fuel derived from plastic
pyrolysis. Using a qualitative and quantitative approach, a laboratory analysis was carried out to identify its
properties and potential applications.

2.1. Acquisition of raw material

For the pyrolysis sampling, 1 kg of granulated polystyrene is weighed and placed into the reactor, after which
the flange is securely closed. Water is then introduced into the condenser, maintaining a temperature of 1 to 3°C. Over
approximately 6 to 7 minutes, polymerization reactions occur within the reactor, as illustrated in Figure 1. At the end
of the process, the pyrolysis product is collected in a 1L container, which is subsequently transported to the laboratory
for critical analysis.

f.-"'

L]

Figure 1. Preparation for Pyrolysis. Source: The Authors (2024)
2.2. Laboratory characterization test
Once the liquid sample was obtained through the pyrolysis process, various characterization tests were

conducted in the laboratory using 1 liter of the sample. These tests were designed to analyze key properties of the
generated fuel and assess its potential applicability. The methods used are described below:
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API Gravity

The API gravity was measured using a 1-liter graduated cylinder filled with the liquid sample. A hydrometer
was used to record the corresponding value after stabilization, and the result was then adjusted to the reference
temperature using standard tables. The final value was calculated based on these adjustments to ensure consistency
with petroleum measurement standards.

Specific Gravity

The specific gravity was calculated using the standard formula based on API degrees, providing a precise value
under controlled conditions. The calculation was performed using the following equation:

APl = 222 _ 1315 1)
SG
Where:

API: Degrees API 15,6 °C
SG: Specific gravity

Water and sediment Content (PSW)

The water and sediment content were determined following the NTE INEN 1494 standard. A 50 ml sample and
50 ml of solvent were prepared in two centrifuge tubes, ensuring that both tubes had equal volumes. The tubes were
then sealed with stoppers and mixed thoroughly. They were placed in a centrifuge set at 140°F (60°C) for 15
minutes at 1300 rpm.

ASTM Distillation
To perform the distillation of the pyrolytic liquid derived from polystyrene, 1 liter of the sample was introduced

into the distillation flask (Figure 2). As the temperature increased, the distilled liquid was collected in a graduated
cylinder. The resulting temperature and volume data were recorded to construct the ASTM distillation curve

Figure 2. Representation of the ASTM Distillation Curve. Source: The Authors (2024)
Flash point
The flash point was estimated by filling the Cleveland cup with the liquid sample until the meniscus reached the
reference mark. The sample was then heated at a rate of 2°C per minute while the flame was brought closer in a steady
and uniform motion.

Kinematic Viscosity at 40°C

To measure the kinematic viscosity, 20 liters of distilled water were used. First, the time required for a specific
volume of liquid to flow by gravity through a capillary tube into the viscometer was measured, ensuring a constant
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temperature of 40°C. The viscosity constant was then multiplied by the recorded time to obtain the viscosity value.
Color Analysis

The color analysis was performed by comparing the sample with standard patterns using a colorimeter. This
allowed the evaluation of the liquid's purity and the detection of possible contaminants. Each of these tests contributed
to the comprehensive characterization of the obtained product, providing essential data for its comparison with
conventional fuels and for assessing its feasibility in practical applications.

2.2 Polystyrene (PS) pyrolysis processes in the laboratory

To identify the optimal parameters for the pyrolysis process, several tests were conducted at different operating
temperatures: 300°C, 350°C, and 400°C, using a specialized laboratory reactor. These tests help determine which
conditions yield the best performance. In each test, 100 g of polystyrene was weighed and introduced into the reactor,
which was maintained at the desired temperature for 60 minutes. At the end of the process, the reactor was allowed to
cool before the solid residue was extracted and weighed. The final mass was recorded to calculate the process yield in
terms of the percentage of residual mass. This experimental approach facilitates the adjustment and improvement of
the process to ensure maximum efficiency under real operating conditions. Additionally, by analyzing how yield varies
with temperature, potential issues during process scaling can be predicted and resolved, ensuring its robustness and
effectiveness in high-speed implementation.

Determination of Pyrolysis Parameters at Laboratory Scale

Below are the experimental data obtained at temperatures of 300°C, 350°C, and 400°C. These results provide
information about the properties and behavior of materials exposed to different pyrolysis temperatures.

Test 1 - Analysis at 300 °C

The tests were conducted at a constant temperature of 300°C, using an initial mass of 110 g. The liquid volumes
obtained showed slight variations, with recorded values of 82, 85, and 80 ml, averaging 82.3 ml and a standard
deviation of 2.5 ml. The liquid density remained stable at 0.903 g/ml. The liquid mass ranged from 72.3 g, 79.4 g, and
75.9 g, with an average of 75.86 g and a standard deviation of 2.2 g. For the solid product, the generated mass
fluctuated between 11.3 g, 14.6 g, and 14.5 g, with an average of 13.46 g and a standard deviation of 1.7 g. Finally,
the gas mass produced varied between 12.7 g, 9.7 g, and 14.3 g, with an average of 12.23 g and a standard deviation
of 2.9 g.

Test 2 - Analysis at 350°C

The experiments at 350°C showed liquid volumes ranging from 107, 109, and 104 ml, with an average of 106.66
ml. The liquid density remained constant at 0.908 g/ml. The liquid mass obtained fluctuated between 92.5 g, 98.4 g,
and 90.7 g, giving an average of 93.86 g and a standard deviation of 2.1 g. Regarding the solid product, the generated
mass varied between 5.3 g, 2.6 g, and 6.5 g, with an average of 4.8 g and a standard deviation of 1.2 g. Finally, the
gas mass produced ranged between 3.5 g, 2.9 g, and 4.3 g, with an average of 3.56 g and a standard deviation of 1.0

g.
Test 3 - Analysis at 400 °C

Under conditions of 400°C, the liquid volumes obtained ranged from 109, 111, and 106 ml, with an average of
108.66 ml. The liquid density remained around 0.910 g/ml. The liquid mass varied between 97.4 g, 99.6 g, and 91.2
g, with an average of 96.06 g and a standard deviation of 1.9 g. Regarding the solid product, the generated mass ranged
from 4.7 g,3.0 g, and 5.1 g, with an average of 4.26 g and a standard deviation of 1 g. The gas mass produced varied
between 0.4 g, 0.7 g, and 3.5 g, with an average of 1.53 g and a standard deviation of 1.1 g.

3.  RESULTS AND DISCUSSION

The different performances obtained during the tests are shown in Figure 3. This graph provides a clear visual
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comparison of how different conditions affect the process performance.

Product yield (%) vs. temperature (°C)
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Figure 3. Performance at different temperatures. Source: Prepared by the authors (2024).

Table 1 summarizes the data from each pyrolysis process, used for a general characterization of the process,
utilizing the average values obtained. It includes variables and results for each test, facilitating comparative analysis
and the identification of patterns for a more detailed and accurate understanding of the process behavior under different
experimental conditions.

Table 1. Pyrolysis process conditions

Day

Properties Units 1 2 3 4 5 6 7 Avg. o
Setpoint temperature °C 30 30 30 30 30 30 30 30 0
Drop formation time Min 1163 10.92 11.29 11.10 11.34 10.99 12.18 11.35 0.4
Initial weight of PS G 1200 1200 1200 1200 1200 1200 1200 1200 0
Temperature at the first °C 114 127 126 114 120 123 129 12185 6
drop
Heating time to 350°C Min 34.5 32.0 32.5 33.5 30.0 335 31.0 29.57 2
Reaction endpoint time Min 5247 5731 55.28 52.17 50.71 53.70 51.01 53.24 2
Final yield of liquid G 971.27 96058 97451 960.10 96943 97555 97038 96883 6
Final weight of the solid G 1874 2116 1647 1890 1756 1648 1746 1811 2
residue
Final mass of gaseous G 1737 2100 1248 2173 1755 1626 1599 1748 5
yield
Heating rate °C/min = 199 2.13 225 2.34 227 220 2.09 2.18 0.1

Source: Prepared by the authors (2024).

During the experiment, the initial temperature and initial weight of the PS remained constant on all test days,
without any change in these initial conditions.

The curves presented in Figure 4 show a detailed picture of how the temperature changes with time during the
pyrolysis process in each case examined.
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Temperature profile vs. reaction time
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Figure 4. Profile Temperature in Pyrolysis tests VS reaction time.
Source: Prepared by the authors (2024).

Figure 5 shows the results of the mass balance of the products generated in the pyrolysis process, expressed in
percentages. Details how final products are distributed based on their mass.

Product yield (%)
100% ——
90% —
80% —
70% —
60% ——
50% ——
40% —
30% —
20% —
10%
0% : . : : :
Pyrolysis 1 | Pyrolysis2 | Pyrolysis 3 | Pyrolysis 4 | Pyrolysis 5
B Liquid yield 96.99% 95.91% 97.68% 96.12% 97.12%
B Solid yield 1.49% 1.79% 1.24% 1.49% 1.36%
B Gas yield 1.51% 2.30% 1.08% 2,39% 1.53%

Figure 5. Efficiencies of each Pyrolysis. Source: Prepared by the authors (2024).

The amount of alternative fuel produced from the collected polystyrene is estimated, we find that around 10.2 L
of this fuel are produced per day and the monthly production is approximately 225L.

3.1 Distillation of the Alternative Fuel

ASMT Distillation

The results obtained show variability but remain stable in terms of recovery percentage, residues, and losses
during distillation. The recovery percentage ranged from 80% to 85%, suggesting reasonable consistency in product
recovery. Residue percentage ranged from 15% to 19%, reflecting slight differences in the amount of residue left after
the process.

Losses remained low, with values between 0% and 1%, indicating good control of losses during distillation.
Regarding characteristic boiling points (BWP), the results showed greater variability. The initial boiling point (IBP)
ranged between 127°C and 135°C. Boiling points at percentiles (10%, 50%) and the final boiling point exhibited
variations, with averages of 137.5°C, 147.6°C, and 275°C, respectively, and adjusted standard deviations of 0.5°C.
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The data in Table 2 detail the basic properties obtained from five steps of the second distillation of the product
derived from the first distillation of the pyrolytic oil. Losses were low, ranging from 0% to 1%, with an average of
0.45%, suggesting effective control of these losses.

Table 2. Estimation of Fuel Generated from Recycled PS

Distillations
Properties Units 1 2 3 4 5 6 7 8 9 10 Avg (0)
%Recovered % 84 85 80 83 32 85 80 83 85 83 82 3.0
% Residue % 15 19 19 15 18 15 19 15 19 15 16.9 2.9
% Loss % 0 0.50 0 1 1 0.5 0 0 0.5 1 0.45 0.5
Destillation
P.LE. % 129 133 132 135 133 127 131 130 133 135 126.3 1.8
10% 'c 137 138 137 138 138 138 137 138 137 137 137.5 0.5
50% 'c 148 148 148 148 148 147 148 148 145 148 147.6 0.5
Final 'c 285 263 268 267 276 272 282 274 276 267 275 9.6

Source: Prepared by the authors (2024).

To evaluate the composition and thermal properties of the product compared to traditional fuels such as diesel
and gasoline, it is crucial to compare the ASTM distillation curve of the liquid product with the distillation curves of
diesel and gasoline. This comparison can be observed in Figure 6. The graph highlights significant similarities and
differences between the distillation profiles of each substance.

ASTM distillation
350
— 300
]
S 250
g
% 200
}& 150
g 100
Q
B s
0
0 10 20 30 40 50 60 70 80 90
Cumulative volume (%)
=o=Liquid yield (°C) =9= Diesel (°C) =g==(Gasoline (°C)

Figure 6. Comparison of ASTM Distillation Curves. Source: Prepared by the authors (2024).
3.2 Characterization tests
API and Specific Gravity

A comprehensive API density analysis and adjusted specific gravity calculations were performed for each
pyrolysis test. These data are essential for understanding the physical and chemical properties of the product created
during this thermochemical process. The API gravity measures the relative density of liquid hydrocarbons compared
to water, providing key information about their specific density and ability to float or sink. Specific gravity, corrected
to a standard temperature, allows for consistent comparisons between different samples.

Table 3 presents the API gravity and specific gravity values of the product obtained at different temperatures.
The API gravity results at 28°C range from 21 to 21.6, indicating considerable stability in relative density compared
to water at this standard temperature. On the other hand, the API gravity at 15.6°C ranges from 19.34 to 21.14,
suggesting greater variability in density at lower temperatures, affecting properties such as fluid behavior. Specific
gravity, also calculated at 15.6°C, shows consistently close values, highlighting high precision and stability in
measuring the product's density.
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Table 3. API Gravity and Specific Gravity of the Product

Pyrolysis
Characteristics 1 2 3 4 5 Avg (6)
API Gravity (28°C) 21 214 21.1 21.6 213 21.28 02
API Gravity (15.6°C) 19.34 19.87 19.66 20.08 21.14 20.01 02
Specific Gravity (15.6°C) 0925 0.917 0.917 0.916 0917 0918 0.0

Source: Prepared by the authors (2024).
Kinematic viscosity measured at 40°C

The kinematic viscosity values obtained at 40°C allow for an analysis of the fluid's flow behavior under specific
conditions, providing key information about its performance in industrial and commercial applications. These results
reveal notable differences between the initial liquid product and the distillates obtained. Table 4 shows that the liquid
product has higher viscosity values. In comparison, distillates 1 and 2 exhibit lower viscosities and reduced standard
deviations, reflecting their improved fluidity.

Table 4. Kinematic Viscosity Results.

Kinematic viscosity at 40°C [cSt]
Test Liquid product Distillate 1  Distillate 2

1 0.939 0.738 0.671
2 0.940 0.748 0.672
3 0.949 0.742 0.668
4 0.954 0.739 0.673
5 0.959 0.738 0.669
Avg 0.948 0.741 0.671
o 0.009 0.004 0.002

Source: Prepared by the authors (2024).
Flash Point

The flash point, a crucial property for evaluating fuel safety and handling, was analyzed using the Cleveland
open cup method. The liquid sample was poured into the container up to the reference mark and heated at a constant
rate of approximately 2°C per minute. During heating, a test flame was uniformly applied until the moment when the
emitted vapors formed a flammable mixture upon contact with air.

The results indicated that the initial fuel had a flash point range between 34°C and 39°C, with an average of 37°C
(Table 5). In contrast, the distillates obtained after the refining process showed lower values: the first distillate
averaged 35°C, while the second recorded 32°C. This suggests that the distillation process not only affects the
chemical composition but also the product's volatility, making the distillates more susceptible to ignition compared to
the original liquid.

Table 5. Kinematic viscosity results

Inflammation point [°C]
Test Liquid product Distillate 1  Distillate 2
1 34 36

2
2

23

2 37 35 32
3 39 34 31
4 37 35 33
5 36 34 33
Avg 37 35 32
c 2 1 1

Source: Prepared by the authors (2024).
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Water and Sediment Content

The water and sediment content in the liquid product was evaluated to determine its purity and potential impact
on practical applications. The analysis was conducted following established standards, using a centrifugation
procedure. Two 50 ml samples were prepared and combined with an appropriate solvent in centrifuge tubes. After
agitating the samples to ensure a homogeneous mixture, the tubes were centrifuged at 1300 rpm and 60°C for 15
minutes.

The results indicated that the total water and sediment content in the liquid fuel was less than 0.05%. This low
concentration of impurities enhances fuel performance by reducing the risk of clogging in injection systems and
minimizing wear on mechanical components.

In additional tests, the distillate obtained was blended with diesel in proportions of 9.5% and 90.5%, respectively.
This mixture met technical specifications, achieving a flash point of 56.3°C. This value, higher than the flash point of
the initial liquid product, represents an improvement in fuel safety during storage and handling, as it reduces the risk
of fires or explosions. The low proportion of sediment and water also ensures more efficient performance in
combustion engines.

ASTM Color

The ASTM color analysis revealed that the first distillate has a value of 1.5 ASTM units, while the second
distillate registers a value below 0.5 ASTM units. These results indicate that the second distillation is significantly
cleaner than the first, suggesting higher purity and a lower presence of impurities or contaminants. This is
advantageous for applications requiring high-quality fuels.

3.3 Comparison of Results with Other Fuels

The results of the comparison, detailed in Table 6, show clear differences in several key properties between the
original liquid product and the two distillates obtained. The viscosity of the liquid product is 0.948 cSt, whereas
distillates 1 and 2 have lower viscosities of 0.741 ¢St and 0.671 cSt, respectively. These differences suggest that the
distillation process reduces flow resistance, potentially making the product easier to handle in various applications.

Table 6. Comparison of Fuel Products.
Comparison of products obtained with different fuels

Characteristics Unit Liquid product Distillate 1 _ Distillate 2
Viscosity ¢St 0.948 0.741 0.671
Flash Point °c 36.60 34.80 324
API Gravity (15.6°C) 20.8 20.01 20.01
Specific Gravity 0.93 0918 0.920
ASTM Color ASTM units - 1.50 <0.5

Distillation
PIE °C 131 126.3 1316
10% o0 139 137.5 1314
50% gl 146 147.6 144.6
Final Point e 290 275 191
Water content and sediment % viv <0.05 <0.05

Source: Prepared by the authors (2024).
3.4 Comparison of the Sample with Commercial Fuel Properties
Comparative Analysis of API Gravity

API gravity, which measures the relative density of liquid fuels compared to water, is a fundamental parameter
for evaluating their performance in practical applications. In this study, the API gravity values of the pyrolysis
products were compared with the standards of traditional fuels like diesel and gasoline.

The results show that gasoline, with an API gravity of 55.30°C, is significantly less dense than diesel, which has
an average of 35.34°C. In contrast, the liquid product from pyrolysis has a much higher density, with an average API
gravity of 20.8°C. The distillates obtained from the process show similar values, around 20.01°C.
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These differences indicate that fuels obtained through pyrolysis are denser than conventional commercial
fuels. This suggests that they may have a higher energy content per unit volume, although they could also influence
certain combustion characteristics. The API gravity analysis highlights that these products possess distinctive
physical properties that must be considered when evaluating their viability as alternative fuels or additives in blends
with other hydrocarbons.

Comparative Analysis of Specific Gravity

The density values obtained from pyrolysis were compared with standard values for diesel and gasoline fuels.
Diesel has a specific gravity of 0.835, while gasoline has a specific gravity of 0.74. In contrast, the liquid pyrolysis
product has a density of 0.93, and distillates 1 and 2 have values of 0.918 and 0.92, respectively.

Specific gravity measures the relative density of a liquid compared to water, where higher values indicate greater
density. Gasoline, with a density of 0.74, is less dense than diesel, at 0.835. On the other hand, the liquid products
obtained through pyrolysis have higher density values (0.93 for the liquid product and between 0.918 and 0.92 for
distillates 1 and 2), indicating they are denser than conventional fuels.

The pyrolysis product has a higher density than the two fuels mentioned. Regarding its potential use compared
to the commercial fuels listed in the table, if the pyrolysis product exhibits other suitable properties, such as viscosity,
flash point, and energy content similar to those fuels, its use can be considered as a fuel or additive. However, its
higher density may reflect differences in combustion characteristics or energy content, which should be considered
when evaluating its feasibility as an alternative commercial fuel.

The viscosity results of the pyrolysis product are compared with the typical values for diesel and gasoline fuels.
The kinematic viscosity of diesel generally ranges from 2.0 to 4.5 cSt, while that of gasoline is significantly lower,
between 0.6 and 0.9 ¢St. In comparison, the liquid products obtained from pyrolysis have viscosities of 0.948 ¢St for
the liquid product and 0.741 ¢St and 0.671 cSt for distillates 1 and 2, respectively.

Viscosity is a key parameter for determining the flow and fluidity of a fuel. It has been found that diesel has a
moderate viscosity, while gasoline is significantly less viscous. The products obtained from pyrolysis have a viscosity
lower than that of diesel but slightly higher than that of gasoline. This suggests that they may be suitable for some
industrial and commercial applications.

Comparative Flash Point Analysis

The flash point results are compared with typical values for fuels such as diesel and gasoline. In general, diesel
has a flash point of around 74°C, while gasoline has a much lower flash point, around 48.5°C. The liquid products
obtained from pyrolysis have flash points of 36.6°C for the liquid product and 34.8°C and 32.4°C for distillates 1
and 2, respectively.

The flash point is crucial for determining the minimum temperature at which a liquid can emit enough vapor
to form a flammable mixture with air. Diesel has a higher flash point, indicating greater resistance to ignition
compared to gasoline. At the same time, pyrolysis products have lower flash points than diesel but slightly higher
than gasoline, suggesting lower resistance to ignition.

Comparative ASTM Distillation Analysis

The comparative ASTM distillation analysis reveals how the pyrolysis results align with typical distillation
values for diesel and gasoline. According to Table 7, diesel has higher initial and final points (PIE: 145°C, final point:
360°C) compared to gasoline (PIE: 87°C, final point: 215°C), indicating a higher percentage of heavier components.

On the other hand, the pyrolysis products have initial and final points (PIE: 131°C, final point: 290°C) lower than
diesel but slightly higher than gasoline, suggesting a lighter composition.
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Table 7. ASTM Distillation Comparison of Pyrolysis Product with Commercial Fuels like Diesel and Gasoline

ASTM Distillation
Properties Unit Diesel Petrol Liquid product Distillate 1 Distillate 2
PIE ¢ 145 87 131 126.3 131.6
10% e 200 70 139 137.5 131.4
50% e 257 121 146 147.6 144.6
Final Point  °C 360 215 290 275 191

Source: Producted by the authors (2024).
CONCLUSIONS

The data from the analyses reveal a clear relationship between the pyrolysis temperature and the process yield.
At300°C, ayield of 85% was achieved, indicating that a large portion of the polystyrene was converted into pyrolysis
products. This high yield suggests that the pyrolysis process is effective in the initial breakdown of polystyrene at
relatively low temperatures. However, when the temperature increases to 350°C, the process yield drops to 80%. This
reduction could be associated with the volatilization of intermediate products generated during pyrolysis, which are
lost as gases or vapors at higher temperatures.

The loss of these volatile compounds may result in a greater mass loss, negatively affecting the overall yield
of the process. When the temperature increases to 400°C, the process yield further decreases to 75%. This decline
indicates that, at higher temperatures, polystyrene decomposes more completely, producing a greater amount of gases
and liquids that are lost. Although the conversion of the material is more thorough, the greater mass loss can reduce
the process efficiency in terms of producing recoverable solids.

Polystyrene pyrolysis proves to be an effective method for converting plastics into fuels, though its efficiency
varies with the operating temperature. At lower temperatures, the yield is higher, while at higher temperatures, mass
loss increases, suggesting the need to adjust and optimize process conditions. The characteristics of the produced fuel
vary according to the pyrolysis temperature, influencing its fluidity and stability. At lower temperatures, the fuel tends
to be lighter and more fluid, while at higher temperatures, the viscosity increases, which may limit its use in some
applications.

Polystyrene pyrolysis could be a viable alternative for plastic waste management and fuel generation.
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