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Abstract

Pyrolysis oil is a valuable liquid substance obtained by the process of pyrolyzing biomass and plastic
waste. This study investigates the impact of co-pyrolysis of Ficus benghalensis wood biomass and
polyethylene terephthalate (PET) on the production of liquid oil, reactivity, and heating value. At first,
thermogravimetric analysis was performed on wood and plastic feedstocks to ascertain the stability and
proportion of volatile components during pyrolysis. An investigation was conducted to examine the
impact of temperature on the distribution of products in individual pyrolysis, as well as the influence of
the biomass-plastic ratio on co-pyrolysis. The pyrolysis of biomass at 450 °C yielded a maximum of
40.8 wt% liquid oil on an individual basis. Conversely, PET yielded a high of 59.5 wt% liquid oil when
heated to 500 °C. The co-pyrolysis tests involved combining PET and biomass in varying proportions,
specifically 20%, 40%, 60%, and 80%. A greater synergistic impact was observed when PET was added
at a concentration of 60%, attributed to radical secondary reactions. Furthermore, the performed
research on pyrolysis oil revealed that biomass and plastic materials has the potential to be utilized in

the production of important compounds, as evidenced by their physical and chemical characterisation.
Keywords: Co-pyrolysis, synergistic effect, biomass to plastic blend, pyrolysis oil, characterization
1. Introduction

As a result of the growing population and industrialization, the use of biomass as an alternative to
conventional fuels is being extensively examined [1]. The International Energy Agency (IEA) predicts that
biomass will contribute 10% of the world's total energy production by 2035 [2]. The employment of biomass
resources for energy extraction is primarily driven by their renewability, CO2 neutrality, and availability [3]. The
global biomass supply is estimated to be approximately 100 billion metric tons annually [4]. Biomass possesses
the capacity to generate heat, power, fuel, and value-added compounds [5]. Biomass can be converted into biofuels

and chemicals using biochemical and thermochemical conversion methods. The thermochemical conversion
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process offers significant advantages over biological conversion strategies, primarily in terms of increased biofuel
production and improved compatibility [6]. Pyrolysis, gasification, combustion, hydrothermal liquefaction, and
hydrothermal carbonization are several methods of converting substances using heat and chemical reactions [7].
Pyrolysis is a highly efficient conversion process that transforms biomass resources into valuable biofuels in the
absence of oxygen. This platform is capable of efficiently generating fuels and chemicals from diverse biomass
sources. Char, oil, and gas are the three forms of yields in which their energy content and yield are greatly

influenced by the reaction conditions.

Since 1990, the utilization of plastic has been growing steadily at a rate of 5% annually [8]. The escalating
use of diverse plastic materials, along with insufficient recycling practices, has led to worldwide challenges in
managing plastic trash. In less developed nations, the majority of plastics pose significant long-term economic,
environmental, and health hazards [9]. The accumulation of a substantial quantity of plastic waste is mostly driven
by urbanization and population expansion. The accumulation of garbage in the environment has a significant
impact on economic operations and living conditions [10]. Plastics are mostly derived from petroleum
hydrocarbons. They are a non-biodegradable substance that can persist in the environment for over twenty years.
The persistent accumulation of plastic garbage in landfills poses significant environmental challenges for future
generations [11]. Plastics are available in numerous forms and serve a wide range of purposes in diverse areas of
our everyday lives. The plastic production rate has increased nearly twentyfold over the past sixty years [12].
Polyethylene terephthalate (PET) is a widely utilized type of plastic that is commonly employed in many
applications, such as textile fibers for clothing and containers for storing liquids and food. Polyethylene (PE) and
PET collectively constitute more than 50% of the global plastic market, representing 40% of the total market
share. Polyethylene terephthalate (PET) is the most prevalent plastic because to its notable superiority over other
plastics. It is available in various forms and dimensions [13]. Following polypropylene (PP) and low density
polyethylene (LDPE), this plastic substance is widely utilized in the packaging business, making it the third most
often used plastic material [14, 15]. The recycling of used plastics significantly improves the environment. This
method diminishes the need for raw materials since a recycled product can substitute for a new product. Moreover,
it decreases the amount of plastic that is discarded in landfills. Similar to biomass pyrolysis, the pyrolysis of waste
plastics is a notable method for recycling plastic waste. Pyrolysis of plastic materials offers a versatile method for
generating value-added chemicals and energy-rich liquid fuel. This process can be used for municipal wastes,

biomass, and electronic wastes, providing an alternative to mechanical and chemical processing [16].

Energy derived from biomass is fast being regarded as a vital alternative to conventional fuels [1]. This is due to
the fact that the population is growing and that industrialization is occurring. According to the International Energy
Agency (IEA), it is anticipated that by the year 2035, biomass would account for ten percent of the entire energy
generation that occurs across the globe [2]. The exploitation of biomass materials for the extraction of energy is
primarily driven by the fact that it is replenishable, does not produce carbon dioxide, and is readily available [3].
It is estimated that the entire amount of biomass that is available on the planet is somewhere around 100 billion
tons every year [4]. Among the many things that can be produced from biomass are heat, power, fuel, and
compounds with added value [5]. The transformation of biomass into biofuels and chemicals can be accomplished

through the utilization of biochemical and thermochemical conversion processes. There are a number of
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advantages that the thermochemical conversion method has over the biochemical conversion approaches [6]. The
most important advantages are compatibility and increased biofuel production. There are a number of different
thermochemical conversion processes, including pyrolysis, gasification, combustion, hydrothermal liquefaction,
and hydrothermal carbonization [7]. The absence of air during the pyrolysis process results in the production of
useful biofuels from biomass materials. Pyrolysis is an efficient technology. When it comes to the production of
fuels and chemicals from a wide range of biomass, this platform is a viable option. The three forms of yields are
char, oil, and gas, and the parameters of the reaction have a significant impact on the amount of energy contained

in each of these three types of yields.

The disposal of waste plastics can be accomplished through the utilization of biomass co-pyrolysis in conjunction
with waste plastics [17]. Synergistic effects are produced during the pyrolysis process when plastic materials are
combined with biomass. These effects include a rise in the value of the end products through the modification of
the concentrations of hydrogen and oxygen [18]. Co-pyrolysis has been the subject of a significant amount of
research in recent years [19, 20], with the goal of producing bio-oil of superior quality. By utilizing fir and chestnut
as softwood and hardwood biomass materials in conjunction with the collection of PE and PS, Nardella et al. [21]
conducted co-pyrolysis studies and analyzed the synergistic impacts on product yields. These tests were carried
out in order to determine the effects of the combination. During the course of this investigation, the incorporation
of polymeric material served to stimulate secondary pyrolysis processes of holocellulose biomass material. A
study conducted by Xu and colleagues [22] investigated the synergistic effects that the presence of zeolite has on
the co-pyrolysis of mixed microalgae and polymers. Through the use of radical reactions that have also been
investigated in the literature [23-25], the research resulted in the production of liquid that included a lower
concentration of oxygenated compounds and acids. An investigation into the synergistic influence on the
production of pyrolysis oil and biochar during the co-pyrolysis of pinecones and mixed plastic wastes was carried
out by Brebu et al. [26]. The findings of this study revealed favorable outcomes, including an increased yield of
bio-oil and biochar that was rich in energy. Experimental research conducted by Chen et al. [27] investigated the
synergistic effect that polypropylene and tobacco straw had on the amount of gas produced. As a result of the

findings, the production of biogas was increased while the components of char were decreased.

In common parlance, the Indian banyan is referred to as the Ficus benghalensis. In addition to being the largest
tree that is indigenous to the Indian Subcontinent, it can be found in every state and administrative unit of the
country. It is the tree that grows the quickest and has the potential to reach a height of seventy feet. According to
[28, 29], various parts of the tree, especially the leaves, are utilized for a number of specific functions. The wood
is utilized in the production of paper pulp, despite the fact that it is not generally advised for use as firewood or in
carpentry work. The wood and wood bark of the Ficus benghalensis tree have not been subjected to a significant
amount of research in relation to the production of biofuels. One of the families of the tree known as Ficus religiosa
was previously exploited by Rao et al. [30] for the purpose of producing bio-oil through a pyrolysis reaction.
Ganeshan et al. [31] presented the results of a study that investigated the degradation of waste mango seeds
composed of PET by a thermal and co-pyrolysis process. In this particular investigation, the degradation of mango

seed shell occurs at a higher temperature than that of mango seed kernel. This is because the shell contains a
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greater quantity of cellulose than the kernel does. During the process of co-pyrolysis, the incorporation of PET

resulted in an increase in the progression of the breakdown of biomass.

Experiments on the co-pyrolysis of waste PET and wood from the Ficus Bengalese’s tree were carried out in a
fixed bed reactor that was carried out on a laboratory scale for this investigation. Thermal and co-pyrolysis
characteristics of wood-based material and PET polymers were investigated in order to better understand the
impact of reaction temperature and the ratio of biomass to plastic on the production of the highest possible amount
of bio-oil while simultaneously enhancing its quality. Twenty percent, forty percent, sixty percent, and eighty
percent of the PET material consisted of biomass in the co-pyrolysis tests. At the conclusion of the study, the
resulting bio is subjected to physical characterization in order to ascertain whether or not it is suitable for a variety

of uses.

2. Materials and Methods

2.1 Feedstock preparation

It was from local traders in Coimbatore, India, that the waste PET bottles were acquired. The PET bottles
were crushed and screened with great care in order to separate them from the mixture of other plastic
polymers. The tree that was available at a local residence in Coimbatore, India, was used to collect the wood
of the Ficus Bengalese’s tree, which served as the representative biomass. A powder was created by crushing
the PET bottles that were gathered. Initially, the biomass and plastic materials were subjected to crushing and
sieving in order to achieve a homogeneous size of less than 0.5 millimetres. Following this, they were dried

in a furnace maintained at a temperature of 100 degrees Celsius for a duration of two hours.

2.1. Material and product characterization

The proximate analysis of both biomass and plastic materials was done by following ASTM standards and the
results are displayed in Table 1. The facilities used with Si’Tarc Coimbatore were used for testing the samples.
The ultimate analysis of the feedstocks was done by an element analyzer (Elementar Vario EL-III). The various
chemical elements of the liquid oil were determined with the help of Thermo GC-Trace Version: 5.0, Thermo MS

DSQ II spectroscopy.

Table 1Characterization of the feedstocks

Parameters Ficus benghalensis PET

Proximate analysis (wt%)

Volatile matter 70.3 83.9
Fixed carbon® 17.4 16.1
Moisture content 6.9 -
Ash 54 -

Ultimate analysis (wt%)
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Carbon 50.1 64.2
Hydrogen 6.2 3.9
Nitrogen 1.8 0.32
Sulfur 0.3 0.09
Oxygen?® 41.6 31.49
H/C molar ratio 1.474 0.723
O/C molar ratio 0.623 0.368
Heating value (MJ/kg) 18.1 234

?Estimated by difference

2.2. Pyrolysis experiment

A fixed bed reactor, which consisted of a reactor, heater, condenser, and liquid collection, was utilized
for the pyrolysis experiments. During the course of this investigation, the reactor is heated to a maximum
temperature of 600 degrees Celsius, and it is capable of reaching temperatures as high as 900 degrees Celsius.
The reactor was kept at a constant temperature during each run, and thirty grams of biomass and a mixture of
biomass and plastic were introduced inside. The mixture was then pyrolyzed. Until there was no visible emission
of vapour, the reactor was maintained in such a way that it kept the reaction going in the absence of air. The
reactor is 150 millimeters in length and has a diameter of one hundred millimeters. The outflow of the reactor is
connected to a water-cooled condenser, which is associated with an increase in the volume of water that is
maintained at a temperature of 0 degrees Celsius. After everything is said and done, the bio-oil that has been
condensed is collected in a bottle and examined for a variety of tangible qualities. The determination of the
quantities of liquid oil and char was accomplished by the use of direct weighing. In order to get the gas yield, the

total yield of the liquid and solid products was subtracted from the total.

The synergistic effect on product distributions due to the co-pyrolysis process was calculated using the below

equation based on the yields achieved from individual thermal pyrolysis of Ficus benghalensis and PET.

Predicted Yield = (X1#Y; + X2+Y))

Where X; and X; are mass ratio of biomass and plastic

Y1 and Y are individual pyrolysis from biomass and plastic.

3. Results and discussion

3.1. Thermogravimetric study

Typical TG and DTG analyses of waste PET pellets and Ficus benghalensis were carried out in a nitrogen
atmosphere in order to investigate the pyrolysis and combustion characteristics of the materials. At a rate of 15
degrees Celsius per minute, the materials were heated from the temperature of the atmosphere to 900 degrees
Celsius for the plastic material and 700 degrees Celsius for the biomass. When it comes to biomass, the release of

moisture is represented by the preliminary weight loss that occurs between 30 and 100 degrees Celsius [32]. After
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240 degrees Celsius, the release of volatile substances was the reason of the dramatic decrease in the biomass's
weight. Additionally, this is supported by the findings that were acquired by the utilization of the DTG curve.
Ficus benghalensis was entirely pyrolyzed at a temperature of around 500 degrees Celsius, and beyond this
temperature, there was a gradual decrease in weight loss that continued until 620 degrees Celsius. The burning of
biomass particles or char that was left over was attributed to this phenomenon [33]. The report of the TG and DTG
analysis of Ficus benghalensis is depicted in Figure 1. The unburned char is estimated to be 18 percent, which
indicates that the biomass can serve as a source for the manufacture of char up to 20 weight percent. The weight
loss curves of TG and DTG for PET in an environment containing nitrogen are depicted in Figure 2. It is seen in
the figure that, in contrast to materials derived from biomass, PET polymer undergoes degradation in a single step
due to its uniform structure. Degradation of polymers is mostly caused by the end group-initiated process as well
as the degradation of yields that are formed during the process of polymer chain breakdown [34]. PET saw a loss
of eighty percent of its total mass between the temperatures of 325 and 575 degrees Celsius, and after 625 degrees
Celsius, there was no degradation that took place. The pyrolysis temperature that will result in the greatest amount

of decomposition is determined by using the data on thermal decomposition that was previously provided.
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Figure 1 TG and DTG analysis of Ficus benghalensis
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Figure 2 TG and DTG analysis of waste PET polymer

3.2. Biomass thermal pyrolysis

In order to manipulate the quality of the bio-oil and satisfy the requirements of individuals, thermal
pyrolysis of biomass can be carried out at a range of reaction temperatures. According to [35], it is not always
simple to make accurate predictions regarding the relationship between the yield quality and its components. In
most cases, it is contingent upon the many different functional elements. The pyrolysis temperature is the
operation parameter that is responsible for determining both the quality and the quantity of the yield [36, 37]. This
is the case among the numerous operating parameters. Since the lignocellulosic content of the biomass material
is immediately destroyed and depolymerized during the process of biomass pyrolysis, the liquid oil that is
produced is the result of this process. In this particular investigation, the amount of oil produced increased as the
temperature of the bed increased. At a temperature of 450 degrees Celsius, the amount of oil that was produced
reached its highest possible value of 40.8% by weight. When the temperature is raised even further, the amount
of oil that is produced drops to 37.0% by weight. When the temperature of the bed is raised, there is a constant
increase in the amount of gas fraction that occurs. The gas yield ranges from 29.3 weight percent to 40.5 weight
percent when the temperature is raised from 350 degrees Celsius to 550 degrees Celsius. The various product
yields that vary depending on the temperature of the process are depicted in Figure 3. There is a significant
decrease in the amount of char that is produced, as can be seen from the figure. At a temperature of 350 degrees
Celsius, the yield of char was 39.3 weight percent, but when the temperature of the reactor was raised to 550
degrees Celsius, the figure dropped to 22.5 weight percent. Due to the increasing conversion of lignin in the
biomass material, the char yield decreases with higher temperatures [38]. This is the primary reason for the
decline. A greater conversion of biomass can shed light on the increased gas production that occurs in conjunction
with higher temperatures. When the temperature rises, the secondary processes that occur when vapours are

converted into gases become more noticeable.
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Figure 1 Effect of temperature on pyrolysis of Ficus benghalensis

3.3. PET thermal pyrolysis

In the course of this investigation, PET material was utilized. Changing the temperature of the reaction in order
to achieve the appropriate reaction conditions allowed for its pyrolysis to be performed independently. At a
temperature of 500 degrees Celsius, the highest possible conversion of bio-oil was discovered. As low as 48.6
weight percent of oil is produced at temperatures around 350 degrees Celsius. It was at that point that the yield of
char reached its highest point of 26.3 weight percent. Increases in temperature from 350 degrees Celsius to 550
degrees Celsius resulted in a significant decrease in the amount of char produced, which went from 26.3 weight
percent to 6.3 weight percent. When the temperature was raised, there was a consistent increase in the amount of
gas that was produced. With a maximum of 35.2 weight percent at 550 degrees Celsius, the gas yield was 25.1
weight percent while it was at 350 degrees Celsius. The PET has a different thermal stability than other materials,
which results in an increase in the amount of liquid oil and gas released. There was a possibility of breaking the

stability of the polymeric material by flouting C=C bonds, which results in an increase in the release of gas
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fractions, as stated by Garbaet al [39]. This occurred when the polymeric material was subjected to higher
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Figure 1 Effect of temperature on pyrolysis of PET
3.4. Co-pyrolysis characteristics

Figure 3 presents an illustration of the co-pyrolysis properties of the Ficus benghalensis and PET mixture. The
trials for this phase were carried out at a temperature of 500 degrees Celsius throughout the entire process, with
the addition of PET along with biomass. At intervals of twenty percent, the percentage of PET that was combined
with biomass was raised from twenty percent to eighty percent. The char decreased with increased PET
component, which was comparable to those of individual pyrolysis, as shown in Figure. This can be understood
by looking at the figure. As a result of increasing the percentage of PET from 20% to 80% of the biomass, the
value of char dropped from 22.3 weight percent to 9.9 weight percent. When compared to the generation of oil by
biomass pyrolysis, the oil production through individual pyrolysis of PET was significantly higher. This is also
reflected in the co-pyrolysis reaction. The yield of oil is increased from 41.4 weight percent to 56.1 weight percent
as a result of this method. Because of the increased proportion of PET that was added, the amount of oil that was
extracted was increased. A 20% addition of PET resulted in a production of oil that was only 41.4 weight percent.
As aresult of the incorporation of 80% PET, the value was raised to 56.1 weight percent. The presence of a greater
quantity of volatiles in PET than in biomass is the reason for the improvement in oil yield that may be attributed
to the incorporation of PET. During the process of pyrolysis, polyolefin polymers will function as an ideal
hydrogen donor and generate the radical interaction that will result in the formation of the greatest amount of bio-

oil, as stated by Guo et al [40] and Zhou et al [41].
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Figure 1 Effect of PET on biomass pyrolysis

3.5. Degree of synergistic effects

3.6. By utilizing both experimental and anticipated yields, which are also displayed in Figure 2, we were able to
evaluate the synergistic effect that co-pyrolysis had on product yields. During the course of the co-pyrolysis
process, the experimental yield of gas was substantially lower than the value that was projected. Even with
the addition of up to forty percent of PET, the amount of oil produced was lower than the value that was
projected, while the amount of char that was produced was larger than the value that was predicted. When
more than forty percent of PET was applied in addition to biomass, a good synergistic impact was found to
happen in terms of oil yield. An even more favorable synergistic effect was discovered when PET was added
at a percentage of sixty percent. This indicates that the liquid yield is 6.48 percent more than what was
anticipated at that moment. Radical secondary reactions, which are responsible for the condensation of non-
condensable components, were found to be the cause of the beneficial synergistic impact with regard to oil
production [42]. In addition, the presence of PET in the mixture serves as a medium for the hydrogenation of
biomass, which has the ability to limit polymerization and cross-linking events, hence boosting the
hydrogenation of biomass [43]. Synergistic effects on the co-pyrolysis of a variety of biomaterials with PET
have been documented in the literature [44-46] in the past. One study conducted by Cepeliogullar and Piitiin
[47] looked into the synergistic effects of combining three distinct types of biomass materials with PET. The
cumulative yields obtained from individual pyrolysis were compared to the results of the study, which showed
that the study produced more bio-oil and char while producing less gas. Ansah et al. [48] investigated the
synergistic effect of co-pyrolysis of municipal solid waste and PET. They found that the ratio of biomass to

plastic in the mixture was 70:30, which resulted in a larger synergistic effect on their bio-oil production.
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According to the findings of the study, a strong interaction between PET and biomass was observed when the

biomass fraction was present in the mixture to a significant degree.

3.7. Physical characterization

The physical, elemental composition and heating value of the liquid oils acquired through individual and
co-pyrolysis processes are listed in Table 1. It is noticed that the fraction of carbon and hydrogen increases with
the addition of PET with biomass. The oxygen components in the bio-oil reduced gradually from 48.45 wt% to
27.82 wt%. At the same temperature, lowering the oxygen level enhanced the heating value to 28.64 MJ/kg. The
findings suggest that co-pyrolysis of wood based biomass with PET is an effective method for producing liquid

oil with higher heating value.

Table 2 Physical properties of the oils

Ficus Ficus benghalensis-to-PET ratio
Properties PET Unit
benghalensis 80:20 60:40 40:60 20:80
Density 1010 995 965 930 915 910 kg/m?
Viscosity 7.1 6.9 6.4 5.8 5.0 4.1 cSt
Flash point 135 130 110 92 73 58 °C
Carbon 43.52 46.33 50.14 54.89 59.20 63.50 wt%
Hydrogen 7.10 7.10 7.31 7.72 7.90 8.10 wt%
Nitrogen 0.74 0.72 0.70 0.66 0.59 0.54 wt%
Sulphur 0.21 0.19 0.15 0.11 0.07 0.04 wt%
Oxygen® 48.45 46.12 41.02 35.30 3241 27.82 wt%
H/C molar ratio 1.943 1.826 1.734 1.671 1.590 1.519 -
O/C molar ratio 0.835 0.739 0.624 0.501 0.408 0.328 -
Heating value 17.91 18.92 21.36 23.90 26.83 28.64 MJ/kg

By difference

3.8. Chemical analysis

GC-MS is a technology that is both vital and quick, and it is used for the examination of numerous chemical
elements that are present in oil. During the process of pyrolysis, the three basic components of biomass, namely
cellulose, hemicellulose, and lignin, were broken down into a variety of chemical constituents, including alcohol,
alkanes, alkenes, and phenolic components, amongst others [47]. An inventory of the chemical components that
were identified by GC—MS is presented in Table 4. As can be seen in the table, the biomass is often broken down
into compounds that contain phenolic aromatic chemicals. It is possible to identify phenols, alkyl phenols, and
methoxy phenols from the oil that is produced from the pyrolysis of biomass in a variety of quantities. The amount
of these compounds fluctuates according to the amount of biomass material that is present in the feedstock during
the production process. On the other hand, the components that were found in PET pyrolysis oil are entirely

distinct from those found in biomass pyrolysis oil. There are a few oxygenated elements among the chemical
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components that have been found in PET oil. The majority of the components are hydrocarbons. In contrast to the

pyrolysis of biomass, the majority of the PET was broken down into benzoic acid, which accounted for 31.24%

of the total. It is common knowledge that pyrolysis oils that have an acidic composition can lead to corrosion

problems in handling equipment and reactors. In addition to that, the acidic qualities may result in environmental

problems throughout the natural degradation process. In addition to these difficulties, it is well knowledge that

benzoic acid has the potential to serve as a substantial feedstock for a wide range of chemical businesses.

According to this point of view, the pyrolysis of PET can be utilized to achieve the transformation of PET into

valuable chemical feedstocks that can be utilized in industrial applications.

Table 3 List of chemical elements identified in liquid oils through GC-MS (Biomass*, 80:20%, 60:40°, 40:60P,
20:80F and PETF)

Compound name Molecular A B C D E F
formula

2-Isopropyl-2,5-dihydrofuran C7H120 0.92 0.40 0.22

Phenol, 2-methoxy- C;7Hz0; 1.26 1.05 0.88  0.40

1,2-benzendiol CsHO2 2.01 1.89 1.74 0.42 0.22

2-Furancarboxaldehyde,-5-Methyl CsHsO2 0.91 0.25

3-Undecene, (Z)- CiiHa 1.95 2.62

Phenol C¢HeO 9.12  9.01 824 420 211

Furfural CsH402 0.74  0.55 0.12

Ethisterone C21H2302 0.24

Trimethylamine C3HoN 0.25 0.74

Phenol, 2-methyl- C/HsO 3.44 0.11 0.19

4,5-Dimethoxy-2-methylpheno CoH 1203 1.25 1.01 0.82 0.31

Phenol, 2-ethyl-6-methyl- CoH ;20 584  5.04 377 3.09 2.0l

Naphthalene, 1-methyl- CiiHio 5.22

Benzoic acid C7H6O2 2.55 19.81 25.14 31.24

Tridecane Ci3Has 022 0.85 0.90 0.97

4-Ethylbenzoic acid CoH1002 0.84 0.54 0.14

2,4 dimethyl pentone CoHie 0.19 3.18 5.70 7.92

2-methoxy phenol C;7Hz0; 542 3.26 122 094 0.42

2-Acetyl furan CsHO2 0.71 1.94 2.21

Phenol, 4-methyl- C21H250 6.01  4.10 1.25

Tetradecane Ci4Hzo 2.04

Benzoic acid, methyl ester CsHO2 0.94 0.90 042 0.18

4-Methoxy-2-methyl-1-benzene CoH 1208 1.22 1.20

Benzoic acid C7HgO2 1.20 1.11 0.84

Oxirane CH40 0.21 0.87

Pyridine 2-methyl CeH7N 1.25 2.14 3.54
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Cyclopentanone CsHzO 1.75 0.92

2-Phenyl-1-p-tolylethanol Ci4H160 1.25 1.05 0.81

Naphthalene CioHs 0.11

Cyclopent-2-enethione CsHeS 1.40 3.10 5.14
Butane-1,1-D2, 1-iodo CioH603 0.75 0.20

2-Methoxy-4-methylphenol CsH1002 2.28 1.24 0.28

trans-1,4-Hexadiene CeHio 021 1.75 2.48 441
Phenol, 2,6-dimethoxy CsH 1003 1.58

Thiophene, 2,5-dimethyl CsHsS 0.94
Benzenemethanol, 4-hydroxy C7H30, 1.72 0.84

3-Methoxy-2-methylphenol CsH1002 1.88 1.55 1.31 0.74 0.14 0.10
Palustrol Ci5Ha260 0.45
2-Acetylcycloheptaneone CoH 1402 0.21 0.94
2,4-Dihydroxy-6-methoxyacetophenone CoH 1004 1.85 1.22 0.73
2-Methyl-5-methoxy-6-hydroxybenzofuran Ci11H1403 1.79

2-furanmethanol CsHsO> 2.56  2.12 1.84 1.02 0.74

Vanillin CgHgO3 2.40 1.26
1-Methyl-1,3,3-triphenylindan-2-one CasH220 0.97

10-Chlorodanuphylline C24H25CIN,Og 0.12 0.78
3,4-Dimethylthiophene CeHsS 0.85 2.47
9-Octadecenamide Ci3H3sNO 0.82 0.24

Benzhydryl vinyl ether CisH140 0.86  0.25

oleic acid Ci3H340, 1.25 1.02 1.00 0.78 0.54 0.24
4-ethyl-2 methoxy-phenol CoH120, 5.62 5.04 444 1.87 0.97
Dibenzo[a,e]cyclooctene CisHiz 0.97 2.47 3.22 541
2-(2,4,6-Trimethylphenyl)butylamine Ci3HaN 2.14 3.05
Phenol, 3-amino C¢H7NO 1.25 0.82 0.11

Pyridine, 2-propyl- CsHiN 0.54 0.99 1.25 2.41

4. Conclusion

In this study, the synthesis of liquid oil was accomplished through the utilization of fixed-bed pyrolysis of wood-
based biomass with Ficus benghalensis and waste PET. The thermogravimetric analysis was utilized in the initial
stage of the experimental effort, which was devoted to analyzing the decomposition behavior of the raw materials
that were chosen. Using the information gained from TGA, the temperature range that was found to be appropriate
for pyrolysis studies was determined. At temperatures of 450 degrees Celsius and 500 degrees Celsius,
respectively, the highest possible yield of pyrolysis oil was obtained from biomass and PET. Four distinct phases
were involved in the process of co-pyrolysis of biomass and PET. In comparison to other mixtures, the inclusion
of PET at a percentage of sixty percent resulted in the strongest favorable synergy for the processing of liquid oil.
The physical and chemical properties of the liquid oil that was obtained were investigated in tandem with these
results in order to determine the fundamental qualities. When the amount of plastic in the feedstock is raised, it is
possible to determine, through the use of physical characterization, that the heating value of the oil is increased as
well. GC-MS analysis revealed that the co-pyrolysis process resulted in the presence of hydrogen and carbon-
rich compositions. This was owing to the interaction of polymers. In light of the findings, it is possible to draw
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the conclusion that co-pyrolysis as a method of converting biomass-plastic mixtures into valuable products for a
variety of uses could be an environmentally friendly strategy.
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