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Introduction

The usage of fossil fuels has recently been subject to environmental limitations, which has accelerated research into
new alternative energy sources. Biomass is one of the many alternative technologies that have been researched to
create greener fuels and has shown promise.*There has been interest in biomass as a renewable resource because of
a number of factors, most notably its affordability and accessibility. Various techniques, such as reductive combustion,
liquefaction, pyrolysis, gasification, can turn biomass into biofuel.> The use of biomass is especially intriguing when
it involves waste materials that are also potential energy sources, such as used vegetable oil, fruit seeds, sugarcane
bagasse, sugarcane straw, rice husks, coconut fibres, coffee grounds.5®

biomass-derived biofuel Pyrolysis, also referred to as pyrolysis oil, is a dark brown to virtually black liquid with a distinct
smokey odour. Its elemental makeup is similar to that of the biomass it arises from. It is a complicated mixture of
molecules that are oxygenated and contain a sizable amount of water that comes from the moisture in the biomass
and cracking reactions. Small coal particles and dissolved alkali metals from the ash may also be present in bio-oil.

The raw material utilised and the production conditions have an impact on its composition. An agueous microemulsion
known as pyrolysis oil is produced when cellulose, hemicellulose, lignin are fragmented.>*°

Pyrolysis is a biomass thermal degradation process that has received a lot of attention.!*** The literature describes a
wide range of different reactors and conditions for this process. The potential uses for bio-oil are severely hampered by
the presence of oxygen. In the case of oxygen, for instance, these effects include a reduction in the heating value, the
development of immiscibility with petroleum fuels, the development of corrosiveness and instability during long-term
storage and transit.’* An economically viable method for creating chemicals and/or fuels is biomass pyrolysis.'>'**More
than 300 organic molecules make up the bio-oil produced by the pyrolysis process.' but its processing, separation,
characterisation present technological obstacles.
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The volatile chemicals produced during pyrolysis also offer a strong potential for energy generation in the thermal
cracking process.'® Additionally, catalytic cracking, hydrogenation, steam reforming are typically required during the
upgrading process, which reduces oxygenates and is required to enhance the quality of bio-oil.>*

An important method for raising the calibre of bio-oil made from biomass pyrolysis is hydropyrolysis. Because hydrogen
is a reducing gas, cracking biomass in its presence can lower the oxygen concentration of the resulting bio-oil.2 The
characterization of bio-oil produced by the pyrolysis of a variety of waste materials, including used soybean frying
oil, used coffee grounds, sawdust, is covered in this work. Lower molecular weight fractions and a significantly lower
concentration of oxygenated and nitrogenated species were produced as a result of the thermal cracking procedure
that was carried out in the presence of hydrogen in order to upgrade the bio-oil.

Experimental Materials

The bio-oil was produced through the pyrolysis of a mixture (1: 1: 1, in mass) of waste materials, including used coffee
grounds, eucalyptus sawdust, used soybean frying oil. The solids were combined with the frying oil after being ground
to a particle size of 0.21 mm. Calcium oxide (20 mass%) and enough water were added to this combination to create a
pliable mass that could be formed into cylindrical samples (50 mm 180 mm). The samples were left to dry for a week
at room temperature.

Biomass pyrolysis and thermal cracking of the bio-oil

Another reactor (stainless steel, 20 mm in diameter and 600 mm in length) was used to treat the volatiles created
throughout the process using isothermal hydrocracking. The water phase was separated by decantation after the final
effluent was cooled to 100 C.

The effluent was condensed at 5 °C following phase separation, the aqueous phase separation process was then repeated
while the gaseous phase was discarded.

The pyrolysis was carried out once more without thermal cracking for comparison’s sake. Thus, two types of bio-oil were
produced: one at 100 °C and the other at 5 °C, both with and without thermal cracking. These samples are referred
to as OCH (Oil after Cracking obtained at 100 C-High temperature) and OCL (Oil after Cracking obtained at 5 C-Low
temperature) for those obtained after thermal cracking. OPH (Oil from Pyrolysis obtained at 100 C-High temperature)
and OPL (Qil from Pyrolysis obtained at 5 C-Low temperature) refer to samples obtained solely by pyrolysis. The four
fractions produced—OPH and OPL by pyrolysis, OCH and OCL by pyrolysis followed by thermal cracking—are shown in
Figure 1’s production scheme.Characterization of the Products, Section 2.2

The four fractions were examined using an LECO Pegasus |V (LECO, St Joseph, MI, USA) equipment for GCGC/TOFMS
analysis. At 320 °C (1 °L) with a split ratio of 1: 30, experiments were conducted in a typical split/splitless injector
(Agilent Technologies). As the carrier gas, 1 mL min-1 of helium (99.999%, Linde Gases, Porto Alegre, RS, Brazil) was
employed. The oven’s temperature ranged from 40°C to 300°C at a rate of 3°C per minute. The modulation period
(cryogenic quadjet modulator, chilled with liquid nitrogen) was 8 s, the difference in temperature between ovens 1D
and 2D was 15 C. The electron impact ionisation source and transfer line ran at 300°C and 250°C, respectively. The
detector’s acquisition frequency was 100 Hz, with a mass range of 45 to 400 Daltons.

At 70 eV, electron ionisation took place. The Pegasus 4D platform of the ChromaTOF software was used to process the
data. Using a cryogenic modulator, a DB-5 column was employed as the first dimension and a DB-17 column as the
second-dimension column.

Retention times, spatial structuring zones, mass spectral match factor (NIST library), spectrum deconvolution were
used to identify the chemicals. Since the elution area in two-dimensional (2D) space and other factors provide a higher
degree of reliability in the identification of analytes, several compounds with similarity below 700 were considered to
be identified given the spatial structure supplied by GC-GC. In order to create dispersion images and better understand
the distribution of compounds in 2D space, the data generated in the peak table were imported into the Microsoft
ExcelTM programme.

Results and Discussion
Product yields from pyrolysis and thermal cracking

The distribution of the pyrolysis products is influenced by the initial biomass as well as reaction parameters like
temperature, heating rate, reactant particle size.
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The oil fractions obtained in this study were produced using different production techniques, but they were made from
the same raw ingredients and under the same conditions. While the OPH sample was only acquired by pyrolysis, the
OCH sample was obtained through pyrolysis and thermal cracking. At a temperature of 5 C, the condensed fraction
significantly increased after the addition of thermal cracking following pyrolysis. 30% oil fractions, 50% aqueous
fractions, 20% gas phase (uncondensed, acquired via difference) make up the average yield of the pyrolysis process.
Ninety percent or so of the oil fraction in the pyrolysis process is the oil fraction that condenses at a temperature of
100 C. A distribution of around 40% of the fraction condensed at a temperature of 5 C (OCL) and 60% of the oil fraction
condensed at a temperature of 100 C (OCH) is the result of the pyrolysis process followed by thermal cracking.
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Figure |.Production Scheme of the fraction produced: OPH and OPL bye the Pyrolysis process followed by
thermal cracking

Composition of Bio-Oil Fractions

A GC/GC/TOFMS was employed to identify the four bio-oil fractions since they are extremely complex mixtures of various
chemical species created by the depolymerization and fragmentation of the major components of the biomass, which
consist of a wide range of molecular weights. According to the sorts of chemical compounds they include, the four bio-
oil fractions depicted in Figure 2 are composed of acids, aldehydes, ketones, alcohols, phenols, aromatics, cyclic and
aliphatic hydrocarbons, ethers, nitrogen compounds. When there was a greater than 750 percent match between the
spectrum of a sample and the library, the compounds were considered to be known. 214 chemicals were tentatively
identified in OCH, 324 in OCL, 84 in OPH, 312 in OPL

Some findings hold true for both the light fraction of pyrolysis and the bio-oils produced by thermal degradation (OPL-
Figure 2). Consider the fact that there is a significant amount of hydrocarbon compounds, with aromatic and aliphatic
compounds accounting for the majority (57—-79 wt%) of the products. The OPH sample, on the other hand, which was
produced by pyrolysis and condensed at 100 °C (the fraction containing heavy chemicals), is primarily made up of
ketones and nitrogens, with smaller amounts of alcohols, ethers, phenols.

Hydrocarbons are absent from this percentage. Nitrogenous chemicals are produced by the thermal breakdown of
caffeine derivatives found in coffee grounds and are found in bio-oil.
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The fractions produced by pyrolysis and thermal cracking (OCH and OCL), as shown in Figure 2, are mostly composed
of aliphatic, aromatic, cyclic hydrocarbons. The majority of the OPH fraction is made up of hydrocarbons that contain
nitrogen (46% of the area) and oxygen (47% of the area) molecules. Most of the more than 300 molecules contain
oxygen, pyrolysis bio-oils typically have an oxygen content between 45 and 50 w/w%.%2*%The type of biomass and the
process conditions have the biggest impact on how these chemicals are distributed.Bio-oil’s calorific value is decreased
and it becomes chemically unstable due to the presence of oxygenated compounds,® which restricts its usage as fuel
or in formulations for direct use in diesel cycle engines.>?®*?” They do, however, have significant increased commercial
value when separated.?

Table 1 displays the major chemicals that have been identified together with the percentage of each compound in the
bio-oil and fractions (OPH, OPL, OCH, OCL). The Appendix contains a list of the other substances found in the study’s
fractions.
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Figure 2.Percentage of peak area by chemical class for the OPH, OPL, OCH and OCL fraction

Furanmethanol (8% in area) and hexanol (2% in area) are two examples of the oxygenated molecules found in the
OPH fraction alcohols, as shown in Table 1. These two alcohols are crucial building blocks for creating a variety
of pharmaceuticals and industrial goods with significant commercial and industrial value.?® The OPH fraction also
contains benzofuran and dioxyethane ethers in percentage amounts of 2.0 and 4.0, respectively. A significant group of
heterocyclic chemicals known as benzofurans are found in many bioactive natural items, medicines, polymers. Due of
its wide variety of microorganisms, benzofuran is one of the most significant heterocyclic rings. Because of its clinical
significance, medicinal chemistry is heavily involved in the synthesis of the benzofuran ring. In addition to being an
enzyme activator and inhibitor, benzofuran also functions as an antioxidant, antibacterial, anti-inflammatory, anti-
cancer, antiviral, anti-tuberculosis agent.>°

The four research fractions—roughly 7% OPL, 4% OCH and OCL, 3% OPH—contained phenolic chemicals. These
substances are frequently used to make phenolic resins.* When added to diesel fuel formulations and/or biodiesel for
use in engines (usage of biomass-derived chemicals), they also have antioxidant and antibacterial properties that hinder
the proliferation of microorganisms, corrosion, deposits.?*** Additionally, the majority of chemical compounds that
contain oxygen are made from fossil fuels by introducing oxygen-containing functional groups to olefins by oxidation or
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hydration. Fortunately, bio-oil already contains these functional groups. Therefore, a feasible strategy for the effective
utilisation of biomass energy is to produce value-added compounds from bio-oil.

In terms of the N-compounds found only in the OPH fraction, pyrazines accounted for 25% of the total area. In the
synthesis of quinoxaline, also known as benzopyrazine, which is scarce in nature but is simple to make, pyrazine is a
crucial component that works with benzene. Due to its capacity to prevent metal corrosion®* during the production
of porphyrins,* quinoxaline and its derivatives have significant economic significance. They may be of interest to the
pharmaceutical business due to the wide range of biological features they possess.3¢38

In the OPH fraction, there were essentially no aromatic hydrocarbons. On the other hand, the alkylbenzenes in the OPL,
OCH, OCL fractions, which could be separated and used, together with the pyrazines of the OPH fraction, as a starting
point for the synthesis of quinoxaline and its derivatives, each contained around 16% of the total area.

A stronger breakdown of the heavier organic compounds into lighter organic compounds, as well as the elimination
of nitrogen from the nitrogenated compounds, were the results of the OCL and OCH fractions obtained by thermal
cracking in the presence of a mixture of argon and 5% hydrogen.** Oxygen was also eliminated (deoxygenation)
with the formation of water. The supplemental material and Figure 2 both provide illustrations of this. As a result of
thermal cracking, different C-C fragments may go through oligomerization to create olefins, which may then go through
aromatization, followed by alkylation and isomerization, to create aromatics. These hydrocarbons were represented by
percentage areas of 82 and 84 in the OCH and OCL fractions, respectively. With 81% of its area made up of hydrocarbons,
the OPL fraction produced by pyrolysis had a profile comparable to that of the OCH and OCL fractions with respect to
oxygenated chemicals.

Conclusions

In the pyrolyzed fractions, 84 chemicals in the heavy fraction and 312 in the light fraction were tentatively identified.
In order to improve the bio-oil, the vapours were thermally cracked in the presence of 5% hydrogen, 214 chemicals in
the heavy fraction and 324 in the light fraction were found. Most of the hydrocarbons created by the thermal cracking
method were aliphatic, aromatic, cyclic, giving around 80% of the weight of these compounds, which had properties
akin to those of naphtha produced by atmospheric distillation of petroleum and may be used as fuels. Hydrocarbons
with nitrogen (46% of the area) and oxygen (47% of the area)-containing compounds made up the majority of the
fractions that could only be produced through pyrolysis. The oxygenated substances included benzofuran, dioxyethane
ethers, furanmethanol, hexanol alcohols. Phenolic chemicals were present in every fraction that was examined. These
compounds are a fantastic source of raw materials for the manufacture of pharmaceuticals and industrial goods with
great commercial and industrial value when they are isolated.
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