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INTRODUCTION dependent on fossil fuel utilization [1]. Because of this
expansion, there is a greater demand for the discovery of
alternative energy supplies that are devoid of any adverse
consumption and the wusage of energy resources effects on the planet, such as emissions of greenhouse

There has been a correlation between rising global
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gases (GHG). One of the most dependable and environ-
mentally friendly energy sources is carbon-based waste,
such as biomass [2]. Wastes from industries such as man-
ufacturing, agriculture, food production, and wastewa-
ter are all examples of diverse types of biomasses. There
has been extensive industrial use of this technology for
years, and it has also been the subject of laboratory-scale
study into the potential for converting carbonaceous
wastes towards clean energy. Some techniques include
pyrolysis, gasification, thermal cracking, and anaerobic
digestion [3]. Polypropylene (PP), a ubiquitous material
used in packaging, automotive parts, and other products,
accounts for over 30% of the world’s plastic manufactur-
ing. Based on current estimations, the global production
of polypropylene (PP) exceeds 85 million tons per year,
of which less than 10% is recycled. The remainder enters
ecosystems as pollution. Tea waste is among the many
organic wastes produced in large numbers. Tea trash is
a significant by-product of the approximately 6 million
tons of tea produced worldwide each year, the majority of
which is either discarded or ends up polluting the envi-
ronment. Environmental issues include greenhouse gas
emissions, hazardous chemical leaching, and soil pollu-
tion are caused by both polypropylene products and tea
waste [4,5]. Specifically, co-pyrolysis of PP and tea waste
has been demonstrated to improve bio-oil production;
studies have reported as much as a 25% increase in oil
yield when compared to the pyrolysis of tea waste alone;
the tea waste also improves plastic decomposition, lead-
ing to higher-quality bio-oil and as much as a 30% reduc-
tion in solid residue; microwave heating has also been
shown to reduce energy consumption; reports have indi-
cated that it can reduce energy use by 20-50% when com-
pared to traditional heating methods [6]. The absence of
oxygen in pyrolysis eliminates the need for a reaction,
making this process more advantageous for industrial
applications. Additionally, the temperature of the pro-
cess, which ranges from 350 to 650 °C, can be lower than
the temperature at which gasification occurs, which is
greater than 900 °C. The most significant distinctions
between gasification and pyrolysis can be found in these
two fundamental ideas [7]. In various industrial applica-
tions, pyrolysis is an essential economic reaction without
adverse environmental effects. The product’s constituent
parts can be classified into one of three groups, depend-
ing on the temperature at which they are implemented:
Bio-oil, charcoal, and syngas [8]. Reported that the wastes
of polystyrene (PS) and tea powder (WTP) were con-
verted into far more valuable products through catalytic
co-pyrolysis using a KOH catalyst. The production of the
product and the heating rates (17-75 °C/min) were cor-
related. WTP was in charge of generating char, whereas
PS was in charge of producing oil. According to (Erkus
& Calhan 2022) [9], activated carbon (AC) with a large
surface area is produced using microwave-assisted pyrol-
ysis (MAP), a two-stage chemical activation process. For

this aim, a special precursor material made of Tangerine
peel (TP) and spent tea waste (STW) is combined. TP
and STW were combined to create AC through the first
step of the process, which involved impregnating sam-
ples with alkali metal hydroxide. ZnCl,, H;PO,, and
KOH were then used as catalysts after this stage. Every
experiment was run for twenty to thirty minutes, using a
microwave power of between 600 and 700 watts.

Fuetal. [10] reported that to evaluate how the HZSM-5
and HY catalysts affected the co-pyrolysis performance
and product distribution of polyethylene (CP73) and
coffee grounds, a thermogravimetric analyzer equipped
with Fourier transform infrared spectroscopy and pyrol-
ysis-gas-chromatography-mass spectrometry was used.
The incorporation of HZSM-5 and HY made the dis-
integration of CP73 easier and resulted in a decrease in
the amount of leftover material it contained. Compared
to CP73, HY-catalyzed CP73 (CP73/HY) has displayed
a reduced residual content, with a reduction of 9.09%,
eliminating the influence of the mixing ratio [10]. Ben
Abdallah et al. [11] reported that a two-stage thermo-
chemical method was studied for discarded green tea
waste (GTW), with the first step being pyrolysis and the
second being thermal or catalytic cracking. Two bench-
scale reactors, one with a fixed bed and the other with
a tubular design, were linked in parallel to execute this
procedure. When applied to a fixed temperature at which
pyrolysis occurs of GTW (550 °C), high cracking tempera-
tures (700 and 800 °C) improved the gas product’s yield
and composition. Because of this, it might find numerous
applications in the biofuel and chemical production pro-
cesses, and it could even be partially recycled to improve
efficiency further [11]. Waste is transformed into valuable
resources through this process, which includes the pro-
duction of chemicals and materials that absorb pollutants.
To accurately anticipate product yields, it is essential to
take into consideration the characteristics of the feedstock
as well as the circumstances of the pyrolysis process. The
pyro-product yields from the co-pyrolysis of biomass and
polymers assisted by microwaves were predicted using a
support vector machine (SVM). Following the training
and validation of SVM models, they were applied to new
data [12]. On the other hand, co-pyrolysis is a process that
uses various waste materials as feedstock. In contrast to
the abundant polymeric waste stream represented by tire
debris, there is a correlation between the high consump-
tion rate of coffee generally and the expansion of coffee
waste material. Coffee and tire wastes can be combined
to create a bio-oil manufacturing method that has the
potential to be very successful. Specific conditions must
be fulfilled to achieve the best possible outcomes [13].
MW-assisted pyrolysis is an efficient solid waste manage-
ment approach. Hamzah et al. [6] reported that, converted
Paraffin wax (PW) and rice straw (RS) into char, gas, and
oil using MW-assisted catalytic co-pyrolysis. The catalyst
and susceptor were KOH and graphite. RS and PW (0-10
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g combination) were the feedstock. RS: PW co-pyrolysis
yields varied in char content (9.8%-22.6% by wt.), oil pro-
duction (34.1%-76.9%), and gas creation (13.2%-47.5%).
Researchers also examined how different RS: PW ratios
affected product yields, average heating rate, and feed-
stock conversion [6].

This work aims to study the effect of co-pyrolysis of
tea waste and polypropylene using microwave-assisted
co-pyrolysis on product yield, energy consumption, syn-
ergy effect, and pyrolysis index. Examining the effects of
KOH catalyst on MW-assisted co-pyrolysis of tea waste and
polypropylene, including the pyrolysis index, yields, com-
position, average heating rate, high heating value, energy
consumption, and pyrolysis reaction time, is the main
objective of this research.

MATERIALS AND METHODS

Materials

During this research, co-pyrolysis was carried out using
two distinct feedstocks. These feedstocks were biomasses
(tea waste) and heavy hydrocarbons (polypropylene) of
Indian origin. The result was the production of high-qual-
ity oil, char, and syngas. Because microwave co-pyrolysis
requires the identification of types of heavy hydrocarbons
and biomass that can be utilized, the significance of this
discovery becomes readily evident. When considering
solid waste management, the selected feedstocks are of the
utmost importance [5]. After the pyrolysis and co-pyrolysis
of tea waste and polypropylene, the graphite employed as
a susceptor in our studies, we examined the production of
bio-oil, char, and gases and the quality of these products. 10
g each of tea waste and polypropylene were used in the lab-
oratory experiments, 2 g KOH was used as catalyst, graph-
ite was used as susceptor and the microwave power setting
was 450 W. Our research aims to provide insight into the
potential of microwave-assisted pyrolysis and co-pyrolysis
for recovering energy and resources from recyclable bio-
mass and heavy hydrocarbon polymers. The temperature
was recorded every 30 seconds for the study of temperature
and heating rate profile. The microwave energy has been
calculated to be necessary for pyrolysis. To find out how
much microwave power is needed, one uses the following
equation 1[4]:

Table 1. Proximate and elemental analysis of (TW, PP)

Microwaveenergy = MW Power (450 W) x 60
x Totalpyrolysistime (min)

(1)

To find out how much of an impact synergistic effect,
or the degree to which various biomass mixtures interacted
during co-pyrolysis, we used the following equation 2:

AX =Xpxp — Xcar (2)
XL, Was calculated by using the Equation 3:
Xca,=A1B1 + A2B2 (3)

Al and A2 represent the TW and PP weight percent-
ages, respectively, whereas Bl and B2 denote the mixture’s
TW and PP mass fractions. If the AX value is more than 0,
it indicates that the synergistic impact is negative. When the
AX value is less than zero, the synergistic impact is positive
[4]. It has been determined that the following equation Can
be used to compute the pyrolysis index:

Pyrolysisindex (PI) = F, *F yyy *Fx | Pgc*P, (4)

Where P,, Pge, F,, Fy, Fypy are pyrolysis time (s),
pyrolysis energy consumption (J/s), the mass, of feedstock
(g), conversion of feedstock (%), and the higher heating
value of feedstock (J/g), respectively [4].

Analysis of Proximate and Elements for the
Characterization of TW and PP

Elements and proxy Analysis are performed on dry
samples of feedstocks, namely tea waste powder (TWP).
The chemical composition of TWP is as follows: 79.3% car-
bon, 1.7% hydrogen, 3.4% nitrogen, 0.2% sulfur, and 15.2%
oxygen, as stated in Table 1. The TWP has significant vola-
tile matter (71.0%) and fixed carbon (15.57%). Meanwhile,
TWP has little ash content and can work as a susceptor. The
PP comprises 90.8 weight percent carbon, 7.1% hydrogen,
0.1 weight percent nitrogen, and 0.0 weight percent sulfur,
while 2 weight percent oxygen makes up the compound. Its
thermal value is high because of the low concentration of
oxygen and ash in it. The PP’s volatile matter and fixed car-
bon percentages are 93.7% and 6.3%, respectively. However,
PP does not include a significant amount of ash. Ash, which
is present in, permits this change in available products by
acting as a susceptor. Table 1 shows the results of the ele-
ments and proximity analyses of TW and PP, respectively

[4].

Feedstock Proximate Analysis (wt%)

Elemental Analysis (wt%)

VM FC Ash C H N S o
Tea Waste Powder (TW) 19.8 71 9.2 79.3 1.7 34 0.2 15.3
Polypropylene (PP) 93.7 6.3 0.0 90.8 7.1 0.1 0.0 2.0
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GC-MS Analysis

The organic composition of the bio-oil byproduct of
MW-pyrolysis was examined employing gas chromatog-
raphy/mass spectrometry (Agilent 7890, 5975C). With an
internal diameter of 0.25 millimeters and a film thickness of
0.25 micrometers, the HP-5MS column, which is 30 meters
long, was designed. In 69 steps, it separated the gaseous
products of pyrolysis. To serve as the carrier gas, 0.8 mil-
limeters per minute of ultra-high-grade helium, 99.9995%,
was utilized. Peak mass spectra were compared to the NIST
library, which allowed for the identification of the chem-
ical components of bio-oil components. Other categories
have been developed for organic compounds with at least
85 percent match factors. To achieve the mass balance, sub-
stances that were either unidentifiable or poorly matched
were added to the range of already present compounds.
Standardization was performed on the fraction of peak area
for each chemical concerning bio-oil production. The peak
area percentage is sometimes displayed as the relative selec-
tivity [14,15].

Calorific Value

Feedstocks and products have calorific values, which is
the energy produced when burned under standard condi-
tions. The higher and lower heating values (HHV and LHYV,
respectively) indicate calorific values, and this reflects the
energy of the feedstock or product. When water’s latent
heat of vaporization is considered, HHV represents the
most significant heat extracted from fuel after burning.
LHV does not consider the latent heat of vaporization.
Due to the cooling process that occurs before testing, LHV
is consistently lower than HHV. This method calculated
hydrocarbon polymers, oil, biomass, and other compo-
nents HHVs [6].

Table 2. High heating value of feedstocks

Feedstock HHYV (MJ/Kg)
Tea waste (TW) 13.4
Polypropylene (PP) 447

RESULTS AND DISCUSSION

MW-Assisted  Pyrolysis and of
Polypropylene and Tea Waste

Here is the conventional method of testing using a
bomb calorimeter to determine the heating value. Biomass
(TW), heavy hydrocarbon polymers (PP), and oil yield
were tested, and HHVs were identified using this method
[6,14]. The feedstock utilized in our studies has a high heat-
ing value, as shown in Table 2, and HHVs of product oil
yield in Table 3.

Table 3 indicates the experimental result of MW-assisted
pyrolysis and co-pyrolysis of TW and PP at MW power,
which was preferred at 450 W. The studied oil, gas, and char
yields were reported. Benzene derivatives, like carboxylic
acids linked to the benzene ring, are produced in MACP by
combining the lignin and polyphenol structure of tea waste
powder with polypropylene’s hydrogen and carbonate con-
tent. The GCMS analysis of co-pyrolysis Oil of (PP:TW)
reported the Benzene, toluene, phenol, furfural, furan,
naphthaline, indene, and xylene are aromatic hydrocarbons
that can be synthesized by manipulating biomass and poly-
propylene species with MACP. The recovered oil contained
various aromatic compounds, including oxygenated mole-
cules and mono-aromatics [4,14].

By co-pyrolyzing (PP: TW) with a KOH catalyst, the gas-
eous product yield dropped to 33.6%, but the oil and char
yields rose to 34.8% and 31.6%, respectively. Using micro-
wave co-pyrolysis without a catalyst resulted in a maximum
gas yield of 41.67% by weight, see Figure 1. This is matches
with the study by (Hamzah et al., 2024a) where oil yield was
increased using the KOH catalyst, when they are co-pyro-
lyzed rice straw and paraffin wax (plastic-like) [6].

Co-Pyrolysis

Temperature and Heating Rate Profiles of MW-Assisted
Co-Pyrolysis of (TW: PP)

The temperature profiles shown in Figure 2 correspond
to the co-pyrolysis of (biomass: heavy hydrocarbons), tea
waste, and polypropylene, as shown in Table 3. The tem-
perature profiles were obtained by co-pyrolyzing the feed-
stock at a microwave power of 450 W. After 17 minutes
of operation using graphite as the susceptor; the reactant
temperature reached 701-718 C°. Experiment C4 (TW: PP)
with a KOH catalyst had the highest oil yield (34.8 wt%)

Table 3. Experimental result of MW-assisted pyrolysis and co-pyrolysis of TW and PP

Exp. Plastic Tea KOH AHR Oil Gas Char Conv. Heating Pyrolysis Pyrolysis MW

NO. PP Waste catalyst (°C/min) vyield yield yield (wt.%) value time Temp. Energy
(®) (8 (8 (wt.%)  (wt.%) (wt.%) (M]/kg) (min) (°C) (kJ)

Cl1 10 - 4.8 35 14.6 50.4 49.6 13.7 86.5 450 3114

C2 10 48.6 55.3 37.7 7 93 45.7 20 550 540

C3 10 10 - 40.4 27.95 41.67 30.38 69.62 36.7 17 718 459

C4 10 10 2 39.4 34.8 33.6 31.6 68.4 37.2 17 701 459
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Figure 1. Oil, char, and gases yields of MW-assisted pyrolysis and co-pyrolysis of PP and TW.

and heating value (37.2 MJ/Kg), even though the average
heating rates ranged from 39.4 to 40.4 °C min™. In contrast,
the gas yield is at its highest (41.67 wt%), and char yield is
at its lowest (31.6 wt%) during co-pyrolysis with no catalyst,
these results are matches with the study by (Neha & Remya,
2022) [16]. Experiments involving microwave co-pyrol-
ysis and their respective heating rate profiles are detailed
in Table 3. The graphite susceptor shows great promise in
Figure 2>s heating rate profiles because of its excellent ther-
mal stability, high average heating rate, and high heating
rates (40.4 °C/min) attained in the first co-pyrolysis phase.
The fact that non-condensable gases can be produced in
large quantities by rapidly heating samples is well-known
[17,18].

Microwave Energy Consumed and Higher Heating Values
of Co-Pyrolyzed Biomass and Heavy Hydrocarbons

We used a bomb calorimeter to measure the higher
heating values of MW Co-pyrolysis (tea waste and

polypropylene) oil, as shown in Table 3. All of the combus-
tion tests were carried out within a specific minute range.
All samples’ HHV's are provided in Table 3. Biomass, heavy
hydrocarbons, other feedstocks, and the KOH catalyst
impacted the HHV of MW-pyrolysis oil [4]. Compared
to separate pyrolysis, which requires a lot of energy and
time, microwave energy consumption is the best (459 KJ)
when used to co-pyrolyze tea waste and polypropylene.
Additionally, the reaction time is lowered.

Synergy Effect on Product Yields of MW Co-Pyrolysis

A synergistic effect occurs when the effects of two or
more substances are amplified when brought together.
Results are more impressive when accumulated than when
considered separately. Potentially, this is the end product
of chemical processes involving carbon and hydrogen-con-
taining compounds [6]. The term “synergistic effect”
describes the positive or negative impact of an interaction
between particles of different materials. Select the suitable

CO-PYROLYSIS (C4) (10 g TW+ 10 g PP
+2 g KOH + 10 g Graphite)
MW 450 W

Heating Rate 39.4 °C/min

260 1 200 1
_ 200+ CO-PYROLYSIS (C3) (10 g TW+ 10 g PP .

£ +10 g Graphite) £ 150
S 1501 MW 450 W cgi
2 Heating Rate 40.4 °C/min 2

o @ 1004
2 &
© w
£ £

50

-50 T ————— ' 0

o 2 4 6 8 10 12 14 16 18 1]

Time (min)

Time (min)

Figure 2. Temperature and Heating Rate Profiles of MW co-pyrolysis of PP: TW.
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feedstock and optimize the process to get the most out of
your pyrolytic products. Finding out how two materials syn-
ergize when pyrolyzed together is essential. Experimental
values were derived using microwave-assisted co-pyrolysis
of biomass and heavy hydrocarbons. One may obtain the-
oretical values for biomass (TW) and heavy hydrocarbons
(PP) using separate pyrolysis procedures. To find out if the
co-pyrolysis of biomass mixtures has a synergistic impact,
one can compare the experimental and theoretical values
of the parameters. By combining the effects of biomass
and heavy hydrocarbons on the two feedstocks, their com-
bined influence on pyrolysis was determined. Yields from
pyrolysis, average heating rate, and conversion are defined
below. The expected and measured product yields are dis-
played in Figure 3. Results for TW and PP from microwave

co-pyrolysis, as a result of synergy, are shown in Table 4.
When compared to co-pyrolysis without a catalyst, which
had a synergistic effect on oil yield (-17.2) and char yield
(-5.02), co-pyrolysis with a KOH catalyst had a synergistic
impact that improved oil yield (-17.0). Because the KOH
catalyst improves the oil yield, and reduce the char (1.3);
These results are matches with the study by [19].

Pyrolysis Index

Many variables affect the outcome of PI, including con-
version, feedstock mass, outstanding heating value, pyroly-
sis time, and pyrolysis energy consumption. The value can
be between zero and infinity, with more significant num-
bers indicating a higher pyrolysis efficiency. Table 5 dis-
plays the effect of MW-assisted pyrolysis individually and

15.7

15.52

Experimental and Theoritecal Yields

C3 c4

(KOH) Catalyst
Analysis of Synergy Effect on Product Yields (PP : TW)

Figure 3. Effect of synergy on product yields of polypropylene and tea waste.

Table 4. Effect of synergy on product yields of microwave co-pyrolysis of (PP: TW)

Exp.NO. Polypropylene  Tea waste (KOH) catalyst  Synergy effect  Synergy effect Synergy effect
PP (g) TW (g) (g) on oil yield on gas yield on char yield

C4 10 10 2 -17.0 15.7 1.3

C3 10 10 - -17.2 15.52 -5.02

Table 5. Pyrolysis index of MW-assisted pyrolysis and co-pyrolysis of TW and PP

Exp.NO.  Polypropylene (g) Tea Waste (g) KOH catalyst (g) Pyrolysis Time (min) Pyrolysis index

C1 - 10 - 86.5 4.4

C2 10 - - 20 76.98

C3 10 10 - 17 88.12

C4 10 10 2 17 86.58




Sigma J Eng Nat Sci, Vol. 43, No. 5, pp. 1661-1670, October, 2025

1667

100
88.12 86.58
80 76.98
>
L 604
£
@
2
©
S 40
a
20 -
44
0
T™wW PP PP: TW PP:TW

(KOH) catalyst

Figure 4. Pyrolysis index of MW-assisted pyrolysis and co-pyrolysis of TW and PP.

co-pyrolysis of (PP, TW) with and without KOH catalyst on
the pyrolysis index (PI).

Figure 4 shows the maximum pyrolysis index of co-py-
rolysis of TW: PP without using a catalyst was (88.12); it
indicates that There is an inverse relationship with the
reaction time, as the higher the PI, the lower reaction time,
compared to if the pyrolysis was individual. The effect of
the KOH catalyst was to reduce gas production, which con-
tributed to reducing the conversion rate, and this affected
the reduction of PI by a small percentage. A high PI of
co-pyrolysis of (PP: TW) represents the efficiency of the
process in terms of calorific value, reaction time, conver-
sion rate, and energy consumed [20,21].

Analysis of Products

The blends of fifty-weight percent polypropylene and
fifty-weight percent tea waste were pyrolyzed by micro-
wave to explore the synergism that occurs during the
co-pyrolysis process and its impact on the composition
of the result. Ten grams of polypropylene and ten grams
of tea waste powder were thoroughly combined in this
particular instance. Consequently, a MW susceptor of 10
grams of graphite powder was added. After collecting the
obtained liquid products, they were dissolved and then
diluted with dichloromethane. GC-MS was used to ana-
lyze the phase of the fluid sample that had been extracted
with dichloromethane. In microwave-assisted pyrolysis of
polypropylene added to tea waste in a mass ratio of 10:10
grams, the surface area of the char produced after co-py-
rolysis varied depending on whether or not a KOH catalyst
was used. Compared to MW pyrolysis, which uses a KOH
catalyst, the co-pyrolysis that does not involve the cat-
alyst has a higher internal pore area. The char from PP:
TW (123-196 m? /g) results from this. The char pore area

would have been dramatically affected by the developed
gases during the co-pyrolysis process. Following the com-
pletion of the GCMS analysis for the oil that was produced
by microwave co-pyrolysis of (PP: TW), it was discovered
that aromatic hydrocarbons were the most prevalent group
in both of the oils that were created by co-pyrolysis. (93.6
%) was the selectivity of aromatic hydrocarbons [22,23].
Cycloalkanes and alkenes were found in the oil produced
through co-pyrolysis (27%). The synergy that resulted from
the co-pyrolysis process led to the synthesis of cyclic ali-
phatic compounds and benzene derivatives. Co-pyrolysis
exhibits a high selectivity for the following compounds:
1,2,3-trimethyl benzene (17.7%), O-xylene (7.5%), ethylene
benzene (6.2%), ethylbenzene (5.8%), and naphthalene
(4.7%). A comprehensive examination of the compounds
discovered this. Co-pyrolysis resulted in the production of
carbon numbers that fell between C6 and C24, according
to the examination of the distribution of carbon numbers.
Compounds of the chemical formula C8 (31.5%), C15-C24
(22.4%), and C9 (14.4%) were discovered to be the most
prevalent in this range, these results are matches with the
study by (Neha & Remya, 2022) [16]. Approximately 88%
of the 20 carbon elements were found in the oil produced
through co-pyrolysis. The elemental hydrogen level is esti-
mated to be somewhere between 8.5 and 10.5%. Because of
the significant amount of oxygen transferred from the waste
tea into a gaseous fraction, the elemental oxygen content
was low, ranging from 0.9% to 2.9%. As a result, the high
carbon and hydrogen content of the oil produced by co-py-
rolysis increased its energy density. The result matches with
the study by [23,24] when they co-pyrolyzed rice straw and
paraffin wax (plastic-like) [6].
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CONCLUSION

Polypropylene and waste tea have emerged as poten-
tially valuable feedstocks for producing oil, gasses, and
char. The reaction had a temperature range of 700 to 718 °C.
Approximately 17 minutes was the reaction time. In terms
of oil production, it was discovered that the most effective
method was the co-pyrolysis of TW: PP with a KOH cata-
lyst. Using a KOH catalyst, the oil and char yield increased
to 34.8 wt% and 31.6 wt%, respectively. It was discovered
that the maximum pyrolysis index of co-pyrolysis of TW:
PP without using a catalyst was 88.12 after 17 minutes of
reaction time, and the maximum gas output was 41.68 wt%.
The synergy of co-pyrolysis TW: PP improved the oil yield
(-17.0) with the KOH catalyst and (-17.2) without the cat-
alyst. Also, the synergy effect improved char yield (-5.02)
without a catalyst. More of the internal pore area is present
in the co-pyrolysis process that does not involve the cata-
lyst. Consequently, the char from PP: TW (123-196 m? /g)
is produced. During the co-pyrolysis process, the gases pro-
duced would have had a significant impact on the pore area
of the char. Aromatic hydrocarbon selectivity was 93.6%.
Cycloalkanes and alkenes made about 27% of co-pyrolysis
oil. The synergy of co-pyrolysis produced cyclic aliphatic
molecules and benzene derivatives. carbon number disper-
sion. In this range, C8 (31.5%), C15-C24 (22.4%), and C9
(14.4%) compounds were most common. This work needs
further future study to fill in the gaps, for example the eco-
nomic value of converting tea waste and polypropylene into
a source of fuel or useful chemicals on a large scale.
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