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1. INTRODUCTION!

India's energy prices have recently increased due to rising demand from industries, including domestic, commercial, and
agricultural sectors. The continuous depletion of natural resources exacerbates this increase. Utilizing the plentiful supply of
natural waste materials, such as plastic trash, rice leftovers, and municipal solid waste, offers a potential solution. In addition
to addressing the increase in energy prices, this strategy aligns with sustainable standards and demonstrates a proactive
approach to utilizing waste for a cleaner and more effective energy production system. Rice husk, a byproduc India's
significant rice production, has high energy content and can be effectively converted through pyrolysis into

forms (Zhang et al., 2010).Research and development on biomass conversion technology must be accelerategd
effectiveness of using biomass as an alternative energy source in India (NPTEL, 2016). One key ard3 of 10
the utilization of rice husk as a feedstock for energy production. Thermochemical conversion techniqu pyrolysis,
combustion, and gasification, highly depend on temperature and heating rate, directly affecting the
According to the literature survey, a temperature range of 500-600°C is suitable for pyrolysisgwi rapid heating rate.
However, low heating rates can reduce bio-oil and increase pyro gases and char contents, inflience the degradation of
cellulose, hemicellulose, and lignin contents in rice husk (Haiping Yang et al., 2007). Fombi gasification, a suitable
temperature range is 600°C to 1100°C. This range breaks down hydrocarbons into pro s, Including water and tars,
along with combustible gases like carbon monoxide (CO), hydrogen (H.), methane f€H4), and carbon dioxide (CO;). The
direct use of producer gas in industrial applications, such as gas turbines, internal ion‘engines (ICE), and greenhouse
heating in agricultural output, is hindered by tar and other hydrocarbon compoun erature range plays a significant
role in the production of bio-oil in the pyrolysis process and producer gas,i asification process. Temperature range
plays a significant role in the production of bio-oil in the pyrolysis process roducer gas in the gasification process. Tar
content can be removed by proper sample and temperature selectjon a% ate (Rahman, 2022; Rahman et al., 2020).

|

This study highlights wastes such as rice husk, LDPE, and PET for the on of kinetic parameters using TGA and DTG
analyzers. Activation energy is determined using different di ial integral-based model-free methods. Activation
energy and heating value are crucial parameters for_estimatin best solid fuel for energy production through
thermochemical conversion methods, such as pyroly ification, and combustion. The novelty in this work lies in
studying the differential and integral methods for rice husk and low-density polyethylene (LDPE) and polyethylene
terephthalate (PET) for pyrolysis. Further analysjSusing the Comprehensive Pyrolysis Index (CPI) assesses the suitability of

solid waste for additional applications.

Importance of Isothermal and non-isothermal Kinetics

The degradation of conversion as a functio@\perature and time is expressed by isothermal kinetic equations, which are
based on Arrhenius parameters. The linK be conversion and temperature and time is captured by isothermal conversion
methods, often known as differential m s. Conversely, non-isothermal techniques, also known as integral techniques,

only characterize conversion i n-isothermal Kinetic equation as a function of time (Vyazovkin and Charles, 1988).

The isothermal equation is given as:
[ifod da
O@ da = (E)T dt+ (a—T)t ar - [1]
‘ > The non-isothermal equation is given as:

w= G, e

2. EXPERIMENTAL
2.1 Material and Methods
In this research work, the rice husk (RH) was collected from agricultural fields at Barghat (MP), India.

Other feedstock such as low-density polyethylene (LDPE) and polyethylene terephthalate (PET)
were collected from different streets of Barghat (MP) India. The samples were first washed with
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tap water and then sun-dried for 5 days to remove residual moisture. Next, it was oven-dried at 110 'C
temperature and the samples were taken for further testing and analysis.
3. METHOD

3.1. Methodology

The RH, PET, and LDPE samples underwent proximate and ultimate analysis. Proximate analysis, which
included determining water content (WC), volatile matter (VM), fixed carbon (FC), and ash content (AC),
was conducted in the muffle furnace. The calculation of fixed carbon (FC) was based on the difference.
The elemental composition of all three blended samples was determined using an elemental analyzer to
analyze carbon, hydrogen, nitrogen, and sulfur. The analysis was performed according to ASTM standards
with a CHNS analyzer (Elementar Vario EL Il1). The oxygen content was calculated by the difference.
The higher heating value (HHV) of a mixture of rice husk and low-density polyethylene at different r
was determined using a bomb calorimeter.

Five different methods were used to calculate the values of thermodynamic factors such as ghangei
enthalpy ( A H), change in Gibbs free energy ( A G), and change in Entropy ( A S) through the folldwing
equations [13].

: , AH = E, — RT 3]
AG = Eg+RTIn (*20)  [4] 0

AS = (AH;AG) [5]

Here, Kg is Boltzmann constant (1.381 x 10-2 JK™!) and h is Planck’s W 26 x 1034 J-s).

3.2 Thermo-gravimetric analysis
A thermo gravimetric analyzer (TGA 4000, PerkinElmer) was e
For each run, Al,Os crucibles were used, and non-iso
experiments. The sample was heated from room temperat
was pyrolyzed at heating rates of 10, 20, 30, and 40°C min*
3.3 Kinetic Analysis

Upon using a different approach, kineti

0 conduct pyrolysis experiments.
ditions were considered throughout the
t point of 600 °C. The selected sample
a nitrogen gas flow rate of 20 ml min™,

is of the thermal decomposition of biomass

d
waste was conducted. The reaction rate E@e pyrolysis of biomass (RH) and plastic samples
d

(LDPE and PET) can be exp&
— = K(M) X F(a) (6]

ollows (Keattch, 1995).

da
dat

Wi-W,
=
where K is the reaction
and A is a pre-expon
E. is the activatiog

e nt (K1), t is the time (min), o is the reaction conversion,
ctor (s1). R is the universal gas constant (8.314 J mol.K), and
J mol?). T indicates the temperature in Kelvin;

dT
ermal pyrolysis, the heating rate (B) can be defined as § = E, and

n is’simplified as follows:

Ea
(—5)xF@ I8l
Accurate determination of kinetic parameters is required for creating a highly effective kinetic model
that can explain the pyrolysis procedure. Utilizing TGA data at various heating rates, the activation
energy can be determined through iso-conversional (model-free) models like the KAS Equation (9),
FWO Equation (10), Starink Equation (11), Freidman Equation (12), and Tang Equation (13).
These five models were included in this study due to their widespread popularity.
3.3.1 Iso conversional methods
The iso-conversional approaches function based on the idea that the rate constant (k) is only dependent
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on temperature for a reaction and that the degree of conversion is constant. Methods for iso-conversion
might be either differential or integral (Acquah et al., 2017). In this research, five iso-conversional
techniques, including the Friedman, Tang, Starink, FWO, and KAS approaches, are used to
calculate the activation energy. All these methods have been discussed below
3.3.2 Kissinger Akahira Sunose model
AE, Eq

In (%) =In (m) & [9]

The value of kinetic parameters for each conversion is represented by the slope of the figure In p/T?
vs. 1/T. (Akahira & Sunose, 1971).
3.3.3 Flynn Wall Ozawa model

AE, Ea &
log(B) = log (Rg (a) ~2315-045722  [10] .
The value of kinetic parameter for each conversion is represented by the slope of the linear plot betwee
log () and 1/T (Ozawa, 1965). N
3.3.4 Starink model
In (ngz) = constant — 1.0008 (%) [11] O

The value of kinetic parameters at each conversion is given by the slope of the graph betyee
In B /T**2and 1/T (Kumar et al., 2019).
3.3.5 Friedman method 0
n (%) = Inf) +Ina -2 [12
n(a)—n(x)+n ~RT [12]

The Friedman equation is represented as follows;
The values of the kinetic parameters can be calculated using thi quwline carrying
u

the activation energy is produced by plotting the In(dx/dt) and rv ai, 2018).
3.3.6 Tang model

In (L) = C, — 1.001450 2

T1..894661
The value of Kinetic parameters at each conversio

[13]
iven by the slope of the graph between

In(m) (and 1/T (Singh et al., 2016).
3.3.7 Comprehensive pyrolysis i
The following comprehensive pyrol ingex (CPI) was used to quantify pyrolysis
performance:
—(R,xR,)xM;
CPI = [14]
T, ><Tp x AT,

The following paraméters gan be used to assess the performance of biomass and plastic waste pyrolysis
QI 4

Ti —initial devolatiliz time,

Rm- maxipum decomposition rate

CPI- comprehensive pyrolysis index

4.RESULTS AND DISCUSSION

4.1. Physico-chemical characterization
The proximate and elemental compositions of RH, LDPE, and PET are summarized in Table 1. The current samples consist
of a significant amount of moisture content in RH (6.75%), 0.02% in PET, and 0.6% in LDPE. In general, biomasses with
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lower moisture content (less than 10%) are favored for the pyrolysis process. The results indicated that RH represented low
volatile matter (61.8%), but PET and LDPE represented high amounts of volatile matter (87.5% and 98 wt.%) because of
high polymeric contents. High organic contents favor the higher heating value and good combustible properties as solid fuel.
It is well-identified that high volatile matter content is favorable for thermal decomposition through pyrolysis because they
are highly reactive, easily devolatize, and produce substantial amount of bio-oil. RH consists of high ash content (16.8 wt.%),
but PET and LDPE presented lesser amounts of ash content (1.8 and 0.1 wt.%). Carbon and hydrogen content were
determined through elemental analysis in RH, PET, and LDPE, resulting in 35.84 wt.% and 6.14 wt.%, 63.02 wt.% and 7.92

wt.%, 71.71 wt.% and 15.26 wt.% respectively. PET and LDPE were found to be suitable sources for the pyrolysis process
due to their high bio-oil yield and high heating value. The higher heating values observed in PET and LDPE wer

18.05 and 21.2 MJ Kg*. TGA analysis has been depicted below in Fig.1 ,2 and 3 for RH, PET, and LDPE respecti

Table 1- Physico-chemical Properties of RH, LDPE and PET.

Compositions(weight %) RH PET
Moisture 6.75 0.02
Volatile matter 61.8 87.5
Ash content 16.8 1.8 .
Fixed carbon 14.65 10.68 1.3
Carbon 35.84 63.02 71.71
Hydrogen 6.14 7.92 15.26
Oxygen 57.5 26.21 12.03
Nitrogen 0.44 0.0 0.09
Sulfur 0.1 .
H/C 2.06
o/C 1.20
HHV(MJ/kg) 14.81
Oxygen and fixed carbon= calculated by the difference
' ' ' e 10°C/min
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O Figure 1. TGA and DTG graph of Rice husk at 10, 20, 30 and 40°C/min.
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les in the provided data of RH, LDPE, and PET was examined. However,
as only reduced by 0.2% to 5.40% at this stage. However, the initial weight of all samples
5.40% at this stage. The second phase of the volatile region degradation process occurs at

4.2 Thermal Analysis by a
The degradation process o@e S
the initial weight of a|g
was only reduced by 0.2%
higher temperatures, ing from 200 to 500°C. During this stage, weight loss falls within the range of 43% to 82%. In the
third stage, weiiht Io?s at the end of the thermal process is between 1% and 10%, observed at temperatures ranging from
500 to,600°C. rmal characterization is presented in Tables 2, 3, and 4 for RH, LDPE, and PET.

Table 2 Thermal stages of rice husk (RH) in TGA analysis.

First level Second level Third level
B Start End  Weight Start End Weight  Start End  Weight
(°Cmin-1) Loss (%) Loss (%) Loss (%)
10 302 912 4 243.7 3833 48 402 793 14
20 318 921 55 248 385 45 393 604 10
30 30.15 99 5 266 397 44 401 592 9.4
40 30.19 105 3.7 273 402 43 415 600 8

Start refers to the temperature at the start of the stated decomposition process. End refers to the temperature

at the end of the stated decomposition stage
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Table 3 Thermal stages of low-density polyethylene (LDPE) in TGA analysis

First level Second level Third level
B Start End Weight Start End Weight Start End Weight
(°Cmin?) Loss (%) Loss (%) Loss (%)
10 308 100 0.2 412 493 824 510 796 2.3
20 31.7 828 0.6 437 503 53 513 605 1.3
30 317 108 1 439 515 54 521 600 1.1
40 317 130 1.2 431 522 65 529 601 1

Start refers to the temperature at the start of the stated decomposition process.

End refers to the temperature at the end of the stated decomposition stage o
Table 4 Thermal stages of polyethylene terephthalate (PET) in TGA analysi
First level Second level Tth

B Start End Weight Start End Weight Start End § Wei y t”

(°Cmint) Loss (%) Loss (%) (%)

10 301 97 1 390 467 80.2 7 35

20 302 913 0.2 438 506 63 15

30 304 99 0.4 414 486 78.1 49 06 3

40 30.12 97 0.3 418 493 81.8 7 599 2.6

Start refers to the temperature at the start of the stated decompositiol cess. BAd refers to the

temperature at the end of the stated decomposition stage

4.3 Kinetic Analysis %

Kinetics analysis for the determination of activation energy ha n ted below in Fig. 4, 5, and 6. Iso-conversional
methods were used to conduct a Kinetic investigation of the therm havior of RH, LDPE, and PET. The Flynn-Wall-
Ozawa, Kissinger-Akahira-Sunose, Friedman, Starin isg-conversional models were used to examine the TGA
data at different heating rates of 10 to 40 °C mip-
energy results caused by different kinetic parafme netic parameter in the conversion range of 0.2 to 0.8 was
calculated using the slopes of the plots in terms o %‘ 0 11 versus 1/T (weight loss). Table 5, 6, and 7 show the activation
energy values at each conversion level, as we '
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Table 5 r@
F

Conversion \ y Friedman KAS Starink Tang
N R2 E. R2 Ea R2 Ea R2 E. Rr2
olh) (kJ mol?) (kJ mol™?) (kJ mol?) (Kj mol™
0.1 106 0.99 118 0.99 116 0.99 107 0.98 119 0.99
0.2 118 0.99 119 0.99 117 0.99 110 0.99 113 0.99
0.3 113 0.99 122 0.98 121 0.99 112 0.99 118 0.99
04 112 0.99 124 0.99 112 0.99 110 0.99 119 0.99
0.5 117 0.99 127 0.99 118 0.99 108 0.98 118 0.99
0.6 111 0.99 130 0.97 117 0.97 107 0.99 119 0.99
0.7 108 0.99 131 0.98 110 0.98 108 0.99 117 0.99
0.8 119 0.99 133 0.98 122 0.98 119 0.96 113 0.99
Average 113 0.98 123 0.98 120 0.98 117 0.97 121 0.99

Table 6 Thermal degradation kinetics analysis of low-density polyethylene using iso-conversional methods.
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Differential method

Integral method

Conversion FWO Friedman KAS Starink Tang
Ea R2 Ea R2 Ea R2 Ea R2 Ea R2
(kJ mol?) (kJ molt) (kJ molt) (k3 mol?) (kJ mol?)

01 102 0.99 103 0.99 106 0.99 104 0.98 109 0.99
0.2 110 0.99 105 0.99 108 0.99 103 0.99 103 .99
0.3 112 0.99 106 0.98 105 0.99 110 0.99 106 .99
04 110 0.99 104 0.99 104 0.99 105 0.99 107
05 108 0.99 101 0.99 107 0.99 106 0.98 1 0.9
0.6 107 0.99 105 0.97 101 0.97 107 099 @ .99
0.7 114 0.99 110 0.98 108 0.98 108 0.99 09 0.99
0.8 113 0.99 103 0.98 101 0.98 109 .99

Average 109 0.98 103 0.98 105 0.99 106 0.98

Table 7 Thermal degradation kinetics analysis of polyethylene terephthalate usi

Differential method

Integral method

Conversion FWO Friedman KAS Tang
E. R2 E. E. R2 E. R?
(kI mol?) (kI mol™) (kI mol™) (k3 mol
Y

0.1 115 0.99 108 119 0.99 117 0.99
0.2 117 0.99 103 117 0.99 113 0.99
0.3 112 0.99 102 110 0.99 114 0.99
0.4 111 0.99 101 112 0.99 117 0.99
0.5 115 0.99 105 114 0.99 116 0.99
0.6 117 0.99 110 116 0.99 119 0.99
0.7 102 0.99 109 118 0.99 119 0.99
0.8 100 0.99 108 110 0.99 115 0.99
Average 111 0.98 5 114° 0.99 115 0.98
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The average activation energy values for rice husk, low-density polyethylene, and polyethylene terephthalate were determined using
the FWO method, resulting in values of 113 kJ mol?, 109 kJ mol, and 111 kJ mol, respectively. These results indicate that LDPE
and PET are more suitable as feedstock for the pyrolysis process as they have a lower activation energy requirement. In addition, the
activation energy values were also calculated using the Friedman method, resulting in 123 kJ mol, 103 kJ mol?, and 105 kJ mol*,
respectively. The KAS method resulted in 120 kJ mol, 105 kJ mol™,and 117 kJ mol, respectively; the Starink method resulted
in 117 kJ mol*?, 106 kJ mol*,and 114 kJ mol™,respectively. ; the Starink method resulted in 117 kJ mol, 106 kJ mol, and 114
kJ mol?, respectively. The Tang method reported the activation energy values of 121 kJ mol?,101 kJ mol?, and 115 kJ mol-
L respectively. These results provide a comprehensive understanding of the thermal behavior and kinetic parameters of RH, LDPE,
and PET for pyrolysis. Furthermore, it can be inferred that by comparing the results obtained from different methods,

a more accurate and reliable conclusion can be drawn about the suitability of these materials as feedstocks for pyrolysis. These results
indicate that LDPE and PET are more suitable as feedstock for the pyrolysis process as they have a lower ac%energy
requirement. The major pyrolysis process begins when Ea values for conversions in the range of 0.1 to 0.3 increasgfSharp hile Ea
values for conversions in the range of 0.3 to 0.8 indicate that the reaction has reached the charring stage@whig @ in similarly
high Ea values. The best-fitting curves for conversions between 0.2 and 0.8 are also shown in Figs. 4,5, and emonstrating that the
response mechanism is the same for all conversions. The dependency of apparent activation energy ongtempe e and conversion
ratio is confirmed by a progressive rise in apparent activation energy values with an increase in cc® tio (Nawaz & Kumar,

2022).

4.4 Pyrolysis performance index
The Comprehensive Pyrolysis Index (CPI) significantly improved with an increasing heati e. lf was observed that

an increased heating rate favors pyrolysis, as shown in Table 8. The entire Volatile Release (CPI) for RH, LDPE,
and PET at 600 °C in N, atmospheres ranged from 0.4 to 4.5, 2.02 to 8.5, and 1.6 that of the reactions
ive to the pyrolysis of all

all showed a significant increase, indicating that the high heating r
index is calculated using Equation 14. Further details on the CPI o PEdQgéand LDPE are provided in Table 8.

Table 8 CPI analysis of three di at four different heating rates.

Sample | B ; To ) Ra Rm | ATy2 | CPI

RH | 10 | 21%.2 2 -112| -810| 873 | 04
20 3694 | -216| -153 | 8L7 | 15
795 | 3762 | -3.19| -223| 757 | 34
6| 3815 | -429|-2808| 789 | 45
383.5 | 44029 | -148 | -205| 375 | 16
4055 | 454.04 | -291 | -41.09 | 382 | 24
412.3 | 466.17 | -4.26 | -63.7 | 37.2| 55
4248 | 46959 | -5.66 | -84.7 | 3811 | 7.5

@ 414.02 | 480.7 | -1.518 | -26.32 | 38.2 | 2.02
O 20 | 4315 | 4927 |-2120| -27.7| 51.8|3.61

30 | 439.1 | 498.01 | -3.067 | -46.07 | 48.02 | 5.1

Q 40 | 4487 | 5052 | -4.203 | 649 | 459 | 85
gdynamic Analysis

Rice husk ow ; is influenced by varying temperature due to the cellulose, hemicellulose, and lignin contents. Hemicellulose
primarily lose$ weight between 220 and 315 °C, while cellulose primarily loses weight between 315 and 400 °C. Lignin, on the other
hand, proves ere challenging to break down since it loses weight throughout a large temperature range (from 160 to 900 °C) and
produces a large amount of solid residue (40 wt%). From the perspective of the energy used during the pyrolysis process (Haiping
Yang et al., 2007). The weight loss peaks of the hemicellulose and cellulose decompositions are the first and second absorption peaks
of the DTG curve. The differential thermo-gravimetric (DTG) analysis of RH, LDPE, and PET is shown in

Fig. 2-4 as a function of temperature at four different heating speeds of 10, 20, 30, and 40 °C min™. At lower temperatures, the rate
of mass loss is quite modest; nevertheless, it increases during the second stage of the process. Due to the production of char at 500°C,
the rate of mass loss is once again modest. The DTG peaks are visible in the RH sample at 356, 369, 376, and 381°C at heating rates
of 10, 20, 30, and 40 °C min in the second stage of degradation, and LDPE at temperature peaks at 480, 492, 498, and 505 °C, and
polyethylene terephthalate at a peak temperature of 440, 454, 466, and 469°C respectively. The location and size of the DTG peak are
affected by the heating rate. By examining Fig. 1, 2, 3, an increase in heating rate results in the peak shifting towards a higher
temperature because the response time is shorter at higher heating rates, meaning that a higher temperature is needed for deterioration
(Chen et al., 2022).For common biomasses such as sawdust, seaweed, almond fruit,and garlic husk, similar observational trends in




TGA and DTG curves have been noted (Olszak-Humienik & Mozejko, 2000; Agnihotri et al., 2022). Peak decomposition temperatures
are 307°C,314.54 °C, 320.81 °C, and 330.86 °C for the heating rates of 5°C,10°C, 15°C, and 20°C min%, respectively. The breakdown
reaction of RH, LDPE, and PET is also inferred from the TG and DTG plots to follow a multi-step kinetic reaction mechanism with
several inflection points. The slight increase in peak temperatures indicates that increasing the heating rate did not influence the form
of DTG profiles or the quantity of mass loss [Vyazovkin et al.2020]. This increase in maximum decomposition temperature with
increasing heating rate might be attributable to increased heat transport constraints. A higher heating rate indicates that the quantity
of time the biomass is kept at a specific temperature is significantly shorter, resulting in uneven heating throughout the volume of the
biomass. As a result, a higher temperature is required to complete the degradation of the same amount of biomass at higher heating
rates (Singh et al., 2020). The thermodynamic parameters and their interaction might be utilized to describe distinct phases of biomass
breakdown efficiently. Equations 1-3 were used to calculate the thermodynamic parameters obtained for each model-free iso-
conversional technique. For several models, the variance of change in enthalpy (AH) and change in Gibbs free energy (AG) values
has been estimated. The change in enthalpy (H) in a chemical reaction represents the energy difference between twnts and

products. It also provides information on whether the reaction is exothermic or endothermic. In this study, there is v ittle (~ 5 kJ
mol?) energy between activation energy and change in enthalpy,
indicating that the chemical reaction begins quickly. The low difference between activation energy (Ea) @d e ) facilitates
the synthesis of activated complexes and shows that the products are readily produced with minimal additional ent yazovkin et
al., 2020). The change in Gibbs free energy (G) change of any system at a specific temperature and press etermine the
maximum amount of work. It's a thermodynamic "state function™ that demonstrates how much energy
(Kumar et al., 2020).Table 9, given below, illustrates the frequency factor and thermodynamic '@ e selected samples. It

indicates that a change in entropy (S) value means the material has crossed the energy barrier and is approaching equilibrium. The
material is less reactive in this state, and product formation takes a long time. A high value ), e other hand, indicates that
the material reacts quickly and produces a product in less time (Ruvolo-Filho & Curti, 2006). dency for AS to take on positive
values also corresponds to the tendency for the decomposition process to become m is rly, primarily as a result of the
devolatilization phase, which necessitates a gradual increase in energy input until all ave broken free from the solid. The
reaction suffers less resistance because of lower levels of disorderliness, as indi
conversions, which are consistent with earlier results (Kumar et al., 2020). Th
reaction. The results for distinct thermodynamic parameters that were calculatedyusing five different iso-conversional model-free
approaches were very similar, supporting the validity of the thermodynangic nd the findings. The pyrolysis reaction may be
thoroughly examined using these data and conclusions linking ¢ es’i modynamic parameters to various phases of the
breakdown mechanism. Thermodynamics characterization analyzed T s been depicted below in Table 9, and nomenclature
has been given in Table 10.

Table 9 Thermodynamic parameter of alhthree samples with five different methods.

Methods
on used during the analysis from 0.1 to 0.8

LDPE PET

A AH AG AS A AH AG AS

KAS 3.6E+11 100 116 -0.038 26E+8 111 126 -0.052

FWO 2.@ 1.7E+10 103 119 -0.047 28E+10 105 116 -0.049

FRIE@QE+16 118 137 -0.074 12E+16 98 117 -0.040 2.7E+11 100 118 -0.055

NK 76E+15 111 129 -0.070  15E+19 101 115 -0.042 25E+10 98 114 -0.065

TANG 6.4E+15 115 135 -0.078  24E+13 95 105 -0.050 2.1E+9 109 126 -0.057

*AH-kJ mol™; AG-kJ mol; AS-kJmol* K™,

5. CONCLUSIONS

The present study provides valuable insights into the thermal decomposition properties of different wastes at various heating rates by
utilizing both the differential and integral methods. The kinetic parameters, including activation energy and pre-exponential factor,
were successfully determined. The average activation energy values for RH, LDPE, and PET were determined using the five different
methods, resulting in the value range of 113-123 kJmol, 101-109 kJ mol-, and 105-117 kJ mol, respectively. These results indicate
that LDPE and PET are more suitable as feedstock for the pyrolysis process as they have a lower activation energy requirement. The
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average values of thermodynamic triplets such as AH, AG, and AS are recorded in the range of 99.4- 113 kJ mol?, 105-131 kJ mol,
and -0.043 to -0.07, respectively. This indicates that the reaction is endothermic and non-spontaneous in nature.

Additionally, the parameters of thermodynamic parameters and pyrolysis performance index of all three sampleswere thoroughly
analyzed by kinetics. The kinetic analysis of all materials used in this work is significant and helpful for the design of a contemporary
pyrolysis reactor.

6. Scope of study and future recommendation

The present study makes significant contributions to the understanding of waste selection for thermochemical conversion procedures,
such as gasification, pyrolysis, and combustion. . By assessing the temperature range and heating rates, Thermogravimetric Analysis
(TGA) and Derivative Thermogravimetry (DTG) can help determine the optimal conditions for endothermic or exothermic reactions
during pyrolysis and gasification. This method reduces expenses for further processing and saves time. Furthermore, the study is
enhanced by the inclusion of Comprehensive Pyrolysis Index (CPI) data, providing details on higher heating valugsg”and thermal
stability. These results facilitate well-informed decision-making for upcoming energy production projects. While the's 0es not
explicitly discuss the use of software tools to forecast activation energy or thermal stability (entropy or enthalp phasizes the
importance of these concepts for a thorough investigation. L
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NOMENCLATURE ;
kJmol-1 KiloJoule mole-1

FWO Flynn-Wall-Ozawa

KAS Kissinger-Akahira-Sunose

TG Thermogravemetric @
DTG Derivative Thermogravemgtr

K Kinetic rate cons

C/min

PET

LDPE

RH

CHNS bon drogen nitrogen sulphur
A G bs free energy

A s Entropy

Ea activation energy

A H Enthalpy

HHV Higher-heating vvalue

WC Water content

VM volatile matter

FC Fixed carbon

AC ash content

CPI Pyrolysis performance index
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