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Abstract:

Thermo-gravimetric analyzer (TGA) is an approach to understand the thermal degradation of
any biomass or polymer. In TGA, the thermal decomposition of any thermally degradable
item can be degraded with a specific heating rate and in the presence of nitrogen. Municipal
solid waste (MSW) consists of lingo-cellulosic and various polymers constitutes which are
thermally degradable. To convert all such MSW constitutes into energy using either
incineration, pyrolysis, or gasification, the first step is to design a reactor. For this purpose,
the estimation of Kinetic parameters is necessary. The focus of the present work is to estimate
the Kkinetic parameters of polythene, polystyrene, and polyester. So in general, various
polymers have a heating rate of 10 °C/min in a nitrogen atmosphere.

Keywords: Kinetic Parameters, Municipal Solid Waste, Polymer, Thermo-gravimetric
analyzer.

1. Introduction

The ability to convert waste into energy is crucial to meeting the needs of a growing
global population. Waste-to-energy (WTE) refers to a group of processes that may turn
almost any type of garbage into usable heat, fuel, or electricity. By avoiding the use of fossil
fuels to generate electricity, waste-to-energy reduces carbon dioxide (CO2) emissions; by
preventing methane (CH4) from being released from landfills during combustion, waste-to-
energy prevents future methane emissions; and by recovering nonferrous and ferrous metals,
waste-to-energy reduces greenhouse gas emissions.

Copyrights @Kalahari Journals Vol.7 No.11 (November, 2022)
International Journal of Mechanical Engineering
51


mailto:samit.meet@gmail.com

https://doi.org/10.56452/2022-11-005

Aparna Sarkar et al [1] studied on pyrolysis and kinetic of Newspaper wasteusing
specially design reactor on nitrogen atmosphere. Samy Yousef et al [2] focused on
estimation of Kkinetic parameter metalized food related packaging plastics waste utilizing
independent parallel processes. Botagoz Kuspangaliyeva et al [3] aimed to investigate the
thermal transformation and combustion properties of refuse derived solid fuel (RDF)
materials and its constituent compounds were gathered from MSW landfills in Nur-Sultan’s.
Newspapers can be repurposed as a gaseous fuel by a process called pyrolysis, which M. N.
A. Bhuiyan et al [4] studied extensively. V. Chhabra et al [5] reviewed by various
researchers on Kinetics of pyrolysis of mixed MSW. Thermo gravimetric analysis in nitrogen
across the temperature range of 450-900 K at heating rates of 1, 2, and 5 K/ min with two
phases of degradation was reported by Chao-Hsiung Wu et al [6].

Data on the pyrolysis properties and chemical kinetics of MSW's most essential
components was the primary focus of L. Sorum et al [7]. Based on a number of TGA studies
with cardboard, C. David et al [8] talked about the pyrolysis phenomenon. In this study, we
calculate the kinetic parameters for cardboard. Julia Molto [9] zeroed in A kinetic model has
been created and tested to describe the actions of all the runs conducted in the degradation of
old cotton fibers. R. Miranda [10] used thermo gravimetric and semi-batch pyrolysis to
investigate the thermal responses of textile waste at several heating rates. From an
engineering standpoint, Ujwala Hujuri et al [11] presented their work correlating and/or
predicting the thermal decomposition kinetics of binary and ternary mixes of PE, PP, and
PET polymers.

Samit Kumar Singh et al [12] focused on thermal degradation behavior of
Newspaper and Glossy paper using thermo gravimetric method. Samit Kumar Singh et al
[13] carried out experimental analysis of to understand thermal decomposition of cardboard
and glossy paper for estimation kinematic parameters. Samit Kumar Singh et al [14] studied
micro and macro degradation behavior of cotton waste at heating rate of 10°C/min. Samit
Kumar Singh et al [15] conducted thermal degradation studies on cotton polythene mixture
at heating rate of 10 °C/min in which degradation occurs in three stages. Samit Kumar
Singh et al [16] evaluated thermal degradation behavior of cardboard waste at 5, 10, and 15
°C/min heating rate and also ash obtained during decomposition of cardboard analyzed using
Scanning Electron Microscope (SEM).

2. Kinetic Model

The model is commonly known as the kinetic model, and it outlines the stoichiometric
alterations and the rates at which they occur in the reactor. Using the following model, we
developed a technique to determine the activation energy from a single set of dynamic TGA
data [17, 18].
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Since there is no unique answer to this equation, the Flynn-Wall-Ozawa [19]
approximation method has been used to get close.

log f=log[ AE/g(a)R]—2.315-0.457E/RT Flynn - Wall - Ozawa

In case of polymers thermal degradation, the Flynn-Wall-Ozawa method has been
utilized for determination of Kinetic constants as five different heating rates are used.

3. Experimental Procedure

TGA testing was performed on fragments of polymer ingredients which were cut into
tiny pieces of 2-3 mm of municipal solid waste (polythene, polystyrene, polyester) procured
from a local market. Using a Mettler Toledo TGA/SDTA 851e thermal system, we performed
both thermal gravimetric and differential thermal gravimetric analysis. The samples were
heated in a nitrogen gas medium at atmospheric pressure and a flow rate of 50 ml/min, and
the temperature range covered was from ambient to 600 °C at a heating rate of () 5, 7, 10,
15, 20 °C/min. For 15 minutes, the nitrogen was completely eliminated. Studies examining
the impact of the sample weight and heating rate informed the decision to use a maximum of
6 mg of sample [7, 20].

4. Result and Discussion

Polymers such as polythene, polystyrene, and polyester, which are biodegradable and
may be utilized as energy sources, are the second most abundant component of MSW
composition. Thermoplastics can undergo a phase transition to a viscous state (a polymer
melt) without a corresponding chemical reaction. The polymer melt separates into small
liquid or gaseous pieces when heated further. If these shards of liquid are heated enough, they
will disintegrate and evaporate. Chain scission is the most typical reaction mechanism for
basic thermoplastics like polyethylene, which involves the breaking of bonds in the primary
polymer chain. It is generally assumed that reactions may be represented by a first-order
Arrhenius formula. Degradation of polythene, polystyrene, and polyester occurs in a single
step.
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Fig. 1 Comparative Study between Polythene, Polystyrene and Polyester
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Figure 1 indicates comparative decomposition of polythene, polystyrene and polyester
whereas Figure 2 includes DTG curves at a heating rate () 10 °C/min.

14 Il

12

10

8 = Polythene (PE)

= Polystyrene (PS)

6 e PONyStET

4

) J

0 .

0 100 200 300 400 500 600
Fig. 2 DTG Curves
.~ 250 -
o
£
g 200 -
>
2 150 -
[<B)
i .
= 100 - M Single stage
Q
]
©
= 90 -
e}
<
0 B T T |
Polythene Polystyrene Polyester
Fig. 3 Activation Energy for Polymer Composition
Copyrights @Kalahari Journals Vol.7 No.11 (November, 2022)

International Journal of Mechanical Engineering
54



https://doi.org/10.56452/2022-11-005

520 -
x 510 +
@©
(% 500 +
'5 490 - ¢ Polythene
S 480 ~
=2 470 ~
= m Polystyrene
S 460 - ysty
g 450 -
g 440 - Polyester
= 430 ‘ \ \
£ 0 10 20 30
|_

Heating Rate (C/min)

Fig 4. Tmax Corresponding to DT Gmax Polymer Composition

Figure 3 show values of activation energy for polymer whereas Figure 4 shows the
maximum temperature corresponding to maximum decomposition rate for polythene,
polystyrene and polyester at different heating rates.

It is interesting to observe from these results that the degradation occurs in single
stage as also reported by L. Sorum et.al [7] and corresponding temperature ranges are 395-
525 9C, 410-505 °C and 400-500 °C for polythene, polystyrene and polyester, respectively. It
can be seen from Figure 1 that in case of polythene the decomposition occurs at faster rate
compared to polystyrene and polyester, respectively, which may be related to bond energy
level [21, 23]. Figure 2 represents the weight loss characteristics and DTG curves at heating
rate (B) 10 °C/min [7, 21, 22]. The value of activation energy increases with increases in
degree of transformation and the mean values of activation energy in case of polythene,
polystyrene and polyester are 195.96, 160.98 and 212.26 kJ/mol, respectively. The results
show similar trend and values as reported by J.M. Encinar [21]. The decomposition increases
with increase in heating in case of polythene, polystyrene and polyester. Compared to other
plastic, in case of PVC the more amounts of residues remain irrespective of heating rate while
in case of polythene, polystyrene and polyester after degradation more residues remain in
case of polyester [23].

5. Conclusion
1. In case of plastics, decomposition takes place in single stage.
2. The polythene decomposes at a faster rate as compared to PVC at a heating rate of
5 °C/min to 20 °C/min.
3. The activation energy corresponding to heating rate of 5 °C/min to 20 °C/min is
195.96 kJ/mol, 160.98 kJ/mol and 212.26 kJ/mol for Polythene, Polystyrene and
Polyester, respectively.
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