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Abstract: The PVC-g-poly(POHMAC-co-VTM)-g-FesO, and its precursors were characterized based on
thermal properties comprising the initial decomposition and final decomposition temperatures and the
maximum decomposition rate temperature were studied by TG/DTG and the decomposition steps were
investigated. Then, the thermal characteristics of the final product formed via click chemistry, PVC-g-
poly(POHMAC-co-VTM)-g-Fes0, were evaluated through thermogravimetric analysis (TGA) under argon
atmosphere at 5, 10, and 15 °C/min. The studied temperature selection is 0 to 800 °C. Centered on the iso-
conversional method, the thermal degradation kinetic parameter of the energy of activation was computed
by the free model methods of the Flynn-Wall-Ozawa method (FWOQO) and Kissinger-Akahira-Sinuse method
(KAS). The predicted activation energy values ranged from 41.40 to 117.83 KJ/mol meanwhile the average
energy of activation values were computed as 85.75 KJ/mol and 72.31 KJ/mol respectively for the FWO
method and KAS method. In addition, a saturation magnetization of 33.7 emu/g was recorded using
vibration sample magnetometer (VSM).
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1. INTRODUCTION Currently, immense importance is being paid to the
stability of the polymeric material with precise
qualities of resistance to the high temperature
called thermal stability. The thermal stability of
polymeric materials can be determined based on
initial, half, and final temperatures of decomposition
via several thermal methods. Additionally, the
stability of polymeric materials by thermal means
can be substantiated by some kinetic parameters.

Thermal degradation behavior of different types of
polymeric materials has been extensively studied by

The property known as the ability of a polymeric
material to resist the action of heat and to maintain
properties such as strength and elasticity at a given
temperature is defined as the thermal stability of
polymers (1, 2). The thermal stability of polymers is
usually done by thermogravimetric analysis (TGA).
In recent years, researchers have attempted to
analyze polymeric materials by combining TGA with
FTIR or mass spectrometry (3). In the case of

polymeric materials, changes in mass can involve thermo-gravimetric analysis (TGA), differential
multiple steps. In general, the incorporation of the scanning calorimetry (DSC), differential thermal
doping material into a polymer matrix increases the gravimetry (DTG), differential thermal analysis

thermal stability of the pure polymer (4). The
thermal stability of polymers varies depending on
the degree of crystallinity, molecular weight, and
chemical structure. While it is known that effects
such as aromatic structures and cross-linking of
polymers in the polymer chain improve the thermal

(DTA), thermo-mechanical analysis (TMA), and other
techniques. Currently, thermal and thermo-oxidative
degradation of polymeric materials, composites,
and modified polymer materials has been studied
by thermo-analytical methods (7-10). Moreover,
methods of thermal analysis were applied to a great

stability of polymers, the presence of oxygen or
double bonds in the main chain reduces the thermal
stability (5, 6).

extent in analyzing the thermal aspect of polymers,
composites, and polymers modified with
nanoparticles and also, arrangements of complexes
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and polymer chelate compounds of transition metal
jons (10-12).

It is accustomed to studying the thermal
degradation of this modified polymer compound to
get hold of valuable data on the polymer-magnetic
nanoparticle bonds and stability course. TGA is the
utmost prevalent technique for computing thermal
decomposition owing to the speedy and remarkable
facts which allow the thorough analysis of the mass
fragments and the determination of the kinetic
parameters (13, 14). Thermal degradation and
kinetics of PVC have been discussed in detail (15-
18). Thermal degradation and kinetics of PVC
modified with different nanoparticles have been
argued thoroughly. The degradation Kkinetics
behavior of PVC and its blend with ZnO leads to the
decline in activation energy of the PVC due to the
physical impact of volatilization on the whole mass
loss (19). Other works of literature include (20-22).
In this communication, we focused on thermal
characteristics and kinetic studies of Fe;0, modified
with poly(vinyl chloride) via click chemistry and
compared the thermal properties of the modified
polymer and its precursors under the flow of argon
at a heating rate of 10 °C/min. The kinetics from the
results of the acquired TGA data at diverse heating
rates under non-isothermal conditions were
ascertained by the model-free methods, FWO and
KAS. The activation energy values were computed
via the aforementioned methods. The current work
evaluated the kinetic parameter such as activation
energy (E;) and thermal characteristics from
TGA/DTG data obtained. The results allowed us to
study the thermal stability values for the modified
polymer and its precursors (Figure 1).

2. METHODS

2.1. Synthesis and Technique

The novel PVC-modified FesO4 (PVC-g-poly(POHMAC-
co-VTM)-g-Fe;0,) and its precursors were
synthesized, characterized, and published
elsewhere (23). The pathway of the synthesis is
shown in Figure 1. Thermal analysis was put
through by TGA/DTG at a heating rate of 10°C/min
under argon flow and the magnetic property was
measured using the vibration sample
magnetometer (VSM) at 300 K.

2.2. Kinetics Method

Non-lsothermal thermogravimetry analysis (TGA) of
novel modified FesO, was carried out by PerkinElmer
instruments Pyris Diamond. TGA experiments were
conducted from 0 to 800 °C at diverse heating rates
of 5, 10, and 15 °C/min under an argon atmosphere.
About 5 mg of samples were used for all the TG
measurements. Figure 2 depicts the non-isothermal
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TG curves of novel PVC-g-poly(POHMAC-co-VTM)-g-
Fe3O4.

3. RESULTS AND DISCUSSION

3.1. Thermal Stability of Modified Magnetic
Nanoparticle

The thermal degradation behavior of the modified
magnetic nanoparticle  was  deduced and
deliberated. The thermal degradation (TGA/DTG)
curves of modified Fe;O, were shown in Figure 2 and
evaluated in Table 1. The initial decomposition
temperature, percentage mass losses, and residue
in the thermal decomposition of modified Fe;04 have
been examined through TG analysis at a heating
rate of 10 °C/min under an atmosphere of argon. TG
analyses were performed for weight loss in
milligrams of modified Fes;O, for raising the
temperature. Peak, initial, and final decomposition
temperatures of modified Fe;0, were pinpointed by
DTG investigation. The thermographs are depicted
in Figure 2. The thermal stability properties of
modified Fe;0, were assessed by using TGA/DTG
data over the temperature range 0-800 °C and
outcomes obtained showed good thermal stabilities
for the whole modified Fes0,compounds.

As seen from Figure 3, the thermograms of
poly(POHMAC-co-VTM) show a single-step weight
loss at a peak (Tma) of 424 °C while for
poly(POHMAC-co-VTM)-g-Fe;0, and PVC-g-
poly(POHMAC-co-VTM)-g-Fe;0,4, both show two steps
weight loss over a wide temperature range of 334
°C-413 °C and 334 °C-787 °C, respectively. The
initial temperatures of decomposition (T;) of
poly(POHMAC-co-VTM), poly(POHMAC-co-VTM)-g-
FesO,, and PVC-g-poly(POHMAC-co-VTM)-g-Fe;0,
recorded from the thermograms are 266, 280 and
275 °C correspondingly which infers that adding of
FesO, to the copolymer augment the thermal
stability of the copolymer meaningfully. Afterward
the click reaction of azide PVC with the copolymer
having Fes;0., there was an infinitesimal drop in
thermal stability which was foreseen to be an
outcome of the materialization of a 1,2,3-triazole
ring. At 330 °C, 20% of poly(POHMAC-co-VTM) have
undergone thermal decomposition but
poly(POHMAC-co-VTM)-g-Fes;0, and PVC-g-
Poly(POHMAC-co-VTM)-g-Fe;0, reaches the same
percentage decomposition respectively at a
temperature of 770 °C and 795 °C. This implies that
at a 20% decomposition state, PVC-g-Poly(POHMAC-
co-VTM)-g-Fe;0. is more stable than it is precursors.
The % residue at T¢ for poly(POHMAC-co-VTM)
recorded is 21 which was lesser than that of
poly(POHMAC-co-VTM)-g-Fe;0., indicating the
bonding of the Fe;0,4 to the copolymer. The 20% for
PVC-g-poly(POHMAC-co-VTM)-g-FesO, was  most
likely a result of a click reaction with azide PVC.
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Figure 1: Synthetic pathway and structure of PVC-g-poly(POHMAC-co-VTM)-g-Fe;0,.

2. METHODS

2.1. Synthesis and Technique

The novel PVC-modified Fe;0,4 (PVC-g-poly(POHMAC-
co-VTM)-g-Fe;0.) and its precursors were
synthesized, characterized, and published
elsewhere (23). The pathway of the synthesis is
shown in Figure 1. Thermal analysis was put
through by TGA/DTG at a heating rate of 10°C/min
under argon flow and the magnetic property was
measured using the vibration sample
magnetometer (VSM) at 300 K.

2.2. Kinetics Method

Non-lsothermal thermogravimetry analysis (TGA) of
novel modified Fes04 was carried out by PerkinElmer
instruments Pyris Diamond. TGA experiments were
conducted from 0 to 800 °C at diverse heating rates
of 5, 10, and 15 °C/min under an argon atmosphere.
About 5 mg of samples were used for all the TG
measurements. Figure 2 depicts the non-isothermal
TG curves of novel PVC-g-poly(POHMAC-co-VTM)-g-
Fe304.

3. RESULTS AND DISCUSSION

3.1. Thermal Stability of Modified Magnetic
Nanoparticle
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The thermal degradation behavior of the modified
magnetic nanoparticle  was  deduced and
deliberated. The thermal degradation (TGA/DTG)
curves of modified Fe;O0, were shown in Figure 2 and
evaluated in Table 1. The initial decomposition
temperature, percentage mass losses, and residue
in the thermal decomposition of modified Fe;O, have
been examined through TG analysis at a heating
rate of 10 °C/min under an atmosphere of argon. TG
analyses were performed for weight loss in
milligrams of modified Fe;O, for raising the
temperature. Peak, initial, and final decomposition
temperatures of modified FesO, were pinpointed by
DTG investigation. The thermographs are depicted
in Figure 2. The thermal stability properties of
modified Fe;0, were assessed by using TGA/DTG
data over the temperature range 0-800 °C and
outcomes obtained showed good thermal stabilities
for the whole modified Fe;0,compounds.

As seen from Figure 3, the thermograms of
poly(POHMAC-co-VTM) show a single-step weight
loss at a peak (Tma) of 424 °C while for
poly(POHMAC-co-VTM)-g-Fes0, and PVC-g-
poly(POHMAC-co-VTM)-g-Fes0,4, both show two steps
weight loss over a wide temperature range of 334
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°C-413 °C and 334 °C-787 °C, respectively. The
initial temperatures of decomposition (T;) of
poly(POHMAC-co-VTM), poly(POHMAC-co-VTM)-g-
FesO,, and PVC-g-poly(POHMAC-co-VTM)-g-Fe;0,
recorded from the thermograms are 266, 280 and
275 °C correspondingly which infers that adding of
FesO, to the copolymer augment the thermal
stability of the copolymer meaningfully. Afterward
the click reaction of azide PVC with the copolymer
having Fes;0., there was an infinitesimal drop in
thermal stability which was foreseen to be an
outcome of the materialization of a 1,2,3-triazole
ring. At 330 °C, 20% of poly(POHMAC-co-VTM) have
undergone thermal decomposition but
poly(POHMAC-co-VTM)-g-Fe;0, and PVC-g-
Poly(POHMAC-co-VTM)-g-Fe;0, reaches the same
percentage decomposition respectively at a
temperature of 770 °C and 795 °C. This implies that
at a 20% decomposition state, PVC-g-Poly(POHMAC-
co-VTM)-g-Fe;0. is more stable than it is precursors.
The % residue at T for poly(POHMAC-co-VTM)
recorded is 21 which was lesser than that of
poly(POHMAC-co-VTM)-g-Fes0,, indicating the
bonding of the Fe;0, to the copolymer. The 20% for
PVC-g-poly(POHMAC-co-VTM)-g-FesO, was  most
likely a result of a click reaction with azide PVC.
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Figure 2: TGA/DTG of (A) poly(POHMAC-co-VTM) (B) poly(POHMAC-co-VTM)-g-Fe;04and (C) PVC-g-
poly(POHMAC-co-VTM)-g-Fe;0.,.

922



Tukur et al. JOTCSA. 2023; 10(3): 919-928.

RESEARCH ARTICLE

Table 1: TGA/DTG evaluation of PVC-g-poly(POHMAC-co-VTM)-g-Fe;0,.

Polymer T: (°C) Tx20 Residue (%) Decomposition Tmax (°C)
at T: Stage
Poly(POHMAC-co-VTM) 266 330 21 1 424
EgigaF’OHMAC'CO'VTM)'Q' 280 770 23 2 334, 413
PVC-g-Poly(POHMAC-co-
VTM)-g-Fes0, 275 795 20 2 334,787

T, Initial decomposition temperature
To20 Temperature at 20% of decomposition

Tmax Temperature at a maximum rate of decomposition

T¢final decomposition temperature

3.2. Thermal Decomposition Kinetics Based on
Thermo-gravimetric Measurements
Non-isothermal thermo-gravimetric (TG) analyses of
novel PVC-g-poly(POHMAC-co-VTM)-g-Fes0, formed
as a result of click reaction were carried out by
PerkinElmer instruments Pyris Diamond. The
modified FesO, was subjected to heating from 0 to
800 °C at a diverse heating rate of 5, 10, and 15
°C/min under an argon atmosphere. All the TG
assessments were  followed through with
approximately 5 mg of the sample.

There exist methods, which can be detached into
two various ways such as model-fitting and model-
free for evaluating non-isothermal solid-state kinetic
information from TGA analysis that has been
effectively used for researching the kinetics of
various substances (24). The model-free methods
originated through the belief of reaction rate
reliance on temperature and conversion degree
simply devoid of creating whichever premise about
the reaction function and reaction order evading the

1o

possibility of finding erroneous kinetic parameters.
In other to examine the consequence of thermal
activation on non-isothermal decomposition kinetics
of novel PVC-g-poly(POHMAC-co-VTM)-g-Fe;0,
depending on thermo-gravimetric analysis, thirteen
conversion values from 1 to 13% by way of an
addition of 1% are practiced for the kinetic studies.
Mainly, FWO and KAS analysis methods are
extensively proven to be appropriate for model-free
methods (25-28).

Various collections of kinetic information founded on
thermal analysis and calorimetry (ICTAC)
commendations have been documented in the
literary works. One of the commendations was the
report of a-temperature curves at diverse heating
rates under an inert gas atmosphere (29). For this
purpose, the TGA curve of novel PVC-g-
poly(POHMAC-co-VTM)-g-Fe;0,4 obtained under argon
flow at diverse heating rates (5, 10, and 15 °C/min)
was shown in Figure 3.
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Figure 3: TGA curves of novel PVC-g-poly(POHMAC-co-VTM)-g-Fe;0, obtained under argon flow at different
heating rates (5, 10, and 15 °C/min).

The Flynn-Wall-Ozawa (FWO) method is gotten from
the integral isoconversional way that Flynn, Wall
(30), and Ozawa (31) suggested for the computation
of the energy of activation by Doyle’s approximation
of the temperature integral (32) as shown in
Equation (1). As for Kissinger-Akahira-Sunose (KAS)
method, the Coats-Redfern approximation is used
for the temperature integration (26) as presented in
Equation (2).

AEa Ea
In (B]=In|———|-5.331 -1.052 —
AEa Ea
ln ﬁ = - _
(TZ Rgla]| RT )
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The lines of best fit of In(B) against 1/T for the FWO
method and In(B/T?) against 1/T for the KAS method
which is achieved conditional on thermograms
determined at different heating rates, should be a
linear graph whose slope can be practiced to
calculate the energy of activation. In this research,
the TGA was controlled under the temperature
heating rates of 5, 10, and 15 °C/min, and the lines
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of best fit centered on the FWO and KAS methods
are presented in Figure 4(a)(b) correspondingly. It
can be noticed from these figures that the lines of
best fit have a linear relationship designating the
activation energy at the varied conversions
following a distinct mechanism or unification of
multiple reaction mechanisms. The slope, activation
energy (E,), and average E, are listed in Table 2.
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Figure 4: Regression lines to thermal decomposition of PVC-g-poly(POHMAC-co-VTM)-g-Fe;0, based on (A)
FWO method and (B) KAS method at 5, 10, and 15 °C/min.

As data demonstrated in Table 2, it is remarkable to
notice there is not much major change in the
activation energy achieved amid the two varied
methods. It is verified that not only one
mathematical method could be applied to evaluate
the activation energy in as much as they are
accurately chosen, and yet the value may differ to
an assertive degree. It can be accessed that the
activation energy for PVC-g-poly(POHMAC-co-VTM)-
g-Fes0, thermal degradation is in the range of
41.40-117.83 KJ/mol with changeable conversion
(1% = a = 13%). The average value is ascertained
as 85.72 KJ/mol and 72.31 KJ/mol for FWO and KAS
respectively. With the thermal degradation
proceeding, the activation energy gets increased

moderately and reaches its peak at 4% conversion
for both methods. Thus far, as the conversion is
repositioned from 3% to 4%, the equivalent
activation energy is altered from 101.63 KJ/mol to
117.83 KJ/mol for the FWO method and 87.38 KJ/mol
to 97.94 KJ/mol for KAS method, which is increased
by 15.94% and 12.09% respectively. An increase in
activation energy is noticed as the conversion is
shifted from 6% to 7%, 8% to 9%, and 10% to 11%.
All at once, the activation energy starts to drop
when the conversion value surpasses 11%. At the
conversion of 13%, the activation energies distinctly
decline to 46.87 KJ/mol for FWO and 41.40 KJ/mol for
the KAS method.

Table 2: Slope, E. and average E, deduced from FWO and KAS methods.

FWO method KAS method

a/% Slope E./KJ/mol Slope E./KJ/mol
1 9.41 74.37 7.58 63.02
2 10.32 81.56 8.48 70.50
3 12.86 101.63 10.51 87.38
4 14,91 117.83 11.78 97.94
5 14.11 111.51 11.01 91.54
6 10.49 82.90 8.16 67.84
7 11.04 87.25 8.75 72.75
8 9.64 76.19 7.48 62.19
9 11.49 90.81 9.21 76.57
10 10.58 83.61 8.49 70.59
11 11.56 91.36 9.36 77.82
12 8.71 68.84 7.27 60.44
13 5.93 46.87 4,98 41.40
Average 85.75 72.31
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Furthermore, E;-a curves of PVC-g-poly(POHMAC-co-
VTM)-g-Fe;0, obtained at diverse heating rates of 5,
10, and 15 °C/min under argon atmosphere have
been shown in Figure 5. In this condition, the
activation energies are found to be 74.37 KJ/mol for
FWO and 63.02 KJ/mol for KAS at a conversion of
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1%. The highest activation energy value is on the
FWO curve at a conversion of 4%. There is also a
corresponding increase in the activation energy
after a slight decrease at conversion values of 7%,
9%, and 11% for both the FWO and KAS curves.
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Figure 5: E.-a curves of PVC-g-poly(POHMAC-co-VTM)-g-Fe;0, were obtained at different heating rates of 5,
10, and 15 °C/min.

3.3. Magnetic Property

Figure 6 depicts the magnetization curve acquired
from the vibration sample magnetometry (VSM) of
novel PVC-g-poly(POHMAC-co-VTM)-g-Fes0,4 at 300 K
for routine magnetic measurements (33). The VSM
plot is vital evidence of the formation of PVC-
poly(POHMAC-co-VTM)-g-Fe;0,. From the plot, the
PVC-g-poly(POHMAC-co-VTM)-g-Fes0, displayed a
saturation magnetization (M;) of 33.72 emu/g which
was less than saturation magnetization (Ms) values

stated by various literature work of pure Fe;O.
nanoparticle. Several literary works were 53.24
emu/g (23), 65.0 emu/g (34), and 75.30 emu/g (35).
The lesser value acquired for PVC-g-poly(POHMAC-
co-VTM)-g-Fe;0, than the given kinds of literature
was purely due to the bonding of the PVC to the
copolymer bearing Fes;0,. A study by Tukur et al.
(36) has described that the modification of Fes;O,
with polyvinyl chloride via click chemistry shows a
saturation magnetization value of 41.55 emu/g.
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Figure 6. VSM plot of PVC-g-poly(POHMAC-co-VTM)-g-Fe;0,.

4. CONCLUSION

In this communication, a slight highlighting was put
on the thermal characterization of novel PVC-

poly(POHMAC-co-VTM)-g-Fe;0, and its precursors at
a heating rate of 10 °C/min under argon flow. Based
on TGA-DTG data and kinetics calculations were
computed at several heating rates of 5, 10, and 15
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°C/min for PVC-poly(POHMAC-co-VTM)-g-FesO, under
the study. Two descriptive model-free approaches,
FWO and KAS methods were designated to compute
the activation energy and the average values
inferred from the two methods are respectively
85.75 KJ/mol and 72.31 KJ/mol. The utmost
activation energy was realized at 4% conversion. A
saturation magnetization (Ms) value of 33.7 emu/g
was recorded using vibration sample magnetometry
(VSM). This research is anticipated to boost the
basic data for industrial application of PVC-
poly(POHMAC-co-VTM)-g-Fe;0,thermal degradation.

5. CONFLICT OF INTEREST
The authors declare no conflict of interest.
6. ACKNOWLEDGMENTS

This work was supported by the Management Unit
of the Scientific Research Projects of Firat University
(FUBAP) (Project Number: FF.23.01).

7. REFERENCES

1. Charles J, Ramkumaar GR, Azhagiri S,
Gunasekaran S. FTIR and Thermal Studies on Nylon-
66 and 30% Glass Fibre Reinforced Nylon-66. E-
Journal Chem [Internet]. 2009;6(1):23-33. Available
from: <URL>.

2. Stepto RFT, Work WJ. International Union of Pure
and Applied Chemistry Commission on
Macromolecular Nomenclature (IV. 1). Polym news.
1998;23(5).

3. Ehrenstein GW, Riedel G, Trawiel P. Thermal
analysis of plastics: theory and practice. Carl Hanser
Verlag GmbH Co KG; 2012.

4. Chrissafis K, Bikiaris D. Can nanoparticles really
enhance thermal stability of polymers? Part I: An
overview on thermal decomposition of addition
polymers. Thermochim Acta [Internet]. 2011 Aug
20;523(1-2):1-24. Available from: <URL>.

5. Hurley MJ, Gottuk D, Hall JR, Harada K, Kuligowski
E, Puchovsky M, et al., editors. SFPE Handbook of
Fire Protection Engineering [Internet]. New York, NY:
Springer New York; 2016. Available from: <URL>.

6. Krél-Morkisz K, Pielichowska K. Thermal
Decomposition of Polymer Nanocomposites With
Functionalized Nanoparticles. In: Polymer
Composites with Functionalized Nanoparticles
[Internet]. Elsevier; 2019. p. 405-35. Available from:
<URL>.

7. Mano JF, Koniarova D, Reis RL. Thermal properties
of thermoplastic starch/synthetic polymer blends
with potential biomedical applicability. ] Mater Sci
Mater Med [Internet]. 2003 Feb 1;14(2):127-35.
Available from: <URL>.

8. Wang H, Tao X, Newton E. Thermal degradation
kinetics and lifetime prediction of a luminescent
conducting polymer. Polym Int [Internet]. 2004 Jan
1;53(1):20-6. Available from: <URL>.

9. Chang TC, Yang CW, Wu KH, Wu TR, Chiu YS.
Organic-inorganic hybrid materials3

RESEARCH ARTICLE

Characterization and degradation of poly(imide-
silica) hybrids doped with LICF3SO3. Polym Degrad
Stab [Internet]. 2000 Apr;68(1):103-9. Available
from: <URL>.

10. Chaudhary RG, Juneja HD, Gandhare N V.
Evaluation of kinetic parameters from TG/DTG data
of chelate polymer compounds of isophthaoyl bis
(paramethoxyphenylcarbamide). ] Chinese Adv
Mater Soc [Internet]. 2013 Dec;1(4):305-16.
Available from: <URL>.

11. Carvalho CT, Caires FJ, Lima LS, lonashiro M.
Thermal investigation of solid 2-
methoxycinnamylidenepyruvate of some bivalent
transition metal ions. ] Therm Anal Calorim
[Internet]. 2012 Mar 3;107(3):863-8. Available from:
<URL>.

12. Sekerci M, Yakuphanoglu F. Thermal analysis
study of some transition metal complexes by TG
and DSC methods. ] Therm Anal Calorim [Internet].
2004 Nov 2;75(1):189-95. Available from: <URL>.

13. Chaudhary RG, Juneja HD, Gharpure MP.
Thermal degradation behaviour of some metal
chelate polymer compounds with bis(bidentate)
ligand by TG/DTG/DTA. | Therm Anal Calorim
[Internet]. 2013 May 21;112(2):637-47. Available
from: <URL>.

14. Padole Gaikwad GS, Juneja HD. Synthesis,
thermal degradation, and kinetic parameters
studies of some coordination polymers. | Therm Anal
Calorim [Internet]. 2010 May 31;100(2):645-50.
Available from: <URL>.

15. Xu Z, Kolapkar SS, Zinchik S, Bar-Ziv E,
McDonald AG. Comprehensive kinetic study of
thermal degradation of polyvinylchloride (PVC).
Polym Degrad Stab. 2020 Jun;176:109148. Available
from: <URL>.

16. Ephraim A, Pozzobon V, Lebonnois D, Peregrina
C, Sharrock P, Nzihou A, et al. Pyrolysis of wood and
PVC mixtures: thermal behaviour and kinetic
modelling. Biomass Convers Biorefinery [Internet].
2023 Jul 13;13(10):8669-83. Available from:
<URL>.

17. Wang Z, Xie T, Ning X, Liu Y, Wang J. Thermal
degradation kinetics study of polyvinyl chloride
(PVC) sheath for new and aged cables. Waste
Manag [Internet]. 2019 Nov 1;99:146-53. Available
from: <URL>.

18. Zhou R, Huang B, Ding Y, Li W, Mu J. Thermal
Decomposition Mechanism and Kinetics Study of
Plastic Waste Chlorinated Polyvinyl Chloride.
Polymers (Basel) [Internet]. 2019 Dec
12;11(12):2080. Available from: <URL>.

19. Altarawneh S, Al-Harahsheh M, Dodds C,
Buttress A, Kingman S. Thermal degradation
kinetics of polyvinyl chloride in presence of zinc
oxide. Thermochim Acta [Internet]. 2022 Jan
1;707:179105. Available from: <URL>.

20. Ghaebi Mehmandoust S, Alizadeh R, Babaluo AA.
Kinetic study of the poly(vinyl chloride)/titanium
dioxide nanocomposites photodegradation under

926



Tukur et al. JOTCSA. 2023; 10(3): 919-928.

accelerated ultraviolet and visible light exposure.
Polym Adv Technol [Internet]. 2014 Aug
1;25(8):799-808. Available from: <URL>.

21. Shi Z, Wang Y, Xiao T, Dong S, Lan T.
Preparation and Thermal Decomposition Kinetics of
a New Type of a Magnetic Targeting Drug Carrier.
ACS Omega [Internet]. 2021 Feb 2;6(4):3427-33.
Available from: <URL>.

22. AlFannakh H. Nonisothermal Kinetic Analysis
and AC Conductivity for Polyvinyl Chloride
(PVC)/Zinc Oxide (ZnO) Nanocomposite. Adv Polym
Technol [Internet]. 2020 Aug 17;2020:1233401.
Available from: <URL>.

23. Pekdemir ME, Tukur A, Coskun M. Thermal and
dielectric investigation of magnetic nanoparticles
functionalized with PVC via click chemistry. Polym
Bull [Internet]. 2021 Oct 17;78(10):6047-57.
Available from: <URL>.

24. Simon P. Isoconversional methods. | Therm Anal
Calorim [Internet]. 2004;76(1):123-32. Available
from: <URL>.

25. Manikandan G, Jayabharathi ], Rajarajan G,
Thanikachalam V. Kinetics and vaporization of anil
in nitrogen atmosphere - Non-isothermal condition. |
King Saud Univ - Sci [Internet]. 2012 Jul
1;24(3):265-70. Available from: <URL>.

26. Li H, Niu S, Lu C. Thermal Characteristics and
Kinetic Calculation of Castor Oil Pyrolysis. Procedia
Eng [Internet]. 2017 Jan 1;205:3711-6. Available
from: <URL>.

27. Gundogar AS, Kok M V. Thermal
characterization, combustion and kinetics of
different origin crude oils. Fuel [Internet]. 2014 May
1;123:59-65. Available from: <URL>.

28. Lim ACR, Chin BLF, Jawad ZA, Hii KL. Kinetic
Analysis of Rice Husk Pyrolysis Using Kissinger-
Akahira-Sunose (KAS) Method. Procedia Eng
[Internet]. 2016 Jan 1;148:1247-51. Available from:
<URL>.

29. Biryan F, Demirelli K. Thermal decomposition,
kinetics and electrical measurements of Poly(3-
Acetamidopropyl Methacrylate)/graphite
composites. Ferroelectrics [Internet]. 2019 Oct
3;550(1):51-75. Available from: <URL>.

30. Flynn JH, Wall LA. General treatment of the
thermogravimetry of polymers. ] Res Natl Bur Stand
Sect A Phys Chem [Internet]. 1966 Nov;70A(6):487.
Available from: <URL>.

31. Ozawa TB. Chemical Society [MI. Japan.
1965;38:1881.
32. Doyle CD. Estimating isothermal life from

thermogravimetric data. ] Appl Polym Sci [Internet].
1962 Nov 1;6(24):639-42. Available from: <URL>.

33. Foner S. Versatile and Sensitive Vibrating-
Sample Magnetometer. Rev Sci Instrum [Internet].
1959 Jul 1;30(7):548-57. Available from: <URL>.

RESEARCH ARTICLE

34. Long Y, Chen Z, Duvail JL, Zhang Z, Wan M.
Electrical and magnetic properties of
polyaniline/Fe304 nanostructures. Phys B Condens
Matter [Internet]. 2005 Dec 15;370(1-4):121-30.
Available from: <URL>.

35. Hu P, Kang L, Chang T, Yang F, Wang H, Zhang
Y, et al. High saturation magnetization Fe304
nanoparticles prepared by one-step reduction
method in autoclave. ] Alloys Compd [Internet].
2017 Dec 25;728:88-92. Available from: <URL>.

36. Tukur A, Pekdemir ME, Haruna H, Coskun M.
Magnetic nanoparticle bonding to PVC with the help
of click reaction: characterization, thermal and
electrical investigation. ] Polym Res [Internet]. 2020
Jun 18;27(6):161. Available from: <URL>.

927



Tukur et al. JOTCSA. 2023; 10(3): 919-928. RESEARCH ARTICLE

928



