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ABSTRACT
Disposable diapers have become a prominent feature of solid waste dumped in 
landfills. It is estimated that disposable diapers take anywhere between 300 to 500 
years to decompose. Despite the associated environmental challenges, a plethora 
of studies show that disposable diapers have become a popular choice for parents 
when compared with cloth diapers. Disposable diapers are argued to be more conve-
nient for parents because of their once-off use and super-absorbent ability, of which 
they are able to absorb 200-300 times the weight as compared to the cloth diapers. 
This study investigates thermal devolatilisation profiles of disposable diapers as well 
as their iso-conventional kinetic parameters, elemental and fractional composition. 
In this study, the two most dominant disposable diaper brands were sampled and 
analysed qualitatively and quantitatively. It was observed that the exterior fraction 
of both diapers showed a single peak devolatilisation at a temperature of around 
500°C, while the interior fraction showed two distinctive devolatilisation peaks ob-
served below 400°C and above 500°C. However, the pyrolysis heating rate produced 
no effect on the pyro-char fraction. Furthermore, the devolatilisation pathways of 
different types of disposable diaper fractions showed that there is a potential for 
conducting stepwise pyrolysis to promote fractional recovery of valuable products. 
Disposable diapers waste conversion can be better handled by separating the outer 
fraction (mainly fossil-based plastics and rubbery materials) from the inner fraction 
(mainly bio-based fibers and absorbents). It is further illustrated that the kinetic pa-
rameters, E and k are different for each disposable diaper fraction.

1. INTRODUCTION
Global economic growth and increasing population 

have led to a large amount of waste being generated. As a 
result, waste management systems have become overbur-
dened and more complex to manage. As indicated by Chha-
bra et al. (2016), an approximated 1300 million tonnes of 
waste is generated each year globally in urban centres and 
this figure is expected to increase to 2200 million tonnes 
by 2025. The challenge with increasing waste quantities 
is that many developing countries, particularly in Africa, 
are finding it very difficult to manage their waste. Africa is 
estimated to generate close to 125 million tonnes of muni-
cipal solid waste every year, of which only fifty-five percent 
of it is collected (Oelofse and Nahman, 2019). Oelofse and 
Nahman (2019) further argue that there will be an estima-
ted thirty percent increase in the waste generation rate in 

Africa between 2012 and 2025. The major concern is that 
investments in proper waste management and disposal 
facilities remain at the bottom of development priorities in 
many developing countries (Zurbrugg 2002, Marshall and 
Farahbakhsh, 2013, David et al.,2019 , and Moore, 2019). 
According to Arenas et al. (2019:01), “waste management 
systems in developing economies are still insufficient and 
in some cases, cause environmental problems because 
waste tends to be unseparated and disposed of in open 
landfill sites.” Landfilling, incineration and illegal dumping 
are the dominant methods of dealing with waste in many 
African countries (Achankeng, 2003, Williams, 2005, Zoe-
teman et al., 2010, Kazuva and Zhang, 2019, Kyere et al., 
2019, and Oelofse and Nahman et al., 2019). A plethora 
of scholars (McKay, 2002, Hicks, 2007, Hristovski et al., 
2007, Smyth et al., 2010, Topanou et al., 2011, Badgie et 
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al., 2012, and Idowu, 2019) have cited the issue of poor 
waste characterisation as a major stumbling-block to wa-
ste management in Africa. Topanou et al. (2011) argue 
that waste characterisation remains the key prerequisite 
for effective waste management programs. For Africa to 
better manage and benefit from their waste sector, waste 
characterisation should be highly prioritised.

Research indicates that countries worldwide should 
direct their waste management efforts towards creating 
a circular economy, and in so doing, eliminate the huge 
environmental burdens associated with poor waste di-
sposal systems (UNTHA UK, 2015). Hence, the present 
study forms part of the paradigm shift towards creating a 
“circular economy” through exploring the possibility to re-
cover valuable resources from post-consumer products. 
In this study, selected brands of disposable diapers are 
assessed in order to investigate their potential for wa-
ste-to-energy recovery. Khoo et al. (2019) indicates that 
globally, disposable diapers (categories under municipal 
solid waste) account for approximately 13% of munici-
pal waste dumped in landfills. Disposal diapers, have by 
far, become the more preferred product for parents when 
compared to cloth diapers (Krafchik, 2016, Khoo et al., 
2019, and Mendoza et al., 2019). Disposable diapers are 
argued to be more convenient for parents because of their 
once-off use and super-absorbent ability, of which they 
are able to absorb 200-300 times the weight as compa-
red to the cloth diapers. A study by Sheila (2016) revealed 
that a child uses between 6-8 disposable diapers a day, 
and this accumulates to an estimated 5500 diapers be-
fore potty training (18-30 months). Despite their demand, 
disposable diapers are cited as a major environmental 
problem and burden in the waste management system, 
especially in developing countries (Colon et al., 2011, Re-
migios, 2014, Hamad et al., 2014, and Khoo et al., 2019). 
Disposable diapers have become a threat to the natural 
environment, from both a manufacturing and disposal 
perspective. The process of manufacturing disposable 
diapers further contributes to the depletion of natural re-
sources. For instance, disposable diapers are mostly ma-
nufactured using 70% wood pulp and 30% petroleum, of 
which the latter is regarded as a finite resource and its 
combustion contributes significantly to climate change, 
(Khoo et al., 2019). Scholars have argued that the super- 
absorbent polymer (SAP) inside disposable diapers can 
take close to 500 years to decompose (Colon et al., 2011, 
Remigios, 2014, and Khoo et al., 2019).

Currently, disposable diapers are discarded mainly 
through landfilling and incineration amongst other me-
thods, which include composting and recovery of ma-
terials through recycling. However, Budyk and Fullana 
(2019:01), highlight that, “due to the high organic and wa-
ter contents of used diapers, landfill disposal and incinera-
tion are not desirable options”. Similarly, Liang et al. (2008) 
argued that the high levels of moisture inside disposable 
diapers would require more time and energy to evaporate, 
causing the incineration process to be very slow. On the 
other hand, Sun et al. (2016) dismissed the application of 
the incineration method, indicating that it produces sub-
stances such as dioxins which have a negative impact 

on the environment and human health. Composting and 
recycling of disposable diapers has been seen as more fa-
voured disposal options, especially in developed countri-
es (Mihajlović, et al., 2019). Despite this, constraints such 
as high technological costs and complex processes (Co-
lon, et al., 2011) are some of the drawbacks which add 
to the problem of managing disposable diapers. In light 
of the aforementioned, there is a need for researchers to 
look at alternative methods that are more environmentally 
friendly and economically beneficial in the management of 
disposable diapers.

In this study, kinetic pyrolysis is applied to the two most 
dominant disposable diaper brands in South Africa (Hug-
gies and Pampers) in order to assess their potential of 
waste-to-energy production. Pyrolysis involves the thermo-
chemical treatment of samples in the absence of oxygen 
at elevated temperatures, and during this process, multiple 
reactions occur, (Apaydin-Varol et al., 2014, Heydari et al., 
2015, Perera and Narayana, 2018). In addition, pyrolysis 
is also known for its production of pyro-gas, pyro-oil, and 
pyro-char (Heydari et al., 2015). Furthermore, Aboulkas et 
al. (2010:1363) highlighted that, “the first step for a sui-
table design of any polymer reactor is knowledge of the 
kinetics.” Hence, the present study uses pyrolysis to under-
stand the thermal behaviour of devolatilisation patterns of 
disposable diapers. Sharifzadeh et al. (2019) explains that 
the important characteristic of pyrolysis technologies is 
their adaptability and flexibility to accept a diverse range 
of raw materials. 

The present study therefore aims to use the model-free 
iso-conversional (Friedman and Kissinger) methods to 
identify a pyrolysis reaction model. Additionally, “iso-con-
versional methods have the potential to determine the be-
haviour of complex reactions because they are simpler in 
nature and they decrease the risks of selecting an unsuita-
ble kinetic model and of finding the wrong kinetic parame-
ters”, (Arenas et al., 2019:02). It has been mentioned above 
that most of the work has focused mainly on landfilling or 
incinerating disposable diapers; however, little attention is 
given to using thermochemical treatment as an alternative 
method. Thermogravimetric analysis (TGA) is performed 
to better understand the devolatilisation patterns of dispo-
sable diapers. Therefore, this study will apply kinetics in 
order to pursue the possibility of using this method as a 
future means of safely managing disposable diapers.

2. THEORETICAL BACKGROUND
The general material devolatilisation mathematical re-

lationship is presented as follows:

    (1)

where: m is a mass fraction, t is time, k(T) is reaction rate 
constant at temperature, T (K), and f(m) is the reaction mo-
del.

The time, t, and heating rate, β, can be related by Eq. (2).

    (2)

where: β is the heating rate, and T is the absolute tempe-
rature.
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The reaction rate constant, k, can be presented by Eq. 
(3).

  (3)

where: k is the reaction rate constant, k0 is a pre-reaction 
rate constant, Ea is the activation energy, and R is the uni-
versal gas constant.

 Therefore, by substituting Eq. (2) and Eq. (3) in Eq. (1):

  (4)

2.1 Determination of kinetic parameters
The linear mathematical analysis methods for experi-

mental results analysis were selected to estimate kinetic 
parameters (Ea and k0). This approach has advantages in 
that it is a well-established conventional application in the 
analysis of thermal devolatilisation of solids. Non-isother-
mal pyrolysis conditions were used since the experiments 
were carried out at various heating rates (10, 20, 30, 40 and 
50°C/min). Iso-conversional methods of Friedman (dif-
ferential approach) and Kissinger (integration approach) 
(Friedman, 1964; Kissinger, 1957) are used along with ma-
thematical methods for the analysis of the experimental 
results.

2.2 Friedman method
In order to establish a linear relationship, a natural loga-

rithm of Eq. (4) was employed in the equation and expres-
sed in the following equation:

   (5)

Plotting           versus   at given reaction progress, α, for 
various heating rates yields a straight line with slope     . 
Activation energy can be obtained from this slope without 
knowing the reaction function f(α). The pre-exponential re-
action rate constant, k0, is the y-intercept of a straight line. 
Friedman method is one of the model-free iso-conversional 
methods (Friedman, 1964).

2.3 Kissinger method
As for the Kissinger method, temperature values at the 

maximum devolatilisation rate of diapers are at the various 
heating rates (Kissinger, 1957). In the Kissinger method, 
Eq. 4 is modified to Eq. (6).

  (6)

A plot of                  versus           at various heating rates 
yields a straight line that allows determination of the acti-
vation energy, Ea, from the gradient of the straight line,      . 
The y-intercept can be used to estimate the pre-exponential 
reaction rate factor. Similar to the Friedman method, the 

Kissinger method is another example of a model-free iso-
conversional method.

3. EQUIPMENT AND METHOD
The samples of clean disposable diapers brands were 

collected from the Pinetown CBD and Clermont in the 
KwaZulu-Natal province, South Africa. Two diaper brands, 
namely, Huggies and Pampers, were used for the expe-
riments. Two or more units for each brand were used as 
samples for proper representation and re-testing. Additio-
nally, the diapers were sampled by hand separation (inte-
rior and exterior fractions) and were crushed by cutting into 
fine particles (diameter less than 1 mm).

The proximate analysis was done using the thermogra-
vimetric analysis, which was carried out on each diaper 
brand to determine the mass loss as temperature increa-
ses. The maximum temperature was set to 800°C. Nitro-
gen (N2) and Air were used as a carrier gas and a com-
bustion median to trace the devolatilisation profile and to 
determine ash content, respectively. A TA 60WS model 
thermogravimetric analyser (TGA) (Shimadzu, Kyoto, Ja-
pan) was used for all experiments. The calculations were 
done using the Standard Test Method for Compositional 
Analysis by Thermogravimetry: Designation: ASTM E 1131 
– 08, (2008).

4. RESULTS AND DISCUSSION
4.1 Thermogravimetric analysis

The disposable diapers brands samples were collected 
from the Pinetown CBD and Clermont areas in KwaZulu-
Natal, South Africa. The proximate analysis was carried 
out to determine the high volatile content, volatile matter, 
fixed carbon, and ash contents. The results of the proxima-
te analysis are summarised in Table 1 below. Furthermore, 
the TGA/DTG graphs of the internal and exterior fractions 
of both brands are depicted in Figures 1, 4, 6 and 9.

The TGA results in Table 1 reveal that the interior frac-
tions of both disposable diaper brands are higher in terms 
of the high volatile matter contents as compared to the 
exterior fractions. For instance, the Huggies interior frac-
tion was at 14.74 wt. % whist the exterior had 0.22 wt.%. 
On the other hand, the Pampers brand had 8.09 wt.% in the 
interior, and only 0.67 wt.% was contained in the exterior 
fraction. These high volatile matter contents in the interior 
fraction can be attributed to the materials inside the dispo-
sable diapers. The inner core layer is made up of SAP and 
wood pulp which are major absorbents of water, resulting 
in diapers being heavier as well (Wolston, 2015). Figures 
1 and 6 depict the interior fractions of both diaper brands, 
which is significantly different from the exterior fraction de-

Disposable
Diaper Brands

Interior fraction (wt.%) Interior fraction (wt.%)

High 
Volatile

Volatile 
matter

Fixed 
carbon Ash High 

volatile
Volatile 
matter

Fixed 
Carbon Ash

Huggies 14.74 61.54 10.63 13.09 0.22 88.82 8.54 2.42

Pampers 8.09 67.54 11.63 12.74 0.67 94.57 3.14 1.62

TABLE 1: Proximate analysis of the interior and exterior fraction of disposable diaper brands.

 

 
1
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FIGURE 1: Huggies Internal Fraction derivative thermogravimetric analysis (DTG), reaction progress (α) and char residue profiles.

FIGURE 2: Huggies Internal Fraction kinetic parameters profiles (Friedman and Kissinger Methods).

(a)

(c)

(b)

(d)

(a) (b)

(c) (d)
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picted in Figures 4 and 9. The latter shows each brand with 
two distinctive peaks, between the temperatures of 350°C 
and 480°C. 

The exterior fractions of both diaper brands are hi-
ghlighted in Figures 4 and 9, which only show single peaks, 
especially around the temperatures of 450°C and 500°C. 
This could be attributed to the fact that the exterior fraction 
is lighter in weight and contains mostly plastics. In addi-
tion, this is also the main devolatilisation stage, where the 
volatile matter is released. Thus, it is also supported by re-
sults in Table 1, which shows the exterior fractions of both 
brands with a higher volatile matter. The exterior fraction 
in Table 1 highlights that a volatile matter for Huggies is 
88.82 wt.% and for Pampers it is 94.57 wt.%, which are both 
higher than the interior fraction. The final devolatilisation 
zone is observed where the fixed carbon and ash are relea-
sed. According to Heydari et al. (2015), the lower devolati-
lisation rates observed can attribute to further gasification 
and char released at elevated temperatures. 

4.2 Elemental analysis
The results in Table 2 below highlight the ultimate 

analysis, which was carried out to determine the carbon, ni-
trogen, hydrogen, and sulphur contents. However, only two 
components were obtained from the Huggies and Pam-
pers diaper brands, namely carbon and hydrogen. From 
Table 2, it is observed that the Pampers diaper brand had a 
higher concentration of carbon and hydrogen for both the 
interior and exterior fraction. Table 2 notes that the exterior 
fraction had the highest carbon and hydrogen contents. 
For example, the Huggies brand had 75.89 wt.% of carbon 
whilst the Pampers brand had 78.29 wt.%. A similar pattern 
is observed with hydrogen where the Huggies diaper brand 
had 11.41 wt.% and Pampers had 11.83 wt.%. As a result, 
these observations can be supported by the results found 
in Figures 4 and 9 which show the major difference in the 
devolatilisation patterns of the exterior fractions of both 
diaper brands.

4.3 Kinetics analysis
The results obtained from the thermogravimetric 

analysis are important because they were used to obtain 
the activation energies for disposable diapers pyrolysis. 

Hence, kinetics were used to determine the conditions 
at which pyrolysis of disposable diapers could take place. 
Kinetics aided with the investigation to establish the reac-
tions of both diaper brands (Huggies and Pampers). Since 
disposable diapers contain fluff pulp polymer, super-absor-
bent gel crystals and plastics (polyethylene), these could 
react differently to experimental design. Hence, Apaydin-

Varol (2014) highlights that this data, can be used to pre-
dict the kinetics of the devolatilisation patterns and hence, 
may give an idea about the thermal behaviour of polymeric 
substances during pyrolysis that may be a useful data for 
further reactor design.

In the current study, kinetic parameters were deter-
mined by two different methods that are explained in the 
above subsections (subsections 2.3.2 and 2.3.3). Both the 
model-free iso-conversional method, differential appro-
ach (Friedman) and integration approach (Kissinger) were 
used. Thus, in order to get the most appropriate thermal 
process (pyrolysis), different heating rates of 10, 20, 30, 40, 
and 50°C/min were used in the experiments.

4.4 Friedman method
The Friedman method was used to obtain the activa-

tion energy (Ea) of the thermal heating using peak values 
on the curves as indicated in Figures, 2, 5, 7, and 10, where 
the internal and external fractions of both disposable dia-
pers brands are depicted. It is observed that the Huggies 
diaper brand had higher activation energies, especially in 
the interior fraction. For instance, the results in Figure 2 
highlight that the activation energy for Huggies internal 
fraction ranges from 215.755 kJ/mol to 55.329 kJ/mol. 
However, Figure 7 depicts that the Pampers diaper has a 
lower range of activation from 196.556 kJ/mol to 5.068 
kJ/mol. As a result, the Huggies brand in Figure 2 exhibits 
a non-linear pattern with conversion 0.1 to 0.4 higher than 
those of 0.5 to 0.9. However, the results in Figure 7 of the 
Pampers internal fraction show a V-shaped pattern, where 
conversion 0.5 is the lowest and conversion 0.8 with 0.9 is 
the highest. This indicates that where there is low activa-
tion energy it may be in the sensitive areas in the Friedman 
method.

In addition, the interior fraction has Peak 1 and Peak 
2 of both diaper brands. The Friedman method shows a 
linear pattern, especially in Peak 1 of the Huggies internal 
fraction. This pattern is observed in Figure 3. In addition, 
Peak 2 of the Huggies internal fraction exhibits a rather 
non-linear pattern. On the other hand, the Pampers diaper 
brand Peak 1 and 2 of the internal fractions are shown in 
Figure 8.

The exterior fraction of the Huggies brand had higher 
activation energy ranging from 161.716 kJ/mol to 138.559 
kJ/mol, whilst the Pampers brand had ranges of 147.357 
kJ/mol to 93.360 kJ/mol. Furthermore, Figure 5 of the Hug-
gies diaper brand shows a linear pattern of the activation 
energy as compared to the Pampers brand in Figure 10 
which has a less linear pattern.

4.5 Kissinger method
The Kissinger method of the interior fraction of both 

diaper brands is not in straight lines as compared to the 
exterior graphs. These results are observed in Figures 2 
and 7. The results are further depicted in Table 3, which 
shows the char residue, where the exterior fractions have 
smaller contents as compared to the interior fractions. In 
addition, Table 3 also correlates with the results observed 
in Figures 2, 5, 7, and 10. The results shown in Figures 3 
and 8 of the interior fraction of both diapers highlight Peak 

Interior fraction Exterior fraction

Carbon 
(wt.%)

Hydrogen 
(wt.%)

Carbon 
(wt.%)

Hydrogen 
(wt.%)

Huggies 37.35 5.45 75.89 11.41

Pampers 54.12 7.93 78.29 11.83

TABLE 2: Proximate analysis of the interior and exterior fraction of 
disposable diaper brands.
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1 with a straight line pattern as compared to Peak 2. In 
addition, this shows that due to the super-absorbent gel 
crystals and fluff pulp, the interior fraction of the diapers 
still need to be split further and analysed separately.

The kinetic parameters estimated values for both the 
Huggies and Pampers brands are illustrated in Table 4. 
As seen in Table 4, the Kissinger method exhibits higher 
activation energy, particularly in the external fraction of 
the Huggies diaper brand. For instance, the ranges are 
164.99964 kJ/mol to 166.35620 kJ/mol. However, the 
external fraction of the Pampers brand shows higher acti-
vation energy in terms of the Friedman method. For exam-

ple, the results in Table 4 depict the range as 159.71986 kJ/
mol to 157.54123 kJ/mol whereas, in terms of the internal 
fraction, for both diaper brands for the Friedman method, 
the activation energy is lower. The Huggies diaper brand 
was found at 141.35382 kJ/mol whilst the Pamper brand 
was at 109.31620 kJ/mol.

The Kissinger method shows a dissimilar pattern from 
Friedman method in terms of activation energy. Table 4 
indicates that the internal fraction of the Huggies diaper 
brand has relatively low activation energy of 6.58618 kJ/
mol whilst the Pampers brand has 122.04952 kJ/mol. The-
se results are also supported by the observation in Figure 

FIGURE 3: Huggies Internal Fraction two evolved peaks profiles (Friedman and Kissinger Methods).

(a) (b)

(c) (d)

(e) (f)

(g) (h)
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FIGURE 4: Huggies External Fraction derivative thermogravimetric analysis (DTG), reaction progress (α) and char residue profiles.

FIGURE 5: Huggies External Fraction kinetic parameters profiles (Friedman and Kissinger Methods).

(a) (b)

(c) (d)

(c) (d)

(a) (b)
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(a) (b)

(c) (d)

FIGURE 6: Pampers Internal Fraction derivative thermogravimetric analysis (DTG), reaction progress (α) and char residue profiles.

FIGURE 7: Pampers Internal Fraction kinetic parameters profiles (Friedman and Kissinger Methods).

(a) (b)

(c) (d)
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2, where the Kissinger method of the Huggies brand de-
picts an unformed pattern.

Furthermore, the results in Table 4 also show the k0 

estimation for both disposable diaper brands. Using the 
differential method (Friedman), the internal fraction of the 
Huggies diaper brand has a lower estimation as compa-
red to the Pampers brand. The results are 1.29E+14 k0 for 
the Huggies diaper brand whilst the Pampers brand had 
5.81E+09 k0. A similar pattern is observed for Peak 1 in 
Table 4. The Huggies brand shows the estimation of k0 ran-
ging from 1.20E+12 k0 to 3.82E+02 k0. On the other hand, 
the results in Table 4 illustrate that the Pampers diaper 

brand shows Peak 1 with higher estimations of 4.55E+12 
k0 and 9.08E+08 k0. 

The integration method (Kissinger) shows the internal 
fraction of the Pampers brand with higher estimations of 
1.85E+40 k0 and 1.59E+05 k0 for the Huggies brand. Finally, 
the results in Table 4 also depict that, the Huggies brand, 
in the interior and exterior fractions, has a minimal gap. For 
example, the Huggies brand had estimations of 1.59E+05 
k0 and 1.56E+70 k0. However, the Pampers diaper brand 
had estimations of 1.85E+40 k0 and 1.10E+07 k0. The inte-
gration (Kissinger) method is dependent on heating rates 
while the other is based on differentiation (Friedman). The-

FIGURE 8: Pampers Internal Fraction two evolved peaks profiles (Friedman and Kissinger Methods).

(c) (d)

(a) (b)

(e) (f)

(g) (h)
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(a) (b)

(c) (d)

FIGURE 9: Pampers External Fraction derivative thermogravimetric analysis (DTG), reaction progress (α) and char residue profiles.

FIGURE 10: Pampers External Fraction kinetic parameters profiles (Friedman and Kissinger Methods).

(a) (b)

(c) (d)
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refore, the final Ea and k0 estimations are subsequently dif-
ferent. Hence, the differential approach (Friedman) is more 
accurate since differentiation can be carried out on every 
step of the reaction progress.

5. CONCLUSIONS
It has been illustrated that disposable diapers thermal 

treatment as a waste material recovery method is possible. 
Prior to processing, it is required that the diapers are sepa-
rated into an internal fraction and external fraction since 
there are distinctive devolatilisation profiles between the 
two fractions. The present study also showed that dispo-
sable diapers consist mainly of volatile matter, while the 
ash content is relatively low. Furthermore, the interior frac-
tion has a significant high volatile content which is a result 
of the materials contained in the inner layers of the diaper 
brands. Consequently, this further proves that disposal me-
thods, such as landfilling and incinerating, are not suitable 
for disposable diapers. Subsequently, the interior fraction 
of the diaper can be further separated into two sub-frac-
tions at it has two distinctive devolatilisation peaks that 
belong to the absorbent and bio-based material fraction.
Therefore, step-wise recovery of the three main fractions, 
fossil-based (exterior fraction), bio-based (interior fraction 
fiber) and inorganic (interior fraction absorbent) need fur-
ther investigation. 

A precise study of the behaviour of the diapers under 
thermal treatment was further observed from different ki-
netic mechanism parameters obtained using iso-conven-
tional methods, namely the Friedman and Kissinger me-
thods. Since the Friedman method is independent of the 
heating rates as compared to the Kissinger method the 

Friedman method is more applicable to the present study. 
Therefore, the present study has not only illustrated the 
potential for the recovery of valuable chemical and energy 
waste products but further demonstrated the separation 
and recovery of the products during thermal conversion.
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