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Abstract—This study reveals the physicochemical characteriza-
tion and catalytic behavior of locally available sodium bentonite
clay. The clay was treated with hydrochloric acid to identify the
characteristics. This paper explains XRF, FT-IR, XRD, SEM, and
TGA characterization of commercially available sodium bentonite
clay, a potential catalyst for thermo- catalytic pyrolysis in waste
plastic valorization. Phase identification, structural prop- erties,
and chemical compositions were investigated. Less value of a loss
on ignition (LOI) was found as 9.8% by weight which shows better
acceptance performance for thermo- catalytic process of plastic
wastes recycling. SiO, (52.55%), Al,O; (15.34%), and Fe203
(11.92%) three major compounds were identified by XRF and
satisfy the XRD pattern. Spectra show that at 1009.25 c¢cml,
1032.05 cm—! and 1112.90 cm~! band positions are strong
bands of Si-O stretching of monosubstituted and tetrahedral

compounds. Alcohols and phenols group of compounds have
sharp band positions of H- O-H stretching at 3620.59 cm1

and 3695.17 cm~l. The maximum average crystallite size was
found 26.55 nm for 25.09° (2@) absorption. The morphology
indicates that the presences of large particles are in the form of
agglomerates. The high weight percentage of SiO2 and CaCO3
were spotted respectively 45.40% and 42.18% by weight for raw
clay in the scanning electron micrograph. After acid treatment, it
was found that the % weight of CaCO3 was decreased as 20.99%
and % weight of SiO: was increased as 48.88%. Thermo
gravimetric graph shows that the reliable temperature range is
450°C to 500°C, which satisfies the pyrolysis process temperature
range. The objective of this paper is to explore the similar
utilization of the montmorillonite group of clay as a catalyst and
useful engineering aspects for recycling plastic wastes.

Index Terms—sodium bentonite,
characteristics, pyrolysis, plastic wastes

catalyst, physicochemical

1. 1. INTRODUCTION

Naturally occurring clay minerals such as bentonite, di-
atomite, smectite, kaolinite and fullers earth may be used as a
substitute for activated carbon as an adsorbent, due to their
good adsorption properties and low cost. There are two types
of bentonite are found swelling type bentonite or sodium
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bentonite and non-swelling type bentonite or calcium ben- tonite.
Most of the bentonite foun d worldwide is of calcium type [1-5] .
Sodium bentonite is canonicalized compound, the bond donor
count of hydrogen and bond acceptor of hydrogen count is 1 and
13 respectively. Bentonite is in the form of an aluminum
phyllosilicate developed frequently from the conversion of
volcanic ash, principally consists of smectite minerals, mainly
montmorillonite (80-90 % by weight). When montmorillonite
comes in contact with water can expand several times by its
original volume. The offbeat characteristics of bentonite ;
swelling, absorption/adsorption have increased their demand in
different industries such as a binder, fillers of paper, nano -clays,
catalyst, sealant, detoxifier, bleaching earth, pharmaceutical
products, etc. The chemical structure varies with the type of water
in which ash had fallen. Due to type and amount of impurities
present, nature of exchangeable cations and the difference in the
degree of chemical substitution of smectite structure the physical
and chemical properties of clay minerals and clay deposits differ
in nature. It is impossible for two or more deposits of the same
clay minerals. Also, different clay samples from the same
deposits have not the same chemical properties [6-7]. The
common impurities in bentonite are calcite, feldspar, cristobalite,
quartz, mica, ferrous carbonate and pyrite [8]. The deterioration
temperature of sodium bentonite and calcium bentonite is about
to 1180°F and 600°F respectively. The molecular weight of
sodium bentonite is 422.286 g/mol and the reaction of cereal
remains unaltered at temperature up to 900° F[9] .The present
paper reveals the structural behavior of sodium bentonite by spec-
troscopic method. The looking interest rationalizes for better
applications of clays by the different instrumental techniques of
characterization. The different types of physicochemical
properties are calculated through FTIR, XRF, XRD, and SEM.
The objective of this work is to demonstrate the chemical
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composition, phase identification, and infrared spectrum of
absorption or emission of sodium bentonite. It is essential to
identify the behavior and adsorption capacity of clay samples in
catalyzed reactions for better utilization. Change in infrared
spectrum provides information on the mechanism as the differ-
ence of the spectra of nano -particles adsorbed on the surface of
the clay. The physic-chemical properties are also calculated for
further understanding of samples useful for the thermo- catalytic
waste valorization of plastic wastes. The cost of the sodium
bentonite clay is comparatively lower as compared to the
kaolin. A comparative analysis is done throughout the
impurities present in the samples for an effective influence  of
clays used as the catalyst in thermo- catalytic pyrolysis of waste
plastics valorization.

II. 2. EXPERIMENTAL WORKS

2.1 Materials

Sodium bentonite belongs to the smectite group of clay has a
similar structure of pyrophyllite. The clay used in this study was
procured from Heilen Biopharm Pvt. Ltd, Gujrat, India. The
composition of the sodium bentonite sample is as follows:
52.55% Si0;, 15.34% Al,03, 0.29% K> O, 11.92% Fe,03, 1.6%
TiO2, 2.75 % MgO, 1.4% CaO, 0.06% P;0s, 0.01% Cr203,
3.22% Na0, and 9.8% loss on ignition. Some impurities like
quartz, mica, and feldspar are also present in the sample.

III. 2.2 CHARACTERIZATION TECHNIQUES

To determine the total volatile content (loss on ignition) 50
gm of clay sample was taken and by using muffle furnace  at
the temperature 700°C for 1 hour the loss on ignition was
calculated 9.8% for sodium bentonite. The sodium bentonite
sample was characterized by X-Ray Fluorescence (XRF), X-
Ray Diffraction (XRD) and Fourier Transformed Infrared
Spectroscopy (FT-IR). The elemental analysis data of the clay
samples were obtained through XRF PW2400 model of Phillips,
scintillation detector having current 40 mA, voltage 40 mV, and
rhodium anode X-ray tube. A Rigaku ULTIMA IV Powder X-
Ray Diffractometer was used for XRD data collection with 20
measuring range -3° to 162°(maximum), minimum step size
0.0001°, goniometer radius of 285 mm, X-ray generator of
maximum rated output 3 kW, rated tube voltage 20-60 kV, focus
size 0.4 x 12 mm and employing Bragg-Brentano and parallel
beam optics. The XRD pattern was obtained at room
temperature in the range of 10° to 90°, with basic accuracy +2°.
X-ray of wavelength 1.540598 A’ is applied. FT-IR high-
resolution data were collected by using a Model- SPECTRUM
100 of Perkin Elmer, auto-calibrated and traceable to AnC-38.
The Model has accessories HATR (horizontal attenuated total
reflection) and DRIFT (diffuse reflectance system). Data is
recorded on K-Br pellets with a resolution of 4 cm™ in the range
of 450 cm’! to 4000 cm™ SEM analysis was recorded by LEO
S430 scanning electron microscope attached with energy
dispersive X-ray analyzer model OXFORD LINK ISIS. Model
STD 2964 computerized TA machine was used for thermal
analysis and a-Al, O3 was used as the reference material under
atmospheric conditions.
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IV. 3. RESULTS AND DISCUSSIONS

3.1 Loss on ignition test (LOI)

50 gm of each sample was taken for the loss on ignition test.
Most of the researchers used the kaolin clay in alteration of
plastic wastes to gain useful hydrocarbons tested for liquid
transportation fuel. The pyrolysis technique was used by several
for temperature ranges from 500°C to 800°C. The degradation
process of plastic wastes besides with catalyst can be done to
obtain high-quality products at low temperature
[10]. Sodium bentonite has 9.8% LOI by weight. Muffle furnace
was set on before doing a test for two hours to reach the
temperature at 900°C. Kaolin clay sample and sodium bentonite
samples of 50 gm were treated for 1 hour separately and weighed
as 44 gm and 45.1 gm respectively by using electronic weight
measuring instrument. This is done three times for separate parent
clay samples. Less value of LOI for sodium bentonite shows that
the acceptance performance as a catalyst using in waste plastic
valorization is better than the kaolin clay. The pyrolysis technique
was used by several for temperature ranges from 500°C to 800°C.
The degradation process of plastic wastes besides with catalyst
can be done to obtain high-quality products at low temperature
[10]. Sodium bentonite has 9.8% LOI by weight.

3.2. X-ray Fluorescence Characterization

The XRF data of sodium bentonite shows that the base
anhydride of sodium hydroxide NayO is richer than the kaolin
sample, which is the useful sign for using as a catalyst in the
waste valorization of plastics, has good tendency to enhance the
pyrolysis process. Figure 1 shows the chemical compositions of
high contents. Nickel (II) oxide is also traced which clarifies that
the sodium bentonite has an important role in the pyrolysis
process, however, Li et al. studied that the weight loss of biomass
components occurred at low-temperature range and reduction in
activation energy was observed. Also, Nano-NiO has a better
catalytic effect than micro-NiO particles [11]. Table I represents
the components of the sodium bentonite for the studied sample.
The influence of CaO as a catalyst was studied by Investigations
showed that the CaO plays an important role in pyrolysis for
better outcomes [12-15]. The rich presence of CaO enhances the
quality behaviour of sodium bentonite over clays. Existence of
magnesium oxide is supporting the good catalytic behaviour of
sodium bentonite in the pyrolysis reaction. [15-17].
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Figure 1. Major chemical compounds present in the clay sample
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TABLE L.
Compositions of Clay samples based on XRF (in weight (%))

Sodium bentonite
Chemical compounds %WEIGHT
Si02 52.55
Al203 15.34
K20 0.290
Fe203 11.92
TiO2 1.620
MgO 2.750
Na20 3.220
CaO 1.400
P205 0.060
Cr203 0.010
NiO 0.020

satisfy the XRF analysis. Triclinic (anorthic), monoclinic, cubic
and orthorhombic crystal structures at different absorptions reveal
the phase identification of the sample.
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3.3. FT-IR characterization of sodium bentonite
In this study from the IR spectra of the sodium bentonite, the
absorption band at 3695.17 cm! is due to stretching vibration of
O-H groups and relates to alcohols and phenol type of
compounds shown in figure 2. A sharp band appears caused by
the Si-O-H vibrations of photon energy.
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Figure 2. FT-IR spectra of sodium bentonite clay

The band positions at 3445.87 cm™' and 3620.59 cm™! are due to
H-O-H vibrations of water absorbed on the clay surface as well
as vibrations of Si-O-H from the solid. Table 3 shows the IR
band positions of the sodium bentonite due to different
vibrations. The appearance of a band position at 796.59 cm’!
due to Al-Mg-OH stretching confirms the presence of quartz
and has been confirmed by X-ray diffraction also. Two weak
bands at 938.81 cm™! and 1421.46 cm™! are due to O-H bending
of a carboxylic acid group and C-H bending of alkanes. A weak
narrow band of 2380.24 cm™ confirms the CO, group of
compounds. Broad, strong broad and medium sharp bands of
698.49cm™!, 539.26 cm’!, and 470.79 cm™! are due to Si-O, Si-O-
Al, and Si-O-Si stretching.
3.4. X-Ray Diffraction Characterization of sodium

bentonite clay
The absorption peaks found at 26 (°) = 5.71°, 7.61°,

12.55°,19.89°, 20.53°, 21.03°, 21.42°, 25.09°, 35.05°, 35.92°,
and 61.69° shown by the IR spectra in figure 3. The maximum
peak appears at 12.55°. Full Width at the half-maximum value
(FWHM) is the same for the two absorption peaks at 5.71 A°
and 7.61 A°. The average crystallite size (Dp) is maximum at
25.09° of absorption. The XRD pattern shows the presence of
low quartz and silicon oxides at different absorptions which also

AJEC | April, 2020
https://ajec.smartsociety.org/

Figure 3.

XRD of sodium bentonite clay

3.5. Scanning electron microscopy (SEM) analysis of

sodium bentonite

The morphological features have been reported in the scanning
electron micrograph. The morphology indicates that the presences
of large particles are in the form of agglomerates. More weight %
of CaCOs and SiO:s is spotted in spectrum 1 as shown in figure 4.
The micrograph shows that flaky particles are stacked together.
Broken edges are reported in the SEM image and a large number
of clay particles are reported with Fe, Ti, Mg, and Al

1 A

Elpciron Image 1

Figure 4. SEM image of sodium bentonite

3.6 TGA and DSC (Differential scanning calorimetry)

analysis of sodium bentonite

The thermo gravimetric curves for acid-treated sodium bentonite
were depicted in figure 5. The initial sharp fall is due to the
continuous loss of hydroxyl groups and hydration water at 110°C.
The average degradation of sodium bentonite occurs between
400°C to 550°C. The curve shows that the negligible weight loss
is above 650°C. The heat flow gradually increases up to 400°C
and a sharp fall is recorded up to 800°C as recorded in figure 6.
The glass transition occurs in between 0°C to 100°C and the
crystallization range is 200°C to 400°C. The melting occurs about
to after 450°C it satisfies the XRD results. The sodium bentonite
is had more and more possibilities as a beneficial catalyst for the
plastic waste pyrolysis process. As the pyrolysis is endothermic
reaction occurs in the absence of oxygen the required heat flow is
beneficial in case of sodium bentonite.
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Figure 5. TGA graph of HCl treated sodium bentonite
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Figure 6. DSC graph of HCl treated sodium bentonite

V. 4. CONCLUSIONS

The analysis of sodium bentonite clay sample using XRF, FT-
IR, XRD and SEM instruments have shown the
prominent nature of the clay further useful as the
alternate catalyst for plastic waste valorization. The
commercially available clay is cheap and has better acceptable
for the pyrolysis process. As the presence of alumina and
silicate compositions are found from the XRF and the results
of XRF supported by XRD, FT-IR and SEM analysis. Average
crystallite size is found as 26.55 nm at the 25.09° of
absorption, by XRD analysis. TGA and DSC curves
satisfy the reliability required temperature range for
useful waste plastic valorization using sodium bentonite as
a catalyst.
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