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Abstract

Renewable energy and alternative fuel from different conventional resources such as biomass, plastic waste, and recyclable
polymers are impertinent environmental issues worldwide. Furthermore, to replace fossil fuel and reduce greenhouse gas
emissions that have a negative impact on climate change. This article exhibits the effect of metal oxide composite/clay in the
thermal decomposition of Polypropylene. That hetrocatalyst composed nano-clay thin layer loaded with MnO2 —NPs works on
cracking of polypropylene under different reaction conditions like heating temperature, rate of reaction, reaction time, and
composite loading ratio. Various techniques such as GC and TEM were used to characterize pyrolysis gases and char, in
addition to scanning electron microscopy (SEM), Fourier transform infrared (FTIR), Thermo-gravimetric analyzer (TGA),
and X-ray diffraction (XRD) were used for composite characterize. High gas yield and char rate conversion were obtained

using synthesize composite.
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1. Introduction

The production of alternative fuel from biomass
and waste is necessary. The conventional way of
plastic recycling or degradation releases harmful
gases such as CO, CO2, and NOy, and the landfill
process pollutes the underground water reservoir. On
the other hand, plastic has played a vital role in
enhancing the standard of living of human beings for
more than 50 years (1). It has led to the innovation of
other products used in various sectors such as
construction, healthcare, electronics, automation, and
packaging. The demand of commodity plastics
increased with a rapid increase in the world
population owing to its low weight, low cost,
flexibility, reusability, anti-rust property, etc.
Therefore, global plastic production has increased by
almost 10% every year since 1950 (1). In Egypt, the
treatment of municipal solid waste has become a
great concern. A total of 55 tons of municipal solid
waste is generated daily, according to the estimate in

2011 (2). This amounts to 20 million tons of waste
annually, and this amount is expected to double
increasing by 2022 (2). In Egypt, MSW is 100%
recyclable; high-end garbage in Cairo is composed of
65% organic material (leftover vegetables, fruits,
bread, and other food scraps and remnants of the
kitchen), 15% paper, 3% glass, 3% Plastic, 3% cloth,
1% bone, 1% metals, and 9% other materials (3).

The excessive use of synthetic plastics has led to
an increase in plastic waste. Therefore, many
countries have prohibited these two treatment
technologies and are emphasizing on recycling waste
plastics. However, the effective recycling of waste
plastics is limited by the economical barrier caused
by the low quality of recycled waste plastics (4-8).
Among the various types of waste plastics, the
conversion of polyethylene (PE) and polypropylene
(PP) to proper fuel or chemical feedstock via simple
pyrolysis is difficult, because most PE and PP
pyrolysis products consist of low-quality wax with a
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wide carbon  number distribution.  Several
mechanisms exist for breaking long-chain plastic
polymers, such as randomly cutting polymer chains
and cutting the end of the chain. A mechanism is
chosen on the basis of the covalent bond dissociation
energy, degrees of aromatisation, and the presence of
halogen and other heteroatoms in the polymer chain
(9). Catalytic pyrolysis is a thermochemical
conversion route for lignocellulose biomass to
produce chemicals and fuels compatible with the
current  petrochemical infrastructure.  Several
structures have been used for both thermal and
catalytic pyrolysis of waste plastics, such as a tube
furnace (10), a batch reactor (11-13), a fixed bed (14-
16), a fluidized bed (17-19), and/or a spouted bed
(20-23). Pyrolysis in a fluidized bed reactor is the
more widely studied technology on a laboratory and
pilot plant scale. Plastic pyrolysis in fluidized bed
reactors is carried out normally at a temperature as
low as 290 °C-850 °C for both thermal and catalytic
processes.

Pyrolysis is a form of tertiary recycling carried out in
the absence of oxygen, leading to the thermal
degradation of the plastic. The mechanism of the
process is the cracking of the high-molecular-weight
polymer chain to low-molecular-weight hydrocarbon
oils and gases. To improve the quality of the product
yield and reduce the cost and time consumed,
scientists and engineers are trying to explore ideal
parameters and material catalysts. Serrano et al. and
Aguado et al. (24-25) used zeolites as effective
catalysts for upgrading the quality of pyrolysis oil
(product). Zeolite catalysts exhibit high catalytic
activity, high shape selectivity, strong acidity, and
high stability at elevated temperatures.

In recent years, metal nanomaterials have been
used as heterogeneous catalysts (26-29). These
catalysts have a very high catalytic activity and
selectivity for specific reactions. Nanocatalysts have
been used in oxidation reactions (26), reduction
reactions (27), coupling reactions (28-29), and
electrochemical reactions (30-34).

Lin et al. (35) worked towards using catalysts to
reduce the required reaction temperature, improve the
yield of volatile products, and provide selectivity in
the product distributions. Zhao et al. (36) observed
that the pyrolysis temperature and the composition of
the hydrocarbon product depend on the type of
catalyst used. Williams et al. (37) carried out the
pyrolysis of polystyrene and found that the
concentration of polycyclic aromatic hydrocarbons in
the derived pyrolysis oil depends on the type of
catalyst used. Mordi et al. (38).Research on using
magnesium compounds for fire retardation treatment
of wood and other cellulosic materials is scarce.
Ondrej Grexa et al. (39) and Kawamoto et al. (40)
carried out pyrolysis of MgCl-treated filter paper
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and characterized the products. It was found that
MgCl, had a catalytic action at 250 °C on the
polymerisation of levoglucosan in cellulose; it
reduced the formation of volatile levoglucose and
thus decreased the flammable volatile yield. They
also found that MgCI2 increased the primary char
yield of cellulose heated at 400 °C. Mostashari et al.
(41) and Kaixin et al. (42) investigated the catalytic
activity of microporous and mesoporous catalysts in
the pyrolysis of waste PE and PP mixture in a batch
reactor at 500 °C. How to best use this coproduct
depends on the local economic circumstances and the
char properties. Combustion of char to supply heat is
a commonly used method (43-44), while a few chars
may be suitable for further activation to be used in
higher-value adsorption applications (45, 46).
Williams and Slaney (47) have indicated that the
pyrolysis oil yield and qualities of high-density PE,
low-density PE, and PP depend on the operating
pyrolysis conditions. PE and PP decompose to give
various paraffin and olefins (48). Also, liquid product
yields of PE and PP pyrolysis are higher than 80% at
high temperatures. Gaseous product (C2—C4) yields
increase and liquid product (C5-C9) yields decrease
with an increase in temperature (49).

The waste plastic could be used in pyrolysis
process (zero waste) better than incineration process
because it is become source of green gases emission.
Alternative technologies for managing end-of-life
plastics exist. Nano-clay with Mn-oxide is a good
catalyst deforming of polymers to produce Pyrogas
which can be used in fuel cell and different
applications.

2. Experimental

2.1. Materials
Polypropylene (PP) plastic sample used for the
process was purchased from Saudi Basic Industries
Corporation (SABIC), KSA. Bentonite powder was
purchased from M-I SWACO, Egypt. Other
chemicals were purchased from Sigma-Aldrich,

Egypt.

2.2 Catalyst (MnO; preparation).
MnO, was prepared via co-precipitation using two
anionic Mn-salts, manganese (Il) sulphate, and
manganese oxalate. The two salts with the same
concentration (0.2 M) were mixed with continuous
stirring at a constant temperature of 60 °C. During
stirring, a sodium hydroxide solution was added to
increase the pH of the solution to be 12. A brown
precipitate was observed after stirring for 1 h at 60
°C, which was then filtered and washed with ethanol
many times. The precipitate was dried at 100 °C
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overnight and then kept in a muffle furnace at 500 °C
for 4 h.

2.3 Nano powder clay

A nanopowder form of the clay was prepared via
physical methods of grinding (RETSCH Planetary
Ball Mills Type PM 400). The clay sample was
milled for 8 h by using the ball mill at 150 rpm [50,
51]. For the preparation of composite magnesium
clay, 1 g of sodium montmorillonite (clay) was
dissolved in 250 mL of distilled water and swelled
for 48 h. Then, nanoclay was separated by
centrifugation and transferred to a suspension
solution (0.5 g of MnO2 was dissolved in 50 mL of
distilled water) to prepare the nanoclay composite.
The mixture was stirred for 24 h and the precipitate
was separated by centrifugation, washed with water,
and dried under vacuum overnight [52].

2.4 Characterization
The crystalline structure of the nanoclay was detected
by X-ray diffraction (XRD). The XRD patterns were
recorded with a Pan Analytical Model X' Pert Pro,
which was equipped with CuKo radiation (A = 0.1542
nm), Ni-filter, and a detector. The patterns were
recorded in the 26 range of 0.5°-90° at a step size of
0.03°. Measurements were recorded at Research
Central Metallurgical Research and Development
Institute, Egypt. Nanostructure size and shape of the
prepared samples were detected using transmission
electron microscopy (TEM, JEOL JEM-1230). TEM
was operated at 120 kV and was connected to a CCD
camera. A copper grid was pre-covered with a very
thin amorphous carbon film, and small droplets of the
suspended sample solution were placed on the
carbon-coated grid. In addition, scanning electron
microscopy (SEM) measurements were recorded on
the SEM model Oxford instrument INCA/Sight at 40
kV. Both TEM and SEM measurements were
recorded at the National Research Centre, Egypt.

All Fourier Transform Infrared (FTIR) spectra
were investigated using ATI Mattson genesis
spectrometer on the range of wavenumber from
4000-500 cm* with 2 cm resolution. The infrared
spectroscopic analysis of the prepared polymeric
were conducted by Egyptian Petroleum Research
Institute, Egypt.

PP char samples extracted from the pyrolysis
reactor were analyzed using various techniques, such
as elemental analysis (CHNSO elemental, Vario EL
I11), at the Central Analytical Laboratories of
National Research Centre, Egypt, and gas product
yields were analyzed using gas chromatography
(VARIAN model CP-3800) at the Egyptian
Petroleum Research Institute, Egypt.

The thermogravimetric analyses (TGA) of
polypropylene have been measured using different
heating rates 5, 10, and 20 oC/min. Analysis and
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characterization have been done at the Petroleum
Research Institute, Egypt, using TA Instruments,
TGA Q500, which operated masses of a sample
between 0-200 mg, 0.lug sensitivity of accuracy
0.01%, associated temperature controller up to
800°C. The analyses carried out under N2 or air. The
device is provided with an autosampler and an EGA
type furnace (quartz).

2.5 Pyrolysis system

Pyrolysis of PP was carried out in a bench-scale
fixed-bed reactor (SS 316, 0.98 mm ID). The height
of the reactor is 38 cm and its volume capacity 42
cm®, connected by an electrical furnace. The reactor
contains three main parts joined together during
experiments. PP sample and any additives are added
through the lower part. The upper and lower part of
the reactor is linked together by a middle fitting
connection as shown in Fig. (1). In this study, 1 g of
virgin PP sample (with or without additives) was
loaded inside the reactor. The non-condensable gases
are flashed from the top of the reactor and measured
by displacement of water in the gas sampler collector.
Also, char and tar are collected and weighted after the
reactor was opened.

2.5.1 Pyrolysis procedure

The air in the reactor was purged for at least 5 min
using the selected pyrolysis agent (100% nitrogen).
The fixed-bed reactor was installed in its place inside
the furnace at the selected reaction temperature. A
duration of 5-10 min is required to reach isothermal
heating. The electrical furnace (60 cm long, 7 cm ID,
and 20 cm OD) was insulated with glass wool
material to maintain the pyrolysis temperature.
Furthermore, the temperature controller was linked
with a thermocouple (type K) on the outer surface of
the reactor to record and control the temperature
inside the reactor. After the completion of pyrolysis,
the sample is removed from the reactor and cooled at
room temperature. The gases present inside the GS
glasses tubes are displaced by adding water, and
residual char or coke is collected and weighted [53].
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Fig. (1): Pyrolysis system setting up.

3. Results and Discussion

3.1. Physical characterization of virgin PP sample
and catalysts.

PP exhibits advantageous properties such as
rigidity, heat resistance, saturated linear hydrocarbon
chain, and melt more than 160 °C, making it
preferable for use in the plastic industry. The
widespread applications of PP include the production
of a flowerpot, office folders, car bumpers, buckets,
carpets, furniture, and storage boxes. It is one of the
largest contributors of plastics in municipal solid
waste (MSW) [54]. Researchers and scientists [54,
55] have studied the process of pyrolysis of PP by
altering various parameters to optimize the liquid oil
yield. Ahmad et al. [54] carried out PP pyrolysis at
250 - 400 °C, and 69.82 wt% of liquid oil was
achieved at 300 °C. Demirbas [55] conducted
pyrolysis of PP at 740 °C in a batch reactor, and 48.8
wit% liquid, 49.6 wt% gas, and 1.6 wt% char yield
were obtained. A reduction in liquid and waxes yields
were observed with an increase in the pyrolysis
temperature.

3.1.1 Proximate and ultimate analysis of virgin PP

The results of the proximate and ultimate analysis
of the virgin PP sample are listed in Table (1). The
volatile matter obtained after the proximate analysis
is 98.83%. Because of the negligible percentage of
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ash in the virgin PP sample, its degradation happens
with minimal formation of the residue. The carbon
content after the ultimate analysis is 85.7%. The
nitrogen and oxygen contents in the virgin PP sample
are not contributed by fillers or impurities but by
other ingredients that are added to the resin during
the manufacturing of PP.

Table (1). Elemental analysis of the virgin PP
sample.

Proximate analysis | Elemental composition (wt%

(Wt% on dry ash free)
Volatile Ash C H N s
matter

98.83 3.17 85.7 35 | 106 | 0.0

SEM

Morphology of the PP samples was recorded by
the SEM instrument operating at 1000x
magnification and 10 kV. As seen in Fig. (2), a
smooth surface with some fractures spread along the
outer surface of the PP sample. Furthermore, SEM
examination of the samples shows a near-uniform
phase structure with little or no isolated wax phase.
Deformation-induced phase segregation is the
segregation of a component from a polymer blend
due to the application of anisotropic stress and
resulting deformation. In this case, the stress takes
the form of a compression that permits a sample to
deform freely perpendicular to the compression. PP is
a highly linear homopolymer that exhibits a series of
lamellar stackings that are mostly straight and
parallel to each other (although some branching out
can be observed) and whose thickness is in the order
of 10 nm.

Fig. (2). SEM image of PP sample.

Fourier transform infrared spectrometer (FTIR)

Figure (3) shows the FTIR spectra for the
polypropylene  sample.  The  structure  of
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polypropylene sample various spectrum band
wavenumber appears between 750 and 872 cm
residuals of carbonyl atoms COC of pure PP. Also,
the broad peak around 2900 and 2920 cm™ is a good
inductor for the CH3; group of PP. There is another
strong peak stretching between 1646.6 and 1731 cm-
L which is evidence for carbonyl group C=0. The
functional group, like CH2, vibrated at 2955 and
3000 cmt. Also, methyl group carbon Skelton CHs
has a strong peak around 1140, 1194, and 1240 cm™.
On the other hand, symmetry (CH2) is at 2850 cm™, v
asymmetry (CH,) is at 2925 cm™, §(CH_) bending is
at 1455 cml, v asymmetry (COC) is at 1250 cm™,
and v symmetry (COC) is at 1045 cm™.

100 -

;\; \"()_I | 2780 cm™ 2
=
© 604
-] «
£
) 204
CH»
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wave number (cm'l)
Fig. (3). FTIR spectrum of polypropylene.
TGA
Figure (4) illustrates the thermogravimetric

analyses (TGA) of polypropylene using different
heating rates 5, 10, and 20 °C/min. It is clear from the
figure that, the degradation PP samples were around
480 to 520 °C, which is a good indicator for the
melting degree Tm. This temperature is the complete
conversion of crystalline polymers to liquid and it
also will reduce by increasing the heating rate of the
pyrolysis system. Also, it due to the lower number of
carbon skeleton chains of polymers, which makes it
easier to convert to light gases during the oxidation
process. On the other hand, setting up optimized
parameters was adjustable at 750 °C, to get rid of wax
and liquid tar which is caused the plug of pipe and
reactor, moreover erosion of the stainless pipe.
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Fig. (4). Mass loss curves of PP at different heating
rates.

3.1.2 Characterisation of prepared materials (MnOz,
clay, and composite)

MnO, nanostructures such as nanorods,
nanowires, and nanofibers have been produced due to
their excellent optical, electrical, catalytic, magnetic,
and electrochemical properties [57-62]. MnO; exists
in different structural forms such as a-, B-, y-, 6-, &-,
and A-types. The XRD data for all these forms
indicate its high crystallinity. The average particle
size (d) of the particles was calculated from the high-
intensity peak by using the Debye—Scherrer equation
as [63]:

d = KM[B cos (0)]. @

Where K is the Scherrer constant (0.89), A is the
wavelength of the X-ray beam used, B is the full
width at half maximum of diffraction (in radians),
and 0 is the Bragg’s angle. Figure 5A shows the XRD
pattern of the nanoclay. The shift to lower 26 values
of the (001) and (002) reflections is corresponding to
Na+-montmorillonite which can be explained by
swelling in the interlamellar space of the clay
mineral. Synthesized MnO metal nanoparticles were
simply crystalline in nature. The average particle size
of the MnO nanoparticles was found to be 25-30 nm.
The intensity of the main MnO lines sharply
increased, in addition to the appearance of new lines
at 20 angles of 18°, 38°, 43°, and 63° [Fig. (5C)].
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Fig. (5). XRD scans of clay (A), composite (B), and
MnO; (C).
TEM and SEM

MnO; nanoparticles are one of the most attractive
inorganic materials because of their physical and
chemical properties, leading to their widespread
applications in catalysis, ion exchange, and molecular
adsorption. It is clear from Fig. (6) that the average
size of MnO; nanoparticles is about 25-30 nm. MnO;
nanoparticles have widespread applications, such as
catalysts in the cracking of polyolefin and the
petroleum refinery industry.

Clay is a montmorillonite mineral species, which
belongs to the class of layered smectite clay mineral.
Each layer has two tetrahedral sheets containing an
octahedral sheet between them. Surface dimensions
for one layer are around 300 to more than 600 nm.
Hundreds of thousands of these layers are stacked
together with van der Waals forces to form clay
particles, as shown in Fig. (6b) [25].
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Fig. (6). TEM image of a) MnO,, and b) Nanometal
composite clay

SEM was used to investigate the surface
morphologies of the prepared clay- metals composite.
Figure 7 shows a massive layered structure with
some large flakes and some interlayer spaces. The
SEM figure confirms the presence of MnO; inside the
clay.

Fig. (7; SEM image df:(i\"/ln/CIay -composite

3.1.3 Polypropylene Pyrolysis Mechanism
Thermo-catalytically cracking (oxidation) reaction
is reverse of the polymerization process, throughout
(initiation, propagation, and termination) in presence
of a catalyst and O, atmosphere addition to raising
the temperature. lead to decomposition of polymeric
material to hundred of initiative monomers and free
radicals’ particles such as char (black carbon) and
light hydrocarbon components. The mechanism of
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pyrolysis includes three-stage. The mechanism of
thermal cracking (free radical route, random chain
scission) can be depicted as under:

Initiation (thermolysis)

Ain?
o s
750°C / hr

Propagation
A radical may disproportionate thereby forms an
olefinic hydrocarbon and a small chain-free radical.

&
L]

VR » U\ RCuCH: + VR
Redical chain pp
A radical may fragment as under, giving a small
chain radical and an aliphatic hydrocarbon:

degradation
| 3

Termination
Hydrogen abstraction (produced by shuttling) leading
to the formation of aliphatic hydrocarbons

v R 4 HY —— = U R
Retrogressive recombination
wvu R + RUUL

o VIR —R WUV
- char

3.1.4 Kinetic analysis of PP pyrolysis

Considering the TGA results and the weight loss
observed over a wide temperature range, the kinetic
parameters K, and E were estimated. The reaction
was assumed to be a first-order reaction, and the
parameters were estimated according to the following
equation as:

da/dt = K(1-a) (2)
K = Ko exp (-E&/RT), 3)

where a = (V* - V/V*) is the percentage of volatile
products, K is the Arrhenius kinetic constant, V and
V* are the initial and ultimate yields of the volatile
products, respectively. E, is express for the activation
energy (J/mol), R is the constant gas value (8.314
Jimol.K), K, is pre-exponential factor (s'). The
kinetic study was performed in a non-isothermal area
of the TGA curves, and the temperature range was
from 200 to 500 °C. Usually, the analysis of the
differential equation in Eq. (2) leads to Eq. (4), a
linearized form from which E, and Ki are
determined:

mn(-n(F))=tn() . (@

Where E, is express for the activation energy (J/mol),
R is the constant gas value (8.314 J/mol.K), and K, is
the pre-exponential factor (s%). The plot of

In (— In (%‘)) versus 1/T is shown in Figure (8-10)

,which is leads to a straight line with slope of —E4/R
and intercept In (SOTR) So, the activation energy Ea
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could be calculated from the slope and also the pre-
exponential factor could be counted by the intercept.

Temp | Temp Ut m(—m(1-2)) Wt%
(C) | (K (Cin(-7)
350 623 | 0.00160571364 -11.164932 99.59
400 673 0.0014858841 -11.558451 98.68
450 723 0.0013831258 -12.486955 86.11
500 773 | 0.00129366106 -17.562214 1.4
1
o
g i
. Y=1.676%37.32
25 2
-30 R =0.911
=35
-
. . | - _ - T o T
S = S = o =2 =2 =
AL EEEE
Temperature (1/T)

Fig. (8). Thermal decomposition of PP at 5 °C/min.

Temp | Temp uT _ _2)\ Wt%
C) ) In ( In (1 TZ))
350 623 0.00160571364 -11.281198 99.26
400 673 0.0014858841 -11.922280 95.06
450 723 0.0013831258 -13.349973 56.51
500 773 0.00129366106 -16.952782 2.56
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Fig. (9). Thermal decomposition of PP at 10 °C/min.

Temp | Tem Ut _ _a Wit.%
(OC)IO (K)p in(=tn(1-7))

350 623 | 0.00160571364 -11.562595 97.52
400 673 0.0014858841 -11.823918 96.38
450 723 0.0013831258 -12.633987 81.8
500 773 | 0.00129366106 -17.636828 13
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Fig. (10). Thermal decomposition of PP at 20 °C/min.

It is evident from the TGA diagrams that there are
two overlapping zones where devolatilization occurs
in a temperature range of 200-500 °C for both wastes.
The activation energy was found to be 11.3 kcal/mol
at 20 °C/min, 54 kcal/mol at 5 °C/min and 77.3
kcal/mol at 10 °C/min. Moreover, the maximum
activation energy was observed at 10 °C/min.

For a closer analysis of these thermogravimetric
data, the derivative curve of mass loss for all heating
rates has been shown in Figure 9. This derivative
curve gives a clear picture of any major or sudden
loss at specific temperatures. At the heating rate of 50
°C/min, the peak mass loss occurs at 495 °C, with a
mass loss rate of 124% mass loss per minute,
whereas at the heating rate of 20 °C/min, the peak
loss occurs at 487 °C, with a mass loss rate of 57%
mass loss per minute.

3.1.5 Optimizing parameters for pyrolysis of PP
Various parameters such as temperature, reaction
time, pressure, and catalyst influence the pyrolysis of
PP. Temperature is one of the most fundamental
operating variables that control the cracking reaction
of polymers. Not all polymer materials can be
cracked by increasing the temperature, but the
thermal cracking of a polymer is changed by
changing the temperature, especially in a linear
carbon chain. Figure (11) shows different
parameterise during of pyrolysis reaction. Homolysis
is where the bond breaks so that each fragment has
one electron. It reduces its bonding strength due to
increasing temperature. Polymer or waste (PP) passes
different stages glassy state, rubbery state, liquid
state, and decomposition which occurred during the
reaction mechanism pyrolysis process: initiation,
propagation, hydrogen transfer, and termination
reactions referred to previous mechanism scheme. In
this study, the optimum temperature for PP
degradation was found to be 750 °C because getting
of liquid or waxes which deposit on side of the
reactor and plugging inlet of reactor, in addition to
completely cracking for polymer and conversion
gases like carbon mono and dioxide to solid-state
char or coke, that is mean decrease emission of
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carbon dioxide. high value of gas yield and avoid
waxes and solid which causes plug for reactor tube
by regarding to Figure 1la, b. Reaction time is
another factor that affected the reaction in the
presence of the catalyst, which was working towards
decreasing the activation energy. The optimum
reaction time required for the complete pyrolysis of
PP is 60 min at 750 °C.
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Fig. (11). Different parameterise during of pyrolysis
reaction.

As mentioned, a catalyst is one of the important
parameters that play a vital role in pyrolysis; it
decreases the activation energy and accelerates the
reaction by forming and breaking bonds. Clay, MnO,,
and their composite made by adding varying amounts
of the catalyst (0, 0.2, 0.4, 0.6, and 0.8%) were used
and obtain satisfactory results by using only clay. It
was observed that 0.6% of catalyst resulted in 69.8%
gas yield and 45.8% of char (coke) compared to other
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loading amounts of the catalyst [Fig. (10c, €)]. When
using clay as a catalyst, we found satisfactory results
of cracking (degradation) of PP at the same loaded
amount. Furthermore, by increasing the catalyst
amount from 0 to 0.6%, the gas yield directly
increased from 0.35 to 0.82 and then decreased to
0.22, indicating that the optimum amount of catalyst
required for pyrolysis of PP is 0.6%; in addition,
36.5% char is obtained [Fig. (11d, f)]. When using a
composite of MnO; and clay as a catalyst, it noticed
that 0.6 and 0.4% of the composite catalyst gave
better gas yields of 79.8 and 88.6, respectively; in
addition, 67.8 and 60.8 of char were obtained,
respectively, indicating a complete conversion of PP
to give by-products.

3.2 studying and evaluation composite effect on
pyrolysis products distribution.

3.2.1 Gas yield product.

Breakdown of the polymer chain (PP) gave
hundreds of light compounds, gases, liquids, and
waxes. Even though we design our parameters to get
off the liquid and waxes compound. Throughout
these compounds, the efficiency of the catalyst was
measured according to the values of those
compounds like methane, benzene, hydrogen, and
carbon dioxide. The results are shown in Figs. (12-
14). Regard previous experiments and data, the best
ratio of loading composite works (at a temperature of
750 °C and a time duration of 60 min) to degrade PP
pyrolysis is 0.6% wt of the sample. Another
evidence, regard to the figures, the best gas vyield
ratio was obtained using also that amount 0.06% wt
of catalyst, in addition, the highest amount of
methane is formed by using the same ratio of clay
catalyst. Similarly, the highest amounts of hydrogen
and CO; are formed at 0.6% loading of the clay
catalyst. When using MnO, as the catalyst, all
compounds (methane, hydrogen, and CO,) were
obtained in high vyields at 0.6% loading of the
catalyst. The electronic configuration of Mn is
[Ar]3d54s2, with a half-full d-orbital, which enables
it to react. On the other hand, when using composite
as the catalyst, similar results were obtained [Fig.

(14)].

Catalytical (Mol. %)

clay ratio,

% Methane | Hydrogen | Benzene CO2
0 79.2 2.1 0.19 1.18
0.2 77.5 1.9 0.448 1.23
0.4 77.9 2.6 0.294 0.99
0.6 82.61 2.81 0.16 1.54
0.8 76.7 2.5 0.19 1.6
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Fig. (12). Gas analysis of PP at 750 °C for 60 min
(clay is the catalyst).

Catalytical (Mol. %)
clay
MnOz, % | Methane | Hydrogen | Benzene | CO:
0 75.2 1.9 0.15 1.3
0.2 81.05 2.3 0.18 2.4
0.4 79.9 1.6 0.24 0.99
0.6 84.19 3.79 0.19 2.47
0.8 84.7 15 0.166 1.9
100 — o%CH4
80 — %H2
© 60 == %DBenzene
°_=; 40 %CO02
=
20
0
0.0 0.2 0.4 0.6 038
MnO; %

Fig. (13). Gas analysis of PP at 750 °C for 60 min
(MnOs is the catalyst).

Composite

ratio (%) Methane | Hydrogen | Benzene | CO2
0 74.6 2 0.22 15
0.2 77.6 1.6 0.13 2.4
0.4 80.2 2.3 0.27 2.6
0.6 88.5 2.2 0.24 2.3
0.8 81.7 14 0.26 2.1
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Fig. (14). Gas analysis of PP at 750 °C for 60 min
(composite metal clay is the catalyst).

3.2.2 Char characterisation

The surface morphology of pyrolytic char
obtained under optimum conditions (0.6% of catalyst
at 750 °C for 60 min) is shown in Fig. (15). Many
flacks and doping areas (of the size of around 100-
120 nm) are seen on the surface of the char sample
char, which is evidence of the presence of the metal
clay composite submersed in carbon char.

Fig. (15). The surface morphology of pyrolytic char.

Table (3) lists the elemental analysis results for
char samples at different loaded catalyst amounts. It
is noticed that there are differences in the
composition of the main elements (C, H, N, and S).
Also, the rate of pyrolytic degradation depends on the
amount of catalyst added. Furthermore, in the case of
composite, the conversion to carbon is greater than
others. Also, the source of N element (trace amount)
might be contamination or additives added during the
production.
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Table (3). Elemental analysis for carbon char after
pyrolysis at different reaction rates.

Chemical | o0 | cop |50 |H %
compositions

Virgin - PPN L e235 [ Nil | 27.85
sample

Carbon char

of PP & | Nil 69.4 Nil 3.2
MnO,

gﬁg%orj&gg Nil 5570 | Nil |10
Carbon char

of PP & |0.71 73.47 Nil 0.85
composite

4. Conclusions

A composite compound from clay and MnO2 was
fabricated and characterized. Furthermore, catalytic
pyrolysis over thermal pyrolysis was performed. The
catalytic pyrolysis leads to the complete degradation
of waste plastics to give gases and coke without the
formation of liquids or asphaltic materials, which
cause problems such as corrosion, line plugging, and
reactor damage. Increasing the temperature slightly
can eliminate the formation of by-products such as
waxes and asphaltic compounds). In addition, the
reaction time is directly proportional to temperature
and inversely proportional to catalytic activity. The
heating rate has less effect on the activation energy
under the conditions applied in the study. The
pyrolysis of PP was carried out under a different
loading of catalysts and the best results (gas yield and
char) were obtained at 0.6% loading of catalyst.
Gases such as methane and hydrogen were released
during the degradation of PP. This is one way the
municipal management can eliminate waste plastic by
recycling it to produce a useful product by using an
economic product (catalyst), which is a green
environmental material and is commonly available.
Furthermore, CO2 released during the pyrolysis can
keep the underground water reservoir in check.
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