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ABSTRACT: Plastics are polymers containing mostly
carbon, hydrogen, and a few other elements. It
contributes significantly to the problem of waste
management due to its non-biodegradable nature.
Conversion of waste plastics into a value-added
product is therefore a viable solution. Waste plastic
materials, polypropylene (PP), and polystyrene (PS)
were subjected to thermal cracking with the aid of a
laboratory-scale batch reaction. Eggshell was added as
a catalyst, a control was set-up without a catalyst. The
hydrocarbon oil obtained was analyzed using GC-FID,

(5890 series II) Gas chromatograph. Analysis of the oil
obtained showed that the mixture of plastics (PP and
PS), gave the highest yield. Most of the hydrocarbons
were in the range of C4-C12 which falls within the
composition of commercial petrol. The use of this
technology thus proffers a solution to the problem of
combating plastic waste in addition to poverty
alleviation.
Keywords: Waste plastics, catalytic conversion,
hydrocarbon oil, gas chromatography

INTRODUCTION
Plastic is the general common terms for wide range of
synthetic or semi-synthetic organic amorphous solid
materials produced by polymerization process and used
in the manufacture of industrial products (APME, 2002).
They are typically of high molecular mass, and may
contain other substances like nitrogen, sulphur, and
chlorine to improve performance or reduce costs.
It is a commodity that is used extensively and has
become an indispensable part in today’s world. It has
achieved such as extensive market due to the fact that it
is light weight, relatively low cost, flexible, reusable and
durable (due to its high chemical stability and low
degradability). The demand is continually increasing due
to the diverse and attractive applications in household
and industries (Kpere-Daibo, 2001).
Some of the most used thermoplastic are polyolefin
such as polyethylene, polypropylene and polystyrene
which have a massive production and consumption in
many applications such as packaging, building and
infrastructure, electricity and electronic, agriculture,

medical and health care, automotive field, rail, transport,
aerospace and furniture. The global production of plastic
has seen an increase from around 1.3 million tons in
1950 to 245MT in 2006 (Panda et al., 2010).
Plastic polymers are made of a series of repeating units
known as monomers. Linear polymers (a single linear
chain of monomers) and branched polymers (Linear with
side chains) are “Thermoplastic” that is they soften when
heated. Cross linked polymers (two or more chains
joined by side chains) are “thermosetting” that is they
harden when heated (Buekens and Huang, 1998). The
main components of the household plastics waste
streams include the following families of plastics:
polyethylene (low density polyethylene (LDPE) Linear
low-density polyethylene (LLDPE), high density
polyethylene
(HDPE),
Polypropylene
(PP),
Polyvinylchloride (PVC),
polystyrene (PS),
and
polyethylene terephthalate (PET), which account entirely
for 74% of all plastic wastes. Two types of recycling can
be distinguished.
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Mechanical
Recycling, which recovers the plastic material for similar
or lower-quality applications for such plastics. In this
method, the products obtained are with almost same or
less performance level than the original product, it is not
cost effective as it requires high energy for cleaning,
sorting transportation, and processing to make a
serviceable product. Some plastic cannot be recovered
through mechanical recycling due to high contamination
on it (Esperanza et al., 2002).
Chemical
Recovery is a more attractive one, in this method, the
waste plastics are thermally or catalytically degraded into
gases and oils, which can be used as resources for fuels
or chemicals. Plastics can be recycled for energy
recovery because their chemical composition possess
high calorie. When mixed with municipal solid wastes,
plastics contribute to the safe combustion of the mixture
and generate energy. In other thermal degradation
process, they can replace other fuels in different
proportions, saving primary fossil fuels. Fuels derived
from specific, separated plastics are important substance
because it can perform the activities of commercial
gasoline (Moinuddin and Mohammad, 2013).
Catalytic
Degradation method has been employed in the
production of fossil fuels of relatively low viscosity and
low sulphur content compared to that of regular fuels.
Example is the degradation of polyolefin to oil and is
preferred over thermal degradation due to narrow product
distribution, high reaction rate and lower temperature of
degradation (Singh et al., 2011).
Another added advantage of catalytic degradation is
that a broad variety of products are formed by the
breaking of the polymeric chain, the product distribution
will be narrower with a peak at lighter hydrocarbons. This
cracking in the presence of catalyst is capable of
handling troublesome hetero-atoms like chlorine, oxygen,
and sulphur, present in waste plastic (Aguado and
Serrano, 2008).
The catalyst used in the pyrolysis of plastics influences
the product. The most commonly used catalysts in the
literature for plastic waste pyrolysis includes silica
alumina, zeolites (beta, USY, ZSM-5, REY, clinoptilolite,
etc.), and MCM-41. With increasing number of acid sites,
the level of the catalyst activity in polyolefin pyrolysis also
increases. Thus, zeolite-based catalysts due to their high
acid strength achieve higher conversion than non-zeolitic
catalysts. Low pyrolysis temperature does not cause the
polymer to fully degrade, and a solid residue is produced

in the reaction bed. It showed that the catalyst has
significantly reduced the degradation temperature as
compared with pure thermal degradation in the absence
of a catalyst. The products of the catalytic degradation
were hydrocarbons in the C3–C15 range (Cleetus et al.,
2013).
According to Adeyeye (2009), egg shell contains
calcium, magnesium carbonate (lime) and protein.The
presence of calcium and magnesium carbonate (lime)
makes it a good substitute for the zeolite catalyst.
Hydrocarbons are the most broadly used organic
compounds known and are literally the driving force of
western civilization. The greatest amounts of
hydrocarbons are used as fuel for combustion,
particularly in heating and motor fuel applications. The
primary components of natural gas are methane and
ethane. Propane is used in gas barbecues, lanterns, and
as a fuel for internal combustion engines and heating
systems. Butane is also a readily available fuel in the
form of the pocket lighter. With pentane, the saturated
hydrocarbons enter the realm of room-temperature
liquids. This makes them useful as organic solvents,
cleaners, and transport fuels. Gasoline for internal
combustion engines in cars, trucks, tractors,
lawnmowers, and so on, is rated high in combustion
properties relative to octane. It is a combination of liquid
hydrocarbons ranging from hexanes to decanes.
Slightly larger hydrocarbons are known as kerosene or
jet fuel, diesel fuel and heating oil. Still larger
hydrocarbon molecules serve as lubricating oils, and
greases. Eventually a point is reached at which the
materials are solids at room temperature. These are the
waxes. Hydrocarbon molecules larger than those of the
waxes are the heavy greases and the tars commonly
used in roofing applications and highway construction.
Most hydrocarbons are generated from the thermal
'cracking' and fractional distillation of crude oil. Another
major source is the industrial alteration of ethanol to
produce ethylene. The ethylene so produced becomes a
feedstock for the industrial synthesis of other
hydrocarbons up to and including polyethylene (Richards
et al., 2005).
Waste plastics pose a very serious environmental
challenge because of their huge quantity and disposal
problem (plastics accumulate in landfills creating a
volume of refuse). Plastics do not biodegrade for a very
long time because of the large polymer molecules as
most microorganisms do not have the enzymes to break
up the bonds of the polymer chain and degrade the
plastic. Burning waste plastics produces various polluting
gases like hydrogen chloride, hydrogen cyanide and
sulphur dioxide (Williams, 1997). In nature, plastic bits
and pieces become unsightly nuisances and hazards to
animals. Diverting discarded plastics from the refuse
stream and turning them into new goods keeps these
persistent materials out of landfills and the natural
environment.
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The present rate of economic growth is not sustainable
without saving of fossil energy like crude oil, natural gas
or coal. International energy outlook (2010) reports the
world consumption of liquid and petroleum product grows
form 86.1 million barrels per day in 2007 to 92.1 million
barrels per day in 2020, 103.9 million barrels per day in
2030 and 110.6 million barrels per day in 2035 and
natural gas consumption increases from 108 trillion cubic
feet in 2007 to 156 trillion cubic feet in 2035. This way
the oil and gas reserve available can meet only 43 and
167 year further. Thus man has to rely on the alternative
renewable energy sources like biomass, hydropower,
geothermal energy, wind energy, solar energy and
nuclear energy. Conversion of waste plastics to liquid fuel
is also an alternative energy source path, which can
contribute to the availability of fuel with similar properties
as that of fossil fuels. Recycling plastics helps reduce
fossil fuel consumption. According to the Energy
Information Administration, 191 million barrels of crude oil
were used to make plastics in 2010, or about 2.7 percent
of all U.S. consumption. In addition, plastics
manufacturers consumed 412 billion cubic feet of natural
gas to make materials and resins; of this total, 13 billion
cubic feet became plastic and 399 billion cubic feet were
burned to fuel the production process. In addition to
reducing the need for oil, plastic recycling saves the
energy needed to produce new materials. A ton of
recycled plastic saves 7,200 kilowatt-hours of electricity,
or about enough energy to run a household for seven
months (Durmus et al., 2005).
Objective
The aim of this study is produce hydrocarbon oils from
two types of waste plastics polyethylene (PP) and
polystyrene (PS) using egg shell as a catalyst.
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The smaller sizes help to increase the surface area of the
plastic in contact with reactants during pyrolysis.
Preparation of catalyst (eggshell)
The eggshells were washed carefully with tap water after
which they were sundried for 30-40 minutes before
grinding into powder.
A portion of the grounded shell was treated with an acid
(H2SO4) in order to convert the calcium to sulphate
according to reaction equation 1 below:
(1)

Thermal and catalytic conversion of plastic to fuel
The thermal degradation process used in this study is a
modification of the method used by Moinuddin and
Mohammed, (2013). The shredded plastics was loaded
with catalyst into the reactor which is the three necked
round bottom flask as shown in (Figure 1) and was
heated in the absence of oxygen, a thermometer was
mounted to monitor the temperature, the vapour of the
heated plastics pass through the condenser which
condenses it into oil. The process was carried out
thermally and catalytically i.e. with and without catalyst.
Instrumental analysis of hydrocarbon fuels
The composition of liquid hydrocarbon fuel formed in the
thermal and catalytic reaction of waste plastics was
analyzed by a GC-FID 5890 series II Gas
Chromatograph.
RESULTS AND DISCUSSION

Specific objectives
(i) Sorting and shredding of the waste plastic
(ii) Preparation of the catalyst from eggshell.
(iii) Using pyrolysis to crack the plastic in a laboratory
scale reactor with and without catalyst.
(iv) Analysis of the hydrocarbon fuels obtained.
METHODOLOGY
Collection and preparation of samples
The waste plastics were collected within Yaba College of
technology premises. The plastics are polystyrene (PS)
was collected in the form of disposable cutleries, and
polypropylene (PP) as drinking straws, and
each
thoroughly washed with tap water and air-dried. The
waste plastic materials were shredded to small sizes.

Waste plastics (individuals and mixed plastics) were
converted thermally by catalytic and non-catalytic
process to oil after careful observations and precautions
under a laboratory scale reactor. GC-FID analysis
indicates that the prepared oil includes hydrocarbons
ranging from C4 – C12, a range that includes commercial
gasoline. Moinuddin and Mohammad, (2013) perform a
GC-MS analysis on different fuels and it shows different
type of aliphatic and aromatic compound including six
member rings and five member heterocyclic rings
compound respectively. PP and PS both structure
contains aromatic benzene compound including
methylene group but PP contain Methyl –CH3- group
which is not found in PS.PS contains several methylene,
benzene monomer in the long chain hydrocarbon. The
GC/MS chromatogram of the produced hydrocarbon fuel
is shown in (Figure 7).
However, according to (Table 1) the product yield was
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Figure 1: Experimental setup for catalytic conversion of waste plastics to fuel.

Table 1: Percentage yield and reaction time of the plastic materials.
Plastic materials
Polypropylene (PP)
Polystyrene (PS)
Polypropylene + Polystyrene
Polypropylene (PP)
Polystyrene (PS)
Polypropylene + Polystyrene

Weight in gram
38.7
34.4
34
34.0
34.1
34.0

Treated catalyst
weight in gram
Nil
Nil
Nil
2
2
2

O

Product yield (%)

Yield temp( C)

Reaction time (min)

64.4
85.8
59.7
40.6
42.5
53.8

150
160
120
90
98
110

30
29
33
29
29
26

Table 2: Summary of the results from GC-FID analysis
Sample identification
Polystyrene without catalyst
Polypropylene without catalyst
Polypropylene + Polystyrene without catalyst
Polystyrene with catalyst
Polystyrene with catalyst
Polypropylene + Polystyrene with catalyst
Polypropylene with untreated catalyst

higher in the case of individual plastic material (PP64.4%, PS- 85.8%) than mixed plastics without catalyst
(59.7%). The temperature of conversion was observed to
be lower in the case of mixed plastics (120oC) compared
to individual plastics (PP-150oC, PS-160oC) and the
reaction time was also noted to be higher (33mins)
compared to individual plastic (PP-30mins, PS- 29mins).
It was also observed in the (Table 2) that the mixed
plastic materials with catalyst yielded more products
(53.8%) than the individual plastics with catalyst (PP40.6%, PS-42.5%). The temperature of the mixed plastic
(110oC) was found to be higher than the individual plastic

TPH/PPM
20.58
20.52
31.93
11.28
15.00
33.17
36.85

(PP-90oC, PS-98oC), while the reaction time was lower
(26mins) compared to individual plastics (PP-29mins, PS29mins). The type of catalyst used also influences the
product yield; this was compared to the work done by
Senthil and Bharathikumar (2015) in which various
catalysts were used.
Senthil and Bharathikumar, (2015) performed similar
study and their result was compared with commercial
petrol, diesel and motor oil GC-FID (TPH) in (Figure 2).
The total hydrocarbons (TPH) present in Polystyrene
(PP) without catalyst is 20.52, while 20.58 hydrocarbons
were found in the oil obtained from polystyrene (PS)
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Figure 2. Comparison of the chromatograph of commercial petrol, diesel and motor oil (Source: Senthil and
Bharathikumar, 2015).

Figure 3: Chromatograph of the hydrocarbon oil obtained from PS without catalyst.

Figure 4: Chromatograph of the hydrocarbon oil obtained from PP without catalyst.
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Figure 5: Chromatograph of the hydrocarbon oil obtained from PP + PS without catalyst.

Figure 6: Chromatograph of the hydrocarbon oil obtained from PP + PS with catalyst.

Figure 7: Chromatograph of the hydrocarbon oil obtained from PS with catalyst.
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Figure 8: Chromatograph of the hydrocarbon oil obtained from PP with acid treated catalyst.

Figure 9: Chromatograph of the hydrocarbon oil obtained from PP with untreated catalyst.

without catalyst. The mixture of both plastics (PP and PS)
was found to contain 31.93 hydrocarbons (Figures 3-6).
As shown in (Figures 6-9), the total hydrocarbons
(TPH) present in the oil obtained from (PP) with catalyst
is 15, while 36.85 hydrocarbons were present in the oil
obtained from the same plastic with untreated catalyst.
11.28 total hydrocarbons were found to be present in the
oil obtained from (PS) with catalyst, while 33.17
hydrocarbons were present in the oil obtained from the
mixture of both plastics (PP and PS) with catalyst.

mostly n-alkanes, n-alkenes, aliphatic and aromatics
hydrocarbon compounds
which were randomly
distributed by carbon numbers. The carbon chain of the
produced fuel rages from C4 – C12which indicates that the
fuel contains long hydrocarbon chains. The produced fuel
could be used as internal combustion engine, feed for
feedstock refinery or electricity generation feed for power
plants.
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