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Abstract: Conversion  of waste plastics (Polypropylene) into hydrocarbon fuel was investigated 
by using a reactor system which consists of a reactor, a condenser and a liquid-gas separator. A 
maximum waste to fuel conversion of over 99% has been achieved with approximately 47% of liquid 
yield and 52% of gas yield. The liquids and gasses obtained from the experiments were analysed using 
a gas chromatograph/mass spectrometer unit (GC/MS). Analysis results show that the escaped gas is 
non condensable at ambient temperature and mainly consists of methane, propylene, isobutane and 
isobutylene. The analysis results also show that the liquid obtained in the experiments consists of 
many linear, branched and aromatics hydrocarbon compounds in the range of C5 to C10. 

Waste polypropylene samples different in weight were used for the experiments to investigate the 
effects of batch size on the reaction time and the liquid yield at near atmospheric slightly positive 
pressure. No N2 purging or vacuuming of the reaction zone was used at the start of the experiments. 
The experimental results showed that the percentage of liquid yield increase with the increase of batch 
size. The experimental results also showed that the reaction time of 500 g batch size was 100 minutes 
and that was increased approximately by 15 minutes for every additional 500 g of sample fed into the 
reactor in respective batches. 

Keywords: Waste plastics, Thermal cracking, Batch size, Reaction time, Liquid yield. 
 
 
1. Introduction 

Disposal of solid waste has become one of 
major environmental issues in Sri Lanka. That 
is further aggravated by non-bio degradable 
solid waste like plastic and polythene because 
the polymer compounds used in plastic and 
polythene are hardly degradable in a natural 
manner and causes numerous negative 
environmental impacts.  

Sri Lanka’s consumption of crude oil has 
increased from 90,000 barrels per day in 2011 to 
92,000 barrels per day (14.5 million litres/day) 
in 2012 while having zero natural gas 
consumption [13]. Municipal Solid Waste 
(MSW) generation in Sri Lanka is over 6,400 
tons/day; about 85 % of collected waste is 
subjected to open dumping [10]. 
Approximately 6% of MSW is comprised of 
plastic waste [11]. Thus the plastic waste 
generation in Sri Lanka can be estimated at 384 
tons/day and above 85% of it end up by land 
filling causing huge environmental pollution 
and energy loss in the form of embodied energy 
of plastic. Afore mentioned waste plastic could 
be converted into hydrocarbon fuel by thermal 

pyrolysis; from 1kg of waste plastic, a 
maximum of 1 litre of oil can be produced [14]. 
Thus, theoretically 380,000 litres/day of fuel 
can be produced and 2.5% of crude oil demand 
can be supplied by the fuel generated by waste 
plastic in the country while reducing 
environmental pollution from post consumer 
waste plastic.  

Recycling of plastic waste has gained increasing 
attention as the land filling and incineration 
become more expensive and less accepted due 
to the environmental impacts. More attention is 
thus being given to new recycling methods 
which have high energy recovery values and 
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are more environmentally attractive. Pyrolysis 
is one of the promising methods for the 
treatment of mixed and contaminated plastic 
wastes. In pyrolysis, plastics are thermally 
degraded to produce useful liquid 
hydrocarbons, which can then either be added 
to existing fuel or solvent product, or returned 
to a refinery where they can be added to the 
feedstock [12]. 

Many researches have been conducted on 
conversion of waste plastic to fuel. In most of 
researches very small samples of waste plastics 
or sometimes virgin plastics were used for the 
experiments in very small reactor systems as 
discussed in the literature. Sometimes these 
results are difficult to implement in practical 
situations. On the other hand, large scale waste 
plastics to fuel conversion plants have been 
developed in the world. However, there are 
many problems that have come up to be solved 
in near future. The present challenges include 
the minimization of process barriers such as 
wax formation and line clogging, minimization 
of production cost, difficulty in transportation 
of waste plastic due to its large volume. One of 
the ways to reduce cost of the process, difficulty 
in transportation and minimization of process 
barriers is to develop a novel and more efficient 
small scale plant for the process of waste plastic 
to fuel conversion which would be operating 
with simplest mechanisms , could be 
manufactured at low cost and should be 
compatible to Sri Lankan conditions. A network 
of such plants can be distributed across the 
cities to enable recovery of a sizeable fraction of 
the post-consumer waste plastic generated in 
the cities. Therefore designing and 
development of small scale reactor system for 
waste plastics to fuel conversion process is 
timely important.  

2. Literature Review 

In this research work the possibility of using a 
small scale reactor system to convert waste 
plastic into a hydrocarbon fuel and the 
optimum process parameters to obtain 
maximum liquid yield were investigated. The 
effect of different parameters such as operating 
pressure and batch size on the liquid yield and 
reaction time was investigated and 
experimentally improved. Experimental results 
showed that the developed reactor system has 
the capability of converting waste plastics 
(polypropylene) into liquid and gaseous fuel 
with over 99% conversion at the improved 
process conditions. The effect of batch size on 

liquid yield and reaction time is discussed in 
this paper. 

2.1. Waste plastic Pyrolysis 

Pyrolysis involves the heating of plastic waste 
at temperatures between 220 and 900 ºC, in 
oxygen-free conditions at various residence 
times. Three different cracking processes such 
as hydro cracking, thermal cracking and 
thermal catalytic cracking are reported as 
different pyrolysis processes. Thermal and 
thermal catalytic cracking of waste plastic have 
been investigated by many researchers in the 
past. The liquid yield obtained is in the range of 
24% to 99%, and the solid residue left in the 
reaction zone is in the range of 1% to 16% [2-7, 
12]. 

The highest liquid yield of 99% has been 
achieved by Rabia Rehman et al. in their 
experiments with Silica catalyst for 10 g of 
polyethylene and 1.0 g of catalyst. Rehman  R. 
et al. also found that in the thermal 
degradation, liquid product was obtained at 
300  oC with only 72% conversion. But with the 
use of catalyst the total conversion of 
polyethylene was nearly 100% with all 
catalysts. Further, reaction time for the 
experiments with catalyst ranged from 60 to 75 
min and for the thermal deprivation it was 185 
min for 10 g of polyethylene sample [2]. 

Pasl A. Jalil reported that 89% of maximum 
liquid yield with 8% and 2% of gas and solid 
residue with MCM-41 catalyst. The liquid yield 
of 81% with 10% and 9% of gas and solid 
residue has been achieved in the thermal 
cracking experiment. The liquid obtained in the 
thermal cracking experiment consist of 90% of 
waxy materials. Three grams (3 g) of PE pellets 
were used in all the experiments conducted in a 
glass batch reactor under atmospheric 
conditions [3]. 

Moinuddin Sarker et al. investigated the 
thermal cracking of LDPE and PP mixture. The 
waste plastic samples used for the experiments 
were washed, dried and cut into size of 3-5 mm. 
Waste sample consisting of 300 g of LDPE and 
300 g of PP was used for the experiments in a 
vertical steel reactor in the temperature range of 
100 0C to 400 0C. In the first phase of the 
experiment the waste sample was melted and 
turned in to liquid slurry. When temperature is 
increased to 270 0C, the decomposition starts 
and liquid slurry turns into vapour. The liquid 
and gas yield in the experiments were 90% and 
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6% respectively with 4% of solid residue left in 
the reactor. The gas generated during the 
thermal cracking process consists of some light 
gasses such as methane, ethane, propane and 
butane. The GC/MS analysis showed that the 
liquid obtained in the experiments consist of 72 
hydrocarbon compounds ranging from C5 to 
C27 [4]. 

Moinuddin Sarker et al. also investigated 
thermal cracking of LDPE, PP and PS mixture. 
Similar experimental conditions as in the 
previous experiments were used. The reaction 
time of experiments was 5 to 5.5 hours. The 
liquid and gas yield in the experiments were 
89.5% and 6% respectively with 4.5% of solid 
residue left in the reactor. The GC/MS analysis 
showed that the liquid obtained in the 
experiments consist of 85 hydrocarbon 
compounds ranging from C5 to C27 [5]. 

Martin Bajus et al. investigated the thermal 
cracking of seven component polymer blends 
comprising of HDPE, LDPE, LLDPE, PP, PET 
and PVC. 17 g of sample was subjected to 
thermal cracking under atmospheric pressure at 
temperatures of 450 oC and 500 oC. The 
maximum liquid yield of 66% with 3.5% of 
solid residue in the reaction zone was achieved 
at 450 0C temperature in a reaction time of 92 
min. The liquid obtained consist of both oil and 
waxes. The same investigation showed that the 
mixture of oil and wax generation in thermal 
cracking of PP was 85% with 1% solid residue 
at same operating conditions [6]. 

S.L. Low et al. used 40 g samples of pure 
polymer resins in the thermal cracking 
experiments. The maximum liquid and gas 
yields of 77% and 22% with 1% of solid residue 
in the reaction zone have been achieved for 
pure PP resins supplied in the form of atactic-PP 
solid wax. S.L. Low et al. also investigated the 
effect of heating rate on the product yield. This 
investigation showed that the optimum heating 
rate for thermal cracking of a PP was 33 0C/min 
[12]. 

Sachin Kumar et al. conducted thermal cracking 
experiments for 20 g samples of HDPE in a 
semi batch reactor made of stainless steel tube 
at  a heating rate of 20 0C/min and at 
temperatures ranging from 400 to 500 0C. The 
maximum liquid yield of 24% and the solid 
residue amount of 4% was achieved at 450 0C 
temperature [7]. 

Thermal cracking process can be conducted 
with a simple set of devices compared with 
other cracking processes like hydro cracking 
and thermal catalytic cracking. There is no 
requirement of special type of reactors like 
fluidized bed reactor used in thermal catalytic 
cracking to obtain proper contact between 
plastic and catalyst, no requirement of catalyst 
and operating at near atmospheric pressure 
(slight positive pressure) simplifies the thermal 
cracking process further. A decent liquid yield 
can also be obtained by thermal cracking even 
though it has some disadvantages like 
consumption of considerable amounts of 
energy compared with catalytic cracking.  

Thermal cracking of polyolefin is a high energy, 
endothermic process requiring temperatures of 
at least 350–500 °C [8]. The extent and the 
nature of these reactions depend on the reaction 
temperature, heating rate, residence time of the 
liquid and gaseous products in the reaction 
zone and the pressure in reaction zone.  

In addition, reactor design also plays a 
fundamental role, as it has to overcome 
problems related to the low thermal 
conductivity and high viscosity of the molten 
polymers. Several types of reactors have been 
reported in the literature, the most frequent 
being batch reactor, semi batch reactor and 
screw kiln reactor [2-9, 12].  

During the thermal cracking process, the 
polymeric structure is broken down, producing 
smaller intermediate species (radicals or ions). 
These fragments can further react and produce 
a mixture of smaller hydrocarbon molecules, 
being liquid, gas, or solid in nature. Apart from 
de-polymerization reactions, many secondary 
reactions may occur, including side group or 
substitute reactions, such as chain scission, 
unsaturation, cross-linking, group substitution, 
or elimination, cyclization, etc. 

2.2. Hydrocarbon Fuel 

Gasoline, Diesel and Kerosene are the main 
types of hydrocarbon fuel used in the world. 

Conventional gasoline is mostly a blended 
mixture of more than 200 different hydrocarbon 
liquids ranging from those containing 4 carbon 
atoms to those containing 11 or 12 carbon atoms 
[16]. The material safety data sheet (MSDS) for 
unleaded gasoline shows at least 15 hazardous 
chemicals occurring in various amounts, 
including benzene (up to 5% by volume), 
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toluene (up to 35% by volume), naphthalene 
(up to 1% by volume) ,  trimethylbenzene (up to 
7% by volume), methyl tert-butyl ether (MTBE) 
(up to 18% by volume, in some states) and 
about ten others [17]. Hydrocarbons in gasoline 
generally exhibit low acute toxicities, benzene 
and many anti-knocking additives 
are carcinogenic [18].  Complete burning of 
gasoline releases CO2 and H2O to the 
environment except some dioxides of S and N. 
Toxic materials like benzene, methyl benzene 
also burn like any other hydrocarbon in a 
plentiful supply of O2 to release CO2 and H2O 
and with limited O2 it would release CO as well 
[19].  

Petroleum-derived diesel is composed of about 
75% saturated hydrocarbons (primarily 
paraffins) and 25% aromatic hydrocarbons 
(including napthalenes and alkylbenzene) 
[20]. The average chemical formula for common 
diesel fuel is C12H23, ranging approximately 
from C10H20 to C15H28 [21]. Complete 
combustion of diesel would also release CO2 
and H2O to the environment with some 
dioxides of S and N.  

Kerosene, also spelled kerosine, paraffin or coal 
oil, is used for burning in lamps and domestic 
heaters or furnaces, as a fuel or fuel component 
for jet engines. The chemical composition of 
kerosene depends on its source, but it usually 
consists of about 10 different hydrocarbons, 
each containing 10 to 16 carbon atoms per 
molecule and the main constituents are 
saturated straight-chain and branched-
chain paraffins, as well as ring-shaped 
cycloparaffins (naphthenes) [22]. 

3. Experimental Process 

3.1. Raw Materials 

Plastics considered in this paper were 
representative of the major groups of plastics 
commonly found in municipal wastes. Clean, 
moisture free textile packaging mainly consist 
of polypropylene (PP) collected from textile 
shops were used as the feed of the experiment 
carried out. Different batch sizes of waste 
samples were used for the experiments as 
received without cutting to make small pieces. 
In order to maintain consistency of samples, 
same type of textile packaging was selected by 
visual inspection for each experiment.  

 

3.2. Plastic De-polymerization Apparatus 

Plastic de-polymerization apparatus mainly 
consist of three devices: a reactor, a condenser 
and a liquid-gas separator.  

The semi batch reactor made of stainless steel 
having a loading capacity of 3 kg 
(polypropylene bags) is the heart of the system. 
The semi batch reactor was heated by a set of 
electric heaters of 5 kW fitted on the outside 
body. A pressure gauge with 0.02 bar 
sensitivity and a thermocouple inserted into a 
thermo well was fitted on the reactor lid. 

A condenser was used to condense the gasses 
generated in the cracking process under the 
water cooling at room temperature and 
atmospheric pressure. A liquid-gas separator 
equipped with a demister was used to separate 
liquid and gasses after the condenser. 

  
 
Figure 1 - Developed Plastic De-polymerization 
Apparatus.   
 
The experimental apparatus was improved to 
avoid losses which may be arisen due to the 
liquid reflux to the reactor, liquid carry over 
with the hot gasses and minor leakages through 
the fittings. 

3.3. Procedure of Experiments 

In a typical experiment, the waste sample was 
loaded to the semi batch reactor as received and 
reactor lid was closed. The condenser was 
connected to the reactor and the heater was 
switched on. The temperature and pressure was 
measured at every 5 min. In the first phase of 
the experiment, the reactor outlet valve was 
closed and the temperature of the sample was 
allowed to increase until 300 0C in order to melt 
them. The pressure in the reactor was increased 
near to 1.5 bar in the first phase of the 
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saturated straight-chain and branched-
chain paraffins, as well as ring-shaped 
cycloparaffins (naphthenes) [22]. 

3. Experimental Process 

3.1. Raw Materials 

Plastics considered in this paper were 
representative of the major groups of plastics 
commonly found in municipal wastes. Clean, 
moisture free textile packaging mainly consist 
of polypropylene (PP) collected from textile 
shops were used as the feed of the experiment 
carried out. Different batch sizes of waste 
samples were used for the experiments as 
received without cutting to make small pieces. 
In order to maintain consistency of samples, 
same type of textile packaging was selected by 
visual inspection for each experiment.  

 

3.2. Plastic De-polymerization Apparatus 

Plastic de-polymerization apparatus mainly 
consist of three devices: a reactor, a condenser 
and a liquid-gas separator.  

The semi batch reactor made of stainless steel 
having a loading capacity of 3 kg 
(polypropylene bags) is the heart of the system. 
The semi batch reactor was heated by a set of 
electric heaters of 5 kW fitted on the outside 
body. A pressure gauge with 0.02 bar 
sensitivity and a thermocouple inserted into a 
thermo well was fitted on the reactor lid. 

A condenser was used to condense the gasses 
generated in the cracking process under the 
water cooling at room temperature and 
atmospheric pressure. A liquid-gas separator 
equipped with a demister was used to separate 
liquid and gasses after the condenser. 

  
 
Figure 1 - Developed Plastic De-polymerization 
Apparatus.   
 
The experimental apparatus was improved to 
avoid losses which may be arisen due to the 
liquid reflux to the reactor, liquid carry over 
with the hot gasses and minor leakages through 
the fittings. 

3.3. Procedure of Experiments 

In a typical experiment, the waste sample was 
loaded to the semi batch reactor as received and 
reactor lid was closed. The condenser was 
connected to the reactor and the heater was 
switched on. The temperature and pressure was 
measured at every 5 min. In the first phase of 
the experiment, the reactor outlet valve was 
closed and the temperature of the sample was 
allowed to increase until 300 0C in order to melt 
them. The pressure in the reactor was increased 
near to 1.5 bar in the first phase of the 

 

experiment. The reactor valve was opened after 
reaching 300 0C temperature and the generated 
gasses were allowed to pass through the 
condenser where condensation of gasses takes 
place at room temperature and atmospheric 
pressure under water cooling. The pressure of 
the reactor was reduced to near atmospheric 
slightly positive pressure (around 0.06 bar) 
after opening the reactor discharge valve. The 
non condensable gasses were safely vented to 
the atmosphere using a 20 m long vertical duct 
line. Heating was continued at near 
atmospheric slightly positive pressure (around 
0.06 bar) until the gas generation is stopped. 
The condensed liquid in the liquid-gas 
separator and the residue left in the reactor 
were collected after the experiment and 
measured by a scale for weight. The gas yield 
was calculated by the difference of sample 
weight and the sum of liquid and solid residue 
weight. 

4. Results 

No N2 purging or vacuuming of the reaction 
zone was carried out at the start of the 
experiments or during the experiments. Even 
though no N2 purging or evacuation of the 
reaction zone was done, the possibility of 
combustion of the sample at the start of the 
experiment is low as the amount of O2 retained 
in the closed reaction zone is limited. Further, 
any remaining O2 is successfully purged by the 
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hydrocarbon gaseous environment is 
maintained in the reaction zone during the 
experiments. Therefore, pyrolysis of waste 
plastics takes place in the reactor in an O2 free 
environment during the experiments. 

4.1. Yields 

In order to investigate the effect of batch size on 
the reaction time and the liquid yield, six 
experiments were carried out at 450 °C set 
temperature. The set temperature was 
maintained by switching the heaters on and off. 
The experiments were repeated for each batch 
size to check the consistency of results. Table 1 
shows the volume and percentage of liquid 
yield, percentage of gas yield (calculated), 
percentage of solid residue in the reactor and 
reaction time for different batch sizes. Figure 2 
shows the variation of reaction time with 
sample size and Figure 3 shows the variation of 
reactor temperature with time.  
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linear variation with the batch size as shown in 
Figure 2. Approximately same heating pattern 
for each experiment was observed in the 
temperature range of 300 °C to 400 °C as shown 
in Figure 3.  

Thermal decomposition of polypropylene 
begins in the temperature range of 227 0C to 302 
0C [1]. Also, the most sensitive temperature 
range for the decomposition of PP is 328 0C to 
410 0C [15]. Therefore, due to the similar 
heating pattern observed in the 300 °C to 400 °C 
temperature range as shown in Figure 3, 
cracking process take place regardless of batch 
size and cause to shorten total reaction time of 
large batch sizes.  

 
Figure 2 - Variation of Reaction Time with 
Batch Size. 

Experimental results also show that the liquid 
yield increase from 36.80% to 47.03%, when the 
weight of the waste sample increases from 500 
g to 3000 g. The space remaining and the 
amount of oxygen in the reactor were decreased 
with large batch sizes. Therefore the 
combustion of a part of the sample which might 
be occurred at the start of the experiment 
reduces at large batch sizes. Also the reduced 
air space left in the reactor at large batch sizes 
increase the potential of reducing secondary 
reactions which may increase the amount of 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
and 2.132 min respectively. 

 

 

Table 1 - Product Yield and Reaction Time in the Thermal Cracking Experiments at 450°C Set 
Temperature.   

 Batch Size 
(g) 

Reaction Time 
(min) 

Liquid Yield Gas Yield Solid 
Residue Volume (ml) Percentage 

500 100 230 36.80% 62.40% 0.80% 
1000 115 470 37.20% 61.90% 0.90% 
1500 130 750 39.87% 59.66% 0.47% 
2000 150 1050 40.60% 58.50% 0.90% 
2500 165 1380 42.80% 56.76% 0.44% 
3000 180 1860 47.03% 52.56% 0.41% 

 

 
Figure 3 - Variation of Reactor Temperature with Time. 

First peak was matched 82% with the standard 
curve of methane and it was 80% of total. 
Second, third and fourth peaks were matched 
52%, 78% and 91% respectively with the 

standard curves of propylene, isobutane and 
isobutylene. The percentages of propylene, 
isobutane and isobutylene were 13%, 3% and 
3% of total respectively. 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 
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and 2.132 min respectively. 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
and 2.132 min respectively. 

 

 

Table 1 - Product Yield and Reaction Time in the Thermal Cracking Experiments at 450°C Set 
Temperature.   

 Batch Size 
(g) 

Reaction Time 
(min) 

Liquid Yield Gas Yield Solid 
Residue Volume (ml) Percentage 

500 100 230 36.80% 62.40% 0.80% 
1000 115 470 37.20% 61.90% 0.90% 
1500 130 750 39.87% 59.66% 0.47% 
2000 150 1050 40.60% 58.50% 0.90% 
2500 165 1380 42.80% 56.76% 0.44% 
3000 180 1860 47.03% 52.56% 0.41% 

 

 
Figure 3 - Variation of Reactor Temperature with Time. 

First peak was matched 82% with the standard 
curve of methane and it was 80% of total. 
Second, third and fourth peaks were matched 
52%, 78% and 91% respectively with the 

standard curves of propylene, isobutane and 
isobutylene. The percentages of propylene, 
isobutane and isobutylene were 13%, 3% and 
3% of total respectively. 

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100 120 140 160 180

500g

1000
g
1500
g
2000
g

Te
m

pe
ra

tu
re

 (0 C
) 

Time (min) 

gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
and 2.132 min respectively. 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
and 2.132 min respectively. 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  
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0.4% to 0.9% in the experiments. This is very 
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literature. Each experiment was continued until 
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reason to end up with very little solid residue 
amounts in the experiments. 
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According to the GC/MS analysis of gasses, 
escaping gas from the thermal cracking process 
is a combustible mixture in air. Further, 
complete combustion of gas mixture in 
atmosphere will release CO2 and H2O to the 
environment.  

The liquid analysis results (Table 2 and Figure 
5a and 5b ) show that the liquid obtained in the 
experiments consists of forty six compounds of 
linear, branched and aromatic hydrocarbon in 
the range of C5 to C10 with high concentration of 
C7 and C8 hydrocarbons.  

First 38 peaks out of forty six are shown in 
Figure 5a and 5b. 20th peak was matched 95% 
with the standard curve of toluene and it was 
13% of total. 35th and 10th peaks were matched 
97%, 96% respectively with the standard curves 
of benzene,1,3-dimethyl (m-xylene)  and 
benzene. The percentages of m-xylene and 
benzene were 11% and 5% of total respectively. 
All other compounds in the liquid were in the 
range of 0.01% to 4.60% of total. 

Benzene is mainly a carcinogenic liquid and 
xylene and toluene have some toxicity as well. 
But the combustion of benzene, toluene and 
other aromatics hydrocarbons in a plentiful 

supply of O2 would release CO2 and H2O to the 
environment as discussed in the literature. 

4.3. Analysis of net energy return 

The liquid yield of 1411 g (1860 ml) and gas 
yield of 1577 g were obtained at the batch size 
of 3000 g in a reaction time of 180 min. The 
calorific value of liquid fuel and gaseous fuel 
obtained from the experiments were found to 
be 43.5 MJ/kg and 42.7 MJ/kg respectively. The 
power of the heater used to heat the sample 
was 5 kW. 
Amount of energy consumed  = (5 × 180)/60  
 = 15 kWh 
 = 54,000 kJ 
Amount of energy contain in  
the liquid fuel = 43.5×106×1.411 
 = 61,378 kJ 
Amount of energy contain in  
the gaseous fuel = 42.7×106×1.577 
 = 67,338 kJ 
Total energy return = 61,378 + 67,338 
 = 128,716 kJ 
Net energy return = 128,716– 54,000 
 = 74,716 kJ 
Net energy return per kg of  
waste  = 24,905 kJ/kg 
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Figure 4 – GC/MS Analysis of the Gas Escaped in the Thermal Cracking of Waste PP.  
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of benzene,1,3-dimethyl (m-xylene)  and 
benzene. The percentages of m-xylene and 
benzene were 11% and 5% of total respectively. 
All other compounds in the liquid were in the 
range of 0.01% to 4.60% of total. 

Benzene is mainly a carcinogenic liquid and 
xylene and toluene have some toxicity as well. 
But the combustion of benzene, toluene and 
other aromatics hydrocarbons in a plentiful 

supply of O2 would release CO2 and H2O to the 
environment as discussed in the literature. 

4.3. Analysis of net energy return 

The liquid yield of 1411 g (1860 ml) and gas 
yield of 1577 g were obtained at the batch size 
of 3000 g in a reaction time of 180 min. The 
calorific value of liquid fuel and gaseous fuel 
obtained from the experiments were found to 
be 43.5 MJ/kg and 42.7 MJ/kg respectively. The 
power of the heater used to heat the sample 
was 5 kW. 
Amount of energy consumed  = (5 × 180)/60  
 = 15 kWh 
 = 54,000 kJ 
Amount of energy contain in  
the liquid fuel = 43.5×106×1.411 
 = 61,378 kJ 
Amount of energy contain in  
the gaseous fuel = 42.7×106×1.577 
 = 67,338 kJ 
Total energy return = 61,378 + 67,338 
 = 128,716 kJ 
Net energy return = 128,716– 54,000 
 = 74,716 kJ 
Net energy return per kg of  
waste  = 24,905 kJ/kg 
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gaseous products. Thus the liquid yield is 
increased at large batch sizes.  

The solid residue left in the reactor ranged from 
0.4% to 0.9% in the experiments. This is very 
small compared with the data found in the 
literature. Each experiment was continued until 
the gas generation is stopped. It may be the 
reason to end up with very little solid residue 
amounts in the experiments. 

4.2. Liquid and Gas Analysis 

The liquids and gasses obtained from the 
experiments were analysed using a gas 

chromatograph/mass spectrometer unit 
(GC/MS).  

The gas analysis results (Figure 4) show that the 
escaped gas is non condensable at ambient 
temperature and mainly consists of methane, 
propene (propylene), isobutane and 1-propene, 
2-methyl (isobutylene). Four peaks were 
observed in the analysis at 2.006, 2.047, 2.099 
and 2.132 min respectively. 

 

 

Table 1 - Product Yield and Reaction Time in the Thermal Cracking Experiments at 450°C Set 
Temperature.   

 Batch Size 
(g) 

Reaction Time 
(min) 

Liquid Yield Gas Yield Solid 
Residue Volume (ml) Percentage 

500 100 230 36.80% 62.40% 0.80% 
1000 115 470 37.20% 61.90% 0.90% 
1500 130 750 39.87% 59.66% 0.47% 
2000 150 1050 40.60% 58.50% 0.90% 
2500 165 1380 42.80% 56.76% 0.44% 
3000 180 1860 47.03% 52.56% 0.41% 

 

 
Figure 3 - Variation of Reactor Temperature with Time. 
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Second, third and fourth peaks were matched 
52%, 78% and 91% respectively with the 

standard curves of propylene, isobutane and 
isobutylene. The percentages of propylene, 
isobutane and isobutylene were 13%, 3% and 
3% of total respectively. 
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According to the GC/MS analysis of gasses, 
escaping gas from the thermal cracking process 
is a combustible mixture in air. Further, 
complete combustion of gas mixture in 
atmosphere will release CO2 and H2O to the 
environment.  

The liquid analysis results (Table 2 and Figure 
5a and 5b ) show that the liquid obtained in the 
experiments consists of forty six compounds of 
linear, branched and aromatic hydrocarbon in 
the range of C5 to C10 with high concentration of 
C7 and C8 hydrocarbons.  

First 38 peaks out of forty six are shown in 
Figure 5a and 5b. 20th peak was matched 95% 
with the standard curve of toluene and it was 
13% of total. 35th and 10th peaks were matched 
97%, 96% respectively with the standard curves 
of benzene,1,3-dimethyl (m-xylene)  and 
benzene. The percentages of m-xylene and 
benzene were 11% and 5% of total respectively. 
All other compounds in the liquid were in the 
range of 0.01% to 4.60% of total. 

Benzene is mainly a carcinogenic liquid and 
xylene and toluene have some toxicity as well. 
But the combustion of benzene, toluene and 
other aromatics hydrocarbons in a plentiful 

supply of O2 would release CO2 and H2O to the 
environment as discussed in the literature. 

4.3. Analysis of net energy return 

The liquid yield of 1411 g (1860 ml) and gas 
yield of 1577 g were obtained at the batch size 
of 3000 g in a reaction time of 180 min. The 
calorific value of liquid fuel and gaseous fuel 
obtained from the experiments were found to 
be 43.5 MJ/kg and 42.7 MJ/kg respectively. The 
power of the heater used to heat the sample 
was 5 kW. 
Amount of energy consumed  = (5 × 180)/60  
 = 15 kWh 
 = 54,000 kJ 
Amount of energy contain in  
the liquid fuel = 43.5×106×1.411 
 = 61,378 kJ 
Amount of energy contain in  
the gaseous fuel = 42.7×106×1.577 
 = 67,338 kJ 
Total energy return = 61,378 + 67,338 
 = 128,716 kJ 
Net energy return = 128,716– 54,000 
 = 74,716 kJ 
Net energy return per kg of  
waste  = 24,905 kJ/kg 
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Table 2 - GC/MS Chromatogram Area Present Report of the Liquid Formed in the Thermal 
Cracking of Waste PP. 
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Figure 5a – GC/MS Analysis of the Liquid Formed in the Thermal Cracking of Waste PP. 
 

5. Conclusions 

The reaction time for 500 g of waste PP batch 
was found to be 100 min and that was found to 
increase by approximately 15 min for each 
additional 500 g of waste PP sample fed into the 
reactor in respective batches. The liquid yield 
was found to be increased with increasing 
batch size. Therefore, the maximum batch size 
of 3 kg is suitable for the developed semi batch 
reactor in waste PP thermal cracking process to 
obtain  a maximum liquid yield at an optimum 
reaction time. 

The reaction times of the experiments have 
shown an approximately linear variation with 
the batch size and this could be compatible 
with any semi batch reactor which maintain 
consistent heating pattern for different batch 
sizes. 

In the gas fraction, 80% of methane, 13% of 
propylene, 3% of isobutane and 3% of 
isobutylene were found. This escaping gas from 
the process was found to be a combustible 
mixture in air. 
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Figure 5b – GC/MS Analysis of the Liquid Formed in the Thermal Cracking of Waste PP. 

Further, complete combustion of gas mixture in 
atmosphere will release CO2 and H2O to the 
environment. Therefore, this gas can be burnt 
as a heat source in the pyrolysis process and 
thereby energy demand of the process could be 
reduced.  

It should be emphasized that, in the absence of 
polymeric chains in the feed with Chlorine or 
any other halogens and in the limited O2 

environment, one may conclude that the 
possibility of formation of Dioxins and Furans 
is very low. However, the possibility of PAH 

being carried over with the gasses cannot be 
neglected. 

A mixture of linear, branched and aromatic 
hydrocarbons in the range of C5 to C10 with 
high concentration of C7 and C8 hydrocarbons 
was formed in the liquid products. In the 
analysis, maximum values obtained were 13% 
toluene, 11% m-xylene and 5% benzene. All 
other compounds found in the liquid were in 
the range of 0.01% to 4.60%. The hydrocarbon 
compounds found in the liquid were in the 
gasoline (C5 – C12) range. Therefore, further 
investigations of the properties are required to 
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determine its potential application as a fuel in 
internal combustion engines. 

Combustion of benzene, toluene and other 
aromatics hydrocarbons in a plentiful supply of 
O2 was reported to release CO2 and H2O to the 
environment. Therefore combustion of this 
liquid in an internal combustion engine would 
not release harmful gasses to the environment. 

The net energy return of the process was found 
to be 24,905 kJ/kg at the improved process 
conditions of operating pressure and batch size. 
The net energy return could be increased 
further at an optimum set temperature and 
heating rate. Therefore further investigations 
are required to determine optimum set 
temperature and heating rate of the waste 
plastics to fuel conversion process to increase 
the net energy output. 

Nomenclature 

a-PP - Atactic polypropylene 
HDPE - High density polyethylene 
LDPE - Low density polyethylene 
PAH - Polyaromatic hydrocarbons 
PE - Polyethelene 
PET - Polyethylene terephthalate 
PS - Polystyrene 
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