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ABSTRACT 

Polystyrene (PS) waste plastic to renewable energy or naphtha grade fuel production through fractional distillation 
process was applied and PS liquefaction temperature range was 250˚C - 430˚C and fractional column temperature was 
110˚C - 135˚C for naphtha grade fuel separation. The thermal degradation of PS waste plastic to renewable energy or 
naphtha grade chemical production was without adding any kind of cracking catalyst and without vacuum system. 
Polystyrene waste plastic is not bio-degradable and its can remain long period of landfill and creating gas emission for 
that reason its major cause climate change. For experimental purpose raw sample was use 1 kg of PS waste plastic and 
experiment was performed under Labconco fume hood and experiment was fully closed system, whole experiment was 
performed into stainless steel reactor. Produced fuel was analysis by gas chromatography and mass spectrometer, FT-IR 
and DSC. Analysis result indicate for fuel compounds chemical structure, compound band energy and enthalpy, delta H 
value. Produced fuel sulfur content less then environmental protection agency (EPA) level and fuel could be use for 
chemical feedstock refinery for further modification. By using this technology can reduce some foreign oil dependency 
and boost up renewable energy sector all over the world. 
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1. Introduction 

The thermal pyrolysis of plastic wastes produces a broad 
distribution of hydrocarbons, from methane to waxy 
products. This process takes place at high temperatures. 
The gaseous compounds generated can be burned out to 
provide the process heat requirements, but the overall 
yield of valuable gasoline range hydrocarbons is poor, so 
that the pyrolysis process as a means for feedstock recy- 
cling of the plastic waste stream is rarely practiced on an 
industrial scale at present [1,2]. In contrast, thermal 
cracking at low temperatures is usually aimed at the 
production of waxy oil fractions, which may be used in 
industrial units for steam cracking and in fluid catalytic 
cracking units [3]. An alternative to improve gasoline 
yield from plastics pyrolysis is to introduce suitable 
catalysts. High conversions and interesting product dis- 
tributions are obtained when plastics are cracked over 
zeolites [4-6]. Moreover the catalytic cracking of poly- 

mers has proven itself to be a very versatile process, 
since a variety of products can be obtained depending on 
the catalyst [7-10] the polymer [11,12] the reactor type 
[13,14] and the experimental conditions used [15-17] 
among other variables. Currently, production of bio-fuels, 
including ethanol and biodiesel, primarily relies on corn 
and soybeans. However, demand for farm crops as fuel 
sources has detrimental effects including fluctuations in 
grain prices [18]. As alternatives to farm crops, plastic 
waste and waste lube oil are potentially important sources 
in renewable fuel and energy production [19-22]. 

For example, in the United States, 25 million tons of 
plastic wastes were discharged in 2001, and less than 4% 
of the plastic waste was recycled [23]. In Western 
Europe, 48.3 million tons of plastic solid wastes (PSW) 
were consumed in 2007, and up to 60% of the plastic 
waste was land-filled or discharged without any treat- 
ment [24]. To date, an appropriate market for treating 
PSW, discharged as various types of mixtures, has not 
been well developed. Application of thermal techniques, *Corresponding author. 
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such as gasification processes [25], pyrolytic processes 
[26,27], and liquid-gas hydrogenation [28], is a poten- 
tially productive approach for producing fuel by utilizing 
plastic waste and waste lube oil as feedstock. Plastic 
waste and waste lube oil have high heat capacities (e.g., 
polyolefins: ~43.3 MJ/kg and general waste lube oil: 
~43.1 MJ/kg) [29], and their heat capacities are closer to 
petro-diesel (~43 MJ/kg) [30]. However, the main prob- 
lem with these wastes is that they are randomly dis- 
charged as various types of mixtures, and the physical 
properties and thermal degradation properties of each 
waste are different [31,32]. Thus, in the case of a mixture 
used as feedstock of fuel production, its efficacy has to 
be determined mainly by the ratio of the mixed plastic 
waste and waste lube oil, taking into account their phy- 
sio-chemical interactions. Several researchers have stud-
ied the feasibility of producing fuel from a mixture of 
plastic waste and waste oil treated through thermolysis, 
focusing in particular on analysis of regenerated-fuel 
quality [33] and evaluation of thermal reaction conditions 
[34]. However, fundamental questions that have not been 
discussed are the physio-chemical interactions of the 
waste mixture and their effect on energy consumption 
and thermodynamic parameters during thermolysis [35]. 
About 16% of global final energy consumption comes 
from renewables, with 10% coming from traditional bio- 
mass, which is mainly used for heating, and 3.4% from 
hydroelectricity. New renewables (small hydro, modern 
biomass, wind, solar, geothermal, and biofuels) accounted 
for another 3% and are growing very rapidly [36]. The 
share of renewables in electricity generation is around 
19%, with 16% of global electricity coming from hy- 
droelectricity and 3% from new renewables [36]. 

GHG emissions associated with the provision of en- 
ergy services are a major cause of climate change. The 
AR4 concluded that “Most of the observed increase in 
global average temperature since the mid-20th century is 
very likely due to the observed increase in anthropogenic 
greenhouse gas concentrations” (IPCC, 2007a). Concen- 
trations of CO2 have continued to grow since the AR4 to 
about 390 ppm CO2 or 39% above pre-industrial levels 
by the end of 2010 (IPCC, 2007b; NOAA, 2010). The 
global average temperature has increased by 0.76˚C 
(0.57˚C to 0.95˚C) between 1850 to 1899 and 2001 to 
2005, and the warming trend has increased significantly 
over the last 50 years (IPCC, 2007b). While this report 
focuses on the energy sector, forest clearing and burning 
and land use change, and the release of non-CO2 gases 
from industry, commerce and agriculture also contribute 
to global warming (IPCC, 2007b) [37] and some other 
researcher journal was cited for climate change [38-40]. 

2. Experimental Section 

Polystyrene (PS) waste plastic was collected from local 
city grocery store and it was drinking coffee glass. Col- 
lected coffee glass cleaned with liquid soap and water. 
PS waste plastic were cut into small pieces and size was 
1 - 2 inch2. Small pieces PS waste plastic put into reactor 
chamber and rector chamber was made by 316 grade 
stainless steel. Reactor temperature capability up 500˚C 
and temperature controller purposed used watlow device. 
PS waste plastic and reactor chamber was placed inside 
reactor and covered with screw tighten and top on cover 
placed one fractional distillation column with different 
temperature profiles Figure 1). In this experiment main 

 

 

Figure 1. Polystyrene waste plastic to naphtha grade fuel production process.   
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goal was naphtha fraction chemical collection. First re- 

sis of polystyrene (PS) 

8 18

actor chamber was heated up 250˚C to PS liquefaction 
purpose and fractional column was used for fraction 
grade fuel collection. Reactor temperature initial heating 
temperature was 250˚C and from this temperature in- 
creased gradually step by step at 15˚C every 10 minutes 
interval up to 430˚C. Due to temperature increase PS 
waste plastic melted then turn into liquid at the end solid 
plastic turn vapor formation when temperature cross up 
to 350˚C. From 350˚C to 430˚C temperature experiment 
was run constantly until finished the experiment. Frac- 
tional distillation process we can collect different grade 
fuel and from this experiment we collected naphtha grade 
chemical and also other grade fuel. For Naphtha grade 
chemical collection fractional distillation column tem- 
perature was setup 110˚C - 135˚C. 1 kg of PS waste plas- 
tic was use for the experiment. In the experiment PS 
waste plastic to naphtha grade chemical collection period 
some light gas also collected. These types of light gas 
have negative boiling point and mixture of methane, 
ethane, propane and butane. These gases passed through 
the alkali solution and remove contamination and transfer 
into Teflon bag for future use. This light gas could be use 
as heat source for PS waste plastic to fuel production 
purposes. Experiment was fully close system and vac- 
uum system was not applied. In this experiment catalyst 
and chemical did not applied only thermal process used. 
Collected naphtha grade fuel or chemical was purifica- 
tion by using RCI purification technology for removing 
ash, water or fuel sediment. Collected fuel density is 0.87 
gm/ml. From the experiment mass balance calculation 
percentage showed naphtha grade chemical yield per- 
centage is 21% and rest of other grade fuel was 66%, 
light gas yield percentage was 5% and solid black residue 
percentage was 8%. Produced residue has good Btu value 
up to 5000 per pound. For experimental purpose 1 kg PS 
waste plastic to naphtha grade chemical production in- 
cluding other grade fuel used electricity is 6.66 kWh and 
conversion time was 5 - 6 hours. 

3. Results and Discussion 

From Perkin Elmer GC-MS analy
plastic to aromatic naphtha grade chemical (Figure 2 and 
Table 1) in accordance with the various retention times 
and trace masses different types of hydrocarbon com- 
pound and benzene derivatives compounds are appeared 
in the analysis result index. Many compounds are 
emerged on the analysis carbon range C7 to C16. Based 
on the retention time and trace mass following hydro- 
carbon compounds as follows such as at the initial phase 
of the analysis at retention time 4.85 and trace mass 91, 
compound is Toluene (C7H8), retention time 5.30 and 
trace mass 43, compound is Hexane, 3-ethyl-(C H ), 

 

Figure 2. GC/MS Chromatogram of polystyrene waste plas-
tic to naphtha fractional fuel. 
 

12

 3,5-Octadiyne (C8H10), re- 

  

retention time 5.97 and trace mass 54, compound is 
Cyclohexane, 4-ethenyl-(C8H ), retention time 6.52 and 

ace mass 106, compound istr
tention time 7.04 and trace mass 51, compound is 1,3,5,7- 
Cyclooctatetraene (C8H8), retention time 7.54 and trace 
mass 120, compound is 1-Hexen-4-yne, 3-ethylidene-2- 
methyl-(C9H12), retention time 7.89 and trace mass 117, 
compound is Benzene, 2-propenyl-(C9H10), retention time 
8.03 and trace mass 91, compound is Benzene, propyl- 
(C9H12), retention time 8.56 and trace mass 118, com-
pound is α-Methylstyrene (C9H10) retention time 8.74 
and trace mass 57, compound is Decane (C10H22), reten-
tion time 9.93 and trace mass 105, compound name is 
Benzene, 1-ethyl-4-methyl-(C9H12), retention time 10.13 
and trace mass 41, compound name is Hexane, Isopino-
carveol-(C10H16O), retention time 10.30 and trace mass 117, 
compound is Benzene,4-ethenyl-1,2-dimethyl-(C10H12), re- 
tention time 11.12 and trace mass 118, compound is 
Benzene, (1-ethyl-2-propenyl)-(C11H14), retention time 
11.33 and trace mass 91, compound is Cyclohexene, 
3-methylene-4-(1,2-propadienyl)-(C10H112), retention time 
11.79 and trace mass 91, compound is Benzene, 
pentyl-(C11H16), retention time 12.48 and trace mass 91 
compound is Benzene, cycloppentyl-(C11H14), retention 
time 13.37 and trace mass 48, compound is Tetradecane, 
(C14H30), retention time 14.64 and trace mass 41, com-
pound is 7-Tetradecene, (C14H28), retention time 15.38 
and  t r ace  mass  167 ,  compound  is  Benzene , 
1,1’-ethylidenebis-(C14H24). Also at retention time 16.55 
a n d  t r a c e  ma s s  9 1 ,  c o mp o u n d  i s  B e n z e n e , 
1,1’-(1,2-ethanediyl)bis-(C14H14), retention time 16.91 
and trace mass 105 functional group is Benzene, 
1,1’-(1-methyl-1,2-ethanediyl)bis-(C15H16), retention time 
18.44 and trace mass 105, compound is Benzene, 
1,1’-(1-methyl-1,3-propanediyl)bis-(C16H18) etc. In the 
ultimate phase of the analysis index several compound 
are detected as according to their retention time and 
trace masses such as retention time 18.14 and trace 
mass 92, functional group is Benzene group compound 
Benzene, 1,1’-(1,3-propanediyl)bis-(C15H16), retention 
time 18.44 and trace mass 105, compound is a Benzene, 
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Table 1. GC/MS Chromatogram of polystyrene wa  plastic to naphtha fractional fuel compound list. ste

Number o
peak 

ability %
f Retention time 

(M) 
Trace mass 

(m/z) 
Compound name 

Compound  
formula 

Molecular 
weight 

Prob

1 4.85 91 Toluene C7H8 92 30.9 

2 5.30 43 Hexane, 3-ethyl- C8H18 114 35.3 

Cyclohexene, l- 8 12 108 35.

106 8 10 

5 7.02 50 1,3,5,7-Cyclooctatetraene C8H8 104 36.0 

1,3,5, aene 8 8 

120 1-Hexen- ethyl- 9 12 

8 7.89 117 Benzene, 2-propenyl- C9 10 118 17.1 

9 8.03 91 Benzene, propyl- C9H12 120 82.1 

10 8.56 118 α-Methylstyrene C9H10 118 15.9 

11 8. 117 Benzene, l- 9 10 

22 

13 9.29 117 Benzene, 2-propenyl- C9H 118 29.2 

Benzene,  10 12 

1,2,3,4, 10 14 

105 Benzene, yl- 9 12 

C H O 

19 10.18 117 C10H12 132 16.2 

3-Undecene,  11 22 

Benzene, ethyl- 10 12 

11 24 

23 10.47 105 Benzene, (1-methylbutyl)- C11H16 148 18.3 

2- C10 18  

Benzene, l)- 10 12 

26 10.83 92 5,7-Dodecadiyn-1,12-diol C H O2 194 10.9 

27 10.88 117 Benzene, 1-butenyl-, (E)- C H 132 18.5 

28 10.93 41 Z,Z,Z-1,4,6,9-Nonadecatetraene C19H32 260 6.33 

Benzene, - 11 14 

104 11 14 

Cyclohexene, 
3-met yl)- 

B

33 11.79 41 C12H24 168 15.05 

12 26 

3 5.97 54  4-etheny C H 6 

4 6.52 3,5-Octadiyne C H 106 30.3 

6 7.04 51 7-Cyclooctatetr C H 104 30.0 

7 7.54 4-yne, 3-ethylidene-2-m C H 120 18.7 

H

69  2-propeny C H 118 18.1 

12 8.74 57 Decane C H10 142 30.5 

10 

C H14 9.54 91  3-butenyl- 132 81.4 

15 9.76 91 5,8-Hexahydronaphthalene C H 134 27.9 

16 9.93  1-ethyl-4-meth C H 120 11.9 

17 10.1 106 
3a,6-Methano-3aH-inden-4-ol,  
octahydro-, (3aα,4α,6α,7aβ)- 10 16 152 13.0 

18 10.13 41 Isopinocarveol 

Benzene, 2-butenyl- 

C10H16O 152 17.3 

20 10.24 41 (E)- C H 154 9.33 

21 10.30 117  4-ethenyl-1,2-dim C H 132 9.28 

22 10.37 43 Undecane C H 156 35.5 

24 10.60 41 Decyn-1-ol H O 154 8.85 

25 10.71 117  (2-methyl-1-propeny C H 132 11.4 

12 18

10 12 

29 11.12 118  (1-ethyl-2-propenyl) C H 146 37.7 

30 11.24 Benzene, 4-pentenyl- C H 146 50.1 

31 11.33 91 
hylene-4-(1,2-propadien

C10H12 132 23.06 

32 11.36 91 enzene, pentyl- 

3-Dodecene, (E)- 

C11H16 148 63.03 

34 11.91 43 Dodecane C H 170 12.0 
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Conti

Benz ntyl- 

nued  

35 12.48 91 ene, cyclope C11H14 146 18.9 

36 12.91 91 Benzene, hexyl- C12H18 162 37.0 

Di e 

Benze nebis- 

Benzen is- 

15 16 

43 18.14 92 Benzene, 1,1 anediyl)bis- C15H16 196 88.8 

44 18.44 105 C16H18 210 58.1 

45 18.88 91 Naphthalene, 1,2, ydro-2-phenyl- C16H16 208 27.08 

15 14 

Naphth henyl-

37 13.37 48 Tetradecane C14H30 198 11.8 

38 14.64 41 7-Tetradecene C14H28 196 5.75 

39 15.38 167 phenylmethan C13H12 168 56.5 

40 16.09 167 ne, 1,1’-ethylide C14H14 182 35.0 

41 16.55 91 e, 1,1’-(1,2-ethanediyl)b C14H14 182 71.7 

42 16.91 105 
Benzene, 

1,1’-(1-methyl-1,2-ethanediyl)bis- 
C H 196 42.4 

’-(1,3-prop

Benzene, 
1,1’-(1-methyl-1,3-propanediyl)bis- 

3,4-tetrah

1,2-Diphenylcyclopropane 46 19.06 115 C H 194 58.6 

47 19.28 91 Benzene, 1,1’-(1,4-butanediyl)bis- C16H18 210 78.9 

48 19.49 44 alene, 1,2,3,4-tetrahydro-1-p C16H16 208 32.1 

49 19.74 44 Benzene, 1,1’-(1-butenylidene)bis- C16H16 208 34.0 

 
1,1’-( ethyl-1,3 nediyl)bi 16H18), 
18.88 and trace mass 91 compound aphthalen

trahydro-2-phenyl-(C H ), retention time 19.06 and 

) according to their wave number and spec- 
tru

n-conju , wave nu r 1458.00 −1 and 
−1 funct  group i H3, wave ber 

1028.47 cm−1 functional group is Acetates, wave number 

 value is 22234.5113 J/g. 
H

1-m -propa
, 

s-(C
is N

retention time 
e, 1,2,3,4- 

group is no
1376.22 cm

te 16 16

trace mass 115, compound is 1,2-Diphenylcyclopropane- 
(C15H14), retention time 19.28 and trace mass 91, com-
pound is Benzene, 1,1’-(1,4-butanediyl)bis-(C16H18), and 
ultimately retention time 19.74 and retention time 44, 
compound is Benzene, 1,1’-(1-butenylidene)bis-(C16H16) 
respectively. 

FT-IR (spectrum 100) analysis of Polystyrene (PS) 
waste plastic to aromatic naphtha fractional fuel (Figure 
3 and Table 2

m band following types of functional groups are ap- 
peared in the analysis. In the spectrum field we noticed 
that higher wave number are emerged in the initial phase 
and middle index of the spectrum and in higher wave 
number small and bulky both functional groups are 
available and in low wave number double bond and sin- 
gle bond functional groups are available such as methane 
group, cis and trans alkene etc. Hereafter wave number 
3619.76 cm−1, functional group is Free OH (Sharp), wave 
number 3621.23 cm−1 functional group is, Intermolecular 
H bonds, wave number 2986.91 cm−1 and 2732.43 cm−1 
functional group is C-CH3, wave number 2185.54 cm−1 
and 2163.53 cm−1 functional group is C-C=-C-C=-CH, 
wave number 1868.36 cm−1,1801.98 cm−1, 1744.39 cm−1, 
1705.85 cm−1, 1630.00 cm−1 and 1603.97 cm−1 functional 

992.91 cm−1 functional group is C = CH2 and ultimately 
wave number 906.99 cm−1 functional group is C = CH2 
etc.. Energy values are calculated, using formula is E = 
hυ, Where h = Planks Constant, h = 6.626 × 10−34 J, υ = 
Frequency in Hertz (sec−1), Where υ = c/λ, c = Speed of 
light, where, c = 3 × 1010 m/s, W = 1/λ, where λ is wave 
length and W is wave number in cm−1. Therefore the 
equation E = hυ, can substitute by the following equation, 
E = hcW. According to their wave number several en-
ergy values are calculated such as for 2986.91 (cm−1) 
calculated energy, E = 5.93 × 10−20 J. Similarly, wave 
number 1868.36 (cm−1) energy, E = 3.71 × 10−20 J, wave 
number 1376.22 (cm−1) energy, E = 2.73 × 10−20 J and 
eventually wave number 906.99 (cm−1) functional group 
is 1.80 × 10−20 J respectively. 

Polystyrene waste plastic to aromatic group related 
naphtha fraction fuel (Figure 4) was analysis by DSC 
and results obtain from analysis naphtha fraction fuel 
graph such as onset temperature is 131.25˚C and fuel peak 
temperature is 155.64˚C. Peak height is 117.1115 mW 
and fuel heat enthalpy delta H

gated
ional

mbe
s C

 cm
 num

eat value area is 22234.511 mJ and peak end tempera- 
ture is 165.85˚C. Peak 155.64˚C is representing fuel boil- 
ing point temperature. Naphtha fractional fuel compound    
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Figure 3. FT-IR spectrum of polystyrene waste plastic to aromatic hydrocarbon naphtha fuel. 
 

Table 2. Polystyrene waste plastic to naphtha grade fuel functional group name. 

ber of wave 
(cm−1) 

Functional group name 
wave (cm−1) 

tional group 
name 

Num
Wave number  Number of Wave number Func

4 3619. Non-Conjugated 76 Free OH (Sharp) 17 1744.39 

5 3519.57 Intr p) 18 

Interm road) 19 

C-C CH 

C-C CH Acetates 

C  

amolecular H Bonds (Shar 1705.  85 Non- ated Conjug

6 3441.23 olecular H Bonds (b 1630.00 Non-Conjugated 

7 2986.91 C-CH3 20 1603.97 Non-Conjugated 

8 2732.43 C-CH3 22 1458.00 CH2 

9 2185.54 =-C-C=- 23 1376.22 CH3 

10 2163.53 =-C-C=- 26 1028.47 

15 1868.36 Non-Conjugated 27 992.91 =CH2

16 1801.98 Non-Conjugated 28 906.99 -CH=CH2 

 
little h ier fuel be perature ran  
naphtha fractional fu C - 125˚C an  
ompound range also little bigger which is showed into 

GC/MS analysis. From analysis graph showed fuel boil- 

ing perce ge was 11 t temperat C and 
150˚C te erature sho 4.84% fue oiled. 
From this analysis calculated enthalpy value and fuel 
boiling point temperature.  

eav cause tem ge was use for
el 110˚ d hydrocarbon

c

nta .55% a ure 50˚
mp wed 8 l was b
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Figure 4. DSC graph of polystyrene waste plastic to aromatic hydrocarbon naphtha fuel. 
 
4. Conclusion 

Thermal degradation and fractional distillation process 
from polystyrene waste plastic to aromatic grade naphtha 
chemical product was by using GC/MS, FT-IR and DSC. 
Compositional an

s oil was accomplished at once by Gas 
nd mass spectrometric analysis of 

group band energy and DSC analysis result showed en- 
thalpy value and fuel boiling point temperature. PS waste 
plastic to produced aromatic chemical product could be 
use into chemical feedstock refinery. 

. 1-2, 2007, pp. 368- 
374. doi:10.1016/j.jaap.2006.11.005

alysis of Polystyrene (PS waste plastic- 5. Acknowledgements 
derived thermolysi
chromatography a
whole spectrum of peaks for compound identification 
based on hydrocarbon level. By GC/MS analysis result 
showed hydrocarbon range C7 to C16 and most of the 
aromatic group related hydrocarbon compound such as 
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Benzene, (1-methylbutyl)-, Benzene, (1-ethyl-2-propenyl)-, 
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