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Abstract. 
The plastic wastes are the more available material in the environment. These material types are: 

PolyPropylene (PP),PolyEthylene Terephthalate(PET) and Low Density Poly Ethylene(LDPE). Thermal 

degradation of those three materials was studied under vacuum environment individually and as a 

combination of all. The output products were characterized by Gas Chromatography(GC) and Fourier 

Transform Infra-Red(FTIR). Some of the physical properties was measured such as density, boiling point.  

The results show that degradation of combined materials was produced  liquid fuel compared with  

standard  properties  preferable  than individual once. A mixture product of same carbonyl compounds 

such carboxylic acid and  unsaturated aldehyde was preliminary characterized.  
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Introduction. 
     In many countries both energy systems and 

waste management systems are currently 

undergoing changes. One driving force for these 
changes is the threat of global climate change 

caused by increasing concentrations of carbon 

dioxide (CO2), methane  (CH4) and other 

greenhouse gases. This threat has lead the global 

society to sign the Kyoto protocol 1997 which 

simplistically states that the developed countries 

should reduce their emissions by 5 % until the 

year 2010 compared to 1990. [1 ]  

     Alternative fuels developed from a reliable 

domestic source have the potential to overcome 

many economic and environmental problems, by 
providing a steady, low cost source of fuel, by 

providing local employment in energy 

production, and by providing fuel types that are 

clear. The percentile contributions from current 

major alternative/ renewable sources are as 

follows: (a) biomass 53%, (b) hydropower 36%, 

(c)  geothermal 5%, (d) wind 5%, and (e) solar 

1% . [2]  

    But economic growth and changing 

consumption and production patterns are 

resulting into rapid increase in generation of 
waste plastics in the world. In Asia and the 

Pacific, as well as many other developing 

regions, plastic consumption has increased much 

more than the world average due to rapid 

urbanization and economic development.  The 

world’s annual consumption of plastic materials 

has increased from around 5 million tones in the 

1950s to nearly 100 million tones; thus, 20 times 

more plastic is produced today than 50 years 

ago. This implies that on the one hand, more 

resources are being used to meet the increased 

demand of plastic, and on the other hand, more 
plastic waste is being generated.  Due to the 

increase in generation, waste plastics are 

becoming a major stream in solid waste.  After 

food waste and paper waste, plastic waste is the 

major constitute of municipal and industrial 

waste in cities. Even the cities with low 

economic growth have started producing more 

plastic waste due to plastic packaging, plastic 

shopping bags, PET bottles and other 

goods/appliances using plastic as the major 

component [3] 

     For worldwide cultivation purposes farmers 
use numerous plastics. They use polyethylene 

poly bags or polyethylene sheets.  Polyethylene 

poly bags parts and polyethylene sheets are used 

to protect crops from adverse situation such as 

natural disaster, muddy water and some external 

parasites insects. After that, the used plastics 

become a waste and they are non-biodegradable. 

Most common way to deal with those 

agricultural waste plastics is 

landfill/incineration. However this method is not 
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a sustainable solution in the long run,  because it 

will create ecological problems. So the problems 

of waste agriculture plastics cannot be solved by 

landfill/incineration. Because safe depots are 

expensive and incineration stimulates the 

growing emission of harmful green house gases 

for example, NOx, SOx, COx etc.; Natural State 
Research, Inc. (NSR) can resolve the problems 

of agricultural waste plastics by converting it 

into high energy liquid hydrocarbon fuel. 

Produced fuel can be use alternative of gasoline, 

diesel, heating oil  and aviation fuel. To mitigate the 
present market demand we can substitute the method 
as a potential source of energy .[4] The only 
sustainable solution is degradation of polymer into 

various smaller molecular weight fragments. [5] 
     As landfill and incineration become more 
expensive and less accepted, the recycling of plastic 
wastes is gaining increasing importance. More 
emphasis is thus being given to new disposal options, 
which have high energy recovery values and are more 

environmentally attractive. Pyrolysis is one 

promising method for the treatment of mixed 

and contaminated plastic wastes. 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 

feedstocks.  Results of pyrolysis tests showed 

that pure samples of polyolefinic and 
polystyrene resin can readily be pyrolysed to 

produce liquid yields in excess of 70%. 

However, liquid yields were affected by heating 

rates and heat loss patterns in the reactor system. 

Further experimental work suggests that when 

pyrolysed, mixed plastic wastes behave much 

like the resins from which they originate. [6] 

     The aim of this work is to degradation of 

plastic wastes under vacuum pyrolysis in order 

to convert plastic wastes into useful materials 

such as transport fuel, petrochemical industries 

materials and reduce the dependence on fossil 
fuel, in other hand minimize the environmental 

pollution. Pyrolysis of  PP, PET  and LDPE 

those a good processes in ecofriendly  methods 

to get rid of wastes and it is better than 

incineration and landfilling processes. 

Experimental.                                                                                               
         Fig(1) show the experimental apparatus for 

degradation of plastic waste consist of a batch 

reactor made of stainsteel (5.5D × 11H) cm in which 

the reaction takes place; heated by a heating oven 
with a temperature controller contacted to Flask three 
neck for waxes, heating by heat mantle and contacted 
to condenser and three necked flask for liquid 
product, . Prior to the reaction vacuum was created in 

the reactor to ensure that no oxygen is left there. 
Polymer was charged into the reactor at the beginning 
and the reactor was heated up. A constant time for one 
batch was used throughout the 2.5 hour. in first 5 min; 
a linear temperature increase was observed and then 
increased with slow rate for remaining 10 minutes 
inter heating oven and 25 minutes inter reactor .  
    The process uses thermal degradation to heat the 

waste plastic to form liquid slurry in the absence of 
atmospheric oxygen at a temperature ranging from 
370 – 420 C0 without catalyst  and using the waste 
plastic of plastic shopping bags  type (LDPE), 
vegetable boxes type  (PP) and distilling water bottles 
type(PET). These plastic types were investigated 
individually and in combination with each other. In a 

laboratory scale, the weight of a single batch of 

input plastic for the fuel production process 50 

grams for one type. The waste plastics are 

collected, optionally sorted, cleaned of 

contamination and grinded into small pieces 

prior to the thermal liquefaction process.  The 

end products consist of liquid products were 

collected through the condenser in a collecting 

vessel kept in cooling and gases  will be 

captured in plastic tire and  the solid residue 

(waxes, coal) are kept . And then various tests 
have been performed to investigate the 

compositions of producer fuel. FTIR analysis , 

(GC) ,density and boiling  point measurements 

and some physical properties. 

 

 

 

 

 

 

 

 

 

 
 
Figure 1: Schematic diagram of the degradation of waste plastics ; (1-heating oven;  2-reactor; 3-control valve;           

4- Flask three necks for wax;  5- Mantle Heater; 6- Condenser (1);  7- Condenser (2); 8- vacuum gauge; 9-- Flask 

three necks  for liquid; 10- gases control valve; 11- vacuum control valve;  12- Rubber tire for gas reservoir;    13- 

trap;        14-vacuum valve; 15-  vacuum pump ). 
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Experimental calculation. 

    The conversions to volatile products were 

calculated as the fraction of initial mass of polymer 

reacted to form the volatile products.  The yield of 

liquid product was calculated as the mass of liquid 

collected divided by the mass of the initial amount 
of polymer and represents the fraction of original 

polymer converted to liquid products. The yield of 

gas product was calculated as the mass of gas 

collected divided by the mass of the initial amount 

of polymer. The coke yield was calculated by 

dividing the mass of nonvolatile polymer in the 

reactor by original mass of polymer.  

Results and discussion.   
FTIR Analysis : 

The three different products (PP, PE, PET) were 

characterized by (FTIR-  model: Bruker- Aleha: 

Germany), goes to experimental part.  Tables 5 and 

Fig 2- 4 Shows waves lengths of functional groups 

of PE, PP and PET  .Fig (5-7) show functional 

groups of N-H stretch ,=C-H stretch for alkene , C-

H stretch so for alkene and alkane ,C=C stretch and 

C-H scissor  for alkene ,C-H methyl rock,  =C-H 

bend for alkene . [7] Fig (8-10) shows functional 

groups of N-H stretch, =C-H stretch for alkene , C-
H stretch so for alkene and alkane ,C=C stretch and 

C-H scissor  for alkene ,C-H methyl rock,  =C-H 

bend for alkene additional to showing new 

functional groups, C-H stretch for aldehyde ,C=O 

stretch for unsaturated aldehyde and C-O stretch so 

for aldehyde . Fig (11) shows functional groups (O-

H) of carboxylic acid, =C-H        stretch for 

aromatic, C=O stretch for carboxylic acid, C=C 

stretch for aromatic,  (C-C) stretch in the ring and 

C-O stretch so for carboxylic acid. Fig (12) appear 

functional groups of (O-H), =C-H, C-H, C=O, C=C 
,(C-C) in the ring and C-O stretch for mixture of 

carbonyl compounds .  [8]       

 

 

 

 

 

 

 

 

 

 

 

 
Figure(2):FTIR for LDPE(plastic shopping bags). 

 

 

 
 

 

 

 

 

 

 

 

 
 

 
Figure(3):FTIR PP(plastic vegetable boxes). 
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Figure(4):FTIR for PET (water bottles). 

 

 

 
 

 

 

 

 

 

 

 
Figure(5):FTIR for liquid product of (PE 

 

). 

 

 

 

 

 

 

 

 

 
 

 

Figure(6):FTIR for liquid product of (PP) 
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Figure(7):FTIR for liquid product of (PE and PP). 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 
Figure(8):FTIR for liquid product of (PE and PET). 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure(9):FTIR for liquid product of (PP and PET). 
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Figure(01):FTIR for liquid product of (PE , PP and PET). 

 

 

 

 

 

 

 

 

 

 

 
Figure(10):FTIR for terphethalic acid  . 

 

 

 

 

 

 

 

 

 

 

 
Figure(12):FTIR for mixture of carbonyl compounds(Milky wax) . 
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Table 5:FTIR characteristic absorption bands  for liquid products. 
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Gas chromatography ( GC) Analysis : 

Gas chromatography ( GC ,PACKARD model 

:43817,UNITED )   was used for the product 
analysis .  Fig(13) from primary retention time and 

compare with retention time of ethanol in Fig(20) 

compounds began from carbon series C3-C14 and 

showed  high concentrations down retention time 9 

minutes and have some type of regularity ,Fig (14) 

so began C3-C14 and concentrations spread in 

irregularity form, Fig(15) it's too started from C3-

C14 compounds concentration taking medium state 

between two previous states and lacking in 

compounds concentration up retention time 15 

minutes, in Fig(16) compounds began from C3-

C14 and seeming increasing in concentrations 

down  retention time  5 minutes and decreasing  in 
concentrations up retention time 5 minutes that 

emphases in Fig(19) appearing new compounds up 

retention time 5 minutes ,Fig(17) so gave 

approximately same changes in Fig(16) , Fig(18) 

starting from C3-C14 and showed increasing in 

concentration down retention time 5 minutes and 

decreasing so clear in concentrations up   retention 

time 5 minutes compare with Fig(15) so this back 

to new concentrations up retention time 5 minutes 

in Fig(19) . [9- 10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure(13):GC for liquid product of (PE). 
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Figure(14):GC for liquid product of (PP). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure(15):GC for liquid product of (PE+PP). 
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Figure(16):GC for liquid product of (PE+ PET). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure(17):GC for liquid product of (PP+ PET). 
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Figure(18):GC for liquid product of (PE+PP+ PET). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure(19):GC for mixture of carbonyl compounds(Milky wax)dissolved in ethanol . 
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Figure(20):GC for ethanol . 

 

Physical properties. 

The data in Table (2) was constructed from Table 

(1) which shows AN increasing in conversion 

ratios of plastic wastes degradation. The results 

prove to be much better than individual product. 

Table (3) shows physical properties 

density(D=M/V) and boiling point for liquid 

products from degradation plastic wastes 

individually and combination of all. The results 

show a decreasing  in density when degradation 

plastic wastes together, which  made the product as 

a liquid fuel. 

 
Table 1: Quantities of degradation products. 

NO Plastic wastes Liquid (g) Wax(g) Coal(g) 
Gases 

Others (g) 
ml g 

1 PE 14.37 20.1 2.06 470 0.3989 ---- 

2 PP 9.91 11.93 5 180 0.1528 ---- 

3 PET ----- 6.87 14.47 6597  5.5999 1.6* 

4 PE+PP 27.35 55.68 5.61 624  0.5301  

5 PE+PET 4.39 19.31 12.5 4476  3.7999 3.67** 

6 PP+ PET 4.12 23.29 24.6 4418 3.7499 4.69** 

7 PE+PET+PP 18.5 30.02 46.44 6644  5.6400 19.5** 

* crystal powder atilt to yellow  for terephthalic acid  . 

** mixture of carbonyl compounds(Milky wax) . 

 
Table 2 : Conversion and yields percentages of plastic waste products . 

NO Plastic wastes 
Conversion 

(%) 

Liquid 

yield(%) 
Wax      yield(%) Coal yield(%) 

Others 

yield (%) 

1 PE 69.74 28.74 40.2 4.12 ---- 

2 PP 43.99 19.82 23.86 10 ---- 

3 PET 28.14 ----- 13.74 28.94 3.2 

4 PE+PP 83.56 27.35 55.68 5.61 ---- 

5 PE+PET 31.17 4.39 19.31 12.5 2.45 

6 PP+ PET 35.85 4.12 23.29 24.6 3.13 

7 PE+PET+PP 73.66 12..33 20.01 30.96 13 
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Table 3: Specifications physical properties of degradation products. 

Plastic 

wastes 
Liquid Wax Coal Others 

Liquid 

Density(g/ml) 

Liquid boiling 

Point 

(°C) 

PE Clear yellow Dark brown                                                                                                                      Black powder                
 

------- 
0.767                     48-108 

PP slight brown Paly black Paly black powder ------- 0.787 51-95 

PET ------ 
Semi solid 

brown 
Porous shine solid 

crystal powder atilt to 

yellow, Melting point           

<300
o
c   

------ ------ 

PE+PP brown 
Semi solid 

black 
Black powder ------ 0.755 53-89 

PE+PET Dark  yellow Slight brown 
Mixture of powder and 

imporous solid 

mixture of carbonyl 

compounds 
0.784 40-67 

PP+ PET Dark  brown 
Semi solid 

olivary 

Mixture of powder and 

imporous solid 

mixture of carbonyl 

compounds 
0.794 45-70 

PE+PET+PP 

Dark  yellow 

change to Dark  

brown 

Dark  brown 
Mixture of powder and 

imporous solid 

mixture of carbonyl 

compounds 

0.704 

0.686 
48-70 

 

 

 
Table 4: Test results for the mixture of carbonyl compounds(Milky wax) . 

(Brady`s test ) 

For carbonyl 

group. 

(Tollen`s test) 

For aldehyde. 

(FeCl3 test) 

For carboxylic acid type . 

(Baeyer`s test) 

for unsaturated 

bonds. 

Solubility. incineration 

(+) yellow 

precipitate. 

(+)silver mirror (+) brown atilt to red 

precipitate. 

(+) brown 

precipitate 

In organic 

solvents 

White  fume 

with black 

precipitate. 

 

Conclusions. 
    From results obtained from degradation of 

plastic wastes via vacuum pyrolysis (PP,PET, 

LDPE) individually and combination : degradation 
of PP, LDPE with privately form gave high 

concentrations of carbon compounds  have long  

series either PET gave just solid materials, 

degradation together gave high concentrations of 

carbon compounds  have short  series  and very 

low concentration of  carbon compounds  have 

long  series also having same  mixture product of 

same carbonyl compounds such carboxylic acid 

and  unsaturated aldehyde that identified with 

primary form Table (4) .  
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( لإنتاج الوقود السائل كطاقة بديمة باستخدام طريقة التحمل الحراري (LDPE,PET, PPتحطم الفضلات البلاستيكية 
  المفرغ .
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 الخلاصة .
( ابثالي اتا ثان PETابثالي اتا ثان تراضتيلاثا   ((PPاستخدم في هذا البحث  الضلاث ا الب سثت الأ ار تثر تاا ثداا فثي البا ثلأ اهثي بثالي بثربا ان     

(. تم دراسلأ التحطم الحراري ل مااد الت تلأ بش ل انضرادي االت تلأ مع بعض اتحا ظراف فراغالأ . شخص المنتج النهي ي  LDPEااطئ ال تيفلأ  
قاثيس بعثض الخثااص الضازاي اثلأ متثل ال تيفثلأ  (. تثم(FTIR( ا هثيز تحاا ثلأ فاراارل شثعلأ تحثا الحمثرا   ( GCبااسثطلأ  هثيز  رماتا رافاثي ال ثيز

ادر ثثلأ ال  اثثين . تظهثثرا النتثثثي ج تن المثثااد الت تثثلأ بوثثارض م تمعثثثلأ هثثا ارفلاثثل فثثثي الحوثثال ص ثثق الاقثثاد السثثثي ل ذا الخوثثي ص ال رابثثلأ مثثثن 
ض  يربا سث الأ ا الدهياثداا غاثثر مثن  بعثض المر بثيا ال يربانا اثثلأ   حمثي جالمااوثضيا العيلماثلأ المط ابثلأ. ا ثذل  تثثم  الحوثال ص ثق نثيتج مثثزا

 مشبعلأ االتي تم تشخاوهي بوارض تالالأ  .
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