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Abstract 
 
This review paper covers the pyrolysis of the 

halogenated polymer waste. The pyrolysis of waste 
 
plastics has been known since several decades but the 
major issue is observed when some halogenated  
polymers in the municipal plastic wastes is pyrolysed. 
Inorganic waste especially plastics still become a major 

problem for recycling in many corners of the country. 
Low biodegradability of these materials causes the 

effort in recycling become difficult. Most Municipal 
 
Solid Waste recycling facilities use only composting 
method to recover organic fractions of waste, while 
inorganic fraction remains untreated In pyrolysis, 
plastic waste produces liquid fuels, flammable gas and  
chars. This reduces the volume of waste and liquid and 

gas are further utilized as fuels. Halogenated polymers 

 
 
 
 
Keywords: PCDD, PCDF, Highly toxic, Risk to 

environment and health. 
 
INTRODUCTION 
 
Plastic plays an important role in improving our 

lifestyles in numerous ways such as construction,  
packaging, electronic, automotive and many more.[1]

  It 

is only reasonable to find out a considerable amount of 

plastic solid waste in the final stream of municipal solid  
waste. The volume of municipal solid waste generated 
 
from residential, commercial and institutional location 

is increasing day by day due to population growth and 

the throw away culture that persists throughout mic of  
the  world.[2]

  The  dumping  of  waste  plastic  in  open 

areas is still the most commonly used disposal methods 

for municipal solid waste in major developing  
like Polyvinyl Chloride, PCDD (Polychlorinated 

dibenzo-p-dioxin), PCDF (Polychlorinated dibenzo 

furans) and many when pyrolysed generate a risk of 

dioxin production. Compounds produced from 

  
countries. Rapid exhaustion of available space for 
 
disposing wastes and public opposition against 

developing new waste disposal site are creating crisis in 

waste management operation. [4]
 

 
municipal waste and hazardous waste materials like 

PCDD or PCDF (Polychlorinated dibenzo furans) 
emission even in trace amount are found to be highly 

toxic. These compounds are usually produced from 
 
municipal waste and hazardous waste incineration and 
are detected from low temperature during pyrolysis  
process.This review paper also consist of comparison of 

different chemical recycling techniques followed by 

their benefits and drawbacks. 

  
An approach involving the practice of waste 

minimization and recycling is needed to provide 

disposal space for new coming waste and recycle of  
valuable materials. 
 
It evolves the excavation, transfer and processing of 

buried wastes taken from, an active or closed landfill or 

dumpsite.[7]
 

 
This will also help eliminating potential contaminating 

sources, cost reduction in post closure monitoring. 
Besides, the degradation of plastics may take up billions 
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of years, thus the continuous disposal of plastic in the 

landfill would definitely impact the environment 

negatively and extinguish the requirements of land  
space. 
 
In order to overcome the challenges faced for recycling 

such as the needs of sorting that is labour intensive, a  
much more reliable method is established.  Nowdays, 
 
converting the waste into valuable energy resource has 

been a brilliant way to fully utilize the waste in order to 

meet the increased energy demand. [6]
 

 
Plastic wastes can be turned into valuable energy since 

they are derived from petrochemical source which  

having significant calorific value.[8]
 The conversion can 

be made possible through several thermal treatments 

technologies such as gasification, pyrolysis, plasma  
process and incineration. 
 
Among all these methods, pyrolysis is the most desirable 

process since the initial volume of the waste is 

significantly reduced, more energy can be recovered from 

the plastic waste by producing varieties of products, 

requires lower decomposition temperature and 

low capital cost. [5]
 

 

 
 

CHEMICAL RECYCLING TECHNIQUES 
 

1) Pyrolysis  
2) Gasification  
3) Hydrogenation  
4) Recycling methodology 

 
PYROLYSIS 
 
Pyrolysis is the process of thermally degrading long 

chain polymer molecules into smaller, less complex 

molecules through heat.[8]
 The process requires intense 

 
heat with lesser duration and in absence of oxygen. The 
 
three major products that are produced during pyrolysis 

are oil, gas and char which are valuable for industries 

especially production and refineries. [3]
 

 
In addition, pyrolysis is also very flexible since the 

process parameters can be manipulated to optimize the  
product yield based on preferences. The liquid oil 
 
produced can be used in multiple applications such as 

furnaces, boilers, turbines and diesel engines without  
the needs of upgrading or treatment. 
 
The oil produced from biomass pyrolysis has received 

positive notice as a more environmentally friendly fuel 

because it contributes to reducing the amount of co2 in 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Flowsheet of Pyrolysis Process 
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the atmosphere.[9]
 

 
ADVANTAGES 
 
➢ It reduces carbon dioxide emissions.  

➢ It reduces land filling.  

➢ It helps to faster commercialization of 
products.  

➢ It helps to produce electricity and heat. 
 
NEW PYROLYSIS TECHNOLOGY AND  
EQUIPMENT FOR TREATMENT OF 

MUNICIPAL WASTE 

 

 

4. Purifying the fire gas. The fire gas flows through 

cooling unit and filter apparatus to meet the 

consumer service standard.[7]
 

 
Based on the operating principle described above, it 

shows a small municipal waste disposal equipment 

weighing about 5 tons that could handle the amount of 

waste generated each day and provide a platform for 

generating fire gas.[7]
 

 

PCDD (poly  chlorinated  dibenzodioxin)  and  PCDF 
 
(poly chlorinateddibenzofuran) are commonly known 
as dioxins 
 

In order to ensure that the new technology of waste 

management is enforceable. The equipment is designed 

to contain four large parts, the main pyrolysis boiler, 

secondary pyrolysis boiler, mixture gas reaction unit. 
 

Above shows the flow chart of the process. [2]
The 

process of refuse management is accomplished in three 

stages. 
 

1. Pyrolyzing the waste. There are two boilers in the 
 

pyrolysis boilers. The main pyrolysis boiler turns 

refuse into a mixture of gas and activated charcoal; 
 

the temperature is 800-1000
.
C in order to keep the 

process under the conditions of high. 
 

2. Temperature, low oxygen and pressure vessel. 
Utilizing hot smoke from the main boiler and 

 
mixture gas reaction unit, respectively. The 

garbage ash goes through the garbage ash 

processor. 
 

3. Heat-disposing  the  mixture  gas.  This  occurs  in 
 

mixture gas reaction unit. The garbage smoke 

generates steam in water steam generator that 
formation of tar oil, constitutional water, water 

 
vapor and carbon monoxide, hydrogen and so on. 
Thus, on one hand it increases the production and 

raises the calorific value of fire gas, on the other, it 

eliminates sewage pollution caused by waste 

treatment. The mixture gas reaction unit belongs to 

the high- temperature area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Structure of PCDD and PCDF  
 

 

Figure shows the dioxin emissions. PCDDs and 
 
PCDFs, respectively. There are 75 PCDDs and 135 

PCDFs, differing in the number and position of the 

chlorine atoms. 
 
Each individual PCDD or PCDF is termed as a 

congener, while groups of congeners with the same 

number of chlorine atoms are called homologs. [2]
 

 
ECONOMIC AND SOCIAL CONSEQUENCES 
 
With this new type of garbage treatment equipment 

entering the market, the current situation of municipal 

household and medical waste disposal will be 

significantly altered.The environment and social 

benefits of using this type of new technological 

equipment are obvious. 
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1. It significantly improves the current condition 

of municipal and medical waste treatment. 
 

2. It turns municipal waste into an energy 

resource. 
 

3. It forms a new type of industry, pushing 

relevant industries forward, and adding 

employment opportunities. 
 

4. It relieves traffic congestion and environmental 

pollution caused when transporting waste. 
 

5. It improves the energy situation in towns and 

villages and the quality of life and reduces air 

pollution. 
 

The volume of 1 ton of garbage is 3.6-4 m
3. The 

 
 
 
 
 
 

 

Figure: 4 Yield Vs Experimental Data 
 

 

acking materials, then fire gas production is 

 

around 100-120 m
3
, and the calorific value is about 

13,585 – 14,630 kJ/m
3. 

 

In contrast, if the waste contains more than 40% of 
 

gas yield varies with the waste’s components. For 
 
example, if the waste contains more than 85% of 

rotten fruit, vegetables or left overs.and less than 

10% of plastic, scrap rubber or asphaltic felt and 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Experiment setup ofPyrolysis with 
 

Hydrotalcite 

  
plastic and scrap rubber, the fuel gas production 

 

goes up to 150 – 180 m
3
  or so, and the calorific: 

value is about 16,000 – 20,000 kJ/m
3.[7]

 

 
Based on the conventional pyrolysis principle, a 

new model of apparatus has been developed for 
 

waste disposal. The main characteristics of the 

unit. 
 

➢ The equipment is small, flexible in 
terms of installation and highly 
automatic. 

 

➢ The equipment can manage any kind of 
refuse, without necessitating prior waste 
separation. 

 

➢ The equipment causes no pollution to be 
environment. 

 

➢ The dioxins concentration generated by 
this process meets the emission standard 

of 0.1 ng-TE/Nm
3.[2] 

 
REMOVAL OF BROMINE FROM WASTE  
PLASTICS BY PYROLYSIS WITH 

HYDROTALCITE 
 

Sample simulating a bromine-containing plastic resin 
 

were prepared by mixing waste PE obtained from 
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crushed computer mice with tetrabromobisphenol A 

was employed, adding the hydrotalcite to bromine- 

containing plastic resin. [10]
 

 

In addition, for comparison purposes, either 4A
o
 

molecular sieves, 13X molecular sieves, or sea sand 

was added to bromine-containing plastic resin.[11]
 

 
A sample was placed in a glass reactor and the flow of 

nitrogen gas was applied to remove oxygen. After 

purging, the nitrogen flow was stop and the thermal 

decomposition experiment was conducted. 
 
The gas generated during thermal decomposition passed 

through a cooling pipe where it condensed into an oil  
that was collected in a container. 
 
The gaseous products that did not condensed were 

collected in a gas pack after bubbling through an 

alkaline aqueous solution.[4]
The yields of product oil 

 
obtained from pyrolysis are plotted in figure 4.These 
 
data confirm that the addition hydrotalcite increased 

the yield of oils. 
 
The samples were primarily transitioned to either 

product oil or solid residue by thermal decomposition 
 
.The removal of bromine compound from the oil obtain 
 
by the pyrolysis of waste plastics containing 

brominated flame retardants, using hydrotalcite. 
 
The result demonstrate the possibility of obtaining oil 

containing no bromine compounds.[4]
 A higher yield of 

 
oil was obtain in consumption with the addition of 

hydrotalcite.[10]
 

 
It appears that hydrotalcite is the catalytic effect and 

there is an optimum addition amount. These 

 
 

HIGH EFFICIENCY CHLORINE REMOVAL 

FROM POLYVINYL CHLORIDE (PVC) 
 
PYROLYSIS WITH A GAS–LIQUID FLUIDIZED 

BED REACTOR  
➢ Gas- liquid fluidized bed reactor is developed 

to remove chlorine from PVC plastics before 
intense pyrolysis.  

➢ Dechlorination efficiency is mainly 
temperature dependent and 300 °C is a suitable 
temperature.  

➢ 99.5 wt.% of chlorine in PVC plastics can be 

removed around 1 min after melting.  

➢ Proper flow rate of fluidizing gas is required 
but excessive flow rate should be avoided.  

➢ Additives enhanced HCl release but did not 
change the final dechlorination efficiency. 

 
A gas liquid fluidized bed reactor was developed for 

removing chlorine (Cl) from polyvinyl chloride (PVC) 
 
to favor its pyrolysis treatment. In order to efficiently 
 
remove Cl within a limited time before extensive 

generation of hydrocarbon products, the gas–liquid 
 
fluidized bed reactor was running at 280–320 °C, where 
 
hot N2 was used as fluidizing gas to fluidize the molten 

polymer, letting the molten polymer contact well with 

N2 to release Cl in form of HClExperimental results 

showed that dechlorination efficiency is mainly 

temperature dependent and 300 °C is a proper reaction 

temperature for efficient dechlorination within a limited 

time duration and for prevention of extensive pyrolysis; 
 
under this temperature 99.5% of Cl removal efficiency 
 
can be obtained within reaction time around 1 min after 

melting is completed as the flow rate of N2 gas was set 

around 0.47–0.85 Nm
3
 kg

−1
 for the molten PVC. 

  
concentration of bromide in the residue upon the 

addition of hydrotalcite is believed to have removed 
 
brominated compound from the production of oils. This 
 
work has demonstrated that the addition of hydrotalcite 

during the thermal decomposition of waste plastics 

containing brominated flame retardants substantially 

reducesthe level of bromine compounds contained in 

the product oil.[11]
 

 
Larger N2 flow rate and additives in PVC would 

enhance HCl release but did not change the final 

dechlorination efficiency; and excessive N2 flow rate 

should be avoided for prevention of polymer 
 
entrainment. HCl  is  emitted  from  PVC  granules  or 
 
scraps at the mean time they started to melt and the 

melting stage should be taken into consideration when 
 
design the gas–liquid fluidized bed reactor for 

dechlorination. 
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CONCLUSION 
 

The various techniques of halogenated polymeric 

wastes explained in this paper have contributed the 
 
image of plastic halogenated waste management. 
 
Treatment can be done through different methods. 
 
From the major advantages, pyrolysis was chosen to be 

the most feasible. 
 
Pyrolysis was chosen by most of the researchers among 

many treatment technologies for one of the most main 

reason that its potential to convert energy from plastic 
 
waste to useful liquid oil. 
 

It also concludes that the new technology found for 

municipal waste treatment is appeared to be one of the 
 
most efficient and effective solutions for treatment. 
 

More development in this technology will definitely 

bring huge benefits in near future.This work has also 

demonstrated that the addition of hydrotalcite during the 

thermal decomposition of halogenated waste including 

brominated retardants visibly decreases the level of 

bromine compounds contained in the produced oil. 
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