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                                                                                    Abstract 

 

 

Printed Circuit Boards (PCB), one of the main fractions of E-waste, is now becoming a source of pollution 

due to the presence of brominated flame retardants, which unleash highly toxic materials when burnt in 

presence of oxygen. Co-pyrolysis, which employs two or more feedstock together to transform solid waste 

into valuable solid, gas, and liquid while minimizing toxins, is one of the greatest solutions for reducing this 

waste.  

 

In the present research, biomass as Cotton Stalk (CS) was used in different composition with PCB, and its 

effects on chemical and physical characteristics of pyrolysis oils and char were evaluated, as well as possible 

reaction pathway of brominated epoxy resin of PCB and reduced toxicity in co-pyrolyzed products were 

derived. The slow pyrolysis of PCB, CS and co-pyrolysis with different compositions have been carried out 

in a fixed bed reactor, for temperature up to 500 ℃, and heating rate 10 ℃/min. The Produced oil had been 

analyzed in GC-MS and fuel properties of the oil measured as per FAME and compared. The generated gas 

was also analyzed in GC. Moreover, the raw sample and char degradation behavior was evaluated using 

Thermo-Gravimetric Analysis and Derivative Thermogravimetric Analysis (TGA/DTG) and the influence of 

co-pyrolysis process on chemical composition and physical attributes of the produced char as well as the 

advantages and effects of different CS ratio on product yield was determined. The physicochemical 

properties and morphological aspects of char were determined using a variety of analytical techniques. 
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As CS was raised, there was a noticeable rise in the quantity of oil produced as well as the presence of total 

phenol and phenolic compounds. The most essential aspect of char analysis was bromine content, which was 

found to be increased with co-pyrolysis, showing that the co-pyrolysis process assisted in reducing bromine 

content in oil and fixing it in char. Additionally, the CS:PCB 50:50 composition satisfies all requirements for 

an automotive fuel with the exception of the phosphorous content (10 mg/kg) and calorific value (28.41 

MJ/Kg). 

 

This PhD Thesis will help in: 

Co-pyrolysis of e-waste and biomass can provide an environmentally friendly solution for managing 

electronic and biomass waste, which is a growing concern around the world. The fuel oil produced through 

co-pyrolysis can be used as a renewable energy source, reducing our dependence on fossil fuels. The process 

of co-pyrolysis can recover valuable materials from e-waste, such as metals, which can be reused or 

recycled. The generated char and gas has potential applications as fuel as well as industrial applications. Co-

pyrolysis of e-waste and biomass can create a new source of revenue for waste management companies. It 

can be an economic driver for rural communities by providing an alternative source of income through 

biomass harvesting and processing. 
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