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ABSTRACT

In this thesis, a laboratory scale, plasma reactor was designed and constructed,
based on atmospheric pressure. The microwave plasma reactor was modified from a
commercial microwave oven. The microwave plasma system in this work is the
waveguide discharge type. It was assembled from a microwave plasma reactor, a gas
injection system and a gas treatment system. The main objective of the plasma system
is to generate the plasma in the reaction zone of the reactor. The plasma was used for
plasmochemical conversion of solid waste. This research combined the plasma
reactivity and pyrolysis process with a high heating rate and favors hydrocarbon
cracking. Microwave plasma assisted pyrolysis of RDF and its components were
investigated. The experimental runs were carried out with a 800W microwave power,
operated at atmospheric pressure and variable carrier gas flow rates in the range of
0.50-1.25 Ipm. The carrier gas flow rate was the important parameter. It influences on
the plasma characteristics, such as plasma temperature, discharge length, power
density, product gas and obtained char evolutions. The plasma temperature was found

to reach maximum at 1578 K with 0.75 Ipm argon flow rate. The products of



plasmochemical conversion of RDF were gas, char, and liquid. They were averaged
about 75%w/w, 16%w/w, and 9%w/w, respectively. Major components of product
gas generated included CO, Hz, CH4, CO2 and Oz. The averaged product gas mass of
waste paper, biomass, PE, and RDF were 3.72 g, 2.51 g, 2.30 g, and 6.02 g,
respectively. They were found to initially increase with increasing argon flow,
reaching maximum value at flow rate of 0.75 Ipm. At this flow rate, the use of RDF as
feedstock generated 13.79% H», 65.47% CO, and 3.99% CHa, respectively. Heating
value and gas yield of product gas of RDF were 11.17 MJ/m? and 1.01 N-m%/kag,
respectively. Within the range of flow rates considered, average total content of
combustible fractions in the product gas of all feed stock was about 80%, and of RDF
was 79.60%, which can be used as fuel gas. Averaged energy efficiency for the
plasmochemical conversion of waste paper, biomass, PE, and RDF were about 50%,
35%, 32%, and 60%, respectively. The energy efficiency were found to initially
increase with increasing argon flow, reaching maximum value at flow rate of 1.0 lpm.
Maximum energy efficiency of plasmochemical conversion of RDF was about 66%,
and energy from gas product was 0.095 MJ. Carbon conversion efficiency of RDF
was about 79%. Average char yield of RDF and its HHV were 24% and 39 MJ/kg,
respectively. The obtained chars may be used as active carbon after further upgrading.
This result is of practical interest for the utilization of hydrocarbon materials for the
purpose of char production.
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