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Abstract 

South Africa has large coal reserves and the power generation industry produces 

approximately 95% of the electricity from coal. Most of the high-grade coal is exported 

leaving behind a discard of high ash coal. For the power generation industry to sustain 

itself, some means of processing the high ash coal should be implemented. A fluidised 

bed gasification process is seen as the best alternative to conventional pulverised coal 

combustion process since it can handle a wide variety of feedstocks at low temperatures. 

The reaction kinetics becomes important for a gasifier design that can handle high ash 

feedstocks. This study is concerned with the determination of reaction kinetics of high 

ash South African chars suitable for the development of fluidised bed combustors and 

gasifiers. 

Combustion and gasification studies of two South African high ash chars (48% ash of 70 

pm and 67% ash of 20 pm diameter) were carried out isothermally and non-isothermally 

in an atmospheric thermogravimetric analyser. In modelling the combustion experiments, 

it was found that the reaction mechanism follows the shrinking unreacted core model 

with surface reaction. This was attributed to the low porosities of both chars. Despite the 

high ash contents, the kinetics of the two samples were found to match well those of low 

ash chars. This was explained in terms of the mineral-carbon association in chars 

observed during detailed characterisation. A two-step regression method capable of 

evaluating parameters under non-isothermal experiments has also been developed. This 

method gave plausible results when compared with another non-isothermal method and 

was capable of predicting reaction kinetics under isothermal conditions. 

Gasification experiments conducted on the same chars with carbon dioxide and steam 

were described using a reaction controlled Langmuir-Hinshelwood rate equation. 

Reactivity profiles have been obtained in the temperature range from 800 to 950 OC at 

different steam and COz partial pressures. The shrinking unreacted core model with 

surface reaction was also found to provide the best fits for both chars. The obtained 

parameters match well with those of other chars with lower ash contents indicating that 

most of the carbon occurs with no mineral association for both chars investigated. Finally 

experiments were carried out under synthesis mixtures of CO/CO2/H2/H20 at equilibrium 



conditions and showed that the overall rate of reaction with COz and H z 0  proceed over 

different carbon sites. 



Uittreksel 

Suid Afrika het 'n groot aantal steenkool resenves en die krag generering industrie is 

heeltemal afhanklik van steenkool. Ongeveer 95% van die elektrisiteit produseer deur 

Eskom is hoofsaaklik vanaf steenkool. Meeste van die hoe graad steenkool word 

uitgevoer en sodoende bly 'n hoe as steenkool oor. Vir die h a g  generasie industrie om dit 

self te onderhou moet 'n manier gevind word om hoe as steenkool te prosesseer. 'n 

Gevloeidiseerde bed verbrandings prosesse word gesien as die beste altematief na 

gewone fyn steenkool verbranders proses aangesien dit 'n groot variasie voer by la& 

temperature kan hanteer. Die kinetika word belangrik vir 'n vergasser ontwerp wat hoe as 

voerstroom kan hanteer. Hierdie studie is gefokus op die bepaling van kinetika van hoe as 

Suid-Afiikaanse verkoolsels geskik vir die ontwikkeling van gevloeidiseerde bed 

verbrander en vergasser. 

Verbranding en vergassings studies van twee Suid-Afiikaanse hoe as verkoolsels (48% as 

van 70pm en 67% van 20bm diameter) was uitgevoer isotermies en nie-isotermies in 'n 

atmosferiese termograwimetriese analiseerder. Deur die verbrandings eksperimente te 

modelleer is daar gevind dat die reaksie meganisme die krimpende kern model met 

0ppe~kik  reaksie volg. Dit is toegeskryfaan die I& porositeit vir beide verkoolsels. Ten 

spyte van die hoe as hoeveelhede, is gevind dat die die kinetika van die twee monsters 

goed vergelyk met lae as verkoolsels. Dit was verduidelik in terme van die mineraal- 

koolstof assosiasie in die verkoolsels geobsenveer gedurende detail karakterisering. 'n 

Twee stap regressie metode wat in staat is om parameters te bepaal onder nie-isotermiese 

eksperimente was gebruik. Die metode het goeie resultate gegee wanneer vergelyk word 

met 'n ander nie-isotermiese metode en was ook gebruik om die kinetika te voorspel 

onder isotermiese kondisies. 

Vergasings studies met koolstof dioksied en stoom was ook ondersoek met die selfde 

verkoolsels deur gebruik te maak van 'n atmosferiese TGA. Reaktiewiteits profiele was 

gevind in die temperatuur reeks vanaf 800 to 950 OC by verskillende stoom en COz 

parsiele drukke. 'n Kinetiese uitd~kklng gebaseer op die Langmuir-Hinshelwood 

kinetics beskryf die reaksie(s) redelik goed. Daar is ook gevind dat die krimpende 

onreageerende kern model met oppewlak reaksie beide die verkoolsels goed beskryf. Die 

gevinde parameters stem goed ooreen met ander lae as verkoolsel. Finaal is eksperimente 

vii 



uitgevoer met mengsels van CO/COZ/HZM~O by ewewig kondisies en het gewys dat die 

algemene reaksie tempo met COz en Hz0 oor verskillende koolstof aktiewe punte plaas 

vind. 
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GLOSSARY 

In this thesis, specific terminology is used for certain aspects. For clarity, this 

terminology is defined in this section: 

The term char refers to a mixture of carbon and ash (minerals). 

Conversion model: 

This model gives the conversion of the carbon as a function of time; the conversion is 

denoted as: X 

Homogeneous model: 

This model is an extreme of the SRCM, in which the reaction rate is completely 

determined by the chemical reaction rate and not by mass transport of the gases in and 

out the particle. 

Intrinsic reaction rate: 

This is the rate of the chemical reaction between the carbon and the gas, not taking into 

account the degree of conversion of the carbon (4. 
Overall reaction rate: 

This is defined as the product of the particle conversion model and the intrinsic reaction 

rate. 

Particle conversion model: 

This model describes the relative conversion rate (ratio of reaction rate to initial reaction 

rate) of the char as conversion progresses and is denoted as: f (X) . 

Shrinking umeacted core model (SUCM): 

This model assumes that the reaction takes place on the surface of the char and that there 

is negligible penetration of the reactant gases into the core of the char particle. 

Shrinking reacted core model (SRCM): 

This model assumes that the reaction takes place inside the core of the porous char 

particle. 

CCSEM (Coal Characterisation Scanning Microscooy) 

xxi 



CHAPTER 1 
GENERAL INTRODUCTION 

This chapter gives a brief introduction of this investigation. In Section 1.1, the 

importance of coal in the present and future society is discussed. Section 1.2 deals with 

the current technology of converting coal into energy and the impact of coal on the 

environment is given in Section 1.3. The necessity of clean coal technology is discussed 

in Section 1.4. Finally, the scope and objectives of this study are presented in Section 1.5. 

1.1 COAL AS AN ENERGY SOURCE 

Coal is a combustible, sedimentary, organic rock composed primarily of carbon, 

hydrogen and oxygen from vegetation, which has been consolidated between other rock 

strata to form coal seams, and altered by the combined effects of microbial action, 

pressure and heat over a considerable time period (WCI, 2002). 

Coal is the world's most abundant fossil fuel and has been used as an energy source for 

hundreds of years. There was international trade in coal as long ago as the Roman 

Empire. Coal not only provided the energy that fuelled the industrial Revolution of the 

1 9 ~  Century, but it also launched the electric era in the 2 0 ~  Century. Until the 1960s, coal 

was the single most important source of world's primary energy, (see Figure 1.1). In the 

late 1960s it was overtaken by oil; but it is forecast that coal, apart from its importance in 

the generation of electricity, could again become the primary energy source at some stage 

during the first half of this century, (see Figure 1.1). It can also be seen from this figure 

that currently, 27% of the total energy consumption worldwide is produced from coal. 






















































































































































































































































































































































































































