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ABSTRACT 
 

The increasing public concern of potential health problems, due to improper waste 
disposal practices as well as the introduction of landfill taxes, have induced the practice of 
incineration. Presently, all UK incinerators have to meet very strict emission levels. In this 
way, the generated fly ash residues have to be managed very carefully as they are enriched 
with toxic organic micropollutants and heavy metals. 

The aim of the present work is to describe a novel thermal technology, known as the ash 
detoxification process, that has shown success not only in the destruction of its toxic 
organic components, but also in the fixation of its heavy metal content to form an 
unleachable material. 
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1. INTRODUCTION 

 
The pollution control technology has developed considerably in the last ten years. 

Therefore, there are several reliable systems to remove almost all polluting emissions from 
the flue gas stream. The combination of those systems with an efficient combustion control 
is the key to obtain almost zero micropollutants emissions to atmosphere. However, the 
bottom and fly ash residues generated by such systems pose a significant disposal problem. 

The disposal of these toxic residues in landfills has been subject to increasingly 
stringent controls mainly due to the environmental concerns about the presence of dioxins 
and heavy metals in the ash. As a result, many researchers around the world have 
developed technologies in order not only to immobilise the metals but also to destroy its 
toxic organic components. However, most of these are at the pilot scale or at semi-
commercial demonstration stage.[1, 2, 3] 

In recent years the Sheffield University Waste Incinerator Centre (SUWIC) has been 
carrying out extensive research in order to develop an effective novel sintering technology 
for the detoxification of the fly ash. The technology is based on a regenerative heating 
concept in order to achieve high thermal efficiency.[3] 

P.H. Lee showed that the sintering processing operating at 850ºC is capable of 
immobilising the heavy metals present in the fly ash. For instance, more than 86% of Pb 
leachability reduction was achieved. This improvement is due to the formation of stable 
oxide matrices.[4] 

On the other hand, David Ward [3] carried out a study into the destructive effects of the 
sintering process with respect to the dioxin content of municipal waste incinerator fly ash. 
Ward showed that this process cause significant reduction of dioxin concentrations in fly 
ash. 

It is suggested that this process is capable to covert toxic fly ash from incinerators into a 
material which can be used in civil engineering applications.[3, 4, 5] The figure 1 shows an 
overview of the experimental fly ash detoxification pilot rig. 

 
Fig.1 – Full scale of the experimental fly ash detoxification pilot rig. [6] 
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2. THE ASH DETOXIFICATION PROCESS 
 
2.1. DESCRIPTION OF THE SYSTEM 
 

The system is based on a twin bed regenerative burner. While the first of the two burner 
uses cold air fed to the base of its regenerator, exhaust gas is drawn through the second 
burner and down into its associated regenerator to preheat the packing bed and then 
discharged to the atmosphere. When the regenerator being heated is sufficiently charged, 
the reversing system operates so that the cold air flows to the just heated regenerator and is 
preheated. The main advantage of this concept is the reduction of fuel consumption. [4, 5, 
7] According to some researchers, this concept can achieve efficiencies of 80 to 90%. [7, 8, 
9] 
 

 

Fig.2 – Cycle operation of a twin bed regenerative burner, adapted from [7]. 
 

The ash-sintering rig comprises a pair of a 300KW Regenerative Ceramic Burners 
(RCB) which can provide enough heat to sinter about 0.2 Kg/s of fly ash. Its main 
components are: a pair of pebble bed, a safety equipment, pneumatic operated butterfly 
valves, a fuel-air ratio control and associated controls, a pair of symmetrical cyclones, a air 
draught fan and a screw feeder. 

A schematic diagram of the experimental ash detoxification rig is shown in figure 3 As 
it is illustrated, the fly ash is fed into the burner 1 and heated to a temperature of about 
850ºC (the sintering temperature of the fly ash) [4]. As a result, the ash particles are 
separated in the cyclones, due to centrifugal forces, and the combustion products are drawn 
through the burner 2 and passed through its associated regenerator. Before exiting the 
system, exhaust gases are passed through a pebble bed where heat is recuperated. When the 
regenerator 2 is sufficiently charged, the reversing system operates so that the combustion 
air flows to the just heated regenerator and is preheated. Hence, the fly ash is now 
introduced into the burner 2 and the combustion products leave the cyclone via unit 1 
(burner 1, regenerator 1). Worthy of note, the fact that the reversal valves are activated by 
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a logic control unit, which allows the combustion air to be fed either to burner 1 or 2 but 
never both together. 
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Fig.3 – Schematic diagram of the experimental ash detoxification rig.[4] 

 
 
2.2. SINTERING PROCESS 

 
The agglomeration of particles under heating is known as sintering. P.H Lee [4] has 

observed that the ash particles start to agglomerate together at temperatures of about 
850ºC. In the figure 4 it is possible to observe the particles agglomeration after the thermal 
treatment. 
 

 

a)    b) 

Fig.4 – a) Fly ash from MSWI, before thermal treatment. b) Sintered fly ash. [6] 
 
The sintering temperature of about 850ºC is significantly lower than the ash melting 

point, which is about 1300ºC. It should be noted that the temperature inside the cyclones 
must be below 1300ºC, since this temperature is the melting point of the fly ash. Hence, if 
the fly ash starts to melt, it may stick to the walls and cause a build up.[4] 
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2.3. CYCLONE 
 
The symmetrical twin cyclone was selected because of the ability to handle fine 

particles, the good contact between the gas and the solids and the complete separation of 
the end products [4]. Accordingly, the cyclone must provide not only enough time to sinter 
the ash but also ash particles must be separated from the hot gas of combustion. According 
to a computational fluid modelling of the cyclone, residence times of about 0.3 seconds 
were obtained.[4] The appropriate ratios of cyclone dimensions are shown in figure 5. 

 

 
Fig.5 – Schematic diagram of the cyclone.[4] 

 
3. CONCLUSION 

 
Presently, fly ash is classified as a hazardous material, which is being landfilled at very 

high price. The ash detoxification process seems to convert the hazardous material to a 
non-hazardous one, which can either be landfilled at a very low cost or used in the 
construction industry. According to the present work, this new thermal technology seems 
to be a very economic and effective method for the detoxification of incinerator fly ash 
and, therefore, a promising way of dealing with toxic ash. 
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