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Abstract— The leaching of municipal solid waste incinerator 

(MSWI) bottom ash has been studied at different stages of 

natural weathering. Bottom ash samples, originating from a 

single incinerator, included grate siftings, unquenched, 

quenched, 6-week-old & 12-year-old bottom ash. The 

particles with diameter > 1mm present in the bottom ash of 

MSWI were characterized by identifying the main 

constituent materials. This characterization may be used to 

evaluate the potential applications of bottom ash & its 

environmental hazards, & to evaluate the possibilities of 

recycling its main components. The effectiveness of the 

voluntary recycling programs of bottom ash can also be 

assessed. The main components of the bottom ash are glass, 

magnetic metals, minerals, synthetic ceramics, paramagnetic 

metals & unburned organic matter. The 4-25mm size 

fraction accounts for approximately 50% of the bottom ash 

weight & comprises mainly glass (>50% of this fraction), 

synthetic ceramics (26%) & minerals (>8%), & thus appears 

to be suitable for reuse as secondary building materials or 

for glass recycling. Magnetic metals accumulate in the 1-

6mm particle size fraction (6% of this fraction). 
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I. INTRODUCTION 

Recently, considerable progress has been made in 

understanding the behavior of various waste minerals as 

mineral assemblages, similar to rocks & soils, researchers 

have been able to use geochemical knowledge to 

characterize the waste. 

The gross amount of MSW generated annually in 

Japan is approximately 50million-tons. Approximately 

6million tons of residue which is then land filled, with 

leachate control. Recently it has become more & more 

difficult to secure landfill locations, particularly in urban 

areas. Consequently, reducing the volume of incinerated 

MSW ash & looking for ways in which to residues are 

urgent targets to be developed. 

Fly ash produced during MSWI is classified as 

“general waste requiring special controls”. One of the 

following four treatment methods must be applied to the 

generated fly ash: (1) melting & solidification, (2) 

solidification with cement, (3) stabilization using chemical 

agents or (4) extraction using acid or other solvents. The 

melting technology reduces the volume of incinerator 

residues, bottom ash & fly ash, making the melted slag 

stable & non-toxic. Moreover, this type of treatment allows 

melted slag to be used as a resource again. The melting 

operation works by keeping the temperature at 

approximately 1400
°
C in a high-temperature furnace by 

electricity or by the combustion of fuel. 

At present, about 17 million tons/year of bottom 

ash in the world is produced. This is expected to double in 

the next ten or fifteen years. Normally, the term „bottom 

ash‟ also includes grate sifting & depending on the facility 

design, heat recovery ash. The incineration process is not the 

final waste treatment stage. Municipal waste reutilization & 

disposal options are the focus of debate. In the USA, most 

MSWI residue currently generated is land filled, while in 

some European countries (e.g. Germany, Netherland, France 

& Denmark) about 50% of the stockpiled municipal waste 

incinerator bottom ash is used as secondary building 

material, in road construction or as raw material for the 

ceramic industry inter. 

II. MATERIALS AND METHODS 

Bottom Ash Description: All bottom ash samples were 

derived from the same Dutch MSWI. The incinerator 

operates at temperatures between 850 & 1000
°
C; the 

residence time of the waste in the incinerator is 30-40min. 

Immediately after incineration, the hot bottom ash is 

quenched in a water tank together with the grate sifting. The 

bottom ash used in this study came from two MSWI 

facilities in Catalonia (Spain) which used energy recovery 

(waste-to-energy, WTE). Facility A is located in the 

metropolitan area of Barcelona & began to operate in 1975. 

In 1996, it handled 302900 tons (= 910 tons/day) of mainly 

household waste stream with some commercial contributors 

& produced electric power (118900MW h) scrap iron (9000 

tons), 77400 tons of bottom ash & 2500tons of fly ash 

collected by electrostatic filters. The 1.5YR sample was 

taken from the outer layer of a heap that was in open storage 

in the grounds of the incinerator. Sample volumes were 

about 5kg for samples GS2, GS5 & UNQ & 45kg for 

samples QUE1, 6WK & 1.5YR. The samples were kept 

under nitrogen until required. 

III. PRINCIPLES OF THE MELTING SYSTEMS 

At present there are a variety of furnace melting systems 

that have been developed & are being put into practice. 

These systems can be divided roughly into two categories: 

one uses fuels as an energy source & the other uses 

electricity. The systems can be further classified as follows: 

1) Fuel-burning melting system; 

 Surface melting furnaces; 

 Swirling-flow melting furnaces; 

 Coke-bed melting furnaces; 

 Rotary kiln melting furnaces; 

 Internal melting furnaces. 

2) Electric melting systems; 

 Electric-arc melting furnaces; 

 Electric resistance melting furnaces; 

 Plasma melting furnaces; 

 Induction melting furnaces (high-frequency, low-

frequency). 

Some of the fuel-burning melting systems, e.g. 

coke-bed melting & rotary kiln melting, can‟t only melt the 

incineration residues, but can also directly melt MSW. 
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IV. BEHAVIOR OF HEAVY METALS 

Inorganic compounds like metallic elements, especially in 

fly ash, are redistributed after the melting treatment 

according to the boiling temperature. It is considered that 

metals with high boiling points like Si, Al & Ca, are 

converted into slag & substructures with low boiling points 

like Cd & Pb are converted into fly ash or melting furnace 

exhaust gas. As shown in Table 1, the concentrations of 

heavy metals with low boiling points like Cd & Pb in BF 

(Bag Filter) ash from melting furnaces are 5-10 times higher 

than those of fly ash. 

Item 

Inputs Outputs 

Bottom 

ash 

(mixed) 

Fly 

ash 
Slag 

Gas 

cooler 

ash 

from 

MF 

BF ash 

from 

MF 

S % 0.53 2.27 0.20 3.49 3.29 

Cl % 0.61 7.15 0.11 32.3 27.1 

Si % 14.9 11.3 16.4 0.24 0.06 

Al % 7.67 7.89 10.8 0.16 0.13 

Ca % 16.2 15.7 16.1 0.71 19.7
b
 

Fe % 3.43 0.830 4.13 0.451 0.080 

Na % 1.91 3.74 2.37 5.59 3.00 

K % 0.82 3.08 1.37 2.79 2.84 

Mg % 2.33 2.62 2.71 0.150 0.217 

P % 0.68 0.48 0.99 - 0.028 

B % 0.011 0.015 0.010 - 0.014 

Mn % 0.062 0.032 0.067 - 0.002 

Pb % 0.074 0.091 0.0032 1.80 0.39 

Cd % 0.002 0.006 0.00006 0.078 0.047 

As 

(mg/kg) 
2.73 6.44 <0.5 - 10.1 

Hg  

(mg/kg) 
0.748 2.46 <0.005 - 3.84 

Zn % 0.376 0.864 0.157 6.03 4.19 

Cu % 0.205 0.266 0.170 0.310 0.191 

Cr % 0.034 0.029 0.058 - <0.005 

Se % 0.39 0.67 0.36 - <0.01 

Sn % 0.86 0.22 0.85 0.31 0.17 

Table 1: Composition of solid materials 

V. RECYCLING OF MELTING FURNACE FLY ASH AS 

RESOURCES 

Melting furnace fly ash from melting process is produced 

about 4% of the total input in case of melted bottom ash 

only, & 6-10% in case of melted bottom ash with fly ash. 

Melting furnace fly ash contains a considerable amount of 

Pb & Zn. It is therefore necessary to take care of heavy 

stabilization & control in landfill. In the future the recycling 

of melting furnace fly should be chosen instead of its 

disposal. One method is to use it as a non-ferrous smelting 

material. Halogens such as chlorine must be restricted to 

very low levels to prevent equipment corrosion problems. 

Therefore, resource-recovering process should concentrate 

Pb & Zn separately & reduce the Cl content in the 

concentrated cake to the upper limit. 

VI. REUTILIZATION OF MELTED SLAG 

The technology to turn slag produced from the melting of 

MSW residues into a re-usable resource has been 

investigated. Some ideas are, to use the slag as a fill for road 

surfaces, as a component in asphalt mixtures, in concrete 

structures & in secondary products (e.g. interlocking blocks, 

tiles and bricks). There are already established standards in 

place for these types of natural materials such as crushed 

stones. In order to develop similar standards for such 

materials that contain slag, some research has been done. 

The results have shown that slag can be used in different 

ways, depending on the particular application & conditions 

of use. 

To evaluate the possibility of using slag as a 

resource, economic considerations such as marketing and 

pricing need to be studied, and the quality of slag-containing 

products needs to be brought in that of similar existing 

materials. 

VII. „EFFECTIVE RE-USE MANUAL‟ OF MSW MELTED SLAG 

(DRAFT) 

 High-temperature treatment technologies for incinerator 

residues (melting and solidification methods) have been 

developed, and it is becoming possible to reuse the residues 

effectively by melting. It is important to reuse them as road 

construction materials or concrete aggregate & to prevent 

environment pollution caused by quarrying. Some basic 

ideas for the effective utilization of incinerator residue 

products are as follows: 

1) positively promoted for reuse, in order to reduce the 

final landfill volume, Incinerator residues should be 

reduced through waste discharge control & recycling, 

2) Incinerator residue products should be and 

3) Incinerator residue products have to be stable in order 

not to cause environmental pollution, such as soil 

contamination and ground water pollution. 

With this in mind, the Ministry of Health and 

Welfare is discussing the drafting of an „effective reuse 

manual‟, aiming at promoting the safe reuse of incinerator 

residues, by setting reprocessing technologies, reuse 

standards and their evaluation methods. An outline of the 

manual is as follows. It deals with the following: 

1) Slag produced by melting MSW incinerator residues 

under the temperature of 1200-1400
°
C or higher, 

2) Slag produced by gasification/melting of MSW under 

the temperature of 1200-1400
°
C or higher, and 

3) Solid substances produced by sintering MSW 

incinerator residues under the temperature of 1000-

1300
°
C. 

VIII. RESULTS AND DISCUSSION 

It is surprising to observe that, in all samples of bottom ash 

from A & B facilities, particles in the 25-50mm size range 

were practically non-existent. The trammeled particles over 

250mm were mainly from building or domestic metallic 

articles. Bottom ash residue comprises mainly ceramic 

materials, silicates phosphates, sulfates or carbonates, which 

are easily broken down by the mechanical system of 

transport within the furnace or by the effect of the thermal 
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shock. It is possible to find some particles over 25mm 

massed together whose matrix, mainly silicates, melted at 

the combustion temperature inside the furnace. 

Nevertheless, the bottom ash particles bigger than 250mm, 

trommeled and with the magnetic metals removed, weigh 

<3% of the total. The data in Figure below show the 

accumulative particle size distribution, broken down into the 

mean particle size for each particle size for each fraction, 

and the highest, lowest and average percentage weight 

values for the two facilities. As can be seen in Figure below, 

upto about 30% of the bottom ash is made up of particles 

>6mm and upto 70% is made up of particles >3mm. This 

fraction over 3mm is particularly suited to land filling or 

being reused as concentrated in the finest fraction. The 

under 1mm size fractions of both facilities make up between 

15 & 20% of the weight. These fractions are mainly 

composed of grate siftings, which make up about 1-3% of 

the weight of the bottom ash, & boiler ash, which also 

makes up between 1 & 3% of the weight of the bottom 

stream. Many of these fine particle stick to the surface of the 

bigger particles. Comparison of the values obtained for 

MSWIa & MSWIb sub-samples illustrates the similarity 

between both facilities for particle size fractions under 

6mm: difference of 4% in the total average percentage 

weight was found. However, for particle size fractions 

bigger than 6mm, average weight differences >7% were 

found. These differences were probably due to the 

transportation system inside the furnace. The rotating roll 

system used in the Facility B furnace tends to produce 

smaller particles than the rocking grates in Facility A‟s 

combustion chamber. This should be attributed to greater 

mechanical grinding in the solid transport system inside the 

furnace. The average bottom ash moisture, as a result of 

quenching, determined as the weight lost at 110
°
C, was 21% 

for Facility A and 26% for Facility B. 

The materials in each particle size range are shown in Table 

1 for bottom ash samples from the two facilities. All the 

particles were identified one by one and classified in one of 

the six component fractions previously described. The 

material composition of bottom ash > 4mm, which can be 

easily sieved and water washed, seems especially suitable 

for reuse as secondary building materials. More than 50% 

glass, 8% minerals and 26% synthetic ceramics are the main 

components of the fraction >4mm. The water washing 

process practically removes the water-soluble fraction and 

most of the finest particles stuck on the surface, which 

account for a lot of most hazardous heavy metals. The water 

used in the sieving and washing process can be further used 

in the wet or semidry APC systems. 

IX. CONCLUSION 

The following points should be considered if MSW 

incinerator residue melting facilities are to share a major 

role in municipal waste management and recycling in 

general. 

 

 
1) Firstly, the appropriate technology should be 

established so that slag should be considered as a 

recyclable resource. It is necessary to make the quality 

of slag-containing products equal to that of equivalent 

of existing materials, in order to promote their use. 

2) Secondly, economic aspects need to be carefully 

considered. Using new process such as melting will add 

considerable costs to the existing MSW treatment 

system. However, even without further treatment after 

incineration, fly ash still has to be treated, since it has 

been designated to be „specially controlled waste‟. So 

currently, the final cost of treatment is higher than it 

appears. 

Considering this point, efforts are needed to 

decrease costs by improving the melting technology to make 

it more suitable. However, we should always be prepared to 

pay cost of recycling. From now on, the treatment of 

incinerator residues should be thought of in terms of the 

recycling of resources aimed at promoting a more recycle-

conscious society. Incinerator residues contain hazardous 

substances such as heavy metals and dioxins. To use the 

material efficiently, safety aspects must be well thought out, 

so as not to leave a negative heritage to future generations. 

Considering all these points above, we need to proceed 

further in development of this technology. 
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