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Abstract

A dioxin volatilization and decomposition process has been developed to reduce dioxin from fly ash in municipa solid
waste (MSW) incinerators. The design of the heating chamber is very important for achieving a stable, efficient process
because of the difficulty of heeting fly ash stably and effectively due to its poor heat conductivity and agglomeration a
>773K caused by chloride content, and yet heating up to 673K is essentia to remove dioxin adsorbed on the surface of
the fly ash. The authors have devel oped and adopted an agitating fluidized bed heating chamber having very high hegting
efficiency for the volatilization and decomposition process. This paper describes the performance of the heating chamber
and shows test resultsfor apilot plant using the heating chamber.

Introduction

The control of dioxin emissions from MSW incinerators has primarily focused on the dioxin in flue gas. However,
measures to decrease dioxin in the residue are o critical to suppress the total dioxin released from MSW incinerators.
Reductions of dioxin in the fly ash will gregtly lower the tota amount released because the dioxin quantity in fly ash is
higher than in any other stream from an MSW incinerator. The concentration of dioxin in fly ash should be lessthan 0.1
ng-TEQ/g to achieve emissions below 5 1 g-TEQ/ton MSW .

We have developed a dioxin voldilization and decomposition process to reduce dioxin from fly ash, and have
confirmed that the process showed good performance®. In the development, the design of the heating chamber is very
important for achieving a stable, efficient process because of the difficulty of heating fly ash stably and effectively dueto
its thermal characterigtics. Fly ash is mainly composed of oxides and has poor heat conductivity, making it very difficult
to raise the temperature in the fly ash layer homogeneoudy. Furthermore, fly ash contains chlorides which lead to
agglomeration of thefly ash at >773K, and yet heating up to 673K isessential to reduce dioxin adsorbed on the surface of
thefly ash. A hesting method that is appropriately designed for fly ash isrequired for the best performance of the process.

The authors have developed and adopted an agitating fluidized bed heating chamber having very high heating
efficiency for the volatilization and decomposition process. The performance of this process had been confirmed by pilot
plant test, and the commercia plants have been operated smoothly®. This paper describes the performance of the heating
chamber and shows test resultsfor apilot plant.

Materialsand Methods
Volatilization and Decomposition Process

Mogt of the dioxin in the flue gas of MSW incinerators is adsorbed on the surface of the fly ash because of the low
vapor pressure of dioxin below 473K. Recently, fly ash in the flue gasisfiltered out by dust collectors such as bag filters
and dectrogtatic precipitators operated at below 473K to obtain high remova efficiency of dioxin as well as fly ash
particles themsalves. Although this decreases the emission of dioxin from the stack, it increases the concentration of
dioxin in thefly ash. A flow chart of the volatilization and decomposition processis shown in Figure 1. Dioxin adsorbed
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dioxin, thus eiminating sources for dioxin reformation in

treated fly ash. Significant suppression of the reformation of dioxin by de-novo synthesis in treated fly ash is expected
without a cooling process after the heating chamber. Dioxin in the gas phase is decomposed by the catalyst with high
oxidation activity. An activated carbon adsorber treats the outlet gas from the catalyst reactor to remove heavy metas
evaporated in the heating chamber.

Auqitating Fluidized Bed Hesting Chamber
In an ided fluidized bed, powders and gas form a homogeneous mixing zone and powders circulate intensvely in the
fluidized bed. These phenomena provide very high contact efficiency of the powders and gas as well as high exchange
frequency of the powders againgt the heating chamber wall. If afluidized bed is used as a heating chamber for powders,
effective heating can be achieved by using either heated gas flow through a distributor or electric heating of the chamber
wall. The use of afluidized bed heating chamber to heat the fly ash offers several advantages:
(1) Homogeneous temperature in the fly ash in the chamber,
(2) Excess heating of the wall to heat the fly ash to a sufficient temperature ﬂ Fly ash
for dioxin remova is not needed, and so agglomeration of the fly ash Gas outlet o =
caused by chloridesin the fly ash can be avoided, and (to catalyst) @
(3) Dioxin volatilization is promoted by good contact efficiency of the fly _ .
shandaar. Bag filter “A——T1 Ko,

The fluidization phenomenon strongly depends on the characteristic of R N |
powders and gas velocity, fly ash in MSW incinerators having mean ]f?}f;t;cle
particle size of 20 to 30 pm is very difficult to fluidize. In order to =3
fluidize fly ash, an additional deviceis required in addition to the gas flow
at the optimum gas velocity through the digtributor.

We attempted to adopt the agitating device to form a homogeneous
fluidized bed of the fly ash. In the cold model (acrylic, ID = 120 mm) test
without supplementa agitating device, channels were formed in the fly ash
layer and gas passed up through the channels. On the other hand, with the - :

. i o Distributo
agitating device, ahomogeneous fluidized bed was formed. =

A pilot plant with agjitating fluidized bed heating chamber (ID = 450 Heated air
mm) was built to evaluate the heating efficiency and the performance ﬂTreated fly ash
concerning dioxin and heavy metas. The maximum fly ash trestment
capacity of the pilot plant is 100 kg/h. Figure 2 shows the structure of the
agitating fluidized bed heating chamber. The outsde wall of the cylindrical

Fig. 2 Agitating fluidized bed
heating chamber.
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chamber is heated by an dlectrica heater. Fly ash isfed from the upper part of the chamber and treated fly ash is extracted
from the bottom of the chamber. Preheated air is introduced via the distributor &t the bottom of the chamber, and the
outlet gas passes through abag filter to trap accompanying fly ash.

Resultsand Discussion
Heating efficiency of agitating fluidized bed heating chamber
Table 1 shows the operation results of the

Tablel Operation results of agitating fluidized bed heatingchamber.

agitating fluidized bed hesting chamber. When Fly ash feed rate [kg/h] 60
the fly ash feed rate was 60 kg/h and the  Air flow rate [m°N/h] 18
temperature of the electrically heated chamber _Heating chamber wall temperature [K] 698
wall was 698K, the temperature of the fly ash _Fluideized bed average temperdlure [K] 673
fluidized bed was maintained a& 673K. The —Heattranster coefficient [W/(m™K)] 150

temperatures measured at six different points in the fluidized bed were within the deviation of 5K. The hesat transfer
coefficient from the chamber wall to fly ash was cdculated to be 150 W/n?- K. These results reveded that a
homogeneous fluidized zone of fly ash could be formed by including an agitating device in addition to airflow, and that
fly ash could be heated effectively because of the very high heet transfer coefficient. No agglomeration was observed in
the heating chamber &fter the tests. The agitating fluidized bed heating chamber having such a high heat transfer
coefficient provides advantages including no need to heat the wall to an excessively high temperature, and small heating

chamber in comparison with the conventiona heating methods for fly ash.
—>

Dioxin removd efficiency

A schematic diagram of the pilot plant is shown in Figure 3.
The pilot plant did not have a system for cooling the fly ash

Fly ash storage

Screw feeder - -~~~
Catalyst

_ Agitating fluideized .~
after heet trestment. Measurement of dioxin and heavy metas begé ﬁel;fngfh:ﬁer @
was done at sampling points (1) to (4) indicated inFig. 3. The g pitizer Filter

IDF

sampling and andlysis of PCDDs, PCDFs and Co-PCBs were
based on JS K 0311. The TEQ vaue discussed in this paper

Activated carbon
adsorber

included PCDDs, PCDFs and Co-PCBs. Kneading Air heater
The conditions of the test are listed in Table 2. The machine FDF
temperature of the dectrically heated chamber wall was 733K, (=~ > —

and the temperature of the fly ash fluidized bed was
maintained a 713K. Air was introduced via the distributor
after being heated at the flow rate of 18 m°N/h. The catalyst

Fig.3 Schematic diagram of pilot plant.

Table2 Operating conditions of pilot plant.

and activated carbon adsorber temperatures were controlled to Fly ash feed rate [kg/h] 28
603-643K and 383K, respectively. Air flow rate [m°N/h] 18

The results of measurements of dioxin in the fly ash are _Heating chamber wall temperature [K] 733
shown in Table 3. The TEQ value a the kneading machine _Catalyst temperature [K] 603~643
outlet (2) was sufficiently low a 0.0085 ng-TEQ/g, and was —ACtivated carbon adsorber temperature [K] | 383

consderably below 0.1 ng-TEQ/g. This result showed that the dioxin volatilization and decomposition process with the
agitating fluidized bed heating chamber provided high dioxin reduction efficiency. Significant suppression of dioxin
reformation by de-novo synthesisin treated fly ash was aso confirmed because this performance was obtained without a
cooling process. Tables 4 and 5 show concentrations of dioxin and heavy metalsin the gas phase. Dioxin volatilized from
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fly ash was decomposed by catalyst to 0.060 ng-TEQ/MN (<0.1 ng-TEQ/m*N), and the concentration of dioxin was
further decreased to 0.0016 ng-TEQ/m*N at the activated carbon adsorber outlet (4). Concentrations of heavy metals
were less than the detectable limit except Hg at bag filter outlet (3). Hg was adso decreased to avery low levd at activated

carbon adsorber outlet (4).
Teble3  Dioxin concentrationsin fly ash. Table4  Dioxin concentrationsin flue gas.
Sampling point . Sampling pointin Fig.3 [Dioxin [ng-TEQ/m*N]
inFig.3 Dioxin [ng-TEQ/Q] B 0,060
€] 20 (4) 0.0016
2 0.0085

Table5 Heavy metd concentrationsin flue gas.

Sampling pointinFig. 3 | Heavy metd [mg/m°N]

Cr Cd Po Hg As Se
(3 <0.1 <001 | <0.01 11 <0.01 <0.02
4 <0.1 <001 | <001 <0.003 | <0.01 <0.02

Suppression of heavy metal leaching from fly ash

The results of leaching tests of the fly ash are shown in Table 6. Untreated fly ash (1) and treated fly ash sampled at (5)
were evauated. Thefly ash used in this eva uation was treated by avolatilization and decomposition process a 698K. Ph,
Hg and Se concentrations in the leachate from treated fly ash (5) were considerably lower than those of untreated fly ash
(1). Except for Hg which was found to move to the gas phase, the oxidation conditions of the heavy metals were
consdered to have been changed by the heat treatment in the oxidizing amosphere. Consequently, the leaching of heavy
metals from the fly ash was suppressed after heat treatment.

Table6 Leaching test results of fly ash.

Heavy metal [mg/L ]
Sampling pointin Fig. 3

Cr6+ Cd Po Hg As Se
(@) <002 |[<002 |151 |0.0014 <0.01 | 0.006
(5 <002 |<002 |667 |<00005 |<001 |0.0016

Commercid Plant Operation
The volatilization and decomposition process has commerciaized, and severa commercia plants have been operated
smoothly. Thisprocessis contributing to suppressthe total dioxin released from MSW incinerators.
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