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Chapter 1 [Introduction]: Major sources and inventory of the polychlorinated dibenzo-p-dioxins and
furans (PCDD/Fs) or dioxins emission were described. The state of arts of the science and terminology
relating to the dioxins, its formation in the thermal processes and the suppression of their emission was
introduced. It is appeared that PCDD/Fs contamination and accumulation into soil through atmospheric
deposition and other possible sources are so persistent. Therefore, it is urgently required to develop an
effective remediation technology to clean up the soil with high efficiency.
Chapter 2 [Review of PCDD/Fs Remediation Technologies]: Previous remediation technologies of
PCDD/Fs were reviewed. It shows that they can be sorted into several categories such as bioremediation,
physical/chemical and thermal remediation. It is pointed out that the thermal remediation is the most reliable
process at present, in terms of the removal/decomposition efficiency of dioxins, the capacity of handling mass
and probably the cost.
Chapter 3 [Zone Combustion Process]: A new concept of the thermal remediation technology, namely
zone combustion process, of particulate/powder materials contaminated by dioxins are proposed. The process
is based on the packed bed combustion of carbonaceous fuel like coke mixed with particles/powders. It is
basically a one-dimensional unsteady-state process; however, it can be extended to a two-dimensional
steady-state process. The latter can be a continuous process, which is suitable to remedy a large amount of
solid materials. Fig. 1 and Fig 2 show the continuos practical image of two-dimensional steady state and its
concept in one-dimensional unsteady state, respectively.
Chapter 4 [Process verification]: Some basic and fundamental studies on zone combustion process were
divided into several chapters in the thesis. In this chapter, the validation of the zonie combustion process in the
remediation of dioxin-contaminated soil was discussed. The apparatus is based on one-dimensional
unsteady-state process (see Fig. 3). It consists of a cylindrical reaction pot, which is mz;lde of stainless steel
and can be opened vertically into two parts. The inside diameter and height of the pot is 110 and 300 mm,
respectively. Alumina fiber sheet was used as lining of the inside surface of the pot for insulation. At the
bottom of the pot, a stainless steel mesh plate and a thin bed packed with alumina ball of 6 mm in diameter
were put as substrates. Temperatures of the bed were measured with a lapse of time by thermocouples inserted
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at 75, 125, 175 and 225 mm from the top of the bed. In this study, only combustion experiment was conducted
to get solid samples of the remediated soils. Only, tetra- to octa-homologues of the solid and gas samples were
analyzed for all studies.

PCDD/Fs contaminated soil from a site near industrial waste incinerators was sampled. The level of
PCDD/Fs was 13 ng/g-dry or 330 pg-TEQ/g-dry. The mixtures prepared under different pretreatment
conditions were subjected to the combustion zone experiment. The results show that the removal ratio of
dioxins reaches more than 99% (same in TEQ). When the soil is pre-treated by the drying or limestone
addition, the removal ratio increases up to 99.9% (99.99% in TEQ). The capacity of the process was evaluated
very large, about 0.4 Mg-dry/m®/h, that is, 3,500 ton-dry/m*/year.

Chapter 5 [The presence of organic chloride]: It deals with the formation of dioxins during the process
when soil to be remedied contains organic chlorides. The sample mixture was prepared from soil, coke and
PVC polymer powder. The relatively ‘clean’ soil (PCDD/Fs: 263 pg/g-dry or 2.0 pg-TEQ/g) was used in
order to provide a clear observation of the PCDD/Fs formation, which may occur during the thermal process

Fig. 3. Experimental apparatus.

due to the presence of organic chloride. Coke was sized between 1 and 3 mm, and its mixing ratio was set at
7.5 mass%. The average molecular mass and particle size of the PVC polymer were 1100 and 0.33 mm,
respectively. The mixing ratio of PVC to soil was 1000 ppm on the chlorine basis. The distribution of
PCDD/Fs concentration, as well as moisture, chlorine and alkaline earth, of the quenched bed in the vertical
direction was obtained by introducing reverse flow of nitrogen rapidly from the bottom of the bed during
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experiment (see Fig. 4). Dioxin concentration in the
exhaust gas was also analyzed according to
Japanese Industrial Standard (JIS) K 0311.

It was confirmed that the process could
efficiently remove dioxins originally contained in
the soil. However, chlorides contained in the soil
can be a chlorine source of a new formation of
dioxins during the process. The results show that
dioxins formed in the bed were transferred
downward with gas stream through the bed and
trapped at the lower bed (see Fig. 5). In such a way
dioxins move through the bed and exhausted with
the outlet gas. Chlorine also moves down through
the bed as the process progresses. Alkaline and
alkaline earth compounds play important roles in
the transport phenomena of chlorine.

Chapter 6 [Dioxin Behavior]: Behavior of dioxins
in terms of transport and fate during the process was
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experimentally examined by employing octachloro-dibenzo dioxin spiked with C (*C-OCDD) as a

homologue model.

The process removes dioxins from the solid materials through their decomposition and vaporization.
However, there is also a possibility of new formation of dioxins during the process. The soil contains
BC-labeled OCDD was used to distinguish the originally contained dioxins from the newly formed ones. The
concentration of *C- OCDD in the feed mixture was 1600 pg/g-dry with the coke content was set at 7.5
mass%-dry. The result shows that the decomposition ratio of the originally added *C-OCDD is as large as
about 98.6% (see Fig.6). This appears to occur mainly through an oxidative thermal degradation rather than
dechlorination since any other *C-labelled homologues were detected in the neither remedied soil nor the
exhaust gas. It was also observed that the transformation of PC-OCDD occurred through the bed.

(Decomposition rate = 0.986 mg/h (98.6%))

Feed rate of contaminated soil =
1 Mg-dry soil’h
(1000 pg-OCDD/g-dry soil)

OCDD = 0,006 mg/h (0.6%)
| BpCDDs =0.001 mg/h (0.1%)

(Outlet gas = 0.007 mg/h (0.7%)]

Supplied as contaminated
V' soil = 1 mg-OCDD/h (100%)

N\

<

Remained in remedied zone = 0.007 mg/h (0.70%,

)
[8.0 pg-OCDD/g-dry soil] )

Fig. 6. Mass balance of *C-OCDD in the zone combustion process.
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Chapter 7 [Application to fly ash]: . i 40
An attempt to remedy dioxin 2000 | 1. B
contaminated in fly ash of municipal g é
solid waste incinerator (MSWI), E’ 1500 g
which  usually  contains  high é’ ?o
concentration of original chloride —é 1000 %;
compounds, was undertaken. In the é s00 'g
base experiment, fly ash and 11 § g
mass%-dry coke were simply mixed - 0 B
and granulated with the addition of FA FAU FA FAU

the sprayed water. For the comparison, Fig. 7. PCDD/Fs concentration in the outlet gas

another experiment was conducted with the addition of 2 mass%-dry urea, to examine the effect of an
inhibitor on the PCDD/Fs formation during the process. Fly ash contains a large amount of chlorine (13.4
mass%), volatile matter (7.1 mass%), unburned carbon (2.1 mass%) and many metallic compounds.

The remediation using the fly ash without any pretreatment except for addition of coke as fuel gives fairly

high removal efficiency of dioxins. However, the concentration of dioxins in the exhaunst gas was
considerably high. It may be because the sufficient chlorine source and metallic catalysts exist in the fly ash.
- On the other hand, the addition of urea (2 mass%-dry) can reduce the concentration of PCDD/Fs in the outlet
gas by about 92.7% (see Fig.7). Although further study is necessary, the effect of the urea seems to be
attributed to the reduction of chlorine potential through the formation of NH,Cl and further poisoning of the
catalytic compounds for the dioxin formation in the bed.
Chapter 8 [Conclusions]: The zone combustion process is proposed as a new thermal remediation
technology of dioxins contaminated soil and fly ash with the characteristics of high handling mass capacity
~"and relatively low cost. It was verified that the removal efficiency of the process to remedy PCDD/Fs
contaminated soil was more than 99% with the capacity reaches 3500 ton-dry/m’/year. The presence of
organic chlorides in the soil leads to the new formation of PCDD/Fs during the process. The newly formed
PCDD/Fs in the bed are transferred downward with the gas stream through the bed and trapped at lower bed.
In such a way, PCDD/Fs moves through the bed and is exhausted with the outlet gas. Chlorine moves down
through the bed as the process progresses. Alkaline and alkaline earth compounds play important roles in
transport phenomena of the chlorine. The ’C-OCDD was added to the soil to distinguish the originally
contained PCDD/Fs from the newly formed. The result shows that the decomposition ratio of the originally
added C-OCDD is as large as 98.6%. This appears to occur mainly through an oxidative thermal degradation
rather than dechlorination. In the application of the process to the fly ash without any pretreatment, except
coke for fuel, gives fairly high removal efficiency of PCDD/Fs. However, the concentration of PCDD/Fs in
the exhaust gas was considerably high, probably due to the existence of chlorine source and metallic catalyst
in the fly ash. By adding urea as an inhibitor (2mass%-dry) in the feed, the emission of PCDD/Fs is
suppressed by about 92.7%.
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