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1. Introduction 

The authors have previously reported that high concentrations of dioxins (PCDDs, PCDFs) are 
emitted during the shut-down of existing small-scale mechanical batch incinerators operating 
8 hours a day'''^'; and, by the application of Japanese government guidelines for the design and 
operation of new mechanical batch facilities, total daily dioxin emissions can be greatly reduced 
to one-twentieth of conventional levels^'. In these investigations, a phenomenon was observed 
in which, under steady-state operation, the concentration of PCDDs/PCDFs in the bag house 
outlet gas actually becomes higher than that in the inlet gas. 
In continuation of a project on dioxin control technology funded by the Ministry of Health and 
Welfare and the Environment Agency, two investigations were carried out at the same facility 
(Facility B) in fy 1993 to determine the reason for this increase in dioxin content within the bag 
house. 
We also performed laboratory experiments to reproduce this phenomenon and obtained the 
same results as were achieved from the investigations with the actual facility. From the results, 
we showed that the cause of this increase is a "memory effect" from shutdown and start-up. 

2. Investigations on the Actual Facility 

In the first investigation, countermeasures were taken against the increase of dioxin content in 
the bag house. However, the countermeasures proved ineffective; and the phenomenon 
reappeared as before. 
In the second investigation, we extended the operating time of the unit and, as a result, found 
from data sampled 3 to 5 hours after start-up as steady-state operation data has a strong 
memory effect from shutdown/start-up. That is, within this time period, the increase in PCDDs/ 
PCDFs through the bag house became progressively more conspicuous as the inlet concen
tration at the dust collector dropped in conjunction with such dioxin-suppression measures as 
combustion optimization and air preheater outlet gas temperature reduction — a concentration 
of 1.2 ng/m^N (l-TEQ) at the inlet increased to a concentration of 6.2 ng/m^N (l-TEQ) at the outlet 
(RUN 3). An examination of data sampled 11 to 13 hours after start-up revealed that the memory 
effect had weakened considerably—a concentration of 1.4 ng/m^N (l-TEQ) at the dust collector 
inlet decreased to a concentration of 0.14 ng/m^N (l-TEQ) at the outlet (RUN 4). Analysis results 
are shown in Table 1; changes in congener pattern, in Figure 1; and concentrations of dioxins 
(l-TEQ) by sample timing, in Figure 2. 
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Fig. 1 Change of Congener Pattern through Bag house 
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Fig. 2 Sampling Timing and Dioxin 
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3. Laboratory Experiments to Reproduce the Phenomenon 

There have been a number of pioneering research efforts on the formation of dioxin by dust 
catalysis^*'^)'^'=' and many significant results have been achieved. We gratefully referred to 
these results as we attempted to reproduce the phenomenon in a laboratory. Our experiments 
can be distinguished from previous efforts by the emphasis we placed on the following areas. 
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Fig. 3 Laboratory Apparatus for the Dioxin Formation using Fiiter-adhered-ash 



Table 1. Investigation Data (Facility-B) 
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Table 2. Laboratory Test of Formation with Fllter-adhered-ash 
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9.51 

Ash 
ng 

19400 
6460 

900 
1200 
3400 
1900 
1600 
9000 
480 
570 
550 
350 
110 

2060 
98.5 

ng/g 
980 
324 
45 
60 

170 
95 
80 

450 
24 
29 
28 
18 
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Purpose: to demonstrate the existence of the memory effect from start-up/shutdown; to 

determine its duration; and to quantify its effect. 
Method : water and HCl were mixed within warm air to produce a phenomenon that, as closely 

as possible, resembles that which occurs in an actual facility. Sampling was done by 
quickly opening an inspection port on the bottom of the bag house and, with a vacuum 
cleaner, removing dust adhering on the filter. The dust was then subjected to 
laboratory testing as is (i.e., without any pretreatment) to investigate the dioxin 
formation and release capability of the filter-adhered dust itself as influenced by 
various operating histories (e.g., shutdown on the previous day, etc.). 

Laboratory apparatus with experiment conditions are shown in Figure 3; analysis results, in 
Table 2; and the manner of dioxin formation, in Figure 4. 
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4. Discussion 

In facilities, in which the bag house inlet gas temperature is controlled to 190 to 200°C in normal 
daily operation and which are run for eight hours a day, a considerable memory effect may 
remain from shutdown the night before or start-up that morning. This can happen even if 
complete combustion is maintained during steady-state operation. The results of our laboratory 
tests suggest that, even if the concentration of dioxin at the inlet is zero, it is still possible to detect 
a concentration on the order of several ng/m3N at the outlet. Converting the dioxin detected as 
a gas into the actual concentration, we have: 

At 700 ppm, 200°C 
(9.51 - 0.085) X 0.1 / 0.18 = 5.2 ng/m3 (l-TEQ) 

We reflected the following in the calculation: (a) the actual dust layer thickness was about 1.5 
cm, or one-tenth (0.1) of the thickness of the dust in the experiment and (b) the total intake gas 
volume was 0.18 m^. 
Also, the adhered dust had a dioxin content five times more than the dust of RUN 4. Even so, 
because the dust was sampled after shut-down, it was not influenced in any way by the 
subsequent start-up. This means that the memory effect examined in testing is smaller than 
what is encountered in actual practice. 
Our findings suggest that mechanical batch incinerators require not only operational innovations 
to minimize incomplete combustion during start-up and shutdown, but also other innovations to 
remove dust from the bag filters. One approach would be to add a thicker precoat of slaked lime 
before shutting down the unit at night so that the highly concentrated dioxins and precursor 
substances from shutdown/start-up can be quickly removed the next day after trapping. 
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While sufficient attention must also be devoted to the problem of low-temperature corrosion from 
acid gas, another possible countermeasure would be to lower the bag house inlet gas 
temperature. Also, it may be necessary to perform a comparative study ofthe memory (jffect 
by testing at a different facility having an electrostatic precipitator that is operated under 200°C 
and can be used to reduce the dust residence time. 

5. Conclusions 

1) In a bag house run at 200°C for eight hours a day, a memory effect from shutdown/start-up 
remains for several hours into steady-state operation. 

2) Dust adhered on the bag filter is influenced by shutdown/start-up and thereby has a higher 
concentration of PCDDs, PCDFs and precursor substances than does normally collected 
dust. This in itself has the pKitential to form and release a fairly large amount of dio):ins. 
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