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High Power Plasma Arc Melting System for Incinerated Ash Contaraction
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Synopsis :

A new process to reduce the volume of the incinerated ash and to make the ash
harmless and recyclable has been developed using a high power plasma arc system.
Experiments were made in the Kitayatsu Incineration Plant in Chiba City using the
demonstration plant having an ash melting efficiency of 1000kg/h and a maximum
plasma power of 1000 kW. Prior to melting, the wet ash was dried by a rotary drier
using the heat of the exhaust gas from the melting furnace. The energy balance and
material balance as well as the minimum consumption of electric power per ton of wet
ash were made clear by the experiments. The melting process metamorphosed ash into
granulated slag, which was reduced to one-third in its volume without any toxic
problem. The slag was used as an additive for producing water-permeable tiles and an
aggregate of asphalt concrete. Although harmful chemicals were eluded from the fly ash,
a method for preventing the elution was also developed by adding a small amount of the

cheating agent to the ash.
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High Power Plasma Arc Melting System for Incinerated Ash Contraction
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Synopsis:

A new process to reduce the volume of the incinerated
ash and to malke the ash harmless and recyclable has been
developed using a high power plasma arc system. Experi-
ments were nmiade in the Kitayatsu Incineration Plant in
Chiba City using the demonstration plant having an ash
melting efficiency of 1000 kg/h and a maximum plasma
power of 1000 kW. Prior to melting, the wet ash was dried
by a rotary drier using the heat of the exhaust gas from the
melting furnace. The energy balance and material balance
as well as the minimum consumption of electric power per
ton of wet ash were made clear by the experiments. The
meiting process metamorphosed ash into granulated slag,
which was reduced to one-third in its volume without any
toxic problem. The slag was used as an additive for
producing water-permeable tiles and an aggregate of
asphalt concrete. Although harmful chemicals were eluded
from the fly ash, a method for preventing the elution was
also developed by adding a small amount of the chelating
agent to the ash.
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Fig. 1 Schematic flow diagram showing ash melting process

Table 1 Specifications of the demonstration plant at Kitayatsu
Plasma Melting Center

Building area 800 m?
Melting capacity 24 t-ash/d
Plasma capacity 1000 kW

Pretreatment of
raw material

Screening separator, magnetic
separator, rotary drier

Charging of
raw material

Pusher-type

Melting furnace

Water jacket type
{capable of tilting of 10"

Slag treatment

Main facilities

Water-jet crushing

Exhaust gas
treatments

Reduction of NOy by addition
of reducing material
Combusting chamber for CO
Cooling tower

Cooling by secondary air
Bagfilter
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Photo 1

External view of plasma melting furnace
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Fig. 2 Variation of water content between at inlet and at
outlet of drier
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Fig. 3 Variation of erosion rate of electrode with plasma
current
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Table 2 Chemical compositions of ash

JREIK D M 2 Table 212, 1R&A 5 Z O oM & i H SRS
F#& Table3 & Lkird iz, EEBOSTIEE Table 5.2, HFaMRIKS

Sample General element (%) Harmful element (ppm)
No. Si Ca Al Fe Na K Zn cl S |THg Cd Pb Cr*  As
1 16.1 13.3 6.85 7.51 2.63 1.34 0.79 1.27 0.28 (.43 ND 4633 ND ND
2 13.6 13.6 9.81 7.70 2.17 1.45 0.48 2.46 0.28 0.26 12.8 2025 0.48 1.60
ND ! Not detected
Table 3 Chemical compositions of slag
Sample General element (%) Basicity Harmful element (ppm)
Noa. | 5o, Ca0 ALO, Fe Na K Zn Cl 5 T-Hg Cd Pb Cr™  As
1 41.7 21.6 18.8 5.33 2.49 0.81 0.33 0.01 0.13 .52 ND ND 200 ND 10
2 41,9 20.2 20,0  4.81 273 099 0.19 0.24 0.09 0.49 ND ND 135 ND ND
ND : Not detected
Table 4 Results of leachate test for slag  (mg/!) Table 5 Chemical composition of metal (%)
No. pH T-Hg Cd Pb Crér As C St Mn P S Cr Ni Cu Mo Fe
1 8.3 ND ND ND ND ND 0.21 1.4% 0.13 4.08 0.27 0.42 0.61 8.42 0.03 B83.7
2 6.8 ND ND ND ND ND
ND : Not detected

Nk BEEkAEHR Vol 27 No. 1 1995
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Table 6 Chemical compositions of bagfilter dust

Sample General element (%}

Harmful element (ppm)

No. Si Ca Al Fe Na K Zn

Cl S Cu T-Hg Cd Pb Cré* As

1 0.55 1.5  0.2% 0.26 12.8 153  8.26
P 114 .32 0,52 0.7 9.52 4.3 9.23

36.2  3.66 1.01 0.39 500
35.2  3.36 1.24 0.27 475

48550 ND 278
72700 ND 253

ND : Not detected

T6-7
Table 7 Results of leachate test for bagfilter dust  {mg/!) Table 8 Mix proportion of aggregates (%)
No. pH T-Hg Cd Pb Cret Asg Material L reen. ;
S-200 §13° S-5 Sand SCIEEM gag Mineral
ings powder
1 6.0 1.046 42 13 ND ND
2 5.0 | 0.013 34 55 ND ND Standard 18 27 10 14 26 -- 5
ND * Not detected Test 18 27 10 11 18 1l 5
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* Crushed aggregate : nominal size 20~ 13mm
» Crushed aggregate | nominal size 13~ 5Smm
¢ Crushed aggregate | nominal size 5~2.5mm
4 Crushed aggregate ! nominal size 2 5~0mm
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Table § Properties of firing test pieces

Test piece . .
— CP-00 CP-10 CP-20 CP-30 CP-50

07100 104110 20/120 36/130 50/150
Firing linear change (%)]-2.30 —2,18 —-1,65 —1.78 ~1.12
Water absorption (%) 5.5 3.7 4.2 4.0 3.6

Slag mixing ratio®

Compressive

strength {MN/m?| 55 57 61 66 33
Transverse

strength (MN/m?) 8 9 7 8 7

s (slag) ./ (slag +hase)

— 15 —



7o AP I AMMRNTM L AT A 17

Phato 3 Pavement constructed by water permeable tiles

Photo 2 Water permeable tiles containing slag
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Fig. 7 Results of Marshall tests
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Table 10 Results of leachate test for fly ash treated by
chelating agents (mg/ 1)

Sample No. Pb Cd T-Hg As pH

1 0.31 0.205 |=0.0009| 0.002 9.4

2 0.59 0.164 | =0.0005| 0.004 8.6

3 0.36 0.021 =0.0005| 0.006 10.1
Upper limit| 1 4 | <0.0005] =1.5
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