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Synopsis :

The fly ash of a stoker type incoveration furnace was melted by the use of a plasma
melting furnace of 240 kW power to make the fly ash harmless and recyclable. The high
basicity fly ash was melted and flowed by adding over 5% of basicity control agents. A
basic plan data for the construction of an actual plant was obtained by the experiments
through which the material balance, the energy balance and the minimum consumption
of electric power per ton of the ash were made clear. More than 99% of the dioxin in the
fly ash was decomposed by passing a high temperature gas in the melting furnace. The
melting process changed the fly ash into slag without any toxic problem because the
harmful heavy metals in the fly ash were vaporized. The slag was able to be used as
aggregate of asphalt concrete and subbase. On the basis of experimental results shown
above, the commercial plasma arc melting system to treat only the fly ash is planned to

start operation in April 2001 for the first time in Japan.
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The fly ash of a stoker type incoveration furnace was melted by the use of a plasma melting furnace of 240 kW power to
make the fly ash harmiess and recyclable. The high basicity fly ash was meited and flowed by adding over 5% of basicity
control agents. A basic plan data for the construction of an actual plant was obtained by the experiments through which
the material balance, the energy balance and the minimum consumption of electric power per ton of the ash were made
clear. More than 99% of the dioxin in the fly ash was decomposed by passing a high temperature gas in the melting fur-
nace. The melting process changed the fly ash into slag without any toxic problem because the harmful heavy metals in
the fly ash were vaporized. The slag was able to be used as aggregate of asphalt concrete and subbase. On the basis of
experimental results shown above, the commercial plasma arc melting system to treat only the fly ash is planned to start

operation in April 2001 for the first time in Japan.
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Fig. 1 Schematic flow diagram showing ash melting process
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Table 1 Specification of the ash melting laboratory plant (at

Naganuma)
Melting capacity 200 kg-ash/h
Plasma capacity 240 kW
Charging method of
raw material Pusher-type
k1 . Water jacket type
2 | Melting furnace Capable of tilling of 27°
|5
& | Slag treatment Water-jet crushing
5 Reduction of NO, by addition of
= reduction material
Exhaust gas treatments Combusting chamber for CQO
Cooling by secondary air
Bagfilter
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Table 2 Chemical compositions of fly ash

Elements {wi%) Rasici
S G A Fe Mg Zn Na K Cu TP Pb T6r C 50, lgloss | o
EP ash 11.8 122 717 161 255 118 302 409 01 063 028 0031 714 493 6.23 0.68
BF ash 527 194 343 074 117 044 195 231 0041 033 012 0021 144 204 125 241
Table 3 Analysis of basicity and liquidity RIRGE T PRI - 7 A P RRE - T BE B
Temperature Mixing ratio , .. | Liguidity Wy, EHRF e L,
O Ash | Silicon sand Basicity (%) L
EP a<h 1450 100 0 0.88 76 34 YPENAESIUTERE
1500 0 100 RUN1~RUN3 (25! 2 HIR% % Table 4 {ZF¥, 27 7{LE
rpsodll . 359 - (= 257 BE/ (BIRKER + BEEALAMER) 12 RUN1 T
BF ash 1500 100 3 188 100 90% 28, RUN2, RUN3 T 70% BETH -7, ZOEI, &
1500 100 10 1.27 100 B s HBRIKROEISH RS EP Ik BFRTRE3Z L2
1500 100 20 0.77 100 HizkELZLNS,

WEE) FTHRETLILCHEIED 100% IETIOIEHRL,
BF IKMB& MM TIE 1500°C TLMBEH 100% I2EE T,
100% & 3113 BBREFY (BF /K 100 {23 LCHEERY 5 BLE) &
PETHILVIERLE-, FIT, BRARIILITO 3 &1
DUWTHREET - 2.

(1) RUNIL:EP/K (3HEF 068)

(2) RUN2:IEXMEEBLT -4 BF Ik (EH£% 1.10)

(2) RUN3:BFK (Eam 241)
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Table 4 Material balance

. . - e RUN1 | RUNZ [ RUN3
KRR A T 3 &, RUNL & L UF RUN2 IMIFROER £ TF T put h 100 ™ 100
SIcEIL 222 RUN3 SERHCBEREE L, ARSI FERINE Moisture 12 25 29
TH ot Ig. loss 7 12 14
I 51 T2 RUNL Tl BB ORRETSH D . RUN2 T Cokes 19 2 23
enm . N Qut put Slag 93 69 73
RUNI1 &8s Uil FCRET A HEA PP o R OO HEIE Bagfilter dust 6 18 19
WTho7, RUNI TIHEB tH2IIBM TR D, # Exhaust gas 38 58 66
R L AR TR o T, Others i 14 8
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|
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Fig. 2 Elements distribution to gas, ash, and slag (left bar: RUN1, center bar: RUNZ, right bar: RUN3)
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Table 5 Chemical composition of slag
Elements (%) Rasici
S i Al Fe Mg Zn Na K Cu TP Pb TCr @ 50, lgloss| oW
Crushing shag RUN1[ 174 178 978 233 39 021 164 08 004 085 0006 016 <0.001 005 <01 | 087
(Water quench) RUNZ| 158 273 7.48 069 341 003 005 002 001 038 <0003 026 003 001 <01 | LI3
. RUN3| 11.1 324 696 079 3.17 004 006 002 001 077 <0003 031 021 005 <01 [ 191
Tilting siag RUNi| 173 172 981 25 385 019 175 087 003 079 0005 017 <0001 0.04 <01 | 065
(Cooling in the air) RUNZ| 158 273 7.16 102 353 002 004 002 001 035 <0003 033 006 002 <01 | 113
£ RUN3| 109 326 7.01 139 329 003 001 001 001 077 <0003 014 017 015 <01 | 196
Table 6 Results of leachate test for slag (mg/¢)
T-Hg Pb Cré+ As Se
Crushing siag RUN1 <0.0005 <0.01 <0.01 <0.05 <001 <0.01
(Water quench) RUNZ <0.0005 <0.01 <0.01 <0.05 <0.01 <001
a RUN3 <0.0005 <0.01 <0.01 <0.05 <0.01 <001
Tilting slag RUN1 <0.0005 <0.01 <0.01 <0.05 <0.01 <0.01
(Cooling in the aif) RUN2 <0.0005 <0.01 <0.01 <0.05 <0.01 <001
g RUN3 <0.0005 <0.01 <0.01 <0.05 <0.01 <001
Upper limit by the law <(.0005 <0.01 <0.01 <0.05 <001 <001
Table 7 Chemical compositions of bagfilter dust
Elements (%)
Si Ca Al Fe Mg Zn K Cu TP Pb Cd Cl S0,
RUN1 0.70 060 129 o.M 547 921 188 029 079 199 012 39.5 4.00
RUN2Z | 084 147 0.22 155 024 280 876 128 022 043 053 0.4 2775 105
RUN3 | 048 244 014 074 025 212 616 761 014 020 047 002 23.7 7.55
Table 8 Chemical compositions of exhaust gas
Temperature Moisture CO, G, N, CO H, HC1 S50, NO, Dust
Q) (%) (%) (%) (%) (%) (%) {ppm) (ppm) {ppm) (g/Nm?)
RUN1 1013 6.6 6.8 13.2 80 0.011 <0.01 1660 | 47 9560 213
RUN2 1055 10.8 6.5 13.6 80 0.002 | <001 7070 15 8800 373
SyREELLCEART3 L TR TREEEDEELLNS, Table 9 Dioxin balance (%)
- Input Qutput -
34 IR
AR Ach | Sisg [ BF dust | Exhaustgas | _ccomposition
BRARIEORR 454 % Table 7 IZR ¥, <7 L, RUNLIZDW RUNZ | 100 0 0.23 0.31 99,46
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Table 10 Energy balance
RUN1|RUNZ|RUN3

Input | Electric power (%)| 80.7 | 81.1 | 813
Heat of combustion (%)| 193 | 189 | 186

Output | Heat of exhaust gas (%)) 122 } 243 | 254
Heat of cooling water (%)| 44.6 | 491 | 51.2

Heat of accumulation of furnace (%5} | 33.0 | 175 | 14.8

Heat of ash melting 9} 7.1 90 | 87

Heat of ash melting (keal/kg) | 430 | 540 | 500

#EEhd, 2FL, SEORBRL D RIKOBRIML EP KT 430
keal/kg, BF IKT 500keal/kg BE L WS RBEBTHED, Thid
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F{LRRE Table 11 IR L, TR CORKNEBREFE (1)
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THa&#15 5. REBESRI -y LREEOFRThO KR
EEMBEL TS, £/, v— Y+ LERROERIOREAT A7 7
AL rBERSD S LIERESD 53% (50% LlL, 56% LIT) o3
L 49% (46% BLLE, 52% BIT) &43, ZORBESIZLHE
¥ L ATEMSBAORSEEERE % Photo 1 1277,
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Table 11 Recycle fields of slag

T Slag mixin Area Amount
Use Situation Place perc fn tage (gé;) J of stag () Date
Lower surbbase Actual execution Chiba Works, Kawasaki Steel 10 6000 340 Jun. 99
Upper subbase Actual execution Chiba Works, Kawasaki Steel 10 6000 250 Jun. 98
Asphalt concrete Actual execution Chiba Works, Kawasaki Steel 10 400 4 Oct. 94
Chiba City 10 600 6 Nov. 95
Chiba Works, Kawasaki Steel 720 6800 160 Jun. 99
Adiabator Demonstration 25 1000 Apr. 89
Tile for wall Demonstration- 35
Tile Actual execution Chiba City 33 80 2.4 Oct. 99
33 50 15 Qct. 99
Interlocking block Demonstration Chiba City 1020 600 8 Mar. 00
Sand compaction Demonstration 100
Sand drain Demonstration 100
Table 12 Mix proportion of aggregates
Material 5.20° 513t S5 Sand Screenings? Slag Mineral powder
Standard 18 27 10 14 26 — 5
Test 18 27 10 11 18 - 11 5
aCrushed aggregate: nominal size 20-13 mm
bCrushed aggregate: nominal size 13-5mm
«Crushed aggregate: nominal size 5-2.5 mm
dCrushed aggregate: nominat size 2.5-0 mm
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A Standard material

@ Test material
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Fig. 3 Results of marshall tests
‘Table 13 Result of bottoming test for mixed slag
Test items Method of test Limit by the law Test Standard
Density (g/cm?) JISA 1104 >1.5 1.754 1.751
Optimum water mixing ratio — 7.5 7.6
n IS A 1210
Maxmum density after drying I —_— 2177 2.179
Modified CBR JISA 1211 >30 170 167
Expansion rate in water JIS A 5015 <15 ] —
Particle size 53 mm 100 100 100
distrubution 37.5mm 95-100 100 100
19.0 mm JIS A 1102 50-80 70.5 69.6
4.75mm 30-65 39 383
2.36 mm 5-25 215 19.9
5 % &

Photo 1 Road paved with asphalt concrete containing slag
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