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Melting of Incinerator Residue by Plasma Arc Furnace. By Hajime JimBo, Shinya
TAKENAKA, Toshiro AMEMIYA, Akira MiyaMURA, Kouji MIMURA and Michio NaNJoO.

Incinerator residue from the incinerating of municipal solid wastes is, in most cases,
disposed of by burying it underground. However, due to the difficulty of obtaining land for
landfill disposal, it became extremely important to develop a treatment for reducing its
volume and making it harmless. Melting treatment is expected to be available for solving
these demands.

In this work, plasma arc melting of the residue has been examined using a pilot- plant-
scale 240kW DC plasma arc furnace developed for treating of the residue. Air was used as the
plasma generating gas. With air-plasma-arc heating, the residue was perfectly melted above
1500 °C and resulted in two phases separated into molten slag and molten metal. As a result,
power consumption was approximately 0.88 kWh/kg of the residue at a feed rate of 182 kg/h.
Therefore, this melting process is considered to be useful for the practical melting of the
residue. Also, the residue was reduced in volume by 1/2 and was made completely harmless.
The slag produced by melting the residue is, therefore, expected to be reused as roadbase
materials, etc. (Received June 18, 1990)

Keywords : incinerator residue, plasma arc melting, plasma furnace, landfill, waste disposal,
recycle, environmental engineering.
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Fig. 2 Schematic drawing of the plasma arc melting process of incinerator residue.

Table 1 Specification of the plasma furnace.

Plasma torch DC transferred-arc type
Plasma power Max. 240kW
Feeding rate of the residue Max. 200kg/h
Bath dia. X Height 500 mm¢ X 200 mm
Bath volume 0.032m°
Plasma gas (Air) 13.6 ~ 30.5N m’h
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Table 2 Analyses of incinerator residues.
Residue
Element A B
moisture (wt%) 0.94 0.76
organic matter ( 7)) 3.80 3.79
Si0, (”) 39.9 33.2
A1203 ( ” ) 16.5 16.8
CaO () 11.7 16.9
Fe;04 () 7.1 6.2
MgO ) 4.5 4.0
Na,O ) 2.6 3.4
K,0 (”) 2.4 3.1
Zn (wt ppm) 1600 2700
Pb ( 7) 700 990
Cu ( ) 3900 4510
Mn () 2100 2020
Cr () 900 740
Ni () 500 277
Cd (7) ND <1
Total (wt %) 90.4 89.3
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Photo. 2 Incinerator residue (A), the slag (B) and the metal
block (C) obtained by the plasma arc melting of incinerator residue.
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WRT D, BEAFUHERA 7 X Slag | .

'U(%E’C%Z) Z DB TBEENIK & Element A B C
1[G - o Sio, (wt%) | 39.1 39.2 39.4
FE KT 510, ALO, CaO % ALO, (7) | 211 21.9 19.8
iﬁJZ nhElL, MEOESEAEHL CaO (»y| 20.9 20.8 13.3
TWA. 18, MgO, K0 4 %% Fe,0, (7)y | 6.17 6.00 5.45
e pe o o e MgO (»)| 2.3 2.33 2.43
1z, Fe,O3 OMINIFAERD 51T, K,0 () 1.33 1.33 1.14
EIHEN S D Fe 3T LENEE Zn (wt ppm) | 2120 2220 2700
i i ] e L= . Pb () 82 106 184
?66%%47 Pfi& =A% 3 iﬁt, BEEN Cu () 630 660 1010
i ~ERE L 2 7 77 Tid Cu, Mn (7)) | 1890 1790 2080
Pb, Cr, Ni DRDHEDH S, Th Cr ) 595 079 746
. _ L Ni () 55 60 33
b@"%{ﬂ'i Fe &;ﬂ:‘icéﬂigacﬁfT cd ( ,,) <1 <1 <1
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THD, FOMCy SisEELl o (wt%)
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CBIKY A L (Cu i 5 e -3 id
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BALL S A SN B, Sn 0.51 0.14 0.18
C 0. 42 0.50 0.36
4.1.4 fénﬂlD1tX = 7 @/'L'Hjj:a Mrn 0.37 0.48 0. 40
FOLEHRBRER © BEHIKE S Zn 0.20 0.19 0.21
= . e \ 1H Al 0. 050 0.110 0. 059
"*"m@@?hz’ H#9O— D3I sy 5 Pb 0.083 0.013 0. 065
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Table 5 Results of the leaching test of the slag obtained in
present work and the upper limit specified in the law.

(mg/l)
Slag upper limit
A B C in
Element the law
total-Hg <0.001 < 0.001 <0.001 <0.005
Cd <0.01 <0.01 <0.01 <0.3
Pb <0.1 <0.1 <0.1 <3
Crf* <0.05 <0.05 <0.05 <1.5
As <0.05 <0.05 <0.05 <1.5
CN <0.05 <0.05 <0.05 _l <1
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Table 6- Results of the test for soundness (JIS A-1122)
of the slag obtained in present work.

Slag Crushed
Andesite
A B C stone
Vveif;;oss 0.1 0.6 0.2 0.15 ~0.31 0.4 ~44.0
0
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Table 7 Operation data on the plasma arc melting of incinerator residue.

Test No.

Conditions ! 2 3 4
Operating time (h) 5.8 5.2 5.4 8.0
Feeding rate (kg/h) 87.6 133.2 144 182
Plasma arc voltage (V) 419 492 507 504
Plasma arc current (A) 300 302 302 302
Plasma power output (kW) 126 147 153 160
Power consumption (kWh/kg) 1.44 L1 1.06 0.88
Atmosphere temp. in the furnace (°C) 1359 1308 1217 1210
Temp. of the wall of furnace (°C) 174 140 162 180
Temp. of molten slag(°C) 1530 1530 1510

L 1540
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Fig. 4 Change in the gas temperature at surrounding each position in the
plasma arc furnace with melting procedure of incinerator residue on
Test No.l. (A) atmosphere gas temperature in the furnace, (B} exit gas
temperature around the molten slag overflowing, (C) exhaust gas tempera-
ture in front of the bag filter.
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Fig. 5 Typical material balance on the plasma arc melting of incinerator
residue.

Table 8 Typical heat balance on the plasma arc melting of incinerator residue.

Input-heat from subject Output-heat to object
Subject (kWh/kg) ratio (%) Object (kWh/kg) ratio (%)

@ Electric power 0.88 80.7 ® Molten bath 0.57 52.2
@ Exhaust gas 0.10 8.9
@ Heat of com- ® Radiation from 0. 22 20.0

bustion in the 0.21 19.3 the furnace :
residue @ Heat loss, etc 0.20 18.9

Total 1.09 100 Total 1.09 100
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D I BEHIKD 75 X < isRALEE 63

5. #& El
o3 HEENIE A O HEH S N A BEIK DA L, ME(L, HER{LEHMIC, SMey b T T UL
B0 240 kW B 75 X< IKREAFV, BEAUKOERMLEER AT -7, 88, 77 2A<H
ZACTITZE LA UL 2 2+ OIERLAER - 7o, AEBREREZENTHLELUTOAD THS.
(1) BEENIK © E R4 13 Si0,35~ 40%, Al,0, 10~20%, CaO 10~20%TdhH b, % DOfhiMEDE
LR LSRRI E B0~ 205 5 ¥ 5.

(2) SROEBT-HELIKDRS 1341200°C, £ BHORLIIH1450°C TH - 7-.

(3) MG T X< hNEic & O HEAK 3524 IC AR L, iRRb 2 5 7Rk UGERE BRI i s N,
(4) ERIOBEEKICH LiBRENL = 5 731/ e @I s ns.

(5) 7ARMEML= 7 7 I3E 4 5 2RT, FELBEOBEH b, YMENIC OGRS LBHE

WL, MOTLEETH- 1.

(6) HEANIK A RMATEDE AT 30. 9 kWh/kg LI i E TRE T &, #Mio I BEAIRE» SO

REE N TREBENCHEBH TE S EPHR SN,

(7) ST 7 4P ICk BEPEA 2 MBI X D, HE HHRESE L baETHRESNL.

Pl LT 9 X<ic X HET I ALIRICBAG A T - s o, EHT T Y MITHIGT
X2V 2AFLTHDCENERSNI., SHRIBENRN S N2 ERIEIL R 5 7 RORRBIRRO HE R
1k, HEBHFKEOK AT TETH 5.

FARIC, 79 X< IR O RE B LR 4 B E A K - TIAL 2 LR R 7 /UK
NG —EREGS, SEAL B e HEAs R L £, $NEOERSICHBIT & - 7o 45Ok
B EICESB L £ 9.
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