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In recent years, there have been many attempts to reuse molten slag. Molten slag is obtained through further treat-
ment of incinerated ash produced in the disposal process of garbage or sewage sludge and is used in building materials,
such as brick. To establish the safety of such slag, its physical properties and metal contents were investigated in this
study. After examining the physical and chemical characteristics of 13 forms of slag made using different methods, no

differences were observed and it was judged that reuse is possible. There was little elution of toxic metals in the elution
test when water was used as a solvent. On the other hand, when acid and alkali were used, the elution of toxic metals

tended to become greater.
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Table 1. Kinds of Molten Slags

Slag City Source Melting furnace Cooling
A Chiba Municipal Heat decomposition Water
waste gasification
B  Takaoka Sewage Surface Water
sludge

C Gifu Municipal Plasma Water
waste

D Osaka Sewage Coke bed Air
sludge

E  Chiba Municipal Kiln-type Water
waste gasification

F  Hyogo Sewage Coke bed Water
sludge

G Tochigi  Municipal Coke bed Slow
waste cooling

H Tokyo Municipal Arc Water
waste

I Chiba Municipal Surface Water
waste

J Tokyo Municipal Electric resistance Air
waste

K  Osaka Sewage Coke bed Air
sludge

L Tokyo Sewage Rotation Water
sludge

M Osaka Sewage Coke bed Water

sludge
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Table 3. Physical Properties of Molten Slags

Table 2. Surface Structure of Crushed Molten Slags . Water Unit Actual

Slag Dens1_t§r absorption capacity mass  capacity
Slag Particle fraction Needle structure Color (g em™3) (%) (kg 171 (%)
A Sandy + Black A 2.89 0.49 1.67 57.7
B Sandy - Black B 2.56 0.31 1.31 51.2
C Sandy + Black C 2.82 0.16 1.58 56.0
D Lumpish — Gray D 2.63 0.93 1.51 57.8
E Sandy - Black E 2.77 0.35 1.83 63.4
F Sandy — Black F 2.97 0.38 1.59 62.0
G Lumpish — Gray G 2.85 0.72 1.62 56.4
H Sandy + Black H 2.68 0.16 1.69 62.8
I Sandy - Black I 2.71 0.82 1.49 54.9
J Lumpish - Black J 2.68 0.02 1.68 62.7
K Lumpish — Black K 2.46 0.22 1.48 60.1
L Sandy + Black L 2.43 1.55 1.27 52.0
M Sandy + Black M 2.92 0.04 1.55 53.1

Table 4. Alkali-silica Reactivities of Slags

Chemical method

*1
(JIS A1145) ASTM C1260

JIS Al1146*2 Denmark method™3

Slag
Judgment Expansion (%) Judgment Expansion (%) Judgment Expansion (%) Judgment
A harmless 0.007 harmless 0.049 harmless 0.022 harmless
B harmless 0.015 harmless 0.025 harmless 0.029 harmless
C harmless 0.004 harmless 0.030 harmless 0.026 harmless
D harmless 0.012 harmless 0.025 harmless 0.024 harmless
E harmless 0.006 harmless 0.039 harmless 0.030 harmless
F harmless 0.014 harmless 0.040 harmless 0.035 harmless
G harmless 0.004 harmless 0.028 harmless 0.034 harmless
H harmless 0.010 harmless 0.028 harmless 0.042 harmless
I harmless 0.018 harmless 0.036 harmless 0.044 harmless
J harmless 0.005 harmless 0.027 harmless 0.036 harmless
K not harmless —0.003 harmless 0.026 harmless 0.030 harmless
L harmless 0.000 harmless 0.028 harmless 0.028 harmless
M harmless —0.004 harmless — — — —

Judgment and method, *1: harmful (variation above 0.2%), indefiniteness (0.1-0.2%), harmles (less than 0.1%). Material was soaked for 14 days.
*2: not harmless (above 0.1%), harmless (less than 0.1%). Matertal was stood for 6 months.
*3: harmless (above 0.4%), indefiniteness (0.1-0.4%), harmless (dess than 0.1%). Material was soaked for 3 months.
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Table 5. Elution Tests of Metals—1 (Water)
Elution (ppb)
Slag
Al As Cd Cr Cu Mn Pb Se Sn
A <0.5-29.2 <5 <0.05 <0.5-3.19 4.60-7.06 13.55-13.83 <1 <10 <5
B <0.5 <5 <0.05 <0.5 2.52-4.37 10.66-10.71 <1 <10 <5
C 134.1-235.1 <5 0.068-0.148 <0.5 2.22-2.92 21.15-21.22 <1 <10 <5
D 1200.9-1321.1 <5 <0.05 <0.5 1.20-1.60 0.89-0.97 <1 <10 <5
E 113.6-139.8 <5 <0.05 1.15-1.51 24.83-27.62 6.01-7.15 <1 <10 <5
F 233.3-367.7 <5 <0.05 63.15-74.23 191.56-240.51 28.30-31.22 1.24-1.36 <10 <5
G 937.9-1183.9 <5 <0.05 1.58-4.18 29.76-30.27 5.19-11.07 1.23-1.68 <10 <5
H <0.5 <5 <0.05 <0.5 0.85 24.33-32.65 <1 <10 <5
1 2060.6-2212.4 <5 <0.05 <0.5 1.84-2.51 0.84-7.96 <1 <10 <5
J 281.9-438.4 <5 <0.05 2.01-2.05 4.34-6.48 5.98-8.48 <1 <10 <5
K 1609.2-1741.5 <5 <0.05 <0.5-0.57 5.40-7.20 4.88-5.47 <1 <10 <5
L <0.5-32.8 <5 <0.05 <0.5 1.13-3.27 16.41-27.45 <1 <10 <5
M 1240.0-1472.4 <5 <0.05 0.93-0.98 10.16-12.51 6.81-10.19 <1-1.07 <10 <5
Environmental criteria. As: 10 ppb, Cd: 10 ppb, Cr (VI): 50 ppb, Pb: 10 ppb, Se: 10 ppb.
Table 6. Elution Tests of Metals—2 (pH 4)
Elution (ppb)
Slag
Al As Cd Cr Cu Mn Pb Se Sn
A <0.5-7.8 <5 <0.05 <0.5 123.60-162.16 84.52-98.67 1.59-1.74 <10 <5
B 24.6-27.7 <5 0.081-0.144 <0.5 43.70-75.87 108.91-118.60  1.53-1.66 <10 <5
C 67.6-290.1 <5 0.531-0.696 1.34-2.29 251.23-263.17 35.05-38.13  34.22-46.72 <10 <5
D 123.2-127.3 <5 <0.05 <0.5 1.84-3.19 23.74-26.86 <1 <10 <5
E 591.7-753.0 <5 <0.05 2.91-3.11 165.00-179.08 25.86-26.22 2.67-2.98 <10 <5
F <0.5 <5 <0.05-0.055 <0.5 39.72-75.43 160.92-185.89 <1 <10 <5
G 74.4-193.9 <5 <0.05 <0.5-1.96 15.50-43.10 146.89-153.76 <1 <10 <5
H 925.3-956.9 <5 <0.05-0.061 1.51-1.56 265.37-266.72 70.82-79.69  17.87-20.02 <10 <5
I 109.9-794.6 <5 <0.05 <0.5 5.77-12.98 11.10-19.62 <1 <10 <5
J 3764.5-4081.6 <5 <0.05-0.051 17.70-22.32 6.77-7.68 102.12-105.06 <1-1.57 <10 <5
K 1698.4-2021.0 <5 <0.05 2.77-2.85 4.96-6.41 138.70-147.54 <1 <10 <5
L 919.3-1094.2 <5 <0.05 11.28-11.99 69.22-81.65 95.53-109.74 1.35 <10 <5
M 163.3-178.1 <5 <0.05 1.91-1.95 9.30-14.14 35.22-44.03 <1-1.27 <10 <5
Table 7. Elution Tests of Metals—3 (pH 10)
Elution (ppb)
Slag
Al As Cd Cr Cu Mn Pb Se Sn
A 418.8-466.9 <5 <0.05 11.23-14.97 73.13-81.83 6.35-8.54 12.76-13.70 <10 5.4-5.5
B 554.6-564.6 <5 <0.05 <0.5-0.77 18.47-19.19 4.36-6.33 <1 <10 <5
C 1378.3-1882.8 <5  0.065-0.075 0.86-15.07 54.84-75.21 3.42-14.50 10.46-12.94 <10 <5-5.2
D 1384.8-1892.8 <5 <0.05 <0.5-1.71 0.81-2.49 <0.5-5.82 <1 <10 <5
E 415.4-1551.6 <5 <0.05 0.55-15.33 9.41-45.69 0.64-15.43 <1 <10 <5
F 748.5-764.0 <5 <0.05 19.09-48.10  41.11-53.34 4.74-8.28 <1 <10 <5
G 803.1-897.3 <5 <0.05 0.65-1.57 5.34-20.31 0.59-4.14 <1 <10 <5
H 520.0-766.5 <5 <0.05 1.76-4.12 48.20-50.80 11.26-19.24 10.61-11.26 <10 <5
I 3120.7-3457.4 <5 <0.05 2.47-4.18 4.01-27.65 3.71-3.99 <1-7.73 <10 <5
J 685.4-695.9 <5 <0.05 <0.5-1.17 4.21-5.56 0.86-2.63 <1 <10 <5
K 1491.0-1609.2 <5 <0.05 <0.5-0.80 0.62-2.16 0.72-3.09 <1 <10 <5
L 215.4-257.5 <5 <0.05 <0.5-0.97 5.32-6.43 2.24-5.44 <1 <10 <5
M 1568.6-2240.5 <5 <0.05 <0.5-3.17 <0.5-3.99 <0.5-12.11 <1 <10 <5
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