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Abstract

The bottom ash of municipal solid waste incineration generated during incineration of municipal solid waste in metropolitan
area consists of ceramics, glasses, ferrous materials, combustible materials and food waste and so on. Although the ferrous mate-
rial was separated by the magnetic separation before the incineration process, of which content accounts for about 3~11% in bot-
tom ash. The formation of a Fe;04-Fe,Oz double layer (similar to pure Fe) on the iron surface was found during air-annealing
in the incinerator at 1000°C. A strong thermal shock, such as that takes place during water-cooling of bottom ash, leads to the
breakdown of this oxidation layer, facilitating the degradation of ferrous metals and the formation of corrosion products and it
existed as Fe,0s, Fe30, and FeS,. So, many problems could occur in the use of bottom ash as an aggregate substitutes in con-
struction field. Therefore, in this study, the separation of ferrous materials from municipal solid waste incineration bottom ash
was investigated. In the result, the ferrous product(such as Fe,0;, FesOy, FeS, and iron) by magnetic separator at 3800 gauss
per total bottom ash (w/w.%) accounted for about 18.7%, and 87.7% of the ferrous product was in the size over 1.18 mm. Also
the iron per total bottom ash accounted for about 3.8% and the majority of it was in the size over 1.18 mm.
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Fig. 1. SEM images of scrap, illustrating : (A) breakdown of the oxidation layer (x700) and (B) attack of the steel surface from
the heat oxidation layer breakdown zone (x1200). (date taken from A.L. Delgado et al.)®
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Table 1. Magnetic force of mineral in MSWI bottom ash

grade molecular formula force grade molecular formula fom;
Fe(iron) 100.0 2Fe, 05 3H,0 0.84
Fe;0, 40.18 ALO, 0.83
strong . weak —]
. . (Zn, Fe, Mn,)O-(Fe, Mn),0; | 35.38 \ . MnO, 0.71
magnetic material magnetic material —
FeTiO; 2470 Mn,03- 31,0 0.52
FexSn+i (n=5-16) 6.69 27n0-Si0,- H,0 0.40
FeCO4 1.82 FeS, 0.23
weak Fe,0; 132 o FeAsS 0.15
magnetic material magnetic matetial
7xSi0, 1.01 CuFeS 0.14
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Fig. 3. The work flow of magnetic separation. ‘
Table 2. Physics composition of bottom ash
composition aggregate ferrous metals non ferrous metals unburned material
w/iw(%) 88.1 38 0.7 74
. Table 3. Chemical composition of bottom ash (aggregate)
8i0, ALO; Fe;0, CaO MgO K,0 Na,O TiO, MnO P,0s Igloss
wiw(%) | 29.72 4.24 3.95 1729 2.87 2.14 333 1.4 0.32 4.05 0.43
Table 4. The separation ratio of MSWI bottom ash separated via a magnetic separator based on particle size
total particle size (mm)
(%) +4.75 236475 | 1.18-2.36 | 0.6-1.18 03-0.6 | 0.15-0.3 0.15
bottom ash 100 47.1 21.8 14.0 114 2.0 22 1.5
ferrous product 18.7 11.1 28 2.5
(iron) (3.8) (3.5) 0.2 ©0.1) 16 02 02 03
non-magnetic product 78.8 36.0 19.0 1.5 9.8 1.8 2.0 1.2
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Fig. 4. XRD pattern of bottom ash (aggregate). (C: CaCOs;,
CH: Ca(OH),, CO: CaAl,Si,03, S: SiO,, F3: Fe;0,).
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Fig. 5. The distribution ratio of bottom ash separated via a
magnetic separator based on particle size.
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Fig. 7. XRD pattern of ferrous materials in fraction over
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Fig. 6. Picture of magnetic separated ferrous product and iron in fraction over 1.18 mm.
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Table 5. Chemical composition of bottom ash separated as a magnetic force (over 1.18 mm)

over 1.18 mm (wt.%)

element
Si0, | AlLO; | TiO,

MgO | CaO | Na,O | K,O | MnO | P,Os | LOI | total

ferrous | Strong magnetic product | 7.99 [ 2.54 | 0.55

052 | 571 | 094 | 0.19 | 0.52 | 0.73 | 0.26 | 94.69

product

weak magnetic product | 33.19 [ 948 | 1.15

1.78 | 14.86 | 3.05 [ 1.20 | 0.26 | 1.82 | 2.66 | 91.5

non-magnetic product 4730 11.77 | 0.89

196 [ 1590 4.74 | 1.76 | 0.08 | 3.01 | 5.27 [ 91.65
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Fig. 8. XRD pattern of ferrous materials in fractions 0.3~
1.18 mm. (A: strong magnetic product, B: weak
magnetic product, C: non-magnetic product; F1:
FeS,, F2: Fe;03, F3: Fe;0,, S: SiO,, C: CaCOs)

Table 6. Chemical composition of bottom ash separated as a magnetic force (0.3~1.18 mm)

03 ~ 1.18 mm (wt.%)
element
Si0, | ALO, | TiO, |Fe;0, | MO | Ca0 | Na,0 | K,0 | MnO | P,Os | LOI | total
strongly magnetic | ¢ J0\ 95| 049 1.04| 5290 000| 0.14| 026 046| -0.79| 97.48
ferrous product
product :
weakly magnetic | 55, | 1013|105 154 1391 1.76| 125| 024| 1.56| 6.43| 89.24
product
non-magnetic product 43.79| 13.49| 092 1.71( 17.841 271 1.92| 0.12| 2.40| 9.01( 96.80
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Table 7. Chemical composition of bottom ash separated as a magnetic force (under 0.3 mm)
under 0.3 mm (wt.%)
element
SiO, | ALO; | TiO, |FeyO; [ MgO | CaO | Na,O | K0 [ MnO | P,O5 | LOI | total
ferrous | Strong magnetic product | - - - - - - - - - - - -
product | \eak magnetic product | 19.89 | 1.20 | 0.86 | 2.89 | 1.79 | 2892 | 135 | 069 | 0.22 | 2.90 | 2247 | 83.18
non-magnetic product 20.10 [ 7.67 | 0.80 | 2.01 | 1.73 | 28.53 | 1.49 | 0.88 | 0.17 | 3.06 | 24.45 | 90.88
58 2
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Fig. 9. XRD pattern of ferrous materials in fraction under
0.3 mm. (B: weak magnetic product, C: non-magne-
tic product; S: SiO,, C: CaCOj)
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