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A Study on the Behavior of Heavy Metal Ions and Hydration of Clinker
Utilizing Municipal Solid Waste Incineration Ash
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Abstract

The intension of this study is to produce ordinary portland cement using ash, both bottom ash and fly ash, obtained from
municipal solid waste incineration ash (MSWI). We used limestone, waste molding sand, shale, slag from converting furnaces
and fly ash as main raw materials and mixed them, setting the lime saturation factor (LSF) within 91.0, the silica modulus (SM)
within 2.40, and iron modulus (IM) within 1.80. We conducted tests adding bottom ash alone 1, 2 and 3% by weight, respec-
tively, and a mixture of bottom ash 0.9% and fly ash 0.1% by weight. The result of analysis on clinker shows that the more ash
is added, the lower the burnability index (B.1.) falls, lowering the mineral evolution of calcium silicate accordingly. From the
measurement of compressive strength we have learned that the more ash is used, the lower the strength becomes.
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Table 1. Chemical composition of municipal solid waste incinerator ash.
Chemical composition (wt.%)
Sample
Si0, { ALO; | Fe,0; | CaO [ MgO | KO | Na,O | SO; | TiO, | P,Os | MnyO5 | ZnO | LOI
I Bottom ash 29.21 776 | 1050 1 23.16 | 223 1 136 | 446 | 118 ] 1.02 | 538 0351 1.00 | 12.39
I Fly ash 832 460 ( 138 { 47.02 | 367 | 374 | 489 497 | 134 | 265 022} 1.17 | 16.04
11 Fly ash 10.64 658 | 2192008 | 476 | 1146 | 1129 | 1252 | 199 | 6.12 036 | 2.86 | 9.13
Table 2. Chlorine and heavy metal content of municipal solid waste incinerator ash.
cr Heavy metal content (ppm)
Sample
(We.%) Cr Cu As Cd Pb
I Bottom ash 1.67 550 2,940 135 tr 1,041
I Fly ash 20.16 451 563 9 6 20
IT Fly ash 2299 854 714 125 16 131
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Table 3. Chemical composition of main raw materials.

Raw Chemical composition (wt.%)
materials Si0, ALO, Fe,05 Ca0 MgO Na,0 K,0 Lot
Limestone 11.10 2.10 1.00 46.10 1.62 0.05 0.88 37.10
Waste sand 85.50 5.40 1.10 0.50 0.10 0.95 127 5.10
Shale 63.10 20.30 7.80 0.60 0.70 0.18 1.84 5.20
Converter slag 12.40 8.70 31.50 39.30 7.50 0.30 023 0.10
Fly ash 44.90 30.60 4.60 9.10 1.50 0.88 0.22 0.10
Table 4. Addition contents of MSWI in raw mixtures.
Addition contents of MSWI (wt.%)
1 Bottom ash 1 Fly ash II Fly ash
Case 0 - - -
Case 1 1.0 - -
Case 2 2.0 - -
Case 3 3.0 - -
Case 4 0.9 0.1 -
Case S 0.9 - 0.1
Table 5. Heavy metal and chlorine contents in raw mixtures.
Heavy metal content (ppm)
Cr Cu As Cd Pb CHopr)
Case 0 52 11 59 tr 10 87
Case 1 54 54 61 tr 214 253
Case 2 57 75 58 tr 28 419
Case 3 56 97 50 tr 34 585
Case 4 57 31 53 21 438
Case 5 51 29 54 tr 22 466
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Fig. 1. XRD patterns of clinker synthesized at 1,450°C.

Table 6. Results of burnability test.

Free CaO contents (wt.%)

1350°C 1400°C 1450°C 1500°C B
Case 0 6.04 441 3.13 234 63.8
Case 1 573 429 3.05 2.42 64.7
Case 2 5.58 444 334 281 727
Case 3 5.46 439 3.43 2.99 76.4
Case 4 528 420 291 227 62.6
Case 5 548 42 294 224 62.0
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Fig. 2. SEM photographs of clinker synthesized at 1,450°C.
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Fig. 3. SEM photographs of the parts on which EDAX measurement was performed.
A : Alite, B : Belite, M : Matrix
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Fig. 4. Cumulative heat of hydration on produced cement.

contained in clinker through SEM/EDAX (unit : wt.%)

Minor Alite(CsS) Belite(C,S) Matrix(C;A, C,AF)
components CaseQ Casel Case3 Case0 Casel Case3 Case0 Casel Case3
P,0s 0.77 0.76 0.93 0.71 1.53 1.46 0.08 0.40 0.03
TiO, 0.27 0.10 022 0.32 0.31 0.36 0.69 0.80 0.72
Cr,03 0.11 0.10 0.07 0.12 0.13 0.15 0.11 0.02 0.10
Mn,O4 0.17 0.14 0.11 0.13 0.13 0.15 0.64 111 0.66
Cu0 0.06 0.07 0.02 0.00 0.10 0.00 0.03 0.00 0.12
As;0; 0.00 0.17 0.09 0.08 0.00 0.00 0.09 0.13 0.17
PbO, 0.00 0.00 0.00 0.00 0.83 0.00 0.14 0.00 0.00
Table 8. Physical properties of cement mortar.
Compressive strength(kg/cmz) Setting time

Flow — - Soundness

(%) 1d 3ds 7ds | 28ds V(ZS I('r‘r‘:l'na)l (h‘:‘:‘;‘fn ) (%)

Case 0 104.9 90 213 302 432 23.0 240 6:30 0.10

Case 1 108.0 78 191 290 426 230 260 6:50 0.12

Case 2 105.3 73 166 259 419 23.0 230 7:20 0.12

Case 3 97.2 61 162 255 390 234 290 7:40 0.1

Case 4 106.5 79 201 293 424 229 250 6:40 0.10

Case 5 106.0 79 210 298 420 229 250 6:50 0.1

KS L 5201 - 130 200 290 60 10:00 0.8
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Table 9. Heavy metal content of hardened ‘cement mortar E “(unit :'mig/L)
Pb Cu As Hg cd Cr*t e
Case 0 ND ND ND - ND ND | =
Case 1 'ND ND ND ND ND ND ND
Case 2 ND ND ND - ND ND { -
Case 3 ND ND ND - ND ND - ‘
Case 4 ND ND ND ND ND ND ND
Case 5 ND ND ND - ND - ND ! -
Leaching criteria 3 3 1.5 0.005 0.3 1.5 1 -
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Table 10. Dioxin contents of synthesized clinker and
hardened cement mortar.

Dioxin contents
(pg-TEQ/g)
Bottom ash 1% 6.30
Bottom ash 0.9%+Fly ash 0.1% 0.37
Mortar specimen adding bottom ash 1% 4.30
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