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ABSTRACT

The main consistent materials and main elements of the bottom ash in municipal solid waste incineration ash according to
particle size were investigated and the environmental hazards were considered by investigating the content of dioxin and heavy
metals in bottom ash and the concentration of heavy metals in its leachate. The main materials of bottom ash are glasses, ceram-
ics, scraps of iron. As the particle size increases, their percentage weight also increases and their percentage weight was over
70% in 4 mesh~25 mm particle size fraction. The main elements of bottom ash are Ca0, SiO,, Fe,0;, AL,O; and the content
of CaO decreases and the content of SiO, increases as particle size increases. The heavy metals accumulate in small particle size
fraction. The concentration of heavy metals in each leachate by domestic leaching test is almost similar. As the aging period is
prolonged, pH of bottom ash lowers gradually and the leached concentration of Cu and Pb diminishes.
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Table 1. Condition of dioxin analysis

Item

HRGC/HRMS

Condition of analysis

Micromass, Autospec ultima

250

Injector Temp.

Column SP-2331 (60 m X 0.32 mm ID3.0 pm)

Oven 120°C (3 min) — 200°C(10°C/min, 3 min)
- 265°C (3°C/min, 15 min)

Carrier gas He, 2.5 mL/min

Tonization El, 36eV

Ton source 260°C

Hol 7] ol ol&& Asiyy, A7 2 HEF
%38 E2E AAT 25 mmeldk] vl e
AT vy SE4% e viERE it
BAREAH4 4 1D E £3A1Z) F Cr As, Hg, Cd, Pb,
u, Zn, Mn, Cd 52 ICP(ICP-AES 7500, Shimadzu)Z,
A RS A4 ARYmolH)eE, FESS XA
3 HEA7](X'pert, Philips)E, Z18)7 FF4 §EF2 F
Yl #7154 el Wl Pb, Cu, As, Cr, Cd 52 570
Hamk BRI tolsa) SR AEAgu e
A F et 7ol HXE HRGC(GC 8060, Fisonsy
HRMS(VG autospec, Micromass)ys ¢85l B3l e
W, BAZRAL Tablel 3 2o} 7 258 NEF
30 mesho 3ol tlsliMe S<t 2 wrAkdn|E g AEst
o A, AVIER, FF, ESSER, Ve 5o
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Table 2. Chemical compositions of bottom ash samples

Component (wt.%)

Sample

Si0, | ALOs | TiO, |Fe,05|MgO] Ca0 |Na,0| K,0

MnO

P05 Cl Cr Cu As Cd Pb | LOI

I bottom ash | 19.5]10.53| 1.34 } 7.54 | 1.61 |27.15| 7.83 { 2.35

043 [6.36| 2.3 [0.0385(0.225|0.00501 |0.00109] 0.129 | 18.09

28.24) 9.32 | 1.33 ) 7.30 | 1.65 |24.13) 9.62 | 3.00

ED bottom ash

0.25)5.65] 2.6 ]0.0301]0.161 | 0.00802 ] 0.00126)0.0882) 16.66

*Bottom ash produced I incinerator in Kyonggi Province (for short, I bottom ash) Bottom ash produced D incinerator in Pusan city (for

short, D bottom ash)
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Table 3. Distributions of 2,3,7,8-substituted isomers of bottom

ash samples
2,3,7,8-Substituted Concentration (pg-TEQ/g)
isomers I bottom ash | D bottom ash
2,3,7,8-TCDF 044 0.00
1,2,3,7,8-PCDF 0.14 0.02
2,34,7,8-PCDF 3.65 0.92
1,2,3,4,7,8-HxCDF 0.41 0.09
1,2,3,6,7,8-HxCDF 0.87 0.14
2,3,4,6,7,8-HxCDF 1.14 0.22
1,2,3,7,8,9-HxCDF 0.18 0.24
1,2,3,4,6,7,8-HpCDF 0.53 0.03
1,2,3,4,7,8,9-HpCDF 0.05 0.03
OCDF 0.03 0.01
PCDFs 7.44 1.70
2,3,7.8-TCDD 0.77 0.00
1,2,3,7.8-TCDD 0.96 0.00
1,2,3,4,7,8-TCDD 0.26 0.18
1,2,3,6,7,8-HxCDD 0.76 0.29
1,2,3,7,8,9-HxCDD 0.58 021
1,2,3,4,6,7,8-HpCDD 0.53 0.04
OCDD 0.14 0.01
PCDDs 3.99 0.72
PCDDS/DFs 11.43 2.42
¢ a-Si0;
* 0 : anorthite
O : calcite(CaCO;)
® : CaCl,6H4,0
Py
£
*
.CI Clo *e ® t ¢ °
e 1 1 f
1 ] © © o ®© n
2 theta
@

< 13 D v 25 AHE Fa 48 CaO,
Si0,, ALO; B Fe,0; 5002, B3] Na,Oub K,0
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EF Pb,Cu, Cr 300 mgkeol g2, Cd 2 AsE o
80 mg/kgol3lE HE o= Vet s 19 D
Hieta el $E8(105+5°C, 4hr)o) 2z 25% 2
172%%) o2 el o)l niexel Wzkae
(water quenching)Z ¢13F o=z wetgn}
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Fig. 1. X-ray diffraction patterns of the bottom ash samples (a) I bottom ash, (b) D bottom ash.
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Table 4. Content of composition materials of bottom ash samples with the variation of particle size

. Contents(wt.%)
Particle size Classified materials
1 bottom ash D bottom ash
Glasses 20 11.4 2.1 13.0
Magnetic materials 22 2.6
-25.0 mm/+19.1 mm Non-ferrous metals 0.7 1.0
Ceramics 3.7 4.7
ete. 2.8 2.6
Glasses 8.6 125 5.1 9.6
Magnetic materials 0.3 0.2
-19.1 mm/+10.0 mm Non-ferrous metals 0.8 1.1
Ceramics 1.7 1.4
etc. 1.1 1.8
Glasses 8.2 14.1 8.0 16.6
Magnetic materials 0.5 0.6
-10.0 mm/+4 mesh Non-ferrous metals 0.8 1.1
Ceramics 0.3 04
etc. 43 6.5
Glasses 3.7 13.1 6.9 16.6
Magnetic materials 1.8 2.6
-4 mesh/+8 mesh Non-ferrous metals 0.6 0.3
Ceramics 0.3 0.1
etc. 6.7 6.7
Glasses 1.4 11.0 2.8 12.1
Magnetic materials 22 26
-8 mesh/+16 mesh Non-ferrous metals 0.2 <0.1
Ceramics 0.2 0.2
etc. 7.0 6.4
Glasses 0.9 9.8 0.5 8.2
Magnetic materials 1.9 1.6
-16 mesh/+30 mesh Non-ferrous metals <0.1 <0.1
Ceramics <0.1 <0.1
etc. 6.8 59
-30 mesh - - 28.1 - 239
Total - - 100.0 - 100.0
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Table 5. Content of heavy metals of I bottom ash with the variation of particle size

Content of heavy metals(mg/kg)
Particle size

Cd Hg Cr Pb Cu As
-25.0 mm/+19.1 mm ND <0.1 40.5 320.7 7625 <0.5
-19.1 mm/+10 mm ND <0.1 100.8 420.5 803.5 <0.5
-10.0 mm/+4 mesh ND <0.1 150.3 2054 1200.7 <0.5
-4/+8 mesh 0.3 <0.1 210.7 1457.5 1300.8 35
-8/+16 mesh 54 <0.1 286.0 17512 2500.0 17.5
-16/+30 mesh 52 <0.1 380.7 1822.7 33245 18.5
-30/+50 mesh 20.2 <0.1 356.4 2150.0 2600.7 20.2
-50/+100 mesh 21.3 <0.1 313.7 2102.5 2757.7 215
-100/+200 mesh 19.7 <0.1 3315 2200.2 2956.9 239.8
-200 mesh 255 <0.1 295.6 2385.8 3064.7 249.6

(ND : Not Detected)
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Table 6. Content of heavy metals of D bottom ash with the variation of particle size
Content of heavy metals(mg/kg)

Particle size
Cd Hg Cr Pb Cu As
-25.0 mm/+19.1 mm <0.1 <0.1 250.2 525.6 1100.7 <0.5
-19.1 mm/+10 mm <0.1 <0.1 3125 534.7 1129.3 <05
-10.0 mm/+4 mesh <0.1 <0.1 3375 9275 1179.4 <0.5
-4/+8 mesh 0.1 <0.1 347.2 1211.8 2700.9 90.0
-8/+16 mesh 217 <0.1 448.3 1436.7 4521.9 108.8
-16/+30 mesh 19.2 <0.1 414.6 1487.3 3381.8 117.8
-30/+50 mesh 242 <0.1 481.8 1282.3 31974 109.9
-50/+100 mesh 229 <0.1 582.0 1242.8 2607.8 137.1
-100/+200 mesh 21.6 < 0.1 548.5 1371.9 2885.2 2372
-200 mesh 14 < 0.1 495.0 14642 3014.3 2122

Table 7. Chemical compositions of I bottom ash with the variation of particle size
Element (wt.%) .

Partile s (mesh) Si0, | ALO; | TiO, | Fe,0;3 | MgO | CaO | Na,O | K,0 | MnO | P05 | LOI
-16/430 27.86 16.9 1.14 9.88 193 | 24.14 246 137 0.10 6.12 7.68
-30/+35 27.98 10.87 1.09 7.83 1.92 [ 2632 2.07 1.39 0.12 7.09 7.96
-35/+50 28.47 9.49 1.05 8.40 1.79 | 2630 1.94 1.36 0.14 759 7.15
-50/+65 21.23 10.02 1.25 593 2.11 31.40 1.86 1.12 0.16 9.29 9.66
-65/+100 19.65 11.76 1.18 2.32 292 | 4237 0.97 0.40 0.45 6.35 15.81
-100/+150 12.32 1141 1.79 425 1.8 | 31.19 3.99 0.53 0.46 519 | 2742
-150 10.86 10.52 1.62 3.21 208 | 37.17 1.66 0.37 0.33 5.14 | 25.06

Table 8. Chemical compositions of D bottom ash with the variation of particle size

Pmiclei‘fz?e(‘r‘;e(:;;‘%) Si0, | ALO; | TiO, | Fe,0; | MgO | CaO | Nay0 | K0 | MnO | P05 | LOX
-16/4+30 15.21 7.47 1.60 6.89 1.88 16.53 1.41 1.59 0.13 6.06 6.56
-30/+35 32.19 7.76 1.97 3.82 1.85 21.94 0.75 1.56 0.11 7.28 7.97
-35/+50 28.00 747 221 2.2L 1.89 24.68 0.25 1.45 0.13 8.70 7.29
-50/+65 25.02 7.64 2.15 1.77 211 21.14 0.00 1.23 0.13 9.46 9.40
-65/+100 18.68 8.70 2.43 1.27 2.37 2342 0.00 0.80 0.15 9.18 12.90
-100/+150 17.03 8.67 2.46 1.69 244 24.02 0.00 0.71 0.23 9.01 13.07
-150 9.04 | 11.98 1.22 2.84 1.77 35.87 277 0.31 0.45 4.10 27.75

Table7 7 82 S 2 7HSHL & FEE £ ALOY THFL E HE7h YA 8i0,9 Fe,0,9
= 16 mesh°l?'5M 139 DuiEAlE Y=gz 7Est S5 aEy, Agnge S ogd |

o TS BN dAelnt. 1 R D viEA 2F 4E2 Fig.2 9 4= XA 3B Azl 7lo)

UAE Aokl @k ca0sl TRl FHHZ,  AATE Aokl web oSi0, FHol FaHT
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Fig. 2. X-ray diffraction patterns of bottom ash with the variation of particle size (a) 1 bottom ash, (b) D bottom ash.

CaCO;9] FHrao] Bolx)7) wji-o2 wehdr) ual
A Table 4 o4 B vle} 7ho] QAR 7} 4 ¥
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oldel B 40%)= FE ol5 BEFH HRe
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Table9 9} 102 I % D vtekA|9] pHE] Wale] u}
€ FE5 £ BN Aotk om), sduj=
/102, pHE= HCl ¥ NaOHZ 2o, 29|
SEE 20°CE 3vh. 12 D seAold cud) £
F2 pH 2 A=A 9F 141.8mg/l, 94.5 mg/LojX|%,

Table 9. Concentration of heavy metals leached from I
bottom ash with the variation of pH [1:10 (w:v) of
pulp density, 20°C, pH regulator; HCl, NaOH]

pH 40 FZXE o 324 mgLet 17.1 mg/Lol, pH
7~119] HRIME A9 453183 o7k L=
ot 283 Cr, As,Cd9] 74§ W& pH M= &
Zo] ok ot oF pH 701 ME 2 =g g
E38A ol g FAT. T2y pHAY 1201402
ool me} Pbo}t Cudl A4 £&5Fo] T 27}
Aot FEd £2 9T FE A= YA =
7], 89 F5, pH So] 9L mH & gon o
T pH7t 7P 8 JFE mlAE Ao deA oo
mebA Cde] 4t8HE-e Hedo s A 23Ex] o
2 Pbet Cue 4EA BRolEz 7uvhe g
ojgo] ABI=HE HAeg B

Table 11 2 1 3 D ulehAle] di7)135d] 24d =8t

Table 10. Concentration of heavy metals leached from D
bottom ash with the variation of pH [1:10(w:v) of
pulp density, 20°C, pH regulator; HCl, NaOH]

T Concentration (mg/L) Concentration (mg/L)

ol Cu Pb Cr Cd As pr Cu Pb Cr Cd As
1.8 14175 | 173 1294 | 0976 0.0276 23 94.45 1.98 3.57 1.26 0.030
4.0 3237 | 084 1.80 0.710 0.0044 3.8 17.12 0.90 0.30 0.90 0.0054
6.8 368 | 034 0.0043 [ 0.150 0.006 57 297 0.44 ND 0.34 0.0033
8.3 340 | 059 027 0.005 0.006 7.7 1.67 0.51 ND 0.0016 | 0.0016
9.4 3251 040 0.48 ND ND 9.1 1.77 0.25 0.03 ND ND

12.2 340 | 055 0.50 ND ND 12 245 0.67 03 ND ND

13 526 | 283 0.50 ND 0.005 13 3.49 5.49 0.3 ND 0.005

J. of Korean Inst. Resources Recycling Vol. 10, No. 4, 2001
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Table 11. pH of bottom ash samples with the variation of
aging period

Aging period (month)

Samples
0 1 2 3 6
I bottom ash i2.3 115 11.3 11.1 94
D bottom ash 12.5 12.2 12.0 11.8 10.2
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Table 12. Concentration of leached heavy metals by domestic leaching test with the variation of aging period [1:10(w:v) of pulp

density, 200 rpm, 20°C, 6 hrs]

i H Concentratiom (mg/L)
Sample Aging period pH g
(month) Cr Cu As cd Pb
0 12.3 0.13 3.26 0.06 ND 0.08
I bottom ash
6 9.4 0.03 1.73 0.001 0.01 0.09
0 12.5 0.153 441 0.052 ND 0.06
D bottom ash
6 10.2 0.10 1.8 0.02 ND 0.07

(ND : Not Detected)

Table 13. Heavy metal concentration of wastewater of bottom ash samples with CO, gas injection [1:10(w/v) of pulp desity,

20°C, COy(g) influent: 100 ml/min]

Concentration(mg/L)
Sample pH Regulator pH

Cd Pb Cu Cr
Not 124 ND 0.66 521 0.24
10.0 ND ND 1.34 ND

I bottom ash
COxg) 9.0 0.075 0.1 ND 0.06
8.0 0.48 0.1 ND 0.06
Not 12.3 ND 0.65 2.1 ND
10.0 ND ND 1.48 ND

D bottom ash
COx(g) 9.0 ND 0.1 14 0.18
8.0 ND 0.1 15 0.18

(ND : Not Detected)
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