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ABSTRACT

There are 21 municipal waste incinerators under construction in Taiwan
that are expected to be complete at the end of 2003. It is estimated that these
incinerators will produce over two million tonnes of incinerated ashes every
year. However, these incinerated ashes contain large amount of hazardous
materials such as Dioxins and heavy metals. If these hazardous materials cannot
be carefully treated, it will cause detrimental secondary contamination. This
research work adopted thermal plasma technology to treat incinerated ashes and
produced microstructure materials. It was found that the best

physical/mechanical and chemica resistance properties of the microstructure
materials were produced at 1100-1150 for 2 hours heat treatment. Diopside
and gehlenite were formed as the major crystalline phases. These microstructure

materials have great potential for reutilization as non-porous or water permeable

brick for construction applications.
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2.1

/

BOO/BOT 36
30,400
21,900

18 3 BOO/BOT

27.450
23,333 20,000

6,000 1,500 [
2004]
2-1
92

1,813,553 29.54 4,304,574 70.11



734

0.74

0.01 22,289 4.40 6,139,050
1,048,981
2-1
77 589.85 1.55 90.21 0.61 7.09 0.86
78 625.87 1.36 88.98 0.20 9.45 0.90
79 684.48 1.14 88.04 1.65 9.17 0.96
80 723.90 0.40 93.01 0.08 6.52 1.00
81 800.12 3.19 90.44 0.10 6.27 1.09
82 821.73 3.03 91.76 0.00 5.21 1.10
83 849.28 4.86 89.87 0.02 9.25 1.12
84 870.77 | 14.94 79.24 0.07 5.74 1.14
85 873.64 | 15.62 79.15 0.03 521 1.14
86 888.08 | 19.05 75.06 0.16 5.73 1.14
87 888.05 | 19.61 75.30 0.01 5.09 1.14
88 856.57 | 23.18 71.42 0.22 5.17 1.08
89 78755 | 41.01 57.38 0.04 1.57 0.98
90 72548 | 5151 47.28 0.01 1.20 0.90
91 67/2.36 | 64.19 34.82 0.01 0.98 0.82
92 61391 | 70.11 29.5 0.01 0.34 0.74

10



2.2

2.2.1
1
1994
TCLP
TCLP
TCLP
[Kosson, 1996
2
1989

[Eighmy, 1996]

Wiles, 1996]

11

2000]



1994

2-2

2-2

V Vadorization

M Maturation

12

S Storage/Landfill

45%

2000]

12

1992

[1] VH



2-3

1998]

2004]

[

2-3

13



2.2.2

1994
1994
10 kg/cm2
1998
2008
[ 2004]
32 27,450
90 20-25

6,862
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[Barbieri et al., 1999] [Ovecoglu, 1998] [Marabini et al.,

1998] [Romero et al., 1999 Barbieri et a., 2000]
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[Colombo et al., 2003]

S OZ-Al -03-Ca0
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1300 2 SEM

24



880 /4hr-950 /10hr

Barbieri et al. (2000)

5
750-1000 /1hr 2hr
Tg
850
2001
850-1050 2
2
(150.44 MPa) (48.55 MPa)

25

4hr

8hr

Na,O

1500

CaO Fe0s3

900-950

Hy = 8.56 GPa



Cheng et al. (2002) 1350 /10 min

850-1150 /2hr

850-950
0.2u m
Park et al. (2002)
20 Wt%Si O,-5 Wt%M gO-75 wt% fly ash-2 wt%TiO, 1500
30
720 720
Kissinger Equation
293-468 kJmol

Karamanov et al. (2003) 70 30 1350

4

2 /min 20 /min 950-1050 /1hr
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Cd

TCLP

30 /min 1120 40

Cheng 2003 10 90 1500
2 800-1100 /5h

Donathite
TCLP
Cr
Kim et al. 2004 Cl

1450 3
950-1105 /0.5-4 hr

70-80

Hv 8.3 GPa 1.7 MPamY? 145
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GPa
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2-4

Boccaccini et al. | Romero et al. Cheng et al. Park et al.
(1995) (1999) (2002) (2002)
SO,
MgO
TiO,
880 /1hr 560 /35min 560 /35 min
950 /10hr | 660 /120min [E20 1090 121 6en 1150 min
y -calcium
silicate
Hy 7.9 59 6.7
GPa
Hyk
glem® 2.9 3.0 2.1 2.8
(Kg/em?) 551.7
(Kg/em?) 2215
(10% ) 6.5 9.0 8.6 9.0
(10%Q -cm) 4.6
(MPam?) 1.7 1.5 1.9
124.0 1344

(GPa)
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2-4

Cheng Cheng & Chen | Karamanov etal.| Kimetal.
(2003) (2003) (2003) (2004)
800-1100 /5 hr |850-1050 /2 hr| 850-1150 /1hr| £20-950
20-40 min
Ferrobustamite
Donathite
Hy 57 6.7
GPa
Hk 8.5 85
g fom? 3.2 2.8 27 2.8
(Kg /sz) 11760.0 11470.0 3528.0
(Kg /sz) 247.0 470.0 470.0 1244.6
( 10°/ ) 6.0 9.0
(10%Q -cm)
M Pamﬂz) 19

(GPa)
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3.1.1
6 |/ 18  /
3.1.2 SEM
3-1
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Dso 452[.] m 3-3
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(Wt%o) (wWt%)
SO, 2.05 21.63
Al,Os 0.45 8.60
Fe03 0.27 2.45
CaO 42.57 28.04
MgO 0.98 2.87
Na,O 4.83 4.55
KO 4.64 4.43
TiO, 0.09 2.00
CuO 0.13 0.10
MnO 0.02 0.19
SO; 3.79 8.31
Cr,0; 0.01 0.13
ZnO 1.47 1.26
CdO 0.47 0.14
PbO 0.47 0.22
ZrO, <0.01 <0.01
P,Os 0.37 3.07
NiO <0.01 0.02
Sno, 0.15 0.26
S 1.52 3.33
CI( 31.48 9.78
lg. Loss 15.85




3.1.3

ICP-AES 3-1

314 X

3-4(a) X-ray
CaCIOH CaCl, CalOH), H,O Ca(ClO), 4H,0
NaCl CaCO; Ca(OH), ZnO 3-5(b) X-ray

S0, CaO Al,0; CaCO; CaSO, SiCl, NaCl KCI
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3.2

Microstructure Materials
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4.1

11

3.0 mm

4-1
3.0g/em® 3.0
0.4 5.6 GPa 4-1
4-2 0.4-18.0 mm
4-1
=1 3

g/cm® 3.0

3.0

11

0.4

Hv (GPa) 5.6
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4.4

4-2
CaO S O, Al 03 Fe,0;
CaO SiO;
Al203 Fe20s3
4-2
(Wt%) (Wt%) (Wt%)
SO, 2.05 21.63 33.19
Al,O; 0.45 8.60 16.09
Fe,0O; 0.27 2.45 9.46
CaOo 4257 28.04 30.54
MgO 0.98 2.87 2.70
Na,O 4.83 4.55 0.37
K,O 4.64 4.43 0.15
TiO, 0.09 2.00 1.97
CuO 0.13 0.10 0.27
MnO 0.02 0.19 0.16
SO, 3.79 8.31 -
Cr,03 0.01 0.13 0.56
Zn0O 1.47 1.26 0.42
CdO 0.47 0.14 0.03
PbO 0.47 0.22 <0.01
ZrO, <0.01 <0.01 -
P,Os 0.37 3.07 -
NiO <0.01 0.02 0.08
SnoO, 0.15 0.26 --
S 1.52 3.33 --
CI( 31.48 .78 -
lg. Loss 15.85 -0.49
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4.5

(Ppm)| Zn cd Pb Cu

0.1 3.7 <0.1 84.3 0.2

5.4 0.1 0.2 0.8 <0.1
N.D. N.D. N.D. 0.3 <0.1

N.D.
4.6
<100 mesh <200 mesn <400mesh
46 10 1550 )
<100 mesn 700

Ty 740
Softening Point T,

890

1230
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4.7

4-9

Diopside Ca(Mg,Al(Si,Al),O¢

I ntensity

Gehlenite CaAl,SiO,

D-Diopside
G-Gehlenite
D
G
o« e o od D b g o 1150 /2hr
D
GD
6 D4lcsD DD D p G D 1100 /2hr

1050 /2hr

950 /2hr

b ™®ooo 55 o 850 /2hr
2|0 | 4|0 | 6|0 | 8|O
2 Theta(deg)
4-7 100 mesh X-ray
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G D cD DD D DG D 950 /2hr

D

pp ° pop g 5 850 /2hr

20 40 60 80
2 Theta(deg)
D-Diopsde
G-Gehlenite
o o 1150 /2hr
\W%WW
D
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4.9

4-4,4-5 46
1100
4-4 <100 mesh
850 950 1050 1100 1150
(g/cm®) 2.5 2.5 25 2.5 2.9
3.1 3.2 3.2 3.2 3.1
(%) 21.4 22.1 22.2 20.7 7.3
(%) 8.7 8.9 8.5 8.3 3.1
(Hv) (GPa) 1.0 1.1 1.8 2.3 5.8
(Kg/em?)| 155.8 241.0 331.2 590.0 999.6
(Kglem?) 115.6 130.3 174.4 177.4 269.5
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4-5 <200 mesh

850 950 1050 1100 1150
(g/cm®) 2.3 2.3 2.4 2.4 2.9
3.1 3.2 3.2 33 3.2
(%) 26.9 27.2 26.9 26.0 7.2
(%) 11.6 11.6 11.5 10.8 4.1
(Hv) (GPa) 1.0 1.4 1.8 2.3 6.5
(Kg/lem?)|  249.9 347.9 491.0 715.4 1052.5
(Kgfem?) 89.2 139.2 171.5 207.8 287.1
4-6 <400 mesh
850 950 1050 1100 1150
(glem®) 2.3 2.5 2.5 2.5 3.0
3.0 3.2 3.2 3.2 3.1
(%) 24.3 20.0 20.8 20.6 0.9
(%) 10.6 7.9 8.3 8.2 0.3
(Hv) (GPa) 1.9 2.8 3.0 3.4 7.9
(Kglem?)|  633.0 820.2 924.1 1554.3 | 3084.0
(Kglem?) 107.8 121.5 183.2 446.9 1078.0
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4.10

( 1998)
4 ( 0.0001g)
5wt%
1hr

pH

() = x 100
4-7 4-8 4-9

1.1-14.9 wt
0.9-3.4 wt 0.1-2.3 wt

0.1-1.2wt

10
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4-7 <100 mesh -wWt%
850 /2hr | 950 /2hr | 1050 /2hr| 1100 /2hr| 1150 /2hr
5 wt% 14.9 8.9 54 6.7 2.8
5 wt% 2.7 2.4 1.2 1.6 1.3
5 wt% 1.0 0.5 0.8 0.8 0.3
5 wt% 0.6 0.2 0.2 0.2 0.1
4-8 <200 mesh -wWt%
850 /2hr | 950 /2hr | 1050 /2hr| 1100 /2hr| 1150 /2hr
5 wt% 7.6 1.1 29 5.6 2.8
5 wt% 0.9 2.7 1.1 2.0 0.9
5 wt% 1.6 0.9 0.6 04 0.5
5 wt% 1.2 1.2 0.5 0.3 0.2

58



4-9 <400 mesh -wWt%
850 /2hr | 950 /2hr | 1050 /2hr| 1100 /2hr| 1150 /2hr
5 wt% 9.3 1.8 2.6 15 1.5
5 wt% 34 2.3 1.6 1.3 1.6
5 wt% 2.3 0.8 0.9 0.7 0.1
5 wt% 0.1 0.2 0.2 0.1 0.1
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0.5-2.0u m

2 1150

1050-1100

0.3-11.6
155.8-3084.0 Kg/cm?

15.0 147.0 Kg/em?
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1997
pp. 561

2004 2008 2002-2007 2003.01.06

2004 http://www.epa.qov.tw/P2/p2-4.htm

1999 ( )
EPA-88-U1H1-03-003

2000
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2003 20
1994 () PP.963-986
1998
33-34
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p. 143-153
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