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Patterson (1993) Vancouver
2% 50% Heating Value 9% 5125Bu./lb. 5578 Bu/lb.
Heating Value
Heating Value 10 %
2.3
50
8 %
10-20% (24
231
(Combustion or Incineration)
2
1 (Mess Burning Type Incinerator)
(Bulky
Waste)
2 (Suspension Type  cineratar)
(Refuse Derived Fuel

RDF)



232

)
)
)
4)
Utilization Process)
)
)
)

wW N

2321

2322

(

(Auxiliary Burmer)

]
(Feeging Process)
(Incineration Process)
(Hue Gas Cooling Process)

(Weste Heat

(Fue Gas Treating Process)
(Ash Handling Process)
(Wastewater Treatment Process)

21

(Feeding Process)
(Storage  Pit)

(Bunker)

Hopper
(Hopper & Chute)

(Incineration Process)
(Charging Hopper)

3 (Drying Zone)

Underfire Air

(Combustion Zone)

800 kcallkg)



(Post Combustion Zong) 3
(Primary Combustion) ,

(Secondary Combustion) Overfire Air

(Saroffim, 1983)

(Fumace Turbulence)
(Burner)
(Retention Time)

(Primary Chamber) 570 (Saofim 1983 D

(Tillman, 1989) (Secondary Chamber)
25 (Tillman, 1989
- (Furmace Temperature)

13002000 °F - 1,700-1800 F (American Public Work,
1970)
(Burning Rate)
Ignition Loss

American Public Work (1970) 300,000 Btu/ftvh

(Grate Area)

American Public Work (1970) 20,000 Btu/ft3h



2323

(500600 F)

2324

Heat Utilization Process) 1,300-2,000 °F

Boiler

(Steam Turbing)

Hue Gos

(Water Tube Boiler)

(Flue Gas Cooling Process)
700-1,150 C (1,300-2,000 °F)
250-300°C
(Water Spray Injection)
(Steam  Boiler)

(Waste

Waste Heat Boiler ~ Waste Heat

Superheater
(Economizer) (Air Heater)
(Fue Gas)
(Natural Draft)
(Inducec-Force Draft)
\ , 1
1 AL i '

(Generator)



REFUSE DUMPIN
STAGE

(FOE )

FORCED DRAUGHT FAN

COMBUSTION AIR

REFUSE
CRANE

5
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23.2.5

Precipitation (EP)

2.2

L
2. 02
3-NO,
4

5 HCL
6.Dioxin (PCDD+PCDF)

T.

2.3.2.6

(Fly Ash)

Bag House Filter

23.2.1

1

13

(Flue Gas Treating Process)

Bag House Filter

SOx  HCI
950 C (1,800 °F)

2.2

1-50 /
400 mg/m3
30 ppm
250 ppm
20 %
130 ppm
0.50 ng-TEQ/ 3
0.05 mg/m3

Electrostatic
Scrubber
NOx

50
120 mg/m3
30 ppm
180 ppm
10 %
25 ppm
0.50 ng-TEQ /m3
0.05 mg/m3

(Ash Handling Process)

(Bottom Ash)

(Ash Pit)
Electrostatic Precipitator (EP)

(Wastewater Treatment Process)



( )
(Neutralization) (Coagulation and Sedimentation)

Stahilization Pond Activated Sudge

2.4

1) (Bottom Ash)
2) (Fly Ash)
Venturi Scrubber Bagfilter  Electrostatic Precipitator

ASTM C 618 - 9%

NF C 23
2.3 ASTM C618 - 96

N F C
Si02+ AljOj + Fe 3 % 70.0 70.0 50.0
03 % 40 50 50
% 30 30 30

% 100 6.0 6.0
Pozzolanic Index % 75.0 75.0 75.0

N

F (Pozzolanic)



C
(Cementitious)

Breteton (1993)

(Plasma)

Bretetion (1996)
0.90

(Pozzolanic)
Ca0 10

Atwater (1993)

Plastic Resin Brick

(Encapsulation)

(Fixation)

(Vitrification)

Steinmuller (1996)

120

(Combustion or Incineration)

65



2.5

2392 4 -7

(Organometallic compound)

2.6 (Cement)
(Hyoraulic Cement)
26.1
2.6.2

(Hydration)

68

(Porand Cerret)

(Hydration of Cement)

(Hyorration)

24

16



1
)
24
( 25%)
1
2

(Cement Paste)

lons lons
“Solid Sate Reaction”
2
(%)
G0 60-65
S0, 20-24
MA 48
FeD3 25
3Ca0.5102(CH 49
2Ca0S0, (CS %
3Ca0.AI03(CH) 2
4Ca0.AID 3R 3(CAF) 8

17



=y

Ca(OH)2

18

C3 CB)
Ca(OH2  Calcium Silicate Hyorate

2(3Ca0 . Si02 + 6HD —> 3Ca0 . 2Si02. 3HD + 3Ca(OH)2
2C5+6HD —» €3 H3+ 3Ca(OH)2
2(2Ca0 .. Si02 +4HD —> 3Ca0.. 2Si02. 3HD + Ca(OH)2
2C2 +4HD —> (3 H3+ Ca(OH)2
(Gel) 2
C-SH
CSH  Calcium Silicate Hydrate ,

Ca(OH)2
15

(CH)
cd

3Ca0 . ALD 3+ 6HD —» 3Ca0 . AlD 3+ 6HD
CA +6HD — 3C3AH
(CaS04. 2HD)
CIA Ettringite

CA +CaS04. 2HD -> 3Ca0 . ALD 3. 3CaS04. 31HA) (Ettringte)

(C4AF)
chf chf
Sulphoaluminate  Sulphofenite
4Ca0 . A1 3. FeD 3+ CaSO4. 2HD + Ca(OH)2—> 3Ca0(AID 3. Fed 3 . 3CaS4



2.1
211
(Solidification)
Wiles, 1987)
Sollars ~ Perry (1989)
(Organic encapsulation)

19

(Solidification of Hazardous Wastes)

(Sollars Perry, 1989

(Inorganic fixation)

2

22
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2.2 (Sollars ~ Perry, 1989

(Organic  encapsulation)




Cullinane
1
2
3

techniques)
techniques)

(Organic polymers)
(Sef-camenting tedmioues)

Shuckrow
26

212

2121

(Sits)

20

(Inorganic fixation)

(Cheng  Bishop, 192
! 1986)
7 (Cement-based
(Lime-based techniques) (Themoplastic
(Encapsulation)
(Gassfication) (Bshop, 1983 . . EPA)
25
(1982) 7
(Cement - hased technique)
(Bishop, 1989)



25
1989)

(Solidification Process)

1. Cement Based

2. Pozzolanic (Lime Based)

3. Themoplastic

4. Organic Polymer

5. Surface Encapsulation

6. Self-cementing

1. Glassification and
Production of Synthetic
Minerals or Ceramics

1 ™ A

W il Jttnim
:& « « 1«1 »818*

(Engineering Science,

Bitumen, Paraffin

Polyethylene
(Gelli agerts
Urea formaloehyde)
Polyethylene  Organic
resins

Synthetic silicate Mineral



2.6

1 Cement And Silicate
Based Solidification /
Fixation

2. Lime Based
Solidification / Fixation

3. Themoplastic Based
Solidification / Fixation

4. Organic Polymer
Process

Chemical
Fixation /
Solidification

Chemical
Fixation /
Solidification

Physical
Fixation

Physical
Fixation

(Shuckrow

- 198))

CementBosd

SrongOceris, ceyCreetsts



26

5. Encapsulation

6. Self Cementing
Technigues

7. Glassification
(Vitrification)

Chemical
Containment

Chemical
Fixation /
Solidification

Physical
Fixation

() (Shuckrow

- 198))

1l



1979)

Sollars

2.1.3
Bishop

Perry

2.12.2

(Sulfoaluminate compound)
( , 2538

(Rijal, 1990 Barnes

2.1

(Heavy Metal Binding Mechanisms)

24

Thompson



1989)

11
12

13
14

15

21
2.2
2.3

2.1

2131

(Sollars  Peiry,
(Buffering Capacity)
15 . .EPA
2.3
15 17
15 183
34 3
10 3 6

25



Cumulative Allcalinity

24

o 20
g
2 £
.8- lSj pH
J: - .
g : Alkaliaily I
A
10 - / ‘ r
1 /
5~
7 S s = B s
Extraction
73 15 (Bishop, 1988)
2.13.2
(Adsorption)

34

14

12

10

26



24

2.5

Cumulative Peycent Leached

., 100 -[i —
-t —t = CadeSuoe S~ =2
- .’-
00 4 — <« -~ Chromium /.-‘('
Sipi et o
00 - P
ezt i
- con ._/'
70 { —e-r Alkaltnity R
e e A %

Total Metal or Alkalini

Extraclion

15 (Bishop, 1988)

(lonic strength) 0.75
11-12

@ 9 \
(o
2 Cr
<4 —
6—
8 - T T & { !
] G o 10 12 1<
pH

oC-pH (Bishap, 1983)

21



28

2.8
(Sollars  Perry, 1989)
6( . .2540)
L ( confined compressive strength)
ASTM D 1633 D 2166 35
(Secured landfill)
2. 115
3 (Leachant extraction fluid)
(Leachate extraction procedure)
2.9

U.S.EPA (1992)
Toxicity Characteristic Leaching Procedure (TCLP)

1) 05
06 - 08
2
57
500 64.3 1
1
2 57
1
) 5 %5
5 5 5 35
| 500°C 10



28

Carbon tetrachloride
Chlordane
Chlorobenzene

0-Cresol

m-Cresol

p-Cresol

Cresol

2.4-D*
14-Dichlorobenzene
1.2-Dichloroethane
1.1-Dichloroethylene
2.4-Dinitrotoluene
Endrin

Heptachlor

*%

100

3012

28

50
100.0
05
10
05
0.03
100.0
6.0
50
200.0
200.0
200.0
200.0
100
15
05
07
013
0.02
0.008

Dichlorophenol
Trichlorophenol

18+2

TCLP( . . EPA 19%)

Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane

Lindane

Methoxychlor
Methyl ethyl ketone
Nitrobenzene
Pentrachlorophenol
Pyridine

Tetrachloroethylene
Toxzphene
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4,5-TP(Silvex)**
Vinyl chloride

013
05
30
50
04
02
100
200.0
20
100.0
50
10
50
07
05
05
400.0
20
10
02

(y)



6( . 250

100

Ol — O O1 O1 —
N
— — Y Y M A A —

. .EPA

USEPA
(2539
] 3

1 (Inert weste)

DIN 341434 1°
180° 24
045



2.9

29

0.4-0.2
01-0.5
01-0.5
2l
0.4-2.0
0.02-0.1
2-10
4-13
0.2- 1.0
20- 100
10-50

0.2- 1.0
0.2- 1.0

.
I
~
I
I
I
m

I
I
I
0.2-1.0 .N/.
1.2-6.0 /.
.
.

3l

1 2539)

4-13
01
0 /.

—

50 /.
05 /.
01 /.
10 /.



29 (
6-30 /.
AOX** 0.6-30 /.
Solvents** 00201 /.
Pesticides™* -5 . /.
Lipoph.sub 0.4-20 /.
oz 50 /.
= Adsorbed organically-bound halogens
** = Chlorinated
2.10
Shively (1986)
(Sequential extractions)
1 14
05 10
05
2 5
100
3
' 100

6.0

4

10,000

6.0

2



3

Bishop (1988)
3
5 (Sequential extractions)
1 5 b 183 /
2
Bishop

Cheng  Bishop (1992)

Scanning Electron Microscopy (SEM), Energy Dispersive X-ray (EDX) ~ Wet Digestion/AA
method

Chang (1999)
100
Electrostatic Precipitator (EP) Wt
Scrubber 2

(Fly as) (Bottom ash)



kg/m3

TCLP  US EPA

slum

2416 1091 1562 kglem2

23%

Ching-Lung (1989)

28

fl
(Bottom Ash)

1:2:4  waterto cement ratio wic 0.70

100 10 20 mm

2340 2100 2110
28

210 kglcm?



35

0.5 0.7
Ching-Lung

Fuessle  Taylor (1994)
( K061 ' . EPA

Ash) (Silica  Fume)
0.12 0.2 60 335

TCLP
10

Inthasaro (2002)

ASTM C 618
0L 5 1

2.1 0486 1 28
R7TR9 700

X2/1232)06°



58

(2539)

(2539)

63

(2540)

3,600

% (. 2



1
46 8
31
(2541)
050
7
877
0.75

3

.

11
31
11
31
040
2000 |/
- 106
050 15
8839

5110
0.75

0.50



175
8217

(2542)

516

200 197 19

060

(2542)

1230 |
0l

5620

e ST 09

/. gh./.
A dle 1A ¢
3
13 1567 J
uo /..
007 /1.
o 46 |
15 070
6( . . 250)
?
7380 |



(2545)
ASTM C 6189
10 1 2B
045 1 8
&%
8 50
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