21 (Hazardous Waste)

6 (..2540)
.. 2535 1
4
1 (Ignitable substances)
(Corrosive substances) (Reactive substances)
(Toxic substances) (Leachable substances)
2. 2
!
3. 3 (Discarded)
(Off-specification) 651
4, 4

(Chemical wastes)

6( . . 2540)



2.2
2.2.1
5
23-92 4-T 68 (
)
(Complex
compound)
(Organometallic compound)
2.2.2
51.9961 24
1857 °c 2,640 °C 7.19 g/cm3 Cr
0 ( ) +6
Cr+3 Cr+6 (Cro2) Cra7R)
Cr+3
(Chromite; Fe0.CrD3
+6
+3 (ferous iron)

(dissolved sulfide)
pH +6



2.2.3

- Chromium (Il) oxide (CrO)

1,000 °c (If) ?

- Chromium (IV) oxide (Cr02 (I
300-350 ° C ?

- Chromium (V1) oxide (Cr03) 1% C

(HXrO4
' (I
- Chromium (1) oxide (Crd3
2435 °c 4,000 °c (1) ? (11

', ()

- Chromium (1) sulfate (CrAS043  CraS04315HD  CraS04318HD) )
?

- Chromic (lll) hydroxide ( Cr(OH)3) Crd3

224
3 (CAS043
CrAS043 + 6HD > 2CHOH)3 + 6H++ 3 04
| (OH)
()
CrAS043 + 3Ca(OH)2 -»  3CaS04 + 2Cr(OH)3()

Cr2S043 + 6NaOH -> 3Nazs04 + 2Cr(OH)3( )



225

+6

2.3

(Chrome  tannage)

80

+3 18 %

24

(RNA)

(Chrome shavings)

115

+6

+3

0.5



6(..2540)
1
(Treatment) (Disposal)
(Chain' treatment)

(Physical treatment)
(Physical/chemical treatment)
(Chemical treatment)
(Biological treatment)
5. (Thermal processes for

treatment and/or disposal)

6.
1. Land treatment and/or disposal
8. 17,
2.5 (Thermal  processes  for

treatment and/or disposal)



(Tillman,1989)

Tillman (1989)

1,500°F (815°C)

AsD) 3 BaO BaCl2 BeO Cd03 NiCrD4 Crd 3 CuS Cu0

PbO NiS NO  HgO

L Liquid Injection Incinerator

2. Rotary Kiln Incinerator

3. Fluidized Bed Incinerator

4. Bubbling Fluidized Bed Incinerator
5. Circulating Fluidized Bed Incinerator

1,500-3,000 °F

1,500-2,800 F

1,400-1,600 F
1,400-1,600 F
1,400-1,600°F



2.6

(Solidification of Hazardous Wastes)

? (Stabilization)

(Solidification)

(Sollars

Rijal (1990)

Perry, 1989)

10



Sollars  Perry (1989)

21
Tauhi,1982)

(Solidification Process)
1 Cement-based

(Inorganic fixation)

(Organic encapsulation)

(Shuckrow, Pajak

11



12

2. Pozzolanic (Lime-based)

3.Themoplastic
Bitumen
Paraffin ~ Polyethylene

4. Organic Polymer (Gelling
Agents Urea Formaldehyde)

5. Surface Encapsulation

Polyethylene  Organic Resins
6. Self-cementing

7. Glassification and Production of
Synthetic Minerals or Ceramics

(Synthetic  Silicate  Mineral) ?



2.2

1. Cement and Silicate
Based Solidification/Fixation

2. Lime Based
Solidification/Fixation

3. Thermoplastic Based
Solidification/Fixation

4. Organic Polymer Process

13

(Shuckrow 1982)

Cement based

Strong oxidation
dehydrated salts



5. Encapsulation

6. Self Cementing
Techniques

7. Glassification

(additive)

14



2.1

211

. 2540)

| 2542)

(Thomson, Malone

(Barmnes

(Bishop,1989)

(Latex)
Jone, 1979

, 1979



2.1.2

Sollars

Perry (1989)

16



i

(Heavy Metal Binding Mechanism)

2.13

Bishop (1988)

(Adsorption)

21

=@~ Locd
ks ~ Sidcon
Alzelinity
»
e

x
—

g~ Cadmiunm
- 4+ — Chromium

Extraction

| 1 I I i i [

g 8 8 R 88 ¢ 8 &

-’

Ayupresly Jo [®83ap [e10]
poULBeT jUsdled salvIUIND

21

(Bishop, 1988)

15



2.8

281

(Limestone)

(Gypsum)

cement)

4,
cement)
b,
cement)
1

1,600

(Marl)

18

(Clay) (Shale)
(Iron Ore)

(ASTM)

( Modified Portland cement )

(High-Early-Strength  Portland

(Low-Heat Portland

(Sulfate-Resistant Portland

1,400

4

(tricalcium silicate) (dicalcium silicate)



19

(fricalcium aluminate) (tetracalcium

aluminoferrite)
2.3 ( , 2529)
Ca0 60-65
Si02 20-24
AlA 4-8
Fed 3 2-5
2.4 ( , 2529)
3Ca0.Si02 (C¥) 49
2Ca0.Si02 (C2) 25
3Ca0.AID 3 (CH) 12
4Ca0.AID FeX) 3 (CAF) 8
1
2.8.2

(Quick Lime)
(Hydrate Lime)

61
24 82



20

2.9

29.1
(Cement Paste)
(Hydration)
2 (3Ca0.5i02 + 6HD > 3Ca02Si023HD +3Ca(OH)2 or
2 (2Ca0.Si02 +4HD ->  3Ca02Si023HD + Ca(OH)2 (2)*
3Ca0.AlD 3+ 6HD 3Ca0 AlZ) 36H) (3)
(CY) (Cx)
2
(Ca0)
(Ca0.Si02 (Ca(OH)2
(Ca(OH)2 (Ca0.Si02
2
1 - - (Calcium-Silicate-Hydrate,C-S-H) ~ 3Ca02Si023HA)
50-90
2, (Calcium Hydroxide, C-H)

20-25



tOlin !

2.9.2 1 (Pozzolanic Reaction)

FeD3 Cal

3Ca(OH)2+ 25102 > 3Ca0.251023HD
3Ca(OH)2+2A8  -»  3Ca0.2A1033HD

2.10
(.. 2531)

6( . .2540)

L (- confined compressive strength)
ASTM D-1633  D-2166 A5

(Secured landfill)
2. tdoen LNy
3. (Leachant

(Leachate extraction procedure)

21

Si02 aid3

(CZ)

Extraction fluid)

6 (. .2540)



211

2111

Fluidized Bed

Brunner (1993)

Stack 69

1,500°F (815°C) 3

(EPA, 1972 , 2540)
Scrubber
3L Scrubber water

57 % Scrubber water  Stack 43 %
30 % Scmbberwater  Stack 70 %

22



23

31 % Scrubber water  Stack 69 %
47 % Scrubber water  stack 53 %
16 % Scrubber water  stack 84 %
- 20 % Scrubber water  Stack 80 %
. 0% Scrubber water  Stack 100%
30 % Scrubber water  stack 70 %
20 % Scrubberwater  stack 80 %

1,700 K
Sarofim (1994)
1,700 K ( 1,427°C)
L
?I
2.
BN A
32.36 " 8
83
1,028°c
Cowley, Gallagher Nee (1994) Kodak
Company Rotary Kiln Venturi scrubber
? Rotary
Kin  1,028°c 1,042°¢ 064 | .
034 ./ . Venturi 029 . .

001 J . 47%



80

, Biswas

80
Hinshaw (1994)

20

Fendinger (1994)

1,100 - 1,600 K (827-1,327°C)

Falric  Filter
ESP(Electrostatic Precipitater)

1,093°c

2,000 (1,093°C)
(Cr03

24



2112

Shively

(Compressive Strength)

10
05 10

WIC 0.5

Bishop (1988)

(1986)

6.0

WIC 05

15

(Leaching  Tests)
4

3
(Ca(OH)2
10.0
(Compressive Strength)
10
3

25

S.EPA.
0.5

14



26

Jaggi  (1988)
(Cement kiln dust)

(Aldrin)
? 2
1 ?
pH
2.
3 0.5
0.35

4 11
.



Shin jwatthana  (1988)
?

(Aldrin) (Chlordane)
(Leaching Tests)

L
2.
0.5
?
pH (Extract Solution)
B,
6.

Chang (1989)

11

2

(Compressive Strength)

0.5
10 025



28

60
Shin (1990)

(Fly ash) 3
3

pH

60

60

Scanning Electron
Microscopy (SEM)  X-ray Diffraction Analysis (XRD)



29

Ril  (1990)

1:1) ( 1:2)
05 065

0.2
0.5

0.55
0.75



Yoim (1990)
COD)

1

2.

3.

Claudio (1991)

(

Al +3)

90

0
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