5 (Atomic Number)

2392 47 6 (

(Oxidation Number)

(Complex  Componnd)*

(Organometallic compound)
(Food Chain)

u.s. EPA B



(Hazardous waste)

(Pojasek, 1979)

(Srivastava, 1989)

(Aoid/clay process )

44,83
MJKg (MuellerAssociates, Inc., 1987)



390 ° 2y
8% 1%

5 8
!
120 ° 6-8 %
150 °
2 SI/A
0 2538)
1. a;aazﬂliﬂagnlﬁguiﬁnﬂiuiu
i

(re-refining process)

(Mueller Associates, Inc., 1987)

= 000 X
= 000 X

() = 005 X ()
= (6 X 106) 107



8571429 |/
= 01X 8571429

= 857,143 /
= 0.05 X8,571429
= 423571 /

(Mueller Associates, Inc., 1387)

4
L (Physical treatment)
(Carbon adsorption)
(Centrifuging) (Coagulation &
Sedimentation) (Distillation)
2, (Chemical treatment )
(Neutralization) (lon-exchange)
(Oxidation & Reduction) (Prscipitration)
3. (Biological Treatment)
(Composing)
(Activated Sludge) (Anaerobic digestion)
4, (Thermal treatment )

(Youn, 1990 Cassell
Walker, 1970)



10

(Stabilization)
tJ
(Solidification)
(Sludge) (Binder)
(Solar  Perry, 1989 Wiles., 1987)
(Inorganic fixation) N

(Organic  encapsulation)
(Poon, Peters ~ Perry, 1983) 31

31 (Poon, Peters  Perry, 1983)



Cheng Bishop (1992) [}
L
2 il
3
Shuckrow (1982) Rajal (1990)
1 L (Cement-hased techniques)
(Lime-hased techniques) ' (Thermoplastic
techniques) 1 !
( Organic polymers) (Encapsulation)
(Sell-cementing techniques) (Glassification)
31
2,
(Bishap,
1988)
21

(silts)
ll



31

Cement and Silicate
Based Solidification/
Fixation

Lime Based
Solidificatlon/Fixotion

Thermoplastic Based
Solidificntlon/Fixation

Organic Polymer Piocess

Chemical Fixation/
Solidification

Chemical Fixation/
Solidification

Physical Fixation

Physical Fixation

/

m tr

(Shukrow

1)

dehydrated salts

Cement Based

Strong  Oxidants,



31()

5. Encapsulation

6. Self Cementing Techniques

7. Glassification (Vitrification)

Chemical
Containment

Chemical Fixation
[Solidification

Physical Fixation

*

(Shukrow

(additive)

198)



U

(Rajil, 1990
Malone Jones, 1983)

(Sulfoaluminate Compound)
(Thomson, Malone Jone,

1979)
(Rijal, 1990 Barnes
, 1979)
Sallars Peny
3.2

2.2

Thomson, Malone Jone



32
(Sollars  Perry, 1989)

11
12
13

14
15

21
22
23

Bishop

31

15

3.2
15
15

10

15

. EPA

15
18.3



16

3.2

3.3

3.3

1d

-t

T T T T

S T 3 I-']lld.llu 1
o (o] .U.

©) -
J/Laul 'payoud’|
AV JUpludy 2av[nuIn)

Extraction

(Bishop, 1988)

15

3.2



100 »
—— Cadeluny . P SIS S MY - .—’.__’_.
‘ L _x
G.G-d Alk < -
= - — Ciromluxm =
- Laad /'2/-_
o e a
80 %

«=x-- Zllcoa /"
70 o —e— Akallzily & . Cd /

Total Metal or Alkalinity

Cumulative Percent Leached

Extractlon

3.3 )
5 (Bishop, 1988)
(Soroka, 1979)
2
1. Non Hydraulic Cements
(Stable)
2. Hydraulic Cements
(stable)

Hydraulic Cement

(American Standards of Testing Material, ASTM)

i



33

33
(

| 25%9)

(Ca0)
(Si02)
(A1j0j)
(Fe20 3)

(3Ca0.5i02)
(2Ca0.5i02)
pCaO.ALp-j)

(4Ca0 .ANOj.Fe 3)

(Quick lime)

61

(Hydrated lime)

(Qrdinary Portland cement)

(Modified Portland cement)
(High-Early-Strength Portland cement)
(Low-Heat Portland cement)
(Sulfate-Resistant Portiand cement)

60-65

20-24
4-8-
2-5

49
25
12

IJ n 4; I A

24



19

816 | 253))
1
(Cement paste)
2 (3Ca0.Si02 + S'lip > 3Ca02Si023Hp + 3Ca(OH)2 31
2 (2Ca0.5102 + 4Hp > 3Ca0z Sio23H20 + Ca(OH)2 (32)
3 Ca0.ALO3+ eHZ > 3Ca0.AiP36H0 (33
3 Ca0.AiPj+CaS04,2HD > 3Ca0.AlD)33CaS04 31HD (34)
(Buffering capacity) 100
11
(adsorption)
(Shively , 1986 Batchelar Mcdevitt 1984 ; Warren Dudas,
1984 ; Panday ,1985)
(Lea, 1956)
h (Extraction procedure and leaching test)
(extraction)
(leaching)

(Perket Webster, 1981)



Perket W ebster

3.
(.. 2531),
1 0.5
5
! 1 ]l
58 6.3
() ()
3 b 200 !
5
4, l
b,
(Sollaxs
Perry, 1989)
Clements Griffiths (1985) 1070
Sealosafe
Stablex
L. !
( Confine . compressive  strength) (Unconfing

compressive strength)



3 1

4,
(Extraction
Solution)

D pH

Test

Standard Leach
Test
286

( )

045 /' m pressure
filtration
0:1 7:1

Buffered acetic
acid

rotating shaker
2

0.45/Im

(Perket ~ Webster, 1981)
Toxicant Extraction ASTMMethod A Exraction Procedure
Procedure
3 10
03 )
% .
centrifugation
filtration
0:1( 8] 4:1 01 15:)
acetic acid ASTMType vV 05N acetic acid;
Sodiumhydroxice ~ water 47
49-52 48-52
()
mechanical stirring  reciprocating snaker
VI 8 2
045/rm 045 /I m 045//m
Equilibrium

(. 253



180 °
0.45 um

3

Ixicre6 /

(Inert waste)

DIN 38414-54
24

(.. 2530)
%

2



(+6)

AOX **
Solvents **
Pesticides **
Lipoph.sub

* -

04-02
01-05
01-05
2-10
04-20
002-01
2-10

4-13

02-1.0
20-100
10-50
02-1.0
1.2-6.0
02-1.0
02-1.0
6-30
0.6-30
00201
15
04-20

500

N

it .
I
£

==

=
19
A
/
/

CVS.

Q.

/.

* = Adsorbed organically-bound halogens

** = Chlorinated

| %5%)

4-13
Q1 /.
<10 /.

23



24

Shively (1986)
(Compressive  Strength) (Leaching Tests)
4
15 4
1 4
. EPA ( ) : (WIC)
05 10 /
05 10 3
(Ca(OH)2A
pH 100
pH <6
2 (Comperssive Strength) 14
wiIC 05 10 WIC
05
(oil scum) (oil
sludge) (bottom still (oilly mua)
, (lanafill (land farming)

(Mueller Associates, Inc., 1987)

Bishop (1983)
15 Buffering Capacity
18.3 meq/g 3



Jaggi (1988)

T
2.
3
4, ; 05
( ) 0.35
()
Shin Sujwatthana (1988)
4
(aldrin) (Chlordane)
(Leaching Tests) (Compressive Strength)
L.
2 05
3



Chang (1989)

11

Rilal (1990

0.75

Claudio (1991)
3

02

0.5

03,05

05

055



Cheng Bishop (1992)

Scanning Election Microscopy (SEM) Energy dispersive X-

ray (EDX)  Wet digestion/AA Methed

(2537)

slaked lime

(activated sludge process)

(2537)

sludge lime

(acid sludge)



1
(Scrubber ) Electrostatic Precipitator-EP
2
3 ! (oil scum) (oil sludge)
(bottom still) (ol mud)
31 .
!/\/\/\/\
32
(2337)
2
%%
(fuller” earth)
%% 8% - 10%
50-60 600-800
%% 10%-12 % 60
600

2536



2

(acid rain)

 %537)

10 2539)
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