5
23-92 4-7 6o
13 arsenic, antimony, beryllium, cadmium,
chromium, copper, lead, mercury, nickel, silver, selenium, thallium zing
(US.EPA, 1979)
COD

Hg2+, HgCl. +2NaOH —» Hg(OH,. + 2NaCl (1)

Cr3+, Cr.( 0.5 +.NaOH -» 2Cr(OH, +3Na. 0. 2)

Fed+, Fe.(S50., ++NaOH -» 2Fe(OH,: +3Na. 0. (3)

1400-
1500



4

(Tricalcium ~ Silicate) (Dicalcium
silicate) (Tricalcium  Aluminate)U !
(Tetracalcium Aiuminoferrite) 31

4

(Tricalcium Silicate)
(Dicalcium Silicate)
(Tricalcium ~ Aluminate)

(Tetracalcium  Aiuminoferrite)

31

3Ca0.S10. C3S
> Cao Sl - C28
3Ca0.A1203 C:A

4Ca0.A1203Fe. C3 C. AF

70-80 %



Iran fl « * JVitiinm:
«wininioami) 81BB

(1B
ASTM 5

1 (Ordinary Portland Cement,
OPC)



0.03 0.42
223 248
SiC2, Al203, Fe2U3

ASTM  0618-85
SC2,A203  2"3

1) class C Si02, Al203 1Fe2C33
50 %
2) class F SiC2, Al203 1Fe203
10 %
1) class C
2) class F
ASTM C618 - 85 3.2

3.3



ASTM C618 - 85

34

3.2 ASTM C618 - 85

Si02+A1203+Fe2C>3 o
0 3 %
Pozzolan Index %

%

3.3
Chemical Composition

10,
Al.Q.
Fe.0.
Ca0
MgO
S0,
Na2)

34

213
66.5
53.3
337

3.2

3.3
!
N F C
10 10 50
4 5 5
15 15 15

115 105 105

Average Quantity (%)

Fly Ash Silica Fume

54,2 87-08
163 :
11.7 0.1-5.0
78 <o
1.4 0.1-5.0
43
( )
( .2536)
0.13
0.25
0.06
0.003



(Silica Fume)

2.2-2.5
0.5-0.7
3.3

1) : ( Hydration Reaction)

(cement gel)
- - ((--) 50-90
(Ca(OH).) 20-25

2(3.Ca0.5i02)+6H2073.Ca0.25i02.3H20+ 3Ca(OH)? (%)
2(2.Ca0.5i02)+4H20->-3.C0.25i02.3H20+ Ca(OH)?2 (5

( Ca0 )
(Ca0.Si0 2) " (Ca(OH)2)
(Ca(OH)2)
(Ca0.5i02)¢n 2



11) - - (Calcium-Silicate-Hydrate, C-S-H)
3 .Cao 2 SIO 2 .3 H2 0

1.2) (Calcium Hydroxide, (Ca(OH)2)

2) (Pozzolanic Reaction)
ASTM (€595
(Calcium Hydroxide)n
Si02, Ako., Fe.U. Ca0

Ca0 free limef
C-S-H
Ca0 + 20 —A Ca(0H)2 M)
3Ca(0H)2+2Si02 —> 3.Ca0.25i02.3H20 (7)
3Ca(0H)2+ Al203 —» 3.Ca0.2A120 3.3H20 8)

( Calcium-Silicate-Hydrate, C-S-H)II
(.Ca0.2A1203-3H20)



(Hazardous Waste)

W
Resource Conservation and Recovery Act (RCRA)

The .. Environmental Protection Agency(U.S.EPA"

. The Resource Conservation and
Recovery Act,Subtitle C

10



o1 B~ o v

o

8

9

10. polychlorinated biphen

11,

12,

13

(ignitibility®

(reactivity)

(corrosivity”
(toxicity)
(leachability)

(pathogenicity)

14

(

yls (PCBS)

2536)

(explosiveness)

11



12

14

(stabilization/solidification

of hazardous waste)

(stabilization)

(solidification)

35
T Cement Base, Pozzolanic(Lime Based), Thermoplastic,

Organic  Polymer, Surface Encapsulation, Self-cementing, Glassification and
Production of Synthetic Minerals or Ceramics



13

Cement Based, Pozzolanic(Lime Based), Thermoplastic,

Surface  Encapsulation, Glassification
3.5
(solidification)

1.Cement Based

2.Pozzolanic (Lime Based)

3.Thermoplastic

paraffin polyethylene
4.0rganic Polymer

(gelling agents formadehyde)
5.Surface Encapsulation

polyethylene organic resins
» .Self-cementing

bitumen,



14

3.5 ()
1.Glassification and Production of

Synthetic Minerals or Ceramics
synthetic  silicate

mineral

Engineering and Science, 1989

Rijal (. .1990) 7
3.6
3.6 !
1.Cement Based  Chemical ( 1 I
fixation
solidification )
1
1
2. Lime Based Chemical URN cement Based
fixation 1
solidification )



15

3.6 T ()

3.Thermoplastic physical (
Based fixation )

strong oxidants,dehydrated

salts
4.0rganic physical - .
Polymer fixation ( ) Polymer's matrix
Process - .
5.Encapsulation chemical . .
contanment
.Self Cementing  chemical ] .
fixation
7.Glassification physical .
fixation '

Rijal, .P..1090



3.1

Oxidizers

Sulphates

Halides

Cement Based

Lime Based

Thermoplastic
Encapsulation

(binding agent)

3.1

Thermosetting
Micro
Encapsulation

16

Macro
Encapsulation



17

37 - ()
Cemmt Based  Lime Based Thermoplastic Thermosetting Macro
Encapsulation Micro Encapsulation

Encapsulation

Khomgrit Leangon . 1993

(Cement-based Technique)

(Bishop ,1988)

ol B o

o



18

3.
Bishop(1988)
Buffering Capacity
1. (Buffering Capacity)
(leaching Test)
15
31
15
15 17%
15 15 18.3

meq/g Buffering Capacity
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Extraction

31

3.2
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——a—— Cadmlum

70 | —»— Akallnlly -

T Ll | I I
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804 — + — Chromlum

I
o
@

100 —
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xtrection

N
o

3.2

3.2



%

nos ! flo )tiuuinu

e «13ntnbtt 21
3.3 pC-pH diagram
jonic strength 0.75 M
12-13
Leaching Test?
15 50-70
50,85 75 %
90, 98, 80%
s %
\f
2 26 )
]
2;. C
4
6 —
& | 1 I ] i
4 8 8 10 I 14

3.3 pC-pH Diagram



Poon (1985)
, Scanning Electron Microscopy(SEM),
X-ray Difraction (XRD)
( Na2SiC>3) 40% 28
24

Chemical stabilization

SEM  XRD Zine Silicate
( 22+ SC2Y) Calcium Zincate (
Zn2+  Ca(OH).)
Ca(OH;.
Physical entrapment
SEM
XRD

Amorphous Calcium-Silicate-Hydrate

22



Sujiwatthana (1988)

capillary pores

0.5

0.5

23



(Leachability)

L= WiWo

24



25

34
amphoteric
(Leaching Test)
s .EPA. (1980) Toxicant Extraction Procedure (TEP)
Extraction Procedure (EP)
3.8
(. .253])
L.
05-5.0
2 1 50
5.8-6.3
10 | ) ()
3. 6 200
5



Po(OH),
w2 L CR(CH)Z .
In{OH),
el ; ey
Cu(CH),
L N(CH),
?—“(Q‘-‘*};
w0? [
=
e %,
o
2 .
3
?
Z L
°
[ =
o
s o
<
Q
g
.5 =
QO
1T
¢ -
ot o
L ;
1 2 13 14

JUN3.4 nusasnNuaInsalumsazaouaslansminlansanloduas lansaa lne
731 US.EPA..1981



3.8
Procedures)

Perket

Standard Leach

EPA)
28.6¢ ,

centrifugation
filtration

0.45JJ.m pressure
filtration
101 71 101 ¢ 8:1)

buffered acetic acetic acid

acid sodium
hydroxide
4.9-5.2

rotation shaker
24 24
centrifugations'
0.45
0.45

Webster , 1981

Toxicant Extraction
Test Procedure (US

mechanical strirring

21

(Extraction Test

ASTM Method A

350 g

41

ASTM Type IV
water

reciprocation
shaker 48

0.45

Extraction
Procedure

100
(0.5% )

9.5

2001 ( 16:1)

0.5 N acetic acid
4 mligTy

4.8-5.2

24

0.45



Sollars Perry(1989)

Engineering Science Thai DCi
Systems Engineering (1989)

Threshold ~ Value
Threshold Valuetl
Threshold  Value

100

Threshold Valued
3.9

(Bioassay”
Threshold Value( )

24-hour LC 50 20 %

28



3.9  Threshold Value
Threshold Value
(mg/l)
Arsenic 5.0
Barium 100.0
Cadmium 1.0
Chromium 5.0
Mercury 0.2
Selenium 1.0
Silver 5.0
S.EPA.(1992)

(Extraction Procedure”
solution) . .EPA

3.10

Waste Code

D004
D005
D006
D007
D008

D009(Low Mercury
Subcategory less than
260 mglkg Mercury)

DO10
D011

US.EPA. 1992

Aldrin

Lindane
Methoxychlor
Toxaphene
2,4-D

2,4,5-TP Silvex

Regulated Hazardous
Constituent

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury

Selenium
Silver

29

Threshold  Value
(mg/l)
0.02
0.40
10.00
0.50
10.00

1.00

(extract

3.10

Concentration

(mgll)
5.0

100

1.0

5.0
5.0

0.2

5.7
5.0



Arsenic
Cadmium
Chromium
Lead
Mercury

'( 341 )

(..

1.04

2531)

1X10*8
14

25
(mg/l)
>5
>5
>5
> 0.2
(.. 251)

30
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'
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32

/ 1985-1996
Poor) et.al.(1985)l

Scanning Electron  Microscopy(SEM) . Energy Dispersive
Analysis of X-ray EDAX)

breakthough

1 3.5-3.7
breakthrough 55 %

Calcium monitoring data
Cumulative weight of Ca released before breakthrough(g)

0.15 M buffered HAC (q) 3.67
0.30 M "emmmemsememmeeees " 3.68
050mM" e " 3.17
Average () 351
Calcium (g) in 40 g raw sample 6.40

Percentage of total 55



I - - (C-S-H),
Ettringite(Aft)  monosulphate(Afm), unhydrated
cement grain (b-) (
Ca2+ Si032' ) EDAX
1C.2CO
(‘75 ol —I:
1ccer \\ -0
| 3 ik
T
€ e
E £
S 100
[\b\
el
I+ A—?——.}—?—‘}—.‘_—.}—o—b—b—-

3.5 15M  buffered HAC leachate
0 = pH#= Calcium 7 = Mercury ;A = Zinc

33



Aft Afm
C-S-H EDAX
4 Aft
ydrolysedaan
emi geto
o/o.—a/ 0‘0‘0/0\0
</ N\
€20}~ \ a-!lo
W 9
\\\f 1 =
3
i LA s
i '&: 1
:Z 1Co- /h‘l‘
10+ e~
L~ vy — b ATV
3.6 03 M buffered HAC leachate

0 =pH ;e =Calcium ; = Mercury ;A= Zinc

34



5 Cement grains
amorphous EDAX

(pfan)
I
1 { T
' wom ]

Tore)
LR

| Lt e e i

-

K
Elution

3.7 05MTJ  buffered HAC leachate
0 = pH ;#= Calcium ;a= Mercury ;A= Zinc

im wv)-°n

gel

35



1.0

0.5

C-S-H

Shively et.al. (1986) .

. EPA

1.0

10

0.5

0.5

C-S-H

14

15

0.5

36



3

Bishop (1988)
15
(buffering capasity)
18.3  meq/gtl 3

JagQi(1988)

USEPA
Extraction Procedure

0.5 0.35



Shinlis Sujiwatthana(1988)

0.5

10 025

Cheng(1989)

38



39

McWhinney et.al.(1990)

28
X-ray  Photoelectron
Spectoseepy (XRS) &anning Electron Microscopy(SEM)It  Energy  Dispersive
Spectroscopy(EDS) 7

SEMi EDS

Rijal ~ (1990)

111 0.5 0.65



US.EPA Extraction Procedure

0.2 0.5
0.5
Roy etal.(1991)
class F
0.4
143
28
Scanning Electron Microscopytt ~ X-ray Diffractometry(XRD)
L. XRD
Quartz' Mullite  Magnetite
Ettringite Gypsum straetlingite
2. XRD
3

Quartz "Mullite  Magnetite

Ettringite, Monosulphate, Gypsum ~ Caicium Aluminate Hydrate

40



41

SEM Ettringite

2.2 Hydroxyl ion

Roy etal. (1992)

86.2, 84.1,18.8 0.137

! class F . class C
0.3 1
class F 0.2:0.5:1,
0.3:0.5:1 0,25

: % scanning
electron microscopy (SEM) . energy dispersive X-ray spectroscopy (EDX)  X-ray
diffractometry (XRD) ettringite  crystalline

crystalline

crystalline

FuesslellS Taylor(1992)

0.2-0.4
0-0.3
0.12 0.2 1.0 1 21
Toxicity Characteristic  Leaching



Procedure(TCLP)

Cheeseman et al. (1993)

10 M

Leangon(1993)
semi-conducter
emi-conducter

, ( Extraction Procedure Toxicity)

0.3 3.12

28

1

42



43

3.12
No.
OPC LM RHA FA SF SL1 SAND

3 0.7 0.3

4 0. 04

5 0.9 0.1

! 0.7 0.3

8 0.7 0.2 (e

9 07 0.1 0.2 03 2.0
11 0.9 0.1

12 0.85 0.15

13 0.7 0.1 0.2
14 0.3 04 0.3
15 0.2 0.5 0.3
16 0.1 0.7 0.2
iy 0.1 0.0 01

OPC = RHA =
FA = SF =
SL = LM =

Leangon . 1993



1.

07:0.2:0.1 0.64

Wetting

2. semi-conductor
07:0.1:0.2 1.37

Yang et.al.(1993)
scanning electron microscopy(SEM), Freezing Test,

Drying Test, , TCLP
3%

Freezing Thawing Test

Toxicity Characteristic Leaching Procedure

canning Electron Microscopy(SEM)

44



FuessleLt Taylor (1994)

60 335
Leaching Procedure 60

335

Chawakitchareon and Kiniman(1996)

431, 4.15, g

0.252

0.25

0.20

Toxicity Characteristic

0-75

50 %

45



46

3. 0.50

28

0 50 % 28

0 % 26.4%
80% 50%
30.70% 50% 90 %

1.
o % 6800
50 % 3600
50%
o %

(19%) : -



3.91, 9.93 4.59

2
0, 0.25, 0.35, 0.5, 0.6, 0.7
3

3,7, 14 28

4
1.
1.75
3.00
2.
3.

0.25

4



1.75

94.00

0.25

99.49 %

60.01

91.40

%

3.00

48
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