H8 }J am titutitm :

iwiiumminnirtnna

3
31 (Lead)
1 5000
2300
(Cyprus) (' rdinia) (Spain)
(Phoenician) 1
40,000
4 5

(Ullman’s Encyclopidia of Industrial Chemistry, 1990 Encyclo-
pidia of Chemical Processing and Design,1988)
20,000 ( , 2530)

311

Pb 82
207.21 IVA

(Ullman’s Encyclopidia of Industrial Chemistry,1990 Encyclo-
pidia of Chemical Processing and Design,1988)
31

312



31

327.43
1740
20°C 11.336
20°C 11.336
! 0.112
20°C 14,000
16.5
: Encyclopedia of Chemical Technology, 1967 Ullman’s Encyclopedia of Industrial Chemistry,
1990.
1
60

Ullman’s Encyclopedia
of Industrial Chemistry,1990
. . 1984-1989 6
(automotive batteries)
(traction batteries) (stationary batteries)
(automotive batteries)
(SLI batteries) . . 1987
160 500

(stationary batteries)



2)

(plastic stabilizer) 14 *

(lead glass)

3) (semi-finishing product)

4)

5)
(solder) 4

6)

(gaso-

line additive )



313

( 428,57 )

( 2538)

D

(colic) (acute

lead poisoning) (chronic lead poisoning)

2)



3)

1J
4)
(hyperaesthesia) (paraesthesia)
5)
60-70
- EPA
- International Agency for Research on Cancer ( IARC )
2B
314
. 2514
.. 2521
4
3.2 (Lead Smelting)
3 (galena)

(ce-rusite) (anglesite)



32

3.2

BaO
CaO

2 (smelting)

64.15
245
394

0.089
0.24
0.02
3.78
128
3.78

12.93
165

8.5

, 2531

(refining)



60

321 ( Smelting )

(rotary furnace)

PbCOg
2PbO

PbO

PbO

33

+

+

+

C

6(0)

Fe

(flux)
3.3

85

1.25
1.25
1.25
1.25

100

, 2531

1100 7-8

-» PbO + Cco02
-> 2Pb + C02

—> Pb + Cco02

—> Pb + FeO



(flux)t
3.2.2 (Refining)
ASTM  29-79
1 (drossing)
450 9
)
2) (decoppering)
1 2
6
3) (desilvering)
Parkes
450
320
4) (dezincing)

520-580

JIS H 2105

0.004-0.04

340

4.3

1



5) (softening)

400-460
6)
/ 500
(85% )
alAn (7%) —} l {— YU, Wan, 381 (5.5% )
. NNFEAN . - .
—— Hu(1.25% ) — ~— NNASNFUNNMALU ( 1.25% )
( Mixing )
UKD
( Smelting furnace )
l | NINAZNFU (34.2% ViTD
Uszann 60%iaeimin
° v i, e < Wl
msinincinigns L | YRILVIRZNVILER 16

( Refining furnace )

'

¥ < a L .
WIATNILIENS (51.3% )

31



—’

(Pb Bullion)

;

Kettle 1 : NMsNa20194

Uil 450°aidins 9 Falua

:

Kettle 2 : N12N19ANBIUAI

M399 (Dross)

i m2849 (Dross)
faumpil 340°adies 6 dalas
Kettle 3 : N13N19ARY . :
: Rich skim
AUNNN 450—5>340°ndes 8 Falua _
- g Poor skim _I
Kettle 4 : pasnnandanz@
b ‘ fan=@
fruu)ii 520-580°aiiua 4.5 Galua
Kettle 5 : nayaaninuii
n3849 (Dross)
frunnI 400-460°aiTind 6 Galua
Kettle 6 : MINIANNATDIRTUGAYINE
3 m?eq (Dross)
il 500°wadins 4.5 dalu

¢

. X
vaedug (casting machine)

o e &
ACNIUYNUIRNS

3.2

14



3.3

1)

2)

6.35
3)

4)

(Hazardous Wastes)

. .2535

(  Environmental Protection Agency)

6 . . 2540

125
20

( rface impoundment)



16

34 (Hazardous Waste Treatment)
6
1 (Physical method)
(centrifugation) (filtration)
(gravity thickening)
2. - (Physical/chemical treatment)
(adsorption) (precipitation/flocculation)

(ion exchange)
3 (Chemical method)

(neutralization)

(oxidation/reduction) (precipitation)
4, (Biological treatment)
5. (Thermal treatment)
6. (Stabilization and soli-
dification)

. .2540



35 m
( Stahilization and Solidification of Hazardous Wastes )

351
(Solidification)
(binder) (binder)
(Stabilization)
(Solidification)n
(fixation) "
(solidification and stabiliza-
tion; /) 1
1)
2)
3) (solubility)
(long-term containment)
352 (Solidification Techniques)
5 (Cement - based technique)

(Lime-based technique) (Thermo-

plastic technique) (Organic polymer technigue)

(Encapsulation technigue)

(waste characteristics)

(compatibility) (binder)



34

Cement-based Lime-based Thermoplastic Organic polymer Encapsulation

: Standard Handbook of Hazardous Waste Treatment and Disposal., 1990



34

(solidification)

2
353 : (Garent-esed Tedmique)
( -
level radioactive waste)
(batch) (continuous)?
(additives)
(strength) (stability)
(additives) (strength) (stability)
(curing) (setting)
A(setting)
(setting time) (strength)
(sodium) (arsenate) (borate) (phosphate) (iodate)
( 'fide)
(sulfate)” ( fate)

( foaluminate”

19



20

(additives)

(additives”

(sodium silicate)

(asphalt) (asphalt emulsion) (vinyIt

- (strength) (permeability)

- (- trength)

- (curing)

(setting) (additives)

- (secondary containment)

354 (Lime-based Technique)
(silicious mate-
rial®
(pozzolanic concrete) (sillicious material)

(fly ash) (cement Klin dust)



0 3 iniuujyioijjflu
iwitunirGumiiiitiioti

21

1J
(sillicious material) (fly ash)
(cement klin dust) (sludge)u
(strength) (sludge)
(permeability)”®
(strength)
- (curing) (setting)
(sludge)
- (secondary containment)
355 (Binder)
(binder)
2
1 (inorganic binders)
2) (organic binders)
@ - ) -



1)

(cement)

(calcareous cements)
2

APortland cement paste)

( 4)
(portland cement mortar)

(Portland cement concrete)

( 120 )

w(neat cement paste)

(

14

14-28

22



( 210

(American Standard Testing Material)

(ASTM C 150) 5

ASTM C 150

3.5

(Ordinary Portland Cement)

2)
(Ca0)

(Quick lime,Ca0O)

( Hydrate lime,Ca(OH)2) (3.5) (3.6)

1 1 3.

CaC03 + heat — CaO + CO02
CaO + D —> Ca(OH)2 + heat

Ca(HD) + C02 -» CaCO03 + HD

81.61

23



I N

(Ordinary Portland Cement)

(Modified Portland Cement)
m

(High-Early strength Portland Cement)
IV lju

(Low Heat Portland Cement)

V ij
(Sulfate-resistant Portland Cement)
G Alite
BCA Celite
%] 100

- Concrete Admixture, 1990

35 J

(9
CX() cxQ CAQ cafd Toad

55 20 12 9 9%

45 30 7 2 oY

65 10 2 8 9%

25 50 5 13 93

40 35 3 14 92
3Ca0.5i02 <C2 Belite
3Ca0.AI2) 34CAF '

Iron

2Ca0.5i02

high early

4Ca0.AID3FeD3



25

3.5.6 (Additives)

(additives)

(Air Entraining Admixture) ( ater-Reducing Admixture)

(Accelerators)

Permeability Reducer

(Alkaline

Silicates)

3.5.7

1) (Hydration reaction)

38 (.9
2(3Ca0.Si02 + 6 D -» 3Ca0.2Si023HD + 3Ca(OH)2 ....... (38)

2(2Ca0.Si02 + 4HD -> 3Ca0.2Si023HD + Ca(OH)2 ... (39)

(false set)

(3.10) (3.11)

(3.12)
3Ca0.AID3 + 6HD -> 3Ca0.2AID36HD (3.10)

3Ca0.AlID3 + CaS042HD -> 3Ca0.AldD 33CaS043HD (3.11)



4Ca0.AlD 3Fed 3+ CaS042HD + Ca(OH)2 > 3Ca0.(AID 3Fed 3.3CasS04. . (3.12)

0.5

28 (gel pore) (capillary pore)i

9117 3.3 uanaanrnizanalwe ludiist

2) ( Pozzolanic reaction )
(3.13) (3.19)
3Ca(OH)2 + 2Si02 -» 3Ca0.2Si023HD ... (3.13)
3Ca(OH)2 + 2AID3 —» 3Ca0.2Si023HD ... (3.14)
3) ( Precipitation reaction )
Mn+ + o -» M@OHHn (3.15)

Mnt + 2 -» M2n (3.16)




358 . ((Heawy Vet Brding Medrenisns )

Bishop,1988
1)
2)
3)

Bishop 3

multiple batch

34

35

multiple batch
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v N o © b, 4
- - =
A 1 = ! | 1 o]
-t
-
N
. Rl
> - @
=
=]
Hh -
2
S
| ©
-
x -
-
LM
o
L] L =LA 8 B — T L] T Ad — L G S [ |
o =} o o
N - -

d/baw ‘'payowa]
£3rures[y aaljemum)

Extraction

34

: Bishop,1998)

(

———
H

1 1 | ! I
(=} Q Q o (=}
L+ Q - « N

—1

(=
(=]

-t

LyrareAy 10 (I8N [B30]
UOAOGS Aﬂmo.HOnm obﬁdggu

0

—&— Cadmium
90 ~ + —~ Chromium
Lead
Sllicon
70 | —m— Alkelinity

8

Extraction

3.5

: Bishop, 1998)

multiple batch (



Cartledge , 1990

Cocke ,1992
SEM 3.6
3.8 39
branching cross-linked
359
Vander Sloot ,1989

29

311

cross-linked

3.6
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a

r

v

i

.
«
ot

(1 R(]]

N o
22

X

19PBL

11992)

: Cocke

(

6

3

=
L 2
o)
40
L]

inm

=

R250

.
¢

1992)

: Cocke

(

3.7



( : Cocke ,1992)

1BFEBEBU 1S5KU

71 3.9 uamdnnurlnnaiuesiunFnlssneusasnsianaaiIunITITaATAY

( : Cocke ,1992)

31
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3.10

,1992)

: Cocke

(

3.11

,1992)

: Cocke

(



3.6

1 1 1 (colonization)

2, chemical spéciation 2 2

3 3 3
4

4. 4.
5

5.

6. chemicl spéciation  pore water 6. product

matrix gravel in concrete
8. (leach-
ant) '

:Vander Sloot ,1989



Poon,1989

(teachability)

1)

binder ratio)

Phothong,1987

3.13

2)

0.5

3)

34

(compressive strength)

(wastse/

3.12

Photong,1987

(capillary pore)t



Compressive Strength,

Amount of Waste, g

8 10 12 14 16
S & i 1 1 1 i
172
g’o.z«h
. AD 168
©
<0204 U - 164
g
3 0.16 -160
i — 156
012 - y
c
3 =152
€ 0.08 - Pb OHM
A=~ Cd - 148
0.04 a/ P
0 140
T i ' T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6
Amount of Waste, g
3.12
( : Shin Sujiwatthana,1987)
Amount of Waste, g
0 2 4 6 8 10 12 14 16
4.0 1 1 1 1 1 ]| -
' Po
3.5 .
cd .
S
OHM
= 2.0 -
2 —0AD
1.5
1.0
0.5
0 1 T T T ) 55 T
0 0.1 0.2 0.3 0.4 0.5 0.6
Amount of Waste, g
3.13
( : Shin Sujiwatthana,1987)



Leachability, mg/g x 10E-3

5.0

4.0 A

3.0

(S
o
1

1.0

0.5

AD

Y
N

20

- 16

12

3.14

(

T 1 1 1 T T F ]

| -
0.4 0.6 0.8 1.0
Water/Cement Ratio

: Shin Sujiwatthana.1987)

1.

. mglg

Compressive Strength,

psi x 10E3

- Blank

T T T T T

T T T
0.4 0.6 0.8 1.0
Water/Cement Ratio

T

1

2

3.15

: Shin Sujiwatthana,1987)
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TOC. mg/g

4.0
i F 14
g 3.5 7 D//Cﬁ
x 3.0 o AD
to
I 9 B — 1
@ 2.
» — 8
-3' 2.0 - 0.’M
5 4.5+ i
5 s
§ 1.0 A
0.5 A Cd — 2
Pb
- 0 T T T T T T T T Y T v 0
| 0 0.2 0.4 0.6 0.8 1.0 1.2
i Surface Area/Volume Ratio, (1/cm)
|
3.16
( : Shin Sujiwatthana,1987)
2.0 4
o Cd
lé AD
x 1.5 OHM - 3
3)(.
g
= 1:04 Pb - 2
=
)
g - 1
5 0.5
()
3
0 I 1 T 1 T T T T T 1 |l O
0 1 2 3 4 5 6 7 8 9 10 11, 12
pH of Extract Solution
3.17

( : Shin Sujiwatthana,1987)




Leachability, mg/g x 10E-3

4.0 50
3.5 —
— 40
3.0 A
Pb
2.5 — O\O\O‘ —O—/_/— 30
2.0 -
- 20
1.5~
1.0 a
: &-———'——’——G—.I—M——-—__—__—A— 10
O —0
¢ 3
0 T T T T T T T T ] T T T T 0
0 2 4 6 -8 10, 12 14 1618 20 22 24 26 28
Curing Time of Sample, days
3.18
( : Shin Sujiwatthana, 1997)
---------- 28 11
420
/ 1 14 V.
350 / 7 £ - - v, "~ A —
! 7 \
iou
— _ _ 3 A
Jf
° fl
J H y PR ! \
!
AU 4
/
37 4 28 90 *
3.19

« ,2530)

38

fnelg



4)

5)
2539

3.5.10

1)

2
25-45%
10
3.19
(Leachability)
(leachate)
(leachability)
L = Y 0
( 9/9)
2

(batch test)



1
(batch
test) 2.
3.
1
(column
test) 2.
, 1995

2)

3.7

(column test)

(edge effect)

(Compressive strength)

o &~ w D

3.7

3.8

(edge effect)



3.8

Test variable ASTM

a Water
. Sodium-acetate-acetic

acid buffer

1:4

48 hour

Yes

Sample not ground

20 C

RCRA

Water adjusted to pH 5

with 0.5 N acetic acid

1:16

24 hour

Yes

Ground to pass through

< 9.5 mm seive

20-40 °c

Japan EPA

Carbon/bicarbonate

buffer pH 58-6.3

1:10

6 hour

yes
Ground to between 0.5

mmand 5 mm seive

| o

Water adjusted to pH 5

with sulfuric/nitric acid

1:20

18 hour

yes
Ground to pass through

< 95 mm seive

a %



3) (Density) (Permeability)
( bility) (leaching potential)
6
2
(Stabilization) ' (Solidification)
1 ( confined compressive strength)
ASTM D-1633 D-2166 35
(Secured landfill)
2) 1.15
3) (Leachant
fluid) (Leachate extraction procedure)
( 3.20)

(Leachate extraction procedure)
3.20
39

42

(porosity)

. . 2540

extraction



43

Y Y

299udia< 0.5% 2RIUTN >0.5%
ngag UALAZIAU
' ' +*
rhuuciunsesloun mmzungad 9.5 3.
$ 0.6-0.8 um l
Wahane

133104 20 WIN(NA.) 2RIUIMNEN(N.) ALBeing

;

e .
WATRILTEN

¥ 30 sauFaU 25 4 18 Falaa

+

n3el

tinausiunsesleutod 0.6-0.8 um

( 80:20 )
5

EPA 846

3.20 (Leachate Extraction Procedure)

6 . .2540



39

50

100.0

0.5

10

0.5

0.03

100.0

6.0

50

200.0

200.0

200.0

200.0

10.0

7.5

0.5

0.7

0.02

0.008

0.13

6

2,4,5-
2,4,6-

2,4,5-

. .2540

(

0.5

30

5.0

04

0.2

10.0

200.0

20

0.13

100.0

50

10

5.0

0.7

05

0.5

400.0

2.0

10

0.2

44



36

Shin Sujiwatthana, 1989

1:2 4

(aldrin)
(clordane.OHM) 5

0.5

(adsorption-precipitation of cement matrix)
(limitted dissolution of cement matrix)



2 2
4
1 25-45
10
Ching-Lung, 1989
Cement) 11
Ching-Lung 4
3
0.5
0.35

0.35
0.7
0.35

217

2
(Portland Rice Hush Ash

0.7

3

10

1

46



4

] *
Ching-Lung
(pore trapping)
, (adsoption)
(ion exchange)
05
0.7
Cartledge 1990
2
0.3

(Toxicity Characteristic Leaching Procedure)  Solid-state NMR



8.5-10

13

Thomas 11981

Thomas

Dissolution-Precipitation

Thomas

28

Leagon, 1990 2

48



17 '
flow table ASTM C 203-90 1
0.3
0.7:0.2:0.1
0.64
0.7:0.1:0.2 1.37
' b3
3
Nakamura , 1992
50% 3 453
786 1,160 kg 030 040
(High range water-reducing admixture)
160-200 mm

o1



786 kg

0.30

90

Nakamura

0.40

28

91

0.30

0.30

0.40
?
28 9
453 kg
0.40



Sakai , 1992 Nakamura
]
4
300 400 500 600 2kg 50 60 70
80 2 210
300 kg/m3 (Air-entainment admixture)
411 51l

210 kg/m%

300 kg/m3
3 T 28 a9
80
300 kg/m3
600 m2kg 60%
ASTM C 150
(Low-Heat Portland Cement)
Cocke 1992



X-ray photoelectron spectroscopy(XPS), Scanning electron microscopy

(SEM) Energy dispersive X-ray spectroscopy(EDS)

10%
' 04
( 4.85) 2
36 311 36
38 39
branching  cross-linkd

>Si-ox + H(ag) — >Si-OH + x"(aq)

> Si-0jX + HHag) ->

SEM/EDS '
XPS
28 85%
SEM
3.7
Cross-linked
3.17 3.18
.......... (3.17)
>SI-0H 2 xHag) . (3.18)



53

1994 '
3 ,
Qdrary Raflad GretCRO )
0.1 1:2
1:2
1371424
28 2 US
EPA
1
14
28 '
1 EPA
1

28



0.35

Is%

20% 1

, 1994

(stabilization)

(secondary lead)

11

, 1995
(Ordinary Portland Cement:OPC)
(Rice Husk Ash:RHA)

54



55

(Portland Rice Husk Ash Cement PRHAC)

11 0.65
3
EPA
75 100 14
R R 10%
50%
3 EPA
60
400
1
, 1995
5 (Ordinary

Portland Cement) (Sulfate-Resistant Portland Cement)



20

40

1995

5.8-6.3

(90

11

14

15



57

10

, 1996
(Sulphur Extended Asphalt: SEA)
Orthorhombic(Sa) 8
Crown-shaped rings(Sg) 119

Monoclinic(Sp)

Rings 8
159
8
(Polymerization) ( 119-159
)
2

(120-140 )



25%

2.7x10'9
2.25
EPA TCLP
(. ) 0.5%
0.16
4
25
TCLP
3

Lin



+ 0.08

25

8-12
80-120

EPA

25

1996

59

3.07



0.25

0.25

1.75

60.01  91.40%
5,000 3.0

94.00 99.49% 5,790

, 1996

0.25
0.25
50
0.25

0.5

60



264

0.5

28

50

1996

6,800

50

0.25

30.7, 50

3,800

90

80
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