4.1

4
Ay 40.52%, 37.50%

MgO, Ca0, PgOg  KgO

(CEC) 4.75
50,8127
11 42
4.75
(Fe20g)

/
200, 150, 100, 30, 30, 8 4
2541)

0.5-2.0
Si0g, Fe23
19.13%
0.09-1.07% MnO, TiQg,
1.83
52.2258

(Cation Exchange Capacity; CEC)

(AlgOg)
56.68%

(Brady, 1984;
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4.1

1 * (
1.1 Si02 40.52%
1.2 Fed) 3 37.50%
13 AID3 19.18%
1.4 MnO 1.07%
1.5 Ti02 0.67%
1.6 Mg0 0.44%
1.7 Ca0 0.44%
1.8 p25 0.09%
1.9 K2 0.09%
2 (pH) 1.83
3, (CEC) 4.75 cmoldkg
4, 52.2258 m2lg
d 50.8127 A°
* X-Ray Fluorescence Spectrometry
52.2258
50.8127

(Activated carbon)
1,000
10-1,000 (Sawyer et. ., 1994)



4.2
1
3
42.1
50
2, 4,6, 8 10 12
4.2 4.3
11 -3
4.2
99.22 - 99.46%
18.52%, 83.99%
2, 4 6
93.47%, 93.43% 93.12% 8, 10
55.16% 57.54% 2,4 6
8 57.30%
10 12 62.33%

40

1.00
25 6
87.46%
12
54.81%,
62.28%



100

©
o

e8]
o

70

60

Uszandmwmsidalanzwiin (%)

50

40

4.3

na (72ln)

4.2
( (%)
2 99.22 78.52 54.81
4 99.46 83.99 55.16
b 99.24 87.46 57.54
B 99.37 93.47 57.30
10 99.43 93.43 62.33
12 99.43 93.12 62.28

0 6 8 10 12 14

41



42

4.2 4.3

10

99%
93.47%
8
62.33% 10

(Specific ~ adsorption)
(Alloway, 1995)

(Brummer, 1986)

(Kinniburg et al,,

1976 ; McKenzie, 1980 ; Brummer, 1986 ; Alloway, 1995) (pK)
M2+HZ = MOH+H+

(Brummer, 1986 ; Alloway, 1995)
1.7, 1.1 9.0

1.33 0.71 (Cotton and
Wilkinson, 1988)
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0.25, 0.50, 1.00, 2.00
25
42.1 2

44

2.00 3.00
99.71%

2.00

0.25

3.00
98.21%

43

3.00 100
6
8
10
43
21 <23
43
0.25 0.50
5493 %  69.02% 1.00
92.59 %
99.45%
2.00 3.00
100%
2.00

0.50 50%

33.45%  46.02% 1.00
61.07% 2.00
90% 90.24%

3.00
0.25 0.50

50%



1.00
2.00 3.00
87.93%
, 4.3
0.25-0.50
3.00
2.00
0.25-0.50
50% 1.00

3

56.10%
18.57%

44

44



30 (%)

e

43

100 -

90 -

80

70 -

60 -

50 -

40 -

30

20 -

44

)
0.25 54.93 33.45 35.72
0.50 69.02 46.02 43.86
1.00 92.59 61.07 56.10
2.00 99.45 90.24 18.57
3.00 99.71 98.21 87.93

: 5
| g

A

0 0.5 15 2 2.5 3 3.5

45



4.2.3

1.00

100 25

10

42.1

160

- .15

1.83

- .15

25-100

4.4-4.6

46

42.2
10

5, 10, 25, 50
3,456, 7, 8

4.5-4.7



-1 - .19
423.1
44 4.5
95%
79 93-94%
8 96.16%
10
95-96%
25 99%
5-6 99.5%
50 4-9
98% -8
100
95.56 %
8 9

4-7

4-8

44

25, 50

47

3-6

95%

100
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86.04%, 68.72% 66.16%

5 10
1
25,50 100
8-9
6-7
Initial Concentration -1 - .5)
7-9
7-9
3-6
7-9
-6
3-6
5, 10, 25,50 100
4.4 45
25 98-99%
3 86.83%
6

-9
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4.4
0)
5 10 25 50 100
3 95.01 94.29 86.83 68.13 65.81
4 95.33 95.85 99.36 95.35 89.25
5 95.16 95.28 99.58 97.00 89.20
6 95.78 95.29 99.52 96.75 91.86
T 93.72* 94.99* 99.21* 97.76* 95.56*
8 96.16* 93.08* 99.01* 98.18* 94.46*
9 94.15* 92.36* 98.44* 97.27* 93.25*
y P —— s
a— B e
¢ o et 5 ppm
JLALBNGI ; 10 ppm
° 25 ppm
u -n—>50 ppm
& “ 100 ppm
10 - {
60
2 3 4 5 6 1 8 9 10

4.5



4.2.3.2

45

4-9

83.47%
25
710.51%

3-8
3
98.88%
100 3-1
52.56%
, 3

10

4.6

10

99%

58.05%

99 %

50

45
5
96.83-97.62%
83.13%
5-1
3
98.09% 3
96-98%
50
8
3
99.52%
5-1

10
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4.5

(%)

EMWMSIMAANDIUAY

Us28nd

4.6

100

90 -

80

70 -

60

50

10 25 50
83.13 83.47 70.51 58.05
97.53 98.51 97.05 79.05
97.62 99.18 97.94 83.80
97.25 99.39 97.09 86.23
97.00 99.40 98.09* 98.54*
96.83* 98.98* 97.24* 98.88*
96.99* 98.44* 96.47* 97.88*
e A o, e |
2 4 5 6 7 8 9 10

51

100
52.56
56.94
60.84
65.97
99.52*
98.32*
98.26*

A 5 ppm

10 ppm
0 25 ppm
D 50 ppm
* 100 ppm
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7-9
( Initial Concentration
-6 -.10) ,
5, 10, 25, 50 100
8-9 5 10
7-9
25-100
6-7
6
25-100
1
5-10
4.2.3.3
4.6 4.7 4.6
, 5 4-9
97-98%
3 91.34%
10 5-9
94-98% 3 61.76%
25
3
64.29% 8-9 96%
50
3
56.95% ' 9
97.65% 100

3 39.84%



8-9
Initial Concentration

3-1

6-7

97.60%

90 %

- 1l
5, 10, 25, 50

53

/-8

- 15)

100
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vd (%)

gNSMwmMsmMIndan

Use

47

100

©0
(=]

80

70

60

50 -

40 -

30

10 25 50
91.34 61.76 64.29 56.95
98.20 88.22 62.39 66.56
98.30 94.81 86.98 711.44
97.59 97.76 87.51 12.35
97.65 97.10 67.99 13.21
98.08* 97.88* 96.01* 95.96*
98.60* 98.49* 95.89* 97.65*
= - oy i—8
3 4 5 6 7 8 9 10

A

>

=

>*

54

(%)
100
39.84
50.37
50.51
49.88
48.87
82.58*
97.60*

5 ppm
10 ppm
25 ppm
50 ppm
100 ppm
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H)
(Leckie, 1986 ; Dzombak and Morel, 1990)
SOH Nl SO +HE s (1)
SOH +H+ A-h SOHZH s (2)
SOH
M2, M(OH)+
M(OH)2 M
M2 +HD «--=>  MOH +H+ ... (3)
MOH++HXD  <-->  M(OH)2+H+ . (4)
M2+
M(OH)2
M2+ Pb2+, Cu n
SOH
SOM

(McKenzie, 1980 ; Aualiitia and Pickering, 1986 ; Leckie, 1986)
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SOH+M%  «-> SOM+Ht (5)

MOH+ PbOH+,
CuOH+  ZnOH+ ' SOMOH

(McKenzie, 1980 ; Leckie, 1986)

SOH +HA) + M2t <-->  SOMOH +2H+ ... (6)

M(OH)g Pb(OH)2,
Cu(OH)2  Zn(OH)2 SOM(QH)2
(McKenzie, 1980 ;
Leckie, 1986)

SOH + 2HXN + M2  <---=>  SOM(OH)2 + 3H+ ....cooeen (7)
(%)
(6)
(7) (7)
M(QH)2 Pb(OH)2, Cu(OH)2

Zn(OH)2
(Surface-induced interfacial precipitation)
(McKenzie, 1980)
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10
4.8-4.12

4.7

48

51

3
1.00
2
8
4.7-4.11
5, 10, 25,50 100
48 4.7
3
4
90-98%
3 68.13%
10 48 4.9
3
4 5

6-9



7.9
7.9
7'9 y
49
10
49 410 49
%5
7.9
50 410 111
4.10 3-6
I "1 % 3 vy 4 E
7-9
7.9

-9

50
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25



Jalavieniin (%)

SAMNNISM

Use8nd

4.7

100

O
(V)]

90 -

85 -

80

48

5
0)
3 95.01 88.13 91.34
4 95.33 97.53 98.20
5 95.16 97.62 98.30
6 95.78 97.25 97.59
! 93.72* 97.00 97.65
8 96.16* 96.83* 98.08*
9 89.59* 96.99* 98.60*
o & X9 :
4 5 6 7 8 9 10
D

59

o ATM
-O— NBIUO

A dansd
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4.8 10
0)
3 94.29 83.47 61.76
4 95.85 98.51 88.22
) 95.28 99.18 9481
6 95.29 99.39 97.76
7 94,99+ 99.40 97.10
; 93,08* 98.98* 97.88*
9 92,36* 99,44+ 98.49*
*
100 .. o- -0 R
- e el *
90 - i e M
O— Qe
| O— M123LLON
A Fdanzd
4
€ 60
50
2 5 78 9 10
4.9 10
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100 -

90 -

80 -

70 -

60

4.10

25

61

0)
3 86.83 70.51 64.29
4 99.36 97.05 82.39
5 99.58 97.94 86.98
6 99.52 97.09 87.51
7 99.21* 98.09* 87.99
; 99,01* 97.24* 96.01*
9 9 44* 96.47* 95 89*
-*g~' —f=— --8.__. oy 8
(ORN JINIVE —o— gz
~O— NDIUEN
| & daned
5 6 7 8 10
Niay
25



4.10

100

90

80

10

60

50

411

O OO 1 o o1 &~ W

68.13
95.35
97.00
96.75
97.76*
98.18*
97.27*

50

58.05
79.05
63.80
86.23
98.54*
98.88*
97.88*

56.95
66.56
11.44
12.35
13.21
95.96*
97.65*

10

62



411

100

90 -
80 -
70 -
60 -
50 -
10 -

30

4.12

63

100
0)
3 65.81 52.56 39.84
4 89.25 56.94 50.37
5 89.20 60.84 50.51
6 91.86 65.97 49.88
T 95.56% 99.52% 48.87
8 94.46% 98.32* 82.58*
9 93.25% 98.26% 97.60%
o=
sy |
—O0— Naaey
- A— Fanzd
5 8 9 10
100



100 411 4.12
50
100
4.4
4.2.2
3.25 25
2,48 12 160
412 413
4.12 - .16
10%
17.76%, 80.21%  81.99% 2,48 12
11.63%
99.22%
5 3
544 3.25

64

411

3-6

1.00

5.44

- .20

711.63%,



4.13

4.12

0.2

oo B~ DO

(
154, 1.21, 1.08
3.25
)
7163
7776
80.21

61.99

0.98

2, 4, 8

65



M (%)
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= oreo
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84

82 -
80 -
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76

4 -
2 -

10

5.44

154

3.90

0

10 12
003 017
0.02 0.16
0.01 0.01
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0.96

0.06

0.90
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