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4.1

(pH)

(alkalinity)
CacCoj)
(hardness)

CaCoj)

17

0.0

5.58

0.0

0.0

141.55

0.300



4.1
I
2
42 - 43 4.1
one-way analysis of varience
comparison Duncan

Stumm

a = 0.05

49

19
( )
1 2
1-9
2 a = 0.05
multiple
4.4
1
5
]
Lee (1961) 5



0.215

Fe2r + 1/40,

0.300

Hauer

(H9
( , 2538) 4.1
-7 72 S ——— » Fe(OH)3 + 2H+ 4l
49 3.0-4.6
125
6 69
( | 5%)

125
6.5
1 ide, 1992)

1

Hauer (1950)
12-24

14 5
1.9848 o6

Walker (1978)

15-80

! 30-60



9 02

125 0.097

99.9982 %
99.9959 %

8xl0s  4X10m (Lide, 1992)
45
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42

5.26
5.15
5.15
5.15
484
414
3.08
0.73

0.20

0097 ( /)

13
22
29
30
38
41
44
44
46
125

4.2

/
5.26
5.26
520
520
515
434
420

1.20

0.56

0215( /)

13
22
32
43
46
55
68
19
90
125



43

100 -

41

0.0000
2.0913
2.0913
2.0913
7.9848
21.2928
41.4449
86.1217
96.1977

99.9982

—— | FToortinds

— 4 — LlATeordiodu

0.0000

0.0000

1.1407

1.1407

2.0913

17.4905

20.1521

77.1863

89.3536

99.9959

21984



44

1 5.26 5.26
2 5.15 5.26
3 5.15 5.20
4 5.15 5.20
5 4.84 5.15
6 4.14 434
7 3.08 4.20
8 0.73 1.20
9 0.20 0.56
0.097 ( ./ ) 0215 (/)
45 1 : :
59

5 3471 0.097
6 2.070 0.095
7 1.010 0.087
8 0.391 0.076

9 0.112 0.067



4.2

59

3
5-9
4.6 - 4.10 4.2 - 4.17
4
One-way Analysis of Vaiience
d = 005 4
Multiple Comparison Duncan

4.2.1

4.2.2

4.2.3

411 - 4.13 4.18-4.28



4.6

KMnO4NaOH

KMnO/N"COj

KMn04Ca(0H)2

()

125 ()

7.6

8.0

8.6

9.1

9.5

125

7.8

8.5

8.7

8.9

9.3

6.4

7.4

7.7

8.0

8.4

11.8

NaOCI/NaOH

NaOCVNarOj

NaOCl/Ca(OH)2

125 ()

5

125 ()

7.4

8.1

8.6

9.1

9.6

125

7.7

8.4

8.7

8.9

9.2

6.4

7.4

7.6

7.9

8.3

11.7



4.6

/NaOH

/Na2C 03

ICa(OH)2

-0)

125 ()

74 INaOH 5
8.0 6
8.6 7
8.9 8
9.4 9
125 125 ()
7.7 INa2COs 5
8.3 6
8.6 7
8.8 8
9.2 9
9.5 95 ()
6.4 ICa(OH)2 5
74 6
7.6 7
7.9 8
8.4 9
11.3 125 ()

7.5

8.2

8.6

9.0

9.5

12.2

7.8

8.2

8.6

8.9

9.3

9.5

6.4

7.4

7.6

7.9

8.2

118

o



47
¢ 7) ¢ 1)
KMnO/NaOH 5 815 NaOCI/NaOH 5 755
6 112.9 6 112.9
7 131.9 7 133.9
8 172.1 8 171.4
9 206.1 9 210.0
125 () 645.1 125 () 646.9
KMnCy~rCOj 5 639.1 NaOCI/NajCOa 5 645.6
6 815.7 6 816.3
7 888.9 7 887.6
8 961.3 8 979.4
9 1,057.9 9 1,066.2
9.5 () 1,258 9.5 () 1,224.4
KMno4Ca(0H)2 5 8.2 NaOCl/Ca(OH)2 5 8.2
6 11.9 6 11.4
7 15.1 7 14.9
8 26.0 8 2338
9 317 9 317
125 () 259.3 12,5 () 274.1

() -



4.7
(1) « 1)

INaOH 5 775 INaOH 5 80.3
6 110.2 6 115.3

7 137.6 7 137.1

8 163.2 8 167.0

9 209.1 9 2121

125 () 664.7 125 () 656.9

INa2C 03 5 624.7 INa2< 03 5 628.3
6 816.8 6 816.0

7 879.2 7 870.4

8 975.2 8 971.0
9 1,064.7 9 1,066.0
95 () 1,293.3 95 () 1,227.6

ICa(OH)2 5 8.2 ICa(OH)2 5 8.2
6 12.8 6 12.9

7 15.9 7 15.1

8 24.4 8 242

9 315 9 315

125 () 261.0 125 () 277.4

()
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4.8

KMn04NaOH

KMn04Na2CO03

KMn04Ca(0H)2

()

8
9

125 ()

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1,350.0
1,296.7
1,253.3
1,096.7
890.0

396.7

NaOCVNaOH

NaOCI/Na”Oj

NaOCVCa(OH)2

95 ()

(&)

8
9

125 ()

62

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1,310.0
1,290.0
1,156.7
1,080.0
866.7

396.7



4.8

/NaOH 5

125 ()

/Na2C03 5

95 ()

ICa(OH)2 5

125 ()

()

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1,303.3
1,270.0
1,153.3
1,090.0
863.3

386.7

/NaOH

/Na2C03

/Ca(OH)2

8
9

125 ()

63

0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0

0.0

1,293.3
1,260.0
1,1433
1,073.3
856.7

386.7



1500

1000

(mg/l as CaCO03

500

4.6

59

1500
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500

4.7

59
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(mg/l as CaCO03

(mg/l as CaC03

4.9

1500 — «— NaOH
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A
1000 H - 03« 1
500 -
0+ Y O Uy SO SO T
6 7 8 9
59
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KMnO4

NaOH

KMno04

Na2C03

KMnO/

Ca(OH)2

0.147

0.119

0.112

0.110

0.106

0.097

0.421

0.390

0.374

0.265

0.129

0.084

NaOCl/

NaOH

NaOCl/

Na/DOj

NaOCl/

Ca(OH)2

(0.300

0.133

0.124

0.112

0.103

0.100

0.094

0.197

0.183

0.181

0.169

0.166

0.166

0.346

0.269

0.249

0.229

0.227

0.201

66



NaOH

Na2C 03

/

Ca(OH)2

4.9

0.097

0.095

0.087

0.076

0.067

0.059

0.109

0.100

0.087

0.085

0.079

0.075

0.346

0.319

0.298

0.265

0.248

0.215

NaOH

Na2C03

f

Ca(OH)2

(0.300

0.210

0.206

0.196

0.196

0.183

0.175

0.241

0.233

0.229

0.227

0.227

0.221

0.300

0.262

0.221

0.190

0.183

0.161

67
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4.10

NaOH

NajCOj

Ca(OH)2

KMno04

99.9979

99.9980

99.9980

99.9981

99.9982

99.9984

99.9974

99.9977

99.9980

99.9980

99.9981

99.9983

99.9928

99.9933

99.9936

99.9955

99.9978

99.9986

NaOCI

99.9976

99.9978

99.9980

99.9981

99.9982

99.9983

99.9977

99.9978

99.9978

99.9980

99.9980

99.9980

99.9938

99.9952

99.9955

99.9959

99.9959

99.9964

(%)

99.9983
99.9983
99.9984
99.9986
99.9988
99.9989
99.9983
99.9984
99.9986
99.9986
99.9988
99.9988
99.9924
99.9940
99.9945
99.9948
99.9957

99.9963

99.9962

99.9963

99.9965

99.9965

99.9967

99.9969

99.9957

99.9958

99.9959

99.9959

99.9959

99.9961

99.9946

99.9953

99.9960

99.9966

99.9967

99.9971
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100.0000
- * u ] |
209980 4 —i— NaOH :
~ 99, j AT A
9960 . A, P ) - Naxc03
J 99.9940 - 7 Colai OHg
e =3 - * - T
| 99.9920 A Ca(
99.9900
99.9880 4
5 6 7 8 9
4.16
5-9
99.9980 -
) |
-3 99.9970 - | —¢—NaOH |
P 99990 - |— & - Na,CO; |
99.9950 |~ % - - Ca(OH),|
A 999940 - -
99.9930 4
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417
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13

()
46

75,80,86,90,95 125 !

77,83,87,89,93 95
64, 74, 76, 80, 83
11.8
N
(alkalinity)
4.7 42-45
)
(CO% (OH)

42-45 59



Ka Ky (Llde, 199)

(haraness)

48 4G49

59 13142, 12800, 1,1500, 1,080.0, 870.0

4

3900



(total iron)
49 410 - 413
0.300
57
0.300
0.421, 0.390 0.374 5
0.346
5 6
0.319
49
Robinson  Dixon (1968)
1 100 %
5570 20 %
6.5-1.0

Robinson ~ Dixon (1968)

2

0.346

75



99.9988 %

Willy

16

99.9961-

4.10 4.14-4.17

(Knocke, 1991)

Jenning (1963)



0.1

(19%7)

1975)

Engelbrecht (1967)

Ficek (1980)

(Olson

77

Engelbrecht

Twaidowski,



8

421
€
411 418 - 4.20
d = 005 1
a = 005
6, 8 9
1 99.9978, 99.9981, 99.9982,
99.9981, 99.9981 99.9982 a =
0.05
7, 8 9

99.9980, 99.9981 99.9982 %
a = 005

99.9984
99.9983 % a = 005



7

6

99.9952 99.9953 %

8
99.9959 99.9955 % 9
= 0.05
!
1 2.66
(Walker, 1978)
(HOC)
(ocy
(Knocke
1991) AWMWA (1969)
6.8-84 1-2

a = 0.05
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411

NaOH

Na2C03

Ca(OH)2

125 ()

5

95 ()
5

9

125 ()

KMn04

99.9979

99.9980 3

99.9980

99.99813

99.9982 3

99.9984

99.9974

99.9977

99.9980 3

99.9980 3

99,9981 3

99.9983 3

99.9928

99.9933

99.9936

99.99553

99.9978

99.9986

NaOCl
99.9976

99.9978 3

99.9980

99,9961 3

99.9982 3

99.9983

99.9977

99.9978

99.9978 3

99.9980 3

99.9980 3

99.9980 3

99.9938

99.9952 3

99.9955

99.9959 3

99.9959 3

99.9964 3

99.9983

99.9983
99.9984

99.9986

99.9988

99.9989

99.9983

99.9984

99.9986

99,9986

99.9988

99.9988

90.9924

99.9940

99.9945

99.9948

99.9957 3

99.9963 3

?

(%)

99.9962

99.9963
99.9965

99.9965
99.9967
99.9969
99.9957
99.9958
99.9959
99.9959
99.9959

99.9961

99.9946
99.9953 3
99.9960
99.9966
99.9967

99.9971

81
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84

} !
4.12 4.21-4.24
a = 0.05 1
a = 0.05
59
99.9979, 99.9978, 99.9978, 99.9980,
99.9980 99.9980 % 2
5 6 7
6 7 89
(Ksp) 4x10s (Lide,
1992) 42 -43
Fe(OH)3() Fe3r(ag) + 30H (ag) 42

Ksp = 4x10s [Fe34[OH]3 43



(Fe3) (0H) 1.96x101

5.88x10'1D (li.de, 1992) 3
' 1
10 1000
( ) 1
Snoeyink Jenkins (1980)
o ' < ; 8
!
Robinson Breland (1968)
[ 50
20
100 1
7, 8, 9 7
6 5



412

KMn04 NazaZC03

NaOH
Ca(OH)2
NaOCI Na2C 03
NaOH
Ca(OH)2
NazZC 03
NaOH
Ca(OH)2
NazZC 03
NaOH
Ca(OH)2

a,b,c,d,e

5 0
99.9974  99.9979
99.9979 a  99.9980 ab
99.9928  99.9933
99.9977 a  99.9978 O
99.9976 &  99.9978 a
99.9938  99.9952
99.9983  99.9984
99.9983a 99.9983 a
99.9924  99.9940
99.9957  99.9958 a
99.9962 a  99.9963 a
99.9946  99.9953

(%)

7 8 9
999980 a 99.9980a  99.9981 a
99.9980sb° 99.9981 “d 99.9982 de
900936  99.9955  99.9978
99.9978 ap 99.9980 b  99.9980 b
99.9980 b 99.9981 b 99.9982 cd
999955  99.9958 a  99.9959 a
90.9986a 99.9986 a  99.9988 b
900984  99.0986  99.9988
900045  99.9948  99.9957
99.9950 ab 99.9959 @b  99.9959 b
99.9965b 99.9965b  99.9967
999960  99.9966a  99.9967 a

99.9983

99.9984 6

99.9986

99.9980 b

99.9983 d

99.9964

99.9988 b

99.9989

99.9963

99.9961

99.9969

99.9971
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(%) MLUZUEALTT

99.9850

NaOH Ca(OH),

NazCO 1,

4.23

100.0000 -

NaOH Ca(OH),

Na"COj
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42.3
1"

a =005

a =005 413
4.25-4.28

!
!
a = 005
Robinson Dixon (1968)
100
5570
9.0-95 ' Ghosh

(1966)

Stumm Morgan (1970)



4.13

KMn04

NaOCI

5

NaOH

99.9974

99.9979 3

99.9980 3

99.9980 3

99.9981 3

99.9983 3

99.9977 3

99.99783

99.9978 3

99.9980 3

99.9980 3

99.9980

99.9983 3

99.9984

99.9986

99.9987 3

99.9988 3

99.9988 3

99.9957

990.9958

99.9959 3

99.9959

99.9959
99.9960

NaLjCQj
99.9979
99.9980 3
99.9980 3
99.9981 3
99.9982 3
99.99843
99.9976 3
99.9978 3
99.9980 3
99.9981 3
99.9982 3
99.9983
99.9983 3
99.9983
99.9984
99.9986 3
99.9988 3
99.9989 3
99.9962
99.9963
99.9965
99.9965
99.9967 3

99.9969

%
Ca(OH)2
99.9928
99.9933
99.9936
99.9955
99.9978
99.9986
99.9933
99.9952
99.9955
99,9959
99.9959
99.9964

99.9924
99.9940
99.9944
99.9948
99.9957
99.9963
99.9946
99.9953
99.9960 3
99.9966
99.9967 3

99,9971
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43 59

PAC
one-way analysis of
vanence a=
0.05
multiple comparison Duncan
59 Mi
PAC
0.05 (500 )
a = 005
1 a = 005

414 - 424 429 - 452
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KMn04NaOH

KMnO4Na.,cO3

KMn04Ca(0H)2

(&)]

7.6

8.0

8.6

9.1

9.5

12.5

7.8

8.5

8.7

8.9

9.3

9.5

6.3

7.4

7.7

8.4

11.8

¢ 1)

77.9
111.0
134.7
166.5
201.0
645.3
638.3
817.3
896.2
968.7
1,069.9
1,211.4
8.2
114
14.6
271
314

261.0

¢ 1)

1,340.0
1,290.0
1,250.0
1,100.0
890.0

400.0

1)
0.118
0.115
0.112
0.109
0.107
0.105
0.151
0.123
0.117
0.112
0.106
0.101
0.398
0.386
0.363
0.269
0.198

0.169

(%)
99.9979
99.9979
99.9980
99.9980
99.9981
99.9981
99.9973
99.9978
99.9979
99.9980
99.9981
99.9982
99.9929
99.9931
99.9935
99.9952
99.9965

99.9970

10

33.0

31.0

31.0

29.0

28.0

27.0

34.0

32.0

30.0

28.0

27.0

26.0

65.0

60.0

54.0

50.0

45.0

35.0

20

47.0

445

43.0

38.0

34.0

32.0

40.0

37.0

345

32.0

30.0

28.0

80.0

74.0

65.0

61.0

54.0

43.0

30

57.0

50.0

49.0

42.0

39.0

35.0

46.0

43.0

41.0

37.0

34.0

32.0

90.0

83.0

71.0

68.0

60.0

47.0

40

62.0

52.0

49.0

42.0

39.0

35.0

54.0

50.0

48.0

43.0

39.0

37.0

95.0

86.0

77.0

74.0

62.0

50.0

3/

50

67.0

52.0

49.0

42.0

39.0

35.0

58.0

53.0

50.0

45.0

41.0

39.0

95.0

86.0

77.0

74.0

62.0

50.0

60

70.0

52.0

49.0

42.0

39.0

35.0

58.0

53.0

50.0

45.0

41.0

39.0

95.0

86.0

77.0

74.0

62.0

50.0



415

NaOCI/NaOH

NaOCIl/Na2C03

30

NaOC]/Ca(OH)2

7.4

8.1

8.6

91

9.6

125

7.7

8.4

8.7

8.9

9.2

9.5

6.4

7.4

7.6

7.9

8.3

11.7

¢ 1)
66.9
106.1
132.4
171.4
204.8
622.9
641.8
816.3
890.9
979.4
1,002.4
1,224.4
8.2
11.0
14.9
23.8
31.7

277.1

1,300.0
1,280.0
1,160.0
1,080.0
870.0

390.0

1)

0.128

0.122

0.116

0.114

0.107

0.104

0.203

0.186

0.178

0.169

0.152

0.147

0.340

0.267

0.245

0.236

0.225

0.195

(%)
99.9977
99.9978
99.9979
99.9980
99.9981
99.9981
99.9964
99.9967
99.9968
99.9970
99.9973
99.9974
99.9939
99.9952
99.9956
99.9958
99.9960

99.9965

10

48.0

45.0

42.0

40.0

37.0

35.0

34.0

30.0

27.0

25.0

23.0

21.0

88.0

85.0

80.0

75.0

70.0

65.0

20

68.0

63.0

58.0

54.0

49.0

45.0

46.0

40.0

35.0

31.0

27.0

24.0

98.0

93.0

90.0

83.0

76.0

69.0

30

83.0

76.0

69.0

63.0

56.0

50.0

52.0

46.0

41.0

37.0

33.0

30.0

100.0

96.0

93.0

85.0

77.0

70.0

40

83.0

76.0

69.0

63.0

56.0

50.0

54.0

47.0

415

375

33.0

30.0

100.0

96.0

93.0

85.0

77.0

70.0

3/

50

83.0

76.0

69.0

63.0

56.0

50.0

54.0

47.0

41.5

375

33.0

30.0

100.0

96.0

93.0

85.0

77.0

70.0

60

83.0

76.0

69.0

63.0

56.0

50.0

54.0

47.0

41.5

375

33.0

30.0

100.0

96.0

93.0

85.0

77.0

70.0



4.16

/INaOH

/Na2C03

30

ICa(OH)2

7.4

8.0

8.6

8.9

9.4

125

7.7

8.3

8.6

8.8

9.2

9.5

6.4

7.1

7.6

7.9

8.4

11.3

1)

73.4
106.1
138.7
163.2
205.6
688.9
617.8
827.7
879.2
975.2
1,064.5
1,293.3
8.2
12.8
151
24.1
31.7

261.0

¢ 1)

1,300.0
1,260.0
1,160.0
1,100.0
860.0

390.0

1)
0.212
0.196
0.168
0.153
0.147
0.135
0.298
0.295
0.280
0.273
0.270
0.264
0.335
0.317
0.285
0.267
0.248

0.213

(%0)
99.9962
99.9965
99.9970
99.9973
99.9974
99.9976
99.9947
99.9947
99.9950
99.9951
99.9952
99.9953
99.9940
99.9943
99.9949
99.9952
99.9956

99.9962

10

14.0

140

140

14.0

13.0

13.0

24.0

20.0

15.0

13.0

12.0

12.0

60.0

55.0

50.0

47.0

45.0

43.0

20

235

23.0

22.0

17.0

17.0

17.0

34.0

28.0

21.0

18.0

17.0

16.0

85.0

77.0

70.0

62.0

55.0

50.0

30

29.5

29.0

26.0

215

20.5

20.5

44.0

36.0

27.0

23.0

22.0

21.0

92.0

83.0

75.0

66.0

59.0

54.0

40

36.0

32.0

30.5

255

25.0

24.0

46.0

38.0

28.5

24.0

22.0

22.0

92.0

83.0

75.0

66.0

59.0

54.0

3/

50

45.0

36.0

36.5

29.5

28.5

28.0

48.0

40.0

29.5

24.0

22.0

22.0

92.0

83.0

75.0

66.0

59.0

54.0

60

53.0

44.0

36.5

29.5

28.5

28.0

48.0

40.0

29.5

24.0

22.0

22.0

92.0

83.0

75.0

66.0

59.0

54.0



417

/NaOH

/Na2C 03

30

ICa(OH)2

7.5

8.2

8.6

9.0

9.5

12.2

7.8

8.2

8.6

8.9

9.3

9.5

6.4

7.5

7.7

7.9

8.3

11.8

(A

77.9

113.4

137.1

163.2

211.3

644.3

636.5

824.2

873.1

971.0

1,064.7

1,224.4

8.2

12.8

14.9

24.5

318

277.4

¢ 1)

1,300.0
1,270.0
1,150.0
1,070.0
860.0

380.0

/)
0.211
0.204
0.196
0.195
0.181
0.175
0.255
0.242
0.233
0.230
0.227
0.223
0.340
0.310
0.292
0.028
0.269

0.254

(%0)
99.9962
99.9963
99.9965
99.9965
99.9968
99.9969
99.9954
99.9957
99.9958
99.9959
99.9959
99.9960
99.9939
99.9944
99.9948
99.9995
99.9952

99.9954

10

28.0

25.0

23.0

21.0

18.0

17.0

21.0

18.0

15.0

14.0

13.0

13.0

72.0

70.0

65.0

60.0

55.0

50.0

20

40.0

35.0

32.0

29.0

25.0

23.0

29.0

24.0

20.0

18.0

17.0

16.0

80.0

76.0

70.0

64.0

58.0

52.0

30

55.0

48.0

42.0

37.0

32.0

29.0

31.0

26.0

22.0

20.0

19.0

18.0

86.0

80.0

72.0

66.0

60.0

54.0

40

65.0

57.0

50.0

44.0

38.0

34.0

33.0

28.0

24.0

21.0

20.0

19.0

86.0

80.0

72.0

66.0

60.0

54.0

3/

50

74.0

65.0

57.0

50.0

44.0

39.0

36.0

30.0

28.0

22.0

21.0

20.0

86.0

80.0

72.0

66.0

60.0

54.0

60

74.0

65.0

57.0

50.0

44.0

39.0

36.0

30.0

28.0

22.0

21.0

20.0

86.0

80.0

72.0

66.0

60.0

54.0
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4.18

KMn04NaOH
KMn04Na2C03
KMn04Ca(0H)2
NaOCI/NaOH
NaOCl/NazZC03
NaOCl/Ca(OH)2
/NaOH
/Na2C03
/Ca(OH)2
/NaOH
/Na2C03

/Ca(OH)2

ahc

70.0

58.0

95.0

83.0

54.0

100.0

53.0

48.0

92.0

74.0

36.0

86.0

52.0

53.0

86.0

76.0

47.0

96.0

440

40.0

83.0

65.0

30.0

80.0

49.0

50.0

77.0

69.0

415

93.0

36.5

29.5

75.0

57.0

28.0

720

42.0

45.0

74.0

63.0

375

85.0

295 a

24.0

66.0

50.0

220 a

66.0

39.0

41.0

62.0

56.0

33.0

77.0

285a

2203

59.0

44.0

21

60.0

104

35.0

39.0

50.0

50.0

30.0

70.0

28.0 3

2203

54.0

39.0

200 b

54.0



4.19

KMnO/NaOH

KMn04Na2203

KMn04Ca(OH)2

7.5

8.1

8.6

9.0

9.5

125

7.6

8.5

8.7

8.9

9.2

9.5

6.4

7.3

1.7

8.0

8.3

119

¢ 1)
85.1
114.2
122.4
163.2
204.0
620.2
639.2
816.3
879.5
924.3

1,043.5

1,269.8

8.2
12.1
154
26.3
30.7

260.1

1)

1,340.0
1,290.0
1,250.0
1,090.0
880.0

400.0

PAC

1)
0.128
0.120
0.118
0.114
0.108
0.104
0.169
0.151
0.143
0.127
0.117
0.106
0.386
0.363
0.275
0.248
0.226

0.209

(%0)
99.9977
99.9978
99.9979
99.9980
99.9981
99.9981
99.9970
99.9973
99.9974
99.9977
99.9979
99.9981
99.9931
99.9935
99.9951
99.9956
99.9959

99.9963

10

28.0

25.0

23.0

21.0

18.0

17.0

38.0

35.0

33.5

31.0

28.0

25.0

68.0

65.0

60.0

55.0

53.0

50.0

20

44.0

39.0

35.0

31.0

26.0

23.0

52.0

47.0

45.0

41.0

38.0

35.0

88.0

85.0

80.0

70.0

68.0

65.0

30

54.0

47.0

42.5

37.0

31.0

27.0

65.0

58.0

54.0

48.0

43.0

38.0

94.0

90.0

85.0

74.0

71.0

68.0

40

62.0

51.0

46.0

41.0

34.0

29.0

77.0

68.0

62.0

54.0

48.0

44.0

94.0

90.0

85.0

74.0

71.0

68.0

3/

50

62.0

51.0

46.0

41.0

34.0

29.0

77.0

68.0

62.0

54.0

48.0

44.0

94.0

90.0

85.0

74.0

71.0

68.0

60

62.0

51.0

46.0

41.0

34.0

29.0

77.0

68.0

62.0

54.0

48.0

44.0

94.0

90.0

85.0

74.0

71.0

68.0



420

NaOCI/NaOH

NaOCI/NaZC 03

30

NaOCl/Ca(OH)2

7.4

8.2

8.5

9.2

9.6

125

7.7

8.4

8.7

8.9

9.2

9.5

6.3

7.3

7.6

7.9

8.4

11.8

¢ 1)

77.9
114.2
130.6
163.2
212.2
685.4
633.2
816.3
879.4
979.4

1,067.9
1,224.4
8.2

121

14.9

23.8

317

270.8

¢ 1)

1,310.0
1,280.0
1,160.0
1,080.0
860.0

390.0

PAC

1)
0.155
0.137
0.126
0.118
0.115
0.112
0.239
0.228
0.216
0.205
0.194
0.189
0.346
0.273
0.245
0.234
0.226

0.207

(%)
99.9972
99.9975
99.9977
99.9979
99.9979
99.9980
99.9957
99.9959
99.9961
99.9963
99.9965
99.9966
99.9938
99.9951
99.9956
99.9958
99.9959

99.9963

10

46.0

43.0

40.0

38.0

37.0

36.0

30.0

27.0

25.0

220

20.0

18.0

68.0

65.0

60.0

58.0

55.0

53.0

20

67.0

63.0

57.0

53.0

50.0

49.0

42.0

37.0

34.0

30.0

27.0

24.0

85.0

80.0

73.0

68.0

63.0

59.0

30

79.0

73.0

66.0

61.0

57.0

55.0

52.0

45.0

40.0

34.0

30.0

26.0

93.0

86.0

77.0

71.0

65.0

61.0

40

79.0

73.0

66.0

61.0

57.0

55.0

52.0

45.0

40.0

34.0

30.0

26.0

93.0

86.0

77.0

71.0

65.0

61.0

50

79.0

73.0

66.0

61.0

57.0

55.0

52.0

45.0

40.0

34.0

30.0

26.0

93.0

86.0

77.0

71.0

65.0

61.0

60

79.0

73.0

66.0

61.0

57.0

55.0

52.0

45.0

40.0

34.0

30.0

26.0

93.0

86.0

77.0

71.0

65.0

61.0



421

/NaOH

/Na2C03

30

/Ca(OH)2

7.4

8.1

8.6

8.9

9.5

12.5

7.7

8.4

8.6

8.8

9.2

9.5

6.4

7.3

7.6

7.9

8.4

11.8

¢ 1)

775
111.0
136.3
155.0
211.3
660.7
627.0
803.1
879.2
975.2
1,068.9
1,293.3
8.2
12.6
16.7
24.1
31.9

261.8

¢ 1)

1,300.0
1,280.0
1,150.0
1,090.0
860.0

380.0

PAC

0.196
0.183
0.172
0.165
0.153
0.127
0.258
0.243
0.237
0.225
0.214
0.201
0.323
0.300
0.284
0.268
0.248

0.224

(%)
99.9965
99.9967
99.9969
99.9970
99.9973
99.9977
99.9954
99.9956
99.9958
99.9960
99.9962
99.9964
99.9942
99.9946
99.9949
99.9952
99.9956

99.9960

10

27.0

24.0

220

20.0

18.0

17.0

25.0

20.0

17.0

15.0

13.0

13.0

46.0

43.0

40.0

37.0

35.0

33.0

20

39.0

34.0

30.5

28.0

25.0

23.0

37.0

30.0

25.5

21.0

18.0

16.0

71.0

66.0

60.0

55.0

51.0

47.0

30

48.0

41.0

35.5

32.0

28.0

25.0

46.0

37.0

30.0

26.0

22.0

20.0

91.0

85.0

77.0

70.0

64.0

57.0

40

59.0

58.0

42.0

37.0

32.0

28.0

46.0

37.0

30.0

26.0

22.0

20.0

91.0

85.0

77.0

70.0

64.0

57.0

3/

50

59.0

58.0

42.0

37.0

32.0

28.0

46.0

37.0

30.0

26.0

220

20.0

91.0

85.0

77.0

70.0

64.0

57.0

60

59.0

58.0

42.0

37.0

32.0

28.0

46.0

37.0

30.0

26.0

22.0

20.0

91.0

85.0

77.0

70.0

64.0

57.0



422

/NaOH

/Na2C 03

30

ICa(OH)2

7.5

8.4

8.8

9.0

9.3

9.5

7.4

8.3

8.6

8.9

9.2

9.5

6.4

7.4

7.7

8.0

8.4

¢ 1)

77.9

114.2

137.9

166.5

212.9

659.8

620.2

816.0

865.0

979.2

1,068.9

1,226.1

8.2

13.1

15.8

245

318

277.4

1)

1,280.0

1,250.0

1,130.0

1,070.0

850.0

390.0

PAC

1)
0.211
0.207
0.196
0.194
0.183
0.175
0.241
0.237
0.230
0.228
0.224
0.219
0.311
0.306
0.233
0.214
0.200

0.169

(%)
99.9962
99.9963
99.9965
99.9965
99.9967
99.9969
99.9957
99.9958
99.9959
99.9959
99.9960
99.9961
99.9944
99.9945
99.9958
99.9962
99.9964

99.9970

10

23.0

20.0

18.0

15.0

13.0

13.0

30.0

26.0

24.0

22.0

20.0

18.0

46.0

43.0

40.0

35.0

33.0

30.0

20

35.0

30.0

26.0

21.0

18.0

16.0

50.0

44.0

40.0

36.0

32.0

28.0

65.0

60.0

55.0

48.0

44.0

41.0

30

49.0

42.0

36.0
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0.168
0.202
0.200
0.201
0.204
0.198

0.198

(%)
99.9972
99.9972
99.9970
99.9972
99.9970
99.9971
99.9970
99.9970
99.9970
99.9969
99.9970
99.9970
99.9964
99.9964
99.9964
99.9963
99.9965

99.9965

10

225

21.0

24.0

235

23.0

26.0

25.0

33.0

35.0

35.0

35.0

335

64.5

82.0

83.0

775

63.0

60.0

20

35.0

36.0

37.0

37.0

36.0

35.0

44.0

47.5

58.5

53.0

47.0

45.0

86.0

90.0

95.0

88.0

81.0

80.0

30

43.0

46.0

46.5

42.0

41.0

425

61.5

57.0

65.5

60.5

59.0

54.0

95.0

92.0

98.0

92.0

90.0

85.0

40

52.0

52.5

56.0

50.0

48.0

46.0

71.0

67.5

72.5

70.0

68.5

62.0

95.0

92.0

98.0

92.0

90.0

85.0

3/

50

52.0

52.5

56.0

50.0

48.0

46.0

73.5

75.0

78.0

70.0

68.5

62.0

95.0

92.0

98.0

92.0

90.0

85.0

60

52.0

52.5

56.0

50.0

48.0

46.0

73.5

75.0

78.0

70.0

68.5

62.0

95.0

92.0

98.0

92.0

90.0

85.0



431

NaOCI/NaOH

NaOCI/Na2C03

30

NaOCl/Ca(OH)2

100

200

300

400

500

100

200

300

400

500

100

200

300

400

500

8.4

8.1

8.4

8.1

8.2

8.5

8.5

8.6

8.6

8.5

8.5

8.6

7.3

7.4

7.4

7.3

7.4

7.3

139.6

110.7

140.4

110.7

114.2

143.6

813.4

820.2

823.2

812.0

812.0

820.2

10.6

114

114

10.6

114

10.6

)

990.0

970.0

950.0

940.0

960.0

980.0

PAC

/)
0.210
0.212
0.213
0.219
0.217
0.222
0.225
0.228
0.222
0.225
0.218
0.219
0.253
0.246
0.250
0.263
0.253

0.248

(%)
99.9962
99.9962
99.9962
99.9961
99.9961
99.9960
99.9960
99.9959
99.9960
99.9960
99.9961
99.9961
99.9955
99.9956
99.9955
99.9953
99.9955

99.9956

10

41.0

46.0

54.0

45.0

43.0

40.0

24.0

30.0

35.0

32.0

28.0

25.0

62.0

53.0

78.0

72.0

67.0

60.0

20

62.0

64.5

72.0

57.0

64.0

57.0

35.0

38.0

43.0

40.0

37.0

34.0

81.0

69.0

88.0

86.0

80.0

73.0

30

75.0

825

85.0

75.0

73.0

66.0

41.0

45.0

52.0

48.0

43.0

40.0

85.0

76.0

915

90.0

84.0

77.0

40

75.0

82.5

85.0

75.0

73.0

66.0

41.0

45.0

52.0

48.0

43.0

40.0

88.0

76.0

915

90.0

84.0

77.0

3/

50

75.0

82.5

85.0

75.0

73.0

66.0

41.0

45.0

52.0

48.0

43.0

40.0

88.0

76.0

91.5

90.0

84.0

77.0

60

75.0

82.5

85.0

75.0

73.0

66.0

41.0

45.0

52.0

48.0

43.0

40.0

88.0

76.0

915

90.0

84.0

77.0



432

/NaOH

/Na2C03

30

/Ca(OH)2

/)

100
200
300
400

500

100
200
300
400

500

100
200
300
400

500

8.4

8.4

8.3

8.4

8.4

8.3

8.6

8.7

8.8

8.9

8.7

8.6

7.4

7.5

7.4

7.5

7.5

7.4

/)
141.4
141.4
122.4
140.4
140.4
122.4
861.1
879.3
886.1
924.4
879.3
861.1
12.2
13.6
12.2
136
136

12.2

1 PAC

/)

910.0
900.0
930.0
900.0
900.0

900.0

/)
0.212
0.218
0.213
0.219
0.229
0.223
0.242
0.232
0.229
0.225
0.232
0.241
0.278
0.269
0.275
0.268
0.264

0.278

(%)
99.9962
99.9961
99.9962
99.9961
99.9959
99.9960
99.9957
99.9958
99.9959
99.9960
99.9958
99.9957
99.9950
99.9952
99.9951
99.9952
99.9953

99.9950

10

22.5

21.0

22.0

22.0

22.0

22.0

17.0

19.0

23.0

21.0

19.0

17.0

32.0

31.0

55.0

50.0

45.0

40.0

20

33.0

34.0

34.0

34.0

31.0

30.5

24.0

28.0

32.0

30.0

27.5

25.5

44.5

50.0

67.0

65.0

63.5

60.0

30

42.0

42.0

43.0

43.0

37.5

355

30.5

32.0

375

34.0

31.0

30.0

52.0

62.0

76.0

75.0

82.0

77.0

40

48.0

48.0

52.0

53.0

44.0

42.0

30.5

32.0

375

34.0

31.0

30.0

52.0

68.0

83.0

80.0

82.0

77.0

3/

50

55.0

55.0

58.0

53.0

44.0

42.0

30.5

32.0

375

34.0

31.0

30.0

52.0

72.5

88.5

85.0

82.0

77.0

60

55.0

55.0

58.0

53.0

44.0

42.0

30.5

32.0

375

34.0

31.0

30.0

52.0

72.5

88.5

85.0

82.0

77.0



433

/INaOH

/Na2C 03

30

ICa(OH)2

100

200

300

400

500

100

200

300

400

500

100

200

300

400

500

8.2

8.2

8.1

8.1

8.2

8.9

8.8

8.9

8.9

8.7

8.7

7.4

7.4

7.4

7.4

7.4

7.4

/)
109.8
115.3
114.2
110.7
110.4
114.2
915.6
887.3
987.4
980.7
865.3
865.3
12.2
12.2
122
122
12.2

12.2

PAC

¢ 1)

1,010.0
1,010.0
1,000.0
1,000.0
1,000.0

1,000.0

/)
0.224
0.218
0.216
0.221
0.221
0.218
0.224
0.236
0.230
0.228
0.230
0.230
0.269
0.272
0.270
0.268
0.271

0.272

(%)
99.9960
99.9961
99.9961
99.9960
99.9960
99.9961
99.9960
99.9958
99.9959
99.9959
99.9959
99.9950
99.9952
99.9951
99.9952
99.9952
99.9951

99.9951

10

19.0

21.0

25.0

23.0

20.5

18.0

24.5

32.0

39.0

30.0

26.0

24.0

32.0

45.0

50.0

45.0

43.0

40.0

20

25.0

29.0

335

31.0

29.5

26.0

41.0

51.0

67.0

49.5

43.0

40.0

45.0

50.0

68.0

63.0

58.0

55.0

30

36.0

42.0

46.5

425

40.0

36.0

45.0

59.0

715

54.0

50.0

45.0

55.0

59.0

78.0

73.0

67.0

64.0

40

45.0

48.0

54.0

50.0

47.0

42.0

45.0

59.0

715

54.0

50.0

45.0

67.0

70.0

88.0

80.0

75.0

70.0

3/

50

45.0

48.0

54.0

50.0

47.0

42.0

45.0

59.0

715

54.0

50.0

45.0

67.0

70.0

88.0

80.0

75.0

70.0

45.0

48.0

54.0

50.0

47.0

42.0

45.0

59.0

715

54.0

50.0

45.0

67.0

70.0

88.0

80.0

75.0

70.0
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4
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0.0
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PAC

473

400

60

PAC
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10

0.0

414
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434

KMnO/NaOH
KMn04NazC03
KMn04/Ca(0H)2
NaOCl/NaOH
NaOCl/Na"C"
NaOCl/Ca(OH)2
INaOH
INa=Co 3
ICa(OH)2
INaOH
Naz2Co 3
[Ca(OH)2

ab

0
5203
713.53

95.0

7503
410 3
88.0

5.0
3053
5203
450

450 3

67.0

100
52.53
75.03
920 3
825
450
76.03
5.0
320b
1253
480 3

5.0
700 3

20

5.0

180

9.0

850

520
915 b
580

315

885D
540

15

830

500
70.0
92.03
7503

480
90.0b

530

340
850b

500

540

80.0

)
400

480
685D
90.0
730
430
84.0
440
3104

82.0
470 3
500
750

PAC

46.0
62.0
85.0

66.0

400 3
7703

420
3003
7700

420
450 3

70.0 3

145



146

435
PAC
KMnO/NaOH - 0 50 J. - 455, 467
40 30
100 400 /.
30"
KMno 4NazCo s - o /. - 0-200 Y. 4.56, 4.68
120 150
100-50 y. - 300-500 /.
150 120
KMn04Ca(0H)2 - - 457, 4.69
30 30
NaOCI/NaOH - = 458, 4.10
30 3
NaOCI/Na:C03 - 0-10 . - 459, 471
90 %0
200 -500 /.
120
NaOCl/Ca(OH)2 - - o /. 460, 4.72
30 40
100 -500 /.
30
IN®OH - - 0-200 J[. 461, 473
50 50
300-50 /.

40



435

INa2C03

[Ca(OH)2

INaOH

INaX0s

[Ca(OH)2

150

30

60

150
o /.
50
100 - 200
40
300 - 500
3

147

PAC
462, 4.74
90
0 400-500 5 463 475
30
100-300 /.
50
464, 4.76
40
465, 417
90
466, 4.78
40



4.25-4.28

0.05

. PAC

4.30-4.33

PAC

148

4.55-4.66
! 300
!
!
4.35 !
30-50
120-150
I
a=
300
a = 005
200 300
4.29
4.67-4.78
7 200



200
24

4.36

(Snoeyink

1-3

24

Jenkins, 1980)

PAC

PAC

435

43 44

300 PAC

a = 005

149



436

KMnO,/NaOH

KMn04Na2C03

KMnCyCa(OH)2

NaOCI/NaOH

NaOCI/N&JCOj

NaOCICa(OH)2

/NaOH

/NazZC03

ICa(OH)2

/NaOH

Na2C03

JCa(OH2

PAC

PAC

PAC

PAC

PAC

PAC

PAC

PAC

PAC

PAC

PAC

PAC

300

24

300

PAC
0 50
€00 €00
€00 05
&5 80
80 85
1150 1155
1155 1155
890 885
80 890
80 80
80 80
1125 1125
1130 1125
875 880
875 875
80 85
85 85
160 1060
160 1060
875 870
875 875
85 85
80 80
165 1065
165 1060

150



151

431
1
] [ 1
!
5L76
oLl 43 438 480 4801
4396 3% 17or 1672 B3R 1332

)

9 (Robinson , 1968)



m 2538)

(Mathews, 1947)

100

152

4



2480 %

4.38-4.40

4.79-4.86

17
15

3-5
5520 %

5053

153



4.37

KMnO/NaOH 566.0
KMn04Na2C03 566.0
KMn04/Ca(0H)2 566.0
NaOCI/NaOH 667.1
NaOO/NACOa 067.1
NaOCl/Ca(OH)2 677.1

/NaOH 50
NaxC03 50
/Ca(OH)2 50
/NaOH 50
NaxC03 50
/Ca(OH)2 50

106

9.05
9.05
9.05
8.10
8.10
8.10
530
530
530
530
530
530

(
21490

28414
40115
21490
28414
40115
21490
28414
40115
21490
28414
40115

(
38,68

4271
8.02
38,68
4211
8.02
3868
4211
8.2
38,68
4211
8.2

)

14

()
47.73

5176
1707
4738
5141
16.72
4398
4801
1332
4398
4801
1332



4.38

PAC

0)

oo
O —~ N4 OO o1 O© . —~ N oo o1

oo

~—

S—

15
11
84
86
88
16
19
84
8.7
89

(1)
84
873
1632
2483
%72
490
979
1550
2530
3754

(1)
200
233
233
233
200
200
233
200
233
200

(1)
0211
0204
01%
0185
0175
0215
0205
01%
0185
0178

PAC

(9
99.992
99.9963
99.9965
99.99%/
99.9969
99.992
99.9963
99.9965
99.99%/
99.9968

10
170
160
150
140
130
170
160
140
130
110

|

215
200
180
165
150
260
240
235
200
170

X
300
285
260
245
230
305
340
30
260
260

350
30
300
280
260
440
435
405
310
300

30
30
300
280
260
525
470
455
370
350

30
30
300
280
260
525
470
455
310
350



4.39

PAC

E88BE-8888E- -

82
83
83
82
83
83
82
82
83
83
82
82

(1)
1428
1632
1530
1489
1673
1673
1428
1428
1530
1632
1489
1530

(1)
200
200
2133
200
200
2133
233
200
233
200
200
200

(1)
0167
0165
0166
0163
0165
0160
0182
0180
0180
0180
0187
0181

PAC

(0
99.9971
99.9970
99.9970
99.9971
99.9970
99.9971
99.9%/
99.9968
99.9968
99.9968
99.9966
99.9968

10
150
150
180
190
160
150
140
150
160
160
150
150

X
180
210
240
260
230
210
235
250
210
260
250
245

260
210
310
320
290
210
30
340
310
30
30
310

300
310
30
360
30
30
405
410
430
420
410
380

300
310
350
380
30
330
455
470
510
490
460
430

300
310
30
30
30
30
455
470
5.0
490
460
430



440

INaOH

O© OO —~J O o

[Ca(OH)2

O© OO N o Ol

ICaCCy
NaOH

14
80
86
89
94
125
64
14
16
19
84
113
16
18
83
8.7
89

5
1102
1376
1632
2091
664./
82
128
159
244
315
2610
487
811
1591
250.1
313

PAC

00
00
00
00
00
00
13033
12070
1153
10900
8633
386.7
2300
2233
26,1
2233
2300

(1)
0097
00%
0087
0076
0067
0059
0346
0300
0298
0265
0248
0215
0216
0210
0197
0185
0477

157

0
99.9983
99.9983
99.9964
99.9986
99.9988
99.9989
99.9924
99.9940
99.9945
99.9948
99.997
99.9%3
99.9962
99.9962
99.9965
99.9966
99.9968
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60 -
<
=<
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0

480 PAC

158




159

('818) LlsLIeEfT

60

50

40

0

3

20

10

481

60

|
o
™

50 60

)

PAC

30

20

04

482



160

400

Hard

-Aik

.0. .

200

(looed se 1/w)

483



161

441 3
44.80 % 4480 %
441
1
() () () () ()
/NaOH 50 530 2,1490 3868 4398
/Ca(OH)2 50 530 40115 24,07 2937
/CaCO%: 50 530 2,686.2 215 2350
NaOH 1,186.2 21.35
v : 080

18

' 1.06



349

6,282

201521 %

100 %

15,69

1,052.74

162

1218
7
200,000
41 7
41,4449 o
349
201521 o
1,731.8 (
31172 5
349 1
414449 o 842
100 %
(
! )
842 1218
15720
464.92



100 %
4.42

9,210, 15,696 31,172

442

1218

NaOH 1 7

/NaOH 2 /

/Ca(OH)22

/CaCOX
NaOH 2

(%) (kg.)
« 20 349.0
« 100 1,731.8
« 40 349.0
« 100 8720
« 100 1571.7
« 100 1,052.7
464.9
18
2
080
%0 (106
4144

163

3,143,

842
8,368
(9,210 *)

45



45
1218
41
141.55
(slurry)
443
443
100
()
100 2
( ) (slurry)
50 2
( ) (slurry)
25 2
( ) (suspended solid)
10 2
( ) (suspended solid)
5 2

( ) (suspended solid)

164



4.84 - 486

PAC

99.9974 %
0.300

1,383.3

2,560.0

3200

PAC

200

3

4.44-4.45

990.9989, 99.9963

165



166

(Retention

Times)

(Fe3y



444
/NaOH
PAC
/Ca(OH)2
PAC
/[CaCCy
NaOH PAC

70
70
130
70
70
130
70
70
80

PAC

84
8.2
130
78
76
129
82
8.2
84

714
64.6
21692
243
24
3781
1564
1529
367.2

00
00
00
25533
2,560.0
13833
3133
3200
3200

(1)
0120
0113
0.085
0375
0383
0.265
0193
0195
0.182

%9
99.9983
99.9984
99.9989
99.9947
99.9946
99.9963
99.9973
99.9972
99.9974



445

NaOH

/

Ca(OH)2

CaCCy
NaOH

PAC

PAC

PAC

MBie 8 8 =88/~ 8 8 °

w

o1
goo

10
280
36.0
230
280
320
300
24.0
340
280
240
280
250
200
20
190
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