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D 4607-86
1) 5
I 50
)
g 0,100 0,001
(Na.S.0..5H.0) 24.820 75
) 0.100+0,001
(K) 19.10 50
5) (KIO)L 0100
110 2
1) (KIO3 25
(K) 2
5
) (Na. .0.5H.0)
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ASTM

(Na.C03

12.700

3.5667

250
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4) 10
5) 100
:) Whatman 47
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100 XM
11) C =002
Y A
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-0
log C
log C =-1.639

10

log X
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Find M for Calculate lodine Number by Using ASTM D4607-86
M M
E C=... C=..,. €=003 E C=. C=... ¢=003
300 3766 3300 2.835 1550 0729 0639 0549
350 3228 2829 2430 1600 0706 0619 0531
400 2824 2475 2126 1650 0684 0600 0515
450 2510 . ... 1.890 1700 0664 0582 0500
500 2.259 1.980 1701 1750 0645 0566 0486
550 2.054 1.800 1.546 1800 0628 0550 0472
600 1.883 1.650 1417 1850 0610  053% 0460
650 1738 1.523 1.308 1900 0594 0521 0.447
700 1.614 1414 1.215 1950 0579 0508 0436

750 1.506 1.320 1134 W 0565  04% 0425
800 1412 1.237 1.063 2050 0.551 0483 0415
850 1.329 1.164 A g 0538  04/1 0405
900 1.255 Wit 0.945 2150 0525 0460  0.3%
950 1.189 1042 0.8% 0513 0450 0388

oo 1130 0990 0830 2250 0502 0440 0378
1050 1076 0943 0810 2300 0491 0430 0370
oo 1027 090 0773 2350 0481 0421 0.362
1150 0982 0861 0.739 2400 0471 0412 034
oo 0.941 0825  0.709 2450 0.461 0404 0347
1250 0904  0.792 0.680 2500 0452  03%  0.340
1300 0869  0.761 0.654 2550 0443 0388 0333
1350 0837 0733  0.630 2600 0434 0381 0.327
1400 0807  0.707 0.607 2650 0426 0314 0321
1450 0779 0683  0.586 2000 . 0418 0367 0315
1500 0735 . ... 0.567 2150 0411 0360  0.309



Particle Size Analyzer
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Sample Name: SOP N Measured :Measured:
AC-Na Sample-Average - Monday, March 07, 2005
Sample Source Analysis Measured hy. Analysed
Factory = UF Defult Monday, March 07, 2005
Sample bulk of set Result Source
1) Average

Particle Name: Accessory Name ~ Analysis model Sensitivity
Carbon Hydro 2000 MU(A)  Single narrow mode  Enhanced
Particle R Absorption Size range: Obscuration
2420 1 0.02 t0 2,000,000 Jim  12.83%
Dispersant Name:  Dispersant RI: Weighted Residual: ~ Result Emulation:
Water 1.330 0.229 % off
Concentration: Span: Uniformity; Result Units:
0.014 % 2.880 0.891 Volume
Specific Surface Area Surface Weighted Mean D(3,2) Volume Weighted Mean D(4,3)
0.745 2g 8.058 Jim 19.921 Jim

d(0.1): 3.623 Jim d(0.5):14.330 |Im d(0.9):44.886 Jim

6 o s s‘.".‘.".i’i',""”““ 4

£ 3
S 2
’
%.01 01 1 10 100 1000 3000
Particle Size (um)

—Na Sample - Average, Monday, March 07, 2005 4:04:57 PM

Sample Name: SOP N Measured .Measured:
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AC-F300 Sample-Average - Monday, March 07, 2005
Sample Source Analysis Measured by Analysed
Factory = UF Defult Monday, March 07, 2005
Sample bulk of set Result Source

1) Average
Particle Name: Accessory Name  Analysis model Sensitivity
Carbon Hydro 2000 MU(A)  Single narrow mode  Enhanced
Particle R Absorption Size range: Obscuration
2.420 0.0210 2,000,000 lUm ... . %
Dispersant Name:  Dispersant RI: Weighted Residual: ~ Result Emulation:
Water 1.330 0.165% off
Concentration: Span: Uniformity; Result Units:
0.0103 % 2.404 0.770 Volume

Specific Surface Area Surface Weighted Mean D(3,2) Volume Weighted Mean D(4,3)

29 8.058 Jim 19921
d(0.1): 2.924 Jim d(0.5):18.082 [Im d(0.9):46.385 Jim
7 i . _-ﬂ- * .___A_i__j __;._‘..',___.,_. A -2 s R I
61—~ B 08 5 S ot fol b e e
g 5
< 4
§ 3
2
1 i
%07 0.1 1 10 100 1000 3000

Particle Size (um)

F300 Sample - Average, Monday, March 07, 2005 4:48:06 PM

Sample Name;

SOP N Measured :Measured:

AC-HW Sample-Average Monday, March 07, 2005




Sample Source Analysis Measured by:

124

Analysed

Factory = UF Defult Monday, March 07, 2005
Sample bulk of set Result Source
2) Average

Particle Name: Accessory Name

Carbon Hydro 2000 MU(A)
Particle Rl Absorption

2420 :

Dispersant Name:  Dispersant Rl
Water 1.330
Concentration:; Span:

0.0142% 2.605

Analysis model Sensitivity
Single narrow mode  Enhanced

Size range: Obscuration
0.02t0 2,000,000 Jim  12.18%
Weighted Residual: ~ Result Emulation;
0.536 % off

Uniformity; Result Units:
0.845 Volume

Specific Surface Area Surface Weighted Mean D(3,2) Volume Weighted Mean D(4,3)

d(0.1): 3.911 Jim d(0.5):19.628 Jim d(0.9):55.035 Jim
O »_P‘aruclrewsue l?_!_sy.:-lbuﬂqn i .
6 | L
@ 5 ‘ .
® 4
5 3
(o]
* 2
1 .
%.01 0.1 1 1|0 ‘100 ' 1060 3000
Particle Size (um)
—F300 Sample - Average, Monday, March 07, 2005 5:31:29 PM
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Calgon Filtrasorb 300

40
60
80

40
60
80

(9l

pH in

2.13
2.13
2.13
2.13
2.13
2.13

pH In
2.13
2.13
2.73
2.13
2.13
2.13

pH out

417
550
5.15
6.19

6.91

pH out
3.35
353
393
4.28
4.68
5.34

Absorbance

0.8215
0.7504
05740
0.3807
0.2130
0.0885

Absorbance
0.5109
0.4551
0.4429
0.5747
0.3392
0.2852

Cone, (mg/l)
1.34

5.743
3.238
0.781
0.29

Cone, (mg/)
2.635
2.181
2,091
3.246
1418
1.125

126

% Removal
26.60

42.57
67.62
83.32
92.19
97.10

% Removal
73.65
78.19
79.09
67.54
85.82
88.75



40
60
80

(ol

pH in
2.13
2.13
2.73
2.13
2.13
2.13

pH out
358
359
372
3.97
4.17
5.46

Absorbance
05789
0.5248
0.4309
0.3691
0.3360
0.2627

Cone, (mg/l)
329
2.759
2.004
1.595
1.399

127

% Removal
67.10
7241
79.96
84.05

89.88
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10
H pH Conc)

Bak 3 3 920

Sample 3 307 920

Baok 4 4 918

Sme 4 40 918

Bank 5 5 916

Sampe 5 504 916

Blank

pHj

pH,

(..

Conc.f

%Removalt

%Removals

%Removala

XIM (mg/g)

2 0.02

Cone,,
9.11
8.25
9.01
198

540

50

YRemovalt  %Removals

0.98
10.33

1.84
7843

3.08
41.05

YaRemovals
9.44
78.02

39.19

129

XM

2.15

17.58

8.70



130

20.04 50 '
10 3 5

pH, pH  Cone, Cone, O%Removal, %Removals %Removals  Y/M
3920 9l - 0.98 -
307 920 696 24.35 - 23.60 2.69
4 918 901 - 1.84 - -
402 918  0.66 92.81 - 92.68 10.44
5 916 888 - 3.08 - -
504 916 330 63.97 - 62.84 6.98

Blank
Sample

Blank
Sample

Blank
Sample

ol o1 A BB w w

Cone., ( )
Cone., ( )
%Removal,

%Removals

%Removala

XIM (mglg)



Blank
Sample

Blank
Sample

Blank
Sample

ool e oW W T

Blank

pH,

pH,

Cone.,
Cone.,
%Removal,
%Removals
%Removala
XIM (mg/g)

pH,
3.00
3.07
4.00
4.02
5.00
5.04

Cone,,
9.20
9.20
9.18
9.18
9.16
9.16

Blanks

131

2 0.06 50
10 3 9

Cone,  %Removal, %Removals 9%Removals /M

9.1 - 0.98
503 4533 : M9 340
9.01 - 1.84
031  96.62 - 9%6.56 7.5
8.88 : 3.08
236 7424 : 1342 543



-4

pHo
Blank 3 3
Sample 3 3.07
Blank 4 4
Sample 4 402
Blank 5 5
Sample 5 504
Blank
PH
pH,
Cone.,
Cone.,
%Removal,
%Removals
%Removala

XIM (mglg)

Cone,,

9.20
9.20

9.18
9.18
9.16
9.16

2 0.08 50
10

Cone,,  %Removalt
911

4.59 50.11
9.01

0.35 96.19
8.88

144 84.28

%Removals
0.98

1.84

3.08

%Removals

49.62

96.12

83.78

32

XIM

2.83

541

4.65
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2 100
12
2 0.10 50
10 3 5

pH pH  Conc| Cone, %Removalt %Removals %Removals XM
3 920 9l - 0.98 -
307 920 363 60.54 - 60.15 2.74
4 918 901 - 1.84 .
402 918 03l 96.62 - 96.56 4.35
5 016 888 - 3.08 -
504 916  1.06 88.43 - 88.06 391

Blank
Sample
Blank
Sample

Blank
Sample

132 S : T~ R SC R I

Cone. ( )
Cone., ( )
%Removalt

%Removals

%Removala

XIM (mg/g)



10
pH pH  Conc
Bark 3 3 9.0
Sample 3 307 920
Bank 4 4 918
Sample 4 402 9.8
Blank 5 ) 9.16
Sampe 5 504 916
Blank
pH,
pH,
Cone.
Cone.,
%Removalt
%Removals
%Removala

XIM (mglg)

2 012

Cone,,

9.11
2.82
9.01
0.15
8.88
1.02

50

%Removal,

69.35

98.37

88.87

%Removals
0.98

1.84

3.08

%Removals

69.05

96.57

88.51

134

XIM

2.62

3.69

3.28
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Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

20

pA,
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

pH,
5.02
5.03
5.05
5.04
5.04
5.03
5.03
5.04
5.05
5.04

50

136

Cone,, Conc.( %Removalt %Removals %Removala XM

981
981
981
981
981
981
9.81
981
981
981

1.24
1.89
2.58
142
2.26
2.53
2.69
3.23
3.19
314

87.36
80.73
73.10
85.52
76.96
7421
12.58
67.07
67.48
67.99

1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84

85.52
78.89
71.86
83.68
1512
1237
10.74
65.23
65.64
66.15

2143
19.80
18.08
20.98
18.88
18.20
17.80
16.45
16.55
16.68



Time
(hr.)
0.08
0.17
0.25
0.33
0.42
0.50

40

pH,
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

pH, Cone, Cone., %Removal, %Removals%Removala

501
5.03
5.03
5.04
5.03
5.03
5.04
5.03
5.02
5.03

50

981
981
981
981
981
981
981
981
981
981

119
143
1.23
0.42

114
0.80
0.35
1.73

87.87
85.42
87.46
95.72
69.60
68.38
1961
91.85
96.43
82.36

184
184
1.84
184
184
1.84
184
184
184
184

86.03
83.58
85.62
93.88
87.76
86.54
.
90.01
94.59
80.52

137

XM

10.78
10.48
10.73
11.74
10.99
10.84
9.76
11.26
11.83



Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

60

pHi
5.00
5.00
5.00
5.00
500
5.00
5.00
5.00
5.00
5.00

pH, Cone., Cone., %Removal, %Removals %Removala

5.02
5.04
5.04
5.02
5.03
5.04
5.03
5.04
5.06
503

50

981
981
981
981
981
981
981
981
981
981

0.93
0.59
0.83
0.05
0.27
0.75
0.81
0.33

0.30

90.52
93.99
91.54
99.49
97.25
92.35
91.74
96.64
97.86
96.94

1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84

92.15
89.70
97.65
95.41
90.51
89.90
94.80
96.02
95.10

XM
140
7.68
148
8.13
7.95
.55
7.50
7.90

193

138



Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

80

pH,
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

pH, Cone. Cone., %Removalt %Removals %Removala

5.02
5.02
5.04
5.03
5.03
5.03
5.05
5.04
5.04
5.04

50

981
981
981
9381
9381
981
981
9.81
981
981

0.23
0.15
0.64
0.04
0.05
0.18
0.63
0.08
0.17
0.08

97.66
98.47
93.48
99.59
99.49
98.17
93.58
99.18
98.27
99.18

1.84
1.84
1.84
184
1.84
1.84
1.84
1.84
1.84
1.84

1)

95.82
96.63
91.64
97.75
97.65
96.33
91.74
97.34
96.43
97.34

XM
599
6.04
5.13

5.74
6.08
6.03
6.08

139



Time
(.
0.08
0.17
0.25
0.33
0.42
0.50

100

pH pH, Cone.. Conc.f %Removalt %Removals %Removal,

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

501
5.02
5.02
5.04
5.03
5.04
5.03
5.04
5.04
5.03

50

981
981
981
981
981
981
981
981
981
981

0.08
0.07
0.25
0.04
0.04
0.07
0.19
0.07
0.07
0.06

99.18
99.29
97.45
99.59
99.59
99.29
98.06
99.29
99.29
99.39

184
184
184
184
184
184
1.84
184
184
184

1]

97.34
97.45
95.61
97.75
97.75
97.45
96.22
97.45
97.45
97.55

XM
4.87
4.87
4.78
4.89
4.89
4.87
4.81
4.87
4.87
4.88

140



QJ-6

120

Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

Blank

pH,

pH

Cone,,
Cone.,
%Removalt
%Removals
%Removala
XIM(mg/g)

pH, pH, Cone., Cone., %Removalt %Removals %Removala

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

5.04
5.05
5.04
5.05
5.03
5.04
5.04
5.03
5.04
5.04

50

981
981
981
981
981
981
981
981
981
981

0.05
0.05

0.03
0.03
0.05
0.09
0.05
0.03
0.04

99.49
99.49
98.88
99.69
99.69
99.49
99.08
99.49
99.69
99.59

1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84

981

97.65
97.65
97.04
97.85
97.85
97.65
97.24
97.65
97.85
97.75

XM
4.07
4.07
4.04
4.08
4.08
4.07
4.05
4.07
4.08
4.07

141



0.08
0.17
0.25
0.33
042
0.50

1.24
1.89
2.58
142
2.26
2.53
2.69
3.23
3.19
314

40
119
143
123
042

114

0.35
1.73

60
093
0.59
0.83
0.049
0.27
0.75
0.81
033

0.30

80
0.23
0.15
0.64
0.04
0.05
0.18
0.63
0.08
0.17
0.08

0.08
0.07
0.25
0.04
0.04
0.07
0.19
0.07
0.07
0.06

0.05
0.05
0.03
0.03
0.05
0.09
0.05

0.03
0.04

142



Time
(hr)
0.08
0.17
0.25
0.33
042
0.50

150
2.50
3.00

3.50
4.00

14.00
16.00
18.00

24.00

20

H
4,00
4,00
4.00
4,00
4.00
4.00
4.00
4.00
4.00
4,00
4.00
4,00
4.00
4.00
4,00
4,00
4,00
4,00
4,00
4,00
4.00
4,00
4,00

o,
3.9
3.98
4.00
3.99
3.99
4.00
3.9
3.97
4.02
4.04
4.03
4.04
401
4,02
4.04
401
3.9
4.00
4.00
3.9
4.00
401
401

50

2

I

143

Cone., Cone., %Removalt %Removals %Removala XM

9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18

4.68
4.64
443
441
4.33
4.16
418
401
4,00
3.94
3.73
3.17
287
161

1.36
1.33
0.95
128
1.30

49,02
49.46
5174
51.96
52.83
54.65
54.47
56.32
56.44
57.08
59.37
65.47
68.74
82.46
86.93
85.19
87.91
85.51
89.65
86.82
86.71
86.06
85.84

1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
184
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
184
184

47.18
47.62
49.90
50.12
50.99
5281
52.63
54.48
54.60
55.40
57.53
63.63
66.90
80.62
85.09
83.35
86.07
83.67
87.81
84.98
84.26
84.22
84.00

11.25
11.35
11.85
11.93
12.13
12.55
12.50
12.93
12.95
13.10
13.63
15.03
15.78
18.93
19.95
19.55
20.18
19.63
20.58
19.93
19.90
19.75
19.70



Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

1.50
2.50
3.00

3.50
4.00

14.00
16.00
18.00

24.00

40

pH
400
400
400
4.00
400
400
4.00
4.00
400
400
400
400
400
4.00
400
400
4,00
400
4.00
4.00
400
400
400

—

pH, Conel Cone., %Removalt %Removals %Removala

3.98
3.98
4.00
3.99
4.00
4.00
4.00
3.99
4.03
4.03
4.03
4.04
4.02
4.03
4.04
4.02
4.00
4.00
4.00
4.00
401
4.00
4.02

50

9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18

4.28
342
323
291
2.80
3.06
2.16

2.60
2.62
244
2.36
2.05
091
0.67
0.85
0.67
0.78
0.64
0.71
0.63
061

53.38
62.75
64.82
68.30
69.50
66.67
69.94
68.63
71.02
71.68
71.46
1342
74.29
11.67
90.09
92.70
90.74
92.70
91.50
93.03
92.21
93.14
93.36

1.84
1.84
1.84
1.84
1.84
1.84
184
1.84
1.84
1.84
1.84
1.84
1.84
184
184
184
184
184
184
184
184
1.84
184

51.54
60.91
62.98
66.46
67.66
64.83
66.79
69.18
69.84
69.62
71.58
12.45
75.83
88.25
90.86
88.90
90.86
89.66
91.19
90.43
91.30
91.52

144

XM
5.63
1.20
144
1.84
7.98
1.65
8.03
1.88
8.15
8.23
8.43
8.53
891
10.34
10.64
1041
10.64
10.50
10.59
10.69
1011



Time
(hr)
0.08
0.17
0.25
0.33
0.42
0.50

1.50
2.50
3.00

3.50
4.00

14.00
16.00
18.00

24.00

-10

60

pH
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00

pH, Cone. Cone., %Removal, %Removals%Removala

3.98
3.98
4.00
3.99
4.00
4.00
4.02
4.00
4.03
4.03
4.03
4.03
4.02
4.03
4.03
4.02
4.00
4.00
4.00
401
401
4.00
4.00

50

9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18

1.59
1.56
129
1.29
1.34
1.27
1.15

0.96
0.90
0.90
0.50
0.33
0.30
0.36
0.36
0.45
0.45
0.54
0.26

81.92
81.92
82.68
8301
85.95
85.95
85.40
86.17
8747
87,91
89.54
90.20
90.20
94.55
96.41
96.73
96.08
95.10
93.36
95.10

94.12
97.18

184
184
1.84
1.84
1.84
1.84
1.84
184
184
184
184
1.84
184
184
184
184
184
184
184
184
184
'1.84
184

80.08
80.08
80.84
81.17
85.11
85.11
83.56
84.33
85.63
86.07
86.18
87.10
88.36
88.36
92711
94.57
94.89
94.24
93.26
91.52
93.26
92.28
95.34

XM
6.27
6.27
6.33
6.35
6.58
6.58
6.53
6.59
6.69
6.73
6.73
6.90
6.90
6.90
1.23
7.38
140
1.35
71.35
1.28
1.28
1.20
142

145



Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

1.50
2.50
3.00

3.50
4.00

14.00
16.00
18.00

24.00

80

pA,
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00

pH, Cone., Cone., %Removalt %Removals %Removala

3.99
3.99
4.00
3.99
4.00
4.00
401
4.00
4.03
4.04
4.03
4.03
4.03
4.03
4.04
4.02
4.00
4.00
4.00
401
401
4.02
4.00

50

9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18

1.62
117
1.04
0.99
0.91
0.79
0.76
0.75
0.72
0.67
0.67
0.56
0.51
0.32
0.36
0.28
0.27
0.33
0.23
0.28

0.27
0.24

82.35
87.26
88.67
89.22
90.09
91.39
91.72
91.83
92.16
92.59
92.70
92.70
93.90
94.44
96.51
96.08
96.95
97.06
96.41
97.50
96.95
97.06
97.39

1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84

80.51
85.42
86.83
87.38
88.25
89.55
89.88
89.99
90.32
90.75
90.86
90.86
92.06
92.06
94.67
94.24
95.11
95.22
94.57
95.66
95.11
95.22
95.55

XM
4.73
501
5.09
512
5.17
5.24
5.26
521
5.29
531
5.32
532
5.39
542
554
5.56
5.56
552
5.58
559
5.65
5.58
559

146



Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

1.50
2.50
3.00

3.50
4.00

14.00
16.00
18.00

24.00

-12

100

pH, pH, Cone.; Cone., %Removalt %Removals %Removalg

4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00

3.99
3.98
4.00
3.99
3.99
4.00
3.99
397
4.02
4.04
4.03
4.04
401
4,02
4.04
401
3.99
4.00
4.00
3.99
4.00
401
401

50

9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18

2.28
0.87
0.97
0.90
0.83
0.98
0.91
0.75
0.67

0.57
0.70
0.70
0.67
0.38
031
0.28
0.26
0.26
0.26
0.25
0.25
0.25

75.16
90.52
89.43
90.20
90.96
89.32
90.09
91.83
92.70
9281
93.79
92.38
92.38
92.70
95.86
96.62
96.85
97.17
97.17
97.17
97.28
97.28
97.60

184
184
1.84
1.84
184
184
184
184
1.84
184
184
184
184
184
1.84
184
184
184
1.84
184
184
184
184

2

13.32
87.59
88.36
89.12
87.48
88.25
89.99
90.86
90.97
91.95
90.54
90.54
90.86
94.02
94.78
95.11
95.33
95.33
95.33
95.44

95.44
95.76

!1

XM
345
4.16
411
414
4.18
4.10
414
4.22
4.26
4.26
431
4.24
4.24
4.26
4.40
444
4.45
4.46
4.46
4.46
447
447
447

147



Time
(hr.
0.08
0.17
0.25
0.33
0.42
0.50

150
2.50
3.00

3.50
4.00

14.00
16.00
18.00

24.00

-13

120

50

2 1]

pH pH, Conci Cone., %Removalt %Removals %Removala  X/M

4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00

3.99
3.99
4.00
3.99
4.00
4,01
401
401
4.04
4.04
4.03
4.03
4.03
4.03
4.04
4.02
401
4.00
401
401
4.02
401
401

9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18
9.18

0.94
0.87
0.78
0.90
0.73
0.71
0.65
0.67
0.65
0.63
0.60
0.62
0.56
0.54
0.32
0.26
0.28
0.29
0.28
0.25
0.29
0.23

89.76
90.52
91.50
90.20
92.05
92.21
92.92
92.70
92.92
93.14
93.46
93.25
93.90
94.12
96.51
97.17
96.95
96.84
96.95
97.28
96.84
97.50
97.82

1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
1.84
184
1.84
1.84
1.84
.84
1.84

89.92
89.66
88.36
90.21
90.43
91.08
90.86
91.08
91.30
91.62
9141
92.06
92.28
94.67
95.33
9.11
95.00
95.11
95.44
95.00

95.66
95.98

343
3.46
3.50
345
352
353
3.95
3.95
3.95
3.56
3.58
3.57
359
3.60
3.69
3.12
3n
3.70
31
3.12
3.10
3.13
3.74

148



Cone.
Cone.,
%Removalt
%Removals
%Removala
XIM(mglg)

49



0.08
0.09
0.25
0.33
042
0.50

15
2.5

35

14
16
18

24

14

4.68
4.64
443
441
433
4.16
4.18
401
4.00
3.94
3.73
317
2.81
161

1.36
133
0.95
128
13

40
4.28
342
3.23
291
2.80
3.06
2.16

2.60
2.62
244
2.36
2.05
091
0.67
0.85
0.67
0.78
0.64
0.71
0.63
0.61

60

1.59
1.56
129
129
1.34
127
115

0.96
0.90
0.90
0.50
0.33
0.3
0.36
0.36
0.45
0.45
0.54
0.26

80
162
117
104
0.99
091
0.79
0.76
0.75
0.72
0.67
0.67
0.56
0.51
0.32
0.36
0.28
0.27
0.33
0.23
0.28

0.27
0.24

0.94
0.87
0.78
0.79
0.73
0.71
0.65
0.67
0.65
0.63
0.60
0.62
0.56
0.54
0.32
0.26
0.28
0.29
0.28
0.25
0.29
0.23

2.28
1.60
0.97
0.90
0.83
0.98
091
0.75
0.67
0.57
0.70
0.70
0.67
0.38
031
0.28
0.26
0.26
0.26
0.25

0.25
0.25
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10

Sample Day pHi pH, Concj Cone., Cone./ Concj %removala BV.
Samplel 0.50 4.00 4.04

Sample.

1 400 4.03

Sample3 15 4.00 4.03

Sampled .

Sample5
Sample.
Sample7
Sample.
Sample9

400 4.03

3 400 403
4400 4.03
5 400 4.03

400 4.05

7 400 4.04

9.88
9.88
9.88
9.88
9.88
9.88

9.88
9.98
9.88

0.06
207
2.55
5.85
8.09

9.20
9.7
9.78

0.006
0.26
0.59

0.82

0.93
0.98
0.99

97.96
97.55
1.2
712.35
38.95
16.28
5.04
0.29

43
85
101
150
299
450
600

49
899

152

XM
3.00E-02
2.90E-02
2.30E-02
2.20E-02
1.20E-02
5.37E-03
2.04E-03
6.30E-04
3.00E-04



20

Sample Day pH, pH, Cone, Cone, Cone./Cone., %removala BV.

Samplel
Sample2
Sample3
Sampled
Sample5
Sample.

Sample?
Sample.

Sample9
Sampleio
Samplel 1

05

15

Samplel2 ..
Samplel3 ..
Samplel4 ..

Samplel5
Samplel e
Samplel 7

13
14
15

4
4

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4.03
4.04
4.02
4.03
4.04
4.04
4.02
4.02
4,03
4.03
4.02
4.02
4.04
4.03
4.02
4.04
4.04

9.88
9.88
9.88
9.88
9.80
9.22
9.89
9.71
9.79
9.73
9.88
9.54
9.50
9.27
9.87
9.88
9.87

0.34

0.75
1.80
251
.33

4.69
6.76

8.26
8.63
8.53
9.06
9.23
9.19
9.70
981

2.02E-04
3.44E-02
7.59E-02
0.18E-02
2.56E-01
1.95E-01
4.74E-01
6.96E-01
8.27E-01
8.49E-01
8.74E-01
8.94E-01
9.54E-01
9.96E-01
931E0L
9.81E-01
9.94E-01

98.14
94.77
90.58
80.01
12.57
18.66
50.74

28.54
1542
13.27
1081
8.75
2.19

5.05

29

5 ..

14
92
132
207

282
357
432
507
582
657
132
807
882
957

153

XM
2.96E-02
E..
2.14E-02
2.40E-02
2.19E-02
5.67E-03
1.56E-02
8.85E-03
5.07E-03
441E-03
3.75E-03
3.03E-03
1.32E-03
1.20E-04
2.04E-03
5.40E-04

1,032 1.80E-04



30

Sample Day pH, pH, Cone, Cone., Cone./ Cone., %removala BV.
Samplel 05 4

Sample2

Sample3 15

Sampled
Sampleb
Sample.
Sample?
Sample.
Sample9

w

Samplel0 .

Samplel 1

Samplel 2 ..
Samplel 3 ..
Sampleld ..

Samplel 5
Samplel.
Samplel 7
Samplel.
Samplel 9
Sample20
Sample21

13
14
15
16
17
18
19

Sample22 ..
Sample22 ..
Sample24 ..

4

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4.05
4.05
4.04
4.03
4.04
4.04

4.02
4.03
4.03
4.05
4.05
4.04
4.02
4,03
4.03
4.05
4.05
4.04
4.02
4.03
4.03
4.05
4.05
4.04

9.88 0.0016 1.62E-04
9.88 0.0024 2.43E-04
924 178 19301
987 414  419E-01
987 384  3.89E-01
989 727  T7.35E-01
987 118  T.88E-01
987 1.74  TB84E-01
989 819  8.28E-01
989 840  8.49E-01
088 852  8.62E-01
988 911  9.22E-01
988 928  9.39E-01
988 956  9.68E-01
988 942  953E01
989 956  9.67E-01
988 979 991EM
988 964  9.76E-01
988 958  9.70E-01
988 961  9.73E0L
988 950  9.62E-01
989 969  9.80E-01
988 939  9.50E-01
988 959 9T71E0L

98.14
98.14
78.90
56.21
59.25
24.65
19.34
19.74
15.35
13.23
11.93
5.95
4.23
140
2.82
150

0.59
0.89
0.18
312

14
28
42
56
84

148
184
256
292
328
364
400
436
472
508
544
580
616
652
124
760

154

XM
2.96E-02
2.96E-02
2.24E-02
1.72E-02
1.81E-02
7.86E-03
6.27E-03
6.39E-03
5.10E-03
4.47E-03
4.08E-03
2.31E-03
1.80E-03
9.60E-04
1.38E-03
9.90E-04
2.10E-04
1.20E-01
9.00E-04
8.10E-04
1.14E-03
6.00E-04

1.47E-03
8.70E-04



30

155

Sample Day pH, pH, Cone, Cone., Cone./Concj %removala BV. XM

Sample25
Sample26
Sample27
Sample28
Sample29
Sample30

Sample31
Sample32
Sample33
Sample34
Sample35
Sample36

23
24
25
26
2
28
29
30
3l
32

33
A

4.00
4.00
4.00
4.00
4.00
4.00

4.00
4.00
4.00
4.00
4.00
4.00

4.02
4.03
4,03
4.05
4.05
4.04

4.02
4.03
4.03
4.05
4.05
4,05

9.88
9.88
9.88
9.89
9.88
9.88

9.88
9.88
9.88
9.89
9.88
9.88

9.64
9.44
9.56
9.26
9.66
9.55

9.38
9.71
9.70
9.49
9.66
9.74

9.76E-01
9.55E-01
9.68E-01
9.36E-01
9.78E-01
9.67E-01

9.49E-01
9.83E-01
9.82E-01
9.60E-01
9.78E-01
9.86E-01

0.59
2.61
140
4.53
0.39
1.50
3.22

196 7.20E-04
832 1.32E-03
.o 9.60E-04
904 1.89E-03
940 6.60E-04
976 9.90E-04
.o.. 150E-03
1,048 5.10E-04
1,084 5.40E-04

. 1.20E-03

1,156 6.60E-04
1192 4.20E-04



Blank

pHI

pH,

Cone.

Cone.,
%Removal(
%Removals
%Removala
BV(Bed Volume)

981

184
(%Removal, - Removal,.)

( )

30

56
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3(. 25%)



1
( 3, 2539)
-5.59.0 - pH Meter
(pH value)
2. (TS 1 3,000 /.
Total 103-105°c
Dissolved
Solids ) 5,000
1.
- 50 .+ -
(Suspended (Glass
Soilds) Fibre Filter Disc)
150 /.
4, | 40°c
(Temperature)
b,
o I oo - Titrate
(Sulfide as
H)
T, I v -
(Cyanide as Pyridine Barbituric

HCN) Acid

159



(Fat,Oil and
Grease)

9.
(Formaldehyde)

(Phenols)

(Free Chlorine)

(Pesticide)
13
(Biochemical
Oxygen Demand:
BOD)
14,
(TKN  Total
Kjedahl Nitrogen)

160

3, 2539)
50 /.
15
& - Spectrophotometry
/ 4-
Amino-antipyrine
Iy - lodometric Method
-Gas-Chromatography
- - Azide Modification
. C
60 /. 5
. - Kjedahl



15.

(Chemical
Oxygen
Demand: COD)

1

(Heavy Metal)

(Trivaient
Chromium)
3

(Hexavalent
Chromium)

5:0=F,

0.75

0.25

I

161

3, 2539)

- Potassium
Dichromate Digestion

- AtomicAbsorption
Spectrometry
Direct Aspiration
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qld‘]b Designation: D360 &8 (Reapproved 19934

Standard Practice for

Determination of Adsorptive Capacity of Activated Carbon by

Aqueous Phase isotherm Technique

i

No+-SinB  ateiodinSyt 93
1. Scope

11 This practice covers the determination of the
adsorptive capacity of activated carbon to remove undesir-
able constituents from water and waste water. It can be used
to evaluate the adsorptive capacity of both virgin and
reactivated granular activated cartons and powdered acti-
vated carton. /

12 This practice is not recommended for concentrations
of volatile constituents that may be lost under the filter
conditions of the procedure section. If volatile constituents
arc_suspected, comparison of a vacuum filtered and
unfiltered sample analysis stall be conducted.

13 This practice 1 recommended to determine the
adsorptive capacity of activated carton for the following
applications, but is not limited to these applications:

131 Removal of color from dye mill waste weter,

1.3.2 Removal of taste or odor constituents, or hoth, from
potable waters, _

133 Removal of toxicants from water,

1.34 Removal of surface active agents from water,

135 Removal of BOD5 from sanitary waste waters, and

136 Removal of TOC from industrial waste weters.

14 The following safety caveat applies to the procedure
section of this practice: This standard does not purport to
address all ofthe safety problems, ifany, associated with its
use. It is the responsibility of the user of this standard to
establish appropriate safely and health practices and deter-
mine the applicability of requlatory limitations prior to use.

2. Referenced Documents

21 ASTM Standards:

D 1129 Terminology Relating to Water2

D 1193 SBeC|f|pat|on for Reagent Water2

D3370 Practices for .Sampling wiater from Closed
Condluits? _ ,

D2652 Terminology Relating to Activated Carton5

D2867 -Test Method for Moisture in Activated Carton

E 300 Practice for Sampling Industrial Chemicals”

1This practice is ueder the jurisdiction of ASTM Committee D-28 on
Activated Carbon 1 is the direct responsibility of Subcommittee D28.02 on
Liquid Phase Evaluation Tests.

Current edition approved Dec. 29, 19X9. Published February 1990. Originally
published as D 356G- 79. Last previous edition D 3860 - 89.

2Annual Book ofASTM Standards, Yol 1101,

1Annua! Book 0fASTM Standards, Vol 1501

* Annual Book ofASTM Standaras, Yol 15.05.

3. Terminology
31 Definitions: S
311 For definitions of terms used in this practice relating
to activated caiton, refer to Termi nologg(]D 2652,
nt

3.1.2 For definition of terms used in this practice relating
to water, refer to Terminology D 1129,

4. Summary of Practice

41 This practice consists of the determination of the
adsorptive capacity of activated carton for adsorbable con-
stituents by contacting the aqueous solution with activated
carton, determining the amount of the constituents re-
moved, and calculatm% the adsorptive rapacity from a
Freundlich isotherm ﬁlo. o

411 Sample weignts of activated caiton may have to be
adjusted, depending on the concentration of adsorbable
constituents in the water.

5. Significance and Use

51 This practice is used when activated caiton is consid-
ered as an aosorbent in treating water. Since both granular
and powcered activated cartons are commercially available,
a standard practice is needed to ensure that die activated
cartons are evaluated under the same test conditions.
Specified particle size carbon is to be used to ensure that the
same test conditions are usd. The practice is generally
performd at 20°'C; however, other temperatures may be
usd and noted.

6. Interferences
6.1 The water sample must not contain any immiscible

ol
6.2 Generally, membrane filters contain a slight amount
of leactable surfactants and wetting agents thet might be a

source of Qetectable error in waters having low concentra-
tions of adsorbable constituents.

7. Apparats

71 Agitaior, able to keep slurrid activatd carbon in
suspension.

HAsatindde o anageicdin saiddesa
7.2 Grinding mill, capable of grinding material so that
95 % passes through a 325-mesh sieve.

7.3 Vacuum orPressure-fiItration apparatus,
74 Membrane filters, 0.40 to 0.45 pm.

168
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75 Erl'emneverflasks, glass stoppered, 500-mL and 1000-
mL capacity.
Y.gagana%ical balance, capable of weighing to the nearest

0.1 my,

Y.ggwen, forced-air circulation, capable of temperature
requlation between 145 and 155°C.

8 Constant temperature water bath, capable of tempera-
ture regulation of 20 £ rc.

79 Pipet, 100mL

8. Sampling

81 SamBIe activated carton that has been sampled ac-
cording to Practice E 300 and reduced in particle size so that
95 Yopasses through @ . . 325-mesh sieve by wet screenlng
or equivalent, and oven-dried according to Test Metho
D 2867 (3 hours at 150*C is usually sufficient).

8.2 Collect water samples in accordance with Practices
D 3310,

9. Procedure

9.1 Table 1 s a suggested list of the activated carbon
weights and solution sample volume to be used for die
expected concentrations of adsorbable constituents. Sug-
gested carbon weights or solution sample volumes should be
adjusted to obtain @ maximum of 85% adsorbate removal
and a minimum of 10 %adsorbate removal. .

9.2 For water containing >10 mg/L adsorbable constitu-
ents, pipet  iquots of 100 mL each into 500-mL glass-
stoppered Erlenmeger flasks. For water containing gio
mg/L, measure 500-mL aliquots into 1000-mL glass-Stop-
pered Erlenmeyer flasks. .

9.3 Add to the containers the e%ot)ropnate amount of
pulverized activated carbon corrected to ary basis (Table 1)
In regular intervals to allow time for filtration. Generally,
5-min interval is adequate. Use one flask without activated
carton for a control sample. .

9.4 After the addition of each activated carton samf)le,
swirl the flask to wet the carijon. Stopper the flask and place
on the aﬂltator. Record the time. _

9.5 Allow each flask to shake or agitate for 2 h in awater
beth at the desired temperature. Two hours contact lime is
normally sufficient to' achieve steady state. However, a
contact “tine study should be performed to verify that steady
state is achieved (see4.1).

9.6 After 2 h, immediately filter each test and control

?;lutgples through separate new 0.40 to 0.45-pm membrane
lters.

Note 2—If the water sample contains volatile constituents, use
pressure nitratiop with nitrogen aagto redyce losy
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9.7  Immediately analyze the filtrates for the specific
constituent of interest and record the results along with the
correspondling carbon weight.

10. Caleulation
f ||10.1 Determine the amount of constituent adsorbed, X, as
ollows:
X=COv-CV
Wwhere:

X_ = amount of constituent adsorbed, mg,
(= concentration of constituents before carton treatment,

L
¢ =concentration of constituents after carton treatment,
m?/L, and
V - volumeofsample,L .
102 Determine the amount of constituent adsorbed per’
unit weight of carton, Aym, as follows;

Xjhi- (COV-CVEM

wherel

M = weight of catbon, G '

X *=amount of constituent absorbed, mg, " 1

XjM = tituent absorbed p‘er unit weight of carbon,

 ragg,

€0 = concentration of constituents hefore carton treat-

mmgl, ~

¢ =concentration of constituents after carton treat-
ment,'mg/L, and

V= volume of sample, L.

11. Report

1L See Table 2 for the'recommenced format “for data
reportlng. .
112 Plotting of Data:

1121 Use three-cycle log/log paper and'plot concentra-
tion remaining in mg/L on die abscissa axisza i X jM on the
ordinate axis, and then connect the points.

111.2.2 Ifa vertical line is erected from the point on the
ahscissa scale corresponding to the original concentration’ C0
and the isotherm plot is extrapolated to intersect this line, the
XM value at the ﬁ_omt of intersection can be read from the
ordinate scale. This value termed XjM m- represents the
amount of impurity adsorbed when the carbon ts in equilib-
rium with the influent concentration. This value represents
the ultimate capacity of the carbon for the adsorbate.

TALE 2 Formet (or Deta Reorting
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12. Precision and Bias methods used in determining thé concentrations of the

121 Precision—The precision is limited by the precision SNt

of the test methods used in determining the concentrations
of the contitvents. i I3 Keywords
122 Z0%—The bias is limited by the bias of tire test 131 activated carbon

. The American Society for Testing and Materials fakes no position respecting the valia?/ of any patent rights asserted in connection
with any item menttoneé In this s,ta%dard. Users of this star%)ard,are £ p,ress@ agwsedd {hat életz minatio 0% the validity of any such

patent fights, and the risk of infringement of such rights, are entirely their own responsibiliy

.. This standarg is subject to revision af an tlmebz the responuye,tec[pm%alcomm,lse anfdmustbe rewewedeverlyﬁveyears ang
ifnet revised, either reapproved or withdrawn Tour comments I intad either for revision of this standard or tor adalfional Standards
and should be addressed to ASTM Headquarters. Your comments wil receive careful consideration at 8mesting of the responsiole
te,chnlial committee, which you r,r%/attend. Ifzoy fegl that zour commrra}s have not%ecelved afairhearing you should make you:
vigws known to the ASTM Committée on Standaras. 1916 Race St., Philadelphia, PA #1G3
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