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APPENDIX

C o lu m n  e x p e r im e n ta l resu lts

T a b le  A - l  C o n d itio n s  (I)

P a r a m e te r s V a lu e s
Bed height 25 cm
Flow rate 6  ml/min
Initial concentration 60 mg/1
pH 5
Column operation mode Up-flow

T a b le  A -2  S a m p le  r e su lts  o f  c o n d it io n s  (I)

T im e P o re v o lu m e zin c C a
(m in ) (m l) p H (mg/1) (m g/1) C e /C o

0 0 .0 0 5.07 0 .0 0 - 0 .00
60 8.69 7.81 0 .00 4 0 .09 0 .0 0
90 13.04 8 .00 0 .00 4 1 .70 0 .0 0
to o 14.49 7.83 0.06 4 1 .48 0 .00
110 15.94 6 .56 1.42 4 1 .46 0 .02
120 17.39 7.13 7 .60 35.41 0.13
130 18.84 6.91 10.05 3 4 .27 0.17
140 20 .29 6 .66 19.90 2 9 .46 0.33
150 21.73 6.73 24.65 2 5 .12 0.41
160 23 .18 6.58 28.98 2 3 .58 0.48
170 24.63 6.64 33 .97 2 0 .08 0 .56
180 26.08 6.76 37 .62 19.09 0.62
190 27.53 6.69 38 .02 17.95 0.63
200 28 .98 6.65 40 .32 16.41 0.67
210 30.43 6.63 4 1 .98 15.60 0 .70
2 20 31 .88 5.87 4 2 .79 14.57 0.71
230 33.33 6.15 4 1 .14 13.30 0.68
240 35 .07 5.73 41 .45 12.44 0 .6 9
300 4 3 .47 6 .16 4 6 .59 10.57 0.77
360 52 .16 6.46 4 8 .16 9 .57 0 .80
420 60 .86 6 .46 51 .70 8 .79 0 .86
480 69.55 6.42 50.11 7 .94 0.83
540 78.25 5.56 52.62 7 .6 0 0 .87
600 86.94 6.25 52 .24 7 .04 0.87
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Table A-3 Conditions (II)
Parameters Values

B ed h eight 21 .5  cm
F lo w  rate 6 m l/m in
Initial concentration 60  mg/1
pH 5
C olum n operation  m od e U p -flow

Table A-4 Sample results of condition (II)
Time(min) Porevolume(ml) pH Ce/Co Zinc(mg/1) (mg/1)

0 0 .0 0 5.07 0 .0 0 0*00
60 10.28 7.69 0 .0 0 0 .0 0 41.07
90 15.42 7.98 0 .0 0 0 .0 0 42.26
1 0 0 17.13 7.74 0 .0 0 0 .0 0 41.42
1 1 0 18.85 6.14 0.08 4.61 38.20
1 2 0 20.56 7.07 0.07 4.11 38.32130 22.27 6.96 0.18 11.08 34.65140 23.99 6.75 0.35 2 1 .0 2 27.61150 25.70 6.73 0.43 25.82 25.38160 27.41 6.67 0.52 31.60 2 1 .8 8
170 29.13 6 .6 6 0.60 35.85 18.46180 30.84 6.77 0 .6 6 40.02 16.34
190 32.55 6.83 0 .6 8 40.10 15.22
2 0 0 34.27 6.58 0.72 43.56 14.54
2 1 0 35.98 6 .6 0.74 44.36 13.87
2 2 0 37.69 5.58 0.77 46.09 13.10
230 39.41 6.09 0.77 46.40 12.54
240 41.12 5.57 0.79 47.31 12.19
300 51.40 6 .1 2 0.83 50.22 10.17
360 61.68 6.46 0 .8 6 51.77 9.28
420 71.96 6.47 0.87 52.47 8.43
480 82.24 6.32 0.90 53.92 7.94
540 92 52 5.50 0.90 54.10 7.66
600 102.80 6.16 0.89 53.74 7.06
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Table A-5 Conditions (III)
Parameters Values

B ed height 18 cm
F lo w  rate 6 m l/m in
Initial concentration 60  mg/1
pH 5
C olum n operation m od e บ p -flo w

Table A- 6  Sample results of condition (III)
Time Porevolume Zinc Ca(min) (๗) pH (mg/1) Ce/Co (mg/1)

0 0 .0 0 4.77 0 .0 0 0 .0 0
2 0 4.09 7.23 0 .0 0 0 .0 0 45.30
30 6.14 6.91 0 .0 0 0 .0 0 38.94
60 12.28 7.61 0 .0 0 0 .0 0 39.70
70 14.32 7.28 1 .2 2 0 .0 2 39.3180 16.37 7.04 4.36 0.08 37.20
90 18.42 6.94 9.50 0.16 33.85
1 0 0 20.46 6.76 20.41 0.35 27.58
1 1 0 22.51 6 .6 26.97 0.47 24.11
1 2 0 24.56 6.64 30.48 0.53 22.24
130 26.60 6.58 36.68 0.64 18.49
140 28.65 6.78 41.76 0.72 15.28150 30.70 6.63 44.68 0.77 13.79160 32.74 6.63 45.92 0.80 12.82170 34.79 6.79 48.11 0.83 11.74180 36.83 6.82 48.88 0.85 1 0 .8 8190 38.88 6.56 50.14 0.87 10.40
2 0 0 40.93 6.49 51.01 0 .8 8 9.99
2 1 0 42.97 5.91 51.65 0.90 9.71
2 2 0 45.02 5.94 52.10 0.90 9.42
230 47.07 5.95 52.40 0.91 9.20
240 49.11 5.95 52.61 0.91 8 .6 8300 61.39 5.93 54.50 0.95 7.54
360 73.67 5.54 55.20 0.96 6.83540 110.50 5.66 55.42 0.96 5.58
600 122.78 5.60 56.44 0.98 5.01
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Table A-7 Conditions (IV)
Parameters Values

B ed  h eight 14.5 cm
F low  rate 6 m l/m in
Initial concentration 60  mg/1
pH 5
C olum n operation m od e U p -flo w

Table A- 8  Sample results of condition (IV)Time(min) Porevolume
(ml) pH Ce/Co (mg/1) (mg/1)

0 0 .0 0 5.04 0 .0 0 62.84 0 .0 0
2 0 5.08 7.05 0 .0 0 0 .0 0 36.43
30 7.62 7.24 0 .0 0 0.16 35.26
40 10.16 7.15 0.08 5.01 35.07
50 12.70 6.85 0 .1 2 7.53 31.7360 15.24 6.79 0.27 17.09 28.51
70 17.78 6.73 0.37 23.08 26.0680 20.32 6 .2 0 0.45 28.05 22.7390 2 2 .8 6 6.23 0.56 35.18 19.63
100 25.40 6 .2 2 0.71 44.83 16.87
110 27.94 6.05 0.76 47.55 14.04
120 30.48 6 .1 1 0.80 50.01 12.57
130 33.02 6.05 0 .8 8 55.08 11.36
140 35.56 6.04 0.83 52.26 1 0 .6 6150 38.10 6 .1 0 0.89 55.91 10 .21170 43.18 5.97 0.89 55.77 9.41230 58.43 5.93 0.92 57.94 8.15300 76.21 6.06 0.97 60.85 7.21
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Table A-9 Condition (V)
Parameters Values

B ed height 25 cm
F lo w  rate 11 m l/m in
Initial concentration 60  mg/1
pH 5
C olum n operation m od e U p -flow

Table A-10 Sample results of condition (V)
Time Porevolume Zinc Ca(min) (๗) Ce/Co pH (mg/1) (mg/1)

0 0 .0 0 0 .0 0 5.02 0 .0 0
2 0 5.31 0 .0 0 8.13 0 .0 0 -
30 7.97 0 .0 0 8.14 0 .0 0 38.02
40 10.63 0 .0 0 8 .0 0 0 .0 0 37.98
50 13.29 0.03 7.54 1.65 36.34
60 15.94 0.17 6.99 9.87 32.31
70 18.60 0.37 6.78 21.23 26.62
80 21.26 0.55 6 .6 8 31.50 19.5990 23.91 0.70 6.64 39.83 15.15
100 26.57 0.78 6.53 44.29 12.79
110 29.23 0.82 6.73 46.83 10.75
120 31.88 0.84 6.73 48.12 9.98
130 34.54 0.87 6.67 49.64 9.21
140 37.20 0 .8 8 6.82 50.23 8 .6 6
160 42.51 0.90 6 .6 8 51.61 8.41
170 45.17 0 .8 8 6.98 50.51 7.60
190 50.48 0.93 6 .8 6 52.89 7.06
2 0 0 53.14 0.92 6 .8 6 52.36 6.75
2 1 0 55.80 0.93 6.77 52.95 6.54
2 2 0 58.45 0.93 6.71 53.22 6.35
240 63.77 0.94 6.95 53.61 6.29
300 79.71 0.96 6.58 54.92 5.63360 95.65 0.97 6.61 55.20 4.96
420 111.59 0.96 6.49 54.88 5.21
480 127.54 0.99 6.38 56.64 7.50
540 143.48 1 .0 0 - 56.86 7.83
600 159.42 1 .0 0 - 56.93 7.45
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Table A -ll Condition (VI)
Parameters Values

B ed  h eight 25 cm
F lo w  rate 15 m l/m in
Initial concentration 60  mg/1
pH 5
C olum n operation  m od e U p -flo w

Table A-12 Sample results of condition (VI)
Time Porevolume Zinc Ca(min) (ml) pH Ce/Co (mg/1) (mg/1)

0 0 .0 0 5.02 0 .0 0 0  00
30 10.87 8.13 0 .0 0 0 .0 0 37.6840 14.49 7.79 0.03 1.48 36.80
50 18.12 6.97 0.26 14.86 28.30
60 21.74 6 .6 8 0.59 33.71 18.02
70 25.36 6.63 0.75 42.93 13.14
80 28.99 6.60 0.83 47.45 10.6190 32.61 6.51 0 .8 6 49.20 9.54

1 0 0 36.23 6.45 0 .8 8 50.30 8.42
110 39.86 6 .6 8 0.90 51.65 7.46
120 43.48 6.69 0.91 51.74 6.98130 47.10 6.74 0.92 52.46 6.67140 50.72 6.79 0.93 53.14 6.30
160 57.97 6 .6 8 0.94 53.85 6 .0 1170 61.59 6.96 0.97 55.17 5.71190 68.84 6 .8 8 0.95 54.30 5.16
2 0 0 72.46 6.84 0.96 54.64 5.06
2 1 0 76.09 6.79 0.96 54.60 5.03
2 2 0 79.71 6.70 0.96 54.55 4.90240 86.96 6.91 0.97 55.48 4.73300 108.70 6 .6 6 0.96 54.70 3.63360 130.43 6.60 0.99 56.47 3.73
420 152.17 6.47 0.98 56.23 3.68480 173.91 6.42 0.99 56.50 3.26540 195.65 6.07 0.97 55.32 2.82
600 217.39 - 1 .0 0 56.97 2.80
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Table A-13 Condition (VII)
Parameters Values

B ed  h eight 25 cm
F lo w  rate 6 m l/m in
Initial concentration 30  mg/1
pH 5
C olu m n  operation  m od e U p -flo w

Table A-14 Samp e results of condition (VII)Time(min) porevolume
(ml) pH Ce/Co Zinc(mg/1) (mg/1)

0 0 .0 0 4.97 0 .0 0 0 .0 0
2 0 3.43 7.57 0 .0 0 0 .0 0 20.7530 5.14 7.69 0 .0 0 0 .0 0 20.0340 6.85 8.43 0 .0 0 0 .0 0 19.5350 8.57 8.37 0 .0 0 0 .0 0 19.7360 10.28 8.48 0 .0 0 0 .0 0 2 0 .0 0140 23.99 7.94 0 .0 0 0 .0 0 20.31150 25.70 7.86 0 .0 1 0.28 19.91160 27.41 7.66 0.04 1.38 19.50170 29.13 7.53 0.08 2.71 18.74180 30.84 7.41 0 .1 2 3.96 18.24190 32.55 7.36 0.16 5.44 17.63

2 0 0 34.27 7.32 0 .2 0 6.54 17.03
2 1 0 35.98 7.26 0.23 7.72 16.41
2 2 0 37.69 7.22 0.26 8.82 16.06230 39.41 7.19 0.30 9.92 15.65240 41.12 7.15 0.32 10.79 15.10300 51.40 6.80 0.46 15.43 12.05360 61.68 6.71 0.63 2 0 .8 8 9.13420 71.96 6.53 0.72 23.86 7.31480 82.24 6.57 0.75 25.13 6.35540 92.52 6.61 0.77 25.72 5.88600 102.80 6.39 0.80 26.68 5.13
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Table A-15 Condition (VIII)
Parameters Values

B ed  height 21 .5  cm
F lo w  rate 6 m l/m in
Initial concentration 60  mg/1
pH 3
C olum n operation m od e U p -flo w

Table A-16 Sample results of condition (VIII)
Time Porevolume Zinc Ca(min) (๗) pH Ce/Co (mg/i) (mg/1)

0 0 .0 0 3.05 0 .0 0 0 .0 0
2 0 3.43 7.01 0 .0 0 0 .0 0 63.13
30 5.14 7.61 0 .0 0 0 .0 0 65.0340 6.85 7.70 0 .0 0 0 .0 0 66.2950 8.57 7.87 0 .0 0 0 .0 0 67.1660 10.28 7.61 0 .0 0 0 .0 0 66.7770 11.99 7.16 0.09 6 .1 2 6 6 .8 880 13.71 6.95 0.34 22.03 57.4290 15.42 6.82 0.58 38.29 46.49
100 17.13 6.82 0.78 51.23 37.50
110 18.85 6.84 0.87 57.19 33.52
120 20.56 6.80 0.92 60.24 30.42130 22.27 6.84 0.95 62.50 29.15140 23.99 6.85 0.99 64.86 28.54
150 25.70 6.82 0.99 65.04 28.25160 27.41 6.80 1 .0 0 65.72 27.28
170 29.13 6.77 1.01 66.18 26.72180 30.84 6.70 1 .0 2 66.79 26.37190 32.55 6.71 1.01 66.13 25.93
2 0 0 34.27 6.71 1.01 66.38 25.46
2 1 0 35.98 6.70 1.01 66.15 25.33
2 2 0 37.69 6.69 1.01 66.31 25.22240 41.12 6.64 1.01 66.98 24.74
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Table A-17 Condition (IX)
Parameters Values

B ed height 21 .5  cm
F lo w  rate 6 m l/m in
Initial concentration 6 0  mg/1
pH 5
C olum n operation m od e D o w n -flo w

Ta )le A-18 Samp e results of condition (IX)Time Porevolume Zinc Ca(min) (๗) pH Ce/Co (mg/1) (mg/1)
0 0 .0 0 5.20 0 .0 0 o'oo

2 0 3.43 6.85 0 .0 0 0 .0 0 37.97
30 5.14 7.52 0 .0 0 0 .0 0 36.54
40 6.85 8.13 0 .0 0 0 .0 0 37.35
50 8.57 7.79 0 .0 0 0 .0 0 36.9060 10.28 7.36 0 .01 0.52 38.15
70 11.99 7.57 0.04 2.29 36.14
80 13.71 7.45 0 .1 2 7 73 34.8390 15.42 7.25 0.23 14.29 31.69
100 17.13 7.45 0.35 22.29 28.67
110 18.85 7.52 0.43 26.91 26.18
1 2 0 20.56 7.30 0.51 31.99 2 2 .0 0130 22.27 7.18 0.59 37.27 19.86140 23.99 7.21 0.65 41.01 18.00150 25.70 7.06 0.67 42.16 16.73160 27.41 7.22 0.72 45.32 15.74
170 29.13 7.04 0.73 46.16 14.79180 30.84 7.08 0.77 48.20 14.36190 32.55 7.00 0.78 49.28 13.37
2 0 0 34.27 7.02 0.77 48.43 12.35
2 1 0 35.98 7.48 0.80 50.23 12.43
2 2 0 37.69 7.05 0.83 52.39 12.61230 39.41 6.95 0.85 53.51 10.97240 41.12 6.99 0.89 55.74 11.04360 61.68 7.17 0.89 55.67 8.94420 71.96 - 0.95 59.82 1 1 .1 2480 82.24 - 0.97 60.69 9.04540 92.52 - 0.96 60.57 8 .8 6600 102.80 " 0.98 61.34 8.84
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Table A-19 Condition (X)
Parameters Values

B ed height 21 .5  cm
F low  rate 6 m l/m in
in itia l concentration 0 mg/1
pH 5
C olum n operation m od e U p -flo w

Ta ble A-20 Sample results of condition (X)Time(min) Porevolume
(ml) pH Zinc(mg/1) (mg/I)

0 0 .0 0 5.08 0
2 0 3.43 7.52 0 29.03
30 5.14 8.35 0 9.92
40 6.85 8.51 0 6.91
50 8.57 8.32 0 7.3160 10.28 8.44 0 7 11
70 11.99 8 .21 0 7.24
140 23.99 7.67 0 7.58
180 30.84 7.68 0 7.89
420 71.96 8.58 0 7.85
600 102.80 - 0 7.82
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