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APPENDIX

Column experimental results

Table A-I Conditions (1)

Parameters Values
Bed height 25.¢m
Flow rate s ml/min
Initial concentration 60 my/L
pH 5
Column operation mode Up-flow

Table A-2 Sample results of conditions (1)

Time Porevolume zinc Ca
(min) (ml) pH (mg/1) (mg/1) CelCo
0 0.00 5.07 0.00 : 0.00
60 8.69 1.81 0.00 40.09 0.00
90 13.04 8.00 0.00 41.70 0.00
too 14.49 7.83 0.06 41.48 0.00
110 15.94 6.56 142 41.46 0.02
120 17.39 7.13 7.60 35.41 0.13
130 18.84 6.91 10.05 34.27 0.17
140 20.29 6.66 19.90 29.46 0.33
150 21.73 6.73 24.65 25.12 041
160 23.18 6.58 28.98 23.58 0.48
170 24.63 6.64 33.97 20.08 0.56
180 26.08 6.76 37.62 19.09 0.62
190 21.53 6.69 38.02 17.95 0.63
200 28.98 6.65 40.32 16.41 0.67
210 30.43 6.63 41.98 15.60 0.70
220 31.88 5.87 42.19 14.57 0.71
230 33.33 6.15 41.14 13.30 0.68
240 35.07 5.73 41.45 12.44 0.69
300 43.47 6.16 46.59 10.57 0.77
360 52.16 6.46 48.16 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 7.60 0.87

600 86.94 6.25 52.24 7.04 0.87
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Table A-3 Conditions (1)

Parameters Values
Bed height 21.5 cm
Flow rate 6 ml/min
Initial concentration 60 mg/l
pH 5
Column operation mode Up-flow

Table A-4 Sample results of condition (I1)

] I
m T g oo @ m
0 0,00 0/ 0.00 0%00

60 1028 169 0.00 0.00 4107
) Y% 18 0.00 0.00 4226
100 1713 .14 0.00 0.00 4.4
110 188 6.14 0.08 461 32
120 2056 107 007 411 B3
221 6% 018 11.08 465

140 29 6.5 03 21.02 2161
5.0 6.13 043 H& 538

10 2141 6.6/ 052 3160 21 88
10 2913 6.66 0.60 R%es) 1846
180 4 6.7 0.66 4002 164
19 325 083 0.68 4010 [RY/
200 A2 6.5 0.72 4356 145
210 R 6.6 074 4.3 138/
220 3769 h3 011 46009 1310
41 609 011 4640 1254

24) 4112 b5/ 0.79 4731 1219
5140 6.12 083 .2 1017

61.68 646 0.86 57T 928

lv| 1% 641 087 547 843
4) 82.24 0.3 090 N9 Y
M0 N H5) 090 510 166
600 10280 6.16 089 K374 706
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Table A-5 Conditions (I11)

Values

Parameters

18 ¢cm

Bed height
Flow rate

6 ml/min
60 mg/l

Initial concentration

pH

p-flow

Column operation mode

&m SSIRHAI/YBROAIXERTT. 3SR =H38=

BB IBHERNS[ITNT SSSFHSS «wr=oLoLo

o O O o N

T=RSER[ISE «SBRBBRIBRSISHBNRHED

eI Y R IR RBON P3RS NS T RISTRS

— oI oNTESH( RGBS I BRLYLTRSRRT

Porevolune

SBLBSR € S S\VSERBEZS S 2 I[SSIIS

Table A« Sample results of condition (I11)

i
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(V)

Table A-7 Conditions

Values

Parameters

145cm

Bed height
Flow rate

6 ml/min
60 mg/l

Initial concentration

pH

Up-flow

Column operation mode

SHEBVHAILY[EI AN =S Sssoor=

MMmmm&w%%B%%MW%%W%%

BN S amReS e sBainenas

SRNHLIEERE s83B5I

00
00
00
08

Ce/Co
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

le results of condition (1V)
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Table A-9 Condition

25 ¢cm

Bed height
Flow rate

11 ml/min
60 mg/l

Initial concentration

pH

Up-flow

Column operation mode

s RS B S S RS NSRS B SRR
— SRR S SRR S SRR R RERR TN SR

Porevolume

SEEESES

|
b
0
20
3)
40
o
6
0
g)
D
100
110
120
13
140
160
10
19
200
210
220

Table A-10 Sample results of condition (V)
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Table A-1l Condition (V1)

Parameters Values
Bed height 25 cm
Flow rate 15 ml/min
Initial concentration 60 mg/l
pH 5
Column operation mode Up-flow

Table A-12 Sample results of condition (V1)

J{gnrs Pore(ml)ume % oo @g)
3

Ele
N—

0.00 : 0.00

108/ 813 0.00 0.00 368
4 1449 .09 003 148 354
N 1812 697 0.26 1486 283
o0 2174 6.68 059 371 1802
I 5% 663 075 DR 1314
g 289 0.0 083 4745 1061
) 261 651 0.86 4920 R
100 3523 645 0.88 3.3 842
110 398 6,68 090 5165 146
120 4348 6.69 091 5174 6.9
13 4710 6.74 09R K46 0.6/
14) .72 6.79 093 K14 6.3
160 5197 6,68 0% & 6.01
10 6159 6.% 097 7 K1l
19 6384 6,88 0% M3 516
200 1246 o84 0% 5 64 506
210 76,09 6.79 0% 560 503
220 N1 6.70 0% M 49
240 80.% 691 097 548 473
0 10810 6.66 0% 510 363
Rl 13043 660 09 547 313
) 1517 04/ 098 YA 368
4) 17391 642 09 5% 320
50 19%5.65 6.0/ 097 Hh32 28
600 PATRY) : .00 5%.97 280
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Table A-13 Condition (V11)

Parameters Values
Bed height 25 ¢m
Flow rate 6 ml/min
Initial concentration 30 mg/1
pH 5
Column operation mode Up-flow

Table A-14 Samp e results of condition (VII) _

I revolume
oy R R @
0 0 97 0.00 0.00
20 343 157 0.00 0.00 0.5
R 514 769 0.00 0.00 2003
4) 6.3 843 0.00 0.00 1953
o 857 837 0.00 0.00 1973
o0 1028 848 0.00 0.00 20.00
14 29 Ak 0.00 0.00 2031
s 25.10 180 0.01 028 199
160 2041 160 : 138 1950
() 2913 153 0.08 211 1874
18 084 141 0.12 3% 1824
190 3255 1.3 0.16 K44 1763
200 A2 1.3 0.20 654 1703
210 HR 126 023 1.12 1641
220 3069 122 026 882 1606
2 3941 119 0.0 09 156
24) 4112 115 032 10.79 1510
N 5140 6.8 046 1B43 1206
30 6168 6.71 063 20.88 013
) 1% 653 0.72 2380 131
4) 8.4 65/ 0.75 513 6.5
) 052 661 077 .12 588
600 10280 6.9 080 2068 513



Table A-15 Condition (VI11)

Parameters Values
Bed height 21.5 cm
Flow rate 6 ml/min
Initial concentration 60 mg/l
pH 3
Column operation mode Up-flow

Table A-16 Sample results of condition (V111)

In Porevolume |
o | @ o (i
0 0.0 . 0.00 0.00
20 343 701 0.00 0.00
3 514 761 0.00 0.00
4 685 .00 0.00 0.00
) 85/ 18/ 0.00 0.00
0 1028 761 0.00 0.00
10 119 116 009 .12
) 137 6% 0.4 203
0 154 6.8 058 3.2
100 1713 682 0.78 5123
110 188 684 08/ 5119
120 205 680 092 60.24
R 220 o84 0% 625)
140 29 685 09 0480
19 .10 6.8 09 5.4
10 2141 680 1.00 0.2
0 2913 6./1 1.01 66.18
1§) 4 6./0 1.02 66.79
19 325 oyl 1.01 00.13
200 A2 6./1 1.01 60.38
220 . . 101 .
24) 4112 0.4 1.01 0698

e
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215 cm

Bed height
Flow rate

6 ml/min
60 mg/L

[nitial concentration

pH

Down-flow

Column operation mode
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Table A-19 Condition (X)
Parameters Values
Bed height 21.5 ¢m
Flow rate 6 ml/min
initial concentration 0 mg/L
pH 5
Column operation mode Up-flow

Ta bIepA\O-ZO ample results of condition (X)

II EVoiume
mn m |
L R
20 343 152 0 2903
J 514 8 0 99
40 68 85l 0 691
) 85/ 832 0 131
60 1028 844 0 1
) 119 8.21 0 124
140 29 16/ 0 158
19 Rk 168 0 189
4 1% 858 0 8
600 10280 : 0 18
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