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AL(S0,);
pH repl rep2 average %
TOC(mg/) TOC(mg/1) TOC(mg/)
4.5 56.78 58.44 57.61 86.29
5 49.85 50.12 49.99 88.11
3.5 60.71 51.23 55.97 86.68
6 66.2 60.27 63.24 84.96
6.5 88.59 103.01 95.80 77.21
7 130.46 137.13 133.80 68.17
Fe(Cl;
pH repl rep2 average %
TOC(mg/l) TOC(mg/l) TOC(mg/)
4.5 3745 47.03 42.27 89,95
5 2622 28.84 27.53 93.45
5.5 40.04 48.76 44.40 89.44
6 5543 £12 33.28 87.33
6.5 83.20 89.88 86.54 79.41
7 109.68 117.97 113.83 72.92
FeSO,
pH repl Tep2 average %
TOC(mg/l) TOC(mg/l) TOC(mg)
4.5 110.87 96.87 103.87 75.29
5 74.70 78.57 76.64 81.77
5.5 70.61 69.96 70.28 83.28
6 68.35 68.89 68.62 83.68
6.5 60.00 62.10 61.05 85.48
7 73.19 77.50 75.35 82.08
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Coagulation-Flocculation i pH 1M 5 §145Y AL(SO,); ,FeCl; asfi pH 0y 6.5 snfy

FeSOy,
AL(SO4)s
Dose Repl Rep2 Average Yo
(mgA) TOC(mg/l) TOC(mg/1) TOC(mg/l)

0 420.34 420.34 420.34 0.00
200 77.39 89.23 83.31 80.18
400 66.31 79.00 72.66 82.72
600 53.82 57.59 33.71 86.75
800 49.19 52.10 50.65 87.95
1000 44.46 48.22 46.34 £8.98
1200 45.75 46.61 46.18 £9.01

FeCl;
Daose Repl Rep2 Average Yo
{mg/l) TOC(mg/h) TOC(mg/T) TOC(mg/l)

0 420.34 420.34 420.34 0.00
200 64.26 69.97 67.12 34.03
400 51.02 34.23 42.63 89.86
600 27.99 25.94 26.97 93.58
300 27.66 24.00 25.83 93.85
1000 24.65 19.05 21.85 94.80
1200 24.65 18.73 21.69 94.84

FeSO,
Dose Repl Rep2 Average Y%
(mg/) TOC(mg/) TOC(mg/1) TOC{mg/l)

0 420.34 420.34 420.34 0
200 232.40 245.85 239.13 43.11
400 154.68 164.37 159.53 62.05
600 62.86 66.75 64.81 §4.58
800 58.88 79.65 69.27 83.52
1000 58.56 65.98 62.27 §5.19

1200 58.44 63.72 61.08 85.47
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VAR IZHZIIAIVOINIZVIUMT  Adsorption S1HTUATUANIT UG

pH 3
TOC TOC Average
Time Repl Rep2 TOC
(min.}) {mg./L) {mg./.) (mg./.)
0 39.05 39.05 39.05
5 8.75 7.67 8.21
15 7.43 7.01 7.22
30 5.83 6.39 6.11
60 5.22 5.60 5.41
120 5.00 4.74 4.87
180 5.00 4.74 4.87
240 4.95 4.79 4.87
300 4.97 4.75 4.86
pH 5
TOC TOC Average
Time Repl Rep2 TOC
{(min.) (mg./L} {mg./1.) {mg.A.)
0 39.05 39.05 35.05
5 10.38 10.51 10.25
i5 8.33 8.00 8.66
30 8.45 8.54 8.36
60 8.03 8.60 7.46
120 7.88 8.00 7.76
180 7.86 8.00 7.72
240 7.84 7.94 7.74
300 7.85 7.97 7.73
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pH7
TOC TOC Average
Time Repl Rep2 TOC
{min.) (mg./1.) (mg./.) {mg./1.)
0 39.05 39.05 39.05
5 16.29 16.92 15.66
15 15.91 15.76 16.06
30 15.65 15.21 16.09
60 14.09 14.1i 14.07
120 13.73 13.44 14.02
180 13.76 13.55 13.97
240 13.73 13.49 13.97
300 13.72 13.48 13.96
pH®%
TOC TOC Average
Time Repl Rep2 TOC
(min.) {mg./L) (mg.1) ( mg./1)
0 39.05 39.05 39.05
5 18.11 17.80 18.42
15 16.83 16.20 17.46
30 14.97 15.11 14.83
60 14.83 14.56 15.10
120 14.59 15.34 13.84
180 14.57 15.22 13.92
240 14.55 15.17 13.93
300 14.59 15.24 13.94
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M3 4 Teyontamaaaanaves pll Aifldesvazia1ueinszIun1s Adsorption smFueuiusiudTufiu

(7-300) hwsiudedsnfianudndu TOC Sudu 39.05 un.a.

pH3
TOC TOC Average
Time Repl Rep2 TOC
{min.) (mg./1.} (mg./.) ( mg.A.)
0 39.05 39.05 39.05
5 4.12 3.34 3.73
15 3.67 229 2.98
30 3.11 2.63 2.87
60 2.24 3.30 2.77
120 1.45 2.07 1.76
180 1.41 2.09 1.75
240 1.42 2.06 1.74
300 1.42 2.06 1.74
pHS
TOC TOC Average
Time Repl Rep2 TOC
(min.) {mg./1.) (mg./1.) (mg.A.)
0 39.05 39.05 39.05
5 5.78 5.54 5.66
15 4.12 3.86 3.99
30 4.03 3.57 3.80
60 3.48 3.00 3.24
120 2.56 2.00 2.28
180 2.54 1.98 2.26
240 2.55 2.01 2.28
300 2.55 1.99 227
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pH7
TOC TOC Average
Time Repl Rep2 TOC
{min.) {mg./1.) {mg.l.) (mg./1L)
0 39.05 39.05 39.05
5 10.46 10.32 10.60
15 §.92 8.74 9.10
30 8.24 8.33 8.15
60 7.63 | 7.63 7.63
120 7.59 7.42 7.76
180 7.52 7.40 7.64
240 7.53 7.38 7.68
300 7.49 7.41 7.57
pH?
TOC TOC Average
Time Repl Rep2 TOC
{min.} (mg./1.) (mg./.) { mg./1.)
0 39.05 39.05 39.05
5 12.89 13.23 13.06
15 11.76 12.60 12.18
30 11.69 12.45 12.07
60 10.70 12.56 11.63
120 10.22 12.52 11.37
180 10.18 12.52 11.35
240 10.19 12.33 11.36
300 10.20 12.42 11.31
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M3 s deyamsnanaswavean iy TOChniudsdsnmimstiudm pa ohiy 7 dessevnmva

N3EUIUNMS Adsorption nFuuiuifudnsainznin (C-1000)

Initial TOC 39.05 mg./)

TOC TOC Average
Time Repl Rep2 TOC
(min.} (mg./l.) (mg./.) {mg./l.)
0 39.05 39.05 39.05
5 17.72 16.5 17.11
15 16.84 16.2 16.52
30 16.05 15.3 15.68
60 14.91 14.2 14.56
120 14.14 12.6 13.37
180 14.14 12.6 13.37
240 14.13 12.8 13.47
300 14.13 13.81 14.02

Initial TOC 60.76 mg./L

TOC TOC Average
Time Repl Rep2 TOC
(min.) {mg./1.) (mg./L) { mg./1.)
0 60.76 60.76 60.76
5 29.74 29.02 29.38
15 28.42 28.94 28.68
30 28.77 28.17 28.47
60 27.86 26.62 27.24
120 26.07 27.47 26.77
180 25.89 27.47 26,68
240 26.83 26.57 2.6.70

300 26.86 26.56 26.71
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Enitial TOC 78.41 mg./L

TOC TOC Average
Time Repl Rep2 TOC
{min.) (mg./1.) (mg.1.) { mg./l.)
0 78.41 78.41 78.41
5 51.68 37.32 44.50
15 34.90 32.30 33.60
30 32.68 31.04 31.86
60 27.50 31.82 29.66
120 26.41 30.91 28.66
130 26.66 30.26 28.46
240 26.44 30.28 28.36
300 26.29 30.43 28.36
Initial TOC 148.20 mg./1.
TOC TOC Average
Time Repl Rep2 TOC
(min.) {mg./l.) (mg./1) { mg./1.)
0 148.20 148.20 148.20
5 111.56 111.34 111.45
15 107.59 106.71 107.15
30 103.21 108.09 105.65
60 94.91 96.99 95.95
120 83.20 88.70 83.95
130 83.01 87.37 85.19
240 83.02 87.02 85.02
300 83.51 86.69 85.10
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N6 Joyammessswavesm ity ToCthuind@edsditnslSu pi iy 7 deszaznarves

NSZUIUMS Adsorption F1nFumuiuiudanadiv (F-300)

Initial TOC 39.05 mg./l

TOC TOC Average
Time Repl Rep2 TOC
{min.) (mg./1.) {mg./.} (mg.A.)
0 39.05 39.05 39.05
5 9.54 10.30 9.92
15 8.71 9.40 5.06
30 8.52 8.00 8.26
60 8.36 7.50 7.93
120 3.03 7.10 7.57
180 8.03 7.00 7.52
240 8.03 7.20 7.62
300 _ 8.03 7.91 7.97

Initial TOC 60.76 mg./l.

TOC TOC Average
Time Repl Rep2 TOC

{min.) {mg./l) {mg./.) {mg./1.)
0 60.76 60.76 1 60.76
5 20.24 18.02 19.13
15 19.38 15.30 17.34
30 18.19 16.65 17.42
60 18.47 15.1% 16.83
120 17.76 16.06 16.91
180 17.13 16.35 16.74
240 17.67 15.67 16.67

300 17.31 15.31 16.31
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Initial TOC 78.41 mg./l.

TOC TOC Average
Time Repl Rep2 TOC

(min.) {mg./1.) (mg./i.) (mg./L.)
0 78.41 78.41 78.41
5 33.79 3271 33.25
15 26.78 15.42 21.10
30 24.78 13.52 19.15
60 18.96 16.78 17.87
120 16.41 19.59 18.00
180 16.52 19.08 17.80
240 16.14 18.88 17.51
300 16.36 18.28 17.32

Initial TOC 148.20 mg./.

TOC TOC Average
Time Repl Rep2 TOC

{min.) {mg./1.) (mg./1.) (mg./1.)

0 148.20 148.20 148.20

5 50.67 46.93 48.80
15 55.43 29.07 42.25
30 44.52 36.16 40.34
60 32.41 38.09 35.25
120 33.42 34.86 34.14
180 33.20 37.28 35.24
240 33.80 34.24 34.02
300 33.52 34.64 34.08
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M99 07 YeyantinAnenaved pH filldedszanininnsidadlaunszuauns Adsorption d1m5y

anuduTudnzaEni (C-1000) Thidedssitiaudidu Toc Sudu 39.05 unsa.

pH3
TOC | TOC TOC |Average
m | v, Co | CeRepl|C, Rep2[TOC C (Co- C)*v| xim | 1/(x/m) |C/(x/m)|In(x/m) | In(C,)
(mg.)|(mL) (mg/L)| (mg/A) | (mg/k)|(mgA)| (mg) [(mg/e)|(g/mg)| (g/) |(mg./g)|(mg.n.)
0 100 | 359.05 39.05 36.05 39.05 0.00 0.000 0.000 0.000 0.000 0.000
500 100 39.05 12.47 6.1;4 9.31 2.97 5.949 0.168 1.564 1.783 2231
1400 | 100 36.05 3.6t 4.87 4.39 347 3.466 0.28% 1.267 1243 1.479
1500 1 100 39.05 1.54 3.76 : 2.85 3.62 2413 0414 1.181 0.881 1.047
2000 | o0 3%.05 1.14 3.14 2.14 3.69 1.846 0.542 1.160 0.613 0.761
2500 | 10G 39.05 0.77 2,52 1.65 3.74 1.496 0.668 1.099 0.403 0.498
3000 | 106 39.05 0.56 1.86 1.21 3.78 i.261 0.793 0.959 0.232 0.191
3500 | 100 | 39.05 0.46 095 0.71 3.83 1.095 0913 0.648 0.091 -0.342
4000 1 100 39.05 0.36 08 0.58 385 0.962 1.040 0.603 -0.039 -0.545
pHS
TOC | TOC TOC |Average
m { v. Cy | C.Repl|C, Rep2|TOC C [(Co- C)*v] xm | 1/(x/m) [C/(x/m)| In(x/m} | In(C,)
(mg)|(mi)|(mgA)| (mg/) | (mg.A) | (mgA)|_(mg) . |(mg/g)|(@/mg)| @A) |(mg/g)|(mgn)!
0 100 39.05 35.05 38.05 39.05 0.00 0.000 0.000 0.000 0.000 0.000
500 100 35.05 17.87 7.81 12.84 262 5.242 0.191 2.449 1.657 2.553
1000 | 10Q 39.05 8.75 5.85 7.30 3.18 3.175 0315 2.26% 1.155 1.988
1500 | 100 38.05 542 5.01 5.22 3.38 2256 0.443 2312 0.813 1.652
2000 { 100 39.05 4.3 4.13 4.22 348 1.742 0.574 2.420 0.555 1.439
2500 { 100 39.05 3.28 3.28 328 3.58 1431 0.699 2292 0.358 1.188
3000 1 100 39.05 2.17 2,49 2.33 3.67 1.224 0.817 1.904 0.202 0.846
3500-{ 100 39.05 0.96 2.29 1.63 3.74 1069 0.935 1.520 0.067 0.486
4000 | 100 39.05 0.65 1.55 1.10 3.80 0.949 1.054 1.159 -0.053 0.095
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pH7
TOC | TOC TOC |Average

m | v. Co | CeRepl|C, Rep2|TOC C,[(Co- C)*v| x/m | 1/(x/m) |C/(x/m)| In(x/m) | In(C.)
((mg.)|(ml}|(mg./l.)| (mgJl) | (mg.A1) | (mg/)]| (mg) [(mg/g)|(g./mg)| (g./1.) (mg./g.}|(mg./1.)

0 100 | 39.05 35.05 35.05 39.05 0.00 0.000 0.000 0.000 0000 0.000

500 | 100 | 39.05 25.93 15.82 20.88 1.82 3635 0.275 5.743 1.291 3.039
1000 | 100 | 39.05 16.05 10.72 13.39 257 2.567 0.390 5.215 0.943 2.594
1500 | 100 | 35.05 10.65 8.03 9.84 292 1.947 0.514 5.053 0.666 2.286
2000 | 100 39.05 932 7.42 8.37 3.07 1.534 0.652 5.456 0.428 2.125
2500 ] 100 39.05 7.78 5.38 6.58 3.25 1.299 0.770 5.066 0.261 1.884
3000 | 100 39.05 6.43 3.86 5.15 3.39 1.130 0.885 4.552 0.122 1.638
3500 | 100 35.05 42 1.61 291 3.61 1.033 0.968 2.813 0.032 1.066
4000 | 100 39.05 223 1.22 1.73 3.73 0.933 1.072 1.849 -0.069 0.545

pH9
TOC | TOC TOC |Average

m | v. Ce | C,Repl(C, Rep2|TOC C,[(Cp- C)*v| x/m | 1/(x/m) |Co/(x/m)| In(x/m} | In(C,)
(mg.)|(mL)|(mg./1.)| (mg/1) | (mg/.)|(mgA)| (mg) |(mg/g)i(g/mg)| (g1) |(mg/g)|(mg.)]

0 100 39.05 39.05 39.05 39.05 (.00 0.000 0.000 0.000 0.000 0.000

50C | 100 39.05 25.93 19.73 22.83 162 3.244 0.308 7.038 1.177 3.128
1000 | 100 39.05 16.05 11.09 13.57 2.55 2.548 0.392 5.326 0.935 2.608
1500 | 100 39.05 10.65 9 9.83 2.92 1948 0.513 5.043 0.667 2.285
2000 j 100 35.05 9.32 8.82 9.07 3.00 1499 0.667 6.051 0.405 2.205
2500 [ 100 39.05 7.78 7.92 7.85 3.12 1.248 0.801 6.290 0222 2.061
.300C | 100 39.05 6.43 5.41 5.92 3.31 [.104 0.906 5.361 0.099 1.778
3500 § 100 39.05 42 2.33 3.27 3.58 1.022 0.978 3.193 0.022 1.183
4000 | 100 39.05 2.23 1.49 1.86 372 0.930 1.076 2.001 -0.073 0.621
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@199 A8 Yayamsnaoewavas pH fisetszEnEmunisminiiaensziiums Adsorption d iy

swfufudaiuiiv (P-300) hoh@edsuiidla nedudu TOC Sadu 39.05 wasm.

pH3

TOC | TOC TOC [Average
m | v Co | CeRepl|C, Rep2| TOC C.[(Co- C)*v| xm | 1/{x/m) |C/(x'm)| In(x/m) | In{C,)
{mg.)i(ml)|(mg.1)| (mg/) |{mg/) g/l (mg.) |(mg/g)|(g/mg)| (g/l.) |(mg/g){(mg. )]

0 106 35.05 39.05 39.05 39.05 0.00 0.000 0.000 0.000 0.000 0.000

16 | 100 | 39.05 4.11 3.74 3.93 3.51 35125 | 0028 0.112 3.559 | 1367
200 | 100 39.05 275 . 2.41 2.58 3.65 18.235 0.055 0.141 2,903 0.948
400 | 100 39.05 1.58 1.94 = 1.76 3.73 9.323 0.107 0.189 2232 0.565
500 [ 100 39.05 1.23 1.56 1.40 3.77 7.531 0.133 0.185 2019 0.333
600 | 100 39.05 0.94 0.93 0.94 3.81 6.353 0.157 0.147 1.849 -0.067
700 | 100 35.05 0.48 0.51 0.50 386 4.819 0.207 0.103 1.573 -0.703
800 1 100 | 39.05 0.26 0.18 0.22 3.88 4314 0.232 0.051 1462 | -1.514
1000 | 100 39.05 0.07 (.04 0.06 3.90 3.900 0.256 0.014 1.361 -2.813

pH5

TOC | TOC TOC |Average
m V. Cy | C.Repl|C, Rep2|TOC C,|(Cp- Ce)*v| xm | 1/(x/m)} |C/(x'm)| In{x/m) | In(C,)
(mg.)|(ml)|(mg./L)| (mg./1) | (mgA) (mg/l.)| (mg) [{mg/e)|(g/mg)| (g} [(mg/g)|(mg..)

0 100 { 39.05 39.05 39.05 39.05 0.00 0.000 0.000 0.000 0.000 0.000
wld | 100 | 39.05 7.33 7.26 7.30 3.18 31,755 0.031 0.230 3.458 1.987
200 | 100 | 3805 4.82 4.81 4.82 342 17.118 0.058 0.281 2.840 1.572
400 § 100 | 39.05 2.4 2.31 2.36 3.67 9174 0.109 0.257 2216 0.857
500 | 100 | 39.05 1.57 1.5 1.54 3.75 73503 0.133 0.205 2.015 0.429
600 [ 100 | 39.05 1.36 1.26 1.31 3.77 6.250 0.159 0.208 1.839 0.270
700 [ 100 1 39.05 0.81 0.84 0.83 3.82 4.778 0.209 0.173 1.564 -0.192
800 | 100 | 39.05 043 0.44 0.44 3.86 4281 0.233 0.101 1.456 -0.832

1000 | 100 | 39.05 0.12 0.13 0.13 3.89 3.893 0.257 0.032 1.359 -2.040




A1714 N8 (F10)

109

pH7
TOC | TOC TOC |Average

m | v. Co | C.Repl|C, Rep2(TOC C.[(Cy- Coy*v] x/m | 1/(x/m} [C/(x/m)| In(x/m)| In(C,)

[((mg)|(mL)|{(mg./l)| (mg./D) | (mg./A)|(mg/)| (mg) |(mg/g)l(e/mg)| (g./1) |(mg/g)|(mgi)
0 100 3%.05 39.05 39.05 39.05 0.00 0.000 0.000 0.000 0.000 0.000
100 100 3%.05 13.88 14,03 13.96 2.51 25.095 0.040 0.556 3.223 2.636
200 | 100 359.05 10.34 10.29 10.32 2.87 14.368 0.070 0.718 2.665 2.334
400 | 100 38.05 7.65 7.53 7.59 3.15 7.865 0.127 0.965 2.062 2027
500 [ 100 35.05 5.18 5.25 522 3.38 6.767 0.148 0.771 1.512 1.652
600 1 100 | 35.05 2.53 2.46 2.50 3.66 6.093 0.164 0.410 1.807 0914
700 [ 100 [ 3505 1.48 1.49 1.49 3.76 4.696 0.213 0.316 1.547 0.395
800 [ 100 [ 35.05 0.8 0.87 0.84 3.82 4.246 0.236 0.197 1.446 -0.180
1000 | 100 | 39.05 0.18 Q.17 0.18 3.89 3.888 0.257 0.045 1.358 -1,715

pHY%
TOC | TOC TOC |Average

m | v. Co | C.Repl|C,Rep2{TOC C, (Cy- C)*v| xm |1/(x/m) [C/(x/m)| In{x/m) | In(C,)

((mg.}|(ml)|(mg./l.}| (mg./) | (mg.A)|(mg/i)| (mg) |(mg/g)|(g/mg}| (1) [(mg./g.} (mg./l.)
0 100 | 3%.05 39.05 39.05 35.05 0.00 0.000 0.000 0.000 0.000 0.000
10 100 | 39.05 17.10 16.81 16.96 221 22.095 0.045 0.767 3.085 2.831
200 | 106 | 39.05 13.13 15.03 14.08 2.50 12,485 0.080 1128 2.525 2,645
400 1 106 1 39.05 1048 12.27 11.38 2.97 6.91% 0.145 [.644 1.934 2431
500 | 100 § 39.05 7.97 7.65 7.81 3.12 6.248 0.160 1.250 1.832 2.055
600 | 100 ¢ 39,05 547 4.97 522 3.38 5638 0.177 0.926 1.730 1.652
700 | 100 1 39.05 2.8% 2.68 2.79 3.63 4.533 0.221 0.614 1.511 1.024
800 { 100 ¢ 39.05 1.77 1.14 1.46 3.76 4.177 0.239 0.348 1.430 0.375
1000 | 100 39.05 (.72 0.55 0.64 3.84 3.841 0.260 0.165 1.346 -0.446
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Mg deyaminaasiravesnnutudy ToChnh@edumiimalum pH ity 7 dedsz@nEam

nstdadlaenszuiums Adsorption dwmiudufuiudnzanzwin (C-1000)

Initial TOC 39.05 me./l.

TOC | TOC | TOC |Average

m | V. Co | C.Repl|C, Rep2|TOC C,|[(Co- Co)*v| x/m | 1/(x/m) [C/(x/m)| In{x/m) | In(C,)

mg}|(mb)|(mg/)| (mg/i) | (mg/) | (mgA)| (mg) |(mg/g)|(g/mg)i (g/.) {mg./g.) [ (mg./.)
0 100 { 39.05 39.05 39.05 39.05 1.82 0.000 0.000 0.000 0.000 0.000
500 | 100 39.05 20.86 20.88 20.87 2.50 3.636 0.275 0.048 1291 3.038
1000 | 100 | 35.05 14.14 13.92 14.03 296 2.502 0.400 0.071 0917 2.641
1500 | 100 39.05 9.54 2.36 9.45 3.02 1,974 0.567 0.106 0.680 2.245
2000 | 100 | 39.05 7.90 9.84 8.87 3.26 1.509 0.663 0.113 0411 2.183
2500 | 100 § 3905 6.71 6.11 6.41 3.36 1.306 0.766 0.156 0.267 1.858
3000 | 100 39.05 5.35 561 548 3.64 1.119 0.894 0.182 0.112 1.701
3500 } 100 | 39.05 2.68 2.58 2.63 372 1.041 0.961 0.381 0.040 0.965
4000 | 160 | 39.05 1.91 1.83 1.87 1.82 0.930 1.076 0.535 -0.073 0.626

Initial TOC 60.76 mg./l.
TOC | TOC | TOC A\;erage

M| w Co | CeRepl|C, Rep2|TOC C,|(Co- C)*v| x/m | 1/(x/m) [C/(x/m)| In(x/m) | In(C,)

(mg)|(ml)| (mg.1)| (mg.A) |(mgA)|(mgA)| (mg) |(mg/e)|(g/me)| (g) |(mg/e)|(mg.A.)
0 100 { 60.76 60.76 60.76 60.76 .00 0.000 0.000 0.000 0.000 0.000
500 100 6(;.76 26.36 41.82 34.09 2.67 5334 0.187 6.391 1.674 3.529
1000 | 100 60.76 21.89 28.01 25,00 3.58 3.576 . 0.280 6.991 1274 3.219
1500 { 100 [ 60.76 18.66 19.43 19.05 4.17 2.781 0.360 6.848 1.023 2.947
2000 | 100 | 60.76 10.94 11.16 11.05 4.97 2486 0.402 4.446 0.910 2402
2500 | 100 | 60.76 7.48 7.49 7.49 533 2.131 0.469 3512 0.757 2,013
3000 | 100 60.76 3.85 4.13 3.99 5.68 1.892 0.528 2.109 0638 1.384
3500 | 100 60.76 2.07 1.56 1.82 5.89 1.684 0.594 1.078 0.352] 0.5%6
4000 | 100 1 60.76 0.233 0.92 0.58 6.02 1.505 0.665 0.383 0.409 -0.545
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Initial TOC 78.41 mg./l

TOC | TOC | TOC |Average
M| v Co | CeRepliC, Rep2| TOC C |(Co- Co)*v| x/m | H(x/m) [CJ/(x/m)] In(x/m) | In(C,)
(mg.)|(ml)|(mg./.)| (mg./l) | (mg.)|(mg./l)| (mg) |(mg/g)|(g/mg)| (g./.) (mg./g.) | (mg./1.)
0 100 7841 7841 78.41 78.41 0.00 0.000 0.000 0.000 0.000 0.000
500 | 100 7841 4177 44.52 46.15 3.23 6.453 0.155 7.151 1.865 3.832
1000 | 100 78.41 26.98 26.86 26.92 5.15 5.14% 0,194 5.228 1.639 3.293
1500 | 100 78.41 12.34 11.84 12.09 6.63 4.421 0.226 2,734 1.486 2492
2000 | i00 78.41 6.35 9.12 7.74 707 3.534 0.283 2.189 1.262 2.046
2500 | 100 78.41 5.31 6.94 6.13 7.23 2.891 0.346 2.118 1.062 1.812
3000 | 100 78.41 449 4.23 4.36 741 2468 0.405 1.766 0.904 1.472
3500 | 100 78.41 2.11 341 2.76 7.57 2.161 0.463 1.277 0.771 1.015
4000 { 100 78.41 2.10 221 2.16 163 1.906 0.525 1.130 0.645 0.770
Initial TOC 148.40 mg./.
TOC TOC | TOC |Average
m | v, Co | C.Repl|C, Rep2( TOC C, |(Cp- C)*v| xm | 1/(x/m) |C/(x/m} In(x/m) | In(C,)
((mg.)|(ml)|(mg./A)| (mg./1) |(mgA)| (mgA)| (mg) |(mg/g)!(g/mg) (g.1) |(mg/g)|(mgl.)

0 100 | 148.20 148.20 148.20 148.20 0.00 0.000 0.000 0.000 0.000 0.000
500 3 100 | 14820 9471 [26.40 110.56 3.76 7.529 0.133 14.684 2.019 4.706
1000 | 100 | 148.20 7641 88.75 82.58 6.56 6.562 0.152 12.585 1.881 4414
1500 | 100 | 148.20 61.89 63.54 62.72 8.55 5.699 0.175 11.005 1.740 4.139
2000 | 100 | 148.20 39.44 3941 3943 10.88 5439 0.184 7.249 1.654 3.674
2500 | 100 | 148.20 27.80 26.30 27.05 12.12 4.846 0.206 5.582 1,578 3.298
3000 | 100 | 14820 [1.55 11.58 11.77 13.64 4.548 0.220 2.587 1.515 2.465
3500 | 100 | 148.20 8.79 7.12 7.96 14.02 4.007 0.250 1.985 1.388 2.074
4000 | 100 | 14820 4.18 3.67 3.93 14.43 3.607 0.277 1.088 1.283 1.36%
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a1514 010 Foyamsnaaswavesnnududu ToChnhiF@edsfifinsd¥ua pH vhify 7 derlseBngnn

mMIMdiadlaenszuIums Adsorption Swsud Iuiuiudeutiu (- 300)

Inttial TOC 39.05 mg./1,

TOC [ TOC | TOC [Average

m | v Co | C: Repl|C, Rep2{ TOC C {{Cp- C)*v| x/m | 14x/m) |C/{x/m)| In(x/m) | In(C,)

(mg.) |(mL)| (mg/L}| {(mg/l) |(mg.1)| (mgA) ! (mg.) (mg./g.) | (g./mg.)| (gJl) [(mg./g}|(mg.1.)
0 100 3%.05 39.05 39.05 39.05 0.00 0.000 0.000 0.000 0.000 0.000
100 100 39.05 14.44 13.60 14.02 2.50 25.030 0.040 0.07! 3.220 2,640
200 | 100 36.05 11.13 9.75 10.44 286 14.305 0.070 0.096 2.661 2.346
400 { 100 39.05 7.03 7.93 748 3.16 7.893 0.127 0.134 2.066 2.012
500 | 100 39.05 4.06 6.16 5.11 3.39 6.788 0.147 0.196 1.915 1.631
600 100 39.05 233 2.7 2.52 365 6.088 0.164 0.397 1.806 0.924
700 | 100 39.05 141 1.21 131 377 4718 0.212 0.763 1.551 0270
800 100 39.05 0.76 0.78 0.77 3.328 4253 0.235 1.299 1.448 -0.261
1000 | 100 39.05 0.10 0.18 0.14 3.891 3.891 0.257 7.143 1.35% -1.966

Initial TOC 60.76 mg./i.
TOC | TOC | TOC |Average

n | v. Co | Ce Repl}C, Rep2|TOC C,[(Co- Co)*v| x/m | 1/(x/m) [Co/(x/m)| In(x/m) | 1a(C,)

(mg.)|(ml)|(mg/1)| (mg./D) | (mgA)|(mgA)| (mg) |(mg/e)|(/meg)| (2 |(mg/g)|(mg.1)
0 100 60.76 60.76 60.76 60.76 0.00 0.000 0.000 0.000 0.000 0.000
160 100 60.76 25.11 45.34 35.23 2.55 25.535 0.039 1.379 3240 3.562
200 [ 100 60.76 19.46 3353 26.50 343 17.133 0.058 1.546 2.841 3.277
400 100 60.76 14.52 13.59 14.06 4.67 11.676 0.086 1.204 2.458 2643
500 | 100 60.76 9.35 7.52 8.44 5.23 10.465 0.096 0.806 2348 2.132
600 | 100 60.76 4.17 4.24 4.21 5.66 9.426 0.106 0.446 2,243 1436
700 [ 100 60.76 .67 1.76 1.72 590 7.381 0.135 0.232 1.999 0.539
800 § [CO 60.76 1.2 0.82 1.01 5.98 6.639 0.151 0.152 1.893 0.010
1000 | 100 60.76 0.74 0.69 0.72 6.00 6.004 0.167 0.119 1.792 -0.330
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Initial TOC 78.41 mg./1.

TOC | TOC TOC |Average

m | v. Co | CcRepl|C, Rep2|TOC C,|(Cy- CH*v| x/m 1/(x/m) |C/(x/m)| In(x/m) } In(C,)

((mg.}|(mL)/(mg./l.)| (mg./h) {mg./1.) | (mg./.) (mg.) [(mg/g. (2./mg.) ./1.)_|(mg./g.) (mg./.)
0 100 78.41 7841 7841 78.41 0.00 0.000 0.000 0.000 0.000 0.000
100 100 78.41 44.52 44.56 44.54 339 33.870 0.030 1.315 3.523 3.796
200 100 7841 25.16 26.81 25.99 524 26.213 0.038 0.991 3.266 3.258
400 { 100 78.41 17.85 18.79 18.34 6.00 15.018 0.067 .- 1.221 2.709 2.909
500 100 78.41 5.54 4.44 4.99 7.34 14,684 0.068 0.340 2.687 1.607
600 | 100 78.41 3.00 3.13 3.07 7.53 12.558 0.080 0.244 2.530 1.120
700 100 7841 2.14 2.39 227 7.61 9.518 0.105 0.238 2.253 0.818
800 100 78.41 1.79 1.66 1,73 7.67 8.521 0.117 0.202 2.142 0.545
1000 { 100 78.41 1.44 1.43 1.44 7.70 7.698 0.130 0.186 2.041 0.361

Initial TOC 142.20 mg./.
TOC | TOC TOC |Average

m V. Co | C.Repl|C,. Rep2| TOC C,|(Cy- Cy*v| x/m 1/(x/m) |C/(x/m)| In(x/m) | In(C,)

(mg.)|(ml)[(ng.1)| (mg/) |(mg.A) (mg./l) | (mg) |(mg/g}|(g/mg.) (g./1) [{mg./g.}|(mg.A.)
0 100 | 14820 148.2 148.2 148.20 0.00 0.000 0.000 0.000 0.000 0.000
100 100 | 148.20 115.66 112.34 114.00 3.42 34.200 0.029 3.333 3.532 4.736
200 100 | 148.20 8245 §3.94 83.20 6.50 32.503 0.031 2.560 3481 4.421
400 | 100 | 14820 33.5 35.06 34.28 11.39 28.480 0.035 1.204 3.349 3.535
500 [ 160 | 14820 21.37 224 21.89 [2.63 25,263 0.040 0.866 3229 3.086
600 | 100 | 148.20 13.55 12.92 13.24 13,50 22494 0.044 0.588 3.113 2.583
700 [ 100 | 148.20 6.67 5.57 6.12 14.21 17.760 0.056 0.345 2.877 1.812
800 100 | 148.20 4.71 3.91 4,31 14.39 15.988 0.063 0.270 2372 1461
1000 | 100 | 148.20 2.50 2.75 2.63 14.56 14.558 0.069 0.180 2.678 0.965
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AL INITFIUI

v.1 Medemsannamldiwlunszuiunslasengadiu Tnel¥ msdudlumsiagen
guans lumsnanes Jar test

msfamlgielunsiideiiledlas1¥as Taongauiviia Alum 200 un /e,
ey 5 TaeRo13tnat Alum 1wy 15 usnn.

aududududuriniy 420 wn e,

anududumendwminmsssaniity 49.99 una.

¥ ldmindu 420-49.99 = 370.01 un./a. nie 88.11%

s laueag@auisiia Alum

TumsiiatiTed whfiu 370.01 un/a. §oel¥ Alumwhdy 200 unva.

Ferfu Alum i 200/1,000 = 0.2 /s

ArduSumiiy 0.2 X 15 =3 viwa.u.

A IR unsisn

309 Jar Test Wnih 1 A, 220 Taag

lumsnaassnaudauiiunar 11# nrmdudunar 20 ud sy 21 ud wle
0.35 #2Tuq

M P=IV=1X220=220 W58 022 KW
W=PT=0.22X0.35=0.077 KW-hr

Msfadasin Wi (F) = 0.7842 um de wilae
asua v = 0.077 X 0.7842 = 0.06 U™

2
s lFeianuadio 3 + 0.06 = 3.06 U/au..
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.2 ﬁ’aadnmsf‘im’:ﬂ;dﬂ%mmﬁiaﬁﬁgnﬁﬁmuazmmmmm“lumsgﬂﬁﬂ f5n5Mslna

2 ansArlug Ainednif 1 dwmuduiudud F 300

F 300 Column1

Q2 Lihr.
2V 2 (CrO)V,
t Vv, Co Cove CoC | (Ci-C)V,

(hr.) L) @) (mg/L) (mg/L) (mg/L) (mg) (mg)
0.00 0.00 0.00 0 0.00 0.00 0 0
0.17 0.33 0.33 39.05 1.61 37.44 12.48 12.48
3.00 5.67 6.00 39.05 2.51 36.54 | 207.06 219.54
11.00 | 16.00 | 22.00 39.05 2.53 36.52 | 584.32 803.86

26.50 | 31.00 | 53.00 | 39.05 3.16 35.89 | 1112.59 1916.45

40.50 | 28.00 | 81.00 | 39.05 2.53 36.52 | 1022.56 2939.01

50.50 | 20.00 [101.00| 39.05 3.17 3588 | 717.6 3656.61

88.00 | 75.00 | 176.00] 39.05 6.90 32.15 | 2411.25 6067.86

103.50} 31.00 {207.00| 39.05 11.60 27.45 | 850.95 6918.81

122.50 | 38.00 [245.00| 39.05 15.60 2345 | 891.1 7809.91
130.00| 15.00 |260.00| 39.05 27.50 11.55 | 173.25 7983.16
140.00| 20.00 {280.00 39.05 38.30 0.75 15 7998.16
211.00{142.00 1 422.00| 39.05 39.00 0.05 7.1 8005.26

1 ¥ ]
USinaidilediigniiazandsudiFuduondagamunanimidy 8005.26 mg.

} 1
Q

vmidnaluneduiniio 219 g,
1

Anuanrausalumsgada (No) Sauviafy 8005.26/219 = 36.6 mg./g
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.3 Metumsannauenudningauasiidiu ANNTINIeluMIgaia tazmSnImga

= er @r o Y t Qs orz
Anvesaunudiud F 300luminasuudeiies figasinisina 2 any/alug

——e—2 fas/iTu0
= -m- — 4 gas/iaTue
l --& - - 6 Sas/dhTue
j= -3 - =8 das/iTue

e y =421.25x - 29.5

“= 150

50 -

]
I}

0 02’ 0.4 0.6 0.8 1
ANUEA (uas)

a = o & '
AT lRaumaduasweudusasinisina 2 fasdalue Seeunsonin

Ed
=y ar 1 1 1 a o L] é =]
auandngavasiudmldTaomsunua y TuaunisI8mify 0 uasihmsmisves x S48
b4
AUNMALANUANINGAVDIFUD Y

NNy =421.25x—29.5 unudary mdu 0 oz'l@
x =1.07

s qs.: U = 3 t T o
muuﬁ]z'lﬂmmmamﬂqmaa‘mmmmﬂu 0.07 a3

v [
niutiien slope # lannns i T unualuaunis
N,

slope =
AR

Lﬁﬂ‘ﬁ1?i'|ﬂ’J'IiJ’s’f‘liJ'l'iﬂ11~!ﬂ']S@ﬂﬁﬂ M) A
421.25 = Ny/(39.05x1.019)
AN Ny  =16,764 mg/l

uazrhamnuansnlunmsgafa wazmmANIngafIamAEaTINSge

b, = Y {m [& 1}]
KN, Cy

K = (1.019/(0.07x16,764))x1.918 = 0.00167 a/un.-z.

ARVINEUNTT
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w3 faedaminast EBCT wazonsimslsoulunisnaassuvunaiissveasiuiy

e F 300 Nonsislna 2 dasaalug

Bed volume

TINANANS EBCT = Tp——
Wurhugudnanmeluuse Column wiidy  0.05 was
fofu fufvidda vid Q2/7)x0.025x0.025=0.00196 @
%uqua 02 ey
Bed volume = 0.2x0.00196 = 0.00039 ALY,
$asims maveaiwidy = 0.002 av.u/4aTue
sy EBCT fisuvinu 0.00039/0.002=02  $2Tue
WA 12 W7

msmuammmdarmildow (CUR) figawsanganududuiiled s un./a.

] i
dn39015 a2 aas/an Tue wazidimiine w1y Column Tawidy 219 asy

Weight of carbon in column

NNTUNIT Carbon usage rate =
Volume at breakthrough

fi Column 1 1511as ot yausang iy 101 fias
CUR fisumiiy 219/101 = 2.17 nfuw/ans
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1.4 fIpgImsannamaNuEInsalumIgaiavestunzauzni1 (C-1000) huviuded

saANaMdudy TOC Gudu 39.05 un/a. Avewmnu 3

pH 3

TOC | TOC | TOC |Average
m | v. Cy | Ce RepllC, Rep2|TOC C.[(Co- C)*v) x/m | 1/(x/m) |CH(x/m){1ln{x/m) | In{C,)
(mg}(ml)|(mg./1.)| (mg./1) |(mg./l.}|(mg./1.)| (mg) |(mg/g){g./mg) (g/l.) {(mg./g.}|(mg./L)

0 |100]39.05 | 39.05 | 39.05 | 39.05 0.00 0.000 | 0.000 | 0.000 4 0.000 | 0.000

500 [ 100} 39.05 | 12.47 | 6.14 931 2.97 5.949 | 0.168 | 1.564 | 1.783 | 2.231

1000} 100 ) 39.05 | 3.91 4.87 4.39 347 3466 | 0.289 | 1.267 | 1.243 | 1.479

15001 1001 39.05 | 1.94 3.76 2.85 3.62 2413 | 0414 | 1,181 | 0.88]1 | 1.047

2000;100¢ 39.05 | 1.14 3.14 | 2.14 3.69 1.846 1 0.542 | 1.160 | 0.613 | 0.761

2500} 100§ 39.05 | 0.77 2.52 1.65 3.74 1496 | 0.668 | 1.099 | 0.403 | 0.498

30001 100 39.05 | 0.56 1.86 1.21 3.78 1.261 | 0.793 | 0.95% | 0.232 | 0.191

3300 1001 39.05 | 0.46 0.935 0.71 3.83 1.095 | 0913 | 0.648 | 0.091 -0.342

4000) 100} 39.05 | 0.36 0.8 0.58 3.85 0.962 | 1.040 | 0.603 | -0.039 | -0.545

. P w w o £ a 4

vindeyalumrnbndounsvuaasnnuduiuiamaunisves Freundlich 8@l
2okl

y = 0.6629x + 0.2102)

2 i

R =09718 |

|

i

——

In(XM) (un./n.)

3.0 40 50
InC, (un.fa.)

1INAUN15994 Freundlich fis In (X'M)=In K, + L C, or XM=K.C"
n

A1ANUTU 1/n= 0.66

uag In K flogadauny y = 0.21 K =1.234
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mmanuEsalunsgadanuaun1sves Freundlich fio

(X/M) =K C" unusazla /M) =1.234 x 39.05%%
= 13.86 un./n,

9 o = a  ar o . 3 ar :
nndeyalumnainn@eunsiurannuduiufauaunisves Langmuir 1Aaai

y = 0.0948x + 0.7896
20 - -
R’ =0.7379
T15 *
3-' L
E .
=10 - *
2
3 X4
305 -
0.0 : . : : .
0.0 20 4.0 6.0 8.0 10.0
Ce (un.fa.)
INANMIYD L ir in C/(X/M) = 1.1e
angmuir \ ) RIS

ANNNTUHIAY 1/2 = 0.095 ; a=10.53

une 1/ab windu yadauny y winy 1/ab =0.79

18 b i 0.12
WIMANNANITA lUNITgARAMUALNIYEY Langmuir fie

C /(X/M) = i+—1-cc unuaieg 18
ab a

XM = 8.68 un./n.
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.5 firednamisiaumlisiwlunssuiumsganadiaeldaruduiudufia F 300 iy

aanangadulunisnasssnszuiuntsgafaruuuderites

A1uAuITUA F 300 USwms - 70 Aas 3 5,000 yn

3
fiamuvuiiu 0.48 (nFu/au.) auiuowmiud 1 gawmin - 34 nn.
nndoyadnsinislFamvesdmsuiug F 300 fidasims lva 2 Gassalus

gazaIduAs 24 winwunidadasins leomany 1.56 nSu/aas

3y
o e =

s £
arfud dSuesiiude 1,000 Gas (1 av.a.) wdesldornnianua 1,560 nfu

=

Aailusmuesdufuiudminy (5,000x1.56)/34 = 230 1M
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TOTAL ORGANIC CARBON REMOVAL FROM TEXTILE
INDUSTRY WASTEWATER BY ADSORPTION

Permpong na Lampoon
Researcher

Department of Environmental
Engineering Chiang Mai University

ABSTRACT The effect of pH on équilibrium contact time and
adsorptive capacitics of 2 sclivated carbons, F-300 and C- 1000, towards
direct -dyes in textile wastewater was investigated. Batch cxperiments
showed that the adsorption of dye increased with the increase in contact

time, and cquilibrium times were independent of pH. The Maximum

Khsjornsak Sopaj jaree.

Advisor

Dcpanmen! of Environmental
Engmccrmg Chiang Mai University

Warunyoo Songkran

Assistant reséarcher

‘Bepariment of Environmental
Engintering Chiang Mai University

1. INTRODUCTION -

Lamphun city is facing environmental probiem: in
which a hundred of small-scdle dyeing units generate
enormous smount of potluted water. Mostly, the areas
situated around industrial belts are under- diress diie'ta
the continiois disposal of the untreated water. The
quality of water is. continvously” deteriorating due 1o

addition .of toxic- dycing effluents. Dyeing: effluents.
from:textile industries are highly toxic asthey-contain a.

large number of metal complex dycs {eg. Cr and Co
complexés) The high concentration of such. dyes
causcs. many water borne diseases and increascs the
BOD of receiving ‘waters. Hundreds of smali-scale

- dyeing industrics are facing. closure sinée they ér¢ not
{réating their efflyents. 1t:is not-economical for themito
treat the effiuent. Hence, it is imperativeithat a suitable
treatment method should be devised.

Adsorption by activated carbon is one of currently
used methods. However; commercial activated carbons
imporied front deveéloped countries are ideal adsorbenis
for rembving organic mntier: such as dyes- due to-ité
high capital -cost. Hénce, it is not econdmical for them
to be used in sinall dychouse. Luckily. there are some
cheaper activated carbons,can_be purchased fram lgcal
companies within the city of Lamphun. Most of these
sctivated  carbons -are  developed from low cost
materials such as coconut shells and Lignite coals.

However, it is not cleaely that these relatively low cost-

activated carbons.can adsorb textile dyes effectivély,

To clarily this; this experiment.is conducted aiming 1o
invesligate the textile dye adsorpiion.characteristics of

2 activated carbons. (Jocal activated carbon(C-1000)
and imported activated carbon (F-300)),

decolourisation of textile dye wastewater was observed at acidic pH.
Adsorption of textile dye wastewater was found to follow the Ereundlich
micdél rather than Langiijur. B300 apparcilly had more textile dye
ndsorptive capacity than C-1000,

2. EXPERIMENTS

2.1 Textile dye wastewater )

Textile . dye wastewaier ‘used . in this study was

-collected from a small dyehouse: Jocated in Lampun,
- Thailand. The wastewater was coligcted in 20 L. tanks.
-and -kept in.a dark room.at. temperature of 5 *'C. “The.
degree of dye:copcentration in wmlc dye waitgwater
indirectly evaluatéd -by. ‘measuring TOC. TOC ‘was-
ameasured: by TOC analyzer' which: analyzes both.
organic. carbon and morgan!c carbiin -using xhe WL
-oxidation method |

2.2 Adsorbents
Commercially available, activated carbons used in

this study were F-300 and C-1000. F-300 is made from
bimminous.coal-and manufactured ‘by- Calgon Carbon -
- Corp.- C-1000:sctivated ‘carbon ' is made-from:coconut
sheli -and thanufactured by local company. - Both
activated carbons were sieved to selected particle sizes
(<106 pm for bath experiment, and, 2.38 mm<particle
$ize<0.60 mm.foricolumn experiment), washed several
times with distilied water, dried jin an oven at llO S o
for 24 h, and kept in closed contsiners:

2.3 Effect of pH on contact time

To-study the effect of pH on contact time, batch
experiphems were. conducted -at-ambient temperature..
For each cxperimental' run, 50:ml. of -textile: dye
wastewater of known TOC concentration pH and
known amountof either F-300-or C-1000 were faken in
a 125:ml. flask. This mixture was agitated at 2 ‘constant
speed of 250 rpm. Samples were then withdrawn at
appropriaté- (ime intervals, Some partitles remzined
suspended and did not settle dovwn edsily. Therefore. all
“the samples were centrifuged at 10,800 tpm for 30 min
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iA Grdér to remove femained: tmpunues. The samplcs‘
were then analyzed for the residial TOC
using TOC anhatyzér.. The effect of pH on dyé rémoval
was studied over apH range of 329, pH wasiadjusted
by the addition of dilute aqueous solutions of HCI or
NaQH (0.10 M) Blank experimental runs, with anly
the adsorbents in 50 ml.-of double-distilied ‘water; were,
conducted snmultanaously -at. similar conditions to
-account for any TOC leached by the a.dsqrbenls and
‘adsorbed by glass containérs

2.4 Em.'ct of pH oni‘adsorptive capacity )
“To.study effeet of pH -6n adsorptive cnpacuy gt
différent pH, Te:gule Waslewnter:was' 3
'known amount o‘f“adsorbent £t thc;ethhnum was':
‘achiieved. The residial TOC
‘solition was Hhien deter
Gitio compare the adsorptive cipag
mc‘adsorbcnw.“ﬁlmk e" it

conducted simuhanewsty at similar conditions o
account for any ‘TOC leached by the: adsorbeats and
adsorbed by glass containers.

3. RESULTS AND. DISCUSSIONS

F1 Effectof pH oo contact me

‘Effects:of contact me—mdjniml_pﬂ -an, Bdsorputm
of textile dye was C-1000
presented in Flg, N

and mched equllllsnum aﬁer 2hours, ‘However,
equilibrium dimes sre indcpcndcnt G dnitial pH:
Morcover, .the adsorptwe capacity was ‘greater. for
fower initial pH concentration.

T weti'sf gH om comtacy v ¥F-300)

6wt

Fig 1. The efféctof pH on contict Gme (F-300).
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[
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Then acl 1 pH an contacs U (G-K000)
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Ayl 4

Fig 2. The effect of pH on contact time (C1600} .

32Effect of PH on‘ddsorptive capscity

To study the ififluchicd: of pH oni the adsorpuon‘

‘capacity, of F-300- and Ce1000; experirients: Weré

3

performed gt different initial pHs changing fronv3.t0:9.
Tl'lcpcq tium data were analyzed by using the 1wo-
mast commonly used isotherms, Frenndlich snd
Langmmr isotherm equations,. which-are. explained-as.
follows:

33 Freundlich isotherm

Herbort Max Finfey. Freundlich,a German physical
chemist, presented an empirical adsorpion isotherm for
non idéal sdsorption’ on, ,hemgeneonssurﬁcqs as-well

&S multilayer adsorption and is expr&ssed by the
equation:

¢, =Kl or lnq, =K, -'F—"'In'C iy

“Where C, (mglL) is the: solute ooncéntmsou in
the-liquid at equilibrium, g, (mg/g) the amount of dye
adsorbed at equilibrium, Ke (mg/gXLig)"™ and: Ln-gre
the Freundlich consiants refated 1o adsoepiion capacity
and ddéomption intensity; mpacuvely

The ‘Freundlith” isatherm has beert derived by:
assiming an-Exponentially decaying - adsorption: site
energy. distribution,,

3:4 Langmuir isotherm
Arvirig Langmuir', an American. chemist devéloped

.8 théoretical ‘eguilibtivm solherm relating

of salute: adsorbed. o a: surface to the.conceatiation: of
solu:c This: equation is ‘derived from s:mple ‘milss
action Kinetics, assuming chiemisorplion. THis miodel 5

“based.on two assumptions:that the forees pFinteraction

between adsorbed molocules gre neglrgahle and:ctice %
molceule, oceupics.a sitand no further, :dsorpuon takes
placé,. Theotetically, thercfore, -2 sawm:on valug i
reached beyond which no further -adsorption. takes
place, The saturated monolxyer adsosption capaciiy can

_be represented by the expression::
K, 4..C. C C 1
. i or + 2
4= l+K C,; -q,,, K. q. @
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Where . s the equilibrium concentration . o)
{mg/L), g, the amount of dye.sorbed {ma/g), g is'g, or . Larpeunt G100 bt :
3 complete. monotayer (mg/gl;: Ky s the adsorption ! o
equilibriam constant-(E./mg) -
o
* 0
* oy
z 5 pHt, Y " ol s 1w 246
£ L o)
L . .
£ Fig 6, Laagmuir [sotherm (C 1000)
- & The 'Frcundllch and Langmuir isothern constants

arc presented in table 1., The data indicated that the
. o L b -adsorption capacity incressed significantly with
£ig 3, Freundlich' Fsotherm (F 300) decrease. in the pH. The Freundfich isotherm is more it
/ . to'the data sk Langmuir isotherm for both F2300 and

€-1000. Tn-addition, F-300-also has more adsorptive

e 1080 s capacity: o!‘text;l_e dye than C_‘IOQO
) " Cefoim.
: Freomifics, gt
H | r o | ¥ PR I
& (g i) § {mgn) : (timg) | {mgAy
Bixt] o e IS 206 411 a4
) m [T 500 W [he AR 3..a9s 345 18 AN
b 1op] @3 | A b oax fdm | s 140 a5
00| o By 141 LLE 347 0] e L]
fig 4. Freundlich Isotherm (C 1000) PO gy 7
pH tn ¥ 0. L SN Y Q. [}
gl | WA - | diimg) |y
Langrs 300 othorm * oy 20| ww f2r3 30 aft ao 101 a8y
* g sor] ol f oy | was | e | e | oem [
- w| ay 312 | wer | an § ooam | ues
Jow| o | o5 way | - dsx ox7 I st
® okl =

Table 1. Freundlich and Langmuir isotherm constants

SH AR W TS e e Yo oo M Stoh
Helimy )

The change of pH affects the adsorplive - process
through dissociation of functional groups on the active
Fig 5. Langmuic-Tsothierm (F 300) sites:of the adsorbent. This subsequently léadsito a shift
‘in reattion kinctics and equilibrivm characteristics of
the adsorption process. It'is:a.common observation.that
the sucface adsorbis-anions-fivorably at lower pH due to
presence.of H” ions, wheréss, the surface is active for
the adsorption of* cations at. higher pH due to. the
deposition of OH ™ ions. Moréover; lower adsorption of
fextile dye wastewater on F-300 and C-1000 a1 high
pH is may be dueto the presence of excess OH jons
which compete with another anion to be adsorbed on
the surface.

w243 —
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4. CONCLUSIONS

According 10 data oabtained from the study, the
amount of wextile dye {TOC) adsorbed increased with
increase in contact time and reached cquilibrium afier
2 hours for the initial pH of 3, 5. 7 and 9 used in this
study. The cquilibriam time was independent of initial
pH. but the adsorplive capacity was greater for lower
initial pH concentration. Eventhough, times 1o reach
equilibrium were not different for both F-300 and C-
1000, F-300 has more adsarptive capacity of textile dye
than C-1000.

5. ACKNOWLEDGMENTS

The authors to thank NSTDA. National Science and
Technology Development Agency Partial Funding for
research,

Date of birth
(4 December 1980

Education
8. Eng. inCivil
Muahasarakhiam
University

Permpong na Lanipoon

Khajornsak Sopajaree

0. REFERENCES

[1] Chona O Neill, Preda R Hawkes. Dennis L
Hawkes, Nidia D Lourenco, Helena M Pinheire
and Wouter Defee, * Colour in Textile effluents-
sources, measurement, discharge consents and
simudation: s review ™, Chem Technol Biotechnot,
74 (1999 ): 1009-1018

[2) D. Georgin. A, Aivazidis. ). ilatiras, K.
Gimohopoulos, “ ‘Treatment of colton textile
wastewater using lime and. ferrous sulfate™ Water
Reserch.37 (2003); 2248-2250

[3] O. Marmagne, C. Cosle, = Color Remuval From
Textile Plant Effluents . American Dyestulf
Reporter { 1996): 15-21

[4] S.Venkato Mohan, N. Chandrasekhar Ruo, J,
Karthikeyan, * Adsorptive removal of direct az0
dye fioim agueous phase orito coal based socbent: a
kinetic and “mechanistic  study™,  Harzardous
Materials, 90 ( 2002 ) 189-204

[5]1 Y.AL Degs,* Effect of carbon surface chemistry
on the removal of reactive dyes form texiile
effluents™. Wat, Res. 34 (2000 ) :927-935

Warunyoo Songkran



137

-1-

First Announcement: Call for papers

& d
UszmAATIN 1
msdsepnsugsssndirdudadadaviuiond afii 7
7" National Grad Research Conferance
45 ey 2650 animmndusssaruniundeansfovignugdod

wARMITRAKIRANA

Aunmasunivaeidy Sufuaouidwydmiunmdsstuguarmnisinerssfuiufiafon
ussifussiidTanitofiusnelisnnagmniafinyrssdutaiefren  Alisguanulitufining iy
iy dieoedy forus) unsiinsmiAnezn s TsgANdng (6no.) SARNATATIm iR = puaug
uaeuidusndirfneinieni lauliinfefnv ol scan inefoedafududinm

FagdseraAvAnatuazinua

1) Rawrinsrma i S fivudussm iinadsosinfnvsfuiufinfion

7 welbinfAnvdndisfnuldfuflunriusenssrweinmssaannsegaansuey

# atinlanalifnauanuBeunauazfay rroen1NusznineindnurTudadnursin

“ moan

forduntafingidne usninidy

4 cafasngusmemiiioineiisduazasiivudopainfrstufadnu
£}
afndivem
e

nmnodrguasesanmddussdududaBmencimnma aff 7 § ininerdesessmatuns
1uflerdudiarm Tnad sl Sifdwsnsiefudl 25 onw 25650 o iinerduseoanatundion
arvfinuigregfond

tufisinondy aninerfugaauaiund satgsufidandnviduvduhafinuises
wodugRafnvIgnueditazind danarufdudasmitesadnnfindnosstaannlusustunig
Usgn Grad Research ATsA 7

Fluvusoantlnaussawife -
edrlfiinsinaafiemen (Ol presenation) Trodutmam use mnbiavadsliasad
(Poster presantalion) YR SupgiuntAnlansasnnzns s nonuyd

Snuntusrssudisuasuiusinaun
dautisnaemw3do i 4 ngu Bl
- Inrsaaduazmalilalimanw
- Aneanandunsnalulabdaniw
- nnAnEadganm
- Ay RSURREIRIAERS



138

2-

daundndda \Wuamnsangy armealaldiv 400 1 wielalifu 1 wilansemrw A4 wazlil Refarence
uRrurATIMatUAN (Full papent 1umwiinawlamwdingurrmem 4-10 whnaeats A4 (Huran
FUnw, w1, Reference, URETAIIN)

uaenISuiaain (Full papers) srgnrrusmiiu Procsedings seemmiasynluzuie coRoM. uae
u'im'miw-uﬂmhunddunainmﬁﬁ'ﬂ.%nﬁﬁnu‘lnmmmﬁmu;wwi’ngnni'uqnuﬂnm
W.H. 2548 wa¢ ana.



139

Total Organic Carbon Removal from Textile Industry Wastewater
by Coagulation Combined with Adsorption

Phoemphong na Lamphun* and Khajornsak Sopajaree

Department of Environmental Engineering, Faculty of Engineering
Chiang Mai University, Chiang Mai, Thailand

Abstract. The objective of this study was to determine TOC removal from textile industrial
wastewater by coagulation combined with adsorption. Textile dye wastewater from textile industry was
used in this study. Coagulations in Jar-Test experiment using three coagulants (alum, ferric chloride
and ferrous sulfate) with batch adsorption and fixed-bed adsorption columns in series were performed.
Bituminous (F 300) and coconut shell (C 1000) were utilized as absorbents in adsorption experiments.
The results show that TOC of textile dye wastewater of about 420 mg/L. was cbserved. When TOC
removal by alum, fetric chloride and ferrous sulfate coagulations was taken into the consideration,
alum was the suitable coagulant for removing TOC in which the optimal condition was obtained at
alum dosage of about 200 mg/L and controlied pH at 5. At this condition, the TOC was removed by
81.1 %. In regard to the results of batch experimental, pH and initial TOC of textile dye wastewater did
not significantly affected the equilibrium contact time of activated carbon. The equilibrium contact
time of both bituminous (F 300) and coconut shell (C 1000) activated carbon was equal to 2 hours. By
considering the adsorptive capacity, the adsorptive capacity of both bituminous {(F 300) and coconut
shell (C 1000} gradually increased when pH decreased. It could be explained by using the Freundlich
isotherm since the TOC adsorption results of this two adsorbent were well fit with Freundlich isotherm.
In addition, F300 has a moderately high adsorptive capacity of TOC when compared with that of
C1000. With reference to the fix-bed columns in series experiment in which the textile dye wastewater
was feed into four the fix-bed columns in series. When the flow rate of textile dye wastewater was
increased from 2.0 to 8.0 L/hr, the percent removal of TOC and the empty bed contact time (EBTC)
were considerably decreased. By applied the obtained results to the Bohart-Adam equation, mass
transfer zone (MTZ) increased with increased of flow rate. In addition, the adsorptive capacity of F 300
of 36.63 mg./g. was moderately higher than that of C 1000 of 8.58 mg./g.

Keywords:  Total organic carbon (TOC) removal, Coagulation, Adsorption
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