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SURFACTANT
PRANGSIRI SRISUPPUCH: COMPARISON OF DYE ADSORPTION EFFICIENCIES
BY ACTIVATED CARBON AND DIGESTED SLUDGE FROM ACTIVATED
SLUDGE WASTEWATER TREATMENT. ADVISOR: PISUT PEANMONAKLUL,
Ph.D., CO-ADVISOR: PATIPARN PUNYAPALAKUL, Ph.D., 168 pp.

The objective of this research is to study adsorption efficiency and phenomenon of ionic dyes
(reactive black 5 (RBS) and basic yellow | (BY1)) by using digested sludge from wastewater
treatment system comparing with commercial-grade powder activated carbon (PAC). Effects of acid
or base surface treatment, pH, temperature on ionic dyes adsorption capacities were investigated by
batch experiments. Moreover, the selective adsorption between nonionic surfactant (TX-100) and ionic
dyes was also studied. The results have showed that the sludge-type and PAC-type adsorbents can
adsorb both types of dyes and reach the equilibrium state within 60 and 360 minutes, respectively.
While the adsorption of TX-100 comesponds with 60 minutes for reaching the equilibrium state. All
adsorbents kinetic data can be described by using pseudo-second order equation. Morcover, RBS had
the highest adsorption capacity at pH 9 and pH 7 for base-treated PAC and sludge, respectively.
Whereas, BY1 had highest adsorption capacities by acid-treated PAC and shudge at pH 9. This
conforms with the pH,,. vaiues. Adsorption isotherms can be explained by Langmuir isotherm for all
PAC group and both Langmuir and Freundlich isotherms for all siudge group. The endothermic
system is likely occwred in this study. Due to the selective adserption experiments in bi-solution,
lower adsorption capacities for both jonic dyes and TX-100 by all PAC group can be observed, except
in the cases of BY1 adsorption by untreated PAC that there is insignificant variation on TX-100
adsorption. On the other hand, by using sludge group, the adsorption capacity-of TX-100 reduced,
while jonic dyes are roughty corstant. Note that, in case of acid-treated shudge and base-treated sludge,
the different phenomena compared previous experimental results with RBS dye obtained with dried
sludge was investigated. For non-treated sludge, the treatment cost for removal BY1 was lower than
that for using PAC.
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2741 MIANALABUAIIETIA (Chemical Coagulation)
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2.13.1 Martin Hazate (2003)
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2.13.3 Kargi #ag Ozmihci (2005)
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UAUTUAYTIANS (Comparison of adsorption performances of powdered activated sludge and
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from aqueous solution by activated sludge)
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2.13.6 Punyapalakul #a2 Takizawa (2006)
msfmdenuadslumsgaduaisanusafiaiailifiUszquu hexagonal
mesoporous silicates (HMSs) ‘ﬁagﬂu a Esl‘fmﬁﬂ’i ¢9 (Selective adsorption of nonionic surfactant on
hexagonal mesoporous silicates (HMSs) in the presence of ionic dyes)
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2.13.7 Al-Qodah (2006)
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4.1.4 Pinavessigiiiuesdilsznou (Elemental Analysis)
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D-Sludge | 0.7296 | 0.0111 | 0.9932 | 0.00005 | 475.8642 | 0.5008 344.90
A-Sludge | 0.0003 | -0.0002 | 0.9623 0.00010 416.6667 -2.3077 164.88
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@asmn) | (un/n) (@n3/n.)
D-Sludge 0.9938 0.0351 4.59 0.9885 0.7403 0.3410
A-Sludge 0.9719 0.0241 4.31 0.9811 0.4055 0.4369
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B-PAC 0.9158 1.6923 454.55 0.9204 316.37 0.1396
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Rz ;1 Rz 2 / Rz P .
(W) (N./4N. UIN) (un/n. L!'WIO'S)
D-Sludge 0.7592 -0.01612 0.9997 1.21E-05 0.7742 2190.20
A-Sludge 0.8466 -0.01388 0.9992 1.81E-05 0.0063 866.85
B-Sludge 0.8121 -0.01105 0.9981 1.83E-05 0.1034 514.84
PAC 0.7291 -0.02695 0.9999 2.02E-06 0.5812 29472.00
A-PAC 0.7485 -0.01632 0.9998 1.36E-06 | 0.3312 11447.00
B-PAC 0.7367 -0.01267 0.9998 2.03E-06 | -0.0162 13407.00
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ANVAINI0 TUNMIgATFUATaALITIAIA) lesidudnmsgad
GREEAY) gaga (un./n.) * TX-100 fianas

TX-100 TX+RB5 TX+BY]1 TX+RB5 TX+BY]1

D-Sludge 27.9 25.6 24.5 8.5 12.3

A-Sludge 18.9 10.8 12.3 42.9 34.7

B-Sludge 12.7 7.7 5.9 394 53.7

PAC 291.6 204.1 285.7 30.0 2.0

A-PAC 208.3 93.5 84.7 55.1 59.3

B-PAC 297.6 188.7 138.9 36.6 53.3

Weg  * AN alunsgesugeEannINal q, Yesaums lo lamonnsgady

HUULAIT

A9 4.14 HANTENUVBIA1TAALTIAIAIABM I AATUF GO
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v A

a31eh -1 Yeyavaumansgaduddondls PAC

dfousueniin (RBS) dfomndn (BY1)
na: AnuANua - AN Lud o
(W) Bow /) q. q, log (q-gb) |  tq, B ) q q, log (q-gt) | t/q,

0 150.000 201.680 0.000 2.305 3 0.000 150.000 368.322 0.000 2.566 - 0.000
0.5 113.567 201.680 | 104.095 1.989 0.005 0.707 59.287 368.322 | 259.180 2.038 0.002 0.707

1 110.715 201.680 | 112.243 1.952 0.009 1.000 52.873 368.322 | 277.505 1.958 0.004 1.000

5 106.806 201.680 | 123.410 1.894 0.041 2.236 48.401 368.322 | 290.283 1.892 0.017 2.236

10 100.257 201.680 | 142.123 1.775 0.070 3.162 43.338 368.322 | 304.750 1.803 0.033 3.162
30 95.398 201.680 | 156.006 1.660 0.192 5.477 34.519 368.322 | 329.946 1.584 0.091 5.477
60 89.482 201.680 | 172.907 1.459 0.347 7.746 31.397 368.322 | 338.867 1.469 0.177 7.746
120 87.264 201.680 | 179.245 1.351 0.669 10.954 27.768 368.322 | 349.234 1.281 0.344 | 10.954
180 83.989 201.680 | 188.602 1.117 0.954 13.416 24.885 368.322 | 357.472 1.035 0.504 | 13.416
240 81.243 201.680 | 196.449 0.719 1.222 15.492 23.478 368.322 | 361.491 0.835 0.664 | 15.492
300 80.657 201.680 | 198.123 0.551 1.514 17.321 22.339 368.322 | 364.746 0.553 0.822 | 17.321
360 80.187 201.680 | 199.467 0.345 1.805 18.974 21.805 368.322 | 366.273 0.312 0.983 | 18.974
480 79.412 201.680 | 201.680 - 2.083 20.494 21.087 368.322 | 368.322 - 1.140 | 20.494
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dfousueniivl (RBs) Aouudn BY1)
e ANUANYUE ANMANTUE
(1) y a. q | loglqqg) | taq TN a q log (q-g) | vq, | t”
fou (un.J/a.) dou (un./a.)
0 150.000 119.914 0.000 2.079 - 0.000 150.000 411.240 0.000 2.614 - 0.000
0.5 135.150 119914 | 42.429 1.889 0.012 0.707 58.907 411.240 | 260.265 2.179 0.002 | 0.707
1 138.286 119.914 | 33.469 1.937 0.030 1.000 52.156 411.240 | 279.554 2.120 0.004 | 1.000
5 129.575 119.914 | 58357 | 1789 | 0.086 | 2.236 42916 411240 | 305.955 | 2.022 | 0.016 | 2.236
10 125.045 119914 | 71.299 1.687 0.140 3.162 28.063 411.240 | 348.391 1.798 0.029 | 3.162
30 118.774 119914 | 89.219 1.487 0.336 5477 21.650 411.240 | 366.715 1.649 0.082 | 5.477
60 114.244 119.914 | 102.160 | 1.249 | 0.587 | 7.746 15.968 411240 | 382.950 1452 | 0.157 | 7.746
120 115.289 119914 | 99.174 1.317 1.210 | 10.954 13.591 411.240 | 389.741 1.332 0.308 | 10.954
180 109.714 119.914 | 115.102 0.682 1.564 | 13.416 7.177 411.240 | 408.065 0.502 0.441 | 13.416
240 108.321 119.914 | 119.084 | -0.081 | 2.015 | 15.492 6.166 411240 | 410954 | -0.544 | 0.584 | 15.492
300 108.245 119.914 | 119.300 -0.212 2.515 17.321 6.108 411.240 | 411.119 -0.919 0.730 | 17.321
360 108.450 119914 | 118.714 0.079 3.032 18.974 6.122 411.240 | 411.079 -0.794 0.876 | 18.974
480 108.030 119914 | 119.914 - 3,503 | 20.494 6.066 411.240 | 411.240 - 1.021 | 20.494
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d8ousuoniivl (RBS) dfouvdn BY1)
e ANUANTUE ANUANYUE
i) | q q log (q.-gt) | g, AN a a log (qgt) | tq, £
fou (un./a.) fou (un./a.)
0 150.000 197.757 0.000 2.296 3 0.000 150.000 393.076 0.000 2.594 - 0.000
0.5 112.933 197.757 105.905 1.963 0.005 0.707 58.316 393.076 | 261.953 2.118 0.002 0.707
1 113.567 197.757 104.095 1.972 0.010 1.000 41.565 393.076 | 309.813 1.920 0.003 1.000
5 107.863 | 197.757 | 120.392 1889 | 0.042 | 2.236 52.156 393.076 | 279.554 |  2.055 0.018 | 2.236
10 98.567 197.757 146.952 1.706 0.068 3.162 36.671 393.076 | 323.797 1.841 0.031 3.162
30 95.398 197.757 156.006 1.621 0.192 5.477 27.684 393.076 | 349.476 1.639 0.086 5.477
60 90.327 197.757 | 170.493 1.436 0352 | 7.746 23253 393.076 | 362.134 | 1.491 0.166 | 7.746
120 86.208 197.757 182.264 1.190 0.658 10.954 19.484 393.076 | 372.903 1.305 0.322 10.954
180 81.771 197.757 194.940 0.450 0.923 13.416 16.544 393.076 | 381.302 1.071 0.472 13.416
240 81.877 197.757 | 194.638 |  0.494 1233 | 15.492 14.350 393.076 | 387.571 | 0.741 0.619 | 15.492
300 81.724 197.757 195.074 0.428 1.538 17.321 13.675 393.076 | 389.500 0.553 0.770 17.321
360 81.137 197.757 196.751 0.003 1.830 18.974 13.028 393.076 | 391.348 0.238 0.920 18.974
480 80.785 197.757 197.757 - 2.124 20.494 12.423 393.076 | 393.076 - 1.068 | 20.494
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Ado13uennn (RBS) Fdoundn (BY1)
1381 Yy ¥ =~ Y Y A
- ANULVUVUT s ANULVNIUA 0s
W) | q. q, log (q-gt) | tq, O > q, q, log (q,-gt) | t/q, t
gou (Un./a.) gou (UN./a.)
0 50.000 2991 0 3.476 ! 0.000 50.000 22846 0 43588 - 0.000
0.5 46.105 2991 1948 3.019 0.0003 | 0.707 41.298 22846 4351 42671 | 0.0001 | 0.707
1 46.944 2991 1528 3.165 0.0007 | 1.000 14.589 22846 | 17705 3.7110 | 0.0001 | 1.000
5 45301 2991 2350 2.807 0.0021 | 2.236 9.892 22846 | 20054 3.4459 | 0.0002 | 2.236
10 46315 2991 1843 3.060 0.0054 | 3.162 6.544 22846 | 21728 3.0485 | 0.0005 | 3.162
30 45.580 2991 2210 2.893 0.0136 | 5.477 5.996 22846 | 22002 29263 | 0.0014 | 5477
60 45.580 2991 2210 2.893 0.0272 | 7.746 5.194 20846 | 22403 2.6464 | 0.0027 | 7.746
120 44.449 2991 2776 2.334 0.0432 | 10.954 4.730 22846 | 22635 2.3242 | 0.0053 | 10.954
180 44.477 2991 2761 2.361 0.0652 | 13.416 4.449 22846 | 22776 1.8471 | 0.0079 | 13.416
240 44.018 2991 2991 - 0.0802 | 15.492 4.308 22846 | 22846 - 0.0105 | 15.492
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Ado13uennn (RBS) Fdoundn (BY1)
1381
Y Y Y Y
- ANULVUVUT s ANULVNIUA 0s
W) | q. q, log (q-gt) | tq, O > q, q, log (q,-gt) | t/q, t
gou (Un./a.) gou (UN./a.)

0 50.000 2129 0 3.328 ! 0.000 50.000 24122 0 43824 - 0.000
0.5 46.683 2129 1659 2.672 0.0003 | 0.707 32.916 24122 8542 41926 | 0.0001 | 0.707
1 46.265 2129 1868 2.417 0.0005 | 1.000 30.552 24122 9724 4.1583 | 0.0001 | 1.000
5 46.927 2129 1537 2.773 0.0033 | 2.236 22.622 24122 | 13689 4.0184 | 0.0004 | 2.236
10 46.230 2129 1885 2.387 0.0053 | 3.162 9.476 24122 | 20262 3.5866 | 0.0005 | 3.162
30 46.578 2129 1711 2.621 0.0175 | 5.477 2.524 24122 | 23738 2.5850 | 0.0013 | 5.477
60 46.474 2129 1763 2.563 0.0340 | 7.746 2.063 24122 | 23969 2.1871 | 0.0025 | 7.746
120 46.927 2129 1537 2.773 0.0781 | 10.954 2.007 24122 | 23997 2.0999 | 0.0050 | 10.954
180 46.822 2129 1589 2.732 0.1133 | 13.416 1.853 24122 | 24073 1.6898 | 0.0075 | 13.416
240 45.742 2129 2129 - 0.1127 | 15.492 1.755 24122 | 24122 - 0.0099 | 15.492
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AT NN N-6 magmaumﬁm@ﬂmuﬁﬂauma B-Sludge

Ado13uennn (RBS) Fdoundn (BY1)
1381
Y Y Y Y
- ANULVUVUT s ANULVNIUA 0s
W) | q. q, log (q-gt) | tq, O > q, q, log (q,-gt) | t/q, t
gou (Un./a.) gou (UN./a.)
0 50.000 2243 0 3.351 ! 0.000 50.000 22804 0 4.3580 - 0.000
0.5 49.713 2243 643 3.204 0.0008 | 0.707 41.298 22804 4351 42661 | 0.0001 | 0.707
1 49.287 2243 857 3.142 0.0012 | 1.000 16.305 22804 | 16847 3.7750 | 0.0001 | 1.000
5 49.182 2243 1409 2.921 0.0035 | 2.236 8.007 22804 | 20996 3.2570 | 0.0002 | 2.236
10 48.531 2243 1734 2.707 0.0058 | 3.162 5.447 22804 | 22276 2.7222 | 0.0009 | 4.472
30 48.308 2243 1846 2.599 0.0163 | 5.477 4.983 22804 | 22508 24703 | 0.0018 | 6.325
60 48.168 2243 1916 2.515 0.0313 | 7.746 4.828 22804 | 22586 23385 | 0.0027 | 7.746
120 46.007 2243 1997 2.392 0.0601 | 10.954 4.491 22804 | 22755 1.6922 | 0.0053 | 10.954
180 45.710 2243 2145 1.993 0.0839 | 13.416 4392 22804 | 22804 - 0.0079 | 13.416
240 45.514 2243 2243 - 0.1070 | 15.492 - - - - - -
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At | vmiaes | anwududud | anwansa
Flousudu | qady foudiauaa | lumsqady | 144 | 1/Ce | logq | logCe
(un./a.) (N3Y) (un./a.) (Wn./n.)

110 0.0340 4.26 311.0 0.0032 | 0.2350 | 2.4928 | 0.6289
130 0.0402 4.44 3298 0.0032 | 0.2251 | 2.4946 | 0.6477
150 0.0444 3.65 329.6 0.0030 | 0.2739 | 2.5180 | 0.5624
170 0.0342 12.38 460.9 0.0022 | 0.0808 | 2.6636 | 1.0926
200 0.0338 46.09 4553 0.0022 | 0.0217 | 2.6583 1.6636
250 0.0322 93.07 487.3 0.0021 | 0.0107 | 2.6878 1.9688
300 0.0362 131.87 464.5 0.0022 | 0.0076 | 2.6669 | 2.1201

ma1ait -2 Foya o Tmmonnagaduadoumandas A-PAC

anududh | vimiines | anwidudud | anwawisa

FlouSudu | gadu foufiauaa | Tumsgady | 1/q | 1/Ce | logq | logCe

(Wn./a.) (N5) Wn.J/a.) (un./n.)

80 0.0312 1.67 251.1 0.0040 | 0.5985 | 2.3998 0.2229
110 0.0312 2.74 343.8 0.0029 | 0.3656 | 2.5363 0.4370
150 0.0380 4.16 383.8 0.0026 | 0.2402 | 2.5841 0.6195
200 0.0348 28.17 4938 0.0020 | 0.0355° 2.6935 | 1.4498
250 0.0360 54.64 542.7 0.0018 | 0.0183 | 2.7345 1.7375
300 0.0332 121.73 537.0 0.0019 | 0.0082 | 2.7299 | 2.0854
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anudndy | dvinens | anudutud | anwanse
flousudu | gadu foufiauqa | lumsgady | 1/q | 1/Ce | logq | logCe
(un./a.) (AT) (un./a.) (un./n.)

110 0.0364 1.22 298.8 0.0033 | 0.8179 | 2.4754 0.0873
130 0.0350 2.06 365.5 0.0027 | 0.4847 | 2.5629 | 0.3145
150 0.0350 12.20 393.7 0.0025 | 0.0820 | 2.5952 1.0863
170 0.0351 20.87 4249 0.0024 | 0.0479 | 2.6283 1.3196
200 0.0354 44.44 439.4 0.0023 | 0.0225 | 2.6429 | 1.6478
220 0.0345 57.89 469.9 0.0021 | 0.0173 | 2.6720 1.7626
250 0.0350 88.06 462.7 0.0022 | 0.0114 | 2.6653 1.9448
280 0.0350 112.51 478.5 0.0021 | 0.0089 | 2.6799 2.0512

m31971 -4 FoyaloTmmonnsgaduidouudndas D-Sludge

At | vmines | anududud | anwansa

Flousudu | gady doufianga | Tumsgadu | 14q | 1Ce | logq | logCe

(un./a.) () (un/a.) (un./n.)

30 0.1991 2.23 13.9 0.0717 | 0.4482 | 1.1445 | 0.3485
40 0.2001 3.23 18.4 0.0544 | 0.3100 | 1.2643 | 0.5086
50 0.2000 3.65 23.2 0.0431 | 0.2743 | 1.3651 | 0.5618
80 0:2000 13.41 33.3 0.0300 | 0.0746 | 1.5224 | 1.1273
100 0.2007 22.50 38.6 0.0259 | 0.0444 | 1.5868 | 1.3521
150 0.2009 40.49 54.5 0.0183 | 0.0247 | 1.7365 | 1.6074
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anudndy | dvinens | anudutud | anwanse
flousudu | gadu foufianga | lumsqady | 144 | 1Ce | logq | logCe
(un./a.) (AT) (un./a.) (un./n.)
30 0.2000 3.20 13.4 0.0746 | 0.3127 | 1.1271 | 0.5048
40 0.2000 3.28 18.4 0.0545 | 0.3047 | 1.2639 | 0.5161
50 0.2000 3.73 23.1 0.0432 | 0.2681 | 1.3643 | 0.5717
80 0.2000 15.80 30w 0.0312 | 0.0633 | 1.5065 | 1.1987
100 0.2000 23.87 38.1 0.0263 | 0.0419 | 1.5805 | 1.3778
150 0.2000 39.28 55.4 0.0181 | 0.0255 | 1.7432 | 1.5941
m31971 1-6 Foxa lo Tmmounsgadudfoumand s B-Sludge
At | miines | anudtud | anwaiuise
Flousudn | qady foufimuaa | Tumsgady | 1/ 1/Ce | logq | logCe
(un./a.) (N3Y) (un./a.) (n./n.)
30 0.1956 0.90 14.9 0.0672 | 1.1104 | 1.1725 | -0.0455
40 0.2000 0.98 19.5 0.0513 | 1.0156 | 1.2902 | -0.0067
80 0.2044 3.66 37.3 0.0268 | 0.2732 | 1.5723 | 0.5634
100 0.2060 9.12 44.1 0.0227 | 0.1096 | 1.6446 | 0.9601
150 0.2016 32.82 58.1 0.0172 | 0.0305 | 1.7644 | 1.5161
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anududy | thwines | anudutud | anwenwnse
FouSudu | qadu foufiauqa | lumsgady | 1q | 1Ce | logq | logCe
(un./a.) (M) (un./a.) (un./n.)
75 0.0348 6.72 196.2 0.0051 | 0.1489 | 2.2927 0.8271
110 0.0344 29.67 233.5 0.0043 | 0.0337 | 2.3683 | 1.4724
130 0.0348 51.29 226.2 0.0044 | 0.0195 | 2.3544 1.7101
150 0.0346 63.79 249.2 0.0040 | 0.0157 | 2.3965 1.8048
170 0.0346 82.88 251.8 0.0040 | 0.0121 | 2.4011 | 1.9184
250 0.0374 155.38 253.0 0.0040 | 0.0064 | 2.4031 2.1914
m3197t 1-8 Foya lo Tmmeunsgaduddonsueniingas A-PAC
Aty | dwiinens | amuditud | e
Flousudu | qady foufiawaa | lunsgady | 1/q | 1/Ce | logq | logCe
(un./a.) (W) (un./a.) (un./n.)
75 0.0348 8.43 191.3 0.0052 | 0.1186 | 2.2817 0.9261
110 0.0412 14.68 231.4 0.0043 | 0.0681 | 2.3643 | 1.1667
130 0.0408 36.93 228.1 0.0044 | 0.0271 | 2.3582 | 1.5673
150 0.0384 61.66 230.0 0.0043 | 0.0162 | 2.3618 1.7900
170 0.0364 86.12 230.4 0.0043 | 0.0116 | 2.3626 1.9351
200 0.0372 114.89 228.8 0.0044 | 0.0087 | 2.3594 2.0603
250 0.0424 149.28 237.6 0.0042 | 0.0067 | 2.3758 2.1740
300 0.0312 230.68 222.2 0.0045 | 0.0043 | 2.3467 2.3630
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anududy | thwines | anudutud | anwenwnse
FouSudu | qadu foufiauqa | lumsgady | 1q | 1Ce | logq | logCe
(un./a.) (M) (un./a.) (un./n.)
75 0.0348 8.43 191.3 0.0052 | 0.1186 | 2.2817 0.9261
110 0.0346 25.13 2453 0.0041 | 0.0398 | 2.3897 | 1.4002
130 0.0348 38.90 261.8 0.0038 | 0.0257 | 2.4179 1.5899
150 0.0356 53.86 270.0 0.0037 | 0.0186 | 2.4314 1.7313
170 0.0358 73.33 270.0 0.0037 | 0.0136 | 2.4314 | 1.8653
200 0.0376 100.80 263.8 0.0038 | 0.0099 | 2.4213 2.0035
250 0.0356 153.62 270.7 0.0037 | 0.0065 | 2.4326 2.1864
300 0.0344 211.36 26747 0.0039 | 0.0047 | 2.4111 2.3250
319 4-10 Foya'le Tnmenmsgaduadensuoniindae D-Sludge
At | dmitams | anudidud | anwaiuisa
FlouSudu | qady foudionga | lumsgady | 1/q | UCe | logq | logCe
(un./a.) (ATW) (un./a.) (Wn./n.)
10 0.1998 7.93 1.0 0.9646 | 0.1261 | 0.0157 | 0.8992
30 0.2007 25.62 2.2 0.4578 | 0.0390 | 0.3394 | 1.4085
50 0.2008 4443 2.8 0.3602 | 0.0225 | 0.4435 | 1.6476
80 0.2006 73.57 3.2 0.3122 | 0.0136 | 0.5056 | 1.8667
100 0.2004 92.89 35 0.2820 | 0.0108 | 0.5497 | 1.9680
150 0.1987 142.21 39 0.2552 | 0.0070 | 0.5931 | 2.1529
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anudutu | hviinans | anududud | anuanse
FouSudu | gady foufiauga | lumsqady | 1/q | UCe | logq | logCe
(un./a.) (M) (un./a.) (un./n.)
27 0.2000 23.74 1.6 0.6144 | 0.0421 | 0.2115 | 1.3756
38 0.1800 34.63 1.9 0.5340 | 0.0289 | 0.2725 | 1.5394
50 0.2068 45.58 2.1 0.4680 | 0.0219 | 0.3297 | 1.6588
110 0.2516 101.74 %iks) 0.3045 | 0.0098 | 0.5164 | 2.0075
150 0.1987 143.30 3.4 0.2967 | 0.0070 | 0.5277 | 2.1563
m319it 1-12 Foyale Tmeumsgasuddonsuoniivid e B-Studge
Aty | siminans | anududud | anwminan
Flousudu | qady foufiauaa | lumsgady | 1q | 1Ce | logq | logCe
(un./a.) (N5) (un./a) Wn./n.)
10 0.2003 9.09 0.5 2.1892 | 0.1101 | -0.3403 | 0.9583
30 0.2008 25.58 o 0.4545 | 0.0391 | 0.3425 | 1.4079
50 0.1986 43.95 3.0 03282 | 0.0228 | 0.4838 | 1.6429
80 0.1993 72.18 3.9 0.2549 | 0.0139 | 0.5937 | 1.8584
100 0.2004 91.53 4.2 0.2367 | 0.0109 | 0.6258 | 1.9616
150 0.2004 140.89 4.5 0.2199 | 0.0071 | 0.6577 | 2.1489
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A PAC 0.4 4
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o a J
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e
AG® = —RTInK
AS" AH’
InK, = R RT
T = Qe (1na7Iu)
AR AnNA 1Yo U N3l (Entropy)
AH® = AMANUAVDUOUN 11 (Enthalpy)
AG® = AMANUANVOINAITUD A5 (Free Energy)
R = the universal gas constant, 8.31 Jmol 'K

A AR’ uaz AS° d1nam 13910 slope 118 intercept MUEIAY

{ @ 1 o o a d 9 a
M9 A-1 F10619MIRUIMNS i laniindmsgadudfdenndnae PAC
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QN QUNYN
. _ K, InK, T AG’
(oarniraien) | (3FIAAIN)
25 298 4.8348 1.57584 0.003356 -3902.38
40 313 5.115 1.632177 0.003195 -4245.34
50 323 8.3423 2121339 0.003096 | -5693.95
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2.50
*
*
1.50 *
vh
£ i
1.00 y=-1931.3x + 7.9866
0.50 R =0.7121
0.00

0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
1/T

A o 1 J a J
MNN A-1 GI’J’E]EJNL‘I/I'EJ‘JIEJULﬂUWNﬂﬁ

aumsnlénnanil - y=-1.931.3x + 7.9866

AS’R = 7.9866
As® = 66.369
AHR = 1931.3
JAY B 16049.1

= 9y o 8 a 7
ATWN A-2 51]@y.ﬁ‘ﬂ'lﬂf‘l’]ﬁﬂTu'JmﬁiJﬂ’]ilV]@ﬁTiJ]’lﬂu1ﬁJﬂﬁ

3 Adouudn ddonsuoniivl
MIgaTU
’ As’ AR’ As’ AR’
D-Sludge -2.14 -1862.52 87.17 33818.38
A-Sludge 8.98 675.33 111.37 41508.45
B-Sludge -40.67 -13359.99 -2.14 14824.21
PAC 66.37 16049.10 -29.34 -10984.16
A-PAC 41.45 7996.88 4.45 332.52
B-PAC 47.65 9889.73 38.58 9771.73
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MAKNHIN 9 T1WABEAMTINTIZHA I High Performance Liquid Chromatography (HPLC)

iwamﬁaﬂmﬁmiwﬁﬁw High Performance Liquid Chromatography (HPLC)

(Punyapalakul, 2004)

A A
IATONND
A
AITNYIINAU
o ¢
ADANU

Mobile phase

891313 1va

Samsnadledd

: HPLC uag UV/ Visible detector
£ 275 W 1WA
: 10 Wm-Lichrosorb-NH, 41410 250 Haauas x 4.6 Naauas

: A; n-Hexane/ 2-propanol (9/1) , B; 2-propanol/water (9/1)

5UAW AB (97:3) - 30 1IN A/B (37:63) Linear gradient

1.5 ¥aaaasnouIn

50 luTasans
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1. msasTanylanFuvesmsgadiu
In5843/0 Fourier Transform Infrared Spectrometer: FT-IR Spectrometer (FT-IR) Taod
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- and = mln mL
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MW 9-1 FT-IR U949 A-PAC
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Sineiiuiiimsgadulasdadinnziiaaniumaluladiinndedurna
(D4R MINMIFL) M0azIBEAMI NI IaRdaT
- Lﬂ?ﬁ]ﬁﬁ@j“u Atosorb 1C , Quantachrome Instrument, U.S.A.
~ mse3eudiegia Outgas 1t 200 pasnisadoa Wuna 15 #2 Tuadmiudeds
A-Sludge B-Sludge itaig D-Sludge
- misA3eud1e819 Outgas 1l 250 Derusa@ea Hunan 15 1 Tuadmiudaed
A-PAC a2 B-PAC
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3. wamsaaseRlTmamsveu lalaswu nazlulasnuvesasgady
4 a L4 1 a I a a J
1n509101A512H CHN Elemental analyzer Tasaalinsievinsheusmsinemans
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