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APPENDICES

Appendix A Adsorption Isotherms of Surfactant Solution

Table A1 A dsorption  isotherm  on activated carbons o f  CPC

Initial
concentration Equilibrium A m ounts o f  adsorbed surfactant

(pm ol/L ) concentration (prnol/L) per sp ecific  area o f  adsorbent (p m ol/m 2)

322 .58 103.46 2 .46
47 6 .1 9 2 0 8 .5 0 3 .00
566 .04 295.51 3.03
833 .33 4 1 0 .0 6 4.75

1000 617 .23 4 .29
1111.11 77 0 .9 6 3.81

1250 8 94 .40 3 .99
2 000 1648 .06 3.95
4 0 0 0 35 7 4 .9 5 4 .77
6 000 5 4 7 7 .5 2 5 .86
8000 7 5 1 6 .5 2 5.42
10000 95 4 6 .3 8 5.09

i  น ' Pi t ท  0*1
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Table A2 Adsorption isotherm on MWCNTs of CPC

Initial
concentration Equilibrium A m ounts o f  adsorbed surfactant

(pm ol/L ) concentration (prnol/L) per sp ec ific  area o f  adsorbent (p m ol/m 2)

66 .23 50 .56 0 .4 6

103.39 75.28 0 .82

135 .17 105.27 0 .87

2 1 7 .4 0 149.44 1.99

2 1 9 .7 0 161.91 1.69

35 6 .4 2 2 4 7 .8 9 3 .18

5 84 .40 4 1 1 .1 4 5 .07

1406.82 1141.66 7 .76

1426 .17 1194.88 6 .77

1494.82 1316 .34 5 .22

2 2 2 7 .2 0 1985.25 7.08

4232 .03 3 988 .95 7.11

6 1 3 5 .3 4 5 8 9 8 .4 7 6.93

8000 7 795 .65 5 .98

10000 9 7 1 4 .1 0 8 .37
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Table A3 Adsorption isotherm on activated carbons of SDBS

Initial
concentration Equilibrium A m ounts o f  adsorbed surfactant

(p m ol/L ) concentration (p m ol/L ) per sp ec ific  area o f  adsorbent (p m ol/m 2)

99.01 63 .72 0 .4 0

196.08 114.42 0 .9 2

6 9 7 .6 7 555.63 1.59

9 0 9 .0 9 741 .12 1.88

1250 1057.29 2 .1 6

1428 .57 1157.80 3 .0 4

2 0 0 0 1681.97 3 .5 7

2 5 0 0 2155 .25 3 .8 7

3 0 0 0 2 6 5 6 .2 9 3 .85

33 3 3 .3 3 3026 .04 3 .45

3 6 3 6 .3 6 3294 .63 3 .83

4 0 0 0 36 1 1 .9 9 4 .35

5000 46 6 8 .0 4 3 .7

6 0 0 0 5592 .65 4 .5 7

8 000 7 497 .89 5.63
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Table A4 Adsorption isotherm on MWCNTs of SDBS

Initial
concentration Equilibrium A m ounts o f  adsorbed surfactant

(fim ol/L ) concentration (pm ol/L ) per sp ecific  area o f  adsorbent (p m ol/m 2)

99.01 19.77 2 .3 2

196.08 71 .96 3 .63

3 8 4 .6 2 22 0 .1 6 4.81

6 9 7 .6 7 507 .65 5 .56

9 0 9 .0 9 7 04 .32 5 .99

1250 1005.20 7 .16

1428 .57 1192.33 6.91

1666 .67 1441.45 6 .5 9

2 0 0 0 1715.26 8.33

3 0 0 0 28 0 8 .8 2 5 .59

4 0 0 0 3543 .38 13.36

4 4 4 4 .4 4 41 5 6 .5 8 8 .42

5 0 0 0 47 4 6 .5 4 7 .42

6 0 0 0 5 696 .90 8 .87

8 000 78 0 9 .1 2 5 .5 9
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Table A5 Adsorption isotherm on activated carbons of OP(EO)io

Initial
concentration Equilibrium A m ounts o f  adsorbed surfactant

(pm ol/L ) concentration (pm ol/L ) per sp ecific  area o f  adsorbent (p m ol/m 2)

49 .50 16.79 0 .37

75 .76 34 .40 0 .46

98 .04 53 .20 0 .50

138.89 92 .20 0 .52

161.29 101.53 0 .67

192.31 124.98 0 .75

212 .77 147.49 0.73

23 8 .1 0 174.89 0.71

283 .02 21 2 .4 0 0 .79

312 .50 242.41 0 .79

454 .55 3 5 3 .7 4 1.13

625 523 .18 1.14

1111.11 9 6 8 .2 9 1.60

1428.57 1301 .20 1.43

2 1 4 2 .8 6 2 0 0 5 .0 2 1.55

2 8 5 7 .1 4 2 6 6 4 .2 7 2 .1 6

10000 98 4 2 .9 8 1.76
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Table A6  Adsorption isotherm on MWCNTs of OP(EO)io

Initial
concentration

(p m ol/L )

Equilibrium  

concentration (fim ol/L )

A m ounts o f  adsorbed surfactant 

per sp ec ific  area o f  adsorbent (p m ol/m 2)

4 9 .5 0 16.65 0 .96

7 5 .7 6 37.13 1.13

9 8 .0 4 4 1 .6 7 1.65

121.95 6 3 .4 7 1.71

138.89 71 .07 1.98

161 .29 99 .55 1.81

192.31 107.16 2 .4 9

2 1 2 .7 7 132.96 2 .3 4

2 3 8 .1 0 155.25 2 .4 2

2 8 3 .0 2 183.99 2 .90

3 12 .5 20 9 .9 9 3 .00

4 5 4 .5 5 343.41 3.25

625 522 .76 2 .99

1111.11 945 .53 4 .8 4

1428 .57 1280.21 4 .3 4

2 1 4 2 .8 6 1943.86 5 .82

2 8 5 7 .1 4 2 652 .75 5.98

10000 9 8 1 2 .3 4 5.49
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Appendix B UV-Vis Spectra of Surfactant Solutions Dispersed MWCNTs 
without Any Dilution

Table B1 U V -V is  Spectra o f  M W C N T s dispersed in 0.1 tim es o f  critical m icelle  
concentration o f  surfactants and w ithout surfactant

T im e ( Sec) 0% Surfactant CPC S D B S O P(EO )io
0 0 .2142 0 .2 9 2 8 0 .4 3 1 3 0 .3 0 2 6

5 00 0.0721 0 .1 3 4 9 0 .1 5 1 7 0 .1 5 4 7

1000 0 .0464 0 .1 0 8 4 0 .0 7 4 3 0.0911

1500 0 .0372 0 .1 0 6 7 0 .0 5 2 2 0 .0 8 5 4

2 0 0 0 0.0221 0 .0773 0 .0 4 7 9 0 .0668

2 5 0 0 0.0291 0 .0 5 9 8 0 .0 4 1 4 0 .0 5 0 2

3 0 0 0 0 .0375 0 .0555 0 .0 4 5 9 0 .0511

3 500 0 .0244 0 .048 0 .0 3 3 0.0431

4 0 0 0 0.0233 0 .0 5 0 9 0.03 0 .0373
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Table B2 UV-Vis Spectra of MWCNTs dispersed in critical micelle concentration of
surfactants and without surfactant

T im e ( sec) 0% surfactant CPC S D B S O P(EO )io

0 0 .2 1 4 2 0 .3 8 0 9 0 .2 7 9 2 0 .5887

500 0.0721 0 .1 8 6 6 0 .1 8 2 0 .1575

1000 0 .0 4 6 4 0 .1018 0 .1 5 1 9 0 .1 2 5 4

1500 0 .0 3 7 2 0 .1 2 7 0 .1 2 5 5 0 .1056

2 0 0 0 0.0221 0 .0913 0 .1 1 8 0.0971

2 500 0.0291 0 .0 8 4 2 0 .1151 0.0991

3 000 0 .0375 0 .0 7 8 9 0 .1 1 6 8 0 .0948

3 500 0 .0 2 4 4 0 .0 7 9 8 0 .1131 0 .0925

4 0 0 0 0 .0233 0 .0 7 7 7 0 .1 1 1 8 0 .0839
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Table B3 UV-Vis Spectra of MWCNTs dispersed in 10 times of critical micelle
concentration of surfactants and without surfactant

T im e (sec) 0% surfactant CPC S D B S OP(EO)io

0 0 .2 1 4 2 0.4371 0 .4 6 1 4 0 .7659

500 0.0721 0.2945 0 .3 8 1 9 0.511

1000 0 .0 4 6 4 0.2561 0 .3 3 6 2 0 .4565

1500 0 .0 3 7 2 0 .2405 0 .3403 0 .4502

2000 0.0221 0.2263 0 .3 4 5 6 0 .4406

2500 0.0291 0 .2214 0 .34 0 .4422

3000 0 .0375 0.228 0 .3 3 6 6 0 .4345

3500 0 .0 2 4 4 0.2211 0 .3 3 4 4 0.4403

4000 0 .0233 0.2181 0.3331 0.4335



44

Table B4 UV-Vis Spectra of MWCNTs dispersed with different concentrations of
CPC and without surfactant

T im e ( sec  ) 0%  surfactant 0.1 C M C C M C 10 CM C

0 0 .2142 0 .3129 0 .3 8 0 9 0.4371

500 0.0721 0 .1105 0 .1 8 6 6 0 .2945

1000 0 .0464 0 .0719 0 .1 0 1 8 0.2561

1500 0 .0372 0 .0678 0 .1 2 7 0 .2405

2 0 0 0 0.0221 0 .0589 0 .0 9 1 3 0 .2263

2 5 0 0 0.0291 0.0591 0 .0 8 4 2 0 .2214

3 000 0.0375 0 .0 5 1 4 0 .0 7 8 9 0 .228

3 500 0 .0244 0 .0425 0 .0 7 9 8 0.2211

4 0 0 0 0.0233 0 .0395 0 .0 7 7 7 0 .2181
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Table B5 UV-Vis spectra of MWCNTs dispersed with different concentrations of
SDBS and without surfactant

T im e ( sec  ) 0% surfactant 0.1 CM C C M C 10 CM C

0 0 .2142 0 .2 9 5 7 0 .2 7 9 2 0 .4 6 1 4

500 0.0721 0.083 0 .1 8 2 0 .3 8 1 9

1000 0 .0464 0 .0 5 1 4 0 .1 5 1 9 0 .3 3 6 2

1500 0 .0372 0 .0 3 1 4 0 .1 2 5 5 0 .3403

2 0 0 0 0.0221 0 .028 0 .1 1 8 0 .3 4 5 6

2 5 0 0 0.0291 0 .0 3 6 0 .1151 0 .34

3 0 0 0 0 .0375 0 .0 2 3 9 0 .1 1 6 8 0 .3 3 6 6

3 5 0 0 0 .0 2 4 4 0 .0225 0 .1131 0 .3 3 4 4

4 0 0 0 0.0233 0 .0 1 6 5 0 .1 1 1 8 0 .3331



Table B6 UV-Vis spectra of MWCNTs dispersed with different concentrations of
OP(EO)io and without surfactant

T im e ( sec ) 0% surfactant 0.1 CM C CM C 10 CM C

0 0 .2 1 4 2 0 .364 0 .5 8 8 7 0 .7659

500 0.0721 0 .1284 0 .1575 0.511

1000 0 .0 4 6 4 0 .0848 0 .1254 0 .4565

1500 0 .0 3 7 2 0 .0488 0 .1 0 5 6 0 .4502

2 000 0 .0221 0 .0598 0.0971 0 .4406

2 500 0.0291 0 .0456 0.0991 0 .4422

3000 0 .0 3 7 5 0 .0415 0 .0948 0 .4345

3 500 0 .0 2 4 4 0 .0365 0 .0925 0 .4403

4 0 0 0 0 .0233 0 .0333 0 .0 8 3 9 0 .4335



Appendix c  Zeta Potential Values of MWCNTs

T a b le  C l  Z eta p otentia l va lu es o f  M W C N T s at natural pH  o f  CPC  so lu tion

0.1 CPC 0.5 CPC CPC 1.5 CPC 2 CPC
38.21 55 .83 7 2 .4 6 6 .7 6 9 1 .8 9
36.1 6 2 .2 4 7 8 .2 82 .83 9 8 .3 9

30 .63 6 6 .7 6 7 2 .6 8 7 9 .0 8 110
2 8 .1 6 5 1 .8 9 80 .45 9 7 .4 9 107 .4
2 3 .3 7 6 1 .3 2 86.31 7 4 .7 4 9 9 .5 9
2 8 .2 4 54.1 69.01 7 8 .4 2 107 .4
3 0 .98 68.5 6 7 .4 8 89 22 102 .9
3 5 .7 4 6 8 .2 4 6 6 .5 2 71 113.3
3 1 .5 7 4 5 .3 7 88 .8 7 5 .3 5 116.2
3 0 .4 2 6 3 .86 64 .53 8 7 .9 6 102.3
3 6 .5 2 6 5 .7 9 6 2 .7 7 7 2 .6 8 102.3
4 0 .4 51 .32 8 2 .68 8 8 .38 128.3

37 .83 4 9 .3 2 5 8 .6 7 8 1 .5 2 127
3 2 .6 9 61.1 6 9 .5 2 7 9 .7 7 104.6
2 9 .9 6 61 .32 63.21 8 7 .9 6 9 6 .4 7
3 6 .7 6 4 5 .6 6 2 .1 4 9 2 .3 6 8 2 .2 6
28.31 68 5 5 .5 8 83 .75 102 .9
2 2 .1 6 62 .56 68 .5 86.31 115.5
2 8 .2 7 52 .19 7 5 .6 7 77.41 9 5 .4 7
3 1 .1 4 40 .95 5 7 .7 6 7 9 .0 8 9 0 .53
3 1 .2 4 36 .02 5 7 .5 7 88 .38 118 .4

A v.

0.1 CPC 0.5 CPC CPC 1.5 CPC 2 CPC
3 3 .8 6 3 6 .3 7 6 7 .7 4 8 1 .8 9 100.1
3 0 .4 7 53 .95 6 6 .5 2 7 1 .8 4 9 4 .4 9
2 7 .1 8 60 .5 6 3 .8 6 7 2 .9 6 9 2 .8 2
3 7 .6 7 4 1 .4 9 64.3 8 1 .89 100.1
34 .75 37 .15 62 .35 83 .75 102 .9
21 .93 4 1 .7 7 6 3 .8 6 88.8 9 4 .9 9
3 5 .1 7 4 5 .9 3 7 8 .7 4 8 9 .9 6 9 4 .4 9
4 8 .6 7 56  1 6 3 .8 6 85.1 9 6 .4 6
43.91 4 5 .4 9 79 .08 82 .26 110.6
3 9 .6 6 6 2 .35 7 7 .7 4 9 3 .3 6 111.2
3 9 .0 6 51.61 71 7 9 .08 102 .9
3 8 .0 6 4 1 .6 8 61.71 72.5 9 1 .43
3 3 .4 6 5 5 .9 2 60.5 7 9 .8 6 114.8
4 1 .1 2 6 2 .98 59 .63 80 .07 120
2 8 .6 8 6 6 .2 7 5 3 .79 75 .35 123.6
31 .33 5 1 .75 5 6 .8 6 79 .08 87.11
4 0 .4 59 .05 5 7 .94 7 2 .6 8 87 .96

4 1 .1 2 5 6 .8 6 64 .53 81 .89 102 .9
3 9 .15 5 1 .3 2 6 7 .48 88 .38 9 8 .6

3 3 .8 5 8 7 5 5 4 .2 7 0 5 6 7 .5 4 8 5 8 1 .5 2 8 7 5 1 03 .5138



Table C2 Zeta potential values of MWCNTs at natural pH of SDBS solution
0.1 S D B S 0.5 S D B S S D B S 1.5 S D B S 2 S D B S

-9 5 .4 -122 -1 3 0 -1 1 0 -134
-8 9 .6 -128 -9 3 .7 -1 5 0 -1 1 6
-66 .5 -137 -1 0 0 -135 -135
-4 9 .9 -146 -1 1 0 -115 -138
-1 0 2 -138 -1 0 4 -1 1 2 -1 1 6
-108 -87.1 -1 2 7 -131 -1 6 2
-7 0 .7 -132 -138 -1 2 8 -1 1 6
-80 .8 -142 -131 -1 1 6 -117
-48 .5 -95 .9 -1 2 4 -1 2 7 -139
-72.1 -142 -1 3 2 -1 1 2 -166
-56 .5 -113 -1 7 7 -1 4 2 -175
-7 5 .6 -189 -1 4 9 -143 -1 6 0
-75 -126 -1 0 4 -1 1 7 -1 4 7

-102 -116 -93 .3 -1 2 0 -123
-5 6 .2 -120 -123 -1 3 2 -1 3 2
-93 .3 -75 .6 -1 1 9 -1 4 4 -1 4 0
-101 -100 -1 4 9 -122 -175
-6 5 .7 -112 -1 5 2 -1 3 0 -155
-73 .5 -112 -1 0 7 126 -1 3 2
-80 .8 -91 .8 -98 -143 -145
-8 4 .7 -90 .9 -1 3 4 -1 3 7 -1 9 4
-8 0 .4 -90.1 -148 -115 -183
-8 7 .9 -114 -9 2 .8 -1 2 8 -193

0.1 S D B S 0.5 S D B S S D B S 1.5 S D B S 2 S D B S
-1 0 7 -1 4 6 -1 3 6 -122 -1 6 6
-8 2 .6 -101 -1 2 2 -113 -176
-1 1 6 -1 1 4 -1 2 2 -1 1 7 -135
-138 -85.1 -90.1 -1 5 4 -151
-1 1 4 -1 3 2 -9 6 .9 -1 6 0 -1 3 4
-8 9 .6 -98 .5 -125 -1 5 4 -1 3 7
-1 0 4 -7 9 .7 -131 -1 6 0 -175
-7 4 .7 -9 9 -1 1 9 -152 -1 7 2
-6 9 .2 -102 -1 2 6 -113 -142
-65 .3 -9 4 .4 -1 1 0 -125 -153
-62.1 -1 0 0 -102 -1 1 4 -134
-1 0 4 -108 -1 3 7 -132 -194
-7 5 .9 -9 7 .4 -9 4 .4 -125 -1 7 9
-78 -9 5 .6 -1 2 0 -1 2 6 -118

-93 .3 -87 .5 -1 1 6 -135 -1 2 6
-6 2 .7 -9 5 .4 -96 .5 -148 -121
-115 -102 -1 4 2 -135 -194

-8 4 .1 9 -1 1 1 .4 5 -1 2 0 .5 -1 2 4 .2 -1 5 0

4^oo



Table C3 Zeta potential values of MWCNTs at natural pH of OP(EO)io solution

O P(EO )io O P(EO )io O P (E O )io O P(E O )io O P(E O )io
-4 7 .6 -4 3 .6 -5 1 .6 -75 .3 -8 6 .7
-5 5 .4 -57 .5 -65 .5 -8 2 .2 -7 5 .9
-6 3 .6 -48.1 -7 4 .7 -7 4 .4 -98.1
-7 2 .6 -4 6 .6 -55 .5 -65 .5 -8 4 .7
-3 0 .4 -56.1 -5 4 .5 -64 .3 -1 0 2
-56.1 -5 4 .2 -58 .3 -6 6 .2 -9 6 .4
-41 .8 -5 0 -5 7 .7 -61 .3 -101
-33 .3 -63 .8 -6 7 .7 -79 -7 6 .6
-43 .8 -59 .4 3 -6 3 .2 -80.1 -7 4 .7
-38 .5 -41 .5 -6 3 .6 -6 7 .7 -90 .5
-35 .3 -5 1 .8 -5 2 .4 -74 .1 -99 .5
-34 .7 -4 2 .4 -73 .5 -73 .8 -92 .3
-4 4 .7 -52 .2 -5 8 .6 -6 8 .7 -9 1 .4
-59 -48.1 -60.1 -5 9 .2 -9 5 .2

-4 2 .7 -5 2 .6 -5 9 .8 -6 7 .5 -105
-2 2 .7 -5 1 .4 -6 8 .5 -7 0 .7 -8 3 .9
-19 .2 -50 .7 -70.1 -7 5 .4 -1 0 2
-22 .3 -39 .8 -64 -7 4 .4 -8 6 .7
-2 7 .2 -5 0 .7 -6 5 .2 -7 7 .5 -9 4 .6
-2 5 .4 -41 .3 -6 7 .4 -7 9 .4 -8 7 .7
-2 3 .2 -5 0 .6 -83 -61 .3 -8 9 .6

O P(E O )io O P(EO )io O P(E O )io O P(E O )io O P(E O )io
-24 -4 2 .7 -58 .8 -73.1 -7 7 .7

-18 .8 -4 0 .4 -5 4 .9 -68 .5 -9 6 .9
-4 2 .7 -52 .3 -50 .3 -73 .8 -75 .3
-30 .5 -57 .3 -68 -7 4 .7 -90.1
-3 0 .9 -41 .3 -72.1 -69 .3 -1 0 6
-25 .8 -4 2 .6 -6 9 .9 -62 .3 -99
-35.1 -50 -5 6 .2 -6 3 .2 -81 .8
-38 -43 -55 .8 -68 .8 -81

-40 .3 -39 -4 9 .9 -7 2 .4 -8 0 .7
-40 -35.1 -5 9 .2 -6 7 .9 -87 .5
-57 -40 .5 -58 .6 3 -74 -92.1

-53.1 -4 7 .6 -4 9 .7 -5 7 .9 -1 0 4
-34 .8 -49 .3 -5 5 .7 -64 -8 4 .7
-4 5 .4 -4 5 .2 -6 7 .4 -7 4 .9 -83 .3
-3 8 .2 -4 5 .2 -66 .5 -7 9 .4 -87 .5
-3 2 .6 -60 .2 -6 3 .6 -6 5 .4 -108
-4 2 .6 -5 5 .7 -62 .5 -7 0 .7 -9 5 .6
-3 3 .4 -45.1 -75 .3 -7 2 .9 -8 5 .6
-3 0 .7 -5 0 .4 -6 5 .4 -69.1 -9 6 .7

A v. -3 8 .3 4 -4 8 .3 8 -6 2 .3 7 -70.51 -9 0 .7
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Appendix D Calibration Curve of Surfactant Solution

Figure D1 Calibration curve of CPC solution.
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Figure D2 Calibration curve of SDBS solution.
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Figure D3 Calibration curve of OP(EO)io solution.
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Appendix E Example of Calculation for Surfactant Adsorption Isotherms 

Adsorption for solution of CPC on MWCNTs

( C „ - C e ) * v  
พ *  A  5

W here

r =  The am ounts o f  adsorbed surfactant per sp ecific  area o f  adsorbent 
(p m o l/m 2)

Co =  Initial surfactant so lu tion  concentration (p m ol/L )

c e = Equilibrium  surfactant solution concentration (p m ol/L )

V  =  The vo lu m e o f  a surfactant solu tion  (m L)

พ  =  The w eigh t o f  carbonaceous adsorbents (m g)

A s =  The sp ec ific  surface area o f  carbonaceous adsorbents (m 2/g).

The adsorption isotherm  w as a p lot betw een  adsorption o f  surfactant on  
M W C N T s (p m ol/m 2) and concentration o f  surfactant so lu tion  (p m ol/L ).

Co =  10 ,000  pm ol/L

Equilibrium  concentration o f  surfactant w as converted  from

U V -V is  spectrophotom eter (w a v e len g th ) ->  pm ol/L

The concentration o f  surfactant so lu tion  should be d iluted  about 51 tim es 
before u sin g  u v  spectrophotom eter in order to get the accurate absorbance.

C alibration equaition for CPC solution  from U V -V is  spectrophotom eter,

Y = 0 .0 0 4 1 5  X - 0 .0 0 4 7 5
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W here X

Y

Substituting into calibration equations,

X

D ilu ted  concentration  X  =

R eal concentration X  =

Thus, surfactant adsorption for 
pm ol/L , initial concentration is

c e> (pm ol/L )

W avelength

(0 .7 9 5 8 4 + 0 .0 0 4 7 5 )/0 .0 0 4 1 5

192 .91325  pm ol/L

192 .91325  x  51 =  9 8 3 8 .5 8  pm ol/L

solu tion  o f  C PC  on  M W C N T s at 10,000

r  = ( 1 0 0 0 0  -  9 8 3 8 .5 7 5 7 5  ) p m o l/L  * 20m L  
2.5 m g * 2 7 3 .4  m 2/ g =  4 .7 2 3  p m o l /m 2
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