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A P P E N D IX

T a b le  A l  Adsorption isotherm of CTAB on clinoptilolite at 25°c 
Weight o f clinoptilolite = 0.2 g
Volume o f CTAB solution = 20 ml
Molecular weight o f CTAB = 364.46 g/mol

N o . [C T A B ] initial [C T A B ] equilibrium A m o u n t o f  surfactant 
ad sorb ed  (p m o l/g )

S .D .
pM ppm pM ppm

1 5 0 18 .223 4 0 .6 1 2 14 .801 0 .9 3 9 0 .1 0 2
2 100 3 6 .4 4 6 5 2 .2 6 6 1 9 .0 4 9 4 .7 7 3 0 .5 6 3
3 3 0 0 1 0 9 .3 3 8 6 8 .5 6 0 2 4 .9 8 8 2 3 .1 4 4 2 .6 5 9
4 5 0 0 1 8 2 .2 3 0 9 7 .1 8 0 3 5 .4 1 8 4 0 .2 8 2 3 .9 4 7
5 7 0 0 2 5 5 .1 2 2 2 1 2 .9 5 9 7 7 .6 1 5 4 8 .7 0 4 2 .8 9 6
6 9 0 0 3 2 8 .0 1 4 3 1 3 .4 2 3 114 .2 3 5 8 .6 5 8 2 .3 5
7 100 0 3 6 4 .4 6 0 3 8 9  383 1 4 1 .9 1 5 6 1 .0 6 2 4 .4 6 1
8 140 0 5 1 0 .2 4 4 6 0 4 .9 8 8 2 2 0 .4 9 4 7 9 .5 0 1 2 .3 4 1
9 1800 6 5 6 .0 2 8 9 7 7 .6 8 5 3 5 6 .3 2 7 8 2 .2 3 2 3 .2 1 5
10 2 0 0 0 7 2 8 .9 2 0 117 1 .2 6 1 4 2 6 .8 7 8 8 2 .8 7 4 3 .5 5 6
11 2 5 0 0 9 1 1 .1 5 0 1 6 6 6 .7 2 0 6 0 7 .4 5 3 8 3 .3 2 8 3 .8 7 5



T a b le  A 2 Zeta-Potential data for CTAB adsorption on clinoptilolite

N o . A m o u n t o f  surfactant ze ta  p o ten tia l (m V )
S .D .ad sorb ed  (p m o l/g ) 1st 2 ทd y d 4 th 5 th 6 th yth 8 น, çth 10th a v era g e

1 0 .0 0 -4 5 .9 -4 7 .2 -4 7 .3 -4 2 .5 -4 8 .6 -4 1 .6 -4 3 .8 -4 4 .8 -4 5 .6 -4 6 .2 -4 5 .4 2 .2
2 0 .9 4 -4 3 .8 -4 4 .6 -4 2 -4 6 .7 -4 5 .3 -4 3 .5 -4 5 .8 -4 1 .5 -4 4 .4 -4 5 .6 -4 4 .3 1.7
3 4 .7 7 -3 9 .8 -4 0 .7 -4 1 .7 -4 0 .8 -4 1 .9 -37 .1 -4 2 .9 -4 2 .7 -3 9 .2 -3 8 .5 -4 0 .5 1.9
4 2 3 .1 4 -2 4 .2 -2 3 .8 -2 2 .6 -2 2 .4 -2 4 .7 -2 1 .4 -2 2 .5 -2 5 .2 -2 0 .8 -2 1 .1 -2 2 .9 1.5
5 4 0 .2 8 2 .6 5 .2 6 .2 4 .5 2 .8 4 .9 6 .0 3 .7 2 .2 3.1 4.1 1.4
6 4 8 .7 0 19 .6 2 1 .3 17.5 19.5 1 6 .7 18.4 2 0 .7 2 1 .6 17 .5 1 8 .4 19.1 1.7
7 5 8 .6 6 2 7 .2 2 6 .9 2 5 .6 2 5 .8 2 6 .1 2 6 .2 27 .1 2 4 .3 2 3 .9 2 6 .6 2 6 .0 1.1
8 6 1 .0 6 2 6 .7 2 7 .1 3 1 .2 29 .1 2 7 .6 3 0 .3 2 5 .9 2 7 .4 2 6 .7 2 9 .5 2 8 .2 1.8

00
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T a b le  A 3 Adsorption isotherm of cadmium on SMZ with various PA:CTAB loading 
ratios
Weight of SMZ = 0.2 g
Volume of cadmium solution = 20 ml

S M Z  (0 :1 )

N o . [C d 2+] m11121 [C d 2+ equilibrium A m o u n t o f  C d 2< ad sorb ed  
m g /g

S .D .
ppm pM ppm p M

1 2 5 2 2 2 .4 2 0 2 4 .4 8 3 2 1 7 .8 1 8 0 .0 5 2 0 .0 0 5
2 5 0 4 4 4 .8 4 0 4 6 .3 9 7 4 1 2 .7 8 9 0 .3 6 0 0.010
3 100 8 8 9 .6 8 0 8 9 .1 5 8 7 9 3 .2 2 5 1 .0 8 4 0.011
4 150 1 3 3 4 .5 2 0 1 3 7 .7 0 4 1 2 2 5 .1 2 2 1 .2 3 0 0 .0 2 6
5 200 1 7 7 9 .3 5 9 1 8 7 .3 8 0 1 6 6 7 .0 7 8 1 .2 6 2 0 .0 2 8

S M Z  (1 :1 )

N o . [C d 2+],1111121 [C d2+ equilibrium A m o u n t o f  C d 2+ ad sorb ed  
m g /g

S .D .
ppm pM ppm pM

1 2 5 2 2 2 .4 2 0 1 8 .4 5 4 1 6 4 .1 7 9 0 .6 5 5 0 .0 6 5
2 5 0 4 4 4 .8 4 0 3 7 .0 9 5 3 3 0 .0 3 0 1 .2 9 0 0 .0 0 9
3 100 8 8 9 .6 8 0 8 0 .3 5 5 7 1 4 .9 0 0 1 .965 0 .0 2 7
4 150 1 3 3 4 .5 2 0 1 2 6 .7 4 0 1 1 2 7 .5 7 8 2 .3 2 6 0 .1 6 7
5 200 1 7 7 9 .3 5 9 1 7 4 .6 8 5 1 5 5 4 .1 4 0 2 .5 3 1 0.022

S M Z  (2: 1)
N o . [C d 2+] 11111121 [C d 2+]equilibrium A m o u n t o f  C d2' ad sorb ed  

m g /g
S .D .

ppm pM ppm p M
1 25 2 2 2 .4 2 0 12 .193 1 0 8 .4 8 2 1.281 0 .1 1 9
2 5 0 4 4 4 .8 4 0 3 0 .6 5 7 2 7 2 .7 5 2 1 .9 3 4 0 .0 0 9
3 100 8 8 9 .6 8 0 7 0 .0 3 9 6 2 3 .1 2 0 2 .9 9 6 0 .0 0 9
4 150 1 3 3 4 .5 2 0 1 1 5 .5 2 5 1 0 2 7 .8 0 3 3 .4 4 7 0.021
5 200 1 7 7 9 .3 5 9 1 6 5 .4 2 5 1 4 7 1 .7 5 5 3 .4 5 7 0.002

S M Z  (4 :1 )

N o . [C d 2  ̂linitial [C d 2+]equilibrium A m o u n t o f  C d2+ ad sorb ed  
m g /g

S .D .
p p m pM ppm pM

1 2 5 2 2 2 .4 2 0 9 .7 5 0 8 6 .7 4 2 1 .525 0 .0 3 0
2 5 0 4 4 4 .8 4 0 2 4 .1 0 7 2 1 4 .4 7 5 2 .5 8 9 0 .0 0 7
3 100 8 8 9 .6 8 0 6 2 .0 8 7 5 5 2 .3 7 8 3 .7 9 1 0 .0 3 7
4 150 1 3 3 4 .5 2 0 108 .3 3 3 9 6 3 .8 1 8 4 .1 6 7 0 .0 3 4
5 200 1 7 7 9 .3 5 9 1 5 2 .8 2 0 1 3 5 9 .6 0 7 4 .7 1 8 0.102

S M Z  (6 :1 )

N o . [C d 2+] 1111112, [C d 2+]equilibrium A m o u n t o f  C d2+ ad sorb ed  
m g /g

S .D .
ppm pM ppm p M

1 2 5 2 2 2 .4 2 0 11 .0 6 8 9 8 .4 7 1 1.393 0 .0 3 2
2 50 4 4 4 .8 4 0 2 4 .9 6 4 222.100 2 .5 0 4 0.102
3 100 8 8 9 .6 8 0 6 0 .0 7 2 5 3 4 .4 4 8 3 .9 9 3 0 .0 7 7
4 150 1 3 3 4 .5 2 0 1 0 6 .7 3 0 9 4 9 .5 5 4 4 .3 2 7 0.110
5 200 1 7 7 9 .3 5 9 154 .491 1 3 7 4 .4 7 2 4 .5 5 1 0 .2 6 5
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Table A4 Adsorption isotherm of toluene on SMZ with various PArCTAB loading 
ratios
Weight of SMZ = 0.2 g
Volume of toluene solution = 20 ml

S M Z  (0 :1 )

N o . [TolueneJinitiai [T o lu e n e ]equiiibrium A m o u n t o f  to lu en e  ad sorb ed  
p m o l/g

S .D .ppm pM ppm pM
1 4 6 .0 7 1 5 0 0 3 7 .7 8 4 4 1 0 .0 6 2 8 .9 9 4 1 .088
2 1 3 8 .2 1 3 150 0 1 1 0 .2 1 8 1 1 9 6 .1 8 0 3 0 .3 8 2 2 .6 9 0
3 2 7 6 .4 2 6 3 0 0 0 2 2 0 .2 7 7 2 3 9 0 .6 2 6 6 0 .9 3 7 0 .4 2 6
4 4 1 4 .6 3 9 4 5 0 0 3 2 3 .0 6 7 3 5 0 6 .1 8 9 9 9 .3 8 1 7 .661
5 5 5 2 .8 5 2 6 0 0 0 4 2 9 .3 0 2 4 6 5 9 .1 3 5 1 3 4 .0 8 7 3 .521

S M Z  ( ะ!)
N o . [T o lu en e], ni 113! [T o lu e n e ]equiiibrium A m o u n t o f  to lu en e  ad sorb ed  

p m o l/g
S .D .ppm pM ppm pM

1 4 6 .0 7 1 5 0 0 3 8 .8 1 0 4 2 1 .1 9 7 7 .8 8 0 1 .344
2 1 3 8 .2 1 3 150 0 116 .471 1 2 6 4 .0 4 1 2 3 .5 9 6 0 .7 9 9
3 2 7 6 .4 2 6 3 0 0 0 2 2 5 .7 8 7 2 4 5 0 .4 2 3 5 4 .9 5 8 2 .3 4 8
4 4 1 4 .6 3 9 4 5 0 0 3 3 0 .7 7 0 3 5 8 9 .7 9 0 9 1 .0 2 1 3 .3 8 0
5 5 5 2 .8 5 2 6 0 0 0 4 3 6 .4 0 2 4 7 3 6 .1 9 2 126 .38 1 1 .8 2 0

S M Z  (2 :1 )

N o . [T o lu e n e ]mj1131 [T o lu en e]equiiibrium A m o u n t o f  to lu en e  ad sorb ed  
p m o l/g

S .D .ppm pM ppm p M
1 4 6 .0 7 1 5 0 0 3 8 .2 3 8 4 1 4 .9 8 5 8 .5 0 2 0 .3 0 2
2 1 3 8 .2 1 3 150 0 1 1 8 .6 2 2 1 2 8 7 .3 7 9 2 1 .2 6 1 0 .5 6 6
3 2 7 6 .4 2 6 3 0 0 0 2 2 4 .9 1 4 2 4 4 0 .9 4 6 5 5 .9 0 5 0 .471
4 4 1 4 .6 3 9 4 5 0 0 3 3 3 .0 6 5 3 6 1 4 .6 9 7 8 8 .5 3 0 2 .9 6 7
5 5 5 2 .8 5 2 6 0 0 0 4 4 1 .1 3 1 4 7 8 7 .5 1 2 1 2 1 .2 4 9 1 .824

S M Z  (4 ะ!)
N o . [T o lu en e],nilia1 [T o lu en e]equiijbrium A m o u n t o f  to lu en e  ad sorb ed  

p m o l/g
S .D .ppm p M ppm p M

1 4 6 .0 7 1 5 0 0 4 1 .2 1 7 4 4 7 .2 8 7 5 .2 7 1 0 .231
2 1 3 8 .2 1 3 1500 1 2 1 .4 8 3 1 3 1 8 .4 2 8 1 8 .1 5 7 0 .4 8 8
3 2 7 6 .4 2 6 3 0 0 0 2 2 8 .6 6 4 2 4 8 1 .6 5 0 5 1 .8 3 5 0 .1 1 4
4 4 1 4 .6 3 9 4 5 0 0 3 3 7 .9 0 2 3 6 6 7 .1 9 0 83 .2 8 1 1 .175
5 5 5 2 .8 5 2 6 0 0 0 4 4 5 .9 3 4 4 8 3 9 .6 3 7 1 1 6 .0 3 6 2 .5 5 1
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Table A5 Adsorption of cadmium on SMZ (4:1) in the presence of toluene
Weight of SMZ (4:1) = 0.2 g
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 500 pM
Initial toluene concentration = 1500 pM

N o . [Cd 1 initial [C d Jequilibrium A m o u n t o f  C d 2+ ad sorb ed

p M ppm p M ppm m g /g
1 5 0 0 5 6 .2 2 3 2 .8 2 0 2 6 .1 6 9 3 .0 0 3
2 5 0 0 5 6 .2 2 3 3 .7 0 1 2 6 .2 6 8 2 .9 9 3
3 5 0 0 5 6 .2 2 3 2 .8 2 0 2 6 .1 6 9 3 .0 0 3
4 5 0 0 5 6 .2 2 3 1 .9 4 0 2 6 .0 7 0 3 .0 1 3
5 5 0 0 5 6 .2 2 3 4 .5 8 2 2 6 .3 6 7 2 .9 8 3
6 5 0 0 5 6 .2 2 3 2 .8 2 0 2 6 .1 6 9 3 .0 0 3

A v era g e 5 0 0 5 6 .2 2 3 3 .1 1 4 2 6 .2 0 2 3 .0 0 0

Table A6 Adsorption of cadmium on SMZ (4:1) in the presence of toluene
Weight of SMZ (4:1) = 0.2 g
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 1500 pM
Initial toluene concentration = 1500 pM

N o . [C d 2 ] initial [C d  Jequilibrium A m o u n t o f  C d 2+ ad sorb ed

p M ppm p M ppm m g /g
1 1 5 0 0 168 .6 111 0 .2 3 1 1 2 4 .7 9 0 4 .3 8 1
2 150 0 168 .6 1112 2 6 0 1 2 5 .0 1 8 4 .3 5 8
3 150 0 168 .6 1 1 1 6 .3 0 8 1 2 5 .4 7 3 4 .3 1 3
4 150 0 168 .6 1 1 2 0 .3 6 5 1 2 5 .9 2 9 4 .2 6 7
5 150 0 168 .6 1 1 1 4 .2 7 9 1 2 5 .2 4 5 4 .3 3 5
6 150 0 168 .6 1 1 1 6 .3 0 8 1 2 5 .4 7 3 4 .3 1 3

A v era g e 1 5 0 0 168 .6 1 1 1 4 .9 5 8 125 .32 1 4 .3 2 8
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Table A7 Adsorption of cadmium on SMZ (4:1) in the presence of toluene
Weight of SMZ (4:1) = 0.2 g
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 1500 pM
Initial toluene concentration = 500 pM

N o . [C d 2 ] initial [C d ] equilibrium A m o u n t o f  C d 2+ ad sorb ed

p M ppm p M ppm m g /g
1 150 0 168 .6 1 1 2 2 .3 8 4 1 2 6 .1 5 6 4 .2 4 4
2 150 0 168 .6 1 1 2 4 .4 1 3 1 2 6 .3 8 4 4 .2 2 2
3 1 5 0 0 168 .6 1 1 2 2 .3 8 4 1 2 6 .1 5 6 4 2 4 4
4 1 5 0 0 168 .6 1 1 2 2 .3 8 4 1 2 6 .1 5 6 4 .2 4 4
5 1500 168 .6 1 1 2 0 .3 6 5 1 2 5 .9 2 9 4 .2 6 7
6 1500 168 .6 1 1 2 4 .4 1 3 1 2 6 .3 8 4 4 .2 2 2

A v era g e 150 0 168 .6 1 1 2 2 .7 2 4 1 2 6 .1 9 4 4 2 4 1

Table A8 Adsorption of toluene on SMZ (4:1) in the presence of cadmium
Weight of SMZ (4:1) = 0.2 g
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 500 pM
Initial toluene concentration = 1500 pM

N o . [Toluenejinitia! [T o lu en e equilibrium A m o u n t o f  to lu en e  
ad sorb ed  (p m o l/g )p M ppm p M ppm

1 150 0 1 3 8 .2 1 3 1 2 7 3 .4 8 7 1 1 7 .3 4 2 2 2 .6 5 1
2 150 0 1 3 8 .2 1 3 1 2 7 2 .3 7 8 1 1 7 .2 3 9 2 2 .7 6 2
3 1500 1 3 8 .2 1 3 1 2 8 3 .5 9 3 1 1 8 .2 7 3 2 1 .6 4 1
4 150 0 138 .2 1 3 1 2 7 8 .5 2 9 1 1 7 .8 0 6 2 2 .1 4 7
5 150 0 1 3 8 .2 1 3 1 2 8 2 .4 7 3 1 1 8 .1 7 0 2 1 .7 5 3
6 150 0 1 3 8 .2 1 3 1 2 7 7 .3 0 7 1 1 7 .6 9 4 2 2 .2 6 9

A v era g e 150 0 1 3 8 .2 1 3 1 2 7 7 .9 6 1 1 1 7 .7 5 4 2 2 .2 0 4
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Table A9 Adsorption of toluene on SMZ (4:1) in the presence of cadmium
Weight of SMZ (4:1) = 0.2 g
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 1500 pM
Initial toluene concentration = 1500 pM

N o . [Toluenejinitia! [T o lu en e equilibrium A m o u n t o f  to lu en e  
ad sorb ed  (p m o l/g )pM ppm pM ppm

1 150 0 1 3 8 .2 1 3 1 2 8 7 .3 1 4 1 1 8 .6 1 6 2 1 .2 6 9
2 150 0 1 3 8 .2 1 3 1 2 7 7 .6 0 6 117 .72 1 2 2 .2 3 9
3 1500 1 3 8 .2 1 3 1 2 7 4 .0 5 4 1 1 7 .3 9 4 2 2 .5 9 5
4 1500 1 3 8 .2 1 3 1 2 8 4 .6 7 8 1 1 8 .3 7 3 2 1 .5 3 2
5 1500 138 .2 1 3 1 2 8 1 .2 6 0 1 1 8 .0 5 8 2 1 .8 7 4
6 1500 1 3 8 .2 1 3 1 2 6 9 .8 1 2 1 1 7 .0 0 3 2 3 .0 1 9

A v era g e 1500 138 .2 1 3 127 9 .1 2 1 117 .861 2 2 .0 8 8

Table A10 Adsorption of toluene on SMZ (4:1) in the presence of cadmium
Weight of SMZ (4:1) = 0.2 g
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 1500 pM
Initial toluene concentration = 500 pM

N o . [T oluene]™ ,131 [T o lu en e equilibrium A m o u n t o f  to lu en e  
ad sorb ed  (p m o l/g )pM ppm p M ppm

1 5 0 0 4 6 .0 7 1 4 3 5 .1 1 5 4 0 .0 9 2 6 .4 8 9
2 5 0 0 4 6 .0 7 1 4 3 7 .1 1 5 4 0 .2 7 7 6 .2 8 9
3 5 0 0 4 6 .0 7 1 4 3 7 .8 7 0 4 0 .3 4 6 6 .2 1 3
4 5 0 0 4 6 .0 7 1 4 3 6 .6 0 4 4 0 .2 3 0 6 .3 4
5 5 0 0 4 6 .0 7 1 4 3 8 .8 5 6 4 0 .4 3 7 6 .1 1 4
6 5 0 0 4 6 .0 7 1 4 3 5 .9 2 7 4 0 .1 6 7 6 .4 0 7

A v era g e 5 0 0 4 6 .0 7 1 4 3 6 .9 1 5 4 0 .2 5 8 6 .3 0 9
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Table A ll Adsorption and desorption of cadmium by SMZ (4:1)
Weight of SMZ (4:1) = 0.2 g
Volume of cadmium solution = 20 ml
Initial cadmium concentration = 200 ppm
Volume of acid solution = 20 ml
The adsorption and desorption of cadmium by SMZ was performed at pH 7 and pH 
1.5, respectively.

1st ad sorp tio n  c y c le

N o . [ C d 2 X m [C d 2+]equilibrium A m o u n t o f  C d 2+ ad sorb ed  
m g /gppm pM ppm pM

1 200 1 7 7 9 .3 5 9 153 .09 1 1 3 6 2 .0 2 0 4 .6 9 1
2 200 1 7 7 9 .3 5 9 1 5 2 .8 6 8 1 3 6 0 .0 3 6 4 .7 1 3
3 200 1 7 7 9 .3 5 9 1 5 2 .4 2 2 1 3 5 6 .0 6 8 4 .7 5 8
4 200 1 7 7 9 .3 5 9 153 .091 1 3 6 2 .0 2 0 4 .6 9 1
5 200 1 7 7 9 .3 5 9 153 .09 1 1 3 6 2 .0 2 0 4 .6 9 1
6 200 1 7 7 9 .3 5 9 1 5 2 .4 2 2 1 3 5 6 .0 6 8 4 .7 5 8

A v era g e 200 1 7 7 9 .3 5 9 152 .831 1 3 5 9 .7 0 5 4 .7 1 7
D eso rp tio n

N o . [C d 2 ] initial [C d 2+]equilibrium A m o u n t o f  C d 2+ d eso rb ed  
m g /gppm pM ppm pM

1 0 0 1 8 .7 5 9 1 6 6 .8 9 5 1 .8 7 6
2 0 0 1 8 .6 7 7 1 6 6 .1 6 5 1.868
3 0 0 18.841 1 6 7 .6 2 5 1 .8 8 4
4 0 0 1 8 .6 7 7 1 6 6 .1 6 5 1.868
5 0 0 18 .5 9 5 1 6 5 .4 3 6 1 .8 6 0
6 0 0 1 7 .6 1 2 1 5 6 .6 9 0 1.761

A v era g e 0 0 1 8 .5 2 7 1 6 4 .8 2 9 1.853
2nd ad sorp tio n  c y c le

N o . [C d 2+]1rat131 [C d 2+]equilibrium A m o u n t o f  C d 2+ ad sorb ed  
m g /gppm pM ppm p M

1 200 1 7 7 9 .3 5 9 160 .8 9 1 1 4 3 1 .4 1 5 3 .9 1 1
2 200 1 7 7 9 .3 5 9 1 6 1 .4 2 3 1 4 3 6 .1 4 8 3 .8 5 8
3 200 1 7 7 9 .3 5 9 1 6 1 .1 5 7 1 4 3 3 .7 8 1 3 .8 8 4
4 200 1 7 7 9 .3 5 9 160 .89 1 1 4 3 1 .4 1 5 3 .9 1 1
5 200 1 7 7 9 .3 5 9 1 6 0 .6 2 5 1 4 2 9 .0 4 8 3 .9 3 7
6 200 1 7 7 9 .3 5 9 1 6 1 .4 2 3 1 4 3 6 .1 4 8 3 .8 5 8

A v era g e 200 1 7 7 9 .3 5 9 1 6 1 .0 6 8 1 4 3 2 .9 9 2 3 .8 9 3
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3 rd ad sorp tio n  c y c le

N o . [C d 2+]imtia1 [C d 2+]equilibrium A m o u n t o f  C d 2+ ad sorb ed  
m g /gppm pM ppm pM1 200 1 7 7 9 .3 5 9 1 6 7 .0 6 8 1 4 8 6 .3 7 0 3 .2 9 3

2 200 1 7 7 9 .3 5 9 1 6 6 .5 4 0 1 4 8 1 .6 7 3 3 .3 4 6
3 200 1 7 7 9 .3 5 9 1 6 6 .2 7 5 1 4 7 9 .3 1 5 3 .3 7 2
4 200 1 7 7 9 .3 5 9 1 6 7 .0 6 8 1 4 8 6 .3 7 0 3 .2 9 3
5 200 1 7 7 9 .3 5 9 1 6 6 .8 0 4 1 4 8 4 .0 2 1 3 .3 2 0
6 200 1 7 7 9 .3 5 9 1 6 6 .2 7 5 1 4 7 9 .3 1 5 3 .3 7 2

A v era g e 200 1 7 7 9 .3 5 9 1 6 6 .6 7 2 1 4 8 2 .8 4 4 3 .3 3 3

Table A12 Adsorption and desorption of toluene by SMZ (4:1) 
Weight of SMZ (4:1) = 0.2 g
Volume of toluene solution = 20 ml
Initial toluene concentration = 6000 pM
Desorption of toluene by SMZ was performed by air purging.

1st ad sorp tion  c y c le
N o . [T o lu e n e ]initja, [T oluC nc]eqUjijbrium A m o u n t o f  to lu en e  adsorb ed  

p m o l/gppm pM ppm pM1 5 5 2 .8 5 2 6 0 0 0 4 4 4 .2 1 5 4 8 2 0 .9 8 3 1 1 7 .9 0 2
2 5 5 2 .8 5 2 6 0 0 0 4 4 5 .7 7 5 4 8 3 7 .9 1 3 1 1 6 .2 0 9
3 5 5 2 .8 5 2 6 0 0 0 4 4 6 .3 6 1 4 8 4 4 .2 7 3 1 1 5 .5 7 3
4 5 5 2 .8 5 2 6 0 0 0 4 4 6 .0 5 0 4 8 4 0 .9 0 1 115 .9 1 1
5 5 5 2 .8 5 2 6 0 0 0 4 4 5 .9 3 4 4 8 3 9 .6 3 9 1 1 6 .0 3 6
6 5 5 2 .8 5 2 6 0 0 0 4 4 7 .2 7 1 4 8 5 4 .1 4 9 1 1 4 .5 8 5

A v era g e 5 5 2 .8 5 2 6 0 0 0 4 4 5 .9 3 4 4 8 3 9 .6 4 3 1 1 6 .0 3 6
D eso rp tio n

N o . [T o lu e n e ]initia| [TollIC nc]eqUiji5rjum A m o u n t o f  to lu en e  d esorb ed  
p m o l/gppm pM ppm pM

1 4 4 4 .2 1 5 4 8 2 0 .9 8 3 0 .4 3 2 4 .6 8 8 1 1 7 .7 9 4
2 4 4 5 .7 7 5 4 8 3 7 .9 1 3 0 .3 9 8 4 .3 1 9 1 1 6 .1 0 9
3 4 4 6 .3 6 1 4 8 4 4 .2 7 3 0 .4 0 1 4 .3 5 2 1 1 5 .4 7 3
4 4 4 6 .0 5 0 4 8 4 0 .9 0 1 0 .4 1 6 4 .5 1 5 1 1 5 .8 0 7
5 4 4 5 .9 3 4 4 8 3 9 .6 3 9 0 .4 0 5 4 .3 9 5 1 1 5 .9 3 56 4 4 7 .2 7 1 4 8 5 4 .1 4 9 0 .3 6 4 3 .9 5 0 1 1 4 .4 9 4

A v era g e 4 4 5 .9 3 4 4 8 3 9 .6 4 3 0 .4 0 3 4 .3 7 0 1 1 5 .9 3 5
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2 nd ad sorp tio n  c y c le

N o . [T o lu e n e ]initia| [Toluencjequiiibn 1im A m o u n t o f  to lu en e  ad sorb ed
ppm p M ppm pM p m o l/g

1 5 5 2 .8 5 2 6 0 0 0 4 5 5 .9 3 6 4 9 4 8 .1 8 9 105 .18 1
2 5 5 2 .8 5 2 6 0 0 0 4 5 4 .7 7 5 4 9 3 5 .5 8 9 106 .44 1
3 5 5 2 .8 5 2 6 0 0 0 4 5 6 .8 0 9 4 9 5 7 .6 6 3 1 0 4 .2 3 3
4 5 5 2 .8 5 2 6 0 0 0 4 5 5 .5 1 2 4 9 4 3 .5 8 7 105 .64 1
5 5 5 2 .8 5 2 6 0 0 0 4 5 4 .9 7 8 4 9 3 7 .7 9 2 106 .2 2 1
6 5 5 2 .8 5 2 6 0 0 0 4 5 6 .2 8 0 4 9 5 1 .9 2 2 1 0 4 .8 0 7

A v era g e 5 5 2 .8 5 2 6 0 0 0 4 5 5 .7 1 5 4 9 4 5 .7 9 0 105 .421
3 rd ad sorp tion  c y c le

N o . [T o lu e n e ]initial [Tolucncjequiiibrium A m o u n t o f  to lu en e  ad sorb ed
ppm pM ppm pM p m o l/g

1 5 5 2 .8 5 2 6 0 0 0 4 5 9 .8 3 6 4 9 9 0 .5 1 5 1 0 0 .9 4 9
2 5 5 2 .8 5 2 6 0 0 0 4 6 0 .7 5 7 5 0 0 0 .5 1 0 9 9 .9 4 9
3 5 5 2 .8 5 2 6 0 0 0 4 6 1 .6 0 9 5 0 0 9 .7 5 7 9 9 .0 2 4
4 5 5 2 .8 5 2 6 0 0 0 4 6 2 .2 6 8 5 0 1 6 .9 0 9 9 8 .3 0 9
5 5 5 2 .8 5 2 6 0 0 0 4 6 1 .7 8 2 5 0 1 1 .6 3 4 9 8 .8 3 6
6 5 5 2 .8 5 2 6 0 0 0 4 6 1 .0 8 5 0 0 4 .0 1 6 9 9 .5 9 8

A v era g e 5 5 2 .8 5 2 6 0 0 0 4 6 1 .2 2 2 5 0 0 5 .5 5 7 9 9 .4 4 4

W ave number (cm ')

Figure A l FTIR spectra of clinoptilolite
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Figure A2 FTIR spectra of SMZ (0:1)
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Figure A3 FTIR spectra of SMZ (1:1)
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Figure A4 FTIR spectra of SMZ (2:1)

1.0
0.9

8 °-8

1 0 , 7

< 0 ,
0.5

0.4
3800 3300 2800 2300 1800 1 3 ๓

W ave number (cm"1)

Figure A5 FTIR spectra of SMZ (4:1)
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Sample of calculation

Surfactant Adsorption Isotherms

Surfactant adsorption isotherm was constructed by plotting the amount of 
surfactant adsorbed per gram of clinoptilolite (pmol/g) versus equilibrium 
concentration of surfactant (pM).

1. To convert the amount of carbon from TOC (ppm) to equilibrium concentration of 
CTAB (pM)

Equation from TOC: Y = 4.9007X
X = the amount of carbon from TOC (ppm) = 8.287 ppm
Y = equilibrium concentration of CTAB (pM) = 4.9007x8.287

= 40.612 pM

2. Finding CTAB adsorbed concentration (pM)
[CTAB] Adsorbed = [CTAB]initia]-[CTAB]Equilibrium
[CTABJinitial = 50 pM
[CTAB]Equilibrium = 40.612 pM
[CTAB]Adsorbed = 50-40.612 = 9.388 pM

3. To convert adsorption concentration to moles of adsorption
Mole = Concentrationx Volume 

1000
Adsorbed (pmol) = (Adsorbed (uM))xVolume of solution

1000
Adsorbed (pmol) = 9.388x20 = 0.188 pmol 

1000

4. Finding CTAB adsorbed per gram of clinoptilolite
CTAB adsorbed (pmol/g of clinoptilolite) = Adsorbed (umol)

the amount of clinoptilolite (g)
= 0.188 = 0.939 pmol/g

0.2
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Amount of CTAB and palmitic acid adsorbed on clinoptilolite

1. Amount of CTAB in SMZ
the organic carbon contents of SMZ(0:1) = 0.955 wt %

or 1 g of SMZ(0:1) have 0.00955 g of carbon
Convert g of carbon to pmol of CTAB;

= 0.00955 R of carbonx 1 mol of CTAB X 106 umol 
1 g of SMZ 228 g of carbon 1 mol

= 41.885 pmol of CTAB/g of SMZ 
.'. SMZ (0:1) has CTAB = 41.885 pmol of CTAB/g of SMZ

2. Amount of palmitic acid in SMZ
the organic carbon contents of SMZ(1:1 ) = 1.481 wt % 

or 1 g of SMZ( 1:1) have 0.01481 g of carbon 
the organic carbon content due to CTAB = 0.00955 g of carbon 
.’. the organic carbon content due to palmitic acid = 0.01481-0.00955

= 0.005255 g of carbon
Convert g of carbon to pmol of palmitic acid;

= 0.005255 g of carbonx 1 mol of palmitic acid X 1 o6 umol 
1 g of SMZ 192 g of carbon 1 mol

= 27.370 pmol of palmitic acid/g of SMZ 
.-. SMZ (1:1) has CTAB 27.370 pmol of CTAB/g of SMZ

and palmitic acid 27.370 pmol of palmitic acid/g of SMZ
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Cadmium Adsorption Isotherms

Cadmium adsorption isotherm was constructed by plotting the amount of 
cadmium adsorbed per gram of SMZ (mg/g) versus equilibrium concentration of 
cadmium (ppm).

1. To convert absorbance from AAS to [Cd2+]AAS (ppm) of standard solution
Equation from standard solution: Y = 2.9406X 
X = Absorbance from AAS = 0.583
Y = [Cd2+]AAS (ppm) of standard solution = 2.9406x0.583

= 1.715 ppm

2. To convert [Cd2+]AAS (ppm) of standard solution to real equilibrium Cd2+ 
concentration (ppm)

Equation from calibration curve: Y = 1.0569X 
X = [Cd2+]AAS (ppm) of standard solution = 1.715 ppm
Y = equilibrium Cd2+ concentration (ppm) = 1.0569x1.715x84.33

(dilution factor = 84.33) = 152.820 ppm

3. Finding Cd2+ adsorbed concentration
[Cd2+] Adsorbed = [Cd2+] Initialled ]Equilibrium
[Cd2+] Initial = 200 ppm
[Cd2+]Equilibrium = 152.820 ppm
[CTAB]Adsorbed = 200-152.820 = 47.180 ppm

4. To convert adsorption concentration to mass of adsorption
Mass = Concentrationx Volume 

1000
Adsorbed (mg) = (Adsorbed (ppm))xVolume of solution

1000
Adsorbed (mg) = 47.180x20 = 0.9436ppm 

1000
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5. Finding Cd2+ adsorbed per gram of SMZ
Cd2+ adsorbed (mg/g of clinoptilolite) = Adsorbed (ppm)

the amount of SMZ (g) 
= 0.9436= 4.718 mg/g

0.2

Toluene Adsorption Isotherms

Toluene adsorption isotherm was constructed by plotting the amount of 
toluene adsorbed per gram of SMZ (pmol/g) versus equilibrium concentration of 
toluene (pM).

1. To convert area from GC-Headspace to equilibrium concentration of toluene (ppm) 
Equation from GC-Headspace: Y = 0.0003X 
X = area from GC-Headspace = 1486446.7 ppm 
Y = equilibrium concentration of toluene (ppm) = 0.0003x1486446.7

= 445.934 ppm or 
= 4839.637 pM

2. Finding toluene adsorbed concentration (ppm)
[toluene] Adsorbed = [toluene] Initial- [toluene] Equilibrium
[toluene]Initial = 552.852 ppm
[toluene]Equilibrium = 445.934 ppm
[toluene]Adsorbed = 552.852-445.934 = 106.918 ppm

3. To convert adsorption concentration to moles of adsorption
Mole = Concentration (ppm)xVolume 

1000xMolecular weight
Adsorbed (mmol) = (Adsorbed (ppm))xVolume of solution

1000xMolecular weight
Adsorbed (mmol) = 106.918x20 = 0.0232 mmol 

1000x92.142 
= 23.207 pmol
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4. Finding toluene adsorbed per gram of SMZ
toluene adsorbed (pmol/g of SMZ) = Adsorbed fgmol)

the amount of SMZ (g) 
= 23.207 = 116.036 pmol/g

0.2
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