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APPENDIX

Table Al Adsorption isotherm of CTAB on clinoptilolite at 25°c

Weight of clinoptilolite = 029

Volume of CTAB solution = 20 ml

Molecular weight of CTAB = 364.46 g/mol
No [CTAB] initial [CTAB]equiibrium Amount of surfactant
~pM ppm pM ppm adsorbed (pmollg)
1 50 18.223 40.612 14.801 0.939 0.102
2 100 36.446 52.266 19.049 4,773 0.563
3300 109338  68.560  24.988 23.144 2.659
4 500 182.230  97.180 35.418 40.282 3.947
5 700 255.122 212959  77.615 48.704 2.896
6 900 328014 313.423  114.23 58.658 2.35
71000 364460 389383  141.915 61.062 4.461
8 1400 510.244 604988  220.494 79.501 2.341
9 1800 656.028 977.685 356,327 82.232 3.215
10 2000 728.920 1171.261 426.878 82.874 3.556
11 2500 911.150 1666.720 607.453 83.328 3.875



Table A2 Zeta-Potential data for CTAB adsorption on clinoptilolite

oo N O Ol &~ W N

Amount of surfactant
adsorbed (pmollg)
0.00
0.94
4,717
23.14
40.28
48.70
58.66
61.06

1¢t

-45.9
-43.8
-39.8
-24.2

2.6

19.6
27.2
26.7

2.d

-47.2
-44.6
-40.7
-23.8

5.2
213
26.9
27.1

yd

-47.3

-42

-41.7
-22.6

6.2

17.5
25.6
31.2

4t

-42.5
-46.7
-40.8
-22.4

4.5

19.5
25.8
29.1

zeta potential (mV)

5th

-48.6
-45.3
-41.9
-24.7

2.8

16.7
26.1
27.6

6th

-41.6
-43.5
-37.1
214

4.9

18.4
26.2
30.3

yth

-43.8
-45.8
-42.9
-22.5

6.0
20.7
21.1
25.9

8

-44.8
-41.5
-42.7
-25.2

3.7
21.6
24.3
27.4

¢th

-45.6
-44.4
-39.2
-20.8

2.2

17.5
23.9
26.7

10th

-46.2
-45.6
-38.5
-21.1

3.1

18.4
26.6
29.5

average
-45.4
-44.3
-40.5
-22.9
41
19.1
26.0
28.2

2.2
17
1.9
15
14
17
11
18
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Table A3 Adsorption isotherm of cadmium on SMZ with various PA:CTAB loading

ratios

Weight of SMZ

Volume of cadmium solution

No.

G N

No.

SR W N

No.

GO N

AR NS M

G N OO— o

[Cd2+]mim
ppm - pM
25 222420
50 444840
889.680
150 1334520
1779.359
[Cd 24,
ppm  pM
25 222420
50 444,840
10  s89.680
150 1334520
1779.359
[Cd2+] tumL
ppm  pM
%5 222420
50 444,840
889.680
150 1334520
1779.359
[C d2iniia
ppm - pM
25 222420
50 444840
889.680
150 1334520
1779.359
[Cd2+4] D,
ppm pM
25 222420
50 444840
889.680
150 1334520
1779.359

= 029
= 20 ml
SMZ (0:1)
[Cd2+ epiliorium Amount of CdX adsorbed
ppm pM mglg
24.483 217818 0.052
46.397  412.789 0.360
89.158  793.225 1.084
137.704  1225.122 1.230
187.380  1667.078 1.262
SMZ (1:1)
[Cd2+ equilibrium Amount of Cd2+adsorbed
ppm pM mglg
18.454 ~  164.179 0.655
37.095  330.030 1.290
80.355  714.900 1.965
126.740 1127578 2.326
174685  1554.140 2531
SMZ (2: ]
[C d2#]eqilibrium Amount of Cd2" adsorbed
ppm pM mglg
12,193 108.482 1.281
30.657  272.752 1,934
70.039  623.120 2.996
115525 1027.803 3.447
165.425  1471.755 3.457
SMZ (4:1)
[C d2#] equilibrium Amount of Cd2+adsorbed
ppm pM mglg
9.750 86.742 1,525
24107 214475 2.589
62.087  552.378 3.791
108.333  963.818 4.167
152.820  1359.607 4,718
SMZ (6:1)
[C d2#]eqilibrium Amount of Cd2+adsorbed
ppm pM mglg
11.068  98.471 1393
24.964 2.504
60.072  534.448 3.993
106.730  949.554 4327
154.491 1374472 4551

S.D.

0.065
0.009
0.027
0.167

S.D.

0.119
0.009
0.009

0002

01t
0.077

0110

0.265
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Table A4 Adsorption isotherm of toluene on SMZ with various PArCTAB loading

ratl0s
Weight of SMZ = 029
Volume of toluene solution = 20ml
SMZ (0:1)
No [TolueneJinitiai [Toluene]equiiibrium Amount of toluene adsorbed
ppm pM ppm pM pmollg
1 46071 500 37784 410062 8.994
2 138213 1500 110218 1196.180 30.382
3 276426 3000 220.277 2390.626 60.937
4 414639 4500 323.067 3506.189 99.381
5 552.852 6000 429.302 4659.135 134.087
SMZ (
No [Toluene],nM  [Toluene]eoiiibrium Amount of toluene adsorbed
ppm  pM  ppm pM pmollg
1 46.071 500  38.810  421.197 7.880
2 138.213 1500 116471 1264.041 23.596
3 276426 3000 225.787 2450423 54.958
4 414639 4500 330.770 3589.790 91.021
5 552.852 6000 436.402 4736.192 126.381
SMZ (2:1)
No [Toluene]miB  [Toluene]equiiibrium Amount of toluene adsorbed
ppm  pM  ppm pM pmollg
1 46071 500 38238  414.985 8.502
2 138.213 1500 118.622 1287.379 21.261
3276426 3000 224914 2440.946 55.905
4 414,639 4500 333.065 3614.697 88.530
5 552.852 6000 441.131 4787.512 121.249
SMZ (4 )
No [Toluene]nilill [T oluene]equijorium Amount of toluene adsorbed
ppm pM ppm pM pmollg
1 46071 00 41217 447287 5.271
2 138.213 1500 121.483 1318.428 18.157
3 276426 3000 228.664 2481.650 51.835
4 414,639 4500 337.902 3667.190 83.281
5 552.852 6000 445.934 4839.637 116.036

S.D.

1.088
2.690
0.426
7.661
3.521

S.D.

1.344
0.799
2.348
3.380
1.820

S.D.

0.302
0.566
0.471
2.967
1.824

S.D.

0.231
0.488
0.114
1.175
2.551



Table A5 Adsorption of cadmium on SMZ (4:1) in the presence of toluene

Weight of SMZ (4.1) = 02¢
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 500 pM
Initial toluene concentration = 1500 pM
No. [cd Trita [Cd Jaqibim  Amount of Cd2 adsorbed
pM ppm pM ppm mg/g
| 500 56.2 232.820 26.169 3.003
2 500 56.2 233.701  26.268 2.993
3 500 56.2 232.820  26.169 3.003
4 500 56.2 231940 26.070 3.013
5 500 56.2 234582  26.367 2.983
6 500 56.2 232.820  26.169 3.003
Average 500 56.2 233114 26.202 3.000

Table A6 Adsorption of cadmium on SMZ (4:1) in the presence of toluene

Weight of SMZ (4.1) = 02¢

Volume of mixed solutes solution = 20 ml

Initial cadmium concentration = 1500 pM

Initial toluene concentration = 1500 pM
No. [Cd2 Jinitial [Cd  Jequilibrium Amount of Cd2+adsorbed

pM ppm pM ppm mglg

1 1500 1686 1110231  124.790 4381
2 1500 168.6 m2260 125.018 4.358
3 1500 168.6 1116.308  125.473 4313
4 1500 168.6 1120.365  125.929 4.267
5 1500 168.6 1114279 125.245 4.335
6 1500 1686  1116.308 125.473 4313

Average 1500 168.6 1114958 125321 4.328
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Table A7 Adsorption of cadmium on SMZ (4:1) in the presence of toluene
Weight of SMZ (4:1)

Volume of mixed solutes solution

Initial cadmium concentration
Initial toluene concentration

No.

OO B W NO—

Average

[Cd2 Jinitia
pM ppm
1500  168.6
1500  168.6
1500  168.6
1500 168.6
1500  168.6
1500  168.6
1500  168.6

= 02¢
= 20ml
1500 pM
500 pM

[Cd ]eguilibrium

pM ppm
1122384 126.156
1124413 126.384
1122384 126.156
1122384 126.156
1120365  125.929
1124 413 126.384
1122.724. 126194

Amount of Cd2+adsorbed

mglg
4.244
4.222
4244
4.244
4.267
4.222
4241

Table A8 Adsorption of toluene on SMZ (4:1) in the presence of cadmium
Weight of SMZ (4:1)

Volume of mixed solutes solution

Initial cadmium concentration
Initial toluene concentration

No.

1
2
3
4
5

6

Average

[Toluengjinitia!

M

1500
1500
1500
1500
1500
1500
1500

ppm
138.213
138.213
138.213
138.213
138.213
138.213
138.213

= 02¢
20ml
500 pM
1500 pM

[Toluene eqifibrium
pM ppm
1273.487  117.342
1272.378  117.239
1283.593  118.273
1278529  117.806
1282.473  118.170
1277.307  117.694
1277.961  117.754

Amount of toluene
adsorbed (pmol/g)
22.651
22.762
21.641
22.147
21.753
22.269
22.204
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Table A9 Adsorption of toluene on SMZ (4:1) in the presence of cadmium

Weight of SMZ (4:1) = 02¢
Volume of mixed solutes solution = 20 ml
Initial cadmium concentration = 1500 pM
Initial toluene concentration = 1500 pM
No [Toluenejinitia! [Toluene equiliorium Amount of toluene
' M ppm pM ppm adsorbed (pmolig)
1 1500 138.213 1287.314  118.616 21.269
2 1500 138.213 1277606  117.721 22.239
3 1500 138.213 1274.054  117.394 22.595
4 1500 138.213 1284678 118.373 21.532
5 1500 138.213 1281.260 118.058 21.874
6 1500 138213 1269812 117.003 23.019
Average 1500 138.213 1279121 117.861 22.088

Table A10 Adsorption of toluene on SMZ (4:1) in the presence of cadmium

Weight of SMZ (4:1) = 02¢
Volume of mixed solutes solution =~ 20 ml
Initial cadmium concentration = 1500 pM
Initial toluene concentration =500 pM
\ [Toluene]™ & [Toluene eguiliorium Amount of toluene
0.
M ppm pM ppm adsorbed (pmol/g)
1 500 46071 435015 40.092 6.489
2 500 46071 437115 40277 6.289
3 500 46071 437.870  40.346 6.213
4 500 46.071  436.604 40.230 6.34
5 500 46071  438.856 40437 6.114
0 S0 46071 435.927 40.167 6.407

Average 500 46.071 436.915 40.258 6.309
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Table A1l Adsorption and desorption of cadmium by SMZ (4:1)
Weight of SMZ (4:1)
Volume of cadmium solution
Initial cadmium concentration
Volume of acid solution
The adsorption and desorption of cadmium by SMZ was performed at pH 7 and pH

15, respectively.

No.

OO U B W N

Average

No.
|
2
3
4
5
6

Average

No.

OO B W P O—

Average

20

SS888

M
1779.359
1779.359
1779.359

1779.359
1779.359
1779.359
1779.359

[Cd2 Jiritd

=]

OOOOOOO?

pM

OOOOOOD

[Cd2+] 1Bl

Al
20

Sis

20
20
20

M
1779.359
1779.359
1779.359
1779.359
1779.359
1779.359
1779.359

029
20 ml
200 ppm
20 ml

]stadsorption cycle
[Cd2+]ecpilibrium

ppm
153.001

152.868
152422

153.091
153.001
152422
152.831

pM
1362.020
1360.036
1356.068
1362.020
1362.020
1356.068
1359.705

Desorption
[C d2+]ecpifibrium

ppm
18.759

18.677
18.841
18.677
18.595
17.612
18.527

pM
166.895
166.165
167.625
166.165
165.436
156.690
164.829

2nd adsorption cycle
[C d2#]equilibrium

ppm
160,891
161.423
161.157
160.891
160.625
161.423
161.068

M
1431.415
1436.148
1433.781
1431.415
1429.048
1436.148
1432.992

Amount of Cd2+adsorbed
mglg
4.691
4,713
4,758
4,691
4,691
4,758
4,717

Amount of Cd2+ desorbed

mglg
1.876
1

1.884

1.860
1.761
1.853

Amount of Cd2+adsorbed
mglg
3.911
3.858
3.884
3.911
3.937
3.858
3.893
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3rdadsorption cycle
[Cd 2] expilibrium

ppm
167.068

166.540
166.275
167.068
166.804
166.275
166.672

M
1486.370
1481.673
1479.315
1486.370
1484.021
1479.315
1482.844

Amount of Cd2+adsorbed
mglg
3.293
3.346
3.372
3.293
3.320
3.372
3.333

Table A12 Adsorption and desorption of toluene by SMZ (4:1)

‘o, [Cd2¥]intial
ppm M
1 fbo 1779.359
2 A0 1779.359
3 0 1779359
4 0 1779359
s 0 1779350
6 20 1779350
average. 200 1779359
Weight of SMZ (4:1)
Volume of toluene solution

Initial toluene concentration
Desorption of toluene by SMZ was performed by air purging.

No.
|
2
3
4
5

6

Average

No

1
2
3
4
5

6

Average

[Toluene]initja,

ppm
552.852
552852
552852
552.852
552852
552852
552852

pM
6000
6000
6000
6000
6000
6000
6000

[Toluene]initia

ppm
444215
445,775
446361
446.050
445,934
447271
445.934

pM
4820.983
4837.913
4844.273
4840.901
4839.639
4854.149
4839.643

029
20 ml
6000 pM

liadsorpﬁon cycle
[ToluCnc]eaUijbrium

ppm
444215
445775
446.361
446.050
445.934
447.271
445,934

M
4820.983
4837.913
4844.273
4840.901
4839.639
4854.149
4839.643

Desorption
[TollICnc]eqUijisrum

ppm
0.432
0.398
0.401
0.416
0.405
0.364
0.403

M
4.688
4319
4.352
4515
4.395
3.950
4370

Amount of toluene adsorbed
pmollg
117.902
116.209
115.573
115.911
116.036
114.585
116.036

Amount oftoluene desorbed
pmollg
117.794
116.109
115473
115.807
115.935
114.494
115.935
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2rdadsorption cycle

No [Toluene]initig [Toluencjequiiibnim Amount of toluene adsorbed
ppm  pM  ppm pM pmollg
| 552.852 6000 455936 4948.189 105.181
2 552.852 6000 454.775 4935.589 106.441
3 552.852 6000 456.809 4957.663 104.233
4 552.852 6000 455512 4943.587 105.641
5 552.852 6000 454.978 4937.792 106.221
6 552.852 6000 456.280 4951.922 104.807
Average 552.852 6000 455715 4945.790 105.421
3rdadsorption cycle
No. [Toluene]intiadl  [Tolucncjequiiibrium Amount of toluene adsorbed
ppm pM ppm pM pmollg
| 552.852 6000 459.836 4990.515 100.949
2 552.852 6000 460.757 5000.510 99.949
3 552.852 6000 461.609 5009.757 99.024
4 552.852 6000 462.268 5016.909 98.309
5 552.852 6000 461.782 5011.634 98.836
6 552.852 6000 461.08  5004.016 99.598
Average 552.852 6000 461.222 5005.557 99.444
10 1 ———pis
f O-H stretching 0fAI(OH)3—|
0.9 ;
f
3 0.8 __/
g
g 0.7
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Figure Al FTIR spectra of clinoptilolite
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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).

L 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

= 40612 pM

2. Finding CTAB adsorbed concentration (pM)
[CTAB]Akital = [CTAB]initia]-[CTAB]Equilibrium
[CTABlinitial = 50 pM
[CTAB]Ecuilibrium -+ = 40.612 pM
[CTABJAdsorbed = 50-40.612 = 9.388 pM

3. To convert adsorption concentration to moles of adsorption
Mole = Concentrationx Volume
1000

Adsorbed (pmol) = (Adsorbedlgjol\él))xVOIume of solution
Adsorbed (pmol) :1%.63088x20 =(.188 pmol

4. Finding CTAB adsorbed per gram of clinaptilolite

CTAB adsorbed (pmol/g of clinoptilolite) = Adsorbed (ymol
(ol plle) the amountof(ﬁinogtilolite 0)

=0.188 = 0.939 pmol/
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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 1g of SMZ(0:1) have 0.00955 g of carbon
Convert g of carbon to pmol of CTAB;
=0.00955 Rof carbonx_Lmol of CTAB X 106 umol
lgofSMZ 228 ¢gofcarbon  1mol
= 41,885 pmol of CTABIg 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) = 1481 wt %
or  1gof SMZ(L1) 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 ¢ of carbon
Convert g of carbon to pmol of palmitic acid;

=0, 005255 ﬂﬁfcarbonx L mol of palmitic acid X 106 umol
92 g of carbon L mol

= 21.310 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



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 ahsorbance from AAS to [Cd2{A% (ppm) of standard solution
Equation from standard solution: Y = 2.9406X
X = Absorbance from AAS = 0.583
Y = [Cd2JAAS (ppm) of standard solution = 2.9406x0.583
= 1715 ppm

2. To convert [CdJAAS (ppm) of standard solution to real equilibrium Co2+
concentration (ppm)
Equation from calibration curve; Y = 1.0569X
X = [Cd2+A5S (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
[Ca2H|Adoted= [Co24 Initialled  JEouilionum
[Cd2qIntd =200 ppm
[Ca24Erpilinum= 152.820 ppm
[CTAB]Adsorbed = 200-152.820 = 47.180 ppm

4. To convert adsorption concentration to mass of adsorption
Mass = ConcentlrgggnxVolume

Adsorbed (mg) = (Adsorbed (pprri)aga/olume of solution
Adsorbed (mg) = 47.1%%%x20 = 0.9436ppm
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5. Finding Cd2+adsorbed per gram of SMZ
Cd2+adsorbed (mg/g of clinoptilolite) = Adsorbed (g%)
the amount of SMZ (g)
= 084%36 4.718 mglg

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] Akoted = [toluene] Intia-[toluene] Equilibrium

[toluene]inital = 552.852 ppm

[toluene]Eqilioium = 445.934 ppm
[toluene]Adoted = 552.852-445.934 = 106.918 ppm

3. To convert adsorption concentration to moles of acsorption

Mole = Concentration (plom)xVqume
1000xMolecular weight
Adsorbed (mmol) = (Adsorbed ((]p m?)xVqume of solution
1000x ecularwelgiht
Adsorbed (mmol) = 106.918x20 =0.0232 mmo
1000x92.142
=23.207 pmol



4. Finding toluene adsorbed per gram of SMZ

toluene adsorbed (pmol/g of SMZ) = Adsorbed 1;gsm02
the amount o
= 28 %O? 116.036 pmo
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