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APPENDIX A

The composition of the clinoptilolite modified by ion-exchange with 1 M of
chloride salt at 80°c for 30 hours and at 80°C for 5 hours.

Table A.I Composition of clinoptilolite modified by fon exchange with two
different conditions.

Adsorbent Si Al Na K Mg Ca  SilAl
(%wt) (%wt) (%wt) (%wt) (%wt) (%wt)

Na-clino-30 6787 1311 1257 502 087 05 518

Na-clino 6585 1274 1274 55 16/ 14 517

K-clino-30 6411 119% 178 2017 133 068 536
K-clino 6447 1213 208 1948 108 075 53l
Mg-clino-30 6939 1553 291 649 222 347 A4
Mg-clino 7061 1339 207 760 198 435 527
Ca-clino-30 6903 1204 603 606 169 523 573
Ca-clino 6991 1289 35 644 15 584 542
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The pore size of the pretreated clinoptilolite and clinoptilolite modified by
the thermal treatment, acid treatment, ion exchange, and acid treatment
prior to ion exchange resulted from BET surface area measurement.

Table B.I The comparison of the pore size of the pretreated clinoptilolite and

modified clinoptilolite.

Modification
technique

Thermal treatment
Acid treatment

lon exchange

“Acid treatment
prior to fon exchange

Adsorbent

Pretreated clino
Clino (300)
Clino (400)
Clino (500)
H-clino (0.1)
H-clino (1)
H-clino (3)
Na-clino
K-clino
Mg-clino
Ca-clino
Acid-Na-clino
Acid-K-clino
Acid-Mg-clino
Acid-Ca-clino

Pore size (nm)

1290
15.03
14.72
17.65
4.69
3.76
3.52
11.37
13.39
11.35
1383
361
3.64
3.50
3.60
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APPENDIX ¢

The d-spacings of the pretreated clinoptilolite and clinoptilolie modified
by thermal treatment, acid treatment, ion exchange, and acid treatment
prior to ion exchange resulted from x-ray diffraction,

Table . The comparison of the four most intense d-spacings from
literature, the pretreated clinoptilolite and modified clinoptilolite.

Adsorbent The four most intense d-spacings (°A)
Literature 8.9200 3.9640 3.8970 29740
Pretreated clino 8.9996 39721 3.9140 2.9742
Clino (300) 8.9996 39721 39174 29742
Clino (400) 8.9632 3.9622 3.8937 2.9684
Clino (500) 9.1862 3.9868 3.9242 29723
H-clino (0.1) 8.9996 3.9798 3.9106 29723

H-clino (1) 8.9632 3.9868 3.9072 2.9703
H-clino (3) 8.9813 3.9798 3.9072 2.9703
Na-clino 8.9996 3.9798 3.9106 29723
K-clino 8.9632 3.9868 3.9072 2.9703
Mg-clino 8.9813 3.9798 3.9072 2.9703
Ca-clino 8.9996 3.9692 3.9140 2.9723

Acid-Na-cling 8.9996 3.9868 3.9140 2.9723
Acid-K-clino 8.9813 3.9762 3.9106 2.9161
Acid-Mg-clino 8.9996 3.9868 3.9174 2.9742
Acid-Ca-clino 8.9813 3.9762 3.9004 2.9588
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An estimate of the dimension of the crystallites calculated by the Scherrer
equation.

Crystallites can be obtained through the three most intense d-spacings of x-ray
diffraction peaks, measured at one-half of the height.

The Scherrer equation,
d=089A/ P COR) (C-)

Where
d = crystallite size
X = wave length (1.5406°A for CuK radiation)
p = peak width at the half height
0 = diffraction angle



APPENDIX D
The reference for FTIR analysis.

Table D.I Zeolite infrared assignments.

Vibration type

Internal tetrahedra:
Asymmetric stretching Si(Al)-0
Symmetric stretching Si(Al)-0
Bending 0-Si(Al)-C)

External linkages:

Double ring vibrations

Pore opening modes

Symmetric stretching Si(Al)-0
Asymmetric stretching Si(Al)-0

Wavenumber (cm )

1250-950
720-650
420-500

650-500

300-420

750-820
1050-1150

59



60

APPENDIX E

Scanning electron micrographs of the pretreated clinoptilolite.

Fi%ure E.I' Scanning electron micrograph of the pretreated clinoptilolite at
200 X Magnification.

FiB%ure E.2 Scanning electron micrograph of the pretreated clinoptilolite at
1500 X Magnification.
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APPENDIX F
The adsorption capacity of the clinoptilolite column,

The mass balance for the whole column:

(E-)

Where
¢ 0= initial concentration (%vol)
¢ = concentration at any time (%vol)
M = mass of the dry zeolite in the column (g)
| = adsorbate concentration (%vol/g zeolite)
t = adsorption time (minute)
V = volumetric flow rate (ml/min)
p= 0as density (g/cm™")
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