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APPENDIX

Table Al Adsorption isotherm of CTAB on clinoptilolite at 30 °c

Weight of clinoptilolite = 02 g
Volume of CTAB solution = 20 ml
Molecular weight of CTAB = 364.46 g/mol
Initial Equilibrium Amount of
concentration concentration Amount of CTAB  CTAB adsorbed
\o o fon) y on clln(r)T[])gilollte(|T l(pmotl_llq_?f)
. (PPm clinoptilolite
1 —4%.127)9— 1285850 6.&)70 19?30&1 2.1832 10,9260
2 922539 2531250 95250  26.1346 45398 22.6990
3 1383126 3795000 144000 395105 6.7998 33.9989
4 1845079 5062500 36.3300  99.6817 8.1314 40,6568
5 3075131 8437500  94.3800  258.9585 11,6958 584792
6 6150263 16875000 250.8000  688.1414 19.9872 99,9359
7 9225394 2531.2500 452.6000 1241.8372 25.7883 128.9413
8 12300525 33750000 654.1000 1794.7100 31,6058 158.0290
9 1599.0683 43875000 902.4000  2475.9919 38.2302 191.1508
10 17220735 47250000 10180000 2793.1735 38.6365 193.1827
1 20500875 5625.0000 1354.0000 3715.0853 38.1983 190.9915

Table A2 Zeta - Potential data for CTAB adsorption on clinoptilolite

Amount of surfactant zeta potential (mV)

No. adsorbed (pmol/g) L. 2 yd 4h 5h  average
1 1092599459 2362 2232 <2395 -2352 2289 232
2 2269904448 1826 <1925 2133 2236 -219  -20.62
3 33.99894913 1632 -19.02 -1822 -1533 1921 -17.62
4 4065682791 1326 <1232 <1633 <1765 <1974 -15.86
5 58.47915409 066 98 865 -823 972 923
6 99.93586402 203 19 252 233 233 2.23
7 128.9412761 2088 1965 1898 2255 1974 2036
8 158.0290018 2468 2133 27115 2596 3008 2584
9 191.1508122 2944 302 2824 2151 K31 2815
10 193.1826538 020 2025 2912 2842 20915 2923
u 190.9914668 2866 2921 2756 2845 2592 2796
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Table A3 Amount of cadmium adsorbed on clinoptilolite at pH 8 as a function
of time

Weight of Clinoptilolite = 10 g
Volume of cadmium solution = 20 ml
Initial concentration of cadmium = 400 mg/l
_ o , Percent
Time  Equilibrium concentration cadmium
No.  (min) of cadmium (mg/2) in solution
1 0 150 100.00
2 1 100 00.67
3 2 9 05.33
4 3 97 04.67
5 4 % 64.00
6 5 %3 62 00
1 6 94 62.67
8 8 92 61.33
9 10 2 61.33
10 15 90 60.00
il 20 8 58.67
iV, Rl & 56.67
13 45 80 5333
1 60 13 48.67
15 90 o4 42,67
6 10 5 3.33
7150 43 32.00
18 180 3 23.33
19 200 3 22.00
0 240 24 16.00
2 30 25 16.67
2 30 il 14.00



3

Table A4 Amount of cadmium adsorbed on SMZ at pH 8 as a function of time

Weight of SMZ

Volume of cadmium solution
Initial concentration of cadmium

=
SRESECEEREGRrRERRSwo~wocorwr=5

Time
(min)

BSBococooirwr—o

1
2
30
45
60
90
120
150
180
210
240
300
360

10
200
400

g
ml

mgy/L

Equilibrium concentration

of cadmium (mg/1
L (mgl2)

116
107
106
105
107
107
105
102
100
100
101
%
8
87
%
10
68
67
68
66
10

Percent
cadmium

In solution
100.00
71.33
71.33
70.67
70.00
33
71.33
70.00
68.00
66.67
66.67
67.33
63.33
58.67
58.00
56.00
46.67
4533
44.67
4533
44.00
46.67
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Table A5 Adsorption isotherm of cadmium on clinoptilolite at pH 4,7 and 8

Weight of clinoptilolite = 02 g
Volume of cadmium solution = 40  ml
pH4

Initial concentration  Equilibrium concentration ~ Amount of Cadmium adsorbed
No. ofcadmgjom (ppm) ofcadmluirYn (ppm) (mg ofcadmlumgl 7970f0|ln0p'[l|0|lte)

1

2 100 1.90 18.50
3 150 21.20 2456
4 200 60.00 28.00
5 250 90.00 32.00
6 300 125.00 35.00
/ 400 204.00 39.20

. : =22 IS .
Initial concentration  Equilibrium concentration  Amount of Cadmium adsorbed

No.  of cadmium (ppm of cadmium (ppm mg of cadmium/ g of clinoptilolite
; u (ppm) o (ppm)  (mg 9|894 pilolite)
2 100 490 19.02
3 150 16.90 26.62
4 200 51.00 29.80
5 250 80.00 34.00
6 300 126.00 34.80
7 400 186.00 42,80

H8
Initial concentration EquiIibrium_con%entration Amount of Cadmium acsorbed
No. of cadmg%m (ppm) of cadmll%l (ppm) (mg of cadmlum9/ ?60f clinoptilolite)

1

2 100 10.00 18.00
3 150 25.00 2500
4 200 51.00 29.80
5 250 74.00 35.20
6 300 116.00 36.80
1 400 182.00 43.60
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Table A6 Adsorption isotherm of cadmium on SMZ at pH 4, 7 and 8
Weight of SMZ = 02 ¢
Volume of cadmium solution=" 40 ml

H4
Initial concentration EquiIibrium.corecentration Amount of Cadmium adsorbed
No. ofcadm|5l6m (Ppm) ofcadnféugrg (ppm)  (mg ofcadmlum6/ 8gzofclmoptllollte)

1 .

2 100 47.00 10.60
3 150 85.00 1300
4 200 12800 1440
5 250 170.00 16.00
6 300 212.00 17,60
1 400 300.00 20.00

pH7

Initial concentration  Equilibrium concentration — Amount of Cadmium adsorbed
No. ofcadmg%m (ppm) ofcadrrl}l)ug?) (ppm) (mg ofcadmlum7/ 8g40fclmoptllollte)

1

2 100 45,00 11.00
3 150 79.00 1420
4 200 120.00 16.00
5 250 161.00 17.80
6 300 201.00 19.80
1 400 292.00 2160

. . pHB .
Initial concentration  Equifibrium concentration — Amount of Cadmium adsorbed
ofcadm|5%m (bpm) ofcadnlwd (bpm) (mg ofcadmlum7/ 3gzof clinoptilolite)

g
2 100 43,00 1140
3 150 12.00 1560
4 200 108.00 1840
5 250 141.00 21.80
6 300 183.00 2340
/ 400 254.00 29.20
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Table A7 Adsorption of cadmium on clinoptilolite at pH 8 and ionic strength 0,
10 and 100 mM.

Weight of clinoptilolite = 02 g
Volume of cadmium solution = 40 ml
. Initial Equilibrium _
jonic strength ~ concentration concentration Amount of Cadmium adsorbed
\ ) of%admsum of%adrr%um (mg olfcadmllf,r{]ggof
0. clinoptilolite
1 0 91%0 p&z 4%.60
2 10 400 289 22.20
3 100 400 330 14.00

Table A8 Adsorption of cadmium on SMZ at pH 8 and ionic strength 0, 10 and
100 mM.

Weight of SMZ S | VAN
Volume of cadmium solution ZoJeyt0)
. Initial . Equilibrium _
jonic strength  concentration concentration Amount of Cadmium adsorbed
\ - of %gg%um of %admsum (mg olf cadtn?um gof
0. clinoptilolite
1 0 400 %%4 2%.20
2 10 400 258 28.40
3 100 400 265 27.00



Table A9 Adsorption isotherm of toluene on clinoptilolite at pH 4,7 and 8

Weight of clinoptilolite
Volume of toluene solution
Molecular weight of Toluene

Initial concentration of

\ oon) toluene
0. ppm M)
1 1017440 116 9127
2 1721027 1870.6816
3 395.7654  4301.7982
4 5159887 56085732
5 5739563  6238.6558
Initial concentration of
\ ( toluene
0. ppm M
1 106.39%0 11@96.4%77
2 1918944  2085.8088
3 3490397  3793.9094
4 5479476  5955.9524
5 BB57430  6040.6852

Initial concentration of
toluene

i ot

1622077 17631273
2849929  3097.74%4
513.2457 95787571
531.2146 57740719

mhwl\apg

01 ¢
25 ml
= 2 g/mol

_pH4 .
Equilibrium concentration

of toluene Agmugtdoftolule/nse
pm (gM) adsorhed (pmolfg
8$p1923 947.7420 35.5§84
1494284 1624.2213 55.4536
358173~ 3758.8832 122.1559
4433921 4819.4794 1775461
490.88}1{47 5335.6679 2031723
Equill%rium concentration
)oftoluene A(rjnougtdo(ftoIUEn§
m gM adsorbed (pmolfg
959}7)297 10%2.2%88 21.1948
1734151 18849467 45,1940
3112023 33826341 925370
490.1542  5327.7636 1413425
491.81&'38 5345.7750 156.3548
Equilﬁ)rium concentration
of toluene A?ougtdoftolule/nsa
m (gM adsorhed (pmolfg
8&9515)0 953.8g83 22.2532
1478107 1606.6382 35.2100
262.6892 28553173 54,5472
464.7916  5052.0824 1185018
4785419 52015422 1288192

42



Table A10 Adsorption isotherm of toluene on SMZ at pH 4, 7 .and 8
Weight of SMZ =
Volume of toluene solution =

mhml\apg

mbml\apg

(J1.l>ool\.)|_\§

Initial concentration of

toluene
m M
—obm
138.4421 1504.8056
3382730  3676.8804
4515390  4908.0327
4899121  5325.1313
Initial concentration of
toluene
m M
10%5%2 10&%.6}65
1483138  1612.1064
340.7409  3703.7056
426.8598  4639.7808
4405537  4788.6276
Initial concentration of
toluene
m M
89.)5)7 9 96%).3 55
1725895  1875.9733
305.2787  3318.2468
379.4409  4124.3579
4744005  5156.5269

01 ¢
225 ml

_pH4 .
Equilibrium concentration

of toluene y
m P
45%)8 2 543.2850

734123 797.9603
1637169 17795319
199.1466  2164.6373
213.1535  2316.8856
pHT .
Equilibrium concentration
oftoluene( 5
m
68?805)7 65@.7276
845020 918.5003
168.1823  1828.0683
208.7980  2269.5433
2135187 23215079
_pH8 .
Equilibriym goncentration
of toluene
m M

Bépfl 0 60(5).2324
107.2036  1165.2562
1911824 2078.0700
2335402 2538.4803
2147585 2986.5055

Amount of toluene
adsorbed (pmol/g)
116.6/74
159.0402
426.9034
617.2640
676.8553

Amount of toluene
adsorbed gpmollg)
96.7318
156.0614
4220184
533.3034
555.1019

Amount of toluene
adsorbed gumollg)
82,5869
159.9113
279.0398
356.8225
488.2548



Table Al Adsorption of cadmium on SMZ in the presence of toluene at pH 8

Weight of SMZ 01 g
Volume of mixed solutes solution = 2250 ml
Initial concentration of cadmium = 150  mg/l
Initial concentration of toluene = 4000 pmolil
Initial . Equilibrium Amount of Cadmium
\ fcor&centrat(lon ) conc$ntr3thn P éids_orbe/d )
0. 0T cadmium (ppm 0T Caamium (ppm mg of caamiumy/ g o
1 150 P 7900 P : 1420 g
2 150 87.00 12.60
3 150 85.00 13.00
4 150 70.00 16.00
Average 150 80.25 1395

Table A12 Adsorption of toluene on SMZ in the presence of cadmium at pH 8
Weight of SMZ 01 ¢

Volume of mixed solutes solution = 2250 ml
Initial concentration of cadmium ~ =150 mg/l
Initial concentration of toluene = 4000 (.moli1
Initial concentration — Equilibrium concentration
\ of toluene y of tquene( y A?ougtdo(ftoluie/ng
0. m p ppm adsorbed (umollg
1 168.%5%2 1088.6%65 66.805)7 655).7376 96.7318
2 1483138 1612.1064 845020 9185003 156.0614

3 340.7409 37037056  168.1823  1828.0683 4220184
4 426.8598  4639.7808  208.7980  2269.5433 533.3034
Average  440.5537  4788.6276 2135787 23215079 555.1019



Table A13 Adsorption and desorption of cadmium by SMZ

Weight of SMZ - 02 g
Volume of cadmium solution = 40 ml
Initial concentration of cadmium = 280 my/l
Volume of acid solution - 40 ml

The adsorption and desorption of cadmium by SMZ was performed at pH 8 and pH 3 respectively.

. o Adsorption Desorption
Initial Equilibrium Amount of _ _ , _
concentration ~ concentration cadmium Amount of cadmium Cadmium concentration ~ Amount of Cadmium
0 ofcamium of %S%%”m (mg%dfsgggrer%um) (mg of g s,orbc;dg of SMZ) | hase (ppm) ( defsorged_ )
. m mg of cadmium in agueous phase mg of cadmium
1 ggo 166.00 4.56 22.80 99.18 3.9672
2 280.00 163.00 4,68 2340 90.09 3.6036
3 280.00 162.00 472 23.60 93.96 3.7584
4 280.00 164.00 4.64 23.20 101.48 4,0592

Average 280.00 163.75 465 23.25 9.18 38471



Table Al4 Adsorption and desorption of toluene by SMZ

Weight of SMZ
Volume of cadmium solution
Initial concentration of toluene

Desorption of toluene by SMZ was performed by air purging.

No.

1

2

3

4
Average

Initial concentration

of toluene

o —

1349
1349
1349
1349

198.82
198.82
198.82
798.82

= 01 ¢

= 225 ml

= 4000 pmoll
_ Adsorption
Final concentration

of toluene Amount of toluene
m M adsorbed (pmol
b o, o)
2202 23934 1259
2054 22332 12.95
2135 23204 1275
2148 23349 12.72

Amount of toluene

adsorbed (umolfg)
125.90
125.88
12949
12753
121.20

Desorption

Toluene concentration

In aqueous phase Amount of toluene

m M desorbed (pmol
g%p78 5%)1.7)7 12.415% )
50.65 550.51 12.3866
50.04 543,88 12.2372
50.22 545.89 12,2826
5042 548,01 12.3303



Table A15 Calibration curve of toluene by Head space gas chromatography

Density of toluene = 0.876 g/ml
Amount of toluene ~ Toluene concentration
No. gmlg gppm) gnMé Area
1 5 370 801.0 329278.65
2 17.00 14739 160207  587966.63
3 33.50 290.45 315707 1137089.87
4 50.00 433.50 471196  1679969.64
5 58.50 507.20 551299  2141617.95
600 I S
y = 0.0002x
500 F—— “RY=09928" i
=
=
g 400
g 300 — —
:5); 200
I 100 ——
0
0 500000 1000000 1500000 2000000 2500000

Area
Figure AL Calibration curve of toluene in water at 30 °c

Equation Y =0.0002 X
Where X = Area of Head space gas chromatography
Y = Equilibrium concentration of toluene (mg/L or ppm



Figure A4 EDXS spectra of regenerated SMZ
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Figure A7 FTIR spectra of SMZ before and after saturated with cadmium
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