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E xp erim en ta l data from  p h otocata lytic  study
APPENDIX A

A .l  E ffect o f  am ou n t o f  TiCE cata lyst

T i m e c / c 0 a t d i f f e r e n t  a m o u n t  o f  c a t a l y s t

( m i n ) b l a n k 0 .2  g/1 0 .3 5  g/1 0 .5  g/1 0 .7  g/1 1 .0  g/1

0 1 1 1 1 1 1

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

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

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

1 2 0 0 . 0 3 9 2 0 0 0 0 0

1 5 0 0 0 0 0 0 0

T i m e T O C / T O C 0 a t  d i f f e r e n t  a m o u n t  o f  c a t a l y s t

( m i n ) b l a n k 0 .2  g/1 0 .3 5  g/1 0 .5  g/1 0 .7  g/1 1 .0  g/1

0 1 1 1 1 1 1

3 0 0 .7 8 9 7 0 .7 8 5 5 0 .8 3 9 8 0 . 7 5 9 9 0 .6 5 3 5 0 .6 8 3 8

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

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

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

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

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

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

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

3 6 0 0 .7 3 2 0 0 .6 4 3 9 0 .5 9 1 5 0 . 5 0 1 7 0 .3 8 5 5 0 .3 9 0 9
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A .2 E ffect o f  ca lcin ation  tem p eratu re o f  TiO>

T i m e

( m i n )

C / C 0  a t  d i f f e r e n t  c a l c i n a t i o n  t e m p e r a t u r e

400 ๐c 500 ๐c 600 ๐c 700 ๐c
0 1 1 1 1

30 0.2331 0.2887 0.3729 0.3589
60 0.0628 0.0759 0.1741 0.1685
90 0.0242 0.0346 0.0745 0.0733
120 0 0 0.0248 0.0402
150 0 0 0 0

T i m e

( m i n )
T O C / T O C 0  a t  d i f f e r e n t  c a l c i n a t i o n  t e m p e r a t u r e

4 0 0  ° c 5 0 0  ° c 6 0 0  ° c 7 0 0  ° c

0 1 1 1 1

3 0 0 . 7 5 9 9 0 .7 7 3 9 0 .7 7 4 3 0 . 7 8 0 0
6 0 0 .6 4 2 5 0 .6 9 7 3 0 . 7 5 5 2 0 . 7 7 0 7
9 0 0 . 6 0 8 0 0 .6 6 1 8 0 . 7 5 3 9 0 . 7 6 1 4
1 2 0 0 . 5 8 6 9 0 .6 5 5 2 0 .7 4 7 3 0 . 7 5 7 0
1 5 0 0 .5 7 8 3 0 .6 4 8 7 0 . 7 4 1 2 0 . 7 5 2 0
1 8 0 0 . 5 7 8 0 0 .6 1 7 1 0 .7 3 5 1 0 . 7 4 4 4
2 4 0 0 .5 7 7 5 0 .5 8 5 5 0 . 7 2 8 8 0 .7 3 6 8
3 0 0 0 .5 1 0 1 0 .5 5 3 9 0 . 7 2 2 6 0 .7 3 2 5
3 6 0 0 . 5 0 1 7 0 .5 2 2 3 0 .7 1 6 3 0 .7 2 1 7
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A .3 E ffect o f  in itia l pH  o f  4 -ch lorph en ol so lu tion

T i m e

( m i n )

c/c'o  a t  d i f f e r e n t  i n i t i a l  p H

p H  3 p H  5 p H  7 p H  9

0 1 1 1 1

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

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

9 0 0 .0 6 3 3 0 .0 2 4 2 0 .0 3 2 4 0 .0 7 0 3

1 2 0 0 0 0 0

1 5 0 0 0 0 0

T i m e

( m i n )

T O C / T O C 0 a t  d i f f e r e n t  i n i t i a l  p H

p H  3 p H  5 p H  7 p H  9

0 1 1 1 1

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

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

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

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

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

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

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

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

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



A .4 C om p arison  betw een  D egussa P25 and so l-gel TiO?

T i m e

( m i n )

c /c 0
D e g u s s a  P 2 5 S o l - g e l  T i 0 2

0 1 1

3 0 0 .5 9 0 4 0 . 3 5 9 2

6 0 0 .3 8 3 6 0 . 1 0 4 0

9 0 0 .2 7 3 7 0 .0 6 7 3

1 2 0 0 .1 8 2 5 0

1 5 0 0 .1 2 0 3 0

1 8 0 0 .0 5 4 6 0

2 1 0 0 0

T i m e

( m i n )

T O C / T O C 0

D e g u s s a  P 2 5 S o l - g e l  T i 0 2

0 1 1

3 0 0 .7 7 2 1 0 .7 8 5 3

6 0 0 .6 7 8 2 0 . 7 2 9 8

9 0 0 .6 4 0 0 0 .7 0 4 3

1 2 0 0 .6 2 6 9 0 . 6 8 4 8

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

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

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

3 6 0 0 .3 3 4 1 0 . 6 4 3 9
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A.5 Pt/TiO? at different % P t loading

T i m e C / C 0  a t  d i f f e r e n t  % P t  l o a d i n g

( m i n ) 0  % P t 0 .2  % P t 0 .5  % P t 1 .0  % P t 1 .5  % P t 2 . 0  % P t

0 1 1 1 1 1 1

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

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

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

1 2 0 0 0 0 0 0 0 .0 3 1 3

1 5 0 0 0 0 0 0 0

T i m e T O C / T O C 0  a t  d i f f e r e n t  % P t  l o a d i n g

( m i n ) 0  % P t 0 .2  % P t 0 .5  % P t 1 .0  % P t 1 .5  % P t 2 .0  % P t

0 1 1 1 1 1 1

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

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

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

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

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

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



A.6 5% Si02-Ti02 a t different calcination tem peratu re

Time
(min)

C/C0 at different calcination temperature
400 ๐c 500 °c 600 °c 700 ๐c

0 1 1 1 1
30 0.2673 0.2751 0.3056 0.3098
60 0.0819 0.0875 0.1031 0.1138
90 0.0375 0.0394 0.0422 0.0440
120 0 0 0 0
150 0 0 0 0

Time
(min)

TOC/TOC0 at different calcination temperature
400 ๐c 500 ๐c 600 °c 700 °c

0 1 1 1 1
30 0.7266 0.7461 0.7788 0.8195
60 0.6565 0.6821 0.7092 0.7513
90 0.6387 0.6598 0.6955 0.7467
120 0.6218 0.6521 0.6815 0.7314
150 0.6049 0.6441 0.6695 0.7178
180 0.5875 0.6101 0.6579 0.7056
240 0.5700 0.5927 0.6561 0.6843
300 0.5525 0.5673 0.6350 0.6586
360 0.5296 0.5476 0.6073 0.6514
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A.7 lOypSiOï-TiO? at different calcination tem peratu re

Time
(min)

C/C0 at different calcination temperature
4 0 0  ° c 500  ° c 6 0 0  ๐c 7 0 0  ° c

0 1 1 1 1
30 0 .2 0 7 6 0 .2 1 1 5 0 .2 6 01 0 .2 7 5 7
60 0 .0 6 6 4 0 .0 7 3 7 0 .0 8 5 8 0 .0 7 91
90 0 .0 2 2 6 0 .0 2 0 2 0 .0 2 11 0 .0 2 9 5
120 0 0 0 0
150 0 0 0 0

Time
(min)

TOC/TOC0 at different calcination temperature
400 ๐c 500 °c 600 °c 700 ๐c

0 1 1 1 1
30 0.7154 0.7216 0.7647 0.8369
60 0.6522 0.6610 0.6900 0.7794
90 0.6031 0.6538 0.6685 0.7405
120 0.5998 0.6072 0.6478 0.7344
150 0.5582 0.5955 0.6404 0.7015
180 0.5503 0.5837 0.6378 0.6929
240 0.5420 0.5112 0.5960 0.6617
300 0.4876 0.5032 0.5541 0.6172
360 0.4582 0.5003 0.5295 0.5697
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A.8 20%SiO2-TiO2 at different calcination tem peratu re

Time
(min)

C/C0 at different calcination temperature
400 °c 500 °c 600 °c 700 °c

0 1 1 1 1
30 0.3398 0.3840 0.3216 0.3306
60 0.1327 0.1562 0.1346 0.1222
90 0.0595 0.0620 0.0486 0.0676
120 0.0290 0.0384 0 0.0332
150 0 0 0 0

Time
(min)

TOC/TOC0 at different calcination temperature
400 ๐c 500 ๐c 600 °c 700 °c

0 1 1 1 1
30 0.7043 0.8101 0.8082 0.8255
60 0.6725 0.7331 0.7661 0.7973
90 0.6531 0.6941 0.7346 0.7585
120 0.6458 0.6795 0.7141 0.7369
150 0.6352 0.6672 0.7004 0.7268
180 0.6035 0.6355 0.6697 0.7119
240 0.5952 0.6018 0.6527 0.7053
300 0.5588 0.5681 0.5928 0.6847
360 0.5275 0.5300 0.5563 0.6617
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A.9 30%SiO2-TiQ2 at different calcination temperature

T i m e

( m i n )
C / C 0 a t  d i f f e r e n t  c a l c i n a t i o n  t e m p e r a t u r e

400 °c 500 °c 600 °c 700 ๐c
0 1 1 1 1

30 0.3944 0.4018 0.3711 0.4035
60 0.1855 0.2042 0.1784 0.1921
90 0.08095 0.1006 0.0798 0.0914
120 0.0383 0.0472 0.0392 0.0575
150 0 0 0 0

T i m e

( m i n )
T O C / T O C 0 a t  d i f f e r e n t  c a l c i n a t i o n  t e m p e r a t u r e

400 ๐c 500 ๐c 600 ๐c 700 ๐c
0 1 1 1 1
30 0.8208 0.7979 0.8443 0.8200
60 0.7895 0.7438 0.7985 0.7788
90 0.7584 0.6850 0.7659 0.7632
120 0.7088 0.6766 0.7603 0.7475
150 0.6923 0.6579 0.7479 0.7386
180 0.6761 0.6448 0.7334 0.7196
240 0.6533 0.6317 0.7263 0.7183
300 0.6092 0.6206 0.6928 0.6793
360 0.5702 0.6094 0.6625 0.6606



A. 10 Pt/TiOr-SiO? at different calcination temperature

T i m e

( m i n )
C / C 0 a t  d i f f e r e n t  c a l c i n a t i o n  t e m p e r a t u r e

400 ๐c 500 ๐c 600 ๐c 700 ๐c
0 1 1 1 1
30 0.2955 0.3033 0.2895 0.3036
60 0.1107 0.1140 0.1151 0.1173
90 0.0465 0.0441 0.0385 0.0415
120 0 0 0 0
150 0 0 0 0

T i m e

( m i n )
T O C / T O C 0 a t  d i f f e r e n t  c a l c i n a t i o n  t e m p e r a t u r e

400 ๐c 500 °c 600 °c 700 °c
0 1 1 1 1

30 0.6914 0.7193 0.7466 0.7761
60 0.5945 0.6242 0.6643 0.7093
90 0.5708 0.5977 0.6389 0.6792
120 0.5320 0.5782 0.6173 0.6541
150 0.5261 0.5677 0.6060 0.6372
180 0.5202 0.5534 0.6038 0.6246
240 0.4962 0.5316 0.5861 0.6121
300 0.4890 0.5083 0.5699 0.5782
360 0.4682 0.4873 0.5333 0.5832
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APPENDIX B
Experimental data from adsorption experiment

B.l Weight of catalyst used at different 4-chlorophenol 
concentration

W e i g h t  o f  

c a t a l y s t  ( g )
4 - c h l o r o p h e n o l  c o n c e n t r a t i o n

0 .5  M m 1 .0  m M 2 .0  m M

T i 0 2 0 .0 3 5 5 0 .0 3 5 1 0 .0 3 4 6

5 % S i 0 2T i 0 2 0 .0 3 3 3 0 .0 3 5 0 0 .0 3 4 8

1 0 % S i O 2T i O 2 0 .0 3 4 1 0 .0 3 4 6 0 .0 3 4 7

2 0 % S i O 2T i O 2 0 .0 3 1 7 0 .0 3 1 2 0 .0 3 1 8
3 0 % S i O 2T i O 2 0 .0 3 2 5 0 .0 3 3 0 0 .0 3 3 4

B.2 The actual initial concentration of 4-chlorophenol from HPLC

4 - c h l o r o p h e n o l A c t u a l  4 - c h l o r o p h e n o l

c o n c e n t r a t i o n  ( m M ) C o n c e n t r a t i o n  ( m M )

0 .5 0 . 4 6 9 7

1 .0 0 . 9 6 3 6

2 .0 1 .9 3 0 6
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B.3 The solution phase concentration of 4-chlorophenol at 
equilibrium adsorption (Cs)

Catalyst Cs (fflM)
c 0= 0.4697 mM c 0= 0.9636 mM c 0= 1.9306 mM

T i02 0.4675 0.9606 1.9264
5%Si02-Ti02 0.4671 0.9592 1.9236
10%SiO2-TiO2 0.4636 0.9556 1.9208
20%SiO2-TiO2 0.4674 0.9608 1.9267
30%SiO2-TiO2 0.4682 0.9611 1.9271

B.4 The amount of 4-chlorophenol adsorbed on the catalyst at 
equilibrium (ร^)

Sad = (Cs-C0) X Volume of solution
Weight of catalyst

Catalyst Sad (mmol/g)
Co = 0.4697 mM Co = 0.9636 mM c 0 = 1.9306 mM

T i02 1.252 X 10" 1.741 X 10" 2.408 X 10"
5%Si02-Ti02 1.585 X 10'3 2.540 X 10"3 3.991 X 10‘3
10%SiO2-TiO2 3.584 X 10'3 4.656 X 10‘3 5.604 X 10’3
20%SiO2-TiO2 1.490 X 10'3 1.781 X 10'3 2.446 X 10'3
30%SiO2-TiO2 0.940 X 10‘3 1.515 X 10'3 2.079 X 10‘3
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B.5 Cg/SaH at different %Si and 4-chlorophenol concentration

Catalyst Cs/Sad (g/1)
c 0 = 0.4697 mM Co = 0.9636 mM Co = 1.9306 mM

T i02 373.4156 551.7082 799.8367
5%Si02-Ti02 294.7050 377.6719 481.9800
10%SiO2-TiO2 129.3475 205.2138 342.7864
20%SiO2-TiO2 313.7368 539.604 787.7314
30%SiO2-TiO2 497.9886 634.3333 926.8500

B.6 Calculation of adsorption constant from graph

Catalyst Slope
(1/Sadmax)

Intercept
(l/(KadSadmaX))

Kad
(slope/intercept)

T i02 287.40 253.630 1.1330
5%Si02-Ti02 125.75 244.370 0.5146
10%SiO2-TiO2 145.92 63.322 2.3044
20%SiOr TiO2 315.44 194.270 1.6237
30%SiO2-TiO2 295.19 356.130 0.8289
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