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Abstract

The purpose of this research is to synthesize silver nanoparticles on N, S
co-doped titanium dioxide films coated on glass fibers via sol-gel and dipping method, and to
investigate the photocatalytic performance of as-synthesized films on degradation of methylene
blue, bisphenol A (BPA) and 2,4-Dichlorophenol (2,4-DCP), and on anti-microbial properties
against Escherichia coli (E.coli) contaminated in drinking water. N, S co-doped titanium dioxide
films were prepared by using thiourea as the sources of nitrogen and sulphur. It is found that the
photocatalytic activity of N, S co-doped TiO, films prepared from thiourea at 5 mol percent
calcined at 300°C with a heating rate of 5°C/min for 2 hours is greatest. The films prepared at
these optimum conditions have only anatase phase with 7 nm of crystallite size and band gap
energy of 3.15 eV. The reduction of band gap energy is due to the interstitial nitrogen atom
incorporated in Ti-O-N and O-Ti-N linkages and sulphur atom in TiO, lattice through substituting
Ti'". It is seen that N and S in titanium dioxide affects on crystallinity of anatase, crystallite size
and band energy gap of TiO, films. This results in an enhancement of photocatalytic reaction on
methylene blue degradation of the SNST film which it could degrade methylene blue about 95.18
and 94.28 percents under UV and fluorescence irradiations for 6 hours, respectively. The SNST
films on glass fibers were selected as substrates for preparing Ag nanoparticles coating on SNST
film via chemical method using silver nitrate solution with various concentrations and 0.7 molar
of sucrose solution. The SNST films coated on glass fibers were soaked in silver nitrate-sucrose
mixed solution holding for 15 min, then dried in air and calcined at 400 C for 2 h with the heating
rate of 5 C/min for 2 hours. It is found that the optimum dosage of silver nitrate utilized is 0.001
molar that at this condition, silver metal phase. The band gap energy of 0.01ASNST can be

reduced to be about 1.62 eV. From photocatalytic reaction tests by means of methylene blue
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degradation under UV and fluorescence irradiations for 6 hours, degradation of BPA and 2,4-
DCP under UV and fluorescence irradiations for 12 hours, and E.coli disinfection under UV,
fluorescence and dark conditions for 60 minutes, it is found that 0.01ASNST films could degrade
methylene blue, BPA and 2,4-DCP about 95-99 percents under the given conditions and could kill
E.coli 100 percents under UV, fluorescence and dark for 60 minutes. It is seen from SEM images
of the photocatalytic treated E.coli cells under UV, fluorescence and dark conditions for 60
minutes that their cell walls have severely damaged, shrunk and finally died resulting from the
photocatalytic disinfection of SNST film incorporated with an anti-microbial effect of Ag. From
this result, the 0.01ASNST films were selected for applying in the designated water treatment
reactor and it is found that they could degrade BPA and 2,4-DCP contaminants and could kill

bacteria efficiently.
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6. ANUATLANNINYA (Total Hardness)

o L, un./a. 100

(M LA INAITUDIUA)

7. A13NY (As) un./a. 0.05

8. UITY (Ba) un./a. 1.0

9. LIAALNEY (Cd) un./a. 0.005
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10. AaD 156 (cy, mmmgﬂuﬂaaiu) un./a. 250

11. Iasiiew (Cr) un./a. 0.05

12. NoLAY (Cu) un./a. 1.0
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13. tvan (Fe) un./a. 0.3

14. 92N 7 (Pb) un./a. 0.05

15. UM UE (Mn) un./a. 0.05

16. Uson (He) un./a. 0.002




17. lupse un./a. 4.0
(NO,-N, swraudluluTasiou)
18. luoa (Phenols) un./a. 0.001
19. Bty (Se) un./a. 0.01
20. U (Ag) un./a. 0.05
21.55ava (SO,) un./a. 250
22. 79NLA (Zn) un./a. 5.0
23. ‘Ngee"lsﬁ(F, ﬁmamﬂuﬂgaa’%u) un./a. 1.5
24. D2l un./a. 0.2
25. 1pllod (Alkylbenzene Sulfonate) un./a. 0.2
26. lasen lug UN./a. 0.1
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Heterotrophs (HPC>500 CFU/ml) 2 2 150 96.77
Total coliform 11 11 14 9.03
Fecal coliform 2 - 2 -
Fecal streptococci - - - -
Pseudomonas aeruginosa 8 8 35 22.58
Staphylococcus aureus 2 2 5 3.24
Clostridium perfringens 2 2 14 9.03
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Material name Anatase
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 3.7842(13) 3.7842(13) 9.5146(15)
o(deg), f(deg), y(deg) 90 90 90
Unit cell volume (A% 136.3
D, (g/em’) 3.89
Space group 14 /Jamd (No.141)
Atom Site x/a yib zle B (Az)
Ti 4a 0 0 0 0.390(63)
O 8e 0 0 0.2081(2) 0.613(90)

(A11: Horn LIAaZAAE 1972)
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Material name Rutile
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 4.593(2) 4.593(2) 2.959(2)
a(deg), f(deg), y(deg) 90 90 90
Unit cell volume (A3) 62.42
D, (g/cms) 425
Space group P4, /mnm (No.136)
Atom Site G x/a /b zle B(A%
Ti 2a 1 0 0 0 0.42(6)
0] 4f 1 0.3051(7) 0.3051(7) 0 0.6(6)

(M1 Meagher LazAlE 1979)
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Material name Brookite
Composition TiO,
System Orthorhombic
Temperature (°C) 25
a(A), b(A), c(A) 9.174(2) 5.449(2) 5.138(2)
0Ol(deg), f(deg), Y(deg) 90 90 90
Unit cell volume (A’) 257
D, (g/em’) 4.13
Space group Pbca (No.61)

Atom Site G x/a yib zlc B (Az)
Ti 8¢ 1 0.1289(1) 0.0972(1) 0.8628(1) 0.37(3)
(0]} 8¢ 1 0.0095(4) 0.1491(5) 0.1835(5) 0.46(6)
02 8¢ 1 0.2314(4) 0.1110(4) 0.5366(6) 0.53(7)

(M1 Meagher LazAe 1979)
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Hydrolysis: M—O—R‘|‘H20 —>M—OH+R—O0OH (1.2)
Water Condensation: M—OH+HO—M—>M—0—M+ H,0 (1.3)

Alcohol Condensation: M—O—R+HO—M-—>M—0—M-+R—O0OH (1.4)
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2.8.4 Fourier-Transformed Infrared Spectrophotometry (FT-IR)
a . Y A A o ' Jd v
MAUA FT-IR (FT-IR, Bruker Equinox 55) Glmwaﬂuﬂuwuﬂqmmmmms
a1 lagmsnansunlToumeuanndudsusamlanivvesaisdsznovuiasgiuny
@ ] A o @ a o A = v A A a g 9 o [
Aeg19nInludinansiamedny wonfFouneunuianmavuainasanunaasIniluais
FiAReINY TaginnIn1sganaunaIveIdsaiod 19 lusIauaay (Wavenumber) 4,000-400

1A ' 7o o 1 Ao N Y
cm LW@@]??%@'@UWHWQﬂ"]fule’ENG]’J’E]EJNVIﬁQLﬂi'l%‘HVI,ﬂ
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SNST 0.92 0.70 0.67 0.62 0.57 0.52 0.49
10NST 0.91 0.75 0.70 0.66 0.61 0.58 0.52
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@ J

o [ 1 a 1 a d
MANUIN V. ANUAUNUTDAITIU C/C EU’ENL?J‘V]?]L!UQ 2] L’JﬁW]N"]EUENWEIZJHNllVIL‘VILﬁEJiJ]lﬂ
A A a 14 I J 1 A a 2
pon lednloymaganeiunTuiluesnlszneugasaiae niguwgil 400 esruvaFod ngly
o Y ~ s v
1981 6 11 119 YeIM I FuLeg) uazgeasaiaua 50 Iad

A

o o v J a a d 1 1
MIN V1 ANVTUNUTOATITIU C/C, GUENLN‘VIEL!UQIWJWNJ ASNST gaTaN9 !,W"I‘ﬁ@.ﬂ‘lﬁﬂi] 400

U

peruramea nelunat 6 %1 Tue veamsFunaegd 50 Sad

C/C,
oeens | fifla 1 92Tus A AN URINITUNEET 50 Tad (2 Tua)
1 2 3 4 5 6
0.01ASNST 0.52 0.21 0.11 0.09 0.08 0.06 0.05
0.03A5NST 0.58 0.32 0.11 0.09 0.07 0.05 0.05
0.05A5NST 0.46 0.35 0.22 0.14 0.09 0.07 0.05
0.1ASNST 0.54 0.49 0.32 0.25 0.19 0.15 0.13
0.3A5NST 0.67 0.52 0.46 0.43 0.37 0.33 0.32

M99 9.2 ANUFUNUTORs1EIU C/C, vouniauug Ineflan ASNST gasaiee wnguual 400

= o [ 4 v
NGRS GBS TG ﬂ’]flgl,una’l 6 {’]fﬂillq eUf]\iﬂ'liirlJllaQV\lqaaﬁﬁlcﬁu@ 50 19191

c/c,
Yodetn | fila 1 $2Tug & DA VRIMITuaagd 50 Sad (32 Tua)
1 2 3 4 5 6

0.01ASNST 0.66 0.21 0.18 0.12 0.11 0.08 0.06
0.03A5NST 0.65 0.42 0.39 0.27 0.16 0.12 0.10
0.0SASNST 0.68 0.28 0.26 0.25 0.21 0.18 0.16
0.1ASNST 0.68 0.37 0.32 0.29 0.26 0.19 0.18
0.3A5NST 0.68 0.52 0.51 0.44 0.41 0.38 0.37
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a d

s 2 J ] 1 1
MANKIN A, 1WosIHuAMTEosaals BPA uay 2,4-DCP ANMITNTHAINY B 11A199 voaTlay

= s a 4 < % =
g nmidiou lason ladntioumaganosu luiuesdilsznougas 0.01ASNST wguwgil

o o 7 v o
400 parsaiiea Meluan 12 93159 ¥amsFuuaagd uazgoevisarud 110 Jna

J 3 J ] 1 1 a
M54 .1 15 ¥uUANTYRYda1e BPA ﬂ'JﬁJlslaljiJ‘lsl}uﬁN‘] u nmmmmmﬂﬁu 0.01A5NST

a

u

wnitgainnil 400 saruwaidue melunat 12 $2Tue vesmsSuueag? 110 Sad
GRS wlefiiudmsdoesaalo BPA
(Jaansunoans) & AN VIMITLAaEd 110 Sad (52 Tuq)
1 2 3 4 5 6 7 8 9 10 11 12
10 79.51 | 84.14 | 85.21 | 87.38 | 88.33 | 90.80 | 91.58 | 96.87 | 99.27 | 99.65 | 99.64 | 99.69
20 65.11 | 66.50 | 69.78 | 71.92 | 73.83 | 75.99 | 7910 | 84.12 | 86.86 | 90.52 | 92.40 | 95.93
30 60.19 | 66.12 | 69.99 | 72.45 | 77.22 | 81.90 | 84.90 | 87.59 | 88.86 | 90.58 | 90.58 | 90.12
40 52.34 | 56.42 | 64.52 | 67.17 | 70.71 | 72.55 | 75.70 | 78.26 | 71.52 | 72.87 | 76.00 | 76.89
50 46.07 | 49.31 | 53.18 | 56.80 | 60.66 | 62.44 | 65.85 | 67.21 | 48.61 | 52.38 | 56.92 | 59.93
M319 .2 1WeTFuanIgosaals BPA ANUNTUAINY 8 19818195 Ua T 0.01ASNST
wnitgaindl 400 earuradue melunan 12 $2Tue vesmssunaarlgesisesud 110 Sad
AU nlesidudmsdosaale BPA
(Haansuaeans) & A YIS unAlgooI U 110 Sad (32 Ta9)
1 2 3 4 5 6 7 8 9 10 11 12
10 79.51 | 84.14 | 85.21 | 87.38 | 88.33 | 90.80 | 91.58 | 96.87 | 99.27 | 99.65 | 99.64 | 99.69
20 65.11 | 66.50 | 69.78 | 71.92 | 73.83 | 75.99 | 7910 | 84.12 | 86.86 | 90.52 | 92.40 | 95.93
30 3493 | 41.82 | 45.82 | 47.50 | 56.93 | 60.90 | 64.39 | 71.95 | 71.28 | 77.12 | 82.10 | 84.89
40 35.37 | 38.83 | 44.15 | 52.27 | 55.54 | 61.41 | 67.79 | 71.94 | 57.75 | 62.00 | 63.92 | 67.41
50 28.37 | 30.46 | 35.76 | 40.50 | 46.86 | 51.31 | 55.14 | 58.29 | 19.45 | 24.24 | 29.80 | 36.79
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M319 .3 1o HuANITgosaa1s 2,4-DCP ANMITUTUAIE) B 1101019 Y0IHEN 0.01ASNST

wniigangil 400 esruwaiFoa meluna 12 $27us vesmsTunasyd 110 Jad
AN nlesiFuanIsgosaals 2,4-DCP
(Hadnsuneans) 18I VBN TV A 110 Sad (2 T19)
1 2 3 4 5 6 7 8 9 10 11 12
10 41.03 | 50.84 | 57.68 | 66.80 | 70.56 | 73.54 | 75.82 | 90.29 | 95.49 | 98.49 | 98.45 | 98.66
20 16.14 | 27.83 | 36.41 | 41.88 | 48.62 | 55.92 | 66.04 | 76.46 | 87.13 | 91.05 | 93.21 | 93.35
30 30.51 | 44.77 | 46.73 | 50.72 | 53.87 | 54.77 | 55.14 | 58.75 | 60.47 | 68.35 | 72.00 | 74.46
40 32.65 | 41.58 | 44.21 | 49.78 | 52.83 | 57.02 | 59.98 | 64.67 | 64.98 | 67.11 | 69.52 | 72.03
50 20.84 | 27.49 | 36.72 | 3947 | 43.37 | 46.43 | 49.04 | 53.10 | 57.53 | 58.05 | 60.46 | 61.11
M319 .4 1WesIFuANIgosaa1s 2,4-DCP ANMITUTUAI & 1IIA19 Y0NS 0.01 ASNST
Lmﬁqmwgﬁ 400 psruraiFos melunat 12 937w vesmssunaarlgooisatsud 110 Sad
AN T e iFudmsdosaais 2,4-DCP
(Haansumoans) & AR YeIMsTuLEIgoRLT AU 110 Sag (52 T19)
1 2 3 4 5 6 7 8 9 10 11 12
10 34.66 | 54.85 | 67.14 | 72.05 | 75.67 | 76.78 | 80.85 | 91.12 | 93.04 | 95.42 | 95.62 | 97.26
20 35.70 | 47.74 | 62.57 | 67.66 | 68.58 | 74.56 | 80.02 | 86.06 | 87.26 | 88.81 | 89.65 | 91.03
30 2291 | 34.84 | 51.52 | 53.72 | 52.60 | 56.42 | 61.12 | 61.18 | 63.67 | 67.27 | 68.60 | 70.37
40 25.67 | 36.23 | 51.85 | 55.02 | 57.14 | 59.67 | 60.46 | 61.10 | 62.71 | 64.64 | 64.88 | 65.67
50 21.40 | 29.65 | 42.83 | 45.96 | 47.53 | 48.58 | 49.40 | 53.82 | 57.05 | 57.93 | 60.47 | 44.15
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MANUIN 9. 1/BTHUANINUFD E.coli ANMINTUIAD 10° Talaldoliadans veallaugasaie
1 o 4 v J
1210199 78 Tua1 60 WIN VoIMITuLAYT azgevIs U 50 TnA
s 2 4 ] Ay . Yy Y L&l 5 A1 A Aaa A d 1
M319 9.1 1WeTHUANMINUTD E.coli ANWANTUIAD 10 TnTalinelaaans voallaugain1eg

[ I o o
17819199 Meluan 60 YN YBINITVLAET 50 IAA

WefiFudmsanide £.coli anutudude 10° Tnlaiidefiaaans
Yoot a4 AR UBIMs T uLaeg 50 s (ui)

10 20 30 40 50 60
UV alone 0 0 0 3.33 6.67 8.33
Glass fibers 0 0 0 3.33 6.00 7.33
PT 0 3.33 16.67 31.67 59.33 89.33
SNST 25.00 78.33 89.83 97.50 99.33 99.67
0.01ASNST 66.67 95.00 96.83 99.00 99.00 100.00
0.01A5NST (Dark) 66.17 80.33 86.50 97.33 99.00 100.00

/2 A . v o X 5 A
N1919 9.2 Lﬂ@ﬁl“ﬁu@]ﬂ’]im’]t“ﬁ@ E.coli ANUUNUULYED 10 Iﬂjﬂu@ﬂlla

1 ~ [ 4
U LINTNNE ﬂ']flgl,una’l 60 UIN Gll’f]\iﬂ'liiﬂlla\clwqaaﬁ’ﬁlc]fu@] 50

a

v

169

dans volldugnsaay

WefiFudmaanide £.coli anutuduide 10° Tnlatidefiaaans
Yoot 4 AR UBIMs T uLaag 50 Tad (ui)

1 2 3 4 5 6
Fluorescence alone 0 0 0 0 1.67 3.67
Glass fibers 0 0 0 0 3.33 4.33
PT 0 0 6.67 28.33 34.33 58.00
SNST 0 6.67 40.00 50.00 78.33 97.67
0.01A5SNST 66.67 95.00 96.67 99.67 100.00 100.00
0.01A5SNST (Dark) 66.17 80.33 96.33 99.00 99.00 100.00
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