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Abstract

This research aimed to investigate the efficiency of glass fiber which has been
coated by TiO, doping with SiO,, SnO,, N and Fe'. TiO, films were prepared by sol-gel method
and coated on glass fiber by using dip-coating. Then the films were calcined at various
temperatures range from 400-600°C. The coated glass fibers were loaded into a 300 ml reactor in
order to study their photocatalytic performance on degradation of methylene blue solution, humic
acid and FE.coli anti-microbial properties in drinking water. Many variables such as type and
quantity of dopants in TiO, films, quantity of glass fibers loading in a reactor, irradiation power
of UV or fluorescent lamps and flow rate of water were investigated. From XRD analysis, it was
found that only anatase phases are formed at 400-600 °C. In addition, the best photocatalytic
reaction was obtained from films calcining at temperature of 600 °C. The tests were done by
means of methylene blue degradation under UV irradiation for 4 hours. It was found that
Ti0,/3Sn0,/20N could degrade methylene blue by 83.6 %, while the pure TiO, was 71.3 %.
Furthermore, the E.coli disinfection and humic acide degradation were experiment test under UV
irradiation using a photocatalytic reactor filled with TiO,/3SnO,/20N films coated glass fibers.
After 5 cycles, it was found that 97% of E.coli and 96% of humic acid were removed,
respectively. Main factors affecting on E.coli disinfection efficiency and humic acid degradation
of TiO,/3Sn0,/20N films such as quantity of glass fibers loading, irradiation power of UV lamp
and flow rate of water were studied. It was found that the best result was obtained at 90 g of glass
fibers loading, 60 W irradiation power of UV lamp and flow rate of water at 22-25 ml/min which
provide E.coli disinfection efficiency and humic acid degradation efficiency of 100.0% and
90.6%, respectively. However, for irradiation with fluorescent light, Ti02/3Sn02/0.3Fe3+ films

seemed to exhibit higher E.coli disinfection and humic acid degradation efficiency than
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Ti0,/3Sn0,/20N films. Furthermore, a prototype reactor was designed and constructed with serial
connection of ten glass tubes which each tube was loaded with TiO,/3Sn0O,/20N films-glass fibers
of 60 g, surrounded by 6 black light tubes of UV source (60 W power). It was found that this
reactor can remove E.coli and humic acid contaminated in water 100% when the flow rate of
water was fixed at 54.16 ml/min where the initial concentrations of bacteria and humic acid were

10’ CFU/ml and 10 mg/l, respectively.
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and formaldehyde in the air

Sterilization,
purification
prevention

campositon of odor
compounds such as
acetaldehyde. ammonia
and hydrogen sulfur

Photocataly

Decomposition and Decomposition and
disposal of noxious :‘:IM . V dizposal of organic
compounds that stick to the
surface such as cigarette
smoke and oil dregs,
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organic compounds in the
sewage and waste water
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(N: http://www.staff.aist.go.jp/.../english/itscgallary-e.htm: 19/11/2553)
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G]'lﬁ'Nﬁ 1.2 ﬁllﬂ@ﬂ'l\‘lﬂ'lﬂﬂ'lWﬂJfNIﬂi\?ﬁi'N TIO2

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)
0l(deg), B(deg), V(deg) 90 90 90

Unit cell volume (AB) 62.42

D, (g/cms) 425

Space group P4, /mnm (No.136)

Atom Site | G xla /b zle B(A)
Ti 2a |1 0 0 0 0.42(6)
o) 4 | 1 0.3051(7) 0.3051(7) |0 0.6(6)

A Meagher, E.P; Lager, G.A. The Canadian Mineralogist. 1979, 17, 77.




A15199 1.2 (90)

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)
0l(deg), B(deg), V(deg) 90 90 90

Unit cell volume (A’) 136.3

D, (g/em’) 3.89

Space group 14 ,/amd (No.141)

Atom Site | G xla /b zle B(A%
Ti 4a |1 0 0 0 0.390(63)
o) 8e |1 0 0 0.2081(2) | 0.613(90)

nn: Horn, M.; Schwerdtfeger, C.F.; Meagher, E.P. Zeitschrift fur Kristallographie. 1972, 136,

273
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)
0l(deg), B(deg), V(deg) 90 90 90
Unit cell volume (AB) 257
D, (g/cms) 4.13
Space group Pbca (No.61)
Atom Site | G xla /b zle B(A)
Ti 8¢ 1 0.1289(1) 0.0972(1) | 0.8628(1) | 0.37(3)
o 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)

A Meagher, E.P; Lager, G.A. The Canadian Mineralogist. 1979, 17, 77.
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DK =
A =
E,
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T = 909 Z%J‘lgi a, 1A (Absolution temperature, K)
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Serpone and Pelizzetti, 1989)

E
InK = —
RT
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3 Y ]
a SR A v

aaa = A dgl A a o
UfnserTu Taunaz laddazinnduioguugiiuiu 1199910905101591
aaan - + v dy S % [ [ 1
Ugnsevese, uaz h', nuansduileulumsazasiiaminnindasimsnavusiunului
- + A [ <= é’ A a 4?/
vod e uaz h', uazanudlumssuiuve luanantunyuiegung gy
4. Ysnuen®anazal (Dissolved oxygen)

) a aaa S S Y v A
'E]@]'i’lﬂ’li!ﬂﬂﬂaﬂﬁfJ’lLWiJﬁulﬁf]ﬂ'J’li]l,"llﬂJéllu(’U'fN@@ﬂ%’lﬂuﬁ%a’lﬂiuﬁ’liaga']ﬂ

'
A o W

] 9
iy eendnuiudiulszneviiddglulfisen TnTaunas lada msizeonFauazda

a o 1 aaa o Y AR o -oA v W o Y a 4 4 a o
LﬂW“lJuN’JGI’JLiQﬂQﬂiEﬂ MUl e | NLDUABUANTU ﬂﬂﬂlﬂﬂ‘;};ﬂlﬂ’ﬂi’E]’E'Jﬂhlclfﬂl,l,iﬂﬂa

aaa [

Y
uazazilgnserdulalasaudeeu ) aeldidiflulelasnunlesoonlyd dromail

o

a =K d A [ v W [ - + a o Y a
@@ﬂ%tﬂuﬂﬂlﬂuﬂﬁﬂﬂlﬁa1ﬂ1ﬁﬂa“]Jﬂﬂﬁ')ll@]'Jﬂu‘lﬂiJ e, thag h b uazaaﬂmﬂmwﬂmﬂﬂ”la
a av a9
ATDNYALIANADNAIY

5. ANUTUYD LAY (Light intensity)

4 F) [ 1 ] @
Lﬁ@\ﬁ]'lﬂﬂ'ﬂhﬂliﬂlﬂﬂl!ﬁ\i ﬁ@Wﬁ\‘l\ﬂH@@?‘fU?ﬂHﬁ? ‘L!‘Llﬁ’f] DUNALLETN 1 I‘V\l

Y
=S [ = 1

A A A I ] £ Y] [
AaU NUAIND (V) 92UNA9IU (B)=hV wnTeaailu 1 atouauy FIVUDYNUWAINT UL
Y

D.

4 H
Y o Y

~ 2 ] dil A a 9 IS [ dy
Iﬂ‘c’l@]iﬂ miwwawmmmummwmmﬂﬂizmuwuwmﬂwummmwuﬂamﬂu Er ANU

P

1NOUTNADUNANNTEIND = WAINUUDILAINIHUANANNTENY

wasuveanas 1 linou

= E/hV

o A 1 a = 9
ﬂTHQUIT\lﬁﬂuﬂﬁﬂﬂﬁgﬂﬂﬁ@ 1 IUIMN = ANUVVLLEAN

hV

] ~ q ¥ a - + v ] A
msnszdulmnmiionlaoenladlding ¢ uaz h', Aoaldanuenndu
] Y o ' v ad s 4 o
sz 390 w1 Tuwas vsedeqldnasnuediatios 3.20 sranassullan lasnizauau
9 o w a aan I @ 1 o v ~ o v
Wutadeasimsnalfnsnziiudadiu lagassduanuduuds Nseauanuduaarng
[y a aaa Y { 9 { Y 9
NN 803 1MINAURNTEUTHUA LI INNADIVBIANVLAT HATNTEAVANWTLA
Y
@ a aaa 1 @ Y . "
(K ammmﬂﬂﬂgﬂsﬂmﬂmﬁuﬂummmmgm (Ollis et al., 1991; Tseng et al., 1991) Tuaiu
1T o A v A . I [ 1 A ] <
vosurastuiauaseddansi1aTeaa (Ultraviolet, UV) iiludadiuveanauuaman lih
(Electromagnetic spectrum) UA2I1ME1IAAUTLHIN 100 D9 400 U1 THINAT Fauaauaa

Y A 1 @ dgl
ﬂizﬂa‘umﬂmmm’maumm AU
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1. 9an3112Toaad (Ultraviolet C) TAMUEIIAAU 100-290 U1 TUINAT LA
] dy [ [} 09: [ =
TusaiiTasuinazgngadu Tasmasle Tsulunssona aziuudeans 1 TeramundeTanee
BYILHINFNANNLIINAY 290-400 U1 TUINAT
2. 9ans1 1ol (Ultraviolet B) 1A1108819081 290-320 W1 TUINAT (a4
] dyo Yy a a ~ a v o I o o A o ya 1 [ o Y a
Tuaetin lvinarunssunaauazidvilaonay Wuaranii lvdnuansudes uazi lvina
g a v yvd &S
ISR lAT 1A
3. 9ans1 1 Tataae (Ultraviolet A) UAINE1IAAU 320-400 U1 TUIUAT LA
] dy o Yy a a :I Y Y a 9 a 1 1 o Y Aa [
lugsiidlvinamnduaa laonszquldmnamsasiauardu ua s vinamsoney
=\ = d‘
4. LANAVNUANVEIADY 400-800 U1 TUIUAT
5. 9UN51159 (Infrared) HANNLIIAAY 800-1,700 U1 11UAT (Bolton et., 1994)
4) mslszgndlinszuiumsiilauanslagalumsiianadiy
I 1 o [ o w a
nszurums W lauaaz ladasumalulagluudmsSunmssidaaisny uag

& A A 0 9 o o a Aan @ 1T o A '
Lﬂu'wﬁuclimﬂ$u1u11%1uﬂ1iu1usé1t715uawy‘1/1m’JmaumwmmmmmmmN@] T@ﬂﬂﬁ

7 Y=y 9 o {
Uszgnaldd ldnannaeaaaaluaisien 1.3

A A o w 9 ~
A15197 1.3 ¥aas (Pollutant) Nanunsaiiiadienszuiunms W lauaas laga

(Hoffman et al., 1995; Yang et al., 2006)

Uszinnvesuads benzene, toluene, ethylbenzene, xylene, phenols, trichloroethylene (11
A1352MEIININ halogenated hydrocarbon, polychlorinated biphenyls
(PCBs), dichlorodiphenyltrichloroethane (DDT), dioxins, §13 CRITEVEN

uazensUsudagily, Antiu,@15aa159A9H) humic acids (HA)

a 4
YAATOUUNTY cyanide, hydrogen sulfide, mercury, cadmium, chromium (Cr+6),

sulfite, manganese, lead, zinc, copper, arsenic

J
L%’fﬂiﬂ Escherichia coli, Lactobacillus acidophilus, Saccharomyces

cerevisiae, Fecal coliform
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{ Iq9 9 o @ a
M35199 1.4 midszgna lgnszuaums 1 Tauaag Tagalumsihiaaisuaiy (Hoffman etal.,

1995)
a Y] @ ¥
¥HAVDIAINAS msiszgnaly
A
- msawelsa
1 7 A
- msgesaaelaudag N
o w a =4
P - MIauamIotuNgd
u’] ] a =4
- gosamsuadIToUNTY
] =\
- dosdanyd
a =4
- AITLUNIDUNT Y
- aanaunelueims
01MA 2
- e lsaluerme
- - tieasH g
AU , P
a A A A v J
- aanaulunun@esdad

d'l [ ] 9

Tagaruideidiumndiulvaygaduldludrunisiiassvaiuiifu

a A o A 9 o A Ad a A Jd ) 9 1
miaumﬂummmﬂﬂﬂuﬂ15Umﬂmmawymﬂumiauumﬂ 533Jﬂiu11ﬂ%51uﬂ1§‘1ﬂ

{ ¥ o Y { A v ¢
10150270 AdAd 1A 11A15199 1.4 (3051 U15A, 2553)

1.2.2. AIZUIUMNT ima-ma
a Yy ax < A ¢ '
NIZTUIUNTITHNAARNIY ‘ﬁT"]fﬁ-lfl]a uJuﬂ5znaumwuﬂiﬂwuwmﬂamﬂu
a a 9y @ Ay a = ™
ﬂ1§Nam"lﬁﬁJﬂL!ﬂ’JlmziﬂElmWWZ’)ﬁﬂT]G]’éJ\?ﬂﬁﬂ’ﬂiJ‘UiQ’ﬂﬁq\i T@ﬂm"lﬂﬂizmumﬂma-ma

| = A a J & 1 '
WunszurumsnlasuaoiuzanveuralnGendi “lea” Fadruunedlugivesas

D.

A | 3 Ao ' @
umuaawmummgmﬂﬂixmm 0.1-1 ]’li\liﬂim%i Lﬂuﬂlﬂﬂllﬂlﬂﬂliﬂﬂ’ﬂ “a” ll’ﬁﬂﬂﬂﬂgﬂ‘ﬂ

1.5

. Liquid Liquid

Paricle

Sol Geel Aged ped

51l 1.5 msnfaouaniuzan lvaifhuva

(ﬁm: http://phys.suwan.ac.kr/jgyoon/lab/solgel.ht; Brinker and Scherer, 1990: 1/01/2553)
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Ufnserlunszurums loa-wa 3 3 Ugnse1 Ao lalas laFd (Hydrolysis) 13
T . g s .
AYULUUI U (Water condensation) 4azn13AIULUUITIUItean®dea (Alcohol condensation)
[ 9J 1 =R @ o @ d‘d 1 [ a aan Y 1 LY 1 aan LY [
AIEUNITUINEN mJﬁ]i]Umﬂﬂmnwamaammﬁmﬂﬂgﬂim”lm;,ﬂ pH f301nsen dasiau
oy [ a o 09: U W 1 dy A [ o 9
TwavesthnuTany uazgangl aaiumsatuauiladomari Tupeiaesnuilvd lvanas
Ay YA wa Yy 1 o A ¥y . i

wanldtauiiauay Iassasianaiy e M unulave 1aun Si, Zr, Ti, Al Sn, Ce 1ag OR
unuNgudanonda (Alkoxyl group)

Hydrolysis: M—O—R+H,0—>M—OH+R—OH

Water Condensation: M—OH-l-HO—M—)M—O—M-l-HZO

AlcoholCondensation: M—O—R—+HO—M-—>M—0—M-+R—O0OH

3 o oazl 9 [ gJ OSJJ 9 {

TUABUUTAVDINTN THa-198 ADHANAITAIAY (Precursor) NVUIANTAIAUN
a 9 I 5 a { v
deulFlunszuruns Iwataa Wuarsdsznoulavzuaznalavzuawilan aons
a aan 1 . < (f/l 9 ) Yo a 4 o aan @ : 14
(AR NT81 19U Metal alkoxide Lﬂumim@uﬁ"lmummuﬂuqq Lﬁmi}mmﬂgﬂimﬂuuﬂﬂ

1 1 [ o
15 Tetramethoxysilane (TMOS) 8¢ Tetraethoxysilane (TEOS) & ’Juﬁ)ﬁﬂﬁ)ﬂulch'ﬂ(Alkoxide)
a A 1 a . . J ~q Yo v
FUADU 1¥U D¥QUIUA (Aluminate) Tnmua (Titanate) 1Az UDILT® (Borate) Fl¥Auunsviare
o Y [ ] . =& A A

wazinleiIudy TEOS 15U Si(OR), 4 R A0 CH,(TMOS) C,H(TEOS) ii® CH, 9%

9
nalfnselelas laganuihasaunms

(|')R L|')H

RO™Si—OR  + 4H,0 — > HO—Si—OH +4ROH

OR OH

2 v 3 a aaa ' :
vazluvazi@erniunazmnalgnsoniuuiulu

L|')H L‘_)H (|)H OH

HO—S—OH + HO—Si—OH—> HO—Si—O0—Si—OH + H,0

OH OH OH OH

= 1 | J
130 mimmmmﬂuuaaﬂaaaa
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T)H L")H L|')H (I')H
HO—Sr—OH + RO—Si—OH—> HO—Si—O—Si—OH + ROH

OH OH OH OH

A A dgl a aaa ] 1 I 1 aa
mslsznevinaduazialfsoaiumiuae llsunaeiulassaiesa

. 1 A A ' 2 A aaa @ 1 dyl a < @
N1 (Silica network) ﬂgiuﬂ'l')g‘]/lliﬂﬂ')'l va mwmﬂgmammanum NoaANDUIAULEY

|OH (|_’)H ?H Cl)H (|JH
HO_Si_O_S|i—OH - HC)_ﬁi —OR—> HO_Sli_O—S|i—OH—ROH
OH OH OH (@] OH

HO —Sli —OH

OH

a o A g A A g o q Y Y
lunszurumanaansannanzidly Tva wie wa werdganzilvuiseg
Y a o o 1 1 Y .
landadmailugdunuaieg wu 1dule (Fiber) 1015198 (Acrogel) ¥ 15190 (Xerogel) M9
a d I @ a ) [ 4 1 {
(Powder) tagWlaundny (Coating film) luingavdmsugaanssnous ael (U9 1.6)

hydrolysislcondensat%ﬂl aging/dryi ng)

\

.

wet fiher " & fiber

»:S‘ c?@ &
drawin &
g extruding o powder

R
alkoxide 7 sinterin,
g 1
recursors
; _ "
s sol gel 4 xerogel densg
catalyst i s
S 0,
) % %
00&539/
spray- p| coating AR
spin-
A
—
m or rad‘a“on m
wet film coating

4
7U% 1.6 nszuIums lwa-a

(N: http://phys.suwon.ac.kr/~jgyoon/lab/solgel.html :11/01/2551)
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1.2.3 1@uleun (Glass fiber)
Y Y a Yy 9 1 I = YA 9
idulondn waalaglnunivaeureariugians uazalianeonalrgnle
Y ~ 9 o [ =) [ = 9 a a aa A
91m ufes U lsdmsuasunsaludaguan Ao unviia E sialulsgane Tunsan
Y a dal Y 9 a a ) [ 1 1 Y 9
ADINMIANITOULIFINAGIUUIL 1FUA ¥R R uazwila S ST uNuaensanaza199e 1510
Y a [ aAq Y S o a o Y
ECR 1z AR ufwila C aznugodanilldiluidanausiia GRP TumsiInssdilauazy
v 9 9y Y a a 9 1 4 1 9 a [ { 9
mfaau luag 1dudavtia E ag ECR siadulenaiiind aiuilseneuveandisianies 1y
o o o ¥ Y A v o A Y Yy A a A Y P
dwmsuiudulondinnaingd naaaensed 15 duleudinmdeas Niduriguanais 5-25
o o a A oa o = y v S aVe o & a ¢
Tuasou i udumas) Faliauudasaas 5 GPa tduleudrvunadulsdmsuiluilanaos
a a < o [ 1T A 4 1 9 I 1 d’ 9
TusFuwedwesdmiunmanasiiun nguvoaduleeragnarugiluuuaie melslunis
a A YR~ { 1
s uusInseevaniuglunuaie
o v Ao A Vo A 9 H ] 9 P
dmsudulendasswvnduaniowazidulovuiadu azdocld luaes

A Y 9 a o ﬁy a 4 @ J o o 9y Y a 9 1
‘W'E]Gl,ﬂlﬁuclﬂlﬂWZ@ﬂﬂﬂluﬂmmiﬂ%ﬂlﬂﬁﬂﬁﬂﬁiﬁh Vlﬂlﬂ@iﬁ?ﬂiﬂlﬁuiﬂllﬂ’)ﬂfuﬂ E Vl,ﬂl,l,ﬂ PVA-

o—

D.

o o o 4 a 9 1 a a A = = o o a d a aw
ABUAIHIUUNIBUA C "lmm NoADATIAN Y130 waaﬁllmu AIURTULNNTNEYUADNDNY

a Jd 1 1 19 ! J <
w30 wodwmans aiulvgludeldlumes oan dag, 2547)

A 1 wa Y a 1 Ao & Y a =
ANTNN 1.5 muﬂizﬂauuazauummuﬂwumN@] “VWHL‘]JHLﬁuiEJLﬁiiJLﬁQ (1an any, 2547)

anlszneu (% Taenimiin)

A C E |ECR| R S AR
Si0, 72.0 | 64.6 | 52.4 | 584 | 60.0 | 644 | 61.0
ALO, 12 | 41 | 140 | 11.0 | 250 | 250 | 05
CaO 100 | 134 | 172 | 22.0 | 9.0 - 5.0
MgO 25 | 33 | 46 | 22 | 60 | 103 | 0.05
Na,0, K,0, Li,0 142 | 96 | 08 | 09 | - - 14.0
B,O, - 47 | 106 | 0.09 | - - -
BaO - 0.9 - - - - -
ZnO - - - 3.0 - - -
Zr0, - - - - - - 13.0
TiO, - - - 2.1 | - - 55
Fe,0, 0.3 - 04 |026]| - - 0.5
ANV NI AN 245 | 245 | 256 | 2.6 | 2.58 | 249 | 2.74
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A15199 1.5 (99)

aulsenen (% lasrimiin)

A C E |ECR| R S | AR

AU ILEN 1.512 | 1.520 | 1.548 | - - | 1.523 | 1.561
< =2 9y 9 =

ANuuAInsIaveuduladuae | 3.1 - 36 | 34 | 44 | 45 | 25
(GPa)
wogadtarguueaduly (GPa) 720 | - | 760 | 73.0 | 85.0 | 86.0 | 80.0
YADOUAD (DIFNUTAITYE) 700 | 690 | 850 | 900 | 990 | 1000 | 860

1.2.4 M1582%n (Humic substances)
a Aa o 1 ' a A I aa U g/ .
’ﬁ'liEl’)llﬂi]ﬂ'f)geluﬂquﬁ'ﬁ@u‘ﬂiﬂiu‘ﬁiihﬂﬂ@ﬂaga1ﬂﬂgiuu1 (Organlc
[ 1
contaminants) Iaguiaily 3 ngu Av

1) Natural organic matter (NOM) 152noUA8 Humic substances, Microbial

o PA

9 v ]
exudations uazmiaumﬂauﬁaxmﬂcluﬁﬁnmmmﬁuuﬂ YU Lﬁﬂlﬁ@ﬂl@\iﬁ%!mgﬂlﬂﬂlﬁﬂﬂ1ﬂ

[

4
(3{3le!
« . . 9 ] .
2) Synthetic organic chemicals (SOCs) U52noUA8 81901443 Volatile
o ? o A
organic chemicals (VOCs) LAz ENSANFUATIZHADY
[ 9 Y
. .. 9 a o '
3) Chemical by-product and additives U311 5onaYU IU1T21I19013
Y
111199 (Treatment system) 1381132 UUN15918%1 (Distribution system)
v Ao o A A Idyd A a £ g A Aada
UANYUNTIAYAD NOM mawm“luﬂqnumﬁiaam%uﬂumiaumwwu
A a & dyd Y A o 9 = 1 1 1 = o a
quw“lumawm FIe5HY IS NN UFOULN ugﬂsw”lmmuau HAUNUUAVINNT

= 1

9 J Y Y
ﬁﬁ1ﬂﬁ’3ﬂlfl\‘l“ﬁ1ﬂﬁ% mimmﬁumﬂﬁ’g"lﬂ“luﬂu Tusiazuvaainsssusa Tuagnouued

U

v a Jd a a 1
AN MU “ﬁ\i NZATIULASHUIAYNT UHAIN] (Peat bog) aﬂblu@ DIUHHUH FUARN N Glu

U o Y 1 Aa d o a I a a J 3 4 a -4 4
Pagiin1d wua ouniddagludueziluasdilindszuna 60 osidud asounsdarsuou

q

9
=\ Aa a J o [

(f/l Aa o I~ ] S 3 1 :I
i lusssunaiulansgrmadluaiuilszneuilszana 25 e gua dvmsuluuviaaiin

9 P
A =

A v @ o a a 1 q) J <3 J ll
s3sunaiuRRIIatazumaynsiansgliaegiluilszina 50 nlosisua Taseglugilves
a A 3/ v 3 a gl { g Il o w ]
msounsdnazamoin laouiluaunguesmanadluhidudud liaunsodidaldlasdie

] 9 v
Pogtiuludszme Ineda hitlnasgudmsvanududuasgrianoon i dwilouluira
1 1 v 3 A o Y Yy 9 A a A tﬁy :’
ualuvedsgmet wu @515 gEn dnmssiualdanududuvesasgrdanduiloului

Audeatia1lany 2.5 HadnsuAeans (Christopher, 1992)
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a a 1 Y
LGEFGRI ﬁ'liJ'liﬂLL‘lJ\‘lUl@ 3 ﬂiglﬂ‘ﬂ ﬁ'ﬁ]

Al

a a I ! { a a vAa
1. N3A8INA (Humic acid) Hudrunnuuinvesasounsonogluau uauiia

' v
1A o

Y 1 1 1 A A 1 A
azane 1a luaia ua liazanelunnenidlunsanlinfitesdinil 2 159 Ethyl alcohol
o A . . | 1 A a A wva Y :Il
2. nsailada (Fulvic acid) iudruiogluauiiauiiaazasldanslumsazae
NIALAZA
Y
3. 90U (Humin) Hauia lWazaensluaisazaiensanazang

N5A333A (Humic acid)

A £

a a I a 4 9 o ’a o
ﬂiﬂa']llﬂ!ﬂuﬁWi’f]uﬂ?iﬂ“ﬁuﬂﬂu\?blﬂi]'lﬂﬂiZ‘U’JUﬂ'liﬁ\‘llﬂi'lgﬁa’lllﬁﬁ'lh

a ™ 2 a o Y a a4 A A A J
PITUBIN WU‘VI’JlliJGlumeumﬁiwm Lﬂu'ﬁ’llﬁ(ﬂﬂ’liﬂlﬂﬂﬁlﬂaﬂQWi@ﬁﬂﬂm@\i‘Ll’lﬂ’li

a

a aaan A ] dy 1 A (XY 1 a
Lﬂﬂﬂgﬂiﬂ?ﬂiflﬂ?ii’)ﬂ@’JL“L]‘L!’(?HT]J?%ﬂ'ﬁ’]ﬂuullll,ﬂuﬂl,luﬁlf@ Lmaﬂmafgammﬂmmmu
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[ TTIP 8.90 ml } [ C,H,OH 143 ml }

A

A

[ TTIP solution ]

Stirring 30 min (800 rpm) v +—— HCI2M
Mixed solution
pH~3.5

v

| Sol I
\ 4

v A4
[ Dried and calcined ] [ Dip-coating on glass fiber ]

p
l Powder I Dried and calcined

\4 47

A 4

Characterized by Photocatalytic

FT-IR and UV-VIS reaction test

(&

Characterized by

XRD, EDS and SEM

A = A . Y am
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TTIP SnCl,.5H,0
(8.90 ml) (3.155 g)
(3 mol %)

FeCl,.6H,0 (0.0243, C,H.OH

0.0405, 0.0649 and (143 ml)

0.0811 g) (0.3-1.0 mol %)
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[ TTIP solution
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I Powder I
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[ Dip-coating on glass fiber J

[ Dried and calcined ]

\ 4

\ 4 v v
Characterized by Photocatalytic Characterized by
FT-IR and UV-VIS reaction test XRD, EDS and SEM
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TTIP SnCl,.5H,0 (NH,),(CO,) (CH,COOH) C,H,OH

(8.90 ml) (3.155 g) (0.577 2) (10 ml) (143 ml)
(3 mol %) (20 mol %)
Y \ 4
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[ TTIP solution ]
Stirring 30 min (800 rpm) <«<—— HCI2M
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[ Dried and calcined ] [ Dip-coating on glass fiber ]
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.
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\ 4 \ 4 \ 4
Characterized by Photocatalytic Characterized by
FT-IR and UV- VIS reaction test XRD, EDS and SEM
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E.coli 10° CFU/ml in
0.85%NaCl (1,000 ml)

TiO, composite films

(60 g)

\ 4

E. coli passed through the reactor

E.

through reactor of each cycle

coli suspension passing

on Macconkey agar
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Inlet
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) .. a a Y Y] {
MIAIUIANT HA remaining% ¥03n3a8230 laglrgasasaunisn (2.2)

HA remaining (i]% = (—A)xl 00% 2.3)
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4 Yy ¥y A g a a [ A a o 1A
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1) X-ray diffractometry (XRD)
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3) Ultraviolet-visible spectrophotometer (UV-VIS)
UV-VIS spectroscopy (UV-2401, Shimadzu, Japan.) gnldlunisianmsganau
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FududanuiduTas auaaalugii 2.12 (Zhang et al. 2000)
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4) Fourier-transformed infrared spectrophotometer (FT-IR)
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Abstract. The water disinfection efficiency of Fe'~ and N-doped 3$n03/TiO» composite and
undoped films was investigated. The water containing E. coli with an initial concentration of 10°
CFU/ml was treated by a photocatalytic reactor filled with 60 g of glass fibers coated with the
catalytic films for 1-5 circulated cycles. The number of survival bacteria after treatment was
evaluated with spread plate techniques. Furthermore, the photocatalytic reaction on degradation of
methylene blue dye solution was also investigated in order to observe the correlation between the
result of bacteria inactivation of the prepared films and that of photocatalytic activity on methylene
blue degradation. It reveals that N-doping in the Ti02 composite films results in shifting absorption
wavelength towards visible light, narrowing the energy band gap and acts as photo-generated
electrons trapping site. leading to retardation of the electrons-holes recombination. while Fe™
doping has a main effect on hindrance of anatase crystal growth of the composite films. Therefore.
20N/3Sn03/TiOy composite thin film exhibits greater photocatalytic activity and disinfection
efficiency than those of undoped and Fe™ doped TiO» films. It was found that the bacterial
inactivation of the prepared films correlates closely to photocatalytic activity performed by
degradation of methylene blue dye solution. The 20N/3Sn0,/TiO; composite film can kill E. coli
97% within 5 cycled water treatment (~93 min) while Fe7/35n0,/TiOs, undoped TiO; and UV
alone can kill only 62. 65 and 58%. respectively. The 20N/3Sn02/TiO: films coated on glass fibers
are expect to be applied as an antibacterial photocatalyst for water purification.

Introduction

Water disinfection is recognized by the WHO as one of the most important challenges for human
health protection. The spread of water borne infection is a problem in both developed and
underdeveloped countries [1]. Particularly. there are concerns about the possible long-term effects
of systemic exposure to a certain class of toxins, for instances the release of endotoxin from E. coli
upon cell lysis [2].

Several compounds have been investigated as potential photocatalytic materials for using in
water purification including metal oxides (Ti02, ZnO. ZrO). V>0s. FerOs. SnO; and CdO) and
metal sulphides (CdS and ZnS). If one considers photochemical activity, photochemical and
chemical stability. availability., cost. and toxicity, the most suitable photocatalyst for water
purification reported to date is titanium dioxide (Ti0:). When titanium dioxide is irradiated with
UV light in aqueous solution. reactive oxygen radical species (ROS) and, hydroxyl radicals (OH)
are formed. The ROS and OH radicals both are strong oxidants having oxidation potential second
only fluorine [3]. The antibacterial efficiency is determined by the competition between the
recombination of charge carriers and the transfer of those to the bacteria. A wide range of transition
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metal ions has been reported to be used as electron acceptor to decrease the e —h™ recombination in
the research of photodegradation towards organic substance [4].

There are many techniques to improve photoactivity such as control of phase. morphology
crystallite size and band gap energy reducing. ete. Doping TiO: with N, Fe'™ and SnO: could extent
the photochemical activity [5. 6. 7]. while metal and metal oxide has been reported to enhance the
photocatalytic activity.

The aim of this work is to investigate the water disinfection efficiency of Fe*~ and N-doped
3Sn0,/TiO; composite and undoped films. The water containing E. coli with an initial
concentration of 107 CFU/ml was treated by a photocatalytic reactor filled with 60 g of glass fibers
coated with the catalytic films. The number of survival bacteria after treatment was evaluated with
the spread plate technique. Furthermore. the photocatalytic reaction on degradation of methylene
blue dye solution was also investigated in order to compare with a result of bacteria inactivation of
the prepared films.

Experimental

Materials and Methods

There are two layers of the TiO: composite films coated on glass fibers. The first layer is
55i0,/Ti0; films prepared by adding drop-wise of titanium (IV) isoproxide (TTIP, 99.95%. Fluka
Sigma-Aldrich) under vigorous stirring the mixture solution containing ethanol (99.9%: Merck
Genmny} and tetracthylorthosilicate (TEOS, 98%, Fluka SJOnn-Alc{m 1). The second layer is
0.3F¢”/35n0,/Ti0; or 20N/38n0,/Ti0, films. The 0.3F¢’7/35n0,/Ti0, film was prepared by
mixing 0.024 g ferric chloride anhydrous (FeCls.6H.0), 0.315 g Tin (IV) chloride pentahydrate
(SnCLi.5H20) while 20N/35n0,/Ti0; films was prepared by mixing 10 ml glacial acetie, 0.577 g
ammonium carbonate and 0.315 g Tin (IV) chloride pentahydrate. The concentration of 510; doped
in Ti0; films as a first layers was fixed at Smol% while that of SnO; doped in the second layered
films was fixed at 3mol%. From our previous study the Fe™ of 0.3mol% was selected to dope into
the Sn02/Ti0; films since it exhibits the higher photoactivity compared to other concentrations.
While nitrogen of 20mol% was considered to dope into TiO: composite films due to the study of
Hao-Li Qin and co-workers [5]. The 0.3Fe*7/35n04/Ti03 or 20N/35n07/Ti0; sols was stirred at
room temperature for 60 min and followed by adding of 2 M HCI into the sol to adjust pH to be
about 3.5.

The glass fibers were firstly heated at 500°C for 1 h in order to remove wax and then carefully
cleaned with ethanol. A dip-coating apparatus was used to coat the TiO; composite films. Firstly,
Si02/Ti0> was coated on glass fibers for a buffer layer and then 0.3Fe”/35n0:/TiO: or
20N/3Sn0,/Ti0; sol was coated on a buffer layer of glass fibers. The sol can be coated on the
substrate homogenously with dipping speed of 1.0 mm/s. Secondly. the gel films of Ti0:
composites were obramed b} drying at 60°C for 30 min. Then the films were heated at 600 °C for 2
h at a heating rate of 10 °C/min. After that the TiO> composﬂe films coated glass fibers were cleaned
using ultrasonic bath for 15 min and cleaned again with distilled water in order ro remove the
excess Ti0: particles on the films. Then the TiO: composite films were dried at 105°C for 24 .

Materials Characterization

The surface morphology was investigated by scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDS). Phase composition was characterized by using an x-ray
diffractometer (XRD) (Phillips E’pert MPD, Cu-Ko). The erystallite size was determined from
XRD peaks using the Scherer equation [8].

D =094/ feosbp o

Where D is crystallite size. L is the wavelength of the x-ray radiation (Cu-Ko = 0.15406 nm). § 1s
the angle width at half maximum height, and 6 is the half diffraction angle of the centroid of the
peak in degree.
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Photocatalytic Reaction Test

The photocatalytic activity of TiO». 0.3F¢’7/38n03/Ti01 and 20N/35n0/TiO» thin films coated on
glass fiber substrates was tested by means of degradation methylene blue (MB) solution (50 ml)
having an initial concentration of 1x10~ M with 1 g of the undoped or doped TiO; glass fibers using
a UV-lamp (black light) of 50 W power and an irradiated intensity of 310-400 nm wavelength. The
distance between a testing substrate and a light source 1s 32 em. The photocatalytic reaction test was
done in a dark chamber under UV irradiation at various times up to 4 h. The remained concentration
of methylene blue was determined by UV-VIS spectrophotometer.

Photocatalytic Antibacterial Measurements

The bacterial strain used was E. coli K-12. E. colr cells were grown aerobically in 4 ml of tryticase
soy broth at 37°C for 24 h. Then the bacterial solution was diluted in saline solution (0.85% NaCl)
till the number of E. coli in per milliliter solution is in the range of 30-300. The number of viable
bacteria in a treated solution can be readily quantified by using spread plate technique in which a
sample is appropriately diluted and transferred to an agar plate. After colonies are grown, they are
counted and the number of bacteria in the original sample is calculated. It was found that the initial
bacterial concentration is an important factor in evaluating the antibacterial efficiency [9]. To obtain
a working cell suspension. the stock was serially diluted in saline solution and sampled only 1 ml
for adding to the reactor solution (999 ml). The initial bacterial concentration was kept about
10°CFU/ml used for all experiments. The detection of E. coli eells in the water samples taken from
the reactor was carried out by plating appropriate dilutions onto Macconkey agar. The plates were
incubated for 24 h at 37°C. The number of viable bacteria was determined by using the spread plate
technique after passing through reactor of each cycle. A photocatalytic reactor is made of Pyrex
glass fixed i a dark chamber surrounded by 10 x 6 W of black light lamps. The glass reactor has
volume of 300 em” filled with TiO; composite films coated glass fibers 60 g. A flow rate of made-
up water containing E. ecoli passed through the reactor was kept constant at 53.6 ml/min.

Results and Discussion

XRD Result of Ti0; Thin Films

Fig.1 shows the XRD patterns of thin films indicated that undoped and doped TiO; thin films
obtained by calcination at 600°C for 2 h were anatase crystal phase duc to the presence of
attributive peaks (26 = 25.4°, 37.6°, 47.6". and 54.6"). It means that phase transformation from
amorphous to anatase structure, which commonly requires high temperature. Very broad diffraction
peak at (1 0 1) plane (26 = 25.4°) was due to its small crystalline size of TiO,. The erystallite size
calculated from Scherrer’s equation of TiO2. 0.3Fe”/3Sn0/TiOz and 20N/3Sn0y/Ti0; films were
17.2. 23.0 and 34.5 nm. respectively. Fe™~ seems to hinder phase transformation from amorphous to
anatase phase. thus 0.3Fe”/35n02/TiO1 film shows the lower degree of crystallinity than others
while N-doping has not such effect (Fig.1). As known. both crystallite size and degree of
erystallinity have an effect on the photocatalytic reaction.

EDS spectra and Morphology of Surface Thin Films

The EDS spectra taken from the TiO3 and TiO; composite films are presented in Fig. 2. where the
presence of Si. Al, Ca and O elements mainly derived from glass fiber substrates, while Ti, N and O
elements derived from TiO» and 20N/3Sn02/TiO> composite films. The Fe element peak is not
being shown due to its low dosage doped into Ti0: composite films. The morphology of coated
surfaces of TiO; and TiO; composite thin films coated on glass fibers synthesized at 600°C was
observed by SEM illustrated in Fig.3. It can be seen that the anatase phase nucleated is
homogeneous and it has a smooth surface. However, the excess Ti0; seems to deposit randomly on
glass fiber surfaces. Agglomeration of nanoparticles was found for undoped TiO; film but it was not
found for 0.3Fe’/35n0,/Ti0; and 20N/35n0,/TiO; films, Fe'* doping into the TiO, composite
films causes hindrance of anatase crystal growth that well confirms the result of XRD shown in
Fig.1.
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Fig. 1: XRD patterns of a) TiO. Fig. 2: EDS spectra taken from the a) TiO;
b) 0.3Fe/3Sn04/TiO: and ¢) 20N/3Sn05'Ti0>  b) 0.3Fe*7/38n0,/TiOs. ¢) 20N/3Sn0,/TiO»
thin films calcined at 600°C. thin  films coated on glass fibers caleined at
600°C.

)

Fig. 3;: SEM images of a) TiO; 50x. b) TiOz 500x. c) uncoated 35.000x, d) TiO1 35.000x
e) 0.3F¢”7/33n04/Ti05 35.000x and ) 20N/38n02/Ti03 35.000x thin films calcined at 600°C.

Photocatalytic Activity Test

The photocatalytic activity of the tri-doped Ti0; photoeatalytic films was performed b}; means of
the degradation of methylene blue solution (MB) with an initial concentration of 1x10™ M under
UV for various irradiation times. Fig. 4 is plotted between C/C, ratio and UV irradiation time,
where Cp and C are the concentration of MB at the beginning and the concentration of MB
remained after a designed treatment time, respectively. It could be seen that N or Fe*~ doping has an
effect on the photocatalytic activity of the as-prepared samples and 20N/3Sn0,/Ti0; thin film
exhibits the optimum photoactivity (Fig.4). According to the previous report. many factors
influenced the photoactivity of Ti0; photocatalyst such as erystalline phase. grain size. specific
surface area, surface morphology and surface state (surface OH radical) and these were closely
related to each other [10.11]. Doping TiO; with N results in shifting light absorption wavelength to
the visible region and narrows an energy band gap (3.02 eV) [12]. The excellent photocatalytic
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activity of the well-crystalline anatase phase which facilitates the transfer of photo-induced
vacancies from bulk to surface for degradation of organic composites and effectively inhibits the
recombination between photo generated electrons and holes. Since the Fe** doping has an effect on
hindrance of anatase erystal growth as discussed above. it gives a photocatalytic activity lower than
that of undoped Ti0, film coated on glass fibers.

10 9
08 o)
06 d)
5 €} Uncoated
G 04 d) 0.3Fe*@Sn0STiO; o)
¢} UV alone b)
02 | b} TiO:
a} 20N/38n0,TiO, a)
0.0
0 1 2 3 4 5

UV irradiation time (hr)

Fig. 4: Photocatalytic performance on degradation of MB of Ti0» and Ti0» composite thin films
coated on glass fiber thin films.

Fig. 4: Photocatalytic performance on degradation of MB of TiO» and Ti0» composite thin films
coated on glass fiber thin films.

uncoated

0.3Fe*/38n04Ti0;

UV alone

0.2 { 20N/35n0yTiC,

00 : . : : .
0 1 2 3 4 5
Water treatment cycles

Fig. 5: Antibacterial efficiency as a function of water treatment cyeles for Ti0; and Ti0; composite
thin films.

Fig .6: Growth of E. coli on Macconkey agar plate observed after treatment with 20N/38Sn0,/
composite thin films under UV irradiation for 1-5 cycles.

Phoetocatalytic Disinfection against E. coli

The efficiency of E. coli photo-inactivation with a UV light was evaluated using distilled water
containing the pathogen. The results obtained are given in Fig. 5. The survival rating of E. coli was
determined by counting the number of viable cells in terms of CFU. The E. coli bacteria
inactivation test was performed by allowing the E. coli made-up water flow through 60 g of TiO»
coated glass fibers packed in a reactor swrrounded by UV lamps with the flow rate of 53.6 ml/min
for 1-5 cireulated eyeles. The survival curves of E. coli illustrated in Fig. 5 are plotted between C/C,
ratio and treatment cycle. where Cp and C are the number of survival cells at the beginning and at
the certain treatment cycle. respectively. The result indicated that 20N/3Sn0,/Ti0; as-prepared film
exhibits higher bactericidal activity against E. ecoli under UV irradiation compared to
0.3F<"/3800,/Ti0x. undoped Ti0; thin films and UV alone.
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It was found that 20N/3Sn02/TiO; composite film exhibits the highest disinfection rate. followed
by undoped TiO» and 0.3Fe™/3Sn03/Ti0s thin films. respectively. Fig. 6 shows the pictures of E.
coli on Macconkey plates observed after treatment for 1-5 cyeles. From Fig. 5 and Fig. 6, the
disinfection efficiency of 20N/35n0,/TiO; composite thin films coated on glass fibers is 97% while
those of the 0.3Fe”/35n0,/Ti0. undoped TiO; and UV alone are 62. 65 and 58%. respectively.
after treatment of water containing E. col7 for 5 cyeles (93.25 min). This result well correlates to that
of photocatalytic reaction test. It was apparent that a damage of bacteria cell walls can take place
immediately after irradiation in the presence of TiO; thin films and followed by a further damage of
the cell membranes [13]. It can be seen from Fig. 6 that E. colf in made-up water treated with
20N/3Sn0,/T10; films was killed 50% after first treatment cyele (~20 min).
Summary
Thin film coatings of undoped and doped TiO: were prepared successfully on glass fibers via sol-
gel and dip-coating methods. Films were heated at 600°C for 2 h at a heating rate of 10°C/min in
order to form anatase phase. The quantitative examination of antibacterial activity indicates that the
20N/35n01/T10» thin film has greater E. coli inactivation under UV irradiation than undoped TiO»
and 0.3Fe” /3Sn02/Ti0x films. This result well correlates to that of photocatalytic reaction on MB
degradation. Experimental results clearly show that a disinfection efficiency of 20N/3Sn0,/Ti0,
film is 97% at a constant water flow rate of 53.6 ml/min and an initial concentration of E. coli about
107 CFU/ml. The 20N/35n0,/TiO; films coated on glass fibers are expect to be applied as an
antibacterial photocatalyst for a water purification.
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