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Abstract

The objective of this study is to develop the self-cleaning coating film on
ceramic/glass formers surface for dipped rubber products. Photocatalytic reaction and hydrophilic
property of TiO, composite films were investigated. The Potassium (K), Sodium (Na), Nitrogen
(N), Sodium with Nitrogen (Na/N) and Potassium with Nitrogen (K/N) doped TiO, composite
films were prepared by sol-gel and coated on glass and ceramic substrates by dipping methods.
These composite thin films were calcined at the temperatures of 400°C for 1 h. Phase formation of
TiO, was characterized by X-ray diffraction (XRD). Morphology of TiO, composite films were
observed by using atomic force microscopy (AFM) and scanning electron microscopy (SEM). The
chemical composition and purity of the prepared films were analyzed by energy dispersive X-ray
spectroscopy (EDX) and fourier transform infrared spectroscopy (FTIR). The photoactivity of
synthesized films was performed by means of degradation of methylene blue dye solution under
visible light irradiations. The hydrophilic property was measured in terms of a contact angle of
water droplet on the films at room temperature. It was found that K doping seems to effect on
TiO, phase, crystallinity of the anatase phase, crystallite size of the composite films and band gap
energy of the catalysts, resulting in their photocatalytic reaction and hydrophilic property. The
crystallinity of anatase decreased (13-20 nm). It was found that 3K/TiO, film synthesized having
highest crystallinity and smallest crystallite size shows the highest of photocatalytic reaction while
from co-doped provides the most hydrophilic effect. Only anatase phase was found at the
calcination optimum temperature is 400°C.

Contact angles of NR latex droplets on coated films were also studied. It was found that
coated former can improve more wet-ability than uncoated former. Therefore, this leads to
enhancement of tensile strength of vulcanized NR latex films (from 24 MPa to 28 MPa). The use
of TiO, composite coatings rendered the latex surfaces to be much smoother. The stability of TiO,
composite films adhere to former surface investigated in terms of the NR film tensile strength

obtained from repetitive dip cycles was not found to be affected even after thirty dip cycles.



Self-cleaning test of formers was performed by washing them with different washing
treatment processes. It was found that former coated with a photocatalyst can easily be cleaned
and no coagulant required since TiO, composite coating film can improve the hydrophilicity of
the former surface, leading to the enhancement of smoothness and stable tensile strength of

vulcanized NR rubber latex film.
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Lﬂﬂﬂaﬂiﬁl’l 1%U Metal alkoxide Lﬂuﬁ’liﬁﬂ@]uﬂ mnmmu&mgﬂ mmmﬂﬂm;]ﬂ'isnﬂuuﬂﬂﬂ
15U Tetramethoxysilane (TMOS) 18 Tetraethoxysilane (TEOS) ﬁﬂuﬁaﬂﬂﬂll%ﬁ(Alkoxide)
a d' ] a . . 4 a6 Y v [
TUADU IFU DSQUIUA (Aluminate) ll‘V]W]L'Ll@] (Titanate) LazU®IL56 (Borate) Niﬂfﬂul!WﬁWﬁ’]ﬂ
@ q P 1y ! . = A A
nazinl¥39uny TEOS 15U Si(OR), %3 R fA® CH,(TMOS) C,H,(TEOS) W30 C,H, 9

a aan a W %’ v
nalgnse lalas laganuiasauns

L|)R L|')H

RO—™Si—OR + 4H,0 — > HO—Si—OH +4ROH

OR OH

=) v a Aaaa ] %}
uaz“lmmzmmﬂummﬂﬂﬂ;]ﬂimmmmuGlum
OH OH OH OH

HO—S—OH + HO—Si—OH—> HO—Si—0—Si—O0OH + H,0

| | | | 2

OH OH OH OH

A v 3 J
Wi mymuudwiuueanegea
OH L")H L|')H ?H

HO—S—OH + RO—Si—OH—> HO—Si—O0—Si—OH + ROH

OH OH OH OH

A a ds! a aan 1 1 I 1 Aana
aslsznouinatuszinalfnserniuminae llsunaredluTassailesan

e ] { ' aan [ ' g a < o
(Silica network) 8glUn1IZNITINI 19a VFenURNTe1A N1 WoARDUIAUITTY
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OH OH OH OH OH

| | | | |
HO_.Sl'i_O_S‘i—OH + Ho—ﬁ'i—OR% HO—Si—0—Si—OH+ ROH
OH OH OH (l) OH
HO —Sli—OH
Ol
a ¥ A g A A 9 o o q ¥ ¥
lunszurumskaananinnziilu Tea wie wa Wedigazildutae
lanandusilugiunuaiey wu dulo(Fiber) 101599 (Aerogel) & 15198 (Xerogel) K3

(Powder) 1Az NauAADY (Coating film) (HuingavdmSugaamnssudus ae'ly (14 2.6)

hydrolysis!condensat@ agingfdrying)
[;T—L—/
wet fiber fiber
&
®o° (fz;“@ l&.’
drawin, : &
o gt extruding S8/ powder
E 2y
alkoxide slow srnfcn’ng
precursors > > |_'_’ A -
water sol denst_e
catalyst ceramic

aerogel

A

_—
m or radiation it

wet film coating

5UN 2.6 NTLUIUMST I¥a-198

Y

(Mw: http://phys.suwon.ac.kr/~jgyoon/lab/solgel.html :11/01/2548)

as 9 ~ dy =y o ~ I
75 Twa-9a Usznouals mawssnamsazaieiiamedny fasuaisazareiy
Toa dm50 TEOS Ufnsenazisuaienislalas ladanqu Alkoxyl wiHan5ouINNI1v04
a v 3 J Y a
Tuana TEOS Tumswansz lyuazuoansaed 2 Iuanailsznauadg OH - group 3$QNNOA
4 o o 3 o Y a J o Y @ . . A 1T W A g
wo'lsd Tashdahosn Mldinamslesudinieuse Si— O — Si uaziioAonunquounIe
d . . . s o = <
1Aiusiuse Si— 0 - Si-0 - si Mmignszurumsi i 1d luanailuduenvseoyniaiiu
aaa Y = Y Y %’ v v A
3 Ian Tuanaduas wazeynnazoealsznoudenuszs1nu aaaaslugdn 1.11
o 4 o v
madunaTulad Twa-wa unldlss Temiausai ldnaregluun mu me

v Y =

= a J Y I Y 9 a a @ g ' FY A
aza Wanuig LﬁuGlEJ HaZIaaAnNou G]Nl,ﬂu’ﬁ']iﬁ\?ﬁusll‘lﬂ'ﬁWﬁﬁWaﬁﬂm“ﬂﬁ’]ﬁ‘] LBULLNT (gﬂ‘ﬂ

q

A o = ' Y a a 3 g Y =
2.7) ﬁ’lﬁmaflﬂﬂﬂﬂﬂuﬂ’liﬁﬂﬂi@u NITAENOULAILAENITINIZAANIVDIUN Lﬂuﬁu mﬂTuTaEJ

< S 1 A a o va o
Tya-avzduilse Tomiednsalunmsnaamsuaz Tagliduidmmnizaimsodoanisnim


http://phys.suwon.ac.kr/%7Ejgyoon/lab/solgel.html
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A Y =)

7
UIFNTY °H'i’é)LLNLLﬂﬂﬁNﬁﬂﬁﬁﬁ%@?ﬁﬂﬂﬂU,“VI‘L!ﬂ'lialflgfjl,!,i ﬁ%@‘ﬂiwEﬂﬂiﬁﬁﬁu‘ﬁ'lﬂﬁ'lﬂ'lﬂlm%ﬂ

1o o a o P 9 =\ a £ A I ~
gine HAAN NN 1A11NNTZVIUMT Tra-waaziinnuusgnsg iiesnnilumsmseuas
A [ [ o wAa 1 d' 9 Y o <3 Jd
viodaaluszauluanagmisamvuaauiianieg Adesnisldde vuiiuilszToiae

] @ 4
QAEINNTINNAYUTLIAN 1FU gAAIMNITIAY 1NA TU TAINAINY QAAIHATTUIDIUA tag

a I ) a 1
gaamnssusun dudu maimaTulad laa-wau1se Towi luFweaaimnisy §3dod

E] Q

=

Anluswaziveanenuazivinzanlumswssuaz anyazlazauinve 1510 Iag

~ 9 2~ 1 % 1 a o J ] < 9 ) =
NABINIT «mnmmLgmﬂmaﬂuimmazwammm efm”lsﬂmmmﬂuumsmmﬂiuiaﬂ

@ 1 a a  J I d 3
asnarulFlugantdsetianuiluly 1dge iiesannszurums Tsa-waidlumaTuTadns
a Ao P a9 o 9/3’/ ' v 9 a oA = v =
naniih langamgiiios ansar ldnwaszaudeslfiiamssudaszdvgaavingsy &9

AWT0AUDINOUANUADINTVOILS 1A 1AD34

4' @ i a o s Y A
51U 2.7 @208 19HAANUNUAAATDLIINATLUIUMST LBa-190

U

(M http://www.sgpinc.com/materials.htm :9/06/2554)

2.1.4 M3MADUNAAS NI NIAZIUDD

v
a [ 4 Slg’ld

a A A ] A < (Y 9
Nﬁ@]ﬂm"’ﬂLclﬁ13Jﬂ@”|"l]"l]$Lﬂﬁ’f)ﬂ‘ﬁi’f)]lllLﬂa’f)iJﬂ"lﬂ‘VNuaUu’ﬂflﬂllﬂ”liclﬂN”lu

A o 2 A Ay 1A A =< ¥y Y~ o ' Ay v
nanduRws1nd ldwdeulinnuawisalumsgaduiih ldauazgniansouinaisiail 14
1 A A o I Y a 1A A a [ d o Y a @ = < 1
e mandevvzlianyuziiuudivniuanegiiwdaduaiilinaasuaianundania
nuaomananioulaa deenululiandsndienazazainlunmsiianuazein 35 Sol - Gel
I A A aa o A =) ° a A °
Wumswdeusiinnidennuuniesnniidunudr guugiilumsndonsd uag @130

A ' Ao Y Y] A9y a4 A A o A A
waougdinndudon’ld ualidodenolinisnadiges nszuIUMs 10198158910 Sol H3D

s A a A Y] =\ v o < I
Aoanoes anamswen lewuszmaniinazdiiaz ategnsziveson i Sol neznateilu
Aa A 49! A Y 9 ' S o I s A Y ]
Gel NUaNUnaunu taziin Iianudouun Tra-wa azudeduiudlduiianununiosnn
A A ax Yy oA A ' . A
1 luasou mandevuiinareitarenude nsindoulaen1sgu (Dip) msaaeulasn1svyu

. A ' A ' 2 1KY A
(Spin) wazmsnaoy Tagnswu (Spray) ﬂ’ﬂi]‘ﬁuﬁl@\ilﬂﬁﬂﬂiﬂﬂﬂﬁﬂqll VYHBYNUAIIUVUA

u
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< ] Z
voelea-19a uaznuE lunsenIuan Sol — Gel A15AIAUUDY Sol — Gel Ao Metal
alkoxides (M(OR),) tijo M fio lanzNililavozaon z @21 OR AOHYOAAA Metal alkoxides
~ 9 a A Aaan 1 [ 4 aan 4
amnsoson 14 2 35Ae URnsenszninTanznuteanssea uazilfnsellavzaas l5a
ax A =\ 1 1 1 I Y = A
N3N TUMIIARDUNANUHAINHAIE 15U MITN NMIWU CVD (Fudu Fan1siden
as 1 a o A d 9 1 = a a’ds! [ Y
AmsguuuuiuiasluasazareMituaisazats  udaAesasuUUNYWIULAazIi 1A
a 4 { [ 1 dy o %} [ o 4
MsazaIemMzUNLURNR UL (U7 2.8) Mmansgsiuguiionnvzihsinurateasuive 19
= ar o Y <3 1 a o 1 I
HanunuvesilanauAoIns AnuEveImsgunuuNunasludsazate luneeduilgm
9 v o 1 o v ! a Jdo o v A {
daguinin uaazdngyluva Muuuiuidudanudivesdisazate Tasazdesnruguld

< kS ' Y A @ a a Y
mmwﬂummzuuaﬂﬂﬁga LW@ﬂﬂQﬂHﬂﬁ!ﬂﬂV\lﬂ\iﬂTﬂTﬁUu!L‘]J‘]JWiJWﬂlﬂ

- Deposited Film

"y T - ~ Film Collapse
— and/or Pore
= . Formation
e
= §
Alcohol Water § 7 Aggregation
Evaporation % - / Gravitational

|
LT A AR

U

~ v 2 2
51]1’1 2.8 ﬂahlﬂﬂ1'§%qll‘]5u\ﬂu"llulﬂiﬂﬂﬁ1ﬁa$Eﬂfl
(C.J. Brinker and A.J. Hurd, 1994)
a v d' d' Y
2.2 MUIININYIVDY

2.2.1 matinidszansmnvesdfnsenTllaunnzla@nvodlnimiiaala

oonlaa

a % A
1) MsAuaelaizyisenlany

maiuszaniamlfnse T Taunag ladnlddu lnmiion laoenlod Tag

]
a aA

m3audre Tanznaze lanziiuisiimsAnuduedraumsnars nalnmsiulsz@nsam
voamsauTavzuaze Tangil 1dosue ivates Tuaadedu uana1anu ldawyiiaueadd
Y

Liu tazaaiz (2007) Anvinalnmaiindszansamvesl§azen v launasla

a 4 lQ v 1 [
anvedlnmiisnlaeenlod naudlelulasmu N) vazuaunniuiwsululasau (La, N)
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v 9 A a dy A ~ a =1 S Aa o
wunIassasaainavuionnnguvgl 650 °C vod lnmidion lasonlod @y waunniy
J [ A a J [ s A =~
i TuTasou e wlaezuume waziamanauszriezuimanug nd We Tnmidionla

I a a A aan a J a
pon loaandle lulasou Uszaninmifnse i Tauaas Tadnves Tnnidion Taoon Tad 1an
Y Y Y 9 ' ~ s a 9
arguaunivitunu lulasou IdwageniInmitisnlaoon ladiaudreTuTasou
A = =\ s A Y v 1 Y] < 1 o 9
iiesnnvuiananves lnmiiion lasen laanidudenaunniviunyluTasnwannd il
ddy A A 1 = sA A 9 a Y @ J [
dnunragena lnmidionlaeen ladnaudre lulasiou ms@audrenaunnivsauny

TulasnulinalnamamulgnsenTn Tauaaz Tadn aslugiin 2.9

Excitation La*

Visible light

La* + TiOy(e")—La* + TiO,
La* + O(abs.)—La* + -O;

OH/OH- La™/La* h + H,0(abs.)—-OH + H*
¢ V“““Sﬁ‘f h* + OH(abs.)—-OH
A% 040; ~ad Decolorati
Uy B + MB=—" ccoloration

. OH \\Ducumpusiliun
“OH/MH.0

517 2.9 nalnmaindgnsen T Taunaz ladnves Tio, Taemsaudleuaunnivuag

U

luTa519% (Liu et al., 2007)

Hou tagzame (2007) 83u1wnalnn1inisian Sno, tietinilseaninimues
UnsenTnTauaag laanlu Tio, FoUBPIINNAWIUYEY SnO, N 3.8 eV uaz TiO,
Y
(O2UNNT) MU 32 eV (Sayilkan et al., 2007) 1319071 Ti0, AIUUA U IDUNTIIVDI
Ao 1 . 1% A A ag Yy 9 v A
Sn0, HANI Tio, aadadlugdi 2.10 WodanATeUYNNTLAUAIINAINUINUAIYIN
ad o @ o . o a

1INHe BlanAToUIzHgAINLAUaUY lUfwaunsthves Tio, lddmanaseuluuauns
o 4 A o o X AA o B R ] Y a
ansaaou ldwaumsihves sno, anlinasnuiiosnilauazszgninmnu 130

o Y % ad .
Y09 Sno, Mldaaszeznarlumsndumnsiudivesdianasounazrguilszquanlu Tio, 1
paldvgquilszquanlifauurives  Tio, @wisanalnsereendiadu uaziin 1

a a dg!
Uszansnmgevu
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T g
) DA TR T
% 3
= =
A = |0, 0: H20
t electrons iran .\fer
—— e
E . ——— E¢B
) Ecs_t 0
@-Ii"+e” =
TiQ: luyer /‘ N :: +1 In
S g - SnO2 o TiO2
— K +e & I :: +2
Sn0:2 layer ¥ 43 —— Eve
Eve 3 7
Glass substrate S — holes ransfer
Efev)vs NHE

@ excitated carrier in TiQ, @ excitated carrier in SnQ,
1 4 { a ad
51 2.10 nalnmandeunvealszy luneunedailay Sno,/TiO, (Hou etal., 2007)
2 g g o L Aa A o . R )
wononil lulasnundudnaswiiimsdeny Tio, Adluwns Tasn1s 1y
= 4 o ¥ 1 ' < o Y
Tmiiioy (1v) waszloTa Inswon lea 10 ml warunv1 200 ml uazwe1ee19157 tazviln
urtai 60°C ag 1dnadu1a ud1ir1agulu hydrazine hydrate (80%) 12 %3 Tua a2 lilnseerh
T d Q'/ 4 1 L]
1dudad 110°c Funa 3 #alue wamsnadouaz lanuerinauedlugie 400-550 nm.
] 4 . A A 9 < o <Y axy aan =\
(Danzhen et al., 2007) M3FUATIZH TiO, MY M luTasnudidunszialedslgnaounil
~ . . 5 g’/ Y A =\ =
1%39n8a (Mechano chemical reaction) Tasliansasauno Tnmiile P25 (Degussa), @138,
a g . Y o ' T Aa
uou TudlonnSueiua 1az Hexamethylenetetramine(HMT, C H ,N,) Haruud1i1 lwumendl
° { a < v
Tulaswumaiudnir lwigungd 400°C iTuna1l ¥21u(Shu et al., 2008) uaz luTasau
0N Ti0, laele sauAUlnna (Xin et al., 2008) 130 NiFe,0, azFan1 (Shihong et al.,
2007) azlMfAlRn3e1 Photocatalyst #NiA1IMe1IAAUBE LTI Visible uazdale
' Y H v
Formaldehyde @071 TiO, U3gn3 uenvinil Tio,Mve aaelulaswuarsiaiinldlunis
o IAq Yax Y A a . A 7
dunasznn 1935 lea-9a 14un waszdana lnmiua (0.05 mol Ti) ml 17 ml toniaueanogoa
I a 4 3
40 ml ¥lud1sazale A lennauvanodoa 40 ml glacial acetic (CH,COOH) 10 ml {15 ml t1ag
I a @ o
Wuensazate B udnduuey Tudiouilsiu 2 mol% (1 ml), 4, 6, 8 uag 10mol% 1111 0.5
o ] I ! o I o
T udrvudrwadlunam 400°c 2 ¥ Tua iumsive Tulaswulu Tio, hldauia
1 =) ‘g o
manlandn Tio, USgn’ i lUnadeumsaatsmwnaauug (MO) WaveINITIIORIG 2 mol%
aaeanga uammiusasduves Tulasoulugig 4-10 mol%Asemanasazaveas s
A o 9 A a 1 &£ a a = 3+
@olulasnuinld luTasnu ldunufieenFnuuediuaunaninesnduruausuay Ti

8 a g a2 g a U v W
Lﬁaamﬂmﬂuuazwqugnnszé’uﬁ"mummLgﬂaﬂﬂaauuuwumﬂ%aNmis’mmﬂumm
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da! d' =\ A o Y = ,ij a da! 1
vquuazdianaseush1fUgisendvu elimserzil¥msnavnsvesiuAnnniudwa
Y
TS namssufuauash 1GR3 618 U1(Qin et al, 2007) ssafinlFlumsdaunsieiils
7 Twa-na laun Inmidlsueaaszdafa’lvnuua s ml wauduueuleasausanssod 95 ml
9y 9 = 4 [ g’/ v ] 1 o [
udwaudlenoy Tudlenas 15@ (NH,CL) ¥a901niuaduqual pH Tusa9sznane 2-5 11l
Y A Y o A VoA aan A A
ud10u7 70 °C udnir Il 300, 400, 500, 600 1A700°C U511 600°C UHA3EUNAR
~ = 1 . a Qa‘ . v A a o [ <Y an A 9
Ngauazani TiO, UTGNT(Chin et al., 2007 §a8ITeTuMsdUnT12HA1875 Tra-19a 114
1 1 4 J v
a15adia1ee 1aun Tnmiienlulasd (Zhongbiao et al., 2008) Tnmiiisunas lsanauiyloas
Ed ] o ] {
Fulamsauaziiniugu pH 1414 5.5 udnh vy 24 52 Tue udniliwnngoo wag s00°c
3 o A ana a aa .
Wunat 4 93749 135109919 500°C UPnIeuRAATNgA(Honggi et al., 2008)
f o a a AN Y Y =~
wennnidaliniseTurenan lavinnisnaaesdionszuiuns hulasag
e g Y ) = a g a A a a . o
(Nitriding) $1 TuTaswudn lununoendau fazimaoendaurnuaudluranisved Tio, 11
17 Tio, Mvese luTasmuiizesinuounasnuuavas (GUa 2.11) shldimedjasenlade

VU (Zhao et al., 2008)

TiO2xNx

|
|
|
CB = o &
o F L 1
| VIS
| > Eg=1.0eV
| 7 K l
I Gﬁf
Lo Eg=2.5eV¥
Eg=3.21eV| .. .
B
ol UV | v-)ﬂﬂl
| |
g —h A —
(\ e ——
. F
;_;,."‘"B 7
I

51t 2.11 na'lamuadeuiivesszyluneunedaildy N/TIO, (Zhao et al.,
2008)

A A 9y o [ e g’/ dy
m3de lulaswundimslduna lulasouney NH, Tumsduasigdluadail

= = a < Y = J a g 9 y v
GalimIAn¥INAN1I AT IZHAI8 XPS  uazAnywana lnuazines Iulawiinduda 1dads
uuutaesvesmsdn llegues lulaswulu Tio, uuua1ee (U 2.12) (Asahi et al., 2007) &9
¥ = ¥ = v o ' = o = a Y Y
lauaasdalaseadrvozaoui IS uAILUA1I HaZLEAIIIFNNAINUNTWITOAATIZH |19

(13199 2.1)
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ms1ah 2.1 anvazves luTasnuid T luwanfieves Tio, (Asahi et al., 2007)

"luiﬁmuﬁwu LOUWAINU (eV) ﬁ1ﬂ31uﬂ61ﬂlﬂéﬂu (eV)
N, 395.70 0.17
(N), 397.66 0.11
(NO), 398.10 0.12
(NO,), 399.81 0.03
(NO), 399.85 0.10

(NO2)o (NO),

31 212 wuwsaesmad ldvedTuTasiou @ madhves N uuuumud (v)
9 9 = ) A
M5141U99 N HUDUNTn (c) N30 NO Huuunui (d) n15d1ved NO,HUBLNUA (¢) N3
191999 NO LUBLNTA (Asahi et al., 2007)
= aan a . A
Lee tlazae (2002) ﬁﬂiel”lﬂ@]ﬂiﬂﬂ‘l/nmm@w]la%ﬁ (Photocatalysis) LA TNUS
H a { A o a
¥ (Hydrophilicity) veaflay lnmiiien laeen ledndmudie Alaz w hldszuuvesildu
Wday a1e W aznaaalfnion I launas ladnangauaz duian de Al naasilsz@niueg
ann = 1 = d a Q‘{
dgnsenan lnmidionlaoon ladusqns
ANYINAYOINTIAADODVDY TiO, VUAITUOU (active carbon) (Li et al., 2005)

oyl nsen T Tauang ladn 18ud1e Zine ferrite (TiO, (ZnFe,0,)) (Cheng et al., 2004)
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Wseu N5 laa-va uag¥gungiiTum 400 °C, 500 °C 182600 °C NAADUAA1BAI Methyl
orange (MO) W317 400 °C ¥4 TiO, (ZnFe,0,) vzuaasilfnsen I Taunaz Tadnlaaniumh

'
aA

= = X & Aa & a 2 aa
QUNHUIU uazmmﬂwafﬂmﬂu NUNHIAAAUNDYUHHNGIVY ﬂﬁ%“g“ﬂW’J (Surface charge)

U

4
- v ¥

a 1 [ . $ g a 4 { a
TagNuNHITINaDINITeATU MO VU TiO, (ZnFe,0,) Milunanzaaa asuuigargil 400 °C

Y ~

TiO, (ZnFe,0,) dzuaasnamsinalfnson I Taunas ladnlaangs
Bakardjieval UazANE (2004) 1AANHIANTADI8AIVOY 4-chlophenol  1A®

Yy v 2 qu . = o o
nIzuIUMsNIzAUMBLea Faldounia Tio, nuvezuunanSeuisunueynialuszauun
Tuved TiO,/Fe,0, TiO,/ZnO uag TiO,/ZrO, NeseuaI873 Homogeneous precipitation Tag
a, a 4 g { A @ a 14
w3ou 18910 TIOSO, A107F Hydrolysis A2 159319 uaziuNivesda I Tauaazaeaa

a 4 U { Aa A 4 [

1INMIVATIZHNA WU 1 %Zr" 928819 4-chlophenol Ade1szanTnngegailoiiouny

=\ 4
TiO, /Fe,0, TiO,/ZnO waz lnmitisy laoon lad (Tio,)

Y
A v A

= ~ s Y a Y an
wonntdainsany lnnuilenlaeen loanmaudlrenuuasnaieds lya-
o ~ Aa = 3’1 9 Y ~ )
wanuwlaveouINAHAINHNUNYY 400°C Feensasauilsznovdie Tnmilounanny
Aaa a a aa a ] J 3
AIADLFAN UIMUDA NUIAALFAaRLT laU AT uAT12HIT NG (Jeffry and Chih-Hsien.,
. aa 1 ¥ a| d { A, {
2004) 4413199 a1eu1 TuFaneUVUUHUIAFINaNN 1A 1995 Hot wire CVD (HWCVD) il
a| d P H 1 [ v
ANUKUIVEINANOYT 100 11az 120 nm. (Chun et al., 2006) SITiO, MAD TINAVUAUNNINIAZ
% [ 4 , aan a [ a
Tulasau Fedunsiziareislfnsouadithana (Mechano chemical reaction) Ingldingay
. A 9 v Y o = £
SrTiO, , Urea Wz La,0, taziioalo'lulasiaudienslduna NH, 71 600°C Tag1d 0.2 mol%
La,0,, 22 mol% Urea la 77.8 mol% SrTiO,(Jinshu et al., 2005) M3@383a1502a18 Ti(SO,),
aan a [ Y 1 (% [ g‘/ o
20wt% weru TaolnsonlaTas lada merun 28% NH, uaz1da1 pH i1y 7 nasainiui i
~ I o g’/ =\ s A 1 [
11 400°C 111081 1 2 Tud(Thara et al., 2003) 3339 Inmidienlasen ladhn 130 TauAY F-N
[ 9 .
#187% Tya-19@-solvothermal Ha3a 150361 1@1A 20 ml Tetrabutyl titanate, 10 ml t8N1UOA, 5
ml NIADEEAN MaNuazwg1ny 30 N Huaisazats A dmsuaisazate B Humsneauiy
4 a
Y99 0.15 ml won Tudlonvlgoolsa 3 ml nsaluain 80 ml loniuea naudIsaza1e B uIu 10
A o ] 1 <3 A o Y o 1
i hansazae B veaasluansazats A uazwegedias alenaunuualri linsuunem

a

aouudaldlua Autoclave figaivighi 140°C flua110 $2Tus udanh lunadey Rhodamine
B 1ag p-Chlorophenol (Dong-Gen et al., 2005) uaﬂfa1ﬂfjmiﬁ’uﬂﬁzﬁg”lwﬁ”lmmﬁﬂﬁ’w?%
Low-temperature dissolution reprecipitation (LTDRP) Tagl¥0a TiO, Lallﬂfj”lﬂ%}”lc] 0.125-0.25
mol w84 Inmidlen (v) waszloTaTnswenlad Turh 1000 cm’ ududunsalalasaassn

9 H v 1 H
WaINIUNIUNQUNNRDI 4 92 T03(Shu et al., 2008) TiO, 11 190 MU ZnO NA3ENIIN 3.4 ml
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A a 1 S
n-butyl titanate, 18 ml anhydrate ethanol, Zinc, Polyglycol, NTAGATN LA U wseaily Sol udn
o A ay & o g o Y A & A ¥ =
i lhinngamngiides 24 ¥ Tue rasamiuih ldeuudeh 80°C 48 ¥ Tua iuanuiouauis
] Y o Y~ 1 . a Q( ..
200°C 1 92T udauirldaarolu Methyl orange 0.1g/1 1dAna1 TiO, USgNT(Shijun et al.,
. i o, {2 . . . s a
2004) TiO, 1 130 AU ZnFe,0, MiluneIaei@3onIn Zine nitrate, Ferric nitrate AZNTATATN
14 o { 4 { 4
1:2:2.5 Tuans Taeds Twa-vaudd1i11dwni 400, 500 uaz 600°C el lananazidaaiiie 11
4
7018 Methyl orange 1aana TiO, U3gND (Ping et al., 2008)
V) MIAATOININAINY
msmulszansnmvesdnsenIn Taunaz ladn aunsoi 1daa07s
a 4 4 ] 1
wun1s larizvie leesulane uaze lave adldlulnnitionlasen lodiioansoeing
[ & A o Y a aan a d' 9 9 d' 1 ]
wasnudawanmswe ldinalfnse Il Tauanz Tadn Anszduarsanuenaduegluyis
Visible 1101119982139090812 0.05 51 darelunidaalrTerauazmnauug Usingnaais
4 )
14@n71 TiO, USGNT (Jeffry and Chih-Hsien., 2004) d13uUM1TUGaANOU (ne-si) FANLA
%’ . [ v W Y = ?,’, v v 1 aan AAA A 1
oV (Super hydrophilicyiaaudura lngd o° Bnnsdailuausalfnseniinianuenaaueg
1149749 400-700 nm. (Chun et al., 2006) #ah 1891713190 Twveaaunivay lulaswurin 1y
a A ' ' .. . = s A 1 v
NaAUe1IAAUBYGTUTI Visible(Jinshu et al., 2005) Tnnuiisylasenloanidesuny F-N
' Y Aa aan A A 1 v .. =
uag S-N noliinal§ase1 Photocatalyst NUA1NE1IAAUDE TSI Visible 1109 420 nm. Tag
= d v Yy v . A 1Y o Y a (4
liarsasau ldun TiCL,, TTIP uag Thiourea NM51A05INNY F-N tag S-N sz ldinaunalu
[ o = A @ o Y .
AszuIUMIFaRTIzHE liinanaauImin d§115UnN5aa1e Methyl orange 1A04 87.8% (Yi et
o 4 ?:’ o
al., 2008) M3 FUATIZH TiO, 910 Titanium tetrafluoride (TiF,) aza1s1ui1 0.04 M #d991nNIU
1 219 U5ua1 pH Taon1siay NH,0H 1doglusig 1.68-2.40 udundeuuu Polyelectrolyte
I 2 o 1 v o J . A H 1 {
Wusus Jamyududaliniding 5° Falauiareuil (Yosuke et al, 2008) FI94u# 0-40
o aan (% 1 d' d‘ o aan Y~ 1
e nazih lnaaeulfnsernisudvesd s 973 K azvinlgnsenlaanai(Moon et
g}z yq./ A a A le Qg a I a d o
al., 1998) MatldaimanuilszansamdemsnasvuuFununiuududadluiauuia i ld

a

nelfaze W Tauaag ladn Aliaue1inaueglusia Visible (Thara et al., 2003) 1AdoY TiO,

@ a

NUBEQUUI (AL,O,) a3UU PET (Polyethylene terepthalete) 1ae7% Sputtering system naziimg
[ 9 ]

NATOUNITAAIWAIVDY Rhodamine B HI¥UUMAT0UAI0 TiO, Hauii@ Photocatalyst 161

v g { 1 o I @ 1 aaa
anaui liindou(Awitor et al, 2008) MIAUATIZH ZnFe,0, 1HudnsellfnseonTnTaun
a asy A 9 . . = A

az ladn 1ae7% Tea-10a naeUDUg LA TABNITHIY (Spin coating) HAzHAMANTA TUS

o Aaaa 1 ~ <3 Y 1 ~

mignsenlurrumanueuiudlsanal Tagwssnain Zn(CH,CO0) , tag Fe(NO,), 11

(% U S . = A = 9 axy <Y
AU 1:2 Illiﬂi(]lanxun et al., 2004) N1FAADUNAIN (Sb) !ﬂ@ﬂﬂﬂuﬂﬂ’)ﬂ’)‘ﬁﬂﬁﬁ!ﬂ‘iﬂﬂ’)ﬂ
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A 7 s A Y 3 X2 o a o 1 '
1A39902N05 IUADINAUVUUNIVUIA 75X25X1.35 mm® FdanunuIvesiavegluris
612-640 nm. (Ravichandran and Philominathan., 2008) lnimileusame uen Tudleuas

4 [ o { < ) {

Tmdeulaasen lad gise waziomueanaunin udnilloun so°c 12 ¥2Tua udnirlihwna

< o 4 Y]

400°C (Fan et al., 2008) uiinsznansihne lnmilon laoon ladinga P25 (Degussa) 0.8 NTw g
= [ 9 a A Yy A Y =

3o 1.2 nSu naudseniiaau lnanea 40 ml udIe ArvuITEIMALLN TN (Feng et al.,
4 a

2008) Tnmidiey (av) loTaTnswen lod & laasaeniuea uaznialalasnasin udude de

[2) = ax Y o Aaamd o g Yas

unaueu TuHe(Soon et al, 2006) HONIINIT IHa-10a LAWINITMTFUATIZHA THIBNI1THA
. & A ard . o S G Ya
(Implantation) §499 ”luTmﬁmuujngan TiO, (Hong et al., 2007) MITUATIZHN 1HITMNS
. .. & A a e
Chemical vapor decomposition (CVD) mmaﬂuimmuuugmﬂau TiO, (Yates et al., 2006)
¥ oA Ao A A =< o Ao A A A
NIHGNNUITEDU NudaIdIA LN INUNTM AN lanerisoe lane (A15199 2.2)

1 a @ Jd a J
ﬂ]ﬁ]\?ﬁ 2.2 1e'ANA1 Band gap energy U UKUADUANIAD T BUARN G

(aRajeshwar and lbanez, 1995 ; bHoffman., et al.,l995.;cLinsebigler , Lu and Yates,1995.)

yinoUANIADT Band gap energy (eV)
TiO, (anatase) ¢ 3.20
TiO, (rutile)" 3.02
wo,’ 2.80
SrTiO,” 3.20
Fe,O, 3.10
ZnO’ 3.20
ZnS’ 3.60
GaAs’ 1.40
GaP’ 2.25
Cdse’ 1.70
cds’ 2.50
SiC’ 3.00
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) manuanmsagula
. o = . A A 9 Aas
Harizonov HagAMg (2001) MMSANYITZUVVOA TiO,/MnO N3 sUAIBIT
Tyra-9a Taeld Inmitiouenon lsa (Titanium ethoxide) tay unamila’lunsa (Manganese
I 2 { o ! )
nitrate) 11 Ua3AIAY F 15190 (Xerogel) N 1dv1%uda 1 80 °C waz w1 dregunigil 560 °C Tu
& 1 A ~ = L o Y 1 A
01Me 1 %2119 W35 la-vadwnsamson lnmidlon lason lad luszavun Tulasg1all
a A 1 a : 3
Usz@nmmiay Mo azlinanemsanguiigivesnmsdsuuasninla ezuuma lihiy
wag Induazdinanodszaninm i Tauanzaadaie
Wang Hazamz(2005) Anwlszdninmvesdfnien I lauaas laanvos
ZnO/Ti0,/Sn0, TudAT1@IUVD ZnO : TiO, : SnO, A0 4 : 1: 1 LAZIHINGUWYI 200 - 1300 °C
aan 3 @ a
Anwmsaats MO Tuljnzensedudenaslagly zno/Tio,/sno, luginuiludmaasdad
A Yy Y = a 9 4 2 A @
wiylu MO tagnszquasuaag) (Hg lamp) TaglAuauued 2.9 x 10" pW/em * 1138111551
LEUANANAY WU IOINNRUHANINIDT 700 — 900 °C aztAadved ZnO Hag TiO, taz
S v a d . <. 1 . ! 33| 7 A
Wosuaudaidlu zn,Tio, (gnuian) Yu wdezuunaves Tio, suldswiluasindilie

a

=2 = ' a = <3| . a £
UG 1000 -1100 °C FganNgarigivesmsdsualunziiluTio, uSqns (800
a lds! Y A = J a . A
- 900 °C) tharWa I uAEN 1100 °C fio Zn,Sn0, (§N11AN) UaziAA Zn,Ti, S, 0, N1 1300
£oda o 4 oA 4 g 4
°C WunmveIiIed vz limanaulomuguigil tiesniniimsnlasunlasunaveseyniai
a di’ d‘ =<
NAYUTHDININMITOUNTIN
Kang tazame (2005) 1aAnBIN15A19Aa1T Methyl orange luvaaHaInilg
{ o o o @ 1 .
V/Tio, Nduns1z4 14a1675 Toa — 19a Mvualioasidauues V (1.0 5.0 10.0 wi%)/Tio, Tag
Heru TTIP (99.95%) N V,0, (99.99%) fvualiar pH iy 11 linauld lesziveosn 0
g & . . a 2 A A g
80 °C 1iunan 6 %2 Tua Tio, wag V/Tio, sznamdozuunayiion 1w 500 °C ilual
3 92 119 IR V/TIO, NAFoUMIaa1oAIued Methyl orange AMIATNAY 20 - 100 ppm Iaa1d
M3 V/TiO, 0.1, 0.5 waz 1.0 n5u azareluaisazale 1000 Hadans HAINTZAUAIGLEIDIN
1aBAYI AIUAWIIAAUMING 254 nm INMTANINDIN V/TIO, MHIRI8gungll 500 °C
I & a 4 o =1 1 W fjl’ Aa
Wunar 3 Hlusfaldezuunduazg Ind naunuuazlvuiaoynaminy 70 nm WUHA7
2 di‘ Aa ' . 2 z{d‘@ A 1A 2 d‘ A (2 2
15.0 m’/g 92 UNUNFININN TiO, VS gNT Felanuiies 7.0 m’/g WorinlSuanwdouvua
Y 1
YoI9YN1ALALUSUINTVDIFDIITNILTAWINTUAIY LAZIINHANITIATIZHAI0IATOI XRD
= 9 = a & a a . a
MuiReuzd lunud lnmidion losousunsznanmu@endivsnm 5.0 wi% V/Tio, a2l

{ Y 1 1 1 a QJ
AuiANYeUINININNI LA EIUITDAAIY Methyl orange 1AANIN TiO, USIND
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2 a A = S A o Jq Y
maulszansnmves lnmidionlasen ladonisuils nfe nisdunsied In
] 1 4 o 1 ~ 1 =
agiugﬂmmtﬂﬂwau ﬁxmwmlﬁazmmmng"lwa lusasrdruimanzay isups lnmiioy
4 2 d Aa Y o @ =y v 1 [
laoonlesa Degussa P25 Fuduntionldiunaly TﬂﬂnaﬁﬁmuWﬁmzmnazmmmag
4 [ = a ax a . . 1 9 ax [ Y
Ind widy 75 : 25 Fawaalaeds lelas lada Tetra-isopropyl-orthotitanate AoA8IENT 11
Y Y
FUNULUUYY (Densification) Maldnnudu 1500 - 4000 kPa (Zhao et al., 2007) mﬂmmﬂfm
4 1 AaAan a I~ A 1
aezuundvoslnmidionlaoen ludz Tadelfaser T Tauaaz laanlaanga uavin
= a o Qy 1 a aan aa 9
MIANYILAZNADDININIIUIVYH QY| TU wmwmlﬁmmmmmLﬂﬂﬂgﬂsﬂﬂvﬂmmmaﬁﬂ"lﬂ
(] [ a Aaan a i a g
qmmnuﬂa”lﬂm'immJ;]ﬂstW’e)aM’cmﬁu mmﬂﬂmmﬁ@maﬂm@ummgwﬁ@zmmﬁgﬂ

9
nizaumenasny mlnlszaundsnugesivaudiwgesinldguounmsir i ualiTona

]
= [ v W

Y T A A 4 19 I'4 o 9 A g v o
nagnauwnsawanurguilszauan’lasn uadielinlag Indegaie 5 Indazihmihniuddy
ad 1% [l A 3 [ o
81ann 30U 13 (Electron sink) (Hurum et al., 2003) a1u135011097u lu1¥o@nassunduusua?
o ya =< o ~ A a v W ~
nuraulszauanlagg Fwaasnalnaalugili 2.13 n wieeninsannduiuaugl 2.13 4

4 [ ad 4 4 1
Tagiiolanaugnnizqualenadsu sranasoulunourauguesg Inavzgnnszduldiie

J 4 1 J o 1w X J ad
NN LﬁﬁN%Tﬂﬁ%’@ﬁ'ﬂx‘llmUW'G’NQ']‘L!WHﬂ‘U 3.02eV “L]?Qﬁ)@ﬂﬂ'ﬂ’ﬂgu'llﬂﬁ (3.20 eV) UNBLANNTOU

'
v ]

ﬁgﬂﬂi$5ullﬂQfLLﬂ1Jﬂ1iu"lll1/\lﬂ”lLlé}ﬂﬂﬁjﬂll”li?l‘uﬁﬂﬁ@uﬂigﬂﬂﬁﬂiullﬂﬂL’Jlau“]}qlﬁ}’t)fhﬁi’mg’l
< A

1 = 1y o Y Ao ad 9y A
fJfﬂ\i]liﬂ@]'lllLN@NLW?(@%HH‘V]ETW@T?JE]QWJ?J ’E]$u'l!,‘1/]ﬁi]$T]WWHWT]ﬂﬂ@Lﬁﬂﬁiﬁ)u]l'J uaﬂumqﬂ

o

sidnaseullnngganhldinadfizen I launas ladnld

Rutile Anatase

n cn e

&y

—= =,

Rutile Anatase

n

P -_ “surface

—
T\N VB @
VR

d' o A ~ aa JREPN 49! 4
51]7] 2.13 LmumammsmaaummmaﬂmamnLﬂﬂmummMﬁazmmauazg"l‘na

UG

o v 4 Jd o !
(M nuusraewuvimves lnmilon laoon lad (Degussa P25) naziizlndsimihn

1#J1Electron sink (V) 11U31809U94 (Hurum et al., 2003) Lﬁmf‘ﬁJMﬁg"lmﬁ
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1) M3VAVNIMIAVIAVDANTY

Wang wazasy (2004) vimsay lnmiilonlaeen leddale zr™ (Zirconium
ions) itefnuszaNSMmmsduunnzdad Tavld zocl, Tioc 1), Humsaedulums
duns1zvial07s lea-na TaemsdSuanfinm z" Tugasmaniives Ti,  zr,0, A199/u

A3l 00.02, 0.04, 0.06, 0.08, 0.10 1A 0.12 WU TiO, MANAIw zr' HilszAnSamgeni Tio,

a tg 1 . Y a A aan A aA

UIANT UazgWUN Tiy,, Zr, .0, IMszdninmvealfnse I Taunas ladndnga msizns

a 4+ o Y =2 3 d'g Aa 49! o & a1 a Aaan

@ ze' i ldvunevesnananas TuvazAnuimuniuguilunadaenanaljnie I a

a Y 49!

unaz lagn launau
= 3}/ = = =\ o A 1 MY 1ad
onnegaiimsne lnmidion laven lvanesialunguuean larl ldun ey

=) = == 1 j’ AAa @ 1 aan A =) )
QT IWLWIﬁL“]fEJ?JLLaS"]fL“BfJNftﬂﬂNﬁﬂTﬁV\ﬂﬁ@ﬁW‘U’ﬂ‘Wl‘mN’Jﬂl@ﬁ@?ljQ‘]J{(]ﬂifJWIllﬂﬁﬁ]ﬂﬂ’JfJ

¥ ]
a A 1

To@ey Tnunadey HFeutazamoudzINunAIAD 151, 139, 102 1AL 90 A1 1UNATADNTY
o w % 1 Aaan a S
AWEIAY (Zamora et al,, 2005) wazmsanIAuslfnae Il Tauaazaaan s lnmiionla
= MY 1aaa =y =) 1
oon lyaesiquoant lal laun adion Tm@oy tag TnumaFeunnwan1snaasInyNUUIA
v 1 ana AA g = o = =\ < = 1 ]
puMAYRIANTAIINTNREA I TnunaFsuny Tas@enaz NvuaeynAanuINAoad 1ugI

A 9 =~ [ =) a =S 9
6-17 miummuagmﬂm‘imamsf[wgmﬁmssmmﬂmmamzmmwaezmmaeﬂma

Y
A v A

= a A A Y ¢
(Bessekhouad et al., 2004) uana1nidalimsane lnmitioy laven luanvealesiquoani la
9 J A A =) F2 A =~ dy AAa o @ =
1dun uunfiFounazuuFon 1nwanisnaaesdzl laindodeununainuaa lnnidieula
P = A g’/ ~ A = dy Aa 1 1 o [ d‘ ~
p0n lsan lulnsweuaIsieazlifiunmnnaNuad s uravesns@aou liniauaan
< Yy 1 g’; AA g [ [ n Y v o w Y]
vouiu lddreanlaniuasiinealssiaaina lulatinaiodAnuniin (Venkatachalam et
U 1 a A ({
al, 2007) uazlananwiansalfnser lnmidionlasenladinedres InunsGouainwans
r - r R Y A U \
naaoINguunllun1skN 400 esraITed UuIzinuNHIgINgans 236 A151UNATAD
N5 nasNguYguN 3 1U529 400-800 osr A azinaldozuuna WinwWIN 1,000
= a J .
paruaadod aznaag Ing (Cheewita et al., 2008)
J d
msdszgnalfnulnmnidionlasenlya Tudiudieg
79 ¥ = g ¥ Y ' ' v
m3dszgnd g lmmidion lason lean 19 luaudiuaiesg wunisaiu
4 | o v %’ . ' f
Funedon 1wy 11iar e e1Made(Kim et al., 2004) M3911¥0 150 (Zheng et al., 2007) LAz
9 A = 9 o w Yo = o 7q 9 ] [ 1 Y] dy
auduqdnnataumas ldsumsanywaziih liszgnaldaunuediaunivatsasil
MIMANUTLDIANNDY (Self - cleaning)
= = A a Aa =
Imsdnulszansamnszuiums W Tauaas laannfSsumeuanuainisa

o X s

a d 1 a d A, v A
TuM3 Self-cleaning voalaundunszHUU Tnem3ouduA183F Sol - Gel Wf3suieuiuNSY
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i
=

{ o 4 a . .. o '
NFUAIIZHA2875 Chemical vapor deposition (CVD)  (Mellott et al.,, 2005) NUNUY
Taonall 2 ¥ila o A ag B 91nMIAnEI9UIAOYNIAA28 XRD a1y Scherer equation

1 J (% d 1w

pyMAvLIA 7 nm uaz 13 nm daueyninved lmidion lasen ladanmsdunsizdminy

@ y a o d 1 ad U
10 nm LAZINMTIANNNVFUTZVBINUAITANR 1Y AFM WuIWay A TRV VTE 0.5 nm
4 = 1 ard o d S =

uagdlay B A1ANuY3v52 3 nm aaulaudunsizianuususedian 0.8 nm uagld lnnidion
J @ i g < 2 o aan a A X

lavonlesvesdredananuaitlunuy  ezuund Feoas e I Tauaas laanmuaiuan

&’ A a A dy dy aan a A ,3

ANNYUTERUAINMLAY tazuennniilgnse Tn Tauaag ladnuduawvuiaeyninves
= s A4 2 9 T W g2 A ' o '

Tmndienlavonlaq MnududromuiutanatiauinoynnevlnadIUN AU WU

1 Aan 9 = /A I o 1
govdaty lasnas Isteniauale lmndien laoon lyaniluezuunea sasimsdesanisanaq
A A = S v 1
wermivvinaoyma lnmidiow lasen laduavinasynia azlvgnnnmineassluniail

o a ' o
manaov lnndion laoon loa W lauaaz daunurumiaoungu (PTS)

a A

TTnuiulalas TWingad1075 Ton assisted deposition (IAD) tazdnu1lizdniainms

[ [ J

. . : 4 J &’ a
Self-cleaning (Yamashita et al., 2003) Fuilowndouaie lnmidion lasen lad AurrTagasna1n
I a J o 4 Y v W
wliauilulelasTWdnge Imsdszgnailllfindevuneaeliiuiedosiumssuiives
A A = A y_ A A Y
wug nazmawasuuumiasuszilunmsiadenTaenszurumsuis e nminnaouaIe
2 g o a J 4 ]
Fmaalguilunszuaumslenszri laenun Wawvealnnidionlasenlodvzeglugiles
= v [ a S Jd =
UANALAZNIANINITE00AA1815A2A18TIMINDOUNTS 15U 2-Tnswiuea Wuea uazlas
9 2
Aao lslonnau wagame'la CO,, H,0 uaz HCI uazanmsAnsveatinuunuiyududs
a1 1 =\ I a = a =\ s Y
U PTS Hmgann uaas PTS Hanuilulalas TWdage asms@au lnmidion lason laah
o v W XY 1 4 < a v A A
Tagshldyndudaanas uadinadimgailosnnanuiiulalas rlia uadiomy lnmidion la
J E v v & A -2 . 1 a =\ J
pon leaunau yuduranizlinanas 3 x 10° wt % as Ti0,) uarvindy lnmidion lason lad
<} - v 1 2 o ¥ a I a 3 4
antiow (6.0 x 10™ wt %) yududgaziinwinyuinldinuiatianuiulalas TWdageu e
Y ' Y Y ' ! o o 901
HuAIvDANanUsnuuAITLON yududauenihazanas uaiie lasund s unaeaiiag
a 9 v W A da! a ay = 3 a ds! A
anwanisnaa 13 nazyududannyu Avesruauzianuiulalas Tiagedu iiiesan
M3E0IAA10AIIET
Qs d d
auid lalaslddaneslalasianvesilan nmiianlavenlsa

Jd vy

ara H v Aa
anudulalasilan @oviin vedlnmidionlasen ledgnauny Taefaudey

G
U S A

a Aan ara v o ?,‘
10Tl 1995 wunldunaudredanitiauiia lalasilange Taoyududavein/szuim o agm

Y] Yo A A v a A A Y a ara < & A a a
Wﬁ\‘lﬁﬂﬂiﬂi\‘lﬁgﬁ WU?WiQﬁQ'J“H'JEILW?Ji‘HLﬂﬂVl81@5Wﬁﬂgﬂcﬁﬂlﬂuﬁﬂﬂﬂﬂﬂ‘ﬁiﬂJ“Iﬂ@]GU’ENN'J
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=\ 4 [ 1 I ti’ 9 Li’ a [
Tnmidioulasen lad nalnvesnszurumsasnar dusaniniiugiuvesmsadaiiummg
a da{ 1 Yo A A (% d‘
leasongatiuinlnineldseded nansasgii 2.14
1 90’ ua aa [V 90’
auiia lalas dansoauiia issuiinazauiia lalasiaansoauaiayeuiin
a A g‘/ dy a Y A = [ 4 J =
M3eTeaNLANaedl 9311814 Iagaun13Uee Young NUBADIANNENHUTIEHINATIAS

(%

a < wa & v t% '
NIVBDIVDILLUN "ummmuaz% ﬁnuwmﬁmmuaﬂﬁ/’mgnam & (Contact angle) ITHINNYA

v o A Y

%I Y] < ~ (% A A ara o
WnUeIMe tazvenda (31N 2.15)  yududa Ae yu 0 Taghiianiialalasiangniwnly
1 o g a 1 3 wa ala
NUNAYAIUN 15U MsanuazetanuAlladeyuluil 2001 auialalasianuay
N32UIUNST  Photocatalytic ~self-cleaning glazing 1183 lasunuienluunuaaiaglsyi
a Y] L= A 9 3’; =\ s A Yo o A A =\ 4 o
nanduaitindeuAIeTuve Inmiion laeen lad e 1450593 Tnmiionlaoon loavz i
aan o a ¥ A 1 191}1 o a A Aa
Ufnsernueendnunag luanaveuineglusunsseinia s lvine leasendaisanoa uaz

A Aad A o A YyAa A o o '
AT AANYT1IUNTY Wiﬂﬂﬂ“ﬁﬂﬁ]ﬁwyjjﬂW?lW@ﬂTﬂﬂﬂ@ﬂﬂﬂjﬂ

H—qg N,
ZONh N waak
N0 Sel N | g 1
H~o \ s "\ﬁ/ll
hv (b i) ‘.‘ ’1.0' 0 ;*
LD ¢
-H* o7 SNo” S
" H,0
H 2
',l*-c{ N\ _n

H [ Y] ¥ a L I
51 2.14 msvaTaseaiumstvdavunui lnidion lason Tad luvazlinnuiy
lalasan (Fujishima and Zhang, 2005)
aad @ a {
D1ANATOUINNITNIZAUVDIUAITD TaNaveI0oNFaU VnzNnguilsey
v A =1 o’é [ [ a a
110 nszaeeen l§iRdved lnmileylaeen leaaaas ldunuuannrenousonsiay
F) 1
NNMIUKQUsEUINTUAIeRUTEBoUY 5Y1HINELABY Ti NULAAT¥ORNFUAIUAIDUY 2
Y] [ g v ] a ] é = ] a
1w Tuanaveuiswdanduwy leasendaluil delung lifiuaavyleasendaszgnaa
[ dy a o Y a < A
Funniurwh ity 1,0, wie H,0 +0,
3 ara 1 A .
anudulalasianyreliinanszuiums Self-cleaning V1 lnniiieonla
4 o Y a = 45! ' o o 9y
pon leauazgnih I 15 ludgaamnssulianuvainvnatsunniu wu Ml Tassad

Y o 9
ATHUDNDINT mim”lﬂﬁl%mmuu
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Gas

Solid

H Y] d: 4 a
sUfl 215 YUFUATVOIVOILTINNETUNT Young: cos® = (Y, -V )Y, 10 Y Av u3aaew
v
FEHINNIE N (Gould, 2003)
=2 a d [ . .
msanu I Tauans adAveIns2an Pilkington Activi™ lag Mill, Andrew LA
Aug 1W1A1081UAA0UA07D APCVD 1AABUAIY SiO,/TIO, FIINMINATOUNNTUATIL
A Yo o o A X
anauiiona1ns 195 dg iy
aan a I ara 4 a d
Ugnsen Tl laaz ladnuazanuilulalasian Wognuasvesilay lnmidionla
d’ 4 =)
90N I¥AUUNITZIN (Watanabe et al, 1999) lddnuinsileanunmsmaduunszan wise Self-
. =< = 9 Y 1 Y ] A a 4
cleaning #1991 uTn13152gnd 190619n03190219 19U MsmdsUDUNEAINDS Tawziaz
a A ara Aa =\ 14 d' A g Y
w51in Tagmwizauialelasianvesdr lnmitlon laoon lad Wowmdonuunuriidaaz
s & a . s o o
naeiuiiuid Self-cleaning Tag InssadeInmifionlavenlad Hunuvezuuna yududa

a A U

4 o 4 I < i‘ a < ara
anauleimsldsede) wutuie Iuauilunal 3 ¥ lusiumazianuilulslasian uay
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3.1.1 YUADUNFIVY

Y g’/ = [ dy
sznoudlsiunouIeazideaniae 11l

TTIP NH,HCO,, NaNO,, (COOK),

Acetic acid, ethanol
¥ Stjrred for 1 h

Sol

A 4

Dip coating on soda lime glass, hand former

and glass tube

A\ 4

Calcined 400°C > Dip in NR latex
v Tensile test, AFM,
XRD, SEM, AFM, FTIR, UV-Vis, Photo bber fil —
Heat rubber films Contact angle, SEM
degradation, Contact angle, Pull off test

Former washing

31]°?i 3.1 At uReUMsIE suEsIAdeuIaEMIS UMY

3.1.2 nszwIumsasenlesa Tio,, N/ TiO,, Na/ TiO,, K/TiO,, N/Na /TiO,
uaz N/K/ TiO,

n)  msduasnzilsalnniienlaeenlsd (Tio,) 14 Titanium  1V)
isopropoxide (TTIP) Y5112 8.9 Haaans Fuasasduazaieluemueaifiieg 143 iaaans
AIUAIANITITOU 800 FOUADUIRIUATY 30 U LAYHUANTABZFAN glacial acetic
(CH,COOH) 10 faddns aunszits pH Uszana 3 mumsazaienedioiniesniuuiuimin
(Magnaic bar) naufigungines wuasu 1 42 Tue v 3 iguvgiane 3-11 esmuwaifoa

dadauved TTIP:C,H,OH 1111 1:82 6a51d2u Tae Tua 8199991091338 U09 Qingju Liu

uazae (2002)
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w) msdunsizilaa N/ Tio,, Na/ TiO,, K/TiO,, Na/ N/TiO, ttag K /N/ TiO,
19 Titanium (IV) isopropoxide (TTIP) YSu1au 8.9 Hadans azareluemueatsuing 143
Aa aa I~ 1 an
109895 NIUAIWANNITITOU 800 FOUABUINIUATY 30 UIN LALHEANTABLTAN glacial
. A aa < ddy Y A =
acetic (CH,COOH) 10 #iaddns aunsznd pH dszia 3 lunstitilslsuauenTuiion
s . A A A g =
AMFVBIUA (NH,),(CO,) 20 %mol (Qin et al., 2008) aadlugin 2.1 WinlmseaI8 Tas@aaw
veimsudsAudSuale@oulunse NaNO, (3,5 uaz 6  %mol) 1niin13130A20
Tnunasauiimandsiulsuna TnunaFonoonsuan (COOK), (3, 5 1ag 6 %mol)NI
v 9 A ' v <3 . o =3 Yt A
1502 A10ADAIGIATOINIUUNILNINAN (Magnatic bar) 9uAsD 1 32103100 13 Ngungiiens 3-

= ) [ A 9 U ?x’z =1 (% =1 o . A F)
11 pesnwaFea 15U %mol N lanaruniuieuny lnmidienlaoonlaa (Tio,) ldan

Y | v
ﬂ”li@]\i@%)l! FIOATIAIUNANAIAITIN 3.1

M15199 3.1 oas1aumay lumsinsnaaey

Maun AT AINAY NUYNG
1 Pure TiO,
2 N/TiO,
3 3Na/ TiO,
. N = TuTasiau, Na= Tai@ew,
4 5Na/ TiO, .
K= Tnunensou, Tio,=
5 6Na/ TiO, . h
Tnmiien'laoenlesd 3.5 uag
6 3K/ TiO, .. ~
6 Wudmvlsuiaes
7 5K/ TiO, L L.
W11 %mol A4SV
8 6K/ TiO y
2 Suaved luTasnuaonsn
9 3Na/N/ TiO,
20 %mol
10 5Na/N/ TiO,
11 6Na/N/ TiO,
12 5K/N/ TiO,
13 6K/N/ TiO,
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(Y] d d
3.2 msasdvaeupadnbazmsnasuIWlauanzdan uazTlanens
1) X-ray powder diffractometry (XRD)
a = 9 = o = 1
maun XRD ﬁﬂHWIﬂ‘i\iﬁ‘iNNﬁﬂﬂl@QL‘V\lﬁ LAZATHIUNTVUIAVDINANUBDILA

1} Y [}
azilannavuuuidundon Iasldauns Scherer A3aun1TN (2.1)

t=0.9ﬂ./ﬂcos(98 .......... 3.1

A A =
1o t Ao YVUIAYBIHAN (W1 11uAs)
A A v ad &
A A9 ANEINAUVDITITDNE (CuK » = 0.15406 U1 TUAT)
B @9 Line width at half maximum height (15/Ag11)
0 Ao yuaziou (a3en)
4 ia
2) 115999aN33AIBIANATOUNLLADINIIA (SEM)
Y j’ a o d A 3 J
73799 133831990 1AV0IHI HaziuAINEaN asrvaeusigiiuesnllszne
YoINauR8 EDX 118z 31AT12HNTNTL91019990YNIA TiO, LA aIIANIAINNTZ 100G U
a d Ja g [l
WauA187% X-ray mapping A20NADIYANTIAUBIANATOULLUHDINIIA (SEM; JEOL JSM-
5800LV)
3) Ultraviolet-visible spectrophotometer (UV-VIS)
TagsiimsaunuiinnueInau 200 - 800 w1 lwwas uaziadSumanwy
IIUVDIT Methylene blue iior1UMIHIFA30IMNINTZAUAILTIEGT (310 - 400 U1 THIUAT)
4 R o i =
Tagiaenanue1InaY 664 W1 Tuwas ¥uilunue19naui Methylene blue dusnganau 1@
< a s  w A A s 1 a A v o
Wumsinsziugleansuniuall imertesdlsznovueeny lensonda n3onsdua1v0
=\ I 4 1 o aan a I o a anan
Tnmidieuiludu iognaeandesnuilfnsen T Tauaaz ladn Wumstudumsinal fnsen
YA dy
HazNan1sNAaed lnagy
4) Ultraviolet-vis -NIR Spectrometer (UV-Vis-NIR)
Tagihmsaunuianueaay 200 - 800 W1 Tumas lassreaiuesnunlugll
<3 4 1 4 {
dunsluaaaliifiugans@eu (shift to visible) voudunslyluniarisnnuennaui
< ' y ' o
uerawoutiu ldarealar A2e1A50931 Shimadzu ISR-3100 spectrophotometer U1 WA UNT 1
WIANUIUAITUNT

E,=1239.8/2 ... (32)



46

A A ' %
1o E, A0 UDUFNNAINU (eV)
A A9 ANNe1naY (1 luuag)
5) Fourier transform infrared spectroscopy (FTIR)
o { 4 - a 4 [] J v

TagmsauAuNnLeINaL 500 - 4000 cm’ tazATIZHMINY TG
a1 TagsreaueenunlugUni i d101A30951 Bruker EQUINOX 55

6) Adhesion pulls off test

< a [l a A 1 dg@' 1% A

AumsnageumsaauinyeIdIndouTenINUVIUIUA SRR LLANE
a o o = 1 A I
aaa lagiNIsAIINNIATTIN WBN. 285 1Al 50-2549 (31U 3.5) uaz ASTM D4541 11y

'
= 4 o =

WaIgIUMINATI U NiHsazTaainedios (Standard test methods for paints, vanishes and

q

E4
ax v A

related materials) FIFNAADUAIL
A A A a ' oA Yy v
- Lfl’t’]ﬂmii’)\‘]‘ﬂﬂﬁﬂﬂ‘ﬂﬁﬂﬂl‘ﬂfl‘]_ILLi\‘]ﬂ?ﬂi“ﬂﬂ\‘]ﬂ?ﬂﬂ?ﬂqﬁlm?
% &’ a v <K &’ a A d‘ a o K
- VANUNINIYALAS WUHAIUAADUATINISANANIYA
a o =K [ ay 9 = [ ' ya
- AANIYANUTUNATDU I@Elsl“]fﬂ']jﬁ'llli']ﬂaglﬂﬂﬂﬂlﬂ\in'l@ii'lu L!ﬁgigjﬂhlllslﬁll
v 9
V\I’ﬂ\i’ﬂ’]ﬂ’lﬁ "Ui]ﬂﬂ’]'JajuLﬂu@@ﬂlléjjﬂﬁclfu\i']uﬂﬂﬁﬂui]uﬂ’]'JLLﬁ!\?ﬁu‘i/]
91d‘ (% v A A o &R (7 1 ] o XK dy a
- Gl“]fﬂ AWNNAUAANIUAADUITOUC] NIYA Iﬂﬂllllﬁf]\iﬂﬂi@ﬂ@@igﬂj'lﬁ@jﬂﬂuagwqu
Nnagou
1 1 = d' Y w o =R
- Y (5]@G]qfﬂ@Qmﬂ%ﬂiﬂ\iﬂﬂaﬂﬂmnﬂﬂﬁgﬂﬂ
' A = v R Y o 9 ' v 1 a A A A
- ADYS) INULINANUUAIYIAAIYDATIUDYNI 1 UANEZNIFAANDIUIN QUWQﬂﬁiﬂﬂuﬂ'Wl
o a =1 A 9 [
ﬂ’lﬂuﬂﬂ’]ﬂiuna’]ﬂﬁgﬂ'lm 100 IUIN HIBDUBDYININ

v R 1 Y
- UUNDATANUIAY

[Tl ER uHunadal

d' A a 1 a o
E‘IJ‘VI 3.5 1ATONATOUMIAALUUVOIN A


http://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy

47

7) Atomic force microscopy (AFM)
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(advanced ceramics, advanced technical ceramics) Test method for self-cleaning performance of

semiconducting photocatalytic materials -Measurement of water contact angle

Hydrophobic Hydrophilic

Drop Drop

High angle Low angle
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t:i = ad . ~ Aa
M3197 4.2 Vinananvosau TiO, INNYUHN 400 °C

Samples Crystallite size of anatase (nm) | Phase content of anatase (%)
Pure TiO, 29.72 100
N/TiO, 16.46 100
3Na/ TiO, 23.18 100
5Na/ TiO, 20.42 100
6Na/ TiO, 16.99 100
3K/ TiO, 13.12 100
5K/ TiO, 14.60 100
6K/ TiO, 20.41 100
3Na/N/ TiO, 25.39 100
5Na/N/ TiO, 20.32 100
6Na/N/ TiO, 16.94 100
5K/N/ TiO, 14.54 100
6K/N/ TiO, 20.37 100
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1. wamsaszrimstaeu lumanaaraa visible vosWlaulnmitenlaeenlua
A . . =~ A

mﬂwami@ﬂﬂaumﬂﬂmw (UV-vis absorption spectra) (gﬂ‘lfl 4.11) U93a13LAa9 U
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1 I 1" Jd I

gandauuuman i wondanTnmitionlaeen leanlinisve Tnunadon ToReunas
'luimmu (Bessekhouad et al., 2004, Cheewita et al., 2008, Guidong et al., 2013, Sharma et al.,
2006, Zhang et al., 2007, Tseng et al., 2009, Huang et al., 2009, Kisand et al., 2010) a4 1Tinane
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(M13197 4.4)
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Abstract. The objective of this study is to explore a method to improve hydrophilicity of the
surface of formers that could be more easily dipped to produce high quality dipped rubber products.
Photocatalytic TiO, composite films were prepared by sol-gel method. Glass formers were coated
with nitrogen doped TiO, nanocomposite film by dipping method and annealed at 600°C for 1 h.
Phase formation of TiO, was characterized by XRD. Morphology of the TiO, films was observed
by using atomic force microscopy (AFM). Optical absorption of the films and degradation
concentration of methylene blue had been measured employing UV-Vis spectrophotometer. The
hydrophilicity of the thin films was determined in terms of the contact angles of water and NR
rubber latex droplets on the coated TiO, composite films under visible light irradiation. It was found
from the experimental study that the TiO, nano-composite film can improve wet-ability of the
coated former surfaces.

Introduction

The natural rubber glove and condom products in southern Thailand’s industries are being
formed using concentrated rubber latex as raw materials via a dipping method. Hand and condom
formers are usually made respectively from ceramics and glasses. In order to enhance latex wet-
ability of the formers as well as the film thickness, a coagulant, such as CaCO3, Ca(NOs), or CaCl,
solution, is introduced to coat the former surface, following by heating at 100°C prior to the latex
dip coating process. In the dipping process, the coagulant-coated former is dipped into the rubber
latex at a certain dipping rate. After rubber film removal, the used formers are cleaned using acidic
and basic solutions consecutively. In this paper, novel TiO, nano-composite film coating on formers
has been deployed instead of traditional coagulant utilization practices. The prepared TiO,
composite film was expected to improve the hydrophilic property of formers through photocatalytic
reaction and the use of the film will render self cleaning instead of the use of acidic and basic
solutions.

In this work, glass formers were coated with nitrogen doped TiO, system using sol-gel method in
an attempt to develop NR rubber latex films that exhibit smooth surfaces without coagulant
utilization. The comparative effect of TiO,, N-doped TiO, nanocomposite coated and uncoated
films on hydrophilic property and surface morphology of the rubber films prepared by latex dipping
process were investigated.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 1.20.25.144, Prince of Songlka University, Hat-yai, Thailand-09/04/14,11:35:53)
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Materials and Methods

Preparation of N-doped TiO); thin film coating on formers

In a typical preparation procedure, Titanium (IV) Isoproxide (TTIP, 99.95%, Fluka Sigma-
Aldrich) was added drop-wise under 60 min vigorous stirring into a mixture solution containing
ethanol (99.9%; Merck Germany), 10 ml glacial acetic acid, ammonium carbonate NH4sHCO; [1]
while N dosages were fixed at 20 mol% at room temperature. After that the N/Ti0, sol was coated
on glass formers (5x20x0.3 c¢m’) by dipping at room temperature. Before the coating, the glass
formers were cleaned with ultrasonic equipment for 15 min, then washed with distilled water and
dried at 60°C for 15 min. The dipping rate used for the coating was fixed at 0.23 mm/s. The coated
formers were dried at 60°C for 30 min and then heated up to 600°C under a heating rate of
10°C/min. This temperature was then maintained for another 1 h.

Materials characterization

The surface morphology and the thickness of the coatings were investigated by atomic force
microscopy (AFM) NT-MDT Model NSGO1 with a scan area of 15x15 pm”. The X-ray thin film
diffraction (XRD) patterns were characterized in terms of phase compositions and crystallite size by
using an x-ray diffractometer (XRD) (Phillips E’pert MPD, Cu-K). The crystallite size was
determined from XRD peaks using the Scherer equation [1],

D = 0.9/1/,3 cos p | (1)

where D is the crystallite size; A is the wavelength of the x-ray radiation (CuK = 0.15406 nm); f is
the full width at half maximum; and 6 is the half diffraction angle, in degree, of the centroid of the
peak.

Photocatalytic reaction test and contact angle measurement

Photocatalytic activity of the N/TiO, thin films coated on the glass formers was tested by means
of photodegradation of methylene blue (MB) solution having an initial concentration of 1x10” M as
an indicator under the visible (fluorescent light) of 50 W power and intensity irradiated to the thin
film surface of about 3.89 mW/cm®. Testing distance between a former and the light source is 14
cm. The photocatalytic reaction test was conducted in a dark chamber by UV irradiation at varying
times of 0-6 h. The remaining concentration of MB was determined by UV-Vis spectrophotometer.
Hydrophilic properties of the films in terms of contact angles were investigated under visible light
using a contact angle meter (OCA 15EC).

Preparation of natural rubber latex films

A conventional formulation was used in preparing the natural latex. Latex was mixed with the
ingredients listed in Table 1 along with continuous stirring by a homogenizer at room temperature
for 24 hr. Thereafter, the coated glass formers (after preparation described of composite thin film
coating on formers) were straight dipped into the latex mixture then passed through an oven to be
vulcanized at 120°C for 15 min. After latex mixture vulcanization, the NR films were peeled from
the coated glass formers. The film thickness was controlled in the 0.05-0.07 mm range.

Hydrophilicity, morphology and roughness of NR rubber latex

Hydrophilic properties of latex droplet on coated former in terms of contact angle were
investigated under visible light using a contact angle meter (OCA 15EC). Surface morphology of
the NR rubber films obtained from the TiO, coated glass formers were investigated by atomic force
microscopy (AFM) NT-MDT Model NSGO1 with a scan area of 50x50 pm?.

Results and Discussion
XRD patterns

Fig.1 shows the XRD patterns of TiO, and nitrogen doped TiO, thin films coated on glass
formers and calcined at 600°C. A single anatase phase was found. Nitrogen doping seemed to affect
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the crystal phase and the crystallite size as shown in Fig. 1 and Table 2. According to Scherrer
formula, the average crystallite size of these nitrogen doped samples was estimated to be about 16-
35 nm. These results confirm that nitrogen doped, can efficiently inhibit the anatase crystal growth.
As seen in Table 2 nitrogen doped TiO, composite film synthesized at 600°C yielded the smaller

crystallite size (16.46 nm.) than that of pure TiO,.

Table 1 Formulation of the rubber compound

Ingredients Dry (parts by weight) Wet (parts by weight)
60% Natural rubber latex 100.00 166.67

10% Potassium hydroxide solution 0.25 2.50

10% Potassium oleate solution 0.20 2.00

50% Sulfur dispersion 1.00 2.00

50% Zinc oxide dispersion 0.50 1.00

50% ZDEC" dispersion 1.00 2.00

50% Wingstay-L® dispersion 0.75 1.50

* Zinc diethyl dithiocarbamate (ZDEC). b Wingstay-L, antioxidant.

Anatase

3

)

=y

z b

2

=
a

10 20 30 40 50 60 70

2 Theta (Degree)

Fig.1 XRD patterns of (a) pure TiO, and (b) N-
doped TiO, thin films coated formers and calcined
at 600°C.

Table 2 Crystallite sizes and phases of TiO; and N-
doped TiO, thin films.

Crytallite size of  Phase content

Sample anatase (nm) of anatase (%)
Pure TiO, 34.23 100
N-doped 16.46 100

TiO,

Fig. 2 AFM images with a scan area of
2 um x 2 um of (a) TiO, and (b) N-doped
TiO, film coated on formers and calcined

at 600°C.

AN ‘ M

Ti

Energy (KeV)

Fig.3 EDX spectrum of the N-doped
Ti0, films calcined at 600°C.



144 Traditional and Advanced Ceramics

Morphology of thin film on the former surface

Morphology of the pure TiO, and composite N-doped TiO, thin film coating surface synthesized
at 600°C was observed by AFM, as illustrated in Fig. 2. It can be seen that crystals of the anatase
phase nucleated from the thin film are homogeneous. The average grain size of the N-doped TiO;
composite thin film found from AFM images was about 20 nm. This agreed well with the calculated
value of 16.46 nm according to Scherrer equation (Table 2). The energy dispersive X-ray (EDX)
spectrum taken from the N-doped TiO, composite, with the presence of N, Ti, C and O atoms
derived from the N-doped TiO, composite, is presented about 7%wt in Fig. 3. The carbon peak may
come from TTIP uncompleted combustion in the calcinations stage.

Photocatalytic activity and hydrophilic property

The photocatalytic activity of the nitrogen doped TiO, films was performed by means of the
degradation of methylene blue solution (MB) with an initial concentration of 1x10”> M under visible
irradiation and varying times. It could be seen (Fig.4) that nitrogen has an effect on the
photocatalytic activity of the as-prepared samples and the N-doped TiO, thin film exhibits the
optimum photoactivity. According to our previous report [2], many factors influenced the
photoactivity of TiO, photocatalyst such as crystalline phase, grain size, specific surface area,
surface morphology and surface state (surface OH radical), and these were closely related to each
other [3,4].

As shown in Fig.1 and Table 2, the N-doped TiO; thin film exhibited high degree of crystallinity
of anatase phase and the smallest crystallite size was estimated to be about 16-20 nm. Moreover, it
had been shown that nitrogen was incorporated into the crystal structure, which would prohibit the
recombination of the photo-generated electron-hole pairs and increase photo quantum efficiency
[5]. These phenomena promoted the photocatalytic activity of the film and it appeared to exhibit a
highest performance at about 67% for degradation of MB solution at 600°C under 6 h-visible light
irradiation (Fig 4).

1.0

0.8

0.6

C/Co

0.4
-*TiO2 — N doped TiO2

0.2

0.0 T T T T T
0 1 2 3 4 5 6
Visible irradiation (h)

Fig. 4 Photocatalytic performance of TiO, and composite films on degradation of MB under visible
light irradation.

The contact angle of water droplets on the film surface depends not only on photocatalytic
activity of the film but also on surface thickness and smoothness [6]. It should be noted that
hydrophilicity in terms of contact angle correlates to the photocatalytic activity of the film. The
smaller contact angle corresponded to the more hydrophilicity and this is in well accordance with
the finding of Guan [6].

Contact angle measurements of films carried out in ambient air are shown in Fig. 5. It was found
that nitrogen doping has a significant effect on lowering the contact angle of water droplets due to
their enhancement of photocatalytic activity under visible light, leading to a high hydrophilic
property of the film compared to that of the pure TiO, film. The nitrogen doped films displayed
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smaller contact angles than the pure TiO, film. Super-hydrophilicity (contact angle = 0 degree) of
the TiO, composite film was observed at 15 minutes (Fig.5).
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Fig.5 Water contact angles vs. time of TiO, and N-doped TiO, composite films calcined at 600 “C.

Morphology and droplet contact angle of natural rubber latex

AFM images of the vulcanized NR latex prepared using different glass former conditions, viz.
uncoated, uncoated but with the use of coagulant, coated by pure TiO, and coated by N/TiO, are
shown in Fig. 6 (a), (b), (c) and (d), respectively. The average roughness (Ra) values in a 50x50 pm
surface region of these NR latex films were measured to be 66, 166, 47 and 50 nm, respectively.
Surface morphology of the latex on formers coated with TiO, and N-doped TiO, films changed
substantially from the others, especially that from the traditional method of coagulant usage. The
use of TiO, and N-doped TiO, coatings rendered the latex surfaces to be much smoother, with Ra
values (surface roughness) reduced to only approx. 50 nm. Surface morphology of the NR rubber
films prepared by uncoated former but with the use of coagulant exhibited the most roughness. As
summarize in table 3, it was observed that contact angles of coated formers were smaller than those
of the uncoated films due to photocatalytic effect of TiO, films. Nitrogen doping displayed a
significant effect on lowering the contact angle of water droplet due to their enhancement of the
photocatalytic activity, leading to a high hydrophilic property of the film compared to that of the
pure TiO; film. A hydrophilic former surface can thus be created by OH radical [7]. The
physicochemical characteristics of the modified surfaces, including surface compositions are shown
in EDS. The utilization of coagulant in case of uncoated films can affect the increasing contact
angle of NR latex droplet.

Summary

Nitrogen doped TiO, photocatalytic thin films prepared by sol-gel method exhibited higher
photoactivity than pure TiO,. The visible light photocatalytic activities of the prepared catalysts for
degradation of methylene blue were dependent on the doped nitrogen. It was found from the
experimental study that nitrogen doped TiO, coating film can improve the hydrophilicity of glass
former surface, leading to the enhancement of smoothness of vulcanized NR rubber latex film. The
utilization of coagulant in case of uncoated films can influence only the increasing rubber film
thickness and surface roughness.
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Samples Uncoated Uncoated but Coated with Coated with
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Roughness (nm) 66 166 47 50

Fig.6 AFM images and roughness values of vulcanized NR latex rubber prepared by using different
glass former conditions.

Table 3. Contact angles of latex droplets on pure TiO, and N/TiO, composite films coated on glass
former surfaces compared to those of uncoated and uncoated but with coagulant during 0-10min.

Contact angle () 0 min 5 min 10 min

Uncoated 48 17 11

Uncoated but with coagulant 66 50 44

Coated with pure TiO, 42 20 10

Coated with N-doped TiO, 44 21 8
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