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Abstract: Problem statement: Titanium dioxide is a well known material usingthviself-cleaning
application. This is due to its properties aftepa@sed to UV light: Superhydrophilicity and
photocatalysis. The addition of other oxides cqaralong these properties without continuing exposed
to UV. However, titanium dioxide phase is essentiath order to obtain these properties, titanium
dioxide needs to be in anatase phaggproach: In this Research, phase transformation tempemsature
of mixed oxide of titanium dioxide and other oxideere determined. Samples of different mixed
oxides were prepared by sol gel method. The fisshple contained 30%TiCand 70%Si@ The
second sample contained 30%%iQ5%CeQ and 55%Si@Q The last sample contained 30%7,iO
15%CeQ and 55%Si@ Each sample was separately calcined at varieoperatures from 350-
850°C stepping by 5TC and followed by grinding and sieving to obtairttie form of powders. Then,
each powder was characterized for its microstrecand phases of titanium dioxide, crystallite &iye
X-Ray diffraction. Results: The results from XRD showed that for a 30%F&)0,, an increase in
calcined temperatures from 350-850°C (increasing5b$C) increased average crystallite sizes of
titanium dioxide (from 5.1-11.8 nm). Also, titaniudioxide phase found in the samples was only
anatase. For a 30%TiQ5%CeQ/SiO,, an increase in calcined temperatures was nottafifethe
structure of the samples and XRD patterns seemdzk tm an amorphous structure. Finally, for a
30%TiO,/15%AgO/SiqQ, titanium dioxide was found in an anatase phagb@tC until 650°C. Then,

at calcined temperatures greater than 700°C, rptiase started appearing in the structure while
anatase phase peaks slowly declined with an inageés calcined temperatures. This result showed
that using these mixed oxides to coat over gladsssbr mirrors for self-cleaning purposes, thméil
should be treated at certain temperatures to obtaanatase phaseonclusion: Phase transformation
of titanium dioxide depends on calcined temperatufiehe addition of other oxides such as silica,
cerium or silver can effectively suppress the asetatile phase transformation and resulted in an
increase of anatase-rutile phase transformatiopeaeatures.

Key words: Anatase phase, calcination temperatures, titanidioxide, phase transformation
temperature

INTRODUCTION affected to superhydrophilic property of the filnThe
anatase phase in TiOthin films resulted in
Titanium dioxide is of great interest owning te it superhydrophilic property (Kontoset al., 2007).
applications related to photo-splitting of water, Therefore, phases of titanium dioxide are of impoce
photocatalyst, photovoltaic devices and so orno their applications. The other oxides cooperatét
(Besoret al., 2009; Meeret al., 2009). Moreover, its titanium dioxide enhanced photocatalytic and
thin film can induce hydrophilic surface with a wat superhydrophilic properties (Houmart al., 2007).
contact angle of 0-5° under UV light irradiatiorhi¥is  However, the addition of other oxides affected the
so called “superhydrophilicity”. This property ofd,  anatase-rutile phase transformation temperatures
thin film makes it possible to be utilized for many (Kumar et al., 1999). In this research, the effect of
applications such as anti-fogging or self-cleaningcalcined temperatures to titanium dioxide phase
mirrors (Liu et al., 2008). Phases of titanium dioxide transformation and crystalline sizes of titaniurnxiie
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mixed with others was studied. The amount of tilami
dioxide was kept constant at 30% wt and the rest is
other oxides.

)
(h)

MATERIALSAND METHODS

(3)

Sample preparation: Mixed oxide of titanium dioxide % =2 e 5

with other oxides was prepared by sol gel method. —~ . —9]
Titanium isopropoxide obtained from Sigma Aldrich s\ =" P — 5
was a titanium precursor. For a 30%J€IO, w (b)
preparation, it began with dissolving the desireoant ! : : : = . e
of Tetraethylorthosilicate (TEOS) into ethanol. The 2 30 40 50 60 70 80

2-theta

solution was stirring for 30 min. and then a

stoichiometric amount of water was added into the-. .. TS ;
solution to obtain hydrolysis reaction. The solntigas eFlg' = J?fl?el?eﬁf :'éenr]r;serg:u?ess’.o(ng)l%.ig;ozl()e(ﬁcgt(c)

continuing stirring. The known amount of nitric dci 0. 0. o~ 0.

was added to peptize the solution. Then, the desire 471(5)805 ((r]‘];)?gggc(_:’(i)(e)sgg%g (j()f) gggog é%
amount of titanium isopropoxide was added into the - Rep,resents st;';mdard pea’k position of JTiO
solution. The solution was kept stirring for 30 niithe a.natase phase, # Represents standard2 peak
obtained solution was aged for overnight and itedal position of TiG r’utile. phase

“sol”. The sol was heated until it became gel. The

obtained gel was aged overnight. After aging, tBé g For pure titanium dioxide, it was found that anr@ase
was dried at 110°C followed by calcined at différen jn calcined temperatures led to changes of andtase
temperatures from 350-850°C (increased by 50°C. Thrytile. Qingjuet al. (2002) observed the anatase occurred
final oxide was ground and sieved to 100 mesh. at the most when the sample was calcined at teropera
For —a  30%Ti@15%CeQ/SiO, and & of 450°C and further increasing in calcined tempeea
30%TiO/15%AgO/SIQ  preparation, the  same pytile phase appeared. At calcined temperatur®of@,
procedure was used. It was started with dissolti®g  titanjum dioxide was completely in the form of tetiln
desire amount of Tetraethylorthosilicate (TEOSpint this research, the study of titanium dioxide phase
ethanol. The solution was stirring for 30 min. @hen a  transformation in the mixed oxide of titanium arttiey
stoichiometric amount of water was added into theyas investigated. The results were showed as
solution to obtain hydrolysis reaction. The solntisas  fo|lowing:
continuing stirring. The known amount of nitric dci
was added to peptize the solution. The known amourpnase  and average crydallite size of a
of cerium nitrate or silver nitrate was added ithe 30%TiO,/SiO,: Samples containing 30%Tj;Oand
solution. The obtained solution was sFirring for radn.  70%SiQ were prepared by sol gel. The obtained solid
and then the known amount of titanium isopropoxidepowders were calcined at different temperaturem fro
was added and the solution was kept stirring fotler  350-850°C with increments of 50°C. All samples were
30 min. to obtain the uniformity. The process ofidg  analyzed for their phase and average crystallitessby
and calcining was followed the procedure of ax.ray Diffraction method (XRD). The results were
30TiO,/SIO, preparation. shown in Fig. 1.
XRD measurements were performed in order to

Sampleqharactenzanon: Average crystalllne’ sizes of_ verify the occurrence of TiDphases at differences in
each oxide were determined by Scherrer's equation

using the X-ray line broadening from X-ray diffrist, calcined temperatures. Fig. 1 shows the XRD difioac

Bruker AXS model D 8 Discover equipped with a Patterns obtai_ned with62= 20-80°. * represents peak
CuKa radiation with a nickel filter. Diffraction POSitions of TiQ anatase phase at 25.4, 38.1, 48.1, 54.8,

intensity was measured in the 2 theta ranges bet@@e 62.5 and75.1°. # represents standard peak position of

and 85°' with a Step of 0.02° for 8 sec p_d'lnt T|02 rutile phase at 274, 361, 412, 566, 69.1 and
69.9°. These data were obtained frtm references of
RESULTSAND DISCUSSION spinel code 00-021-1272 and 01-076-0317, respégtive

attached with the XRD instrument. Figure la is &DX
As been known, phase transformation of titaniumpattern of the sample calcined at 350°C. As caseen,
dioxide depends on the calcination temperatures. the XRD pattern was quite smooth except at 25.4°
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appearing as a small hill. An increasing of caldine either an amorphous structure of the oxide or a
temperatures increased intensity of peaks at thgipn  crystallite structure and the particles were well
and the peaks were getting sharp as been seeg.lrafi dispersed in the samples. An increase of calcined
c. Further increasing in calcined temperaturesO@°’6  temperatures from 350-850°C increased an average
increased a number of peak positions matchingpadk  crystallite size of titanium dioxide from less th&n
positions of TiQ anatase phase. The peak positions werd1.1 nm. The sample calcined at 850°C has the darge
found at 25.4, 38.1, 48.1, 5482.5 and 53.9°. These crystallte size of 11.1 nm. This was due to the
peak positions appeared in the samples calcin®@@&t agglomeration of Ti@at high temperatures (Tiaah al.,
850°C and the intensities of each peaks increasttd w 2009).

increasing of calcined temperatures. These results

indicated that at low calcined temperatures, it was Phase and average crystallite size of a
amorphous structure appearing in the sample. AR0%TiO,/15% Ce0,/SiO,; The samples contained
increase in calcined temperatures increased diggtal 30% TiO, 15% CeQ@ and 55% Si@ were calcined at

of titanium dioxide and anatase phase was appeared different temperatures. The results from XRD showed
the samples calcined at temperature 450-850°0n Fig. 2.

Interestingly, no rutile phase was observed in dlie XRD measurements were performed in order to
samples. Kumaet al. (1999) prepared a 90%TiSiO,  verify the occurrence of TiDphases at differences in
by cohydrolysis method and the samples were calahe calcite temperatures. Figure 2 shows the XRD diffoa

800 and 1000°C. They found that Fi@vas in only patterns obtained withé2= 20-80. represents peak
anatase phase for both calcined temperatures while positions of TiQ anatase phase at 25.4, 38.1, 48.1, 54.8,
sample contained 95% Ti@Gnd 5% Si@ TiO, was in  62.5 and75.1°. 4 represents standard peak position of
anatase phase at calcined temperature of 800°Ti@nd TiO, rutile phase at 27.4, 36.1, 41.2, 56.6, 69.1 and
was found in rutile phase at calcined temperature 069.9°. These data were obtained ftbmreferences of
1000°C. The addition of silica in the samples reslin

an increase of anatase-rutile phase transformatiofible 1: Average crystallite sizes of the 30%:I8I0, samples

temperature. calcined at different temperatures
From XRD results, average crystallite sizes of ;TiO Calcined temperaturéq) Average size (nm)
were calculated using Scherer equation. The resul%g <2'8
were showed in Table 1. 450 5.4
As in Table 1, average crystallite sizes of titemi 500 5.8
dioxide increased with an increase of -calcinedé00 6.7
temperatures. The XRD pattern of a sample calcated ?gg g'g
350°C was a bump and this could be desdrd®e ;5 8.8
800 10.2
850 11.1
m
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Fig. 2: XRD patterns of a 30%T#15%CeQ/SiC,
calcined at different temperatures: (a) 350°C; (b) il S i . .
400°C; (c) 450°C; (d) 500°C; (e) 550°C; () 2 4 6 8 10 12 14

600°C; (g) 700°C and Represents standard peak ) i
position of TiQ anatase phasa: Represents Fig-3: EDX results for a 30%Till5%CeQ/SIO;

standard peak position of Ti@utile phase sample calcined at 450°C
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Table 2: Chemical compositions obtained from EDXhparing with
those of preparation

Element Preparation (%) EDX (%) Err6i6)
Ti 17.9 19.6 8.9
Si 25.7 27.5 7.0
Ce 12.2 11.8 29
0 44.1 41.0 6.9
. . . . | e, Se——— i A 5
Table 3: Average crystallite sizes of substancesamples contained S S A
30% TiQ, 15% Ag and 55% SiO Each sample was ~ - L
calcined at different temperatures et e e e ©
Crystallite size (nm) k; = ' = a p
2-theta
TiO,

_ S _ Fig. 4: XRD patterns of a 30%T#15%AgO/SiQ
Calcined temperature (°C) Anatase  Rutile Ag calcined at different temperatures: (a) 350°C; (b)
P o2 ] Lo 400°C; (c) 450°C; (d) 500°C; (e) 600°C; (f)
450 8.1 - 20.5 650°C; (g) 700°C; (h) 750°C; (i) 800°C; (j)
500 8.9 . 21.7 850°C and *: Represents standard peak position
ggg i(l)'é i %Z'g of Ag, : Represents standard peak position of
650 10.7 } 307 TiO, anatase phase; Represents standard peak
700 24.1 32.6 32.0 position of TiQ rutile phase
750 35.4 37.6 335
800 36.4 48.9 369 phase and average crystallite sze of a
850 36.3 46.7 36.3 30% TiO,/15% AgO/SIO,: The samples contained 30%

TiO,, 15% AgO and 55% SiOwere calcined at
spinel code 00-021-1272 and 01-076-0317, respégtive different temperatures. The results from XRD showed
attached with the XRD instrument. As can be observein Fig. 4.
from the XRD patterns of all samples, there were no  XRD measurements were performed in order to
peak positions appeared except the bump® at25°. It  verify the occurrence of TiOphases at differences in
means that either all particles are well dispeiisethe  calcined temperatures. Figure 4 shows the XRD
samples or there was an amorphous structure existin diffraction patterns obtained with® 2= 15-80°.
the samples. However, an increase in calcined represents peak positions of Ag at 21.8, 38.1344
temperatures was not affected to the structurellat agq 5 and 77.4°= represents peak positions of FiO
Further investigation was conducted with EDX 10 gnatase phase at 25.4, 38.1, 48.1°, 5685° and

determine the chemical composition in the sample T 75 10, represents standard peak position of ;Ti@ile

results showed in Fig. 3. o phase at 27.4, 36.1, 41.2, 56.6, 69.1 and 69.98s@h
As can be seen in Fig. 3, the results indicated thyaia were obtained fromhe references of spinel code
presence of titanium, cerium, silicon and oxygeth® 1_.0g9.3722 00-021-1272 and 01-076-0317
sample. The composition of each atom was reported irggpectively, attached with the XRD instrument. In
Table 2. Fig. 2a, XRD pattern of the sample calcined at 850°

. From Tadble 2, the sielmpl((ja contained SO%IZTiOd indicated an amorphous structure of the oxide. An
15% CeQ and 55% Si@calcined at 450° was analyzed j, rease in calcined temperatures increased thi pea

for their chemical composition using EDX. The résul . : ; :
U . . intensity and appearing of peaks at different asgle
indicated that there were 19.6% Ti, 27.5% Si, 1186 Most likely, these peaks were peak positions of ,TiO

0 , ; .
and 41.0% O in the sample. Comparing these data Wltanatase phase. Up until the calcined temperature of

those of calculating from the precursors during th o " .
preparation, it was found that there were 17.9% Tie500 C, peak positions of Ag appeared in the XRD

25.7% Si, 12.2% Ce and 44.1% O and these brougl’p(attern_s. Each peak intensity_incregsed with arease
about to errors less than 10% for each element. Thef calcined temperatures until calcined temperatafe
differences in results from preparation and thasenf ~/00°C, rutile phase appeared. Further increasing in
EDX may cause from the loss of chemicals duringc@lcined temperatures increased peak intensitiesl of
preparation. Consequently, the results from EDXcompounds. These results indicated that the anatase
confirmed that all chemicals were present in thefutile phase transformation depended on calcined
samples even though no peak positions of ,Tédd temperatures. Moreover, for a sample of titanium
CeG, were observed from XRD. dioxide cooperated with other oxides, the phase
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transformation temperatures were higher that tHat oBrinker, J.C., W. George and S. Scherrer, 1990-g8bl
pure compound (Guan, 2005). science: The physics and chemistry of sol-gel
From XRD results, average crystallite sizes of,TiO processing. Boston, Acad, ISBN: 0-12-134970-5,
were calculated using Scherer equation. The results 1990.
were showed in Table 2. Guan, K., 2005. Relationship between photocatalytic
As can be seen from Table 2, average crystallite activity, hydrophilicity and self-cleaning effect o
sizes increased with an increase of calcined TiO,/SiO, composite film. Surface Coat. Technol.,
temperatures for all compounds. The sample calcited 191: 155-160. DOI: 10.1016/j.surfcoat.2004.02.022
800°C has the biggest crystallite sizes for anatagiee = Houmard, M., D. Riassetto, F. Roussel, A. Bourgeois
and silver. For the samples containing anataseiie and G. Berthome, 2007. Morphology and natural
phases, average crystallite size of anatase wallesma wettability properties of sol-gel derived TiSiO,
than that of rutile at any calcined temperatureg. A composite thin films. Applied Surface Sci
appeared in the sample calcined at temperaturesegre 254 1405-1414. DOI:
that 400°C. Interestingly, the preparation methaas w 10.1016/j.apsusc.2007.06.072
sol gel. Theoretically, the final product from this Kontos, A.l, A.G. Kontos, D.S. Tsoukleris, G.D. Vlachos
method is oxide. This was due to the condensation and P. Falaras, 2007. Superhydrophilicity and
reaction (Brinker et al., 1990). However, in this photocatalytic property of nanocrystalline Titania
experiment, the amount of water added during the sol-gel films. Thin Solid Films, 515: 7370-7375.
hydrolysis reaction was less that the stoichioroetri DOI: 10.1016/J.TSF.2007.02.082
amount. That could be the reason for obtaining Agkumar, S.R., C.S. Ash&. Vasudevan, R. Suja and

instead of AgO. P. Mukundan, 1999. Phase transformation in sol-
gel titania containing silicavater. Lett., 38: 161-166.
CONCLUSION DOI: 10.1016/S0167-577X(98)00152-9
- Phase transformation of titanium dioxide dependd-U» Z., X. Zhang, T. Murakami and A. Fujishima,
on calcined temperatures 2008. Sol-gel SigITIO, bilayer films with self-

«  The addition of other oxides such as silica, cerium  Ccléaning and antireflection properti€olar Energy

or silver can effectively suppress the anataséeruti Mater. Solar Cells, 92: 1434-1438. DOL:

phase transformation and resulted in an increase of 10.1016/J.SOLMAT.2008.06.005

anatase-rutile phase transformation temperatures Meen. T.H., W. Water, W.R. Chen, S.M. Chao and
. Anatase phase was only species found in L.W. Ji, 2009. Applications of Ti©nano-particles

30%Ti0)/Si | lcined at t i on the electrode of .dye—sensitized solar cells. J.
o 8"50'% 0, samples calcined at temperatures up - o " opom T Solids,  70: 472-476.  DOI:

* The addition of cerium oxide in mixed oxide of 1_0-1016/‘]-JP(_:S-ZO_OS-lZ-OOZ_ _
titanium and silica led to well dispersion of all Qingju, L., W. Xinghui, W. Baoling and L. Qiang,

oxides in the samples 2002. Preparation and super-hydrophilic properties
«  Average crystallite sizes increased with an in@eas  ©f TiO2/SnG, composite thin film. Mater. Res.
in calcined temperatures Bull, 37: 2255-2262. DOI:10.1016/S0025-

5408(02)00972-8
eTian, G., K. Pan, H. Fu, L. Jing and W. Zhou, 2009.
Enhanced photocatalytic activity of S-doped FHO
ZrO, nanoparticles under visible-light irradiation.
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