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bstract

eramics from the titanium–oxygen system were prepared by sintering TiO2 and Ti2O3 powders at 1400 ◦C in air or in Ar/H2 (7%). The surface
ompositions of the TiO2, the non-stoichiometric TiO2−x and the Ti2O3 ceramics, studied with X-ray photoelectron spectroscopy, are discussed in
erms of their chemical composition, with particular emphasis on the valence state of the titanium ions. The correlation between the valence state
f the titanium ions at the surface and the water-contact angle was examined. The presence of Ti3+, which can be introduced at the titanium–oxygen
eramic surface by sintering the ceramic in lower oxygen partial pressure, is related to a significant decrease in the water-contact angle. TiO2
eramics with just Ti4+ at the interface had a water-contact angle of 67◦; however, the non-stoichiometric TiO2−x and Ti2O3/Ti3O5 with Ti3+ at
he interface had lower water-contact angles, i.e., 26◦ and 18◦, respectively. The wettability of ceramics in the Ti–O system can be improved by
ntroducing Ti3+ at the ceramic interface.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

TiO2 attracts particular interest because of two photo-induced
henomena, i.e., the photocatalytic and superhydrophilic
ffects.1–4 TiO2 has the ability to decompose many organic com-
ounds due to the photocatalytic effect, a phenomenon that has
een studied extensively.5–7 When TiO2 is illuminated with pho-
ons whose energy is equal to or greater than the TiO2 band-gap
nergy, Eg, these photons are absorbed, and as a consequence
lectron–hole pairs are created. The electron–hole pairs further
issociate into free photoelectrons in the conduction band and
hoto-holes in the valence band. These photo-generated carri-
rs can react with oxygen and water from the surroundings to
roduce the radicals •O2

− and •OH− that can recombine and
ecompose organic compounds.4,6,7
The second phenomenon, superhydrophilicity has been
bserved in TiO2. When TiO2 is illuminated with light of a spe-
ific wavelength, the surface becomes more hydrophilic, i.e., the
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ater-contact angle decreases. Previous reports suggest that the
uper-hydrophilicity of TiO2 after UV illumination is related to
he reduction of Ti4+ to the Ti3+ state.4,5 The electron that is
ormed under UV illumination tends to reduce the Ti4+ cations
o the Ti3+ state and consequently oxygen vacancies are created.

ater molecules can then occupy the oxygen vacancies, pro-
ucing chemisorbed –OH groups, which increases the Van der
aals forces and the hydrogen-bonding interactions between

he H2O and the –OH, and as a result of this the hydrophilic
roperties are enhanced.4,5 Fujishima et al.4 reported that the
ater-contact angle of a TiO2 anatase thin film is 15◦, and that the

ngle decreases significantly after UV illumination. The water
preads over the anatase surface and the contact angle was esti-
ated to be close to 0◦. However, this increased hydrophilicity
as not permanent and after a few hours in the dark the TiO2

everts to its more hydrophobic state.4 For practical applica-
ions it is highly desirable that the surface of TiO2 exhibits a
igh wettability with respect to water in addition to a photocat-

lytic effect. Such a surface ensures that surface contaminants
re either photo-mineralised or washed away by water.

Titanium dioxide exists in three crystal structures,8 i.e., rutile,
rookite and anatase. When brookite and anatase are heated

mailto:danjela.kuscer@ijs.si
dx.doi.org/10.1016/j.jeurceramsoc.2007.07.014
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o temperatures between 700 and 920 ◦C they transform irre-
ersibly to rutile.9 Rutile crystallizes in a tetragonal structure
ith a = 0.4594(3) nm and c = 0.2959(3) nm.10 Its properties are
etermined by the non-stoichiometry and the concentrations of
arious defects that can exist in the TiO2 lattice. In addition, the
roperties of the TiO2 surface can be greatly affected by the bulk
tructure and defects, as has been extensively reviewed.11

In addition to stoichiometric TiO2, a lot of work has been done
n non-stoichiometric TiO2−x. The degree of non-stoichiometry
ignificantly depends on the temperature and the oxygen partial
ressure, as has been thoroughly reviewed.12 Ti interstitials are
egarded as the major defects at high temperatures.13 The non-
toichiometry parameter x in TiO2−x increases with increasing
emperature and is reported to have an upper limit in air of 0.008
t 1000 ◦C and 0.016 at 1400 ◦C.12

For larger deviations from the TiO2 stoichiometry, the
xide forms a series of compounds with ordered structures
hat appear between the non-stoichiometric TiO2−x and Ti2O3.
hese structures are known as Magnéli phases,14 and have the
omposition TinO2n−1, where 3 ≤ n ≤ 20. Ti2O3 is isostruc-
ural with Al2O3, having the rhombohedral unit-cell dimensions
= 0.54325(8) nm and α = 56.75(1)◦.15 A phase diagram indi-
ating all the compounds between Ti2O3 and TiO2 is shown in
ig. 1.

There is a growing interest in understanding and possibly
ontrolling the surface properties of TiO2. Earlier investigations
howed that the (1 1 0) surface possesses the lowest energy,16 and
or this reason it has been the most extensively studied. It was
lso confirmed that the hydrophilic-to-hydrophobic conversion
f the TiO2 surface can be induced by irradiating the sample with

ight of a specific wavelength.17,18 However, the results concern-
ng the contact angle of water on non-irradiated TiO2 surfaces
re rather inconsistent, with the angle ranging from 72◦18 to
ess than 10◦.19 There are numerous factors that can have an

Fig. 1. Phase diagram of TiO1.5–TiO2.
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ffect on the water-contact angle. For example, it is well known
hat atmospheric contaminants accumulate on a TiO2 surface,20

nd as a consequence the contact angle increases. The surface
oughness is also known to play an important role in influencing
he water-contact angle.17 Since the TiO2 surface is hydrophilic,
.e., the reported contact angles are less than 90◦, the lower con-
act angle may be the result of surface roughness. To the best of
ur knowledge even less information is available on the wetta-
ility of non-stoichiometric titanium oxide and TinO2n−1 than
or TiO2.

The motivation for the present investigations was to find an
lternative method, i.e., other than UV illumination, for enhanc-
ng the wettability of ceramics in the Ti–O system. Bulk TiO2,
on-stoichiometric TiO2−x and Ti2O3 ceramics were prepared
y sintering TiO2 and Ti2O3 at various oxygen partial pressures,
nd the chemical compositions of their surfaces were investi-
ated. The contact angle of water on the Ti–O ceramic surfaces
s reported and correlated to the surface composition of the TiO2,
he non-stoichiometric TiO2−x and the Ti2O3.

. Experimental

For the experimental work we used commercially available
iO2 (99.9%) and Ti2O3 (99.8%) powders, both from Alfa
esar, Karlsruhe, Germany.
The non-stoichiometric TiO2 powder (denoted TiO2−x) was

repared from stoichiometric TiO2 powder by heating it at
400 ◦C for 2 h in Ar/H2 (7%). After the heating, the powder
ad a dark colouration.

The Ti2O3 powder was high-energy milled in a planetary mill
Retsch, Model PM 400, Hann, Germany). A 250-ml tungsten
arbide (WC) milling jar filled with 15 tungsten carbide balls of
0-mm diameter was used. A total of 200 g of powder was placed
n the vial. The rotational speed of the supporting disk was set
o 300 rpm. The milling conditions are detailed in reference.21

The TiO2 ceramic was prepared from TiO2 powder by sinter-
ng in air; the non-stoichiometric TiO2−x ceramic was prepared
rom TiO2−x powder by sintering in Ar/H2 (7%); and the
i2O3 ceramic was prepared from mechano-chemically acti-
ated Ti2O3 powder by sintering in Ar/H2 (7%). All the powders
ere sintered at 1400 ◦C for 2 h.
During the thermal treatment of the TiO2−x and Ti2O3 in

r/H2 (7%), titanium sponges were placed ahead of and behind
he sample in the furnace to trap the impurities and ensure
hat only uncontaminated Ar/H2 (7%) reached the sample. The
urnace tube was used exclusively for thermally treating Ti–O
eramics and so any contamination from earlier firings is ruled
ut. The oxygen partial pressure in Ar/H2 (7%) was measured
sing a Rapido 3100 Oxygen Analyser (Cambridge Sensotec
td., Cambridge, UK). The amount of oxygen in the gas before
ntering the tube furnace was 10−19 ppm at room temperature
nd at the exit of the tube furnace where the temperature was
etween 400 and 500 ◦C it was 10−17 ppm.
X-ray powder-diffraction data were collected from the sam-
les at room temperature on an Endeavor Bruker AXS, Model
4 (Karlsruhe, Germany) diffractometer using Cu K� radiation.
he data were collected in the 2θ range from 20◦ to 70◦ in steps
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f 0.02◦, with an integration time of 4 s per step. The peak posi-
ions and the relative heights of the peaks were determined from
he experimental patterns after filtering out the Cu K�2 radia-
ion component. The observed phases were identified using the
DF-222 database.

The sintering curves of the powder were recorded with a
eating-stage microscope (Leitz Wetzlar, Germany) in the tem-
erature range 25–1350 ◦C at a heating rate of 10 ◦C/min in air
nd in Ar/H2 (7%).

The thermal analysis (Thermogravimetry TG, Netzsch STA
09, Selb, Germany) was performed with platinum crucibles in
n atmosphere of flowing air or Ar/H2 (7%) at a heating rate of
0 ◦C/min.

A JEOL 5800 scanning electron microscope (Tokyo, Japan)
quipped with a Tracor-Northern energy-dispersive system
EDS, Middleton, WI, USA) was used for the overall microstruc-
ural analysis.

The surfaces of the TiO2, the non-stoichiometric TiO2−x

nd the Ti2O3 ceramics were analysed using X-ray photoelec-
ron spectroscopy (TFA XPS spectrometer, Physical Electronics,
hanhassen, MN, USA). All the spectra were recorded using
onochromated Al K� (1486.8 eV). Two types of spectra were

ecorded: wide-energy survey scans and high-energy-resolution
arrow scans of the Ti 2p, O 1s and C 1s spectral regions with an
nergy resolution of 0.6 eV. The energy scale of the spectra was
orrected using the binding energy of the carbon C 1s peak at
84.6 eV. Regions of 400 �m in diameter and a depth of 1–3 nm
ere analysed. The surface composition was calculated from the
PS intensities using the relative sensitivity factors provided by

he instrument manufacturer.23

The contact-angle measurements were performed on the as-
intered ceramic surfaces. After the sintering process the pellets
ere removed from the furnace and put directly into a des-

ccator. The contact angle was measured for several samples
nd the reported value is an average of these measurements.

Fibro DAT 1100 Dynamic Contact Angle and Absorption
ester (Fibro Systems AB, Stockholm, Sweden) was used for

he measurements. The volume of the water droplet was 4 �l.

. Results and discussion

At room temperature TiO2 powder is white and crystallises in
he tetragonal rutile structure with calculated lattice parameters
f a = 0.45902 ± 0.00007 nm and c = 0.29580 ± 0.00007 nm.
he non-stoichiometric TiO2 powder (denoted TiO2−x) obtained
fter firing the TiO2 at 1400 ◦C in Ar/H2 (7%) was dark blue. It
rystallises in the tetragonal rutile structure with lattice parame-
ers of a = 0.4588 ± 0.0007 nm and c = 0.2957 ± 0.0001 nm. An
EM image of the TiO2−x powder and its XRD pattern are shown

n Fig. 2.
Commercially available Ti2O3 powder is very coarse, with a

article size up to 44 �m. An SEM image of some Ti2O3 powder
hat was high-energy milled for 12 h is shown in Fig. 3a. With

his technique the particle size of the Ti2O3 was reduced to a

edian grain size of 2 �m. The X-ray powder-diffraction analy-
is of the as-received Ti2O3 powder shows that the Ti2O3 phase
oexists with a small amount of Ti3O5 phase (PDF 72-51922,

a
o
a
l

ig. 2. (a) SEM image of TiO2−x powder and (b) X-ray powder-diffraction
attern of TiO2−x powder.

ig. 3b). Ti2O3 crystallizes in a rhombohedral crystal structure
ith a = 0.54314 ± 0.00006 nm and α = 56.659 ± 0.005◦.
The TG curves of the TiO2 in air and in Ar/H2 (7%) are shown

n Fig. 4. The mass changes of the micrometer-sized TiO2 in air
nd in Ar/H2 (7%) at 1400 ◦C are 0.41% and 1.14%, respec-
ively.

The sintering curves for the TiO2 in air, for the TiO2 in Ar/H2
7%), and for the as-received and high-energy-milled Ti2O3 in
r/H2 (7%) up to 1400 ◦C are shown in Fig. 5. The onset tem-
erature for the TiO2 in air and in Ar/H2 (7%) was 1000 ◦C. The
ensification process was incomplete up to 1400 ◦C, which is
vident from the shapes of the curves. The TiO2 in air shrank
y 21% at 1360 ◦C and in Ar/H2 (7%) it shrank by 17% at
400 ◦C. The as-received Ti2O3 powder did not exhibit any
hrinkage up to 1400 ◦C, while the onset temperature for the
igh-energy-milled Ti2O3 was 1200 ◦C. Since the chemical
omposition of the as-received and high-energy-milled Ti2O3 is
dentical, it seems reasonable to suppose that the different sinter-
ng behaviours are a result of the dissimilar particle sizes of the
owders. The high-energy-milled Ti2O3 powder with a particle
ize of 2 �m started to densify at lower temperatures than the

s-received Ti2O3 powder with 40 �m particles. This influence
f the particle size on the densification process is well known,
nd our observations are in agreement with those reported in the
iterature.24
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the SEM/EDS analysis. From the SEM images it is clear that
the non-stoichiometric TiO2−x is more porous than the TiO2
ceramic sintered in air. This is consistent with the results of the
sintering behaviour of the TiO2 in air and in Ar/H2 (Fig. 5).
ig. 3. (a) SEM image of high-energy-milled Ti2O3 powder and (b) X-ray
owder-diffraction pattern of as-received Ti2O3 powder.

SEM images of a cross-section of the TiO2 pellet and its
urface sintered at 1400 ◦C for 2 h in air are shown in Fig. 6. The
intered TiO2 is dense, albeit with some pores. The surface of the

iO2 is dense with clearly observable grains of up to 50 �m in
iameter (Fig. 6b). The XRD analysis of theTiO2 ceramic shows
hat it crystallise in the rutile tetragonal structure with calculated
attice parameters of a = 0.45902(7) nm and c = 0.29580(7) nm.

Fig. 4. TG curves of TiO2 in air and in Ar/H2 (7%) up to 1400 ◦C.
F
c

ig. 5. Sintering curves for TiO2 in air, TiO2−x in Ar/H2 (7%), as-received
i2O3 in Ar/H2 (7%) and high-energy-milled Ti2O3 in Ar/H2 (7%) from room

emperature to 1400 ◦C.

SEM images of the non-stoichiometric TiO2−x ceramic and
ts surface sintered at 1400 ◦C for 2 h in Ar/H2 (7%) are shown
n Fig. 7a and b, respectively. The microstructure of the ceramic
onsists of a matrix phase, where only titanium was detected by
ig. 6. SEM image of TiO2 sintered at 1400 ◦C for 2 h in air: (a) polished
ross-section of TiO2 and (b) surface of TiO2.
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ig. 7. SEM image of TiO2−x sintered at 1400 ◦C for 2 h in Ar/H2 (7%) atmo-
phere: (a) polished cross-section of TiO2−x and (b) surface of TiO2−x.

The high-energy-milled Ti2O3 powder was sintered at
400 ◦C for 2 h in Ar/H2 (7%) (denoted Ti2O3). The XRD
pectrum of the Ti2O3 ceramic is shown in Fig. 8. All the
iffraction peaks were identified as the Ti2O3 (PDF 10-0063)22

r Ti O (PDF 72-0519)22 phases. SEM images of the cross-
3 5
ection and the surface of the sintered Ti2O3 ceramic are shown
n Fig. 9. From these results it is evident that the Ti3O5 phase is
ormed during the sintering of Ti2O3. For that reason, Ti2O3 sin-

ig. 8. XRD spectrum of Ti2O3/Ti3O5 sintered at 1400 ◦C for 2 h in Ar/H2 (7%).
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ig. 9. SEM image of Ti2O3/Ti3O5 sintered at 1400 ◦C for 2 h in Ar/H2: (a)
olished cross-section of Ti2O3/Ti3O5 and (b) surface of Ti2O3/Ti3O5.

ered under these experimental conditions will be subsequently
eferred to as Ti2O3/Ti3O5.

The main problem when sintering Ti2O3 powder is to ensure
highly reducing atmosphere in the furnace. Just a trace of

xygen present during the high-temperature processing of Ti2O3
s sufficient to cause Ti3+–Ti4+ oxidation, and as a consequence
he formation of Ti2O2n−1 phases. The sintering conditions –
tmosphere, temperature and time – have to be optimised and
ontrolled very carefully in order to produce a ceramic with
eproducible properties.

The contact angles for water on the as-sintered surface of
iO2 fired at 1400 ◦C in air, the non-stoichiometric TiO2−x

intered at 1400 ◦C in Ar/H2 (7%), and the Ti2O3/Ti3O5 sin-
ered at 1400 ◦C in Ar/H (7%) are shown in Table 1. All the
2
xamined pellets show a hydrophilic surface. A contact angle of
7 ± 2◦ was measured on the TiO2’s surface, which is in accor-
ance with reference.18 The contact angles on the TiO2−x and

able 1
ontact angles of ceramics in the Ti–O system

Contact angle (◦) Identified phases by XRD

iO2 67 TiO2—rutile
iO2−x 26 TiO2—rutile
i2O3/Ti3O5 18 Ti2O3, Ti3O5
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ig. 10. XPS survey spectra from TiO2, non-stoichiometric TiO2−x and Ti2O3/
i3O5 pellet surfaces.

i2O3/Ti3O5’s surfaces were considerably lower, i.e., 26 ± 5◦
nd 18 ± 5◦.

The authors are aware that there are numerous problems
ssociated with measuring the water-contact angle on TiO2 sur-
aces. The surface of TiO2 is a high-energy one and therefore
rganic contaminants are easily accumulated on it. Under UV
rradiation these contaminants may decompose, and so the sur-
ace will become more hydrophilic simply because it may be
leaner. However, Stevens et al.17 confirmed the hydrophobic-
o-hydrophilic transition of TiO2 as a result of light irradiation.
he results presented here address the water-contact angle mea-
ured on non-illuminated and as-sintered TiO2, TiO2−x and
i2O3 ceramic samples that were handled identically after the

hermal treatment, i.e., they were removed from the furnace and
ut immediately into the desiccator. The surface roughness is
lso a factor that may decrease the water-contact angle. Accord-
ng to the Wenzel equation, a lower contact angle should be
bserved on a rough surface than on a smooth one.17 How-
ver, the calculation shows that the decrease in the water-contact
ngle from 67◦ for TiO2 to 26◦ for non-stoichiometric TiO2−x

annot only be a consequence of the surface roughness. The
ater-contact angle on a rough surface (θ) can be calculated as

os θ = r cos θo, where r is the roughness factor and θo is the
ater-contact angle on a flat surface. Taking into consideration

he roughness factor (r), which is reported to be 1.39 for 0.5-
m TiO2 particles,17 and the water-contact angle θo of 67◦ for
iO2, then the water-contact angle on TiO2−x, due only to the
oughness difference, should have a value of 57◦. This calcula-
ion shows that the decrease in the contact angle on the TiO2−x

s certainly not just a consequence of the surface roughness; it

as to be associated with the different chemical composition of
he surface, i.e., the formation of Ti3+, which was also identified
sing XPS analyses.

r
o
w

able 2
hemical composition (at.%) of TiO2, non-stoichiometric TiO2−x and Ti2O3/Ti3O5 p

Ti O C Ca Si

iO2 16.5 60.2 13.4 1.3 3.4
iO2−x 24.4 56.8 17.1 1.5 0
i2O3 24.8 56.4 18.2 0.6
ig. 11. High-energy-resolution XPS spectra of Ti 2p from TiO2, TiO2−x and
i2O3/Ti3O5.

Fig. 10 shows typical X-ray photoelectron spectroscopy
XPS) survey spectra of the ceramic pellets, i.e., TiO2 sin-
ered at 1400 ◦C in air, non-stoichiometric TiO2−x sintered at
400 ◦C in Ar/H2, and Ti2O3 sintered at 1400 ◦C in Ar/H2, i.e.,
i2O3/Ti3O5. Ti, O and C were detected at the surface for all

he samples, as were traces of Ca. Traces of Ba were detected
n the non-stoichiometric TiO2−x sample; traces of Ba and Mg
ere detected in the mechanically activated Ti2O3/Ti3O5 sam-
le; and traces of Si, Mg and Ba were detected on the TiO2’s
urface. We suppose that these additional peaks with low inten-
ity observed at the surface are a consequence of the presence of
races of these oxides in the raw materials. The chemical com-
ositions of the ceramic surfaces were calculated from the XPS
pectra and are presented in Table 2. It should be noted that the
resence of impurities at the TiO2, TiO2−x and Ti2O3 ceramic
nterfaces can influence the absolute values of the water-contact
ngles however there is also a clear tendency for a decrease in
he water-contact angles for the TiO2−x and Ti2O3 compared to
he TiO2.

High-energy-resolution XPS spectra for Ti 2p are shown in
ig. 11. Using a curve-fitting technique they were decomposed

nto two doublets associated with the Ti4+ and Ti3+ valence states
t binding energies of 458.3 and 456.3 eV, respectively, accord-
ng to the literature.25 The relative intensities of the Ti3+ and
i4+ components were calculated. The TiO2 ceramic contains
nly the Ti4+ component at the surface. However, at the non-
toichiometric TiO2−x ceramic surface, obtained by sintering
iO2−x powder in Ar/H2 (7%), 14% of the Ti atoms were found

o be in the Ti3+ valence state. A total of 9% of the Ti atoms are
n the Ti3+ valence state at the Ti2O3/Ti3O5 surface sintered at
atio changes at the surface of the sample. The highest ratio was
btained with the TiO2 sample, i.e., 3.6, while a value of 2.3
as observed for both the non-stoichiometric TiO2−x and the

ellet surface, determined by XPS analysis

Mg Ba N O/Ti Ti3+/total Ti

4.8 0.4 0 3.6 0
0 0.2 0 2.3 14

0 2.3 9
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igh-energy-milled Ti2O3/Ti3O5. This means that the surface
xygen concentrations on the non-stoichiometric TiO2−x and
he high-energy-milled Ti2O3/Ti3O5 are lower than on the TiO2
ue to oxygen vacancies. The O/Ti ratios for all three measured
amples are higher than were expected (∼2). This may be due to
he quantification procedure or the adsorption of oxygen-based
pecies from the air onto the surface during the manipulation of
he samples.

Based on the XPS results, the contact-angle measurements
nd the structural analyses it follows that the surface properties
f ceramics in the Ti–O system are related to the valence state
f the titanium ions. The formation of Ti3+ at the surface results
n a decrease of the oxygen/titanium ratio and a decrease in the
ater-contact angles.
Our results indicate that the wettability of ceramics in the

i–O system can be modified not only by light irradiation, as
as described in the literature, but also by changing the valence

tate of the titanium ions during the processing. This can be
chieved by choosing the appropriate atmosphere during the
hermal treatment.17,18 When TiO2 was sintered in air it crys-
allised in the tetragonal rutil structure. The ceramic was white
nd with a dense microstructure (Fig. 6). XPS results show that
nly Ti4+ ions are present at the surface. Since no Ti3+ was
etected at the TiO2 surface, the formation of oxygen vacan-
ies was not expected. Based on these observations we suppose
hat the TiO2 surface has a high water-contact angle. Indeed, the

easured water-contact angle of 67 ± 2◦ agrees well with the
ublished data for a non-exposed TiO2 surface.17,18

Also, TiO2−x sintered in Ar/H2 (7%) crystallises in the
etragonal rutil crystal structure; however, after the sintering
t becomes dark blue. This is an indication that the valence
tate of the titanium is changed. Actually, for both the non-
toichiometric TiO2−x and Ti2O3/Ti3O5 surfaces Ti3+ states
ere detected by XPS analyses. In order to achieve electro-
eutral conditions in the non-stoichiometric TiO2−x, in addition
o Ti3+ the formation of oxygen vacancies is expected. As
eported in the literature,4,5 the water molecules can be easily
ncorporated at an oxygen-vacancy-containing surface and the
ettability of the surface should increase. Our measurements

onfirm the correlation between the Ti3+ and the water-contact
ngle. The water-contact angles of the non-stoichiometric
iO2−x and Ti2O3/Ti3O5 are lower than that of the TiO2, i.e.,
6 ± 5◦, 18 ± 5◦ and 67 ± 2◦, respectively.

. Summary

We have shown for the first time that the water-contact angle
f ceramics in the Ti–O system can be modified, not only by
rradiating the TiO2 with light of a specific wavelength, but also
y a partial reduction of Ti4+ to Ti3+ using a lower oxygen par-
ial pressure during the sintering process. The introduction of
i3+ into the stoichiometric TiO2 rutile structure significantly

mproves the wettability of the as-sintered ceramics.

TiO2, non-stoichiometric TiO2−x and Ti2O3/Ti3O5 ceramics

ith various Ti3+/Ti4+ ratios were prepared from TiO2 and Ti2O3
owder by sintering them at 1400 ◦C in air and in Ar/H2 (7%).
ense TiO2 with only Ti4+ at the interface was prepared by sin-

1

1
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ering the TiO2 powder in air; however, Ti3+ is introduced at the
nterface of ceramics in the Ti–O system when the powder is sin-
ered in Ar/H2 (7%). The formation of Ti2O3 together with Ti3O5
as observed when Ti2O3 was sintered in Ar/H2 (7%). Totals of
4% and 9% of Ti3+ were measured at the non-stoichiometric
iO2−x and Ti2O3/Ti3O5 interfaces. The water-contact angle for
iO2 was 67 ± 2◦ and this value decreased significantly when
i3+ was present at the interface. The water-contact angle was
6 ± 5◦ for the non-stoichiometric TiO2−x and 18 ± 5◦ for the
i2O3/Ti3O5.
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