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Photocatalysts in ordinary building materials such as concrete create environment-friendly materials by which air pollution can be diminished.
In this study, LiNbOs-coated concrete block was used to investigate pollutant removal efficiency, wherein toluene and ethylbenzene were |
selected as common indoor air pollutants. The effectiveness of using immobilized LiNbOs to remove ethylbenzene and toluene from

within 6 h under ultraviolet-visible light illumination using LiNbOs as a photocatalyst in concrete. Therefore, in the near future, LiNbO; |

| indoor air was investigated under various operational parameters. About 80 % of toluene and 82.5 % of ethylbenzene could be removed |
| may be used as a sustainable construction material that could contribute to indoor air purification

Keywords: Indoor air quality, LINbO;, Photocatalytic degradation, Volatile organic compounds. |

INTRODUCTION

People generally spend the majority of their time in indoor
environments. Indoor environmental quality is a key aspect in
the evaluation of meeting the concept of green building aimed
at sustainable development for non-residential buildings, such
as commercial, institutional, and industrial ones. Therefore,
indoor air quality directly affects human health in terms of
lengthened exposure to pollutants by inhalation [1,2] and volatile
organic compounds (VOCs) play an important role in polluting
indoor environments. Volatile organic compounds (VOCs) are
compounds containing at least one carbon and a hydrogen atom
in its molecular structure and have a boiling point between 50
and 260 °C [3]. A great variety of organic materials have been
identified in indoor air. These materials include aliphatic and
aromatic hydrocarbons, chlorinated hydrocarbons and various
ketones and aldehydes [4]. Many VOCs are toxic and some
are even considered mutagenic, teratogenic [5,6] or carcinogenic
(e.g., benzene, ethylbenzene, and toluene). Nevertheless, the
actual health implications of most of the organic compounds
found in indoor air are not presently well defined. Exposure
to VOCs can result in both acute and chronic health problems.
Asthmatics and other individuals with prior respiratory complaints
may be particularly susceptible to low-dose VOC exposures
[7-9]. At high concentrations, many VOCs are strong narcotics
and can depress the central nervous system [10,11]. Exposures

can also lead to the irritation of eyes and respiratory tract and
to sensitization reactions involving the eyes, skin and lungs.
The occurrence of these compounds in the atmosphere therefore
poses a great threat to human health and the environment. Many
air-purification methods are available in the literature. Existing
technologies such as incineration, absorption, adsorption, and
condensation ionization for controlling emissions and improving
air quality are not very satisfactory because they degrade air
quality [12,13]. Although filtration is the most widely used method
because of its low cost and high pollutant removal effective-
ness, older air filters have been associated with health issues,
increased pollutant concentration and reduced work perfor-
mance. Systems that are passive, cost effective and work along
with existing air handling systems to reduce loading and increase
overall energy efficiency are always necessary to develop [14].
One such area that has been widely explored is the use of mate-
rials that can be embedded or coated on walls and wall boards
that can passively and effectively destroy indoor concentrations
of pollutants [15]. Photocatalysis is a very exciting topic in the
innovation of the cement industry with sustainable solutions.
These innovative products have been developed to provide an
environment-friendly solution in the construction industry and
are becoming widely recognized for green constructions [16].
A broad utilization of white photocatalytic materials in concrete
could enable the reduction of environmental pollution, thereby
improving air quality.
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Presently, the majority of work in this field involves the
use of TiO, [1,9]. This material has a bandgap energy of 3.2 eV
and thus absorbs in the near ultraviolet (UV) light (about 380
nm). In 2011, Stock and Dunn [11] found that LiNbO; generated
more products under UV and visible irradiation than TiO, despite
its wider bandgap (3.78 e V). The surprisingly high yield product
using LiNbOs is explained by its strong remnant polarization
(70 uC/cm?), which is not found in TiO;. In the present research,
experimental results of the photocatalytic removal of ethyl
benzene and toluene from indoor environment were discussed.
In photodegradation, a catalyst accelerates photoreaction by
interacting with substrate in its ground or excited state [17]. In
heterogeneous photocatalysis, two active phases, solid and liquid
gas, are present [18]. The solid phase is a catalyst, usually a
semiconductor [19]. The molecular orbital of semiconductors
has a band structure [17]. Bands are distributions of many mole-
cular orbital energy levels, which are so closely spaced in energy
that they seem to be continuous. The bands of interest in photo-
catalysis are populated valence band and its largely vacant
conduction band, which is characterized by bandgap energy
(Eve) [20,21]. Semiconductors may be photo-excited to form
electron-acceptor sites (oxidizing sites) and electron-donor sites
(reducing sites), thereby providing great scope for redox reaction
[22]. Asillustrated in Fig. 1, an electron is promoted from valence
band to conduction band, leaving a positive hole in valence band
and an electron in conduction band when the semi-conductor is
illuminated with light (hv) of greater energy than that of bandgap.

Energy

Fig. 1. Mechanism of electron-hole pair formation in a LiNbOs particle in
the presence of pollutant under UV illumination

If charge separation is maintained, electron and hole may
migrate to the catalyst surface where they participate in redox
reactions with sorbed species. Particularly, the positive hole
in valence band (h*,,) may react with surface-bound H,O or
OH to produce hydroxyl radical, and free electron in condu-
ction band (e™,) is picked up by oxygen to generate super-oxide
radical anion (0,") [19,23,24], as indicated in the following
eqns 1-3:

The absorption of efficient photons by LiNbOs (hv = E,,
=3.78eV)is

LiNbO; + hv — e, + h*yp (1
The formation of superoxide radical anion is

O +ep— 0, )

The neutralization of OH™ group into “OH by the hole
(H,LOs H" +0H™),, +h], > 'OH+H" 3)

Hydroxyl radical ("OH) and superoxide radical anions
(O,") are the primary oxidizing species in photocatalytic
oxidation [25,26]. These oxidative reactions result in the
degradation of pollutants as shown in the following eqns. (4
and 5):

The oxidation of organic pollutants through successive
attack by ("OH) radicals is

R+°OH— R" + H,0 (4)
or by direct reaction with holes.
R + h*—— R —— Degradation products (5)

The chain reactions continue until the VOC is completely
mineralized to CO, and H,O. Some side reactions may also be
induced to generate volatile compounds, thereby accelerating
oxidation. For oxidation to occur, the valance band must have
a higher oxidation potential than the material under consider-
ation [27]. The redox potential of valance band and conduction
band for different semiconductors varies between +4.0 and
-3.5 V versus standard hydrogen electrode, respectively [28].
Valence band and conduction band energies of LiNbO; are
estimated to be + 0.48 and - 3.30V, respectively, which means
that its bandgap energy is 3.78 eV and thus absorbs in the
near-UV light (A < 339 nm) [21,29,30]. Most of the VOCs have
a higher potential than that of LiNbO; valance band and can
thus be oxidized [31].

EXPERIMENTAL

Ordinary Portland cement, sand and stone aggregates that
are commercially available in Malaysia were used to prepare
the concrete sample block. Locally available coarse river sand
and stone aggregates 8-10 mm in size were used. The specific
gravities of sand and aggregates used were 2.63 and 2.65,
respectively. LiNbO; powder CAS12031-63-9 from Sigma-
Aldrich was used as photocatalyst. Ethyl benzene and toluene from
Sigma-Aldrich were used as pollutants in indoor environment.

The central part of the experimental setup used was a reaction
chamber, which allowed a sample size of 10 x 20 cm” to be fixed.
The reaction chamber was composed of materials that are non-
absorbent to the applied pollutants and can hold up UV light
with high irradiance. All structural parts inside the box facili-
tated laminar flow of the gas along sample surface and guara-
nteed the uniform distribution of the pollutants. A fluorescent
lamp with 366 nm wavelength was used to supply photo-irradi-
ation to activate the photocatalyst. Two types of sensors were
used to control the temperature and humidity. Fig. 2 shows
the illustration of the reaction chamber and the test setup for
ethyl benzene and toluene degradation.

Sample preparation: Concrete samples were fabricated
in steel molds with internal dimensions of 20 cm x 10 cm x 5
cm. Cement, sand and stone aggregates were thoroughly mixed
(mixture ratio = 1:2:4; water-cement ratio = 0.5) and were
then poured into the steel mold. Thereafter, compaction was
performed by placing the steel molds on a mechanical vibrating
table. The top surface of concrete was smoothened with a glass
plate. The concrete samples were removed from the molds after
24 h and submerged into water for 28 days for proper curing.
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Fig. 2. LiNbO; coating in glass plate

After curing, samples were allowed to dry in air for few hours.
The dried samples were then coated with 0.75 mm LiNbO;
paste. To measure the proper coating thickness for removing
maximum VOC, a glass plate was coated with LiNbO; of various
thicknesses [i.e., 0.25, 0.50, and 0.75 mm (Fig. 3)].
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Fig. 3. Schematic diagram of the experimental setup

Experimental procedure and photocatalytic degrad-
ation kinetics: The photoreactor was first vacuumed before
injecting a quantified gas sample. After preparing the samples
and placing them in the reactor, target pollutants (ethyl benzene
and toluene) were injected until the concentration reached that
when UV illumination was started. The total illumination time
of photodegradation was 6 h. Different concentrations of ethyl
benzene were individually degraded. To investigate the effect
of contact time and pollutant concentration at predetermined
time intervals, 5 mL of gas was withdrawn from the reaction
chamber and ethylbenzene concentration was measured by
gas chromatography with flame ionization detection. The experi-
ment was carried out at room temperature of 25-27 °C and
relative humidity of 50-55 %.

Degradation rate of ethylbenzene was calculated using
the following eqn.:

[ tpotl, ~Ipolnydt
= 6
Qs AXT ©

where Qo< is the amount of pollution removed by the test
sample (mg L' m™ h™), [Pol], is the injected concentration of
pollutant (mg/L), [Pol] is the pollutant concentration after
adsorption (mg/L), dt is the time of removal operation (min),
A is the surface area of concrete block samples (m?) and T is
the duration of photocatalytic process (6 h for all experiments).

The above equation is known as Langmuir-Hinshel-Wood
model, which is widely used to describe the kinetics of gas-solid
phase reaction in heterogeneous photocatalysis. This model
can be applied to analyze the degradation rate of VOC pollutant
conversion in photocatalytic concrete blocks.

RESULTS AND DISCUSSION

Effect of LiNbO; coating thickness: Ethyl benzene and
toluene removal efficiencies of photocatalyst-coated concrete
depended on coating thickness. Thus, these efficiencies were
investigated by varying the coating thicknesses of LiNbO:;.
On the concrete surface, 0.25, 0.50 and 0.75 mm thicknesses
were difficult to accurately measure because the surface is porous.
To measure the proper coating thickness for removing the maxi-
mum amount of pollutant such as VOC, LiNbO; is coated onto
glass plates at different thicknesses. Initial concentration is
maintained at 50 mg/L into the experimental chamber (reactor).

Removal of ethyl benzene: The removal rate of ethyl
benzene at different coating thicknesses are shown in Fig. 4,
indicating that removal efficiency increases with increased LiNbO;
coating thickness at an initial concentration of 50 mg/L. The
removal efficiency of pollutants depends on the number of
active molecules on the surface. LiNbO; in solid surfaces self-
assembles through weak non-covalent interactions and direct
assembly of molecules through strong chemical bonds. Molecules
of directed-assembly layer cannot directly interact with ethyl
benzene. These assemblies originate from interfacial non-covalent
interactions or surface chemical reactions at molecular scale.
The adsorption of each molecule of a self-assembled monolayer
formed on a solid surface includes at least three categories of
non-covalent forces. They are interactions between two adjacent
molecules in a lamella, interactions between adjacent molecules
of two neighbouring lamellae and interactions between molecules
and solid surface. These interactions determine molecular activity.
If the interaction of self-assembled monolayer with ethyl benzene
is higher, the molecular activity of LiNbO; would be higher, which
enhances the photocatalytic removal of ethyl benzene. At 0.25
and 0.5 mm coating thicknesses, LiNbO; molecules are fewer
than those at0.75 and 1.00 mm coating thicknesses. Thus, removal
efficiency is also lower. At 0.75 and 1.00 mm coating thicknesses,
the same efficiency is observed because of the presence of maxi-
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mum number of active molecules on the surface that are self-
assembled. At 1.00 mm coating thickness, the number of LiNbOs
molecules is higher because of the presence of directed-assembly
layer that induce some molecules to remain inactive. Similarly,
0.75 and 1.00 mm coating thicknesses yield a similar result.
The percentage degradation of ethyl benzene with respect
to contact time of ethyl benzene at different thicknesses of LiINbOs-
coated specimens is shown in Fig. 5. The removal percentage of
ethyl benzene is higher at the initial stage until 2 h, as illustrated
by an initial steeper slope of curve. The initial higher concen-
tration of ethyl benzene explains this steeper slope. After nearly
2 h, the curves become flatter as ethyl benzene concentration
decreased with time because of photodegradation. After 1 h, the
percentage removals of ethyl benzene for 0.25, 0.50, 0.75, and
1.00 mm coating thicknesses are 29.2, 37.3, 38 and 37.9 %,
respectively. Then, after 6 h, the percentages increase to 58.9,
70.5, 82.5 and 82.3 %, respectively. The enhancement of degrad-
ation rate is due to the increase in the density of particles in the
illumination area. The small height of error bars in terms of
standard deviation (Fig. 5) indicates the experimental accuracy.
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Fig. 5. Effect of depth of coating for the photo degradation of ethyl benzene
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Another possible reason is the involvement of charge transfer
with LiNbO; during illumination. Upon illumination, electron-
hole pairs are produced on the photocatalyst surface that
removed ethyl benzene by degradation. Thus, higher coating
thicknesses (0.75 and 1.00 mm) can remove more ethyl benzene
by producing more electron-hole pairs than lower coating thick-
nesses (0.25 and 0.50 mm). Again, at higher coating thicknesses,
some photocatalysts are found deeper in the host catalyst, which
remains inactive throughout photodegradation. Coatings with
0.75 and 1.00 mm thicknesses yield a similar result.

Removal of toluene: Fig. 6 shows the removal rates of
toluene at different coating thicknesses and at an initial toluene
concentration of 50 mg/L. Results indicate that decomposition
rate gradually increases with increased LiNbO; coating thickness.
This finding is due to the increased number of active (self-
assembled) LiNbO; molecules on the coating surface that interact
with toluene under illumination. Afterwards, a certain thickness
decomposition rate remains the same because of self- and directed-
assembly systems of LiNbO; molecules. This phenomenon can
be attributed to the further absorption of light intensity, which
means that catalyst film requires an appropriate number of coats
to completely absorb light.
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Fig. 6. Removal rate of toluene at different depth of coating

Again, at lower amount of LiNbO; (i.e., low coating thick-
ness) on the concrete surface, removal rate is lower. This result
is expected because the amount of toluene degradation depends
on the amount of hydroxyl radicals on the photocatalyst surface,
which in turn depends on the number of holes generated on
the catalyst surface. Thus, hydroxyl radicals generated at a lower
LiNbO; coating thickness are insufficient to degrade toluene
at a high rate, but the amount of radicals at a higher LiNbO;
coating thickness is sufficient to degrade toluene at a high rate.

Percentage removals of toluene with respect to contact
time of toluene with the surface of LiNbOs-coated specimen
are shown in Fig. 7. Percentage removal of toluene is found to
be higher at the initial stage until 2 h, which is illustrated by
an initial steeper slope curve. The initial higher toluene concen-
tration causes the steeper slope. After approximately 2 h, the
curves become flatter as toluene concentration decreases with
time because of photodegradation. The same numbers of self-
assembled system of LiNbO; on the surface are responsible
for this degradation. The percentage removal of toluene for
0.25, 0.50, 0.75, and 1.00 mm coating thicknesses are found
to be 53.3, 65.6, 79.5 and 79.2%, respectively after 6 h (Fig. 7),
which are 22.6, 31.8, 47 and 48.3 %, respectively at 1 h. The
small height of error bars in terms of standard deviation indicates
the higher accuracy of collected data. The enhancement of removal
rate is due to the increase in particle density in the illumination
area. Percentage removals of ethyl benzene and toluene at different
coating thicknesses after 6 h are summarized in Table-1, which
indicates that the percentage removal of ethyl benzene at various
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Fig. 7. Effect of depth of coating in percentage removal of toluene
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TABLE-1
HIGHER REMOVAL PERCENTAGES OF EB AND TOLUENE
AT DIFFERENT DEPTH OF COATING AFTER 6 h

Depth of Percentage of removal

el coatir?g (mm) afterg6 h (%)
0.25 58.97
0.50 70.51
Ethyl benzene 075 242
1.00 8248
0.25 52.49
Toluene 0.50 64.99
0.75 79.50
1.00 79.22

coating thicknesses is always higher than that of toluene. After
6 h, the percentage removals of ethyl benzene and toluene at
0.75 mm coating thickness containing concrete block are 82.42
and 79.5 %. The obvious factor related to this aspect is the
structure of ethyl benzene and toluene. Both ethyl benzene
and toluene are derivatives of benzene, which contains one
methyl group. The ethyl group and methyl group in ethyl benzene
and toluene seem to affect LiNbO; photoreactivity. Given the
presence of steric hindrance in ethyl group, ethyl benzene is
more reactive. Thus, photocatalytic oxidation using LiNbO;
is very selective toward the structure of VOCs.

Effect of initial concentration of volatile organic comp-
ounds (VOCs): As a measure of air purification potential in
this study, the removal efficiency of ethyl benzene and toluene
from indoor air is investigated at different initial injected
concentrations. To ensure data accuracy in ethyl benzene and
toluene removal experiments, initial concentration is set at 50,
80 and 110 mg/L.

Removal of ethyl benzene: The removal rate of ethyl
benzene under different initial concentrations with the contact
time is shown in Fig. 8. Photocatalytic removal of ethyl
benzene after 2.5 h shows a higher oxidation rate with a lower
concentration than a higher concentration. This indicates the
dependence of LiNbO; photoreactivities on ethyl benzene concen-
tration. The reason for this is the collision within ethyl benzene
molecules that decrease the activity of hydroxyl molecules as
well as decrease the photocatalytic degradation rate. As the injected
ethyl benzene concentration remains constant, the number of
ethyl benzene molecules decreases while time increases. This
finding explains why the degradation rate of higher initial ethyl
benzene concentration (80 and 110 mg/L) is higher than that
of lower initial concentration (50 mg/L) after 2.5 h. Relatively
low height of error bar indicates that a steady state is maintained
during sample collection.

Another possible reason is the amount of photocatalyst
on the concrete surface and a high enough concentration of ethyl
benzene in the photocatalytic reaction chamber so that catalyst
surface is totally cluttered up with ethyl benzene. Increasing
the concentration of ethyl benzene even more does not have
any effect because the catalyst is already working at its maximum
capacity.

Percentage removal of ethyl benzene degradation at
different initial concentration are shown in Fig. 9. After 6 h,
the percentage removal of ethyl benzene for initial concen-
tration of 50, 80, and 110 mg/L are 82.42,71.91 and 61.96 %,
respectively. This result might be closely related to the attachment
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Fig. 9. Effect of initial concentration in the photo degradation of ethyl benzene

of ethyl benzene molecules onto the photocatalyst surface. It
is higher than the study conducted by Hinojosa et al. [6], where
only 59 % of ethyl benzene is removed at the same time at room
temperature, although they used perlite granules coated with
indium-doped TiO, to decompose ethyl benzene. With UV light
irradiance, photocatalytic activity increased in relation to which
light can penetrate to excite electron-hole pairs in catalyst coatings.
Then, the reactant can accelerate to capture the electron or holes
generated in catalyst surface and this leads to an increase in the
speed of removal of pollutants [32].

The higher removal efficiency of LiNbOs in ethyl benzene
degradation is due to the presence of “OH radical on the catalyst
surface. The *OH radical generation is crucial in the photodegra-
dation process because this substance oxidizes the organic VOCs
to carbon dioxide and water. By increasing ethyl benzene concen-
tration, more organic substances cover the active sites of LINbOs.
If light intensity and irradiation time are constant, fewer photons
would reach the catalyst surface, less *OH radicals would be
formed, and the relative number of “OH radicals that attack
the compound would also decrease. Thus, an inhibitory effect
in photodegradation is anticipated.

Removal of toluene: Removal rate of toluene at different
initial concentrations with contact time are shown in Fig. 10.
Degradation rate of 50 mg/L initial concentration is higher until
2.5 h than at 80 and 110 mg/L. After 3 h, degradation rate of
110 mg/L initial toluene concentration is higher than others.
This finding indicates that photocatalytic degradation of toluene
depends on toluene concentration because of the collision among
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toluene molecules that decreases photocatalytic degradation
rate.

Another possible cause for such results is the UV screening
effect of toluene itself. A significant amount of UV may be absor-
bed at high toluene concentration by toluene molecules rather
than LiNbO; particles, and that reduces the efficiency of the
photocatalytic degradation reaction because of the decreased
concentration in “OH and O..

The percentage removal of toluene from indoor environment
at different initial pollutant concentrations with contact time
is shown in Fig. 11. The results showed that a decrease in VOC
degradation is observed as the concentration increases. This
finding might be closely related to VOC molecule attachment
onto the photocatalyst surface. The percentage removal of toluene
for initial concentration of 50, 80, and 110 mg/L are 79.5, 65.1
and 53.99 % respectively after 6 h. This result indicates that
the rate of photocatalytic oxidation is dependent on the initial
concentration of the pollutants. Lower initial concentration
produces better photocatalytic oxidation rate of toluene removal.
This observation is expected because the amount of toluene
oxidized depends on the amount of radicals on the catalyst,
which in turn depends on the number of holes generated on the
catalyst. Therefore, at lower toluene concentration, the radicals
generated by the holes are sufficiently high to degrade the low
quantity of toluene. On the contrary, with higher toluene concen-
tration, the amounts of the radicals are insufficient to degrade
all toluene molecules.

— 50 mg/L —— 80 mg/L — 110 mg/L

0 1 2 3 4 5 6
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Fig. 11. Effect of initial concentration in removal of toluene

Comparison of percentage removal of ethyl benzene and
toluene by LiNbO; and TiO,

Ethyl benzene: The efficiency of LiNbO; photocatalyst
in removing VOCs is determined by comparing the photodegra-
dation of ethyl benzene in LiNbO; and TiO2-coated concrete.
Fig. 12 shows the percentage removal efficiency of ethyl benzene
in coating with LiNbOs and TiO, in concrete. About 82.42%
ethyl benzene in LiNbO; and 73.25 % ethyl benzene in TiO, are
removed within 6 h. This indicates that the percentage removal
of ethyl benzene by LiNbOs-coated concrete block is higher
than that of TiO,, regardless of contact time. The high-yield
products in the case of LiNbO; over TiO; are due to its strong
remnant polarization (70 uC/cm?). LiNbO; obtained the highest
percentage degradation of ethyl benzene among all of the other
photocatalysts that are used in concrete construction. In addition,
active considerations are suitable only for catalysts LiNbO;
located close to the surface site at which the interfacial charge
transfer occurs in the presence of UV light. UV light directly
helps to increase the efficiency of LiNbOs, leading to increased
adsorption of pollutants because of its higher remnant polarization.
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Fig. 12. Percentage removal of ethyl benzene in TiO, and LiNbOs

Toluene: Percentage removal of toluene using LiNbOs
and TiO,-coated concrete surface are shown in Fig. 13. It shows
that percentage removal of toluene in LiNbO; is higher than that
of TiO, regardless of contact time. The small height of error
bar in terms of standard deviation indicates that a steady state
is maintained during sample collection. About 71.74 % toluene
in TiO; and 79.53 % toluene in LiNbO; are degraded within 6 h.
This finding is due to the charge separation of the generated
carriers of photocatalyst which is higher in LiNbO; compared
with that of TiO,. The energy level conduction band of TiO, is
lower than that of LiNbOs. The charge transfer process can also
be promoted, as more of the Nb* ions are distributed near the
surface. Because of larger LiNbO; particle size than TiO,, electron
transfer become easier and improves the photocatalytic activity
of LiNbO; because more ion radicals are formed.

Effect of ethyl benzene and toluene on microstructure
of TiO; and LiNbOs: The microstructures of the particles of
TiO, and LiNbO; coated on the surface of concrete blocks are
observed. Most of the scanning are made with 5-12 kX magnifi-
cation and 10 kV scanning voltage. The thin layer of catalyst
coated on the surface of concrete blocks is 0.75 mm thick and
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uniformly covers the surface without originating cracks and
segregation.

Fig.14 illustrated the SEM image of titanium dioxide before
adsorption ethyl benzene on the concrete block surfaces. A
dense structure with a uniformly distributed layer is observed
in TiO,. The morphology of the particles is spherical, brighter,
and regular, with size ranging within 1.28-1.84 um. However,
the morphology of specimens after adsorption is converted in
terms of shape, distribution of particles, and porosity. The SEM
image of TiO, after adsorption pollutants on the sample surfaces
is shown in Fig. 15, which shows that after the adsorption of
pollutants onto the surface of concrete block. In this case, it is
clear that a multi-layer of TiO, has no effect in degradation
value. This could be explained that only the surface layer of
the coating is fully in touch with pollutants and it only degrades
the polluting substances.

The samples of concrete coated with LiNbO; before and
after adsorption ethyl benzene are also observed by SEM as
shown in Figs. 16 and 17. The morphology of the particles is
spherical, brighter, and regularly with size ranging within 0.94-
1.32 um. These specimens show a more homogeneous surface,
which has changed in terms of shape, particle distribution,
and porosity. In addition, the morphology of sample surfaces
and LiNbO; particles after adsorbed pollutants, the surfaces
of the samples became very coarse. With larger magnification,

EMT = 10.00 kv Signal A = SE1
WD = 10.0 mm

Mag= 500KX Date 12 Sep 2013

.
ZEISX
INSTITUT SEL FUEL  Time :11:49:07 .

Fig. 14. SEM micrograph of TiO, thin layer before adsorption of ethyl
benzene on concrete block surface

2 EHT = 10.00kV Signal A = SE1 Mag= 500KX Date 27 Nov 2013 [N
WO = 8.0mm INSTITUT SEL FUEL  Time :11:4347

Fig. 15. SEM micrograph of TiO; thin layer after adsorption of ethyl benzene
on concrete block surface

EHT =1000kv Signal A= SE1
WD = 10.0 mm

Mag= 500KX Date:12 Sep 2013
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Fig. 16. SEM micrograph of LiNbOs thin layer before adsorption of ethyl
benzene on concrete block surface

2pm EMT = 10.00kv Signal A = SE1
H WD = 6.5mm

Mag= S500KX Date 27 Nov 2013 ZEISS
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Fig. 17. SEM micrograph of LiNbOj; thin layer after adsorption of ethyl
benzene on concrete block surface

it is obvious that LiNbO; particles are nearly having a large
reaction surface. Fig. 16 showed that LiNbO; has a large pore
size and is homogeneously distributed before adsorption pollutants.
Adsorption is observed to increase with increased pore size.
The size of the pores is also related to the size of catalyst added.
As the size of the catalyst particle becomes bigger, the pore
size also increases. During the degradation reaction, these particles
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would gradually increase along with the increase in adsorption
pollutants, causing a decrease in the pore size [27]. The amount
of pores formed on the surface of catalyst can be directly related
to the porosity of thin layer. The more porous means the larger
the surface area of the catalyst. This property is an advantage
of thin layer as it provides a larger number of active sites for
photocatalytic reactions to take place. Similar results have been
reported by Yu et al. [33]. They investigated the influence of
TiO, thin film in decreasing pollution.

A close look at Fig. 17 (micrograph of LiNbOs thin layer)
revealed that agglomeration occurrs probably during adsorption
and degradation. This agglomeration among particles of LiNbO;
is more intense, which consequently increases with increased
adsorption; thus, surface roughness is formed.

SEM images of LiNbO;-coated concrete before and after
adsorption of toluene is also observed. The morphology of
LiNbOs coating types before and after applying toluene with
a magnification of 12 kX is shown in Figs. 18 and 19. Similar
results to those before and after ethyl benzene adsorption is
observed in the SEM image of LiNbO; thin layer before and
after toluene adsorption onto concrete block surface. This finding
is due to the kind of pollutants absorbed onto the specimens'’
surfaces that do substantially affect the particle structures of
catalyst on the samples. SEM results further confirmed that

Mag= 1200KX Date :12 Sep 2013

ZEISS
INSTITUT SEL FUEL  Time :10:53.42 .

Fig. 18. SEM micrograph of LiNbOs thin layer before adsorption of toluene
on concrete block surface

1 pm EHT = 10.00kV Signal A= SE1
r 1 WD = 150 mm

EHT = 1000 kv Signal A = SE1
WD = 95mm

Mag= 1200 KX Date :12 Sep 2013 [N
INSTITUT SELFUEL  Time :12:1246 i

Fig. 19. SEM micrograph of LiNbOs thin layer after adsorption of toluene
on concrete block surface

the reaction surface plays a curcial role in increasing pollutant
removal efficiency. Moreover, LiNbO; shows higher particle
agglomeration but good photoactivity for the degradation of
target pollutants (ethyl benzene and toluene). Thus, LiNbO; shows
higher reactive surface value and higher photodegradation ability
of target pollutants than pure TiO..

Conclusion

The development of innovative, sustainable technologies
for environmental improvement is an absolute necessity. From
the present study, the addition of LiNbOs to building materials
is observed to confer some properties conducive to purifying
indoor air. The thin layer of 0.75 mm of photocatalytic-coated
concrete block is highly visible, active, and showed high photo-
reactivity. From indoor environment containing 50 mg/L pollutants,
LiNbOs-coated concrete can remove 82.42 % of ethyl benzene
and 79.5 % of toluene within 6 h in the presence of light. In
this sense, LiNbOs-coated photocatalytic cements contribute
significantly, which can be widely implemented in the constru-
ction industries.
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