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Mesoporous Na-titanate microspheres were fabricated by a simple low temperature hydrothermal syn-
thesis. Microspheres were obtained after treating TiO, (Degussa P-25) with a mixture of sodium hydroxide
(NaOH) and hydrogen peroxide (H,0,) at 25°C and 80°C. The as-prepared powders were characterised
by X-ray diffraction, N, adsorption-desorption measurements and scanning electron microscope/energy
dispersive X-ray spectroscopy. The as-prepared microspheres were calcined at 550°C to investigate the
effect of calcination on morphology and characteristics. Microspheres were tested for the adsorption and

Ilflzy_gfarg;:te photodecomposition of methylene blue (MB) under ultraviolet light. The results revealed that micro-
Methylene blue spheres with average diameter of 700 nm were formed by self-assembly of tiny TiO, nanoparticles during
Microspheres the reaction at 25 °C, whereas spherical aggregation of nanofibres was detected in powders produced at
Mesoporous 80°C. Calcination of samples had low impact on morphology, adsorption and photocatalytic degradation

Titanium dioxide of MB. These novel materials are effective adsorbents of MB, and also capable of its photodecolorisation.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Photocatalysis over semiconductors has been widely studied in
the past few decades. Generally, titania (TiO;) is well known as a
leader photocatalyst and has been extensively studied under dif-
ferent conditions and for many applications. The ultra-violet light
irradiation of titanate nanomaterials is sufficient to initiate the
decomposition of organic compounds in aqueous solution, degrade
recalcitrant organic pollutants and bleach dye contaminated water
[1].

Recent advances in the field of semiconductors show that
the synthesis of one-dimensional titanate nanostructures such
as nanowires, nanospheres and nanofibres attracts much atten-
tion due to their potential use in different applications, mainly
photocatalysis. Titanate nanospheres can be obtained by several
processes [2-6]. Template synthesis of hollow titania nanospheres
was successfully achieved by using a cationic colloidal template
as reported by Kim et al. [2]. Negatively charged titania precur-
sors were hydrolysed onto the cationic colloidal particles, which
were subsequently removed by heating at 450°C to obtain hol-
low titania nanospheres. Zhu et al. [3] reported that the fabrication
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of TiO, nanospheres is possible through diffuse coplanar surface
discharge-induced plasma chemical vapour deposition process at
room temperature and under atmospheric pressure. Crystalline,
uniform-sized and photoactive TiO, nanosphere films reduced
the concentration of formaldehyde from 2.90 mg/L to 2.43 mg/L
after 2h of UV light irradiation [3]. The reactive microemulsion
synthesis is considered another powerful method for obtaining
nanospheres with controlled shape and size. Shape and size control
is achieved by using microemulsions (water, oil and surfactant),
which are considered as chemical microreactors [4]. Similarly,
spray-hydrolytic synthesis [5] and laser ablation [6] have been
employed to synthesise titanate nanospheres. The fabrication of
large titania microspheres can also be achieved by spray coat-
ing process [7,8], template [9] and H,0;-assisted hydrothermal
route [10,11]. Hydrogen peroxide is an environmentally friendly
solvent and oxidant. It has been widely employed to synthe-
sise inorganic materials under hydrothermal conditions [12]. The
adoption of environmentally friendly processes to produce one-
dimensional nanostructures is essential for both the sustainability
of the production and the protection of the environment. Jiang et al.
[10] synthesised hollow anatase TiO, microspheres by dissolving
commercial titanium powder into a mixture of H,0,, water and
hydrofluoric acid. The pH of the mixture was adjusted using ammo-
nia before being exposed to a hydrothermal treatment at 180°C
for 24 h. The microspheres had an average diameter of 750 nm,
a wall thickness of 80-140 nm, a hollow interior and composed
of nanoparticles with diameters of 20-40 nm. On the other hand,
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hollow rutile microspheres were obtained when using TiCl3 as a
titanium source indicating the important role that titanium precur-
sor plays in the morphology and characteristics of the end product
[10]. Yada et al. [11] synthesised layered sodium titanate nanofi-
bres and microspheres from a peroxotitanic acid (PTA) solution. PTA
was mixed with NaOH and treated hydrothermally at 100-120°C
for 5-72 h. The Na-titanates obtained from PTA partially included
peroxo group in the titanium oxyhydroxide framework, have larger
amount of Na* ions and have more ion exchange sites. The authors
also reported that anatase type nanofibres and microspheres were
obtained by the protonation of the nanostructured sodium titanate
and the subsequent calcination [11].

Nanostructured titanates are gaining popularity in the photo-
catalytic processes for water treatment because of their remarkable
photocatalytic activity and their ease of separation from the solu-
tion [7]. Dye pollutants from various industrial processes are
considered as a dramatic source of eutrophication, water coloration
and ecosystem perturbation [13-15]. Photocatalysis is considered
as the only application among several heterogeneous photocataly-
sis processes, which is capable of decomposing organic pollutants
into harmless compounds (CO, and H,O) without heating nor using
high pressure oxygen nor requiring chemical reactants and addi-
tives [13]. Methylene blue (MB) is a cationic dye and a frequently
used model pollutant in bench-scale studies of photocatalysts.
Therefore, the pathways of reactions, and the effect of operational
parameters (process pH, MB and catalyst concentration, and pho-
tonic flux) on reaction kinetics are well established [1,13,16-18].

In the present article, it was attempted to synthesise titanate
microspheres by a simple approach, which employs environ-
mentally friendly compounds and relatively low temperature
hydrothermal conditions. A modified peroxotitanate synthesis
employing sodium hydroxide as a strong base for nanostructure
fabrication was adopted in this process. Microspheres were char-
acterised and tested for the adsorption and photocatalytic activity
using MB as a model water pollutant.

2. Experimental
2.1. Materials

Degussa P-25 commercial titanium dioxide was used as a pre-
cursor for the preparation of Na-titanate microspheres. P-25 is
a non-porous, mixed phase catalyst with 70% anatase and 30%
rutile composition and with a BET surface area of 50 m2/g that
corresponds to a mean particle size of about 30 nm. Hydrogen per-
oxide (50%, w/w) was obtained from Australian Scientific Pty Ltd.,
hydrochloric acid (37%, v/v) from Scharlau chemie S.A., ethanol
(analytical reagent, 96%) from UNIVAR Australia Pty Ltd., sodium
hydroxide (97%, w/w) and methylene blue (96%, w/w) from Chem-
Supply Pty Ltd. Ultrapure (Milli Q) water was used for making up
solutions and washing prepared powder samples.

2.2. Synthesis

In a typical synthesis of Na-titanates, a modified peroxotitanate
method was adopted, which involved the mixing of 2 g of P-25 pow-
der with 12mL of H,0, and 4g of NaOH so the final pH of the
mixture was around 13 [11,19,20]. The mixture was homogenised
using a magnetic stirrer and placed in a Teflon-coated Pyrex con-
tainer at two different temperatures (25 and 80°C) for 24 h. After
the hydrothermal treatment, the solids were recovered by centrifu-
gation (Centurion Sci., 2040) at 3000 rpm for 5 min, washed with
1N HCI solution and Milli Q water until pH 7, and then dried in
oven at 75 °C for 24 h. The obtained products are denoted hereafter
NT-xx, where xx indicates the temperature of the synthesis. Some

samples were also calcined in a furnace (Labec, CE-MLS) at 550°C
for 4 h, thus are designated by NTC-xx.

2.3. Nanomaterial characterisation

Morphology and elemental composition analyses were carried
out using a scanning electron microscope equipped with an energy
dispersive X-ray detector (Zeiss Supra 55VP SEM) operating at
20KkV. X-ray diffraction (XRD) patterns were generated on a MDI
Jade 5.0 (MaterialsData Inc., USA) X-ray diffractometer with Cu Ko
radiation source. The data were measured within the range of scat-
tering angle 26 of 5-90°. The powders of the specimens were used
without further treatment. Brunauer, Emmet and Teller (BET) sur-
face area analyses were performed on an automated surface area
analyser (Micromeritics Gemini 2360, USA) by means of nitrogen
adsorption—-desorption. The BET surface area was determined by
a multipoint BET method using the adsorption data in the relative
pressure (P/Pg) range of 0.05-0.18. The mean pore diameter and the
total pore volume of samples was determined from the desorption
isotherm via Barret-Joyner-Halender (BJH) model.

2.4. Adsorptive and photocatalytic properties

MB powder was dissolved in pure water to prepare a stock
solution of 10 mg/L concentration and the pH of the solution was
adjusted to 7 using 0.1N NaOH. Dye adsorption experiments were
carried out in an orbital shaking incubator (TU-400, Thermoline
Sci.) operating at 150 rpm and 25 °C for 30 min to reach adsorption
equilibrium. Samples were collected and filtered through 0.45 pm
(Whatman, regenerated cellulose) syringe filters before analyses.

The photocatalyticactivity of the mesoporous microspheres was
assessed by batch experiments using a 2-L volume of stock MB
solution. After the addition of 0.05 g/L photocatalyst, the slurry was
mixed with a magnetic stirrer at 450 rpm for 30 min (dark adsorp-
tion). The cylindrical reactor (40 cm x 10 cm)vessel had three (15W
each) immersed UVC lamps (Perkin Elmer), a temperature con-
trolling device and an air sparger (0.6 L/min) to provide dissolved
oxygen. Photocatalysis was carried out for 90 min at a stable tem-
perature of 26 °C. Slurry samples were collected at 15 min intervals
and analysed for MB decomposition at A =664 nm using a Shi-
madzu UV-Vis1700 spectrophotometer. Dissolved organic carbon
(DOC) concentrations were monitored using Multi N/C 3100 (Ana-
lytik Jena) DOC analyser. Mineralisation of MB was assessed by
sulphate determination in collected samples using a Metrohm ion
chromatograph (790 IC) equipped with a Metrosep A Supp 5-150
(150 mm x 4.0 mm, 5 pm) column. The eluent used to run the sam-
ples consisted of 1 mmol/L of sodium hydrogen carbonate and
3.2 mmol/L of sodium carbonate dissolved in MQ water. The injec-
tion volume was 5 mL and the run time was 22 min.

2.5. Lifetime cycle of photocatalysts

The photocatalytic stability of photocatalysts was studied by
running the photodegradation experiments for 5 times under the
same experimental conditions described in section 2.4. The cir-
cled degradation was monitored by collecting samples at t=0
(after 30 min adsorption), 30, 60 and 90 min of photoreaction and
analysed for the decrease of absorbance at A =664 nm. After each
degradation cycle, the supernatant was poured out from the reac-
tor vessel and the photocatalyst was recovered by centrifugation
at 3000rpm for 5min. The recovered powder was washed with
0.1N HCI, pure ethanol and MQ water to remove any residual by-
products resulting from the photodegradation of MB. After each
wash, the powder was separated by centrifugation and finally dried
at 80°C for the next degradation cycle.
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Fig. 1. SEM images of as prepared samples (NT-25 and NT-80) and calcined samples (NTC-25 and NTC-80).

2.6. Separation by settling

The separation of catalysts was studied by monitoring the tur-
bidity of the supernatant as a function of time. The experiment
was carried out at 22 °C and neutral pH (6.8-7.2) in the cylindrical
reactor described in Section 2.4. A total of 100 mg of catalyst were
mixed with 2 L of MQ water; the suspension was stirrer for 5 min
then left at static conditions for 2 h to monitor particle settling.
Samples were collected at specific time interval (0, 15, 30, 60 and
120 min) at a depth of 10 cm and checked for changes in turbidity.
The turbidity was measured using a turbidity and chlorine meter
(HI 93414, Hanna instruments, USA), which was calibrated using
standard turbidity solutions.

3. Results and discussion
3.1. Characteristics of mesoporous microspheres

The as-prepared titanate powders had pale yellow colour for NT-
80 and yellow for NT-25, whereas calcined samples had a white
colour and their SEM pictures are shown in Fig. 1. The yellow-
ish colour in NT-25 and NT-80 is due to titanium oxyhydroxide
containing peroxo group. After calcination, the peroxo group was
lost under the effect of temperature resulting in a white coloured
powder [11].

Microspheres of an average 2.5 wm diameter were observed in
NT-80 samples, whereas fused/interconnected and independent
microspheres (700nm average in diameter) were found in NT-
25 samples. The smooth external surface of NT-25 microspheres

suggests that they were formed by the self-assembly and aggre-
gation of countless number of small nanoparticles [21]. On the
other hand, fibrous microspheres were produced after the treat-
ment at 80°C (NT-80, Fig. 1). High magnification micrographs of
the surface of microspheres indicated that fibres of few hundred
nanometres in length and a diameter in the range of 40-70 nm are
present. After calcination, microspheres maintained their shape but
the calcination resulted in shrinkages and the average diameter was
reduced to 500 nm for smooth surface microspheres and to 1.9 pm
for fibrous ones. This decrease in average size of microspheres is
due to the collapse of smaller pores and the evaporation of phys-
ically adsorbed water particles [5]. Moreover, the smooth surface
of microspheres became rough in calcined samples indicating that
the crystalline size is significantly increased.

The N, adsorption-desorption measurements were employed
to investigate the BET surface area, pore structure and pore vol-
ume of microspheres. The isotherms of both samples are of type III
with two distinct regions (data not shown). The isotherms exhibit
a hysteresis loop of type H3, indicating the presence of mesopores
|5,22-23]. The shape of these isotherms indicates as well the pres-
ence and dominance of slit-shaped pores [23]. After calcination, the
isotherms of microspheres were similar to uncalcined samples. The
only difference being that the adsorbed volume of N, decreased by
30cm?3/g due to the collapse of few mesopores. The BET specific
surface area, the total pore volume and the mean pore diameter
of microspheres are presented in Table 1. The increase in surface
area in NT-80 can be attributed to the morphology transfer from
nanoparticles to nanostructures [24,25]. The samples showed an
expected decrease in BET surface areas and total pore volume but
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Table 1

Textural parameters of microspheres synthesised in this study.
Nanocatalyst Sper? (m2g1) VpP (em3g1) Dp© (A)
NT-25 24.38 0.16 75.21
NT-80 64.80 0.25 59.85
NTC-25 20.16 0.12 103.21
NTC-80 24.02 0.21 96.96

@ BET surface area.

b Total pore volume.

¢ Mean pore diameter as estimated from nitrogen desorption isotherms using the
Barrett-Joyner-Halenda (BJH) model.

an increase in average pore diameter after calcination. The total
pore volume decrease is due to the collapse of small pores during
the calcination process [5].

The XRD diffraction peaks of NT-80 and NT-25 for 26 diffrac-
tion angles were recorded between 5° and 90°. Five primary peaks
of anatase phase at 25.2°, 38°, 48.2° and 55° were recorded, while
small diffraction peaks at 54° and 69° indicated the rutile phase. The
precursor (P25) is a mixed phase catalyst showing anatase peaks
at 25.2°, 38°, 48.2° and 55° and a prominent rutile peak (110) at
20=27.45°. This peak disappeared in NT-25 and NT-80 suggesting
that a major part of rutile crystals was dissolved under the exper-
imental conditions [20]. As expected, anatase phase crystals were
obtained after calcining NT-25 and NT-80 at 550°C for 4h. EDX
measurements revealed that the Na to Ti atomic ratio was equal to
0.38 for NT-25 and 0.22 for NT-80. This difference might be due to
the binding of Na* ions to the negatively charged peroxo group
(Tiz05)q(OH),—20)~ present more abundantly on NT-25 than
NT-80[11].

3.2. Adsorption of methylene blue on mesoporous microspheres

The adsorption of MB on the surface of the catalysts was stud-
ied (Fig. 2A and B). The colour adsorption capacity and the DOC
removal of NT-80 and NTC-80 are larger than those of NT-25 and
NTC-25. In general, NT-80 showed the highest capacity for MB
adsorption followed by NTC-80>NT-25>NTC-25. The dispersed
powders were coloured blue after mixing them with MB stock solu-
tion, indicating that the removal of MB is due to the adsorption
of MB molecules on the mesoporous microspheres. After 30 min,
the complete decolourisation was reached for NT-80 and NTC-
80, which completely adsorbed MB at 0.5g/L catalyst loading.
NT-80 had higher surface area (64.8 m?/g), bigger pore volume
(0.25 cm?3/g) and lower mean pore diameter (59.85A) than NT-25
(24.38 m?/g,0.16 cm3/g, 75.21 A). Similarly, NTC-80 had higher sur-
face area (24.02 m2/g), bigger pore volume (0.21 cm3/g) and lower
mean pore diameter (96.96 A) than NTC-25(20.16 m?/g,0.12 cm3/g,
103.21A). Calcination had little negative effect on the adsorp-
tion capacity of the fibrous microspheres at low powder loading
(0.05¢/L, 0.1 g/L and 0.2 g/L) but no effect on high loading (0.5 g/L).
This can be explained by the decrease in surface area, pore vol-
ume and the increase of mean pore diameter. The effect of surface
area of the catalysts on MB adsorption revealed that microspheres
of nanofibrous-assemblies are more effective adsorbent of MB than
microspheres composed of the aggregation of nanoparticles. NT-80
having the biggest surface area showed the highest MB adsorption,
while NTC-25 (20.16 m2/g) showed the lowest overall adsorption.

MB adsorption can also be affected by the cation exchange
capacity of Na-titanate nanostructures, which show high affinity
towards basic and acid dyes [26]. Lee et al. [26] reported that the
adsorption capacity may be decreased by exchanging Na* with
H* using washing in acidic solution. MB as a cationic dye can be
exchanged with Na* ions, which are incorporated in the crystal
matrix of TiO, or Na-titanate. EDX results as shown in Section 3.1
revealed that the amount of sodium present in NT-25 is larger than
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Fig. 2. (A) Decolourisation and (B) DOC removal of MB by adsorption on NT-80,
NTC-80, NT-25 and NTC-25 ([MB]=10mg/L, pH 7, data collected after 30 min).

that in NT-80. However, the adsorption of these sodium cations
on the negatively charged peroxo group reduced its availability
for exchange. Here as well, the negatively charged peroxo group
(Tiz05)q(OH), 29~ was saturated by the strong binding to Na*
ions in the titanate framework, which made them also unavail-
able as a possible boost for adsorption [11,26]. Hence, NT-25 having
more less-available peroxo groups and little Na* ready for exchange
was less efficient in adsorbing MB than NT-80. After the hydrother-
mal reaction at 80 °C, this binding was lost resulting in the decrease
in peroxo groups. This was detected by the change in colour which
turned into pale yellow. Consequently, Na* was leached away by
pure water washings of the powders, which explains the decrease
of Na* concentration in NT-80.

Photocatalysts load of 50 mg/L were adopted in the rest of the
study to minimise the effect of adsorption on photocatalysis results.

3.3. Photocatalytic decolourisation of methylene blue and DOC
removal

Fig. 3A and B shows the kinetics of the photocatalytic degra-
dation of MB under UV light. MB was adsorbed onto the catalysts
surface for 30 min in dark conditions before the UV lamps were
turned on. The decolourisation of NT-80 slurry was complete after
90 min illumination, and was around 85% for NTC-80, NT-25 and
NTC-25. This complete decolourisation was due to the high adsorp-
tion capacity of NT-80, which adsorbed 50% of MB at equilibrium.
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Fig. 3. Kinetics of (A) decolourisation of MB and (B) DOC photodegradation on
NT-80, NTC-80, NT-25 and NTC-25 ([MB]=10mg/L, pH 7, photocatalyst load-
ing=50mg/L).

Low correlations between the decolourisation and the decrease
of DOC was detected in all tested samples, suggesting the limited
use of the absorbance data to measure organic matter removal. In
the present work, baseline experiments showed that UV illumina-
tion alone (i.e. in the absence of catalyst) for 90 min reduced the
characteristic adsorption peak at 664 nm by 17%. Redox potential
measurements and DOC reduction by 11% (Fig. 3A and B) confirmed
that the decolourisation was due to chemical degradation rather
than temporary colour change.

Heterogenous photocatalysis over TiO, follows a well-defined
mechanism, which is initiated by the adsorption of efficient pho-
tons by titania, and is maintained through a series of reactions that
involve the production of positives holes (h*) and hydroxyl rad-
icals (OH*) [13,27]. The photooxidation of organic compounds is
thus reached via successive attacks by OH*. In the present study,
MB removal was assessed based on the decrease in the absorbance
at 664 nm and the decrease in DOC. The results showed that NT-
80 was the best photocatalyst in terms of MB decolourisation and
DOCremoval. Relative absorbance was reduced by 50% and the DOC
was reduced by 30% after 45 min of UV irradiation. The removal of
MB using mesoporous microspheres decreased in the order NT-
80> NTC-80 > NT-25>NTC-25. The calcination of the powders had
negative effect on the increase of the photoactivity of the catalysts,
which can be ascribed to the changes in morphology. Microspheres
had lower BET surface area and pore volume after calcination,
which decreased their photocatalytic activity. P25 was used a refer-
ence photocatalyst and showed 95% decolourisation of MB solution
and 85% DOC removal after 1 h of UV-irradiation at 50 mg/L load.

as MB is a cationic dye and not an electron donor. So, OH* radicals
are essential for the initiation of the MB dissociation, which will be
degraded through a set of chemical reactions described in details
by Houas et al. [13]. The end of the mineralisation is attained when
the sulphur reaches its final maximum oxidation degree (+6) and
S042~ is produced after a 4th attack from OH® radicals on the final
by-product: R-CgH4-SO3H [13].

R-CgH4-SO3H + OH* — R—C6H4+SO42_ +2H*

Thus, the increase in sulphate concentration in the solution indi-
cates the mineralisation of MB. The evolution of sulphate ions was
monitored and is presented in Fig. 4.

NT-25 showed the highest mineralisation compared to NTC-25,
NT-80 and NTC-80. The suppressed mineralisation of NT-80 and
NTC-80 might be due to their high adsorption capacity, which might
have saturated the active sites with MB molecules prohibiting the
light photons from reaching them. This implies that the degradation
process was concurrent with the adsorption process, indicating that
the DOC removal and decolourisation of MB was due to sorption
and photooxidation at the same time. NT-80 is a strong adsorbent
of MB, but showed the lowest mineralisation implying that new MB
molecules were adsorbed on the powders after others have been
decomposed. On the other hand, NT-25 is a weak adsorbent but had
the highest mineralisation, which indicates that a high percentage
of decolourisation and DOC removal was due to photooxidation.

3.5. Lifetime cycle of microspheres

The lifecycle of microspheres was monitored over five consec-
utive photodegradation cycles of MB solution (10 mg/L) at 50 mg/L
photocatalyst load (Fig. 5). The photocatalyst was recovered after
each cycle by sedimentation, washed, separated by centrifugation
and dried at 80°C before being used in the next cycle. All tested
photocatalysts showed stability in performance after 5 runs of MB
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Fig. 6. Normalised decrease in the supernatant turbidity using NT-25, NTC-25, NT-
80, NTC-80 and P-25 (pH 7, photocatalyst loading = 50 mg/L).

decomposition. The overall reduction of photocatalytic activity was
below 5% according to absorbance results at A =664 nm. Thus, the
repeated use of microspheres does not poison their photocatalytic
activity and elucidate that the powders remain UV light responsive.

3.6. Supernatant turbidity

Post separation of photocatalysts is a real encumber to the suc-
cess of photocatalytic water treatment processes. In this study,
synthesised photocatalysts were tested for their ability to separate

from the solution using a cost-effective method, namely sedi-
mentation. Turbidity measurement, which is used to assess the
amount of suspended particles in solution, was used to monitor
the sedimentation of photocatalysts at 50 mg/L load. The decrease
in solution turbidity over time indicates an increase in the sedi-
mentation rate of suspended particles. Normalised turbidity figures
were plotted to compare different photocatalysts (Fig. 6). After 2h
at static conditions, the decrease in solution turbidity was around
95% for NT-80 and NTC-80, while it was recorded as 20% and 25%
for NT-25 and NTC-25, respectively. On the other hand, the tur-
bidity of the water/P25 suspension remained relatively unchanged
with only a 5% decrease in turbidity after 2 h at static conditions.
Nanofibrous micorpsheres can be quickly and easily separated from
the solution by sedimentation due to their bigger size and fibrous
morphology.

4. Conclusion

Na-titanate nanostructures were synthesised using a simple and
facile method at low temperatures. Mesoporous smooth surface
microspheres with average diameter of 700 nm can be produced by
the simple treatment of P25 with NaOH and H,0, at room temper-
ature. Larger size fibrous microspheres result from this treatment
at 80°C. Microspheres showed high affinity in adsorbing MB, which
was mainly due to the high surface area of NT-80. The binding of
Na* and peroxo groups had detrimental effect on the adsorption
of the cationic dye because of surface saturation, which decreased
the adsorption sites. The decolourisation, DOC removal revealed
their photocatalytic activity under UV light irradiation. Moreover,
mineralisation of MB was studied for sulphate evolution, which
confirmed the positive photocatalytic activity of the microspheres.
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Therefore, these novel mesoporous microspheres are considered
as effective adsorbents of MB, and also capable of its photocatalytic
degradation. Their photocatalytic activity is consistent after 5 pho-
tocatalytic runs and they can be easily separated from the solution
by settling.
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