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Abstract: The current research aims to evaluate the photocatalytic activity of (TiO2) with various loading 
ratios (5%-60%) supported on mesoporous aluminosilicate (zeolite type) called Siral, with aluminum content 
ranging from 20% to 70%, to enhance the performance of degradation of ibuprofen (IBP) as a pharmaceutical 
pollutant. The batch reactor is furnished with solarium light to simulate sunlight UV for efficient degradation. 
The supported substance (Siral) exhibits elevated surface area and a regular mesoporous structure; hence, it 
might be regarded as an efficient photocatalyst support. The characterizations and effectiveness of the 
prepared catalyst were achieved by X-ray diffraction (XRD), Brunauer-Emmett-Teller (BET), scanning 
electron microscopy (SEM) and UV-visible spectroscopy. The results exhibit the highest photo-degradation 
ratio (90%) for (60% TiO2/Siral40) after 4 hours.  The highest surface area is 448.3685 m²/g for 15% 
TiO₂/Siral40. The photodegradation efficiency increases as the weight percentage of TiO2 particles rises from 
5 to 60 %. TiO2/Siral NCs photocatalysts demonstrate remarkable photostability and reusability, especially in 
organic molecule degradation. 
Keywords: Titanium dioxide, Ibuprofen, Photodegradation, Siral, Pollution. 
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Introduction 
 

Zeolite and Siral groups are mesoporous 
aluminosilicate materials with excellent 
adsorption, ion exchange capacity, and suitable 
surface area [1, 2] . Thereby, loading of TiO2 as 

an oxidative substance on the aluminosilicate 
surface provides selectively moderate pore 
catalysts that can degrade organic molecules [3]. 

 

 
Fig. 1. Exterior formation: SB (A), (SB:SIRALs 1:1.5–5) (B), (SB:SIRALs 1:10–20) (C), 

(SB:SIRALs 1:30–40) (D), (SB:SIRALs 1:60–80) (E) and SIRALs 90–100 (F) [1, 5] 
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However, because the specifications of 
these materials are difficult, little is known about 
the arrangement of Si, Al, and O in the 
aluminosilicate at different scales. Silica-
alumina combinations have high-temperature 
patience and good stability for prolonged 
reaction times [4]. Fig. 1 illustrates the diverse 
mixing of (Sasol Boehmite) SB-type alumina and 
silica to form different percentages of 
aluminosilicate. 

As a result of the rapid increase in 
industrial growth and urban development, water 
is becoming more polluted and contaminated 
than ever before by various toxins that pollute 
drinking water, such as pharmaceuticals, 
solvents, insecticides, oils, and coloring 
substances. These materials produce a large 
amount of harmful and persistent substances due 
to their widespread use in various industries and 
cannot be easily removed [6]. The increasing 
request for clean and safe water appropriate for 
human use needs to develop techniques for the 
treatment of wastewater because pure water is a 
life essence for all living organisms [7]. 

A few customary strategies are created for 
the medication of industrial drainage, but 
advanced oxidation forms were viewed as the 
most effective ones. These days, radicals of 
hydroxyl (•OH) have been used to increase the 
degradation of natural debasements into the least 
harmful. By using catalysts, the technique is to 
change poisonous materials into non-poisonous 
ones [8, 9].  

Among the obstacles to the photocatalytic 
process is powerless adsorption. To overcome 
this issue, an adsorbent can act as a supporting 
material for the photocatalyst [10]. Albiss and 
Abu-Dalo et al. (2021) are investigating the 
combination of a ZnO photocatalyst and 
activated charcoal to degrade methylene blue dye 
[11]. 

TiO2  P25 (Phase 25nm) is still widely used 
for its high effectiveness and low cost [12]. The 
degradation of organic and pharmaceutical 
compounds in water can be improved by 
combining TiO2 with zeolite, as was examined. 
Using TiO2 as a degradation substance is due to 
the formation of radicals to oxidize these 
pollutants in particular conditions of ultraviolet 
irradiation [13]. The improvement is clarified by 
the adsorption of pollutants, or partially decayed 
pollutants, on the zeolite surface, which increases 

the concentration of the pollutants within the 
vicinity of the TiO2 semiconductor and increases 
the photo-catalytic reaction rate [14]. 

In the presence of ultraviolet light, TiO2's  
semiconductor properties cause an electron (e-) 
to jump to the conduction ion band after it was in 
the valence band. This leads to the generation of 
positive holes (h+) at electron sites, which lead to 
the formation of hydroxyl (OH˙) and superoxide 
(O2

.-) radicals that can oxidize organic pollutants 
in water; hence, these organic molecules will be 
degraded [15]. Understanding the oxidation 
process requires knowledge of the mechanism 
and intermediates [16]. Considering this 
viewpoint, Wang Z. et al. studied the mechanism 
of TiO2 and other catalysts practiced in the 
ibuprofen photodegradation that utilized 
UV/LED light. Higher photodegradation was 
noticed in acidic media. Photocatalysts, 
including TiO2, are faster and more effective 
when compared to some catalysts such as 
hydrogen peroxide (H2O2), K2S2O8, and KHSO5. 
Hydroxyl radicals are generated by H2O2 during 
the photodegradation reaction; the percentage of 
degradation reached 38.93%, while when using 
TiO2 reached 100% [17]. 

Previous studies have confirmed the ability 
of this type of photocatalyst in this research 
route. Miranda et al. investigate the 
photodegradation mechanism of ibuprofen; three 
radicals are generated in this process (OH˙, O2

-˙, 
and OOH˙), but the hydroxyl radical has a higher 
degradation ability compared with other radicals; 
it attacks the aromatic ring in ibuprofen. The 
degradation ratio reached 100% [18]. 

Gayathri et al. used TiO2/H-Beta zeolite 
(THB) as a photocatalyst for caffeine 
degradation. The as-prepared THB composite 
exhibited outstanding activity for the breakdown 
of a 10 ppm caffeine solution, according to 
photocatalytic experiments [19]. Diban et al. 
combined the photocatalyst TiO2 with zeolite Y 
(ZY) to increase the porosity and activity for use 
in the degradation of organic pollutants. The 
results indicate that photocatalytic activity is 
maintained in the physical combination of zeolite 
and TiO2 [8]. Mergenbayeva et al. prepared two 
types of composite photocatalysts (TiO2 loaded 
with zeolite 45 and Zeolite Socony Mobil-5 
(ZSM-5) for the degradation of the antibiotic 
pollutant sulfamethoxazole in water using a UV 
source. The results show complete degradation of 
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the pollutant in 10 minutes [20]. Wang Y. et al. 
enhanced the rheological specifications of 
asphalt using Nano-TiO2 as a photocatalyst 
binder with graphite/carbon nitride C3N4, Based 
on the results, TiO2-modified asphalt 
outperformed C3N4-modified asphalt in terms of 

rutting resistance and outstanding rheological 
characteristics [21, 22]. The current research 
aims to investigate the ability of prepared 
photocatalysts (TiO2/Siral) in different ratios for 
the photodegradation of ibuprofen in aqueous 
solution. 

 
2. Experimental part 

 
2.1. Materials. Ibuprofen sodium salt 

(IBP-Na) C13H17NaO2 (purity > 98%) Chemical 
Abstract Service (CAS) Number: 31121-93-4, a 
non-steroidal anti-inflammatory drug chosen as 
the model for pollutants from Sigma–Aldrich Co. 
Titanium oxide (CAS Number: 13463-67-7) is 
employed as a photocatalyst (Sigma-Aldrich), a 
white solid, odorless, and insoluble in water. The 
catalyst was combined with diverse artificial 
mesoporous aluminosilicate materials as support 
in a solid situation in a solvent-free procedure. A 
mortar is used to mill the samples for 
photocatalytic degradation use. The distilled 
water is utilized to prepare solutions during the 
experiments. Amorphous silica-alumina are 
commercially obtained catalysts from Sasol, 
Germany. 

2.2. Procedures. Supporting titanium 
oxide on Siral. Various quantities of TiO2 
catalyst are mechanically blended with Siral 20, 
30, 40, and 70 with different Al/Si ratios, surface 
areas, bulk densities, and pore volumes; they 
have been utilized as supports. The mixtures are 
ground for fifteen minutes in a ceramic mortar 
until the mixture is well blended. The subsequent 
powder is calcined at 500°C for 2 hours with air 
passage. Accordingly, (5-60%) of supported 
catalysts (TiO2) as photocatalysts are loaded over 
four different types of Siral are investigated. In 
brief, 10 mg of commercial (TiO2) is utilized to 
photodegrade 10 ppm IBP solution, the 
development of binary-supported catalysts using 
Siral through wet impregnation and dry physical 
combing, grinding, and calcination. It has been 
found that physical mixing produces increased 
photocatalytic activity based on TiO2 content 
while wet impregnation has none [23]. 

Specification and Analysis of 
Photocatalyst. X-ray diffraction (XRD) patterns 
achieved on a powder X-ray diffractometer 
STADI-P (STOE) utilizing monochromatic Ni-
filtered CuKα1 radiation (λ = 1.5406 A), nitrogen 

adsorption using (BET) determined using an 
automated device (Sorptomatic),  and scanning 
electron microscopy (SEM) methods (Zeiss 
Merlin VP Compact) have been applied to 
determine the structural, crystallization, and 
morphology of the photocatalyst.  

Testing of  Photocatalyst effectiveness. 
The photocatalytic performance was evaluated 
by examining both adsorption behavior and the 
reduction in ibuprofen (IBP) concentration under 
batch conditions. Typically, 250 mL of an 
aqueous ibuprofen solution (10 ppm) and 10 mg 
of the photocatalyst were placed in a 250 mL 
batch reactor beaker. The reactor was then 
positioned inside a light-impermeable aluminum 
box equipped with four UV/Vis solarium lamps 
(Philips Co.), mounted on the upper side. The 
total lamp power was 60 W, with each bulb rated 
at 15 W. The lamps primarily simulate the UV 
portion of sunlight, with additional emission in 
the visible region of the spectrum [24]. The 
irradiation intensity was approximately 3.2 
mWꞏcm⁻². A white LED lamp (Toshiba, 16 W) 
was used to provide general visible-light 
illumination in the room. During the 
photocatalytic experiments, the solution was 
continuously stirred using a magnetic stirrer to 
ensure uniform suspension of the catalyst. At 
predetermined time intervals, aliquots of the 
reaction mixture were withdrawn using a syringe 
and filtered through a 0.45 μm 
polytetrafluoroethylene (PTFE) membrane filter 
prior to analysis. Adsorption experiments were 
carried out entirely in the dark to exclude any 
photochemical effects. The residual 
concentration of IBP was determined using a 
UV–Vis spectrophotometer (Varian, Cary 
WinUV) by monitoring the change in absorbance 
at 222 nm. The percentage degradation of IBP at 
different irradiation times was calculated using 
Eq. (1). 
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𝐴𝑏𝑎𝑡𝑒𝑚𝑒𝑛𝑡ሺ%ሻ ൌ ஺బି஺೟
஺బ

𝑥100                                                                     (1) 

 
𝐴଴ is the initial absorption of ibuprofen, 

and 𝐴௧ is the absorption at 222 nm after varying 
periods of UV/vis exposure. The principle of Per 
Lambert-Beer, the UV absorbance strength and 

the drug concentration that has been diagnosed 
are directly correlated. It is also important to 
declare that all data is obtained at room 
temperature.  

 
3. Results and Discussion 

 
3.1. Characterization  of the 

photocatalyst. X-ray diffraction patterns of TiO₂ 
P25 are shown in Fig. 2; diffraction angles and 
intensities of reflections are well indexed to the 
theoretical diffraction patterns of Anatase and 
Rutile from the Joint Committee on Powder 
Diffraction Standards (JCPDS) database. The 
observed relatively broad width, or FWHM, of 
the peaks confirms the presence of a small 
crystallite size [25]. Peaks of the rutile pattern are 
narrower compared to anatase, indicating a 
higher degree of crystallinity and larger 
crystallite size (Rutile). It has been noted that P-
25 is synthesized in the industrial high-
temperature combustion process of TiCl₄. 
Refinement of the pattern to the corresponding 
theoretical patterns confirms the ratio of ~80/20 

for anatase and rutile, respectively [26], and has 
also confirmed that TiO₂ is a highly crystalline 
catalyst.  

The rutile has a smaller band gap of 3.0 eV 
or 413 nm than Anatase (3.16 eV or 392 nm) 
[27].  Chen and Lin (2020) asserted the 
importance of Rutile in TiO2 to utilize wide 
energy in sunlight to excite electrons from the 
valence band to the conducting band and form 
electron-hole pairs [28]. TiO2 can strongly 
absorb (UV) sunlight equal to 410 nm. The 
particular surface area (SA) of TiO2 is 54 m2/g. 
Then, the nitrogen adsorption method confirms 
that TiO2 has non-porous particles; this is 
asserted by the slight or no change in nitrogen 
adsorption of silica when (TiO2) is not added 
[29].  

 

 
Fig. 2. Powder XRD of Titania (TiO2 P-25) and corresponding diffraction patterns of Anatase and 

Rutile 
 

(Fig. 3a) gives information on the 
morphology of the prepared supports by 
displaying the FE-SEM of Siral. It is clear from 
the image that Siral has a smooth surface. In 
contrast, Siral/TiO2 NCs (Fig. 3b) feature 

granular particles on their unique surface. This 
validates the existence of TiO2 particles on Siral's 
surface. However, the shape of the Siral does not 
change, suggesting that the presence of TiO2 
particles has not affected the Siral structure.  
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Fig. 3. SEM Images of pure Siral40 (a) and 15%TiO2/Siral40 (b) 

 
3.2. TiO2/Siral composite photocatalytic 

effectiveness. The well-known finest 
photocatalyst, Degussa P25 TiO2, is usually 
known for its appropriate constituents as a blend 
of approximately 80% Anatase and 20% Rutile, 
separately, surpassing the activity of Anatase 
alone [12]. In the present research, TiO2/Siral 
photocatalysts are prepared in several steps: 

blending, milling, and heating for calcination 
degree using the identical method discussed in 
the experimental section. The photodegradation 
of IBP has been selected as a model of a pollutant 
in wastewater and used to evaluate the 
effectiveness of the prepared catalyst under UV 
irradiation, according to Fig. 4 below: 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. UV/Vis spectra of treated IBP solution according to time, over (15%TiO2/Siral 30) 
Photocatalyst Core-Shell using UV/Vis (10 mg/L catalyst, 250 mL of 10 ppm aqueous IBP, 

irradiation: 60W UV/Vis light) 
 

We can observe a gradual decline in 
ibuprofen concentration from Fig. 4. The first 
hour saw a sharp decline, followed by a slow 
decline until five hours later, when the 
concentrations were extremely low. A decline of 
the phenylene group of IBP absorbance at 193.5 
& 222 nm is detected. This is attributed to the 

degradation of the phenylene group. At the same 
time, a recent absorbance emerged at 260 nm. 
The strength of absorbance goes up and down 
during prolonged treatment. This change in 
absorbance is ascribed to the creation of 
intermediates in photocatalytic treatment. 
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Fig. 5. Photocatalytic decomposition of 4 hours, (a) IBP over (1-25%TiO2/Siral20) and (b) TiO2 

alone and 30-60%TiO2/Siral20 with varying catalyst ratios. Conditions: 250 ml batch reactor, 
ibuprofen conc. (10 ppm), catalyst (10 mg), (4.6 W) UV/Vis, solarium bulb 

 
The photocatalytic efficiency of TiO₂ 

Degussa begins at the start of the decreasing 
absorption curve (Fig. 5a). During photocatalytic 
treatment, there is a significant drop in the 
concentration of ibuprofen. After 240 min., the 
ibuprofen concentration decreases by 50% when 
25% TiO₂/Sir20 is employed; as the TiO₂ ratio on 

Sir20 increases, the decrease reaches around 86% 
when 60% TiO₂/Sir20 is used (Fig. 5b). 
Treatments with photocatalysts containing 5-
50% TiO₂ P-25 show similar photocatalytic 
efficiency, which increases significantly over 4 
hours to 77% with reaction time [30]. 

 

Fig. 6. Photocatalytic decomposition of 4 hours, (a) IBP over (1-25%TiO2/Siral30) and (b) TiO2 
alone and 30-60%TiO2/Siral30 with varying catalyst ratios. Conditions: 250 ml batch reactor, 

ibuprofen conc. (10 ppm), catalyst (10 mg), (4.6 W) UV/Vis, solarium bulb 
 

In all the figures above, we noticed a 
gradual increase in effectiveness directly 
proportional to the increase of the Si ratio in Siral 
(20-40%) and the increase in the loading ratio of 
the catalyst (TiO₂) in Siral, with some 
exceptions; for example, 25% TiO₂ loaded in 
Siral 20, 30, and 40 almost arrives at 55, 65, and 
60%, respectively. 

Only high loading (60%) at the end of UV 
irradiation after 4 hours of stirring and exposure 
to light can come close to pure, untreated, and 
modified catalyst. It approaches 88.5% 

conversion of degradation at 60% loading of 
TiO₂ on Siral 20 and 30, respectively (Fig.s 5 and 
6). The only positive exception is 40% TiO₂ / Sir 
30. It is higher than the high loading rates of 50 
and 60% sequentially, where it reaches an 86.4% 
conversion (Fig. 6).  

Regarding the modified catalyst, 40% TiO2 

loaded on Sir40 is faster to rise to degradation of 
IBP to about 55% after one hour, to reach the end 
of the reaction cycle from irradiation for four 
continuous hours to about 90% (Fig. 7).  
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Fig. 7. Photocatalytic decomposition of 4 hours, (a) IBP over (1-25%TiO2/Siral40) and (b) TiO2 

alone and 30-60%TiO2/Siral40 with varying catalyst ratios. Conditions: 250 ml batch reactor, 
ibuprofen conc. (10 ppm), catalyst (10 mg), (4.6 W) UV/Vis, solarium bulb 

 
3.3. Atomic efficiency. Atomic efficiency 

in these photocatalytic degradations has been 
accounted for depending on the concentration of 
TiO2 as shown in Fig. 8. The calculations have 
been obtained after four hours based on data 
taken from the photocatalytic degradation 
process [31]. 

The percentage ratio of TiO2/Siral is  

affected by atomic efficiency (Figs. 8 and 9). On 
the other hand, the data accounted for 1 hour of 
treatment to compare with treatment for 4 hours 
to ensure the validity of the results. The 
treatments are repeated twice or three times. It is 
indicated here that atomic efficiency is calculated 
by Eq. 2: 

 

𝑹𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒂𝒕𝒐𝒎𝒊𝒄 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 ൌ 𝑨𝒄𝒉𝒊𝒆𝒗𝒆𝒅 𝒅𝒆𝒈.𝑾𝒊𝒕𝒉 𝑪𝑨𝑻—𝑿 ሾ%ሿ 

𝑫𝒆𝒈.𝒃𝒚 𝟏𝟎𝟎 % 𝒑𝒖𝒓𝒆 𝑪𝒂𝒕𝒂𝒍𝒚𝒔𝒕 ሾ%ሿ
𝑿 ∗  𝒇                               (2) 

 
X: concentration of TiO2 on Siral, f =100% TiO2. 

Fig. 8. Improvement of the atomic efficiency of TiO2/Siral 20 and 30 after 4h photocatalytic 
treatment 

 
Elevated efficiency reaches a ~1.268 ratio 

that is computed for TiO2/Siral20 via 25% 
loading of TiO2 although a low-loading gradual 
increase happens until 25% loading; after that, it 
remains within the same range, close to 1. 

With Siral 30, it becomes a bit different, as 
the low loading of 5% shows high efficiency 
achieved at 2.421; under 25% loading, the 
efficiency drops to 1.858. A different behavior of 
2.5 is noted for TiO2/Siral40 at 5% loading. 
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Fig. 9. Improvement of the atomic efficiency of TiO2 / Siral 40 and 70 after 4h photocatalytic 

treatment 
 

Then there is a sort of gradual and 
significant decrease with the increase in the 
loading ratio of the catalyst until it reaches below 
the one at high loading, 60%. The same behavior 
of 3.42 and 3.28 is noted for TiO2/Siral70 at 5 
and 10% loading, respectively, followed by a 

noticeable and gradual decrease until it reaches 
0.75 at the highest loading of 60% [32]. The 
Schematic illustration of the proposed 
photodegradation mechanism of ibuprofen over 
TiO₂/Siral is shown in Fig. 10. 

 
Fig. 10.   Schematic illustration of the proposed photodegradation mechanism of ibuprofen over 

TiO₂/Siral 
 

3.4. Nitrogen Adsorption–Desorption and 
Textural Properties. The surface area, pore 
volume, and pore size distribution of the 

photocatalyst were investigated using N₂ 
adsorption–desorption isotherms. 

 
Table 1. Physical properties of Siral calculated from BET data [33] 

Siral type 
Al2O3/ 
SiO2 
% 

LOI 
% 

Loose 
bulk 

density 
[g/l] 

Particle 
size 
(d50) 
[μm] 

Surface 
area 

(BET) 
[m²/g] 

Pore 
Diameter 

(nm) 

Pore 
volume 
[ml/g] 

Siral 20 80/20 25 300-500 35 420 8.1 0.8 
Siral 30 70/30 20 250-450 35 380 7.6 0.9 
Siral 40 60/40 20 250-450 35 498 7.9 0.75 
Siral 70 30/70 25 400-600 35 450 4.6 0.3 
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Irrespective of the variety of Siral series, 

the isotherms of adsorption and desorption of 
type IV N2 are present in all samples. 

Irrespective of the Siral grade, all samples 
exhibit type IV N₂ adsorption–desorption 
isotherms, characteristic of mesoporous 
materials. As shown in Table 1 above, the pore 
volume decreases progressively upon loading of 

the active species. Similarly, the specific surface 
area (SBET) of the catalysts decreases for Siral 30, 
followed by an increase for Siral 40 and Siral 70. 
The average pore diameter (Dp), calculated using 
the Kelvin equation [34], shows a decreasing 
trend. This behavior is consistent with previous 
reports in the Ref. [35]. 

 

𝑑𝐾 ൌ ିସఙ ୡ୭ୱሺఏሻ௏௠

ோ்௟௡ሺ ು
ುೞ
ሻ

                                                                           (3) 

 
Where 𝜎 indicates surface tension, 𝜃 indicates 
contact angle, 𝑉𝑚 indicates molar volume, 𝑅 
indicates ideal gas constant, 𝑇 indicates 
temperature, 𝑃 and 𝑃𝑠 vapor pressure and 
saturated vapor respectively.  

BET method and BJH correlation from the 
isotherm of nitrogen adsorption [36]. The surface 
areas have been affected by grafting; the pore 
diameters decrease for both Al/SiO2 and 
Si/Al2O3. This is a result of the deposit growing 
orthogonal to the surface channels. Surface area, 
pore volume, and pore diameter of TiO2/Siral 
have been reduced in most events, except in some 

cases, due to the loaded catalyst TiO2 on the 
supports. The pore diameters and pore volumes 
have been decreased by loading the TiO2 catalyst 
on the supports in most events [37].  

Irrespective of loading the catalyst on 
various Siral, all treated samples illustrate type 
IV N2 isotherms of adsorption and desorption, 
indicating that the Siral supports maintain their 
porosity. When the titanium oxide loading on 
Siral is increased, the pore volume constantly 
increases. Likewise, there are decreases in BET 
surface areas; this is consistent with previous 
results in the literature of this field [38]. 

 
   Table 2. Main characteristics of (TiO2/ Siral) photocatalysts by the BET method. 

Samples 
BET Surface 
area (m2/g) 
SBET (m2/g) 

Average Pore 
Diameter (n.m) 

DBJH (nm) 

BJH (Vp (cm3/g)) 
Desorption 

Cumulative Pores 
volume (Cm3/g) 

5% TiO2/Sir20 326.7754 7.17906 0.71865 

15% TiO2/Sir20 304.9522 5.9463 0.69817 

30% TiO2/Sir20 219.6117 3. 9854 0.49345 

60% TiO2/Sir20 167.46965 3.1685 0.41348 

5% TiO2/Sir30 296.1029 7.43103 0.8616 

15% TiO2/Sir30 272.6285 6.24815 0.79096 

30% TiO2/Sir30 245.73985 5.8978 0.72146 

60% TiO2/Sir30 181.3864 4.72615 0.69033 

5% TiO2/Sir40 448.3685 7.40252 0.69163 

15% TiO2/Sir40 391.4702 6.89840 0.60013 

30% TiO2/Sir40 332.204 6.14531 0.54317 

60% TiO2/Sir40 198.42045 4.80961 0.41239 

5% TiO2/Sir70 355.3233 4.20467 0.27889 

15% TiO2/Sir70 272.6499 3.73701 0.22021 
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30% TiO2/Sir70 214.4265 3.13749 0.18440 

60% TiO2/Sir70 118.1174 2.20718 0.09173 

 
From Table 2, when the TiO2 photocatalyst is 
applied to the Siral supports, we notice the 
decreasing of the surface areas, pore diameters, 
and pore volumes. This could be because catalyst 
particles have accumulated on the support 

surfaces. As a result of these particles entering 
the pores, the interior surface area is reduced. 
Additionally, their presence within the pores 
causes the pores to become smaller. 

 
Conclusion 

 
This study reports the successful 

preparation of TiO₂ nanoparticle–supported Siral 
nanocomposites. The presence and dispersion of 
TiO₂ nanoparticles on the Siral support were 
confirmed by UV–Vis spectroscopy and X-ray 
diffraction analyses. While part of the TiO₂ 
nanoparticles continues to grow on the external 
surface of the Siral framework, smaller TiO₂ 
particles are formed within the supercage 
structures. Importantly, the morphology and 
structural integrity of Siral remain unchanged, 
indicating that TiO₂ deposition does not 
adversely affect the support framework. The 
synthesized TiO₂/Siral nanocomposites exhibit 
excellent photocatalytic performance for the 
removal of ibuprofen (IBP) from contaminated 
water. The photocatalytic activity increases with 

TiO₂ loading (5–60 wt% TiO₂/Siral), 
demonstrating effective optimization of TiO₂ 
dispersion on each Siral support. This 
enhancement is attributed to the uniform 
distribution of TiO₂ nanoparticles throughout the 
mesoporous substrates. The formation of TiO₂ 
crystallites within the mesoporous Siral structure 
leads to a reduction in average pore diameter, 
pore volume, and specific surface area. 
Nevertheless, these textural changes are 
accompanied by a significant improvement in 
photocatalytic efficiency. A detailed analysis of 
N₂ adsorption–desorption isotherms provides 
further insight into the relationship between TiO₂ 
loading, textural properties, and photocatalytic 
performance. 
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