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Abstract
An extensive class of pollutants found in soil, water, and bottom sediments are categorized as polycyclic aromatic hydrocar-
bons. A possible method of breaking down polycyclic aromatic hydrocarbons is thought to be the photochemical approach. 
The potential application of mesoporous nanocomposites on TiO2/MgO as catalysts for the photooxidation of polycyclic 
aromatic hydrocarbons under the influence of visible light was assessed in this work. TiO2/MgO nanocomposites were suc-
cessfully obtained by the self-propagating high-temperature synthesis using methotitanic acid and magnesium nitrate as metal 
precursors. An important step in the synthesis was the conversion of the titanium precursor into a water-soluble form with 
the subsequent addition of glycine and citric acid at a carbon/nitrogen (C/N) molar ratio of 0.25. This synthesis via solutions 
allowed the target materials with major phases of magnesium metatitanate MgTiO3, magnesium dititanate MgTi2O5, and 
magnesium titanate Mg2TiO4 to be obtained after heat treatment at 750 °C. Heterostructured mesoporous TiO2/MgO powders 
with a specific surface area of 22.0–28.4 m2/g had an average diameter of the predominant pores of 10–30 nm. The greatest 
degree of photocatalytic oxidation of fluorene, pyrene, and benzpyrene (80, 68, and 53%, respectively) was obtained when 
it was combined with the TiO2/MgTi2O5/MgTiO3 nanocomposite under visible light irradiation. This study showed that 
mesoporous TiO2/MgO nanocomposites could be used as photooxidation catalysts for polycyclic aromatic hydrocarbons. 
The maximum level of photocatalytic oxidation of polycyclic aromatic hydrocarbons in TiO2/MgO nanocomposites occurred 
at pH 7 and a photocatalyst dose of 1 mg/L under the influence of normal solar radiation.
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Introduction

Nanocomposite materials based on metal oxides are interest-
ing because of their ability to reduce the negative impact of 
human economic activities on the environment and prevent 
air, water, and soil pollution. Thus, many modern works 
have shown the effectiveness of nanocomposites based on 
metal oxides as catalysts for the synthesis of methanol from 
atmospheric carbon dioxide (Huang et al. 2019; Charisio 
et al. 2018; Feng et al. 2018; Li et al. 2019), a sorbent of 
pollutants from aqueous media (Wang et al. 2022; Matsu-
kevich et al. 2021; Liu et al. 2015; Bakhsh et al. 2022), a 
photocatalyst for the photodegradation of antibiotic solutions 
(Zhou et al. 2024) and other dissolved organic compounds 
(Glinskaya et al. 2023), sustainable agriculture (Periakarup-
pan et al. 2023; Romanovski et al. 2023) and energy sys-
tems (Romanovski et al. 2024a). Such materials can find 
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application both for solving one of the listed problems and 
for a set of similar problems, for example, for restoring areas 
simultaneously contaminated with heavy metal ions and 
dyes (Ge et al. 2018).

Magnesium titanates have unique optical, electrical, and 
antibacterial properties, which has led to increased inter-
est in the study of these materials. Metatitanates with the 
perovskite structure MTiO3 (M = Sr, Ba, Mg, etc.) contain 
oxygen vacancies and M-site vacancies due to their own 
nonstoichiometry (Wang et al. 2017), which increases the 
efficiency of photoinduced electron–hole pair separation 
(e−/h+) and facilitates the migration of e−/h+ pairs from the 
bulk to the surface (Li et al. 2023; Yang et al. 2023). Thus, 
MgTiO3 is a photocatalytic semiconductor with a band gap 
ranging from 2.8 to 3.7 eV (Pradhan et al. 2023; De Haart 
et al. 1984; Bhagwat et al. 2019; Kiani et al. 2019).

The global scientific community has focused mainly on 
the luminescent, optical, and electrical properties of magne-
sium titanate. However, work in recent years (Bhagwat et al. 
2019; Kiani et al. 2019; Selvamani et al. 2021) has demon-
strated the high photocatalytic activity of composites based 
on magnesium titanates in the process of photodegradation 
of organic impurities under the influence of visible light. For 
a magnesium titanate-based nanostructured composite with 
a specific surface area of 152 m2/g, a high sorption capacity 
of 241 mg/g for lead ions was achieved (Wang et al. 2015). 
The synergistic effects observed in heterostructured TiO2/
MgTiO3 photocatalysts, including stable separation of the 
e-/h + pair and texturing of the powder surface, lead to a 
significant increase in photocatalytic activity compared to 
TiO2 with an anatase structure (Liu et al. 2018). The above 
findings indicate the promise of mesoporous nanocompos-
ites based on magnesium titanate for the photodegradation 
of organic impurities under the influence of visible light.

Meanwhile, polycyclic aromatic hydrocarbons (PAHs) 
are a ubiquitous group of environmental pollutants, includ-
ing air, soil, and bottom sediments (Rotondo et al. 2023; 
Escandar and Muñoz de la Peña 2021; Tu et al. 2022), and 
are included in the list of emerging pollutants (Gurgenidze 
and Romanovski 2023). The photochemical approach is con-
sidered a method for the decomposition of organic pollutants 
(Khaled et al. 2018; Zeng et al. 2023; Qu et al. 2018; Kulak 
and Kokorin 2023; Romanovski et al. 2024b). In addition 
to direct photolysis caused by the absorption of sunlight, 
the photodegradation of organic pollutants can occur indi-
rectly through sensitized photolysis (Tu et al. 2022; Kulak 
and Kokorin 2023).

The objectives of this work were to (i) obtain mesoporous 
nanocomposites with different MgO:TiO2 ratios via 

self-propagating high-temperature synthesis (SHS) from 
glycine-citrate–nitrate aqueous solutions; (ii) study their 
composition, microstructure, and morphology; and (iii) 
study the efficiency of the photodegradation of PAHs (flu-
orene, pyrene, benzopyrene) under the influence of sunlight 
in the presence of synthesized TiO2/MgO.

Materials and methods

Materials and reagents

For the synthesis of TiO2/MgO nanocomposites, the fol-
lowing reagents were used: Mg(NO3)2·6H2O (99.9%, Aesar, 
Germany), H2TiO3 (99%, JSC “Vekton”, Russia), glycine 
(NH2CH2COOH, 99.9%, Aesar, Germany), and citric acid 
(C6H8O7, 99.9%, Aesar, Germany), which were used to 
obtain titanium and magnesium oxide nanocomposites by 
the glycine-citrate–nitrate method.

For a comparative analysis of all synthesized samples 
on the efficiency of photocatalytic destruction of dissolved 
organic substances, a solution of Direct Blue 106 dye 
(molecular formula C30H16Cl2N4Na2O8S2 and molecular 
mass 741.49 g/mol) was used. The photocatalytic degra-
dation of polycyclic aromatic hydrocarbons was assessed 
on the best samples based on the results of a comparative 
analysis. Fluorene (analytical grade, Sigma-Aldrich Che-
mie GmbH, No. 128333), pyrene (analytical grade, Sigma-
Aldrich Chemie GmbH, No. 82648), and benzopyrene 
(analytical grade, Sigma) were used as polycyclic aromatic 
hydrocarbons (Aldrich Chemie GmbH, No. B1760).

Synthesis procedure

Composite materials in the TiO2/MgO system were pre-
pared by self-propagating high-temperature synthesis from 
glycine-citrate–nitrate aqueous solutions using metatitanic 
acid H2TiO3, Mg(NO3)2·6H2O, citric acid C6H8O7, and 
glycine NH2CH2COOH as the starting components accord-
ing to the methods described in Matsukevich et al. (2022a, 
2022b, 2023). During the synthesis process, the ratio of 
(1–3) TiO2:(1–4) MgO was varied (TM1 – TiO2·MgO; TM2 
– TiO2·4MgO; TM3 – 2TiO2·MgO; TM4 – 3TiO2·MgO; 
TM5 – 3TiO2·2MgO; TM6 – 3TiO2·4MgO). In the first 
stage, metatitanic acid was treated with a solution of hydro-
gen peroxide in an alkaline medium (ammonia solution) to 
convert it into a soluble form according to the following 
reaction:

H2TiO3 + xH2O2 + (2 − x)OH− → [ (TiO2)x (H2O)4 − x]2 − x + (3∕2x − 2)H2O

- , + superscripts

subscripts



Environmental Science and Pollution Research	

The resulting solution was mixed with a certain amount 
of glycine and citric acid at a carbon/nitrogen (C/N) molar 
ratio of 0.25. The solutions were evaporated with constant 
stirring on an IKA C-MAG HS-7 magnetic stirrer at a tem-
perature of approximately 200 °C. During evaporation, the 
solutions thickened and turned into a gel, which was first 
heated in a laboratory muffle furnace at 350 °C for 5 h. 
The final heat treatment was carried out at a temperature of 
750 °C for 5 h to obtain a white powder.

Sample characterization

Characterization of the samples (Table 1) was carried out using 
X-ray phase analysis (X-ray diffraction) (X-ray diffractometer 
Dron-3, Cu-Kα-radiation), and the microstructure of the pow-
ders was studied using a scanning electron microscope (SEM) 
JEOL JSM7600F scanning electron microscope (JEOL Ltd., 
Japan). SEM imaging and EDS analyses were performed at an 
acceleration voltage of 15 kV. The crystallite sizes were esti-
mated using the Debye–Scherrer formula for the most intense 
peaks of the predominant phase. The bulk density of the mate-
rials was measured in accordance with GOST 19440–94.

The adsorption properties of the samples were studied 
on an ASAP 2020 MP surface area and porosity analyzer 
(Micromeritics Instrument Corporation) from isotherms of low-
temperature (− 196 °C) static physical adsorption–desorption 
of nitrogen. The specific surface area was determined by the 
single-point and multipoint Brunauer–Emmett–Teller method 
(ABET, m2/g). The specific pore volume (Vsp, cm3/g), average 
pore diameter (Dsp, nm) and pore size distribution in linear form 
were determined by the Barrett-Joyner-Halenda method using 
the desorption branch of the isotherm and the cylindrical pore 
model. Before analysis, the samples were evacuated for 1 h at a 
temperature of 100 °C and a residual pressure of 133.3·10−3 Pa.

Photocatalytic activity

For a comparative analysis of all synthesized samples, a 
study of photocatalytic activity was carried out using the 

example of degradation of a solution of direct bright blue 
dye with a concentration of 10 mg/L and a photocatalyst 
dose of 100 mg/L. The change in dye concentration was 
monitored for 30 min with an interval of 5–10 min photocol-
orimetrically at a wavelength of λ = 590 nm with preliminary 
separation of the composite powder by centrifugation. The 
degree of photodegradation of the dye (φdye, %) under the 
influence of UV radiation and in the presence of a catalyst 
was calculated using the equation:

where C0 is the concentration of the initial dye solution 
and Cn is the concentration of the dye solution after UV irra-
diation and separation from the catalyst. The rate constant 
for dye decomposition reactions (k1, min−1) was calculated 
in accordance with the model for pseudo-first-order reac-
tions using the following equation:

where τ is the irradiation time, min; C0 is the initial con-
centration, mg/L; and C is the concentration of the dye after 
time τ, mg/L.

The photodegradation of polycyclic aromatic hydrocar-
bons (fluorene, pyrene, and benzopyrene at an initial con-
centration of 2 mg/L) under the influence of natural sunlight 
was studied for three compositions with different ratios of 
TiO2 to MgO: TiO2·MgO, TiO2·4MgO and 3TiO2·MgO. 
As a control, the degradation of PAHs under sunlight with-
out catalyst was also studied. The dose of the TiO2/MgO 
photocatalyst was varied in the range of 0.5–2.0 mg/L to 
determine the optimal dose. Changes in the concentration of 
polycyclic aromatic hydrocarbons were monitored using an 
Agilent 7890 gas chromatograph with an MSD 5975C mass 
spectrometer using an HP-5MS column (J&W Scientific) in 
accordance with EPA method 8270C (Beljin et al. 2023). 
The following chromatographic conditions were used: initial 
oven temperature of 55 °C for 1 min, then a heating ramp 
at 25 °C to 300 °C with a hold time of 3 min. The injec-
tion mode was pulsed spitless, and the inlet, quadrupole, 
and transfer line temperatures were 300 °C, 180 °C, and 

�dve =
(

1 − Cn∕C0

)

⋅ 100%,

lnCo∕C = k1 ⋅ �,

Table 1   Characteristics of 
TiO2/MgO samples (the 
phases highlighted in the table 
correspond to the predominant 
phases for which the crystallite 
sizes were determined)

Sample Composition Phase composition Bulk 
density, g/
cm3

Crystallite 
sizes, nm

2theta, degrees (for 
the most intensive 
peak)

TM1 TiO2·MgO MgTiO3 0.17 43 32.95
TM2 TiO2·4MgO MgO, Mg2TiO4, TiO2 (impurity) 0.07 ‒
TM3 2TiO2·MgO MgTiO3, MgTi2O5, TiO2 0.19 31 25.5
TM4 3TiO2·MgO MgTi2O5, MgTiO3, TiO2 0.57 ‒
TM5 3TiO2·2MgO MgTi2O5, MgTiO3, TiO2 0.16 55 25.5
TM6 3TiO2·4MgO MgTiO3, Mg2TiO4 0.13 46 35.5
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280 °C, respectively. The PAHs were quantified in selected 
ion monitoring mode (SIM) using target and qualifier ions 
(m/z): fluorene 166, 82, and 139, pyrene 202, 174, and 101, 
benzo(a)pyrene 252, 126, and 113. The degree of photodeg-
radation (destruction) of organic pollutants (φop, %) under 
the influence of sunlight and in the presence of a catalyst was 
calculated using the following equation:

where C0 is the initial concentration of the solution and 
Cn is the concentration of polycyclic aromatic hydrocarbons 
after 24 h, with an irradiation period with sunlight of about 
16 h and a dark period without irradiation about 8 h. Nota-
bly, this experiment was carried out in the summer in a well-
lit room (without additional light sources). The ambient tem-
perature and light intensity were maintained at 29.3 ± 3.8 °C 
and 348 ± 97 W/m2, respectively.

Photodegradation kinetics

The photodegradation kinetics were studied under the same 
conditions as in the previous experiment (ambient tem-
perature of 29.3 ± 3.8 °C and daily light and dark periods 
of about 16 h and 8 h, respectively, with light intensity of 
348 ± 97 W/m2). The initial concentration of PAHs was 
2 mg/L. The experiments were carried out with a dose of 
1 mg/L TiO2/MgO photocatalyst and at pH 7, as the opti-
mal conditions determined in the photodegradation study. 
A series of seven samples for each of the studied materials 
(TM1, TM2, and TM4) as well as a series without a photo-
catalyst were prepared, and the contact time was varied from 
0 to 72 h. The initial concentration (C0) and the remaining 
concentration at each contact time (Ct) were determined 
using gas chromatography as previously described. Photo-
degradation kinetics were studied by monitoring the ratio of 
Ct/C0 as a function of time to determine the time required 
to reach a constant concentration of PAHs and calculate the 
degree of photodegradation. The desorption of PAHs has 
been described by the following first-order kinetics:

Where St corresponds to the amount of PAHs sorbed to 
the sediment (mg/kg dm) at desorption time t (h) and S0 is 
the total amount of sediment-associated PAHs immediately 
prior to desorption (mg/kg dm) (obtained by sample oxida-
tion). Frap and Fslow (Fslow+very slow) (%) are the rapidly and 
slowly desorbing fractions, respectively, and krap and kslow 
(kslow+veryslow) (h−1) are the corresponding rate constants of 
rapid and slow desorption, respectively. One-way ANOVA 
(analysis of variance) was carried out on all the results using 

φop =
(

1 − Cn∕C0

)

⋅ 100%,

St

S0
= Frap ⋅ e

−krap⋅t + Fslow+very slow ⋅ e−kslow+very slow ,

untransformed data. p < 0.05 was considered to indicate sta-
tistical significance.

Results and discussion

TiO2/MgO nanocomposite characterization

X-ray diffraction patterns of TiO2/MgO composites obtained 
by the SHS method from aqueous solutions after final heat 
treatment at 750 °C demonstrate that the main phases are 
magnesium metatitanate (MgTiO3) with a perovskite struc-
ture, magnesium dititanate (MgTi2O5) with a pseudobrook-
ite structure, which is characterized by strong distortion of 
cationic centers, and magnesium titanate (Mg2TiO4), which 
has a spinel structure. Some samples are characterized by the 
presence of an impurity TiO2 phase with a rutile structure 
(Fig. 1, Table 1). For samples TM2 and TM4, the crystallite 
sizes were not calculated since these samples contain one or 
more weakly crystallized phases.

After identifying the most promising samples from the 
six synthesized TM1-6 materials, an experiment was con-
ducted to determine the efficiency of destruction of the 
direct bright blue dye. A study of the photocatalytic oxi-
dation of direct bright blue light in the presence of TiO2/
MgO composites showed that the obtained samples indeed 
had a fairly high photocatalytic activity (Table 2), and the 
obtained values were very close to each other. For this rea-
son, samples with three different ratios of TiO2 to MgO 
were selected for further studies: TiO2·MgO, TiO2·4MgO, 
and 3TiO2·MgO.

Magnesium titanates have a cellular microstructure with a 
developed system of open and closed pores (Fig. 2), which is 
formed as a result of the release of a large volume of gaseous 
products during the SHS process. The values of bulk den-
sity increase noticeably with increasing TiO2 content in the 
composition of the heterooxide systems, while the minimum 
value was characteristic of the TiO2·4MgO sample and was 
0.07 g/cm3 (Table 1).

The nitrogen adsorption–desorption isotherms of the 
nanocomposites based on magnesium titanate are type IVa 
isotherms according to the IUPAC classification (Thommes 
et al. 2015), which are characteristic of mesoporous adsor-
bents with a pore size of 2 ≤ D ≤ 50 nm (Fig. 3). Low-tem-
perature nitrogen adsorption–desorption isotherms exhibit 
pronounced capillary-condensation hysteresis loops caused 
by nonrigid aggregates of lamellar particles and do not pla-
teau at high values of relative pressure P/P0. According to 
the shape of the capillary-condensation hysteresis loops on 
the isotherms in the region of polymolecular adsorption, the 
samples contain pores equivalent to cylindrical and slit-like 
mesopores.
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The area of the hysteresis loops increases with increas-
ing TiO2 content, which indicates an increase in porosity in 
this series (Fig. 3). On this basis, it can be assumed that the 
addition of TiO2 to MgO facilitates pore formation during 
the synthesis process. The values of the specific surface area 
and average pore diameter of the studied samples depend on 
the composition and vary in the ranges of 22.0–28.4 m2/g 
and 17–24 nm, respectively (Table 3). The obtained specific 
surface areas are almost 2 times greater than those of similar 
MgTiO3/MgTi2O5/TiO2 materials obtained by the authors 
(Meng et al. 2017).

The mesopore size distribution curves demonstrate the 
homogeneity of the mesopores in the studied samples, with 
predominant diameters of 10–30 nm. The most uniformly 
mesoporous of those studied is sample TM4 with the com-
position 3TiO2·MgO, which has the largest average pore 
diameter of 24 nm (Table 3).

Photocatalytic degradation of polycyclic aromatic 
hydrocarbons in water media

A study of the process of photocatalytic oxidation of PAHs 
in the presence of TiO2/MgO composites showed that the 
resulting samples had fairly high photocatalytic activity 
(Fig. 4).

Using the dependence of the degree of photocatalytic 
oxidation of PAHs in the presence of TiO2/MgO nanocom-
posites (Fig. 4), it was established that the highest efficiency 
of decomposition is achieved with a photocatalyst dose of 

1 mg/L and at pH 7. After 24 h of irradiation with sunlight 
under these conditions, the degree of photodegradation in 
the presence of sample TM4 containing MgTiO3, MgTi2O5, 
and TiO2 showed the highest values — 80, 68, and 53% for 
fluorene, pyrene, and benzopyrene, respectively. The signifi-
cant superiority of the heterostructure sample TM4 can be 
explained as follows: due to suitable matching of the edges of 
the conduction bands in the system of semiconductor oxides 
TiO2/MgTi2O5/MgTiO3 (Wang et al., 2016; Yang et al. 2018), 
stable separation of the e−/h+ pair is achieved, which results 
in transfer to the crystallite surface charges necessary for the 
formation of OH-radicals. In addition, compared to others, 
sample TM4 contains a large amount of titanium dioxide 
with a rutile structure, which demonstrates high activity in 
the processes of photocatalytic oxidation of organic impuri-
ties in aqueous solutions (Gupta and Tripathi 2011).

Previous research papers have indicated the significant 
role of TiO2 in the photodegradation removal of PAHs 
(Pawar et al. 2023; Hyunwoong et al. 2013). McQueen et al. 

Fig. 1   X-ray diffraction patterns of mesoporous TiO2/MgO composite materials after final heat treatment at 750 °C (Miller indices are indicated 
for the MgTiO3 phase)

Table 2   The degree of 
photodegradation of direct 
bright blue dye under the 
influence of UV radiation 
and the rate constant of 
decomposition reactions after 
30 min

Sample φdye, % k1, min−1

TM1 69.5 0.0396
TM2 65.2 0.0352
TM3 69.1 0.0392
TM4 73.1 0.0437
TM5 70.9 0.0412
TM6 70.1 0.0403
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(2021) reported that pyrene significantly degraded by 91% 
over 360 min with TiO2 under UV/light irradiation. Accord-
ing to, Zheng et al. (2014) anthracene caused 99% degrada-
tion in 120 min with TiO2 under visible light. Phenanthrene 
degraded by 75% within 15 min using TiO2 under UV light, 
as reported by Zhang et al. (2011).

Fluoranthene showed 88% degradation in 120  min 
with unspecified phase TiO2 under UV/solar irradiation, 
as noted by Aziz et al. (2021). Benzo[α]pyrene demon-
strated 85% degradation in 120 min using anatase TiO2 
under UV/light irradiation, as reported by Bai et al. (2017). 
Methyl phenanthrene exhibited a lower degradation of 40% 
over 60 min with anatase TiO2 under UV/light, according 
to Soni et al. (2017). Luo et al. (2015a, b) reported that 

benzo(a)anthracene achieved a remarkable 99.7% deg-
radation in 15.3 min using anatase TiO2 under UV light. 
Chrysene had the lowest degradation of 19% in 20 min 
with anatase TiO2 under UV/light, as reported by Shaban 

Fig. 2   SEM images of the obtained magnesium titanate samples

Fig. 3   Low-temperature nitrogen adsorption–desorption isotherms (a) and differential mesopore size distributions (b) of nanocomposites based 
on magnesium titanate

Table 3   Specific surface area (ABET), pore volume (Vsp), and aver-
age pore diameter (Dsp) of nanocomposites based on magnesium 
titanate

Sample Gross formula ABET, m2/g Vsp, cm3/g Dsp, nm

TM1 TiO2·MgO 28.4 0.13 20
TM2 TiO2·4MgO 24.2 0.06 17
TM4 3TiO2·MgO 22.0 0.11 24
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(Shaban 2019). Finally, benzo[g,h,i]perylene showed a high 
degradation of 99% over 1440 min with unspecified phase 
TiO2 under UV/light, according to Sohara et al. (2021).

Due to the active photocatalyst’s dilution with magne-
sium oxide, the nanocomposite TiO2/MgTi2O5/MgTiO3 
exhibited the highest degree of photo-catalytic oxidation 
of fluorene, at 80%. We can presume that our findings gen-
erally agree with the data from the literature.

Photodegradation kinetics

By monitoring the Ct/C0 ratio as a function of contact 
time, an initial high rate of degradation (0–6 h of contact 
time) was observed, whereas a longer contact time resulted 
in much slower or no further degradation (Fig. 5a–c). Spe-
cifically, during the initial 6 h, the degradation rates of 
fluorene, pyrene, and benzo(a)pyrene ranged from 16 to 

67 µg/h, 13 to 74 µg/h, and 13 to 87 µg/h, respectively. 
The highest degradation rate was observed in the presence 
of TM1, and the lowest was observed in the presence of 
TM4. With further contact (6–72 h), the degradation rate 
decreased significantly (0.12–1.2 µg/h). In all cases, deg-
radation followed first-order kinetics, the results of which 
are given in Table 4. Obtained results are in accordance 
with previously conducted studies by Luo et al. (2015b) 
and Chang Chien et al. (2011).

The degradation rate constants (kfast, kslow) obtained 
through the kinetics study showed that kslow was signifi-
cantly lower than kfast, from 25 times for benzo(α)pyrene in 
the presence of TM1 to 2155 times for pyrene in the pres-
ence of TM4. The ratio of fast- to slow-degrading fractions 
of all PAHs (Ffast/Fslow) was < 1 (0.13‒0.71) in the presence 
of the studied photocatalysts, indicating that after 6 h, both 
the fast-degrading fraction and part of the slow-degrading 
fraction underwent a photocatalytic reaction.

Fig. 4   Degree of photodegrada-
tion of fluorene (a, d), pyrene 
(b, e), and benzo(a)pyrene (c, f) 
under the influence of sun-
light depending on the dose of 
photocatalyst (a–c) and pH (d, 
e). 1 — without photocatalyst, 
2 — sample TM1, 3 — sample 
TM2, 4 — sample TM4

Table 4   Reaction kinetics 
parameters for the 
photodegradation of PAHs in 
the presence of TiO2/MgO 
nanocomposites

Material PAH Ffast kfast (h−1) Fslow kslow (h−1) R2

TM1 Fluorene 18.3 0.047 81.7 1.2·10−3 0.9973
Pyrene 15.7 0.203 84.3 1.2·10−3 0.9693
Benzo(α)pyrene 11.3 0.030 88.7 1.2·10−3 0.9656

TM2 Fluorene 36.8 0.040 68.3 2.9·10−4 0.9859
Pyrene 26.4 0.039 73.6 8.8·10−4 0.9943
Benzo(α)pyrene 30.4 0.029 63.3 4.5·10−5 0.9844

TM4 Fluorene 41.5 0.175 58.5 2.5·10−4 0.9473
Pyrene 40.7 0.431 59.3 2.0·10−4 0.8391
Benzo(α)pyrene 24.6 0.370 75.4 1.8·10−4 0.8261

subscrip
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Conclusions

Using SHS, gerostructural mesoporous TiO2/MgO powders 
with a specific surface area and average pore diameter of 
22.0–28.4 m2/g and 17–24 nm, respectively, were obtained. 
The highest degree of photocatalytic oxidation of PAHs in the 
presence of TiO2/MgO nanocomposites under the influence 
of daylight was achieved with a photocatalyst dose of 1 mg/L 
and at pH 7. The heterostructure system of oxide semicon-
ductors TiO2/MgTi2O5/MgTiO3 showed a high degree of 
decomposition of fluorene, pyrene, and benzopyrene — 80, 
68, and 53%, respectively. The high efficiency of the sample 
containing the MgTiO3, MgTi2O5, and TiO2 phases in the 
processes of PAH degradation is explained by the high content 
of titanium dioxide with a rutile structure and the separation 
of electron–hole pairs due to matched heterojunctions in the 
oxide semiconductor system. Degradation followed first-order 
kinetics, which included quick initial degradation along with 
slow or no degradation with a further increase in time.
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