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a b s t r a c t
In this paper, N-TiO2 photocatalyst was prepared by the sol–gel method based on alcoholysis with 
butyl TNBT and urea as raw materials. The N-TiO2 samples were characterized by X-ray powder 
diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and UV-Vis diffuse reflectance spectros-
copy (DRS). The XRD patterns showed that the crystal structure of anatase was gradually formed 
and improved when the calcination temperature rose from 350°C to 500°C. When the calcination 
temperature exceeded 500°C, rutile began to appear. The XPS results explained that the N element 
was contained in the surface chemical composition of the N-TiO2, and the N element was lost with 
the increase of calcination temperature. The appearance of the N–Ti bond in the Fourier-transform 
infrared spectrum also suggests that the N element have been incorporated into the TiO2 lattice. 
According to the analysis of UV-Vis DRS, the bandgap of the sample obtained by the Tauc plot 
method at 500°C was 2.56 eV, which was capable of photocatalysis under visible light. The photo-
catalytic degradation performance of the N-TiO2 was studied with cationic Golden Yellow X-GL 
dye (X-GL) and reactive Golden Yellow SNE dye (SNE) as target pollutants. The results showed 
that the N-TiO2 had significant photocatalytic degradation performance under sunlight, and could 
degrade most of the dyes in solution. The total organic carbon of X-GL and SNE dye solution 
significantly decreased after photocatalytic degradation.
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1. Introduction

Water resources are the cornerstone of the earth’s eco-
system [1], and “water is life” has become the consen-
sus of mankind [2]. As early as 1927, Hoover Herbert, an 
American Scholar, put forward that using water scientif-
ically could bring a wealth harvest and happiness of life. 
For human beings [3], water resources are the basis of food 
security and disease prevention [4], involving all aspects 
of life, such as agricultural irrigation, drinking, cooking, 
and cleaning [5,6]. In addition, the importance of water 
resources has penetrated social and economic development. 
In 2010, the United Nations established the issue of water 

resources as a human right [7]. Public health, urbanization 
and industrialization are all affected by water resources. 
For wild animals, water is both a resource and a habitat. 
Therefore, water resources are the material basis for the 
sustainable development of the world.

With the accelerating process of industrialization, a 
large number of industrial wastewater containing harmful 
substances has been discharged, the natural environment 
has been seriously damaged, human health has been 
threatened unprecedentedly [8], and various new diseases 
are continuously emerging [9]. Therefore, effective puri-
fication of industrial wastewater has become a necessary 
condition for harmonious coexistence between human 
beings and nature. About 10,000 tons of dyes are used in 



293J. Guo et al. / Desalination and Water Treatment 237 (2021) 292–301

the textile printing and dyeing industry every year [10]. The 
dye discharged along with printing and dyeing wastewa-
ter accounts for 2%~20%, so it leads to high chroma and 
poor biodegradability of the wastewater. This causes water 
pollution and even soil pollution, threatening human pro-
duction and life [11,12]. Therefore, dye pollution in water 
has become a major environmental problem.

In the process of printing and dyeing, dyes cannot be 
completely adsorbed on the fabric surface, and some dyes 
are discharged with wastewater [13]. The loss of dyes 
mainly depends on the type of dyes used, ranging from 2% 
of basic dyes to 50% of reactive dyes [14]. Most synthetic 
dyes are toxic, which will cause eutrophication of the water 
body and serious damage to the environment after being 
discharged with wastewater. Dye molecules prevent sun-
light from shining into a water body, which leads to the 
decrease of dissolved oxygen in the water and the increase 
of biological oxygen demand, thus breaking the balance of 
the ecosystem. In addition, azo dyes are carcinogenic and 
will pose a serious threat to human health, animals and 
plants [15,16]. Generally, water, sunlight, soap, oxidant, 
and ordinary microorganisms cannot fade or degrade dyes. 
The activated sludge method of conventional domestic water 
has little effect on dye wastewater treatment. Removing 
stubborn dye molecules from wastewater requires special 
treatment methods.

Photocatalysis is a new type of water pollution treat-
ment technology. Under the irradiation of ultraviolet light, 
the semiconductor photocatalyst generates hydroxyl rad-
icals in the aqueous solution, thereby mineralizing the 
organic pollutants in the solution and purifying the water 
[17]. Among many semiconductor photocatalysts, TiO2 
is considered to be a very promising and environmen-
tally friendly photocatalytic material in the field of envi-
ronmental pollution control because of its high activity, 
safety, nontoxicity, chemical corrosion, photo corrosion, 
and low cost [18]. However, its bandgap is 3.2 eV, and it 
can only play a role under the excitation of ultraviolet light 
[19,20]. TiO2 was modified to make full use of the visible 
light part of the sunlight. Studies have shown that doping 

with nonmetallic N element can reduce the bandgap of 
TiO2 and improve its photocatalytic activity. Jung et al. 
[21] prepared the N-doped TiO2 by graft polymerization 
and pointed out that the degradation rate of methyl orange 
under visible light was higher than that of TiO2. Cheng et 
al. [22] synthesized N-doped TiO2 by hydrolysis precipita-
tion method and compared its degradation effect on phe-
nol under visible light with pure TiO2 and commercial P25 
TiO2. The results showed that the photocatalytic activity of 
N-doped TiO2 was 2.08 and 1.97 times that of pure TiO2 and 
P25 TiO2, respectively. The above studies have shown that 
doping TiO2 with nonmetallic N elements can improve its 
photocatalytic activity and make full use of visible light.

When TiO2 is excited by photons with energy greater 
than or equal to the bandgap width (Eg), electrons (e–) and 
holes (h+) are generated. Their further reaction paths are 
shown as A, B, C and D in Fig. 1. First, the photogenerated 
e– transitions from the valence band (VB) to the conduc-
tion band (CB), producing an h+ in VB to form an h+-e– pair. 
Subsequently, e– and h+ react differently during their respec-
tive migration processes. The e– and h+ migrate to the surface 
of the TiO2 or inside the TiO2, and surface recombination or 
internal recombination occurs. This process is called de-ex-
citation and releases heat (A and B). The recombination of 
the e– and h+ cannot play their own role in the photocata-
lytic reaction system. After the effective separation of the e– 
and h+, they transfer to the surface of the TiO2. The h+ reacts 
with the molecules adsorbed on the surface that can accept 
e– to generate hydroxyl radicals •OH (C). The dissolved oxy-
gen can absorb electrons, forming •O2

–. The h+ reacts with 
molecules adsorbed on the surface that can provide h+ to 
produce •OH (D). In theory, •OH and •O2

– can destroy the 
molecular structure of various organic compounds in an 
aqueous solution, mineralize them into CO2 and H2O, and 
achieve the effect of purifying water [20,23].

After the N element enters the TiO2 lattice, a new inter-
mediate energy level will be formed, that is, a new VB of 
N2p will appear above the VB of O2p. The emergence of this 
VB will eventually reduce the Eg of TiO2 (Eg < 3.2 eV) and 
transfer the light absorption to the visible light region [24]. 

 

Fig. 1. Photocatalytic reaction mechanism of the TiO2.
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When irradiated with visible light, e– migrates from VB to 
CB. Therefore, the N-TiO2 photocatalyst has higher photo-
catalytic activity. Based on the above content, TNBT and 
urea were used as Ti source and N source respectively in 
this study, and the N-TiO2 photocatalyst was prepared by 
sol–gel method based on alcoholysis. The effects of the cal-
cination on the color, crystal form, N element content and 
bandgap of the samples are studied. With the ionic dyes 
Golden Yellow X-GL (X-GL) and Golden Yellow SNE (SNE), 
which are currently widely used in the textile industry, 
as the target pollutants, the influences of the calcination 
temperature, N doping amount and pH on photocatalytic 
degradation performance were tested. The kinetics of pho-
tocatalytic degradation and regeneration performance 
of the N-TiO2 photocatalyst were also investigated.

2. Materials and methods

2.1. Chemicals

Butyl titanate (TNBT) was purchased from Tianjin 
Damao Chemical Reagent Factory, Tianjin, China. Urea was 
purchased from Tianjin Kemiou Chemical Reagent Co., 
Ltd., Tianjin, China. Anhydrous ethanol was purchased 
from Tianjin Fuyu Fine Chemical Co., Ltd., Tianjin, China. 
Glacial acetic acid was purchased from Tianjin Beifang 
Tianyi Chemical Reagent Factory, Tianjin, China. X-GL with 
the maximum absorption wavelength of 440 nm and SNE 
with the maximum absorption wavelength of 417 nm were 
supported by Shanghai Rude Dyestuff Chemical Co., Ltd., 
Shanghai, China and Jiangsu Shenxin Dyestuff Chemical 
Co., Ltd., by Share Ltd., Jiangsu, China, respectively. The 
chemical structures are shown in Fig. 2. All chemical 
reagents were analytically pure and every aqueous solution 
used in this study was prepared with distilled water.

2.2. Preparation of the N-TiO2 photocatalyst

The N-TiO2 photocatalyst was prepared by the sol–
gel method based on alcoholysis at 25°C. First, 10 mL of 

TNBT was added to 30 mL of anhydrous ethanol and was 
stirred vigorously by mechanical stirring for 30 min. Then, 
2 mL of glacial acetic acid as an inhibitor was added to the 
above-mixed solution and stirred vigorously for 30 min. 
Subsequently, according to a certain molar ratio of N/Ti, 
1 M urea solution prepared with 80% ethanol was added 
and stirred for 3 h to form sol N-TiO2. The sol N-TiO2 was 
aged in the natural environment for 48 h to form gel N-TiO2. 
The gel N-TiO2 was dried in an oven at 80°C for 24 h, and 
then ground. Finally, the products were calcined in a muf-
fle furnace for 3 h at high temperature. The preparation 
flow chart of the N-TiO2 photocatalyst is shown in Fig. 3.

2.3. Characterization of the N-TiO2 photocatalyst

X-ray powder diffraction (XRD) patterns were collected 
using a Bruker D8 ADVANCE diffractometer (Germany). 
The samples were scanned from the diffraction angle 2θ of 
5° to 80° with a step size of 0.02°. The surface chemical com-
position was analyzed by X-ray photoelectron spectroscopy 
(XPS, Thermo Fisher Scientific, China). Fourier-transform 
infrared spectrum was carried out by diffused reflec-
tance using a Nicolet iS10 spectrometer Fourier-transform 
infrared spectroscopy (FTIR, Thermo Fisher Scientific, 
China). The light absorption performance of the samples 
was analyzed by UV-Vis diffuse reflectance spectroscopy 
(DRS; Analytik Jena, Germany), the absorption wavelength 
range was from 250 to 600 nm, and the bandgap of the 
samples was measured by the Tauc plot method.

2.4. Photodegradation experiment

The photodegradation experiment was carried out 
in the CEL-LAB500 Photochemical Reactor (Zhongjiao 
Jinyuan, China) equipped with a xenon lamp (500 W). 
Then, 0.01 g of the N-TiO2 photocatalyst was added into 
a quartz test tube with 20 mL of dye solution (10 mg L–1). 
Throughout the photodegradation experiment, the sus-
pensions were stirred. The effects of the calcination 

  

 

Fig. 2. The chemical structures of (a) Golden Yellow X-GL and (b) Golden Yellow SNE.
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temperature, N content, pH of the dye solution and illu-
mination time (10~60 min) on the removal of the dye were 
investigated. After the photodegradation experiment, the 
suspensions were filtered with a 0.22 µm filter, and the dye 
concentration in the filtrate was measured by an Evolution 
201 ultraviolet-visible spectrophotometer (Thermo Fisher 
Scientific, US). The removal rate of the dye by the N-TiO2 
photocatalyst is as follows:

R
C C
C

t% �
�

�0

0

100  (1)

where C0 and Ct are the concentrations of the dye initially 
and at time t, respectively.

3. Results and discussion

3.1. Color of the samples

It can be seen from Fig. 4 that the color of N-TiO2 pho-
tocatalysts was affected by the calcination temperature and 
n(N/Ti). When the n(N/Ti) was 1.5, as the temperature rose 
from 350°C to 550°C, the color of the N-TiO2 photocatalysts 
gradually changed from black to light yellow, which was 
mainly due to the presence of the precursor TNBT and 
urea residues after carbonization on the surface of the sam-
ples obtained at lower temperatures. When the calcination 

temperature was 500°C, the color of the samples changed 
from light yellow to dark yellow gradually with the increase 
of n(N/Ti) and the enhancement of yellow was mainly 
caused by the increase of nitrogen content in the samples.

3.2. Crystal properties

It can be found from Fig. 5 that the calcination tempera-
ture had an important influence on the crystal form of the 
N-TiO2 photocatalyst. As the temperature rose, the crystal 
structure of anatase gradually formed and improved. The 
diffraction peaks at 25.39°, 36.90°, 37.83°, 38.46°, 48.02°, 
53.90°, 55.06°, 62.73°, and 68.77° from the sample obtained 
at 500°C were corresponded to (101), (103), (004), (112), 
(200), (105), (211), (204), (116), (220), (215) and (301) charac-
teristic crystal planes of anatase TiO2 [25]. When the calci-
nation temperature exceeded 500°C, rutile began to appear. 
The diffraction peaks at 27.43°, 36.18°, 41.30°, 44.10°, 
54.34°, 56.61°, and 63.97° corresponded to the (110), (101), 
(111), (210), (211), (220), and (310) characteristic crystal 
planes of rutile TiO2 [26].

3.3. Surface chemical composition analysis

In order to study the influence of the calcination tem-
perature on N content, the XPS spectra of samples at 400°C, 

 

Fig. 3. The preparation flow chart of the N-TiO2 photocatalyst.

 

 

Fig. 4. (a) The N-TiO2 photocatalysts obtained at different calcination temperatures and (b) The N-TiO2 photocatalysts with 
different n(N/Ti).
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450°C and 500°C were tested respectively. The results 
showed that with the increase of the calcination tempera-
ture, the N content decreased, as shown in Table 1, indi-
cating that the increase of the calcination temperature 
caused N loss to a certain extent. The full XPS spectrum 
of the N-TiO2 photocatalyst obtained at 500°C and the 
high-energy resolution spectra of the titanium, oxygen and 
nitrogen elements are shown in Fig. 6. On the one hand, 
it can be seen from the full spectrum that there were Ti, 
O, N and C elements and the C element may be caused 
by incomplete removal of the precursor at 500°C. On the 
other hand, the chemical environment in which elements 
existed can be seen from the high-energy resolution spec-
tra. Fig. 6b shows the high-energy resolution spectrum of 
Ti 2p, and the peaks at 464.2 and 458.5 eV were the char-
acteristic peaks of Ti 2p1/2 and Ti 2p3/2, respectively [27]. 
Fig. 6c shows the high-energy resolution spectrum of O 1s 
and it can be found that there were two kinds of oxygen 
elements in the sample, which were the Ti–O bond of TiO2 
or O2– and –OH. As displayed in Fig. 6d, two peaks at 400.9 
and 399.2 eV respectively represented the characteristic 
peaks of Ti–O–N and Ti–N bond [28] and the existence of 
the N 1s peak indicated that nitrogen successfully entered 
the crystal lattice of TiO2 during the synthesis process.

3.4. UV-Vis DRS analysis

The bandgap Eg (eV) of the samples were calculated by 
the Tauc plot method. According to Eq. (2), the tangent line 
was made for the inflection point of the curve. The inter-
section point of tangent and x-axis was Eg of the sample 
[29], as shown in Fig. 7b.

� � �

�
�

h A h E

h hc

n

g� � � �� �
�

1/

 (2)

where α is the absorbance index. The absorbance index is 
directly proportional to the absorbance (Abs). No matter 

whether Abs or α is used, there is no effect on Eg, and only 
the coefficient A is different. Therefore, Abs is directly 
used instead of α. h is the Planck constant with the value of 
6.63 × 10–34 J s, ν is the frequency, and c is the speed of light 
with the value of 3 × 108 m s–1. n is related to the type of semi-
conductor. The n values of direct bandgap semiconductor 
and indirect bandgap semiconductor are 1/2 and 2 respec-
tively. In this study, the n value of TiO2 is 1/2.

In this project, there were a lot of residual carbides 
on the surface of the N-TiO2 photocatalysts obtained at 
350°C~450°C, which could absorb visible light without 
the photocatalytic effect. Therefore, only for the samples 
obtained at 500°C and 550°C, the bandgaps calculated 
through the Tauc plot method were 2.56 and 2.63 eV respec-
tively, while that of commercial TiO2 was 3.2 eV. It followed 
that the bandgap of the N-TiO2 photocatalyst prepared in 
this paper was significantly reduced, and the N-TiO2 pho-
tocatalyst had photocatalytic ability under visible light. The 
bandgap of the sample obtained at 550°C was higher than 
that at 500°C. On the one hand, the loss of N was more seri-
ous at a higher temperature. On the other hand, the crystal 
form of TiO2 transformed from anatase to rutile at a higher 
temperature. These two reasons led to the difference in the 
bandgap.

3.5. FTIR analysis

Fig. 8 displays the FTIR spectrum of the N-TiO2 pho-
tocatalyst with n(N/Ti) of 3 calcined at 500°C. For the 
FTIR spectrum, the strong band located at 500 cm–1 was 
attributed to Ti–O stretching mode. The bands at around 
1,480 and 1,240 cm–1 were attributed to the vibrations 
of the Ti–N bond, while the band at 1,385 cm–1 could be 
ascribed to the vibration of the N–O bond [30]. The peak 
at around 1,645 cm–1 corresponded to the bending vibra-
tions of O–H and the broadband at 3,400 cm–1 observed in 
the spectrum could be ascribed to surface hydroxyl groups 
and absorbed water molecules. The appearance of the N–
Ti bond in the sample suggests that the N element have 
been incorporated into the TiO2 lattice. This finding is in 
accordance with the XPS results previously discussed.

3.6. Photodegradation properties of the N-TiO2 photocatalyst

3.6.1. Effect of the calcination temperature on photodegrada-
tion of the N-TiO2 photocatalyst

The samples with the n(N/Ti) of 1.5 and the calcina-
tion temperature of 350°C~550°C were used for photo-
degradation of X-GL and SNE in a photochemical reac-
tor for 60 min. The experimental results were shown in 
Fig. 9. With the increase of the calcination temperature, 

 

Fig. 5. XRD spectra of the N-TiO2 photocatalysts were obtained 
at different calcination temperatures.

Table 1
N content of samples calcined at different temperatures

Calcination temperature (°C) N content (%)

400 1.79
450 1.31
500 1.13
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the photodegradation rate of X-GL and SNE gradually 
increased. When the calcination temperature was 500°C, 
the photodegradation rate reached the highest and 
decreased slightly at 550°C. The above phenomenon was 

mainly caused by two reasons. On the one hand, as we all 
know that the anatase TiO2 has better photocatalytic per-
formance. The XRD analysis showed that the calcination 
temperature was a key factor in the formation of the crystal 

  

  

Fig. 6. XPS spectra of the N-TiO2 photocatalyst calcined at 500°C.

 

Fig. 7. UV-Vis diffuse reflectance spectroscopy (a) and bandgaps (b) of the samples.
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form of the sample, and the crystal structure of anatase was 
gradually formed and improved when the calcination tem-
perature rose from 350°C to 500°C. When the calcination 
temperature exceeded 500°C, rutile began to appear. On the 
other hand, UV-Vis DRS showed that the sample obtained 
at 500°C had higher N content and a lower bandgap. 
In conclusion, the N-TiO2 photocatalyst obtained at 500°C 
had the best photocatalytic effect.

3.6.2. Effect of n(N/Ti) on photodegradation 
of the N-TiO2 photocatalyst

The effect of N doping content on the photodegrada-
tion rates of dyes is shown in Fig. 10. The illumination 
time of this group of experiments was 40 min. When the 
n(N/Ti) increased from 1 to 3, the photodegradation rates 
of dyes reached the maximum. With the further increase 
of N doping amount, the removal rate began to decrease. 
N element can replace the O element in the TiO2 lattice 
in a small amount to narrow the bandgap, which made 
it have visible-light activity. Therefore, with increasing 
n(N/Ti), the photodegradation rates of dyes under xenon 
lamp light increased. When the amount of N doping was 

too high, the proportion of TiO2 decreased too much, 
resulting in the relative reduction electron–hole pairs, 
which next affected the photocatalytic efficiency of 
N-TiO2. This may cause the photodegradation rates of dyes 
reduced. Therefore, the optimum n(N/Ti) was 3.

3.6.3. Effect of pH on photodegradation of the 
N-TiO2 photocatalyst

The isoelectric point (pHpzc) of the N-TiO2 photocat-
alyst was determined by the pH drift method. 50 mL of 
0.01 M NaCl solution was taken and the initial pH (pHi) 
of the solution was adjusted from 4 to 10 by 0.1 M HCl or 
NaOH. Subsequently, 0.15 g of N-TiO2 was added to the 
solution with different pH and stirred at 25°C. After stirred 
for 48 h, the final pH (pHf) of the solution was measured. 
The results were shown in Fig. 11. The pHpzc of N-TiO2 was 
6.81. According to the literatures, when the pH value of the 
solution is lower than pHpzc, the surface of N-TiO2 is pos-
itively charged. Conversely, the surface of N-TiO2 is neg-
atively charged [31]. This phenomenon can be explained 
by Eq. (3). When there is a large amount of H+ or OH– in 
the solution, N-TiO2 is ionized and charged with positive 
or negative charges respectively, thus affecting the enrich-
ment of dyes. Therefore, in the subsequent photodegrada-
tion experiment, the pH of the X-GL solution was adjusted 
to 8, and the pH of the SNE solution was adjusted to 6.

N-TiOH H N-TiOH
N-TiOH OH N-TiO H O

� �

� � �

� �

� �
2

2

 (3)

3.6.4. Effect of time on photodegradation of the  
N-TiO2 photocatalyst

The Langmuir–Hinshelwood (L-H) kinetic model is usu-
ally used as a standard model to describe the photodegrada-
tion behavior of dyes [32,33]. The simplified expression of the 
L-H kinetic model is as follows:

ln
C
C

kt
t

0�

�
��

�

�
�� �  (4)

 

Fig. 8. FTIR spectrum of the N-TiO2 photocatalyst with n(N/Ti) 
of 3 calcined at 500°C.

 

Fig. 9. Effect of the calcination temperature on photodegradation 
of Golden Yellow X-GL and Golden Yellow SNE by N-TiO2.

 
Fig. 10. Effect of N content on photodegradation of Golden Yel-
low X-GL and Golden Yellow SNE by N-TiO2.
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where k is the reaction rate constant (min–1) and t is the 
irradiation time (min).

To study the photodegradation kinetics of X-GL and 
SNE dyes by N-TiO2, the experimental data were analyzed 
by linear regression, and the results are shown in Fig. 12 
and Table 2. From the values of correlation coefficient R2 
exceeding 0.99, it can be concluded that the photodegrada-
tion behavior of X-GL and SNE dyes by N-TiO2 followed 
the L-H kinetic model. The reaction rates of photodegra-
dation of X-GL and SNE were 0.03745 and 0.05154 min–1 
respectively, indicating that the degradation of SNE was 
faster. This was mainly due to the lower absorbance and 
lighter color of SNE solution than those of X-GL solution 
with the same concentration, which was more conducive 
to light entering the solution and facilitating the reaction.

3.6.5. Analysis of total organic carbon

To preliminary study, the photodegradation process 
and photodegradation effect of the prepared N-TiO2 on 
X-GL and SNE dyes, the total organic carbon (TOC) of X-GL 
or SNE dye solution was tested after reacting under simu-
lated sunlight for 40 min. The results are shown in Fig. 13. 
It can be found that the TOC greatly reduced both X-GL 
solution and SNE solution, indicating that the dyes were 
indeed mineralized and converted into inorganic carbon 
after photodegradation by N-TiO2. However, compared 
with the photodegradation rates of X-GL and SNE after 
illumination for 40 min in section 3.5.2, the decrease of TOC 
was less than that of dye concentration, indicating that the 
dye was first degraded into small molecular organics before 
it was completely mineralized, and intermediate products 
were produced in the degradation process. Therefore, it is 

preliminarily inferred that the mechanism for photodegra-
dation of X-GL and SNE by N-TiO2 is shown in Fig. 14.

3.6.6. Reusability studies

The reusability of photocatalytic materials is an import-
ant factor for their performance in dye treatment. The X-GL 
or SNE solution containing N-TiO2 was irradiated under 
the xenon lamp for 60 min to study the reusability of N-TiO2. 
After each cycle test, N-TiO2 was soaked and cleaned with 
80% ethanol solution to remove residual dyes on the sur-
face and avoid the combination of undegraded dyes with 
active sites on the surface of N-TiO2, which would cause 
photocatalyst poisoning and reduce photocatalytic activity. 
The results of four cycles are shown in Fig. 15. The results 
showed that the removal rates of dyes decreased with the 
increase of cycle times, but the removal rates of X-GL and 
SNE could reach more than 80% after four cycles, which 
indicated that the N-TiO2 prepared in this project had good 
regeneration performance and was of great significance 
to reduce the treatment cost of dye wastewater.

Table 2
Parameters of Langmuir–Hinshelwood kinetic model for Golden 
Yellow X-GL and Golden Yellow SNE by N-TiO2

Dyes k R2

Golden Yellow X-GL 0.03745 0.9981
Golden Yellow SNE 0.05154 0.9962

 

Fig. 11. Effect of pH on photodegradation of Golden Yellow 
X-GL and Golden Yellow SNE by N-TiO2.

 

Fig. 12. Linear fits of Langmuir–Hinshelwood kinetic model for 
Golden Yellow X-GL and Golden Yellow SNE by N-TiO2.

 

Fig. 13. TOC of Golden Yellow X-GL and Golden Yellow SNE 
solution before and after the photodegradation by N-TiO2.
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4. Conclusions

Through the XRD, XPS, FTIR and UV-Vis analysis, 
the anatase N-TiO2 photocatalyst with high photocat-
alytic activity can be synthesized successfully by the 
sol–gel method based on alcoholysis, and its pHpzc was 
6.81 measured by the pH drift method. The calcination 
temperature and doping amount of the N element are 
important factors affecting the photocatalytic efficiency 
of N-TiO2. The samples with n(N/Ti) of 3 calcined at 
500°C had the highest photodegradation rates for X-GL 
and SNE. The kinetics study showed that the photodeg-
radation of X-GL and SNE by N-TiO2 followed the L-H 
model, and the reaction rates of X-GL and SNE were 
0.03745 and 0.05154 min–1, respectively. At the same time, 
N-TiO2 had a good recycling performance. After four 
times of recycling, the removal rates of X-GL and SNE 
can reach more than 80%. The N-TiO2 photocatalyst has a 
good application prospect in the field of dye wastewater  
treatment.
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