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N-doped graphene (NG)/TiO, composites were prepared by a two-step hydrothermal method using HF as the surface etchant and
urea as the nitrogen source. The morphology, structure, and bonding conditions of the NG/TiO, composites were characterized by
X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), X-ray photoelectron spectroscopy (XPS), Raman
spectroscopy, UV-visible diffuse reflectance spectroscopy (UV-Vis DRS), and photoluminescence (PL) spectroscopy. The effects
of NG on the lifetime of photogenerated electron-hole pairs, adsorption capacity, and photocatalytic activity of the composite
photocatalysts were also investigated. The photocatalytic activity was evaluated under ultraviolet light and sunlight irradiation.
The recovery testing was completed under ultraviolet light irradiation. The results show that TiO, was uniformly loaded on the NG
surface by chemical bonding. The introduction of NG effectively inhibited the recombination of photogenerated electron-hole
pairs and improved both the adsorption capacity and photocatalytic activity of the composites. The 7 wt % NG/TiO, showed the
best adsorption capacity of methyl orange (MO). The best photocatalytic activity occurred for 5 wt % NG/TiO, composites, and
after four recovery tests, the photocatalytic degradation of MO under 60 min ultraviolet light irradiation exceeded 90%.

1. Introduction

In recent years, TiO, has become widely used in the field of
photocatalysis because of its strong oxidizing ability, high
chemical stability, low cost, nontoxicity, and environmental
friendliness [1, 2]. TiO, can undergo photocatalytic reactions
under mild reaction conditions and will generate hydroxyl
radicals (-OH) [3, 4]. However, TiO, only responds to ul-
traviolet (UV) light, which is less than 5% of the solar
spectrum, leading to a very inefficient use of solar energy.
Also, the recombination rate of photoexcited charge carriers
is high, so the quantum efficiency of TiO, is low. Therefore,
effectively suppressing the recombination of photoexcited
carriers in the photocatalytic processes and improving the
utilization of solar light are urgent problems to be solved.

Graphene is a two-dimensional carbon material formed
by a single layer of C atoms with sp” hybridization. It has
high conductivity, high stability, and a large specific surface

area (theoretical value of 2630 mz/g). Since nitrogen atoms
have an atomic radius similar to that of carbon atoms, the
carbon structure can be doped with nitrogen atoms serving as
electron donors, and the resulting N-doped graphene (NG)
exhibits many new properties including a band gap, n-type
conductivity, and increased free carrier density, thereby
improving the conductivity and stability of graphene [5-7].
NG can provide a carrier for TiO, photogenerated electrons,
reduce the recombination of photoexcited carriers, and im-
prove the efficiency of photocatalytic reactions. Therefore,
NG/TiO, composites may be ideal new photocatalysts.
Compared with the methods of precipitation and sol-gel,
the material prepared by the hydrothermal method has the
advantages of high purity, adjustable particle size, adjustable
morphology and crystal surface, and simple reaction con-
ditions. Yan et al. [8] prepared RGO/TiO, composites with
high photocatalytic performance by a two-step hydrother-
mal method. Based on this previous work, the raw materials
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were modified and new NG/TiO, composites were also
synthesized by a two-step hydrothermal method. In this
work, Ti(SO,4), was used as the titanium source, urea as the
nitrogen source, and HF as the surface etchant. The samples
were characterized by various methods to determine the
morphology and structure of NG/TiO,. The effects of in-
troducing NG on photogenerated electron-hole pair life-
times, adsorption performance, and photocatalytic
performance were also studied. The photocatalytic proper-
ties of the composites for the degradation of methyl orange
(MO) were tested under UV and sunlight conditions, and
the catalysts were tested several times to investigate their
cyclability.

2. Experimental

2.1. Materials. Titanium sulfate (Ti (SO,),, >97.0%), hydro-
fluoric acid (HF, > 40.0%), absolute ethanol (>99.7%), urea
(299.5%), graphite powder (>99.9%), potassium permanganate
(KMnQy, >99.5%), sodium nitrate (NaNOs, >99.0%), sulfuric
acid (H,SO,, 95.0~98.0%), hydrogen peroxide (H,O,, >40%),
and methyl orange were all purchased from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China).

2.2. Synthesis of NG/TiO, Composites

2.2.1. Preparation of Nano-TiO,. The preparation of anatase
nano-TiO, was completed using the hydrothermal method.
30mL HF (160 mmol/L), 50 mL H,0O, and 192 mg Ti(SO4),
were added to a plastic beaker. Because Ti(SO,), can be
hydrolyzed, the HF was added to water first, and then the
Ti(SO,), was added to the mixture. Next, the prepared
solution was sonicated and then magnetically stirred for
15 min each, followed by the transfer of the reaction solution
to a 100mL Teflon-lined reactor, and subsequently incu-
bated at 180°C for 12 hours. Finally, the obtained product
was centrifuged, and the impurities were removed by
washing with absolute ethanol and deionized water several
times, and the sample was dried in a vacuum oven at 60°C for
12 hours. The obtained white powder was anatase-type
nano-TiO, powder.

2.2.2. Preparation of NG. A modified Hummers method was
used for graphene oxide (GO) preparation. First, 30 mL of
the GO dispersion was added to a beaker, and then urea was
added in a mass ratio of 1:5 GO to urea. After magnetically
stirring for 30 minutes, the solution was transferred to a
Teflon-lined reactor, incubated at 160°C for 3 hours, nat-
urally cooled, and then centrifuged several times, giving the
final product NG, after lyophilization.

2.2.3. Preparation of NG/TiO, Composites. 60 mg of TiO,
powder, different masses of NG (1%, 3%, 5%, 7%, 9% by mass
of TiO,), and 50 mL of water were added to test tubes. After
sonication for three hours, each mixed solution was poured
into a 100 mL Teflon-lined reactor and was incubated at
180°C for 12 hours. The obtained product was centrifuged,
and the impurities were removed by washing with absolute
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ethanol and deionized water several times, and the sample
was dried in a vacuum oven at 60°C for 12 hours. The
obtained powders were NG/TiO, composites.

2.3. Characterization. X-ray diffraction (XRD, Bruker AXS
D8 Advance) with a Cu target and Ka radiation
(A=0.15406 nm) was used for phase identification of the
samples in the range of 10°-80°. The morphology of the
samples was examined by a field emission scanning electron
microscope (FESEM, Hitachi SU8010). The chemical state of
the sample was analyzed by X-ray photoelectron spectros-
copy (XPS, Escalab 250 XI), and the structure of the sample
was analyzed using Raman spectroscopy (RAMAN,
Renishaw RM 2000). The absorption range and absorption
properties of the sample were measured by ultraviolet-visible
diftuse reflectance spectroscopy (UV-VIS DRS, PerkinElmer
Lambda 650) and the recombination efficiency of the sample
electron-hole pairs was characterized wusing photo-
luminescence spectroscopy (PL, HR 320).

2.4. Photocatalytic Activity

2.4.1. Suction and Desorption Balance Tests. 0.1 g of each
composite with different NG concentrations was placed in
100mL of a solution with 20mg/L MO (pH=3). This
mixture was stirred in the dark and samples were taken every
10 minutes. After centrifugation, the supernatant was taken,
and the absorbance was measured at A,,,x =464 nm using an
UV-visible spectrophotometer to calculate the residual dye
concentration. The MO adsorption amount of the com-
posites was calculated according to [9]

_ (Ca0 - Cat)V
q= Y

(1

where g is the adsorption capacity; Ca0 is the initial con-
centration of MO; Cat is the concentration of MO when
adsorbed; V is the solution volume; and m is the mass of the
adsorbent.

2.4.2. Photocatalytic Degradation Test. 0.1 g of each com-
posite having a different NG doping ratio was added to
100 mL of a 20 mg/L MO solution (pH = 3), and the mixture
was stirred for one hour in the dark. In order to study the
photocatalytic degradation ability of composites, catalytic
reactions were carried out under ultraviolet light and sun-
light, respectively. In order to study the effect of H,O, on the
reaction rate of the composites, 2mL H,0, was added to
samples under ultraviolet light and sunlight, respectively.
The ultraviolet light source was a 250 W high-pressure
mercury lamp (365 nm ultraviolet light), which was 15cm
away from the mixture and was sampled every 10 min. After
centrifugation, the supernatant was taken, and the absor-
bance was measured by a UV-visible spectrophotometer to
calculate the photocatalytic efficiency. The solar photo-
catalytic test was conducted over a 5-hour period outdoors
on a sunny day. The photocatalytic efficiency was calculated
according to [9]
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_Cdo - Cdt 100% (2)
T=""Cdo ®
where Cd0 is the initial concentration of MO and Cdt is the
concentration of MO when the reaction time is ¢.

2.4.3. Recovery Test. 0.1g of 5 wt % NG/TiO, was added to
100 mL of a 20 mg/L MO solution (pH =3) and stirred for
60min in the dark to bring the MO into an adsorption
equilibrium. The photocatalytic reaction was then carried
out under a UV lamp and sampled at 60 min. After cen-
trifugation, the supernatant was taken, and the absorbance
was measured by a UV-visible spectrophotometer to cal-
culate the photocatalytic efficiency, and the calculation
formula was the same as formula (2). Then, the precipitate
and the photocatalyst were washed together and dried, and
photocatalytic testing was repeated after the recovery.

3. Results and Discussion

3.1. XRD. Considering the XRD spectrum of TiO, and NG/
TiO, composites (Figure 1), the 26 values of 25.51°, 38.02°,
48.15°, 54.04°, 55.20°, 62.87°, 68.95°, 70.36°, and 75.21° cor-
respond to the crystal surface characteristic diffraction peaks
of (101), (004), (200), (105), (211), (204), (116), (220), and
(215) of anatase phase TiO, (JCPDS 21-1272), respectively.
These indicate that the prepared TiO, and NG/TiO, com-
posites are mainly anatase crystal types. The diffraction peaks
of the NG/TiO, composites are significantly weaker than
those of TiO,, which is due to the interaction between NG and
TiO,. In the NG/TiO, composites, the (002) characteristic
diffraction peak of graphene did not appear near 26 =26
because this diffraction peak overlaps with the (101) crystal
plane diffraction peak of the anatase phase TiO, [10, 11].
When calculated by the Scherrer equation, the TiO,
nanoparticles were 43 nm. The Scherrer equation is as follows:
Ky

= 3 3
b BcosH (3

D is the average thickness of the crystal grains per-
pendicular to the crystal plane direction, nm; K is the
Scherrer constant, 0.89; y is the X-ray wavelength, which is
0.154056 nm; B is the half-height width of the diffraction
peak of the measured sample; 6 is the Bragg diffraction angle.

3.2. FESEM. From Figure 2, it can be seen that TiO, and
NG/TiO, composites have undergone agglomeration phe-
nomena, because there are a few crystal surfaces on the
surface of photocatalyst, due to HF etching. The etching
mainly occurs on the high surface energy crystal face (001)
and continues along the (001) direction [8], making it easy
for particles to agglomerate in order to achieve a stable state.
Figure 2(b) is the SEM image of the NG/TiO, composites.
The morphology of TiO, did not change and the loading was
good through the secondary hydrothermal treatment. Some
of the N-doped graphene thin layers are stacked together to
form a multilayer structure. This edge curl and fold

appearance was attributed to the defect structure caused by
the nitrogen-doped graphene crystal [12].

3.3. XPS. The chemical composition of NG/TiO, nano-
composites was investigated by XPS. The characteristic peaks of
C, E N, O, and Ti can be observed in Figure 3(a). C 1s
(Figure 3(b)) has a binding energy of 284.3 eV, indicating the
presence of a C-C bond, which is a characteristic peak for
graphene. The peaks at binding energies of 285.5 and 288.8 eV
correspond to C-O and C=O, respectively, and were caused by
possible residual hydroxyl functional groups of graphene [13].
Figure 3(c) is the deconvoluted peak of O 1s, where the peak at
531.3 eV corresponds to Ti-O-C, the peak at 530.6eV corre-
sponds to C=0 and O=C-OH, and the peak at 533.4¢V
corresponds to C-O [14]. In Figure 3(d), the characteristic
peaks of Ti 2p3/2 and Ti 2p1/2 appeared at binding energies of
458.7 and 464.5 eV, respectively, which confirmed the existence
of TiO, [15]. The peak at 459.2eV corresponds to C-Ti, in-
dicating that there is an interaction between TiO, and NG. The
N 1s (Figure 3(e)) peak has binding energy at 399.5eV, in-
dicating that there may be C-N present, proving that the N
atom has been doped into the structure of graphene. The F 1s
(Figure 3(f)) spectra can be deconvoluted into two peaks. The
peak located at a binding energy of 684.7 eV was caused by the
exchange of ligands between F and hydroxyl groups on the
surface of TiO, to form =Ti-F, and F chemisorbed on the
surface of the nano-TiO, [16]. The peak near 690.2 eV indicated
that F is doped into the TiO, lattice [17].

3.4. Raman Spectrum. It can be seen from the Raman spectrum
(Figure 4(a)) that characteristic Raman scattering peaks of an-
atase phase TiO, were observed at 144.4cm™ (Eg), 395.9 cm™!
(Byg), 515.4 cm™ (Ayg) and 636.3 cm™? (Eg). Figure 4(b) shows
that the characteristic Raman scattering peaks for the D-band
and G-band of graphene were observed near 1364cm ™' and
1578 cm™, respectively. After the formation of the NG/TiO,
composites, the characteristic Raman peaks of the anatase TiO,
still existed, and the Raman peaks of the composites moved
toward higher wavenumbers, indicating that a chemical inter-
action between NG and TiO, molecules took place [18, 19].
However, due to the addition of NG, the impurity level or defect
level will appear in the spectra of the composites, and the ap-
pearance of the impurity level or defect level will also cause the
Raman peaks to move toward higher wavenumbers [18-20].

3.5. UV-VIS DRS. The UV-visible diffuse reflectance spec-
trum (Figure 5(a)) shows that pure TiO, has a light absorption
range below 400 nm and can only absorb ultraviolet light. This
is due to the electron transfer from the valence band (O 2p) to
the conduction band (Ti 3d). Compared with pure TiO,, the
light absorption boundary of the NG/TiO, composites was
red-shifted, and the absorption range of the photocatalyst was
extended to the visible light region. The absorption intensity
was also improved due to the introduction of nitrogen atoms
into the carbon grid of graphene. TiO, grew on the N-doped
graphene layer in situ through Ti-O-C bonding and hy-
bridized with the C 2p and O 2p atomic orbitals under high
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FiGure 1: XRD patterns of TiO, and NG/TiO,.
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FIGURE 2: FESEM images of TiO, (a) and NG/TiO, (b).

temperature and pressure [21]. This resulted in the increase of
the valence band edge, thereby reducing the width of the
forbidden band [22], and showed strong light absorption with
visible light response ability. The band gap energies of TiO,, 3 wt
% NG/TiO,, 5 wt % NG/TiO,, and 7 wt % NG/TiO, were
calculated by formula Eg;=1240/A and were approximately
3.18eV,2.98eV,2.92eV, and 2.96 eV, respectively (Figure 5(b)).

3.6. Photoluminescence. The photoluminescence spectrum is a
way to characterize the electron-hole pair recombination effi-
ciency: low emission intensity indicates that the recombination
rate of photogenerated electron-hole pairs is slow, and the
separation of electrons and holes is effective [23], which is
beneficial to photocatalytic reaction. The spectrum in Figure 6
shows that the photoluminescence of the NG/TiO, composites
with different amounts introduced, including 0 wt %, 1 wt %, 3
wt %, 5 wt %, 7 wt %, and 9 wt %. The emission intensity of pure
titanium dioxide is the highest, indicating that the electron-hole
pair has the fastest recombination rate and the lowest photo-
catalytic efficiency. The presence of NG can be used as a carrier
of photogenerated electrons, which has charge transfer with the
semiconductor and can effectively inhibit the recombination of
photogenerated electron-hole pairs. 5 wt % NG/TiO, has the
lowest emission intensity, indicating that the introduction of 5

wt % NG can transfer electrons well and can effectively separate
electrons and holes, and therefore the photocatalytic effect will
be the most significant. Introducing insufficient amounts of NG
is the reason that NG, as a carrier, cannot transport the pho-
togenerated electrons completely and effectively, and some of
the excess photogenerated electrons will recombine with holes,
affecting the photocatalytic reaction efficiency. Excessive NG
can reduce the effective components of photoelectron-hole
pairs, and at the same time, the photoelectron hole can use NG
as the recombination center to recombine within it [24], af-
fecting the photocatalytic reaction efficiency.

In general, different characterization techniques verify
and compensate for each other and comprehensively eval-
uate the composites from different angles.

3.7. Photocatalytic Activity

3.7.1. Suction and Desorption Balance Tests. The adsorption
of dye by a photocatalyst plays an important role in dye
degradation [25, 26]. MO is a monosulfonate azo com-
pound. Under acidic conditions, the ~-SO*~ in MO interacted
with the positively charged center on the surface of TiO, and
adsorbed on the surface in a vertical manner. Such an ad-
sorption mode left a small amount of MO on the surface of
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FIGure 3: (a) Full XPS spectrum of NG/TiO,, XPS spectra of C 1s (b), O 1s (¢), Ti 2p (d), N s (e), and F 1s (f) in NG/TiO..

TiO, [27]. Figure 7 shows the adsorption curves of MO for
samples with different NG doping. The amount of adsorption
of MO on the sample increased with time, and the adsorption
was effectively saturated after 60 min. The adsorption per-
formance of the composites with different NG loadings was
better than that of TiO,, and the adsorption amount increased
at first and then decreased with the increase of NG loading. 7
wt % NG/TiO, had the best adsorption performance, and the

adsorption capacity after 60 min was 9.27 mg/g. This amount
of NG effectively improved the adsorption performance of
TiO,, but the amount of NG had a limit. This was because NG
itself had a very large specific surface area and provided more
sites for the adsorption of MO. However, as the amount of
NG became too large, it reduced the specific surface area due
to overlapping with itself, which then affected the adsorption
of MO by the catalyst.
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3.7.2. Photocatalytic Degradation Test. From Figure 8(a) and 68.43% in 10min and 100% in 30 min under UV(H,0,)
Table 1, it can be seen that 5 wt % NG/TiO; has the highest ~ condition. The degradation efficiency of TiO, for MO reached
photocatalytic efficiency under UV(H,0O;) condition. The 65.14% in 30min under UV(H,0,) condition. The degra-
degradation efficiency of 5 wt % NG/TiO, for MO reached  dation efliciencies of other NG-added photocatalysts for MO
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reached 97.53% (7 wt % NG/TiO,), 92.31% (9 wt % NG/TiO,),
91.53% (3 wt % NG/TiO,), and 82.41% (1 wt % NG/TiO,) in
30 min under UV(H,0,) condition. From Figure 8(b) and
Table 1, it can be seen that the degradation efficiency of 5 wt %
NG/TiO, for MO reached 82.91% in 30 min and 100% in
60 min under UV condition. The degradation efficiency of
TiO, for MO reached 43.02% in 30 min under UV condition.
The degradation efficiencies of other NG-added photo-
catalysts for MO reached 72.54% (7 wt % NG/TiO,), 68.28%
(9 wt % NG/TiO,), 64.03% (3 wt % NG/TiO,), and 57.83% (1
wt % NG/TiO,) in 30min under UV condition. From
Figure 8(c) and Table 2, it can be seen that the degradation
efficiency of 5 wt % NG/TiO, for MO reached 98.9% in
120 min under sunlight (H,O,) condition. The degradation
efficiency of TiO2 for MO reached 59.24% in 120 min under
sunlight (H,0,) condition. The degradation efficiencies of
other NG-added photocatalysts for MO reached 89.46% (7 wt
9% NG/TiO,), 81.08% (9 wt % NG/TiO,), 77.91% (3 wt % NG/
TiO,), and 70.26% (1 wt % NG/TiO,) in 120 min under
sunlight (H,O,) condition. From Figure 8(d) and Table 2, it
can be seen that the degradation efficiency of 5 wt % NG/TiO,
for MO reached 46.97% in 120 min under sunlight condition.
The degradation efficiency of TiO2 for MO reached 26.29% in
120min under sunlight condition. The degradation efhi-
ciencies of other NG-added photocatalysts for MO reached
42.97% (7 wt % NG/TiO,), 39.08% (9 wt % NG/TiO,), 35.76%
(3 wt % NG/TiO,), and 33.27% (1 wt % NG/TiO,) in 120 min
under sunlight condition. The experimental results showed
that the degradation rate under sunlight conditions was lower
than that under ultraviolet light. This was because UV was a
single wavelength high-pressure mercury lamp at 365nm,
whereas the sunlight was a full-spectrum light source con-
taining ultraviolet and visible light in each wavelength band.
Whether it was pure TiO, or the NG/TiO, composites, the
degradation efficiency under UV conditions was higher than
sunlight, and the addition of H,O, in the photocatalytic

system promoted the photocatalytic degradation performance
of the photocatalyst [28]. Compared with pure TiO,, the
photocatalytic efficiency of the composites increased with the
addition of NG. As the NG content increased, the catalytic
performance of different photocatalysts increased at first and
then decreased. Comparing NG/TiO, with two other pho-
tocatalysts (RGO/TiO, [9] and N-TiO,/RGO [29]) under the
same conditions, the results showed that NG/TiO, exhibited
the highest degradation efficiency for MO. The main reasons
are as follows: (1) NG had a large specific surface area and an
extremely high electron mobility. The combination of NG and
TiO, significantly increased the specific surface area and
electron mobility of the catalyst. As the photon contact
probability increased, the absorption intensity of the dye
molecules and photons increased. The higher electron mo-
bility increased the photogenerated electron transfer rate of
TiO,, inhibited the photogenerated electron-hole pair re-
combination, and thus had better photocatalytic perfor-
mance. (2) N-doping narrowed the forbidden bandwidth of
the photocatalyst, improved the responsivity of the photo-
catalyst in the visible light region, and thereby improved the
utilization of sunlight. (3) With the increase of NG content,
the effective component (TiO,) of the photocatalyst de-
creased, and the photocatalytic efficiency also decreased. The
reason why the 7 wt % NG/TiO, with the largest adsorption
capacity did not exhibit the best photocatalytic performance
may be due to the decrease of TiO, in the photocatalyst, which
led to the photocatalyst not being able to completely oxidize
the MO adsorbed on the surface.

3.7.3. Recovery Test. In order to evaluate the chemical sta-
bility of the catalyst and the prospective industrial applica-
tions, a 5 wt % NG/TiO, sample with excellent photocatalytic
performance was subjected to multiple recovery cycle tests
under ultraviolet conditions. Figure 9 shows the degradation



100
80 +
X
3
s 60
=)
2
=
—g 40 +
oy
[a)]
20
ok
1 n 1 n 1 1
0 10 20 30
Degradation time (min)
—a— 0wt% v 5wt%
—o— 1 wth —— 7 wt%
—A— 3wt% —— IWt%
(a)
100
80 |
L
]
s 60
=]
2
< 40|
I
0
U
[a)
20
0L
1 n 1 n 1 n 1 n 1 1 1
0 30 60 90 120 150 180
Degradation time (min)
—a— 0wt% v 5wt%
—o— 1wt% —— 7wWt%
—A— 3wt% —— 9wt%

(c)

Journal of Chemistry
100
80
9
o}
& 60
=
L
=
"é 40
oy
(@)
20
0
1 n 1 1 n 1 1 n 1
0 10 30 40 50 60
Degradation time (min)
—a— 0 wt% —v— 5wt%
—o— 1 wt% —— 7wt
—A— 3wWt% —<4 Iwth
(b)
100
80
xX
L
s 60
=
2
=
'}é 40
&
(@)
20
0
1 n 1 1 1 n 1
0 60 120 180 240 300
Degradation time (min)
—a— 0wt% v 5wt%
—o— 1 wt% —— 7wt%
—A— 3wWt% —4— Iwt%

(d)
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degradation efficiency of photocatalytic degradation of MO by different samples with reaction time.

TaBLE 1: Photocatalytic degradation efficiency of MO in different samples under UV and UV (H,0,) conditions.

UV(H,0,) UV (min) TiO, (%) 1 wt % (%) 3 wt % (%) 5wt % (%) 7 wt % (%) 9 wt % (%)

10 29.86 45.29 52.48 68.43 64.66 60.51
20.32 29.13 32.61 43.71 37.08 35.37

20 46.83 69.85 75.97 86.13 83.31 80.87
31.01 45.39 49.29 68.03 56.15 50.31

30 65.14 82.41 91.53 100.00 97.53 92.31
43.02 57.83 64.03 82.91 72.54 68.28

rate of MO in the sample for each 60 min cycle in tests of one
to five cycles. The degradation rate of the photocatalyst was
reduced in recycling. On one hand, the MO adsorbed during

the cycle was not completely degraded, blocking the exchange
channel of the substance and affecting the degradation effi-
ciency of the catalyst. On the other hand, a small amount of
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TaBLE 2: Photocatalytic degradation efficiency of MO in different samples under sunlight and sunlight (H,O,) conditions.

Sunlight (H,0,) and sunlight (min) TiO, (%) 1 wt % (%) 3wt % (%) 5wt % (%) 7 wt % (%) 9 wt % (%)

30 12.64 22.29 28.53 39.03 35.32 31.89
5.32 6.80 7.71 10.36 9.13 8.29

60 28.97 37.98 45.31 56.94 51.97 49.32
10.79 14.65 15.29 21.24 18.59 17.09

90 42.37 50.01 64.32 77.07 72.09 68.29
17.03 22.87 24.29 33.09 30.26 28.67

120 59.24 70.26 77.91 98.90 89.46 81.08
26.29 33.27 35.76 46.97 42.97 39.08

Degradation rate (%)

Cycle number

FIGURE 9: Recovery test of 5 wt % NG/TiO.,.

sample was lost in the recycling process. The photocatalyst
degradation rate was 90.77% in the 5th cycle, showing it was
stable and ideal for industrial applications.

4. Conclusions

NG/TiO, composites were successfully synthesized by a two-
step hydrothermal method with HF as the surface etchant
and urea as the nitrogen source of NG. The morphology was
optimal, and the chemical bond between NG and TiO,
resulted in a firm loading. By adding different amounts of
NG, the recombination of photogenerated electron-hole
pairs was effectively suppressed, the lifetime of carriers was
prolonged, and the ability to respond to visible light was
improved. The photocatalytic performance test showed that
NG/TiO, composites had better adsorption performance
and photocatalytic performance than pure TiO,. Specifically,
7 wt % NG/TiO, showed the best adsorption effect on methyl
orange, and the adsorption capacity after 60 min of reaction
time was 9.27 mg/g. However, 5 wt % NG/TiO, showed the
best photocatalytic activity. Under the conditions of UV
light with the addition of 2mL H,0,, the degradation ef-
ficiency of methyl orange reached 100% after 30 min, and it
was completely degraded after 60 min. Under the conditions
of sunlight and 2 mL of H,O,, the degradation efliciency of
methyl orange reached 98.9% after 120 min, and the deg-
radation efficiency reached 99.85% after 180min. The
degradation efliciency of methyl orange reached 94.67%
after 240 min in pure solar illumination. After 300 min of

degradation time, the efficiency reached 99.48%. After five
reaction cycles, the degradation rate of methyl orange was
still more than 90% at 60 min, showing a stable photo-
catalytic activity. Therefore, NG/TiO, composites are a new
type of photocatalytic material that is ideal for industrial
applications.
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