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Semiconductor photocatalysis can be used to decompose various organic compounds in open air under aqueous conditions with
solar energy. A cellulose nanofiber/TiO2 aerogel (CNFT) for rapid photocatalytic degradation of methylene blue (MB) solution
was successfully fabricated through a facile hydrothermal method. TiO2 nanoparticles adhered to the surface of cellulose
nanofibers as scaffold through a hydrogen bond and were well-distributed. The particle size distribution data showed that the
mean diameter of TiO2 nanoparticles was around 6.8 nm. In the system of the as-prepared CNFT, CNF played important roles
in adsorption of pollutant and in stopping the electron hole derived from TiO2 from recombining. The composite aerogel
exhibited efficient photocatalytic activity in the degradation of pollutant (MB) under ultraviolet light (UV) and sunlight
irradiation. The composite aerogel could be regarded as a green and portable photocatalyst, because it was promising for
wastewater treatment application as a result of its good high photocatalytic activity and stability under ultraviolet light and
sunlight irradiation.

1. Introduction

With the urgency of water pollution, much attention was
paid to the treatment of water pollution. Nowadays, the most
commonly purified systems were employing filters packed
with adsorbents like activated carbon, which do not consti-
tute a definite conversion solution, merely transferring the
pollutant to a different phase, thus requiring periodic mainte-
nance and producing considerable amounts of waste. To pre-
vent health hazard effects of water pollutions, urgent and new
countermeasures must be implemented. The development of
an efficient, green, and low-cost method for the removal of
water pollutant compounds was essential. Photocatalysis
continues to develop as a promising alternative technology
for the renewal of our water system.

With its high photoreactivity, biological and chemical
inertness, cost effectiveness, nontoxicity, and long-term
stability against corrosion, TiO2 was widely used as a

photocatalyst in waterwater treatment. [1]. Many organic
pollutants, such as alcohols [2], phenols [3], dye [4], and
carboxylic acids [5], can be photodegraded by TiO2 nano-
particles under ultraviolet light (UV) or visible light irradi-
ation. In the process of degradation, oxidation reactions
allow the destruction of organic pollutants mainly through
reactions with reactive oxygen species, such as hydroxyl
radicals [6], which turn to be CO2 and H2O. The main
photocatalytic procedure was the creation of electron-hole
pairs interacting with the radiation, which were subse-
quently separated to be utilized in reduction and oxidation
steps based on TiO2 catalysts [7]. However, the practical
applications of TiO2 were still challenging in terms of their
poor photocatalytic efficiency due to unwanted recombina-
tion of the electron-hole pairs [8]. In order to increase the
photocatalytic activity, many researches had been con-
ducted, for example, doping with nonmetallic atoms
(namely S, N, P, etc.) [9], transition metals (namely, Pt,
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Cu, Mg, etc.) [10], and polymers [11], or codoping with
several ions.

Aerogels are highly porous materials that can have
extremely low densities, large open pores, and low thermal
transport, which can be applied in multiple fields such as
catalysis [12, 13], superadsorbents, and desalination [13].
Most aerogels are fabricated from silica, metal oxides, pyro-
lyzed organic polymers, and carbon-based materials [14].
However, the traditional aerogels suffer frompoormechanical
robustness, which has led to numerous attempts to overcome
this problem. Several nanomaterials including carbon nano-
tubes [15, 16], carbonaceous nanofibers [17], and graphene
[18, 19] have been recently developed as building blocks in
the assembly of strong aerogels. Among them, cellulose nano-
fiber (CNF) from natural plants has attracted considerable
attention because of its low density, high specific area, low
thermal conductivity, and low dielectric permittivity [20].
CNF could be isolated from biomass materials [21]. The long
and entangledCNFof cellulose I crystal type can forma strong
aerogel network because of its fibrillarmorphology and strong
mutual hydrogen bonds, which facilitate mechanical ductility
andflexibility of the aerogels [22, 23]. Potential applications of
nanometer-sized cellulose included tissue engineering [24],
efficient catalysts [25], electrooptical films [26], biodegradable
packaging materials [27], nanofiber-reinforced composites
[28], gas-barrier films [29], cosmetics [30], and other high-
tech and high-performance materials. The research of inor-
ganic nanoparticles/cellulose composite materials was a very
exciting research area currently such as electrical [31],
magnetic [32], and optical [33] properties. Because they have
distinct size-dependent physicochemical and optoelectronic
properties, the inorganic nanoparticles/cellulose composite
materials could be considered as a candidate for the improve-
ment of stability, retaining of the special morphology, and
control of the growth of nanoparticles. TheCNF aerogels have
been used as templates for inorganic MnO2 nanosheets [34]
and Na2Ti3O7 nanoparticles [35] and further functionalized
to achieve ideal highly efficient water purification.

In this study, a cellulose nanofiber/TiO2 (CNFT) aerogel
for rapid photocatalytic degradation of methylene blue in
water was successfully fabricated through a facile hydrother-
mal method. In the system of the CNFT composite, TiO2
nanoparticles could be adhered to wet CNF as a scaffold
[36]. And the functionality of photodegradation could be
enhanced through a synergistic interaction between the
CNF and TiO2 nanoparticles due to interactive structures
in materials.

2. Materials and Methods

2.1. Materials. The bamboo was obtained from the bamboo
forest of Zhejiang A&F University. Tetrabutyl titanate,
titanium dioxide (P25), urea, citric acid, methylene blue,
and other chemicals were of analytical grade. All the
chemicals were used as received. Deionized water was used
in all experiments.

2.2. Preparation of the CNFT Composite Aerogel. A CNF
solution was prepared by the method of chemical

pretreatment combined with ultrasonic treatment, and the
CNF from bamboo was referred to Xiao et al [37] and used
for characterization. 100mg CNF was put into 100ml deion-
ized water, and then a few milliliters of tetrabutyl titanate,
0.6 g urea, and 4 g citric acid were added with magnetic
stirring for 30min at room temperature. Subsequently, the
mixtures were transferred to a Teflon-lined stainless-steel
autoclave. The autoclave was placed in an oven and heated
at 180°C for 24 h. The suspension was cooled down naturally
and washed by a centrifuge treatment with 6000 rpm/s for
5min. To obtain the homogeneous solution, the bulk after
centrifuge treatment was put into deionized water and then
underwent an ultrasonic treatment for 1min with an output
power of 50W in an ice water bath to disperse the solution.
The obtained concentrated suspension, with a high viscosity
and gel-like appearance, was freeze-dried at −55°C at 10μPa
for 60h. The lightweight, solid, and sponge-like aerogel
was produced. The volume of tetrabutyl titanate was
1ml, 2ml, and 4ml and was coded as CNFT1, CNFT2,
and CNFT4, respectively.

2.3. Characterization. The morphological feature of the CNF
and CNFT composite was observed using a scanning electron
microscope (SEM, FEI, Quanta 200, USA) and transmission
electron microscope (TEM, FEI, Tecnai G20, USA). Crystal-
line structures were identified by X-ray diffraction technique
(XRD, Rigaku, D/Max 2200, Japan) operating with Cu Kα
radiation (λ = 1 5418Å) at a scan rate (2θ) of 2°·min−1 and
the accelerating voltage of 40 kV and the applied current of
30mA ranging from 5° to 90°. The X-ray photoelectron
spectroscopy (XPS, ULVAC-PHI Inc., Japan) analysis of the
specimen was carried out using a microfocused (100 lm,
25W, 15 kV) monochromatic Al–Ka source (hm = 1486 6 e
V), a hemispherical analyzer, and a multichannel detector.
Thermal–physical properties of the CNF and CNFT compos-
ite were simultaneously assessed with a Hot Disk TPS 2500 S
instrument (Hot Disk AB) using 20mW output power in the
transient mode from 25°C to 800°C, with a heating rate of
10°C·min−1 under nitrogen atmosphere. FTIR spectra were
recorded on a Fourier transform infrared instrument (Magna
560, Nicolet, Thermo Electron Corp.) in the range of
400–4000 cm−1 with a resolution of 4 cm−1. UV–Vis spectra
were recorded on a TU-9001 spectrophotometer equipped
with a Labsphere diffuse reflectance accessory. The
Brunauer–Emmett–Teller (BET) surface areas were mea-
sured by nitrogen adsorption isotherm measurements at
77K on a JW–BK instrument.

2.4. Photocatalytic Activity. The photocatalytic activities of
CNF, P25, TiO2 synthesized at similar conditions without
adding cellulose nanofiber, and CNFT were measured by
the photodegradation of methylene blue as model reaction
under UV and sunlight illumination. Typically, six groups
of 10mg of the prepared CNFT composites were dipped
in 50ml MB solution (15 ppm). The mixture solution
was then exposed to UV irradiation produced by a tunable
high-pressure Hg lamp with the main peak at a
wavelength of 365nm. 10ml of suspension was extracted
afterwards per 5min from one of the six groups and then
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centrifuged at 6000 rpm for 5min to get rid of the CNFT
from the supernatant. Samples were exposed to sunlight.
The selected exposure time was 1 h every day from 1
p.m. to 2 p.m. on sunny days. Then, the solution was ana-
lyzed by recording the UV–Vis spectrum of MB at the
maximum absorbance of 664nm. The degradation of MB
was studied with UV visible spectroscopy measurement
carried out on a UV visible spectrophotometer (model
Tu-1901) in the range of 450–750 nm. The normalized
temporal concentration changes (C/C0) of MB during the
photodegradation were proportional to the normalized
maximum absorbance (A/A0) and derived from the
changes in the dye’s absorption profile (664 nm) at a given
time interval. The photodegradation rate was calculated by
the following equation:

Photodegradation rate =
C0 – C
C0

× 100%, 1

where C is the concentration of MB solution at time and C0 is
the initial concentration.

3. Results and Discussion

Figure 1 shows the morphologies of CNF and CNFT. After
water was completely removed through freeze-drying, a light-
weight sponge-like aerogel was produced which did not have
any collapse with the density of 1mg·cm−3. As shown in
Figure 1(a), the macroscopic morphology of the CNF aerogel
was white with integrity and had a well-defined shape. The
SEM image showed the micromorphology image of the CNF
fibrils; the length of CNF fibrils was much longer than
60μm. From Figures 1(b)–1(d), it shows the SEM images of
CNFT1, CNFT2, and CNFT4, which possessed an intercon-
nected 3D network microstructure. The shapes are shown in
the inset. They were turned to be beige from white CNF
aerogel because of the formation of TiO2 nanoparticles in
the samples inside. After modification by TiO2 nanoparticles,
the structure of the CNFT2 composite showed filamentous
fibers covered by nanoparticles. Figure 1(e) shows TEM
images of CNF samples, which exhibited some slender fibrils
with an average diameter of the CNF fibrils of about
63.2 nm. The CNF exhibited a high draw ratio about 1000
according to the length referred before. The TEM images of

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 1: The morphologies of CNF and CNFT. (a)–(d) The SEM micrographs of CNF, CNFT1, CNFT2, and CNFT4, respectively, and the
shape in the inset. (e)–(h) The TEM images of CNF, CNFT1, CNFT2, and CNFT4, respectively.
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samples CNFT1, CNFT2, and CNFT4 are shown in
Figures 1(f)–1(h). The surface of CNFT4 was wrapped by
TiO2 nanoparticles in the surface of fibers, which was denser
than that of CNFT2.Withmore andmore TiO2 nanoparticles
formed, the CNFwas not able to contain these particles so that
some of TiO2 particles were outside of the fibers. In CNFT2,
the TEM images of the sample showed that a large quantity
of TiO2 nanoparticles were formed like a film structure and
coated on the surface of the CNF fibrils. Furthermore, the
TiO2 nanoparticles were well-distributed. In terms of CNFT1,
TiO2 nanoparticles were interspersed basically in the surface
of the cellulose fibers.

Figure 2(a) is the enlarged view of CNFT2; the particle
size distribution data showed that the mean diameter of
TiO2 nanoparticle sizes was around 6.8 nm. The energy-
dispersive spectrum (EDS) in Figure 2(b) indicates that there
were C, O, and Ti elements in the composite sample, suggest-
ing that the TiO2 nanoparticles had been synthesized in the
composite aerogel. Figure 2(c) shows the SAED pattern, in
which eight main diffraction rings correspond to the (101),
(004), (200), (105, 211), (204), (116, 220), (215), and (224)
planes of polycrystalline TiO2 with a spherical structure.
Besides, the diffraction rings were discontinuous and consist
of rather sharp spots, indicating that the nanoparticles were
well crystallized. To further investigate the distribution of
TiO2 particles, the HRTEM image was displayed as shown
in Figure 2(d). The results clearly revealed a lattice fringe
with a d-spacing of 0.36 nm and 0.24 nm corresponding to
the (101) and (004) planes, which were present in anatase
phase TiO2.

The phase structures of CNF and CNFT were revealed by
XRD analysis. As shown in Figure 3, it was clear that diffrac-
tion peaks at 16.5° (101) and 22.5° (002) were typical cellulose
peaks [38]. The CNF clearly retained the cellulose structure,
indicating that the CNF was prepared successfully by isolat-
ing from the raw material bamboo. The diffraction peaks of
CNFT composite samples were observed at 25.2°, 37.7°,
47.8°, 53.8°, 55.0°, 62.7°, 68.7°, 70.3°, 74.9°, and 82.6°, which
corresponded to planes (101), (004), (200), (105), (211),
(204), (116), (220), (215), and (224) [39], respectively. It
was clear that diffraction peaks in the XRD pattern were well
indexed to the anatase phase of TiO2. The prepared TiO2 also

(a)
0 2 4 6

(b)

(c) (d)

Figure 2: (a) The enlarged view of the TME image, (b) the EDXA spectra, (c) selected area electron diffraction, and (d) high-resolution TEM
image, of CNFT2.
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Figure 3: XRD patterns of (a) CNF and (b) CNFT.
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exhibited excellent crystallinity for the high and narrow
peaks in the XRD patterns.

Figure 4 shows the XPS spectra of the CNF and CNFT2.
The wide scan spectra of the CNF exhibited two major peaks
with binding energy at 286.1 eV and 532.1 eV corresponding
to the C 1s and O 1s of CNF, respectively. However, in
CNFT2, an additional peak was observed at a binding energy
of 458.1 eV corresponding to the Ti 2p of TiO2 [40]. The
high-resolution XPS spectra were examined in order to
research the structure further. As shown in Figure 4(b), two
peaks were observed at 533 eV in the high-resolution spectra
of O 1s in CNF. Another peak was observed at 530.3 eV in the
high-resolution spectra of O 1s in CNFT2 except the two
peaks in the high-resolution spectra of O 1s in the CNF at
the same location. The additional peak could be attributed

to O-Ti4+. This further confirmed the presence of TiO2 in
CNFT2. In both of the samples, three peaks were observed
for C 1s in Figures 4(d) and 4(e) at the same location. The
differences in the same peak on intensity at 285 eV were
attributed to C–C; the results may be some degradation
during hydrothermal treatment. Furthermore, the binding
energies of Ti 2p3/2 and Ti 2p1/2 appear at 459.02 and
464.92 eV, respectively (Figure 4(f)), which can be well
attributed to the Ti4+ in bulk TiO2 [41]. According to the
above results, it was obvious that TiO2 would have to be
produced in CNFT successfully.

Figure 5 shows the different phase thermogravimetric and
differential thermal analysis (TG-DTA) curves of CNF and
CNFT2. In this study, the process of sample pyrolysis was
divided into three stages, corresponding to drying (stage 1)
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Figure 4: (a) A full-scan XPS spectra of CNF and CNFT, high-resolution XPS spectra of (b, c) O 1 s of CNF and CNFT, (d, e) C 1 s of CNF and
CNFT, and (f) Ti 2p of CNFT.
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and pyrolysis (stage 2 and 3). In the first stage, a small mass
(7%–9%) loss was observed in the temperature range of
25–120°C, which due to the evaporation of water molecules
in the materials or lowmolecular weight compounds for tem-
perature increased. In the second stage (120–400°С), some flat
lines at the TG/DTG curves were displayed, and the beginning
of weight loss of the main degradation step was observed at
228°C and 237°C, corresponding to the curves of CNF and

CNFT2, respectively. Then, values (TG curve) of the samples
decreased sharply with time. Importantly, the different
components of CNF and CNFT2 caused great differences on
the DTG curves. The rate of degradation reached its peak at
340°C and 316°C for CNF and CNFT2, respectively. The
reason for this phenomenon may be attributed to the deposi-
tion of the TiO2 particles on the wood surface. Combining
strongly with TiO2 particles via electrostatic attraction and
hydrogen bond, the pyrolysis rate of CNFT2 decreased nearly
tenfold asmuch as that ofCNF,which effectively enhanced the
thermal stability of CNFT2 [42]. In the third stage, the TG
curves ofCNFandCNFT2were relativelyflat. This result indi-
cated that all the samples were degraded completely.

The N2 adsorption/desorption isotherms of CNF and
CNFT2 aerogels displayed a direct hysteresis loop, shown
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Figure 5: TGA and DTG thermograms of (a) CNF and (b) CNFT2 under nitrogen atmosphere.
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Figure 6: N2 adsorption/desorption isotherms of (a) CNF and (b) CNFT2 aerogels and corresponding pore size distribution derived from the
adsorption branch [43].

Table 1: Texture properties of CNF and CNFT2.

Sample
SBET

(m2·g−1)
V total

(cm3·g−1)
Average pore diameter

(nm)

CNF 10.1 0.073 29.3

CNFT2 85.6 1.169 5.5
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in Figure 6, belonging to type IV (according to IUPAC
classification), which were consistent with the results
researched by Fan et al.’s group [43]. The results reflected the
presence of amesoporous structure in the samples. The corre-
sponding pore size distribution of the samples was calculated
by the BJH method and was illustrated in the inset of
Figure 6. The CNFT2 showed a smaller pore diameter
(dominated in about 2 nm) than did CNF (dominated
about 15 nm), but it also exhibited a sharper and more

concentrated peak. The porosity detailed data of CNF and
CNFT2 is summarized inTable 1. It could be seen that the spe-
cific surface of CNFT2 was 8 times higher than that of CNF,
and the pore volume of CNFT2 was 2 orders of magnitude
above that of CNF.

Figure 7(a) shows the FT-IR spectra of CNF and CNFT2.
The dominant peak of CNF in the region around 3424 cm−1

was attributed to stretching vibrations of hydroxyl groups
of cellulose. However, in CNFT2, the peak at 3380 cm−1
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Figure 7: (a) FT-IR spectra of the CNF and CNFT2. (b) UV–Vis spectra of P25 and CNFT2.
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was shifted to lower wavenumbers, indicating a strong inter-
action between the hydroxyl groups of cellulose and TiO2
nanoparticles through a hydrogen bond [44]. This strong
interaction led to TiO2 nanoparticles adhering to the
surface of CNF. Figure 7(b) shows the UV–Vis spectra
of P25 and CNFT2. An obvious red shift could be
observed on the cut-off wavelength from 385 to 411 nm
of CNFT2, compared to P25. The result indicated the
band gap of CNFT2 triggered by hydrogen bonds between
P25 and CNF. The band gap energy (Eg) was obtained
according to [45]

Eg = h•C
λ
, 2

whereh=plank constant = 6 626 × 10−34 joules/sec,C= speed
of light = 3 0 × 108 meters/sec, λ=cut-off wavelength at 1 eV
= 1 6 × 10−19 joules. For CNFT2, the band gap energy about
3.023 eV was lower than that of the standard commercial
P25 (3.227 eV), indicating that CNFT2 was able to absorb
photons not only from UV irradiation but also from visible
light. The extended light absorption range made the CNFT2
composites good candidates for visible light photocatalysis.

The interaction of TiO2 nanoparticles and the surface of
CNF are shown in Figure 8. As we all know, there were plenty
of hydroxyl groups present on the surface of CNF [46]. When
C16H36O4Ti was added in the solution, Ti(OH)4 could gener-
ate due to the hydrolysis of C16H36O4Ti. Ti(OH)4 molecules
could be interacted with the surface of CNF by the hydrogen
bond between the hydroxyl groups on the surface of CNF and
the hydroxyl groups of Ti(OH)4, which was consistent with
the result of the FT-IR. On dehydration, TiO2 could be
generated through losing H2O among the hydroxyl groups
in Ti(OH)4. TiO2 and CNF would be combined together
due to the existence of hydrogen bonds between the hydroxyl
groups on the surface of TiO2 and CNF. This further helped

in the generation of the TiO2 nuclei on the surface of the
CNF. As the reaction proceeded, the nuclei would grow and
form TiO2 nanoparticles on the surface of the CNF.

Figure 9 illustrates the detailed performance of the photo-
degradationprocedureofCNFT.Thebasic species responsible
for the photodegradation of any pollutant were hydroxyl
radicals and anion radical superoxide. Electron (eCB

−) and
hole (hVB

+) pairs with excited high-energy states occurred
when wide band gap semiconductors were irradiated higher
than their band gap energy [47]. Firstly, the excitation of elec-
trons occurred from the valance band to the conduction band
by the photons emanated from the UV source, and then the
holes generated due to the excitation process acted as a decom-
posing agent or combinedwith the surface hydroxyl species on
the TiO2 to form the hydroxyl radical. hVB

+ and eCB
− were

powerfully oxidizing. hVB
+ reacted with OH− contained in

water resulting in their oxidation producing •OH. eCB
− could

be reacted with O2 forming an anion radical superoxide. The
organic compoundswere oxidized toCO2 andH2O.However,
it should be noted that the continuous reactions during photo-
catalytic degradation were attributed to the presence of dis-
solved oxygen and water molecules [48]. Cellulose played an
important role in the CNFT composite when the procedure
of photodegradation was conducted. It would provide innu-
merable hydroxyl groups on the surface, which could capture
the holes and stop the electron–hole from recombining. The
electronandhole pairs couldbe separated to conduce and con-
tinue the reaction of oxidation.

Figure 10 shows the performance of photodegradation of
the CNFT composite. TiO2 had great potential application in
environmental protection. In this study, the potential applica-
tion of CNFT was investigated to degrade dye under UV light
and sunlight.Methylene blue (MB)was chosen as amodel dye.
The time-dependentUV–Vis optical absorption ofMBand its
degradation by CNFT2 under UV light is shown in
Figure 10(a). The inset shows the colorless MB aqueous
solution under UV light as a function of time. MB solutions
containing CNFT2 were degraded almost absolutely within
20min.The colors fadedgradually in solution fordyedegrada-
tion with time. After 5minutes, the color turned to be shallow
and became colorless after about 20minutes. It indicated that
MB was degraded almost completely for about 20minutes.
The results were consistent with the relevant UV–Vis spectra
as a function of time in the inset of Figure 10(a). In addition,
the as-prepared aerogels (CNF and CNFTs) immersed in
MB solution were compared in darkness (Figure 10(b)). It
was observed that the decrease in absorption could be reason-
able due to the adsorption on the surface. The decrease in
absorption could result from adsorption on the surfaces of
aerogels. However, the adsorption capacity of CNFT was
higher than that of CNF because of the higher specific surface
area.The results could conclude thatCNFTpossessed a special
nanostructure and enhanced the dye adsorption. In contrast,
UV light irradiation for 30min is shown in Figure 10(c). A
self-decomposition phenomenon of 14.8% could be seen in
the MB solution without anything. About 27.5% of MB had
been degraded in the case of CNF. However, the as-prepared
CNFT exhibited much better photocatalytic activity. More-
over, the property of photodegradation of the composite

Figure 9: Schematic illustrating the strategies to develop •O2
−

and •OH.
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CNFT2wasbetter than theothers.Contributing to the interac-
tion of cellulose and TiO2, 98.1%MB dye was degraded by the
as-prepared CNFT2 only for 20minutes, and 97% and 97.7%
MBdyewere degraded by CNFT1 andCNFT4 for 30minutes.
Furthermore, 92.3% MB dye was degraded by the
as-prepared TiO2 for 30minutes. This observation would

suggest that CNFT could enhance the functionality through
a synergistic interaction between the CNF and TiO2 nano-
particles due to the interactive structure in materials. On
the other hand, in order to increase the photocatalytic activ-
ity, many researches had been conducted in the previous
investigation. The summary of results for MB degradation
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Figure 10: (a) Time-dependent UV–visible spectra of MB and its degradation by CNFT2 under UV irradiation; the colors in different times
were shown in the inset. (b) Quantitative study of photocatalytic degradation of MB by blank, CNF, TiO2, and as-prepared CNFT as a
function in darkness and (c) under UV irradiation.

Table 2: Summary of results for degradation of MB employed by modified TiO2 under UV light.

Photocatalyst Modified type Power (W) Photodegradation rate (%) Time (min) Ref.

TiO2 Pd 300 98 60 [49]

TiO2 Ag2O 160 97 360 [50]

TiO2 Fe2O3 400 81 100 [51]

TiO2 Ag–Ag2O 112 99.62 200 [52]

TiO2 Carbon nanotubes 125 76 200 [53]

TiO2 Cellulose 1000 98.1 20 This work

TiO2 Cellulose 500 96.7 45 This work

TiO2 Cellulose 200 89.6 200 This work
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employed by modified TiO2 with different components in
different conditions is shown in Table 2.

The stability and reusability of the CNFT2, as a typical
representative, were investigated and exhibited by performing
several UV irradiation cycles. In each cycle, simulated UV
light was irradiated for 30min at room temperature in
Figure 11(a). Obviously, CNFT2 could keep a superior photo-
catalytic performance with the degradation beyond 98% after
4 photocatalytic cycles. After the 7th photocatalytic recycle
finished, the photodegradation of CNFT2 decreased to about
74%, which was due to about 19%mass loss of CNFT2 during
the collection process. Hence, the decreased photocatalytic
activity of CNFT2 after multiple cycles was contributed to
the mass loss of CNFT2. Compared with other research
results, CNFT2 showed an excellent stability and reusability.
Furthermore, MB solution with CNFT2 was exposed to UV
irradiation produced by a tunable pressure Hg lamp, at

1000W, 500W, and 200W, and sunlight outdoor for 1 h in
the noon every sunny day. Figure 11(b) shows that MB could
be well degraded with different light intensities of UV irradi-
ation and sunlight. The results indicated that CNFT2 exhib-
ited excellent properties of photodegradation not only under
UV irradiation but also under sunlight which could cause
theMB to photodegrade. As shown in Figure 11(c), the results
of the XRD pattern and SEM image of CNFT2 after the 7th
recycle were not obviously different from that of CNFT2
before being used for photocatalytic reaction, which illus-
trated the stability of CNFT2.

4. Conclusions

Cellulose nanofiber/TiO2 aerogels were successfully fabri-
cated, which the obtained TiO2 nanoparticles adhered to
the surface of the cellulose nanofiber as scaffold through a
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Figure 11: (a) Seven cycles of the photodegradation of MB using CNFT2 as a photocatalyst under UV irradiation for 30min. (b) Degradation
of MB with different light intensities of UV irradiation and sunlight. (c) XRD pattern and SEM image of the CNFT2 after the 7th recycle.
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hydrogen bond. The composites of CNFT were good enough
for photocatalytic applications and even much better than
CNF and individual TiO2 nanoparticles. This observation
would suggest that CNFT could enhance the functionality
through a synergistic interaction between the CNF and
TiO2 nanoparticles due to the interactive structure in
materials. The performance might lead to the fabrication
of new materials that could be used for multiple activities
ideal for water treatment applications as TiO2 was non-
toxic and efficient in preventing infections. Furthermore,
the composite aerogel could be regarded as a green and
portable photocatalyst because it was promising for waste-
water treatment application as a result of its good high
photocatalytic activity and stability under UV light irradi-
ation. The one-step in situ method could be generalized to
the incorporation of many more metal/metal oxide nano-
structures in cellulose products.
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