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ABSTRACT: ZnO nanocrystallites have been in situ em-
bedded in cellulose nanofibers by a novel method that
combines electrospinning and solvothermal techniques.
Zn(OAc),/cellulose acetate (CA) precursor hybrid nanofib-
ers with diameter in the range of 160-330 nm were first
fabricated via the electrospinning technique using zinc ac-
etate as precursor, CA as the carrier, and dimethylforma-
mide (DMF)/acetone(2 : 1) mixture as cosolvent. The
precursor nanofibers were transformed into ZnO/cellulose
hybrid fibers by hydrolysis in 0.1 mol/L NaOH aqueous
solution. Subsequently, these hybrid fibers were further
solvothermally treated in 180°C glycerol oil bath to
improve the crystallite structure of the ZnO nanoparticles
containing in the nanofibers. The structure and morphol-
ogy of nanofibers were characterized by scanning electron
microscopy, transmission electron microscopy, and X-ray

diffraction. It was found that hexagonal structured ZnO
nanocrystallites with the size of ~ 30 nm were dispersed
on the nanofiber surfaces and within the nanofibers with
diameter of about 80 nm. The photocatalytic property of
the ZnO/cellulose hybrid nanofibers toward Rhodamine
(RhB) was tested under the irradiation of visible light. As
a catalyst, it inherits not only the photocatalytic ability of
nano-Zn0O, but also the thermal stability, good mechanical
property, and solvent-resistibility of cellulose nanofibers.
The key advantages of this hybrid nanofiber over neat
ZnO nanoparticles are its elasticity, dimensional stability,
durability, and easy recyclability. © 2011 Wiley Periodicals,
Inc. ] Appl Polym Sci 121: 1757-1764, 2011
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INTRODUCTION

The synthesis of polymeric nanofibers containing
dispersed functional inorganic nanoparticles has
attracted substantial research interest in recent years
due to their potential applications in the areas of cata-
lyst, electronic nanodevice, optoelectronic, sensor,
and nanocomposite."™ Distinct from the conventional
polymer nanocomposites in the forms of film or
bulky fiber, the physical size of the host polymer
matrix and embedded particles of these inorganic/
organic hybrid nanofibers are both in the submicrom-
eter or nanometer range, thus the characteristic large
surface areas of nanofibers and nanoparticles is
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retained."”” Moreover, these hybrid nanofibers have
been proved to possess both the advantages of or-
ganic polymers such as light weight, flexibility and
moldability, and of inorganic species such as special
functionality, high strength and thermal-stability.'*"?
For instance, the carbon nanotube (CNT)/polyacrylo-
nitrile,'® graphite nanoplatelet/polyacrylonitrile® hybrid
nanofibers showed improved either electrical conduc-
tivity, mechanical properties, thermal stability, or
dimensional stability. A straightforward approach in
the fabrication of such hybrid nanofibers is through the
electrospinning of polymer solutions with dispersed
inorganic nanoparticles.'"*"” Another effective method
is through sol-gel process to embed inorganic nanopar-
ticles in nanofibers, such as zinc acetate/poly(vinyl
alcohol)'® and TiO,/poly(vinyl pyrrolidone) nanofib-
ers.'” ' From the latter method, the inorganic nanopar-
ticles impregnated in as-obtained hybrid nanofibers
usually do not show special functionalities because the
desired crystal structures of inorganic particles can not
form at ambient processing temperamre.22’23 Therefore,
hybrid nanofibers from the latter method are often cal-
cinated at high temperature to completely remove the
organic fiber template and to leave functional polycrys-
talline metal oxide nanofibers behind. Although the
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resultant metal oxide nanofibers are very useful as elec-
tronic devices, optoelectronic materials and photocata-
lysts, they are fragile and readily to break into rod-like
nanoparticles.”* Thus the practical applications of pure
metal oxide nanofibers are limited. To overcome this
problem, in situ growth of metal oxide nanoparticles in
polymeric nanofibers followed by proper treatments is
a feasible solution. Hong et al. reported the preparation
of poly(vinyl alcohol) (PVA) nanofibers with surface-
residing ZnO nanoparticles.” However, the nano-
ZnO/PVA hybrid nanofibers synthesized at ambient
temperature did not show satisfied crystal structure,
and the water solubility of the host PVA nanofiber ma-
trix would prevent their applications in aqueous
environment.

In this work, we introduce a new technique to
prepare elastic nano-ZnO/cellulose hybrid nanofib-
ers through the combination of electrospinning and
solvothermal methods. Nano-ZnO is a functional
material with many applications in fields of gas sen-
sors, photocatalyst and optical devices.***” Cellulose
is selected as the host polymer nanofiber mainly due
to its insolubility in many ordinary solvents and
good thermal stability. The purpose is to obtain
durable and recyclable photocatalytic hybrid nano-
fibers.”® To this end, precursor zinc acetate (ZnAc)
and fiber template polymer cellulose acetate (CA)
are mixed in a common solvent, followed by electro-
spinning to produce submicron ZnAc/CA hybrid
nanofibers. Subsequently, they are hydrolyzed in
mild base solution to generate ZnO/cellulose hybrid
nanofibers. As-obtained hybrid nanofibers are then
solvothermally treated in glycerol at 180°C to con-
vert them to crystal nano-ZnO/cellulose nanofibers
for predetermined time. Their structures and mor-
phologies are characterized by scanning electron mi-
croscopy (SEM), transmission electron microscopy
(TEM), and X-ray diffraction (XRD). Their photocata-
lytic efficiency toward Rohdamine (RhB) is eval-
uated under the irradiation of visible light.

EXPERIMENTAL
Materials

Zinc acetate (ZnAc) dihydrate (Sinopharm Chemical
Reagents, China) was recrystallized in distilled water
to remove small content of impurities. CA with
de§ree of substitution (DS) of 2.45 and M, of 3.0 x
10™ was obtained from Eastman, USA. N,N-dimethyl-
formaide (DMF)/acetone and acetone (Sinopharm
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Chemical Reagents, China) of analytical grade were
used as received.

Preparation of hybrid nanofibers

Transparent spinning solutions containing 4 wt %
ZnAc were prepared by adding ZnAc into 20 wt %
CAin 2 : 1 (v/v) DMF/acetone solvent mixture, fol-
lowed by magnetic stirring at ambient temperature.
They were placed in a syringe with a stainless nee-
dle of gauge 18. The feeding rate was 5 pL/min
monitored by a syringe pump (TS2-60, Longer Preci-
sion Pump, Baoding, China). An electrode was
clamped on the needle and connected to a power
supply (DW-P303-IAC, Tianjin Dongwen High Volt-
age Plant, China). Grounded counter electrode was
connected to collector aluminum foil, which was
placed 10 cm away from the needle tip. The electric
field was kept at 15 kV. The ZnAc/CA hybrid nano-
fibrous mats were dried in a vacuum oven at 90°C
for 5 h.

The as-obtained hybrid nanofibrous mats were
hydrolyzed in 0.1 mol/L NaOH aqueous solution
for 24 h at ambient temperature to turn ZnAc/CA
hybrid nanofibers into ZnO/cellulose nanofibers,
then washed with distilled water till the supernatant
reached neutral. The hydrolyzed mats were vacuum
dried at 50°C for 5 h, and were labeled as ZnO/cel-
lulose-0. Subsequently, they were solvothermally
treated in 180°C glycerol bath for 30 and 120 min,
respectively, followed by rinsing with distilled water
to completely remove glycerol, then vacuum dried
at 80°C for 10 h. The final products were nano-
ZnO/cellulose hybrid nanofibers. They were coded
as ZnO/cellulose-30, and -120, according to the
treatment time. The actual content of ZnO in the
hybrid nanofibers was measured by calcination of
the nanofibers at 500°C in air for 5 h. In this process,
the component cellulose would decompose com-
pletely to CO, and H,O, whereas ZnO component is
remained. The procedure for the preparation of
ZnO/cellulose hybrid nanofibers was presented in
Scheme 1.

Characterization

Fourier transform infrared (FTIR) spectra were col-
lected on Nicolet Avatar 360 spectrometer (Nicolet,
USA) in KBr form. The crystal structure of hybrid
nanofiber was characterized by X-ray diffractometer
(X’pert MPD Pro, Philips, Netherland) with Cu K,
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radiation (A = 1.542 A) The diameter and morphol-
ogy of electrospun nanofibers were observed by SEM
(JSM-6300LV, JEOL), and TEM (JEM2010, JEOL). All
samples were sputter-coated with platinum prior to
SEM observation. The fiber diameter was measured
using the software SMileView (v2.5, JEOL). About 35
individual nanofibers were measured to obtain the
mean value and standard deviation. For TEM mea-
surement, the fibers were dispersed ultrasonically in
ethanol before applied onto copper grid. The viscos-
ity molecular weight (M,,) of cellulose component in
ZnQO/cellulose hybrid nanofibers was determined
with cadoxen as the solvent at 25°C by using viscom-
etery according to [n] = 3.85 x 10°M,,””® (mL g~ ").*
The solutions were filtered to remove insoluble ZnO
particles before measurement.

Photocatalytic activity of ZnO/cellulose hybrid
nanofibers

A lab-made photochemical reactor was set up
according to our previous work.** Five hundred
Watt tungsten lamp was used as the visible light
source. About 2.0 mg of ZnO/cellulose nanofibrous
mats was loaded into a cylindrical glass vessel con-
taining 10 g of 8 mg/L Rhodamine B (RhB) aqueous
solution. A light filter was placed between the lamp
and dye solution to only allow visible light (A > 420
nm) pass through. At time interval of 3, 6, 12, and
24 h, the degradation reaction was ceased and the
solution was centrifuged. The RhB concentration in
the supernatant was measured on a UV-vis spec-
trometer (Lambda850, Perkin-Elmer). Three repeti-
tive degradation reactions were conducted for each
sample. Only one measurement was made for each
batch. After one degradation cycle, the ZnO/cellu-
lose hybrid nanofibrous mats were separated from
the reaction medium, washed with distilled water
completely, then vacuum dried at 80°C for 10 h. The
photocatalytic efficiency of the recycled ZnO/cellu-
lose hybrid nanofibrous mats was tested again
according to the same procedure described above.
Two control experiments were also conducted to
test: (1) the adsorption of RhB on ZnO/cellulose
nanofibrous mats in darkness, and (2) photodegrada-
tion of RhB when it was exposed to visible light
without the presence of ZnO/cellulose hybrid nano-
fibrous mats.

RESULTS AND DISCUSSION
Morphology of hybrid nanofibers

A typical SEM image of Zn(OAc),/CA hybrid nano-
fibers containing 18.2 wt % Zn(OAc), is shown in
Figure 1(A). The mean fiber diameter of the hybrid
nanofibers is 159 = 28 nm. The fiber topography is rel-
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atively smooth without any noticeable bead defects.
The TEM image [inset, Fig. 1(A)] of one Zn(OAc),/CA
hybrid nanofiber presents uniform fiber morphology
without observable inorganic aggregates within
the fiber, suggesting homogeneous dispersion of
Zn(OAc), in the fiber. This is similar to the appear-
ance of Zn(OAc),/ poly(vingll alcohol) hybrid nanofib-
ers reported by Hong et al. EDS spectrum [Fig. 1(B)]
shows the characteristic L, X-ray line at 1.01 keV. This
can qualitatively confirm the existence of zinc element
within the fiber. To get some knowledge about the
distribution of Zn(OAc); in the hybrid nanofibers, the
Zn(OAc),/CA hybrid nanofibers were immersed in
distilled water to wash away Zn(OAc),. The SEM
image of this treated nanofiber is presented in Figure
1(C). From EDS analysis of the whole image area, no
X-ray signal was detected for zinc element (not shown
here), indicating that this CA nanofiber is Zn(OAc),
free. The fiber surface becomes relatively rough with
obvious elongated concavities (indicated by the
arrows). Under the influence of stretching electrical
forces, Zn(OAc), particles tend to disperse along the
fiber axis. This is similar to the distribution of carbon
nanotubes® and montmorillonite® in the inorganic/
organic hybrid nanofibers from electrospinning. The
removal of those Zn(OAc), particles leave grooves
behind.

To convert the precursor Zn(OAc), in the hybrid
nanofibers into ZnO, they were immersed in dilute
NaOH aqueous solution. In this process, two reac-
tions took place simultaneously, as described in the
following two hydrolysis chemical reactions.”® As a
result, the precursor Zn(OAc),/CA hybrid nanofib-
ers turned into ZnO/cellulose hybrid nanofibers.

Cell — OCOCH; 2L Cellulose + CH;COO~ (1)
Zn(OCOCH3), 25 ZnO | +CH;COO~  (2)

Figure 2A shows the FTIR spectra of hybrid nano-
fibers. The characteristic absorption peak at 1751
(V—c—o) was presented for CA component in the
Zn(OAc),/CA hybrid nanofibers [Fig. 2(A,a)]. After
hydrolysis, the peak at 1751 cm™' disappeared,
whereas a new peak at 1640 em ™' (Ve—o—c), and a
broader peak at 1080 cm ! (Ve—o) [Fig. 2(Ab)] were
shown for cellulose,® suggesting that cellulose was
regenerated from the hydrolysis of CA [eq. (1)]. In
the meantime, the Zn(OAc), embedded in the CA
nanofibers was transformed into ZnO [eq. (2)]. Com-
pared with precursor nanofibers [Fig. 1(A)], the SEM
image of ZnO/cellulose-0 hybrid nanofiber displays
very rough surface morphology, many adjacent
nanofibers intertwine together [Fig. 2(B)]. Because
most precursor Zn(OAc), distributes at the near sur-
face layer of Zn(OAc),/CA hybrid nanofibers [Fig.
1(C)], they readily dissolve upon immersion of the
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Figure 1 (A) SEM of Zn(OAc),/CA hybrid nanofibers with Zn(OAc), content of 18.2 wt %, inset: TEM of an individual
fiber shown in (A); (B) energy dispersive X-ray spectrum of specimen A; and (C) SEM of water washed fibers shown in

(A).

hybrid nanofibers in aqueous NaOH solution, OH™
can react with Zn** to form ZnO colloid precipitates.
These precipitates result in rough surfaces of the
treated hybrid nanofibers [Fig. 2(B)]. The ZnO col-
loid precipitates on the adjacent fiber surfaces mix
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together, causing the many binding sites among
fibers.

The ZnO precipitates formed from the hydrolysis of
zinc salt at ambient temperature usually do not pos-
sess good crystal structure and further hydrothermal

Figure 2 (A) FTIR spectra of hybrid nanofibers: (a) Zn(OAc),/cellulose acetate, (b) ZnO/cellulose-0 nanofibers, and
(c) ZnO/cellulose-120; (B) SEM image of ZnO/cellulose-0 nanofibers.
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TABLE I
Viscosity Molecular Weight (M,) of Cellulose
Time of
hydrothermal Time of photo M,

Sample treatment (h) irradiation (h) (x10°%)
ZnO/ cellulose-0 0 0 1.45
ZnO/ cellulose-30 0.5 0 1.48
ZnO/ cellulose-120 2 0 1.19
ZnO/ cellulose-120-a 2 6 1.14
ZnO/ cellulose-120-b 2 12 1.10
ZnO/ cellulose-120-c 2 24 1.15

treatment is required to induce good crystallization.*

Therefore in this work, ZnO/cellulose nanofibers
were solvothermally treated in glycerol bath at 180°C
for various time interval. This process is similar to the
preparation of ZnO nanocrystallites through hydro-
thermal method as reported in the literature.”> Com-
pared to the ZnO/ cellulose-0 nanofibers before solvo-
thermal treatment [Fig. 2(A,b)], FTIR spectrum of
ZnO/ cellulose-120 nanofibers shows an obvious char-
acteristic peak at 470 cm™' (vz,—o) for ZnO [Fig.
2(A,c)], indicating the presence of ZnO crystallites in
the hybrid nanofibers.>* Though cellulose is known to
be thermal stable with initial decomposition tempera-
ture at ~ 350°C, as determined by thermal gravimetri-
cal analysis,® the change of its molecular weight
should be a more accurate proof to assess the degra-
dation. Table I lists the M,, of cellulose component in
ZnQO/cellulose hybrid nanofibers treated for varied
time. The M, of cellulose in ZnO/cellulose-30 dis-
plays no difference with that of ZnO/cellulose-0.
However, the M,, of cellulose in ZnO/ cellulose-120 is
17.9% less than that of ZnO/cellulose-0, due to the
possible pyrolysis occurred at 180°C for 120 min. To
avoid large loss of mechanical strength and stability
of hybrid nanofibers induced by the pyrolysis, pro-
longed treatment time was not tried further.

Figure 3 shows the TEM images of ZnO/cellulose-
120 hybrid nanofibers after solvothermal treatment.
ZnO nanoparticles were clearly observed on the
fiber surface and in the interior of the fiber. The par-
ticles with size of over 25.10 nm are densely resided
on the fiber surface [Fig. 3(A)]. This phenomenon
was also observed in the preparations of ZnO/PVA
nanofibers® and of carbon black (CB)/poly(e-capro-
lactone) nanofibers.'”” A rod-like ZnO single crystal-
lite with size of 21.91 nm in length and 3.22 nm in
width is located ~ 1.5 nm beneath the fiber surface
[Fig. 3(A)]. Also the nanoparticles with size of ~ 30
nm in width are sparsely dispersed within the fiber
[Fig. 3(B)]. The ZnO nanoparticles in the interior of
the hybrid nanofibers proved that precursor
Zn(OAc), is also distributed inside the Zn(OAc),/
CA nanofibers, besides it is mainly located on the
near fiber surfaces. The presence of ZnO nanopar-
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ticles within the nanofibers also indicates that the
immersion of this precursor fiber into NaOH aque-
ous solution would allow the solution to permeate
into the fiber, then the reaction shown in eq. (2)
occurs when OH™ anions meet Zn(OAc),. Such-
formed ZnO colloids are contained in the solid cellu-
lose phase, and therefore they are prohibited from
aggregation to form large and dense ZnO precipi-
tates. Thus individual ZnO nanoparticle is formed
within the fiber. The reason for the successful pene-
tration of solvent molecules into the fiber is that
nanofibers are actually nanoporous materials, as pro-
ven by several research groups.’®* It is thought that
the nanopores are formed by the nucleation and
bubbling of solvent vapor in the bulk of the polymer
solution in the flying fiber, and most prevalent nano-
pores are in the order of several nanometers in di-
ameter, and the pores penetrate deep inside the
nanofibers.*

The HRTEM image [Fig. 3(C)] shows clear lattice
fringes without noticeable dislocations and stacking
faults, suggesting this ZnO nanoparticle is a defect-
free crystal. The d-spacing of the lattice fringe is
measured to be 0.247 nm, which is in well agree-
ment with the standard dijp; spacing value. Zhou
et al. reported a same d-spacing of the crystal ZnO
nanorods synthesized at 170°C for 144 h by reacting
Zn3N, with NaOH in ethylene glycol solution.*

Figure 4 shows the XRD pattern of ZnO/cellulose
hybrid nanofibers before and after solvothermal
treatment. The broad diffuse scattering peak cen-
tered at 18° is attributed to the amorphous phase of
cellulose nanofiber.’® The diffraction peaks in the
range of 30-70° on the XRD pattern of hybrid nano-
fibers (Fig. 4) coincide well with the standard pat-
tern of ZnO (JCPDS 361451), confirming the presence
of ZnO in the hybrid nanofibers. For ZnO/ cellulose-
30 and -120 nanofibers, the peaks corresponding to
102, 110, 103, 112, and 201 planes of ZnO emerge
from very weak to strong signals with increasing of
treatment time. The strong and resolute diffraction
peaks suggest that the as-obtained crystallites can be
indexed to hexagonal wurtzite structure of ZnO.
Using Bragg equation, the d10; spacing of the XRD
pattern of ZnO/cellulose-120 is calculated to be
0.247 nm, which is consistent with the measured
spacing value from HRTEM image. The intensity of
the characteristic peaks of ZnO crystals becomes
more pronounced as the solvothermal treatment
time was extended from 30 min (ZnO/cellulose-30)
to 120 min (ZnO/cellulose-120), indicating that the
content or purity of the ZnO hexagonal phase
increases with extension of treatment time. For ZnO
nanoparticles synthesized from the wet chemical
method by reacting zinc salts with bases, the result-
ant precipitates were usually amorphous and should
be further treated through hydrothermal treatment

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 3 (A) and (B) TEM images, (C) HRTEM images of ZnO/cellulose-120 nanofibers.

or calcination.”*” Similar to the effect of these ther-
mal treatment procedures on the formation of ZnO
nanoparticles, the solvothermal treatment at 180°C
in glycerol readily converts the low crystalline and
amorphous ZnO nanoparticles in the hybrid nanofib-
ers to ZnO nanocrystallites.

It is well-known that nano-sized ZnO shows
strong photocatalytic decomposition ability toward
organic pollutants due to its high photosensitivity
and large band gap.***' In this work, we further
tested the photocatalytic degradation efficiency of
ZnO/cellulose hybrid nanofibers toward RhB. The
degradation of RhB catalyzed by ZnO/cellulose
hybrid nanofibers under the irradiation of visible
light is illustrated in Figure 5. For RhB solution
without the presence of hybrid nanofibers, the irra-
diation caused slow concentration reduction of RhB,
and it reached 8.2% over 24 h of irradiation [Fig.
5(A)]. The adsorption of RhB on the hybrid nanofib-

Journal of Applied Polymer Science DOI 10.1002/app

ers was about 2% over 24 h in darkness. The decom-
position of RhB with the loading of ZnO/cellulose-
30 nanofibers [Fig. 5(B)] was very minor, because
these values are close to the sum of the adsorption
value of RhB on the fibers and the decomposition
value without the loading of catalyst. The ZnO/
cellulose-120 showed much stronger catalytic effi-
ciency in degradation of RhB. The degradation rate
reached 35.8 and 50.1% after irradiation for 6 and 24
h, respectively, [Fig. 5(C)]. Obviously, the photocata-
lytic efficiency of the hybrid nanofiber is closely cor-
related to the crystal structure of ZnO nanoparticles.
As shown in Figure 4, the crystallinity of ZnO nano-
particles in the ZnO/cellulose-120 is much higher
than that of ZnO/cellulose-30, so the former shows
stronger photocatalytic efficiency.

Comparing with the easy aggregation of ZnO
nanoparticles and the fragility of ZnO nanofibers in
the course of applications,® one of the most
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important advantages of ZnO/cellulose nanofibers
as catalyst is their stable dimension and durability.
They are easy to be recycled by separation from the
reaction medium. The ZnO/cellulose-120 nanofibers
were taken as an example. The recycled hybrid
nanofibers still showed acceptable photocatalytic
ability, though moderate loss of ~ 10% at corre-
sponding irradiation time was observed for its cata-
lytic efficiency [Fig. 5(D)]. It degraded 29.3 and
42.0% of RhB after irradiation for 6 h and 24 h,
respectively. Therefore, the ZnO/cellulose hybrid
nanofiber is a type of easy recyclable photocatalyst.
It can be potentially used as an effective environ-
mental cleaning material for the photo-degradation
of pollutants in water. It should be pointed out that
the densely residing ZnO nanoparticles on the outer
nanofiber surfaces would certainly play major roles
in accepting the photons to generate electron-holes
for the oxidative decomposition of RhB molecules,
whereas the photocatalytic efficiency of the low con-
tent of ZnO nanoparticles residing in the nanofibers
is still unknown at this stage. It is possible that the
embedded ZnO nanoparticles show minor or even
no photocatalytic activity because of the shielding
effect of the surrounding cellulose nanofiber matrix.
The stability of cellulose matrix under the irradiation
of visible light is important for the durability and/or
recyclability of ZnO/cellulose hybrid nanofibers. To
this end, ZnO/cellulose-120 min was examined as
an example. FTIR spectra (not shown here) of this
hybrid nanofibers before and after irradiation (for 6,
12, and 24 h) exhibited no new absorption bands
except the characteristic bands at 3370 cm™' and
1020-1640 cm ' for cellulose, indicating that the
main chemical structure of cellulose did not alter
under the applied photocatalytic conditions. The
chemical structure stability of cellulose in the TiO,/
cellulose film under the irradiation of simulated
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Figure 4 XRD patterns ZnO/cellulose-0, -30, and -120
nanofibers.
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Figure 5 The photocatalytic decomposition percentage of
RhB under the irradiation of visible light (A) without the
existence of ZnO/cellulose hybrid nanofibers; in the pres-
ence of (B) ZnO/cellulose-30 nanofibers; (C) ZnO/cellu-
lose-120 nanofibers; and (D) the second decomposition
process using recycled nanofibers from (C).

natural sunlight (~ 295-3000 nm) was also demon-
strated by Zecchina et al.** The M, of ZnO/cellu-
lose-120 after irradiation for varied time are shown
in Table I. No obvious M, reduction with irradiation
time was observed, suggesting that cellulose matrix
is photostable within the period tested in this work.

CONCLUSION

In this work, a new method for the synthesis of
ZnO/ cellulose hybrid nanofibers was established for
the first time. ZnO nanocrystallites were in situ
grown in cellulose nanofibers through the combina-
tion of electrospinning and solvothermal techniques.
The solvothermal treatment in glycerol at 180°C for
120 min induced the formation of hexagonal ZnO
nanoparticles on and within the nanofibers. This
hybrid nanofibers exhibited strong photocatalytic ef-
ficiency toward the degradation of RhB. Nearly 50%
RhB was decomposed after 24 h of irradiation under
visible light using a 500 W tungsten lamp as the
light source. This hybrid nanofibrous mats are read-
ily separated from the reaction media by simply
using a forceps. The recycled hybrid nanofibrous
mats still exhibited photocatalytic capability. Addi-
tionally, the cellulose matrix in the hybrid nanofibers
is photostable under the applied irradiation condi-
tions. Combining the benefits of ZnO and cellulose,
the ZnO/cellulose hybrid nanofibers are a durable,
elastic, solvent-resistant, and easy recyclable
photocatalyst.
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