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Polyacrylonitrile (PAN), cellulose acetate (CA), PAN-TiO2, and CA-TiO2 nanofibers were prepared using the electrospinning
technique under varying the loading of the TiO2 nanoparticles. The latter TiO2 nanoparticles were prepared using the sol-gel
method by varying the calcination temperatures. The absorption and emission spectra illustrated the formation of TiO2
nanoparticles with an increase in absorption band edges with smaller particles. The TEM results showed the spherical
morphology of the nanoparticles calcined at 500°C with an average diameter of 12:2 ± 3:3 nm. XRD analysis revealed anatase
phase as the dominant crystalline phase of the nanoparticles. TiO2 nanoparticle loadings of 0.2 and 0.4 wt% were incorporated
into 16wt% CA solutions while 1, 2, and 3wt% of TiO2 nanoparticles were incorporated into 10wt% PAN solutions. The SEM
results illustrated the lowering in diameter and morphology of the nanofibers upon incorporation of nanoparticles. Their
respective average diameters are 220, 338, 181, and 250 nm for PAN, CA, PAN-TiO2, and CA-TiO2 polymer fibers, respectively.
The morphology of the nanofibers improved while the diameter increased with an increase in polymer concentration. Different
loadings of TiO2 nanoparticles improved the electrospinnability and morphology and further decreased the size of the
nanofibers. FTIR spectroscopy signifies the formation of nanocomposites and the presence of TiO2 nanoparticles which
corresponded to the Ti-O stretching and Ti-O-Ti bands on the FTIR spectra.

1. Introduction

With the continuous growth of nanotechnology, nanoscale
materials have attracted more attention in the science and
research world. Nanomaterials are significant subset mate-
rials of nanotechnology with unique and superior properties
that differ from materials in a molecular form; these include
the physical and chemical properties, also high surface area
to volume ratio than their conventional forms [1–3].
Included in the nanoscale materials are the polymer nanofi-
bers, which are defined as fiber materials with a diameter in
nanometer to micrometer range [4, 5]. They are favored
accounting to their high surface-to-volume ratio, increased
mechanical strength, light weight, and controllable pore
structures [6]. In the company of different techniques
employed to produce fibers, electrospinning is favored

because of its ability of fabricating fibers with diameters
in micrometer scale and small diameter (nanofibers).
Nanofibers produced via electrospinning possess a high sur-
face area to volume ratio and found application in different
areas such as bioengineering, nanocatalysis, filtration, and
electronics [7, 8].

Electrospinning was first discovered in the early 1930s
and has been known since [9]. The process involves the use
of electrostatic forces applied on solutions or melts to pro-
duce fibers. Electrospinning setup consists of three primary
components: a high voltage power supply, a syringe with
metallic needle, and a grounded collector [10]. In the usual
electrospinning process, a high voltage is applied on the poly-
mer solution, which causes electrostatic charging of the drop-
let of the polymer [11]. A charged jet of polymer solution is
ejected from the tip of the needle when the applied electric
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field overcomes the surface tension of the polymer droplets
[12]. The interaction between the electric field and the sur-
face tension of the fluid stretches the jet stream, leading to
the evaporation of the solvent. This causes the jet stream to
be elongated and eventually travels to the grounded collector
through spiraling loops forming uniform fibers [5, 13].
The electrospinning process has various parameters that
influence the final fiber features [14]. The formation of
the electrospun nanofibers is influenced by the process
parameters such as tip to collector distance, applied electric
field, and the rate at which the solution flows [15, 16]. The
morphology and diameter of the electrospun nanofibers
depend on the solution parameters such as viscosity, molec-
ular weight, surface tension, and conductivity [17]. Electro-
spinning is a fast developing technique with many facets
ranging from a single-fluid process [18] to other modified
coaxial processes [19–21]. Electrospinning provides opportu-
nity to create novel nanomaterials and endow fibers new
functional properties.

Research has been conducted on the fabrication of PAN
and CA nanofibers using the electrospinning technique and
the experimental operational conditions. However, there
are a few reports regarding the effect of nanoparticle loading
on the morphology and diameter of the fibers. The incorpo-
ration of inorganic nanoparticles into polymer nanofibers
improves optical, catalytic, electrical, and thermal properties
of both the nanofibers and the nanoparticles. These proper-
ties of polymer nanofibers depend on the type of incorpo-
rated nanoparticles, their size, shape, concentration, and
interaction with polymer matrix [8]. Among various nano-
particles, titanium dioxide (TiO2) has been reported as the
most efficient nanomaterial in various areas ranging from
wastewater and air treatment to self-cleaning surfaces due
to its strong oxidizing power, high photo stability, economi-
cal, nontoxicity, and antimicrobial properties, and redox
selectivity can be supported on different substrates and its
ability to mineralize organic pollutants [22–24]. All these
exciting properties of TiO2 nanoparticles could be intro-
duced into polymers to form nanocomposite materials.

A sol-gel method has been an attractive method for the
synthesis of nanoparticles among other methods due to its
simplicity, low cost, and the production of desirable struc-
tural characteristics of the nanoparticles [19]. Most products
obtained via the sol-gel method are amorphous; hence, post-
treatment such as the calcination method is preferred to
modify the crystal phase, particle size, specific surface area,
and morphology of TiO2 nanoparticles for different applica-
tions [25, 26]. South Africa is still one of the countries with
abundance of titanium and other minerals. The beneficiation
of such mineral is explored by various researchers in many
disciplines. Incorporating TiO2 is just but one of the biolog-
ical related applications by its incorporation into biocompat-
ible polymer chosen for this study. This study describes the
synthesis of TiO2 nanoparticles using the sol-gel method
by varying the calcination temperatures of the nanoparticles
with a view to modifying the crystal phase, diameter, and
morphological properties of the resultant TiO2 nanoparti-
cles. The prepared TiO2 nanoparticles were incorporated
into PAN and CA polymers to produce PAN-TiO2 and

CA-TiO2 polymer nanofibers. Furthermore, the effect of
adding different content of TiO2 nanoparticles on the elec-
trospinnability of PAN and CA was studied.

2. Experimental Section

2.1. Materials. Titanium tetrachloride (TiCl4) (99%), deion-
ized water, NaOH, cellulose acetate (30,000 Mn), PAN
(Mw = 150,000 g · mol−1), methanol (99% purity), acetone
(99% purity), and N,N-dimethylacetamide (DMAc; Assay:
99%). The chemical reagents were supplied by Merck and
Sigma-Aldrich, South Africa, and used without further puri-
fication or treatment.

2.2. Experimental Procedures

2.2.1. Synthesis of TiO2 Nanoparticles. The TiO2 nanoparti-
cles were prepared by slowly adding 6mL of TiCl4 into
200mL of distilled water in a 250mL three-neck round bot-
tomed flask immersed in an ice bath (0°C) and stirred vigor-
ously. The flask was removed from the ice bath and was kept
in a magnetic stirrer to make a homogeneous solution for
45min at 90°C. The solution was cooled and neutralized to
a pH of 8.0 using 10M NaOH to aid the process of gelation
then heated again for 30min while stirring. Centrifugation
was used to separate the expected white gel from solution.
The precipitate was washed repeatedly with deionized water
to remove the chloride ions andmethanol to prevent agglom-
eration between precipitates. After a thorough wash, the pre-
cipitate was filtered and allowed to dry at 110°C in an oven
overnight. The dried material was crushed into powder using
a mortar and pestle and calcined in a programmable furnace
at different temperatures of 400, 500, and 600°C for 2 hours.

2.2.2. Preparation of PAN and CA Nanofibers and Their TiO2
Incorporation. CA was dissolved in a mixture of N,N-
dimethylacetamide (DMAc)/acetone (1 : 2 v/v) to prepare
16wt% solution for electrospinning. PAN was dissolved
in N,N-dimethylacetamide (DMAc) to prepare 10wt%
solution for electrospinning. PAN-TiO2 nanocomposites
were prepared by adding 1, 2, and 3wt% of TiO2 nanoparti-
cles. CA-TiO2 nanocomposites were prepared by adding 0.2
and 0.4wt% of TiO2 nanoparticles. Separately, the polymer
solutions were delivered through a 20mL plastic syringe fitted
with a stainless steel needle of tip dimensions of 1:20 × 38mm
at a flow rate of 0.040mm/min. A high-voltage power supply
was used to produce the voltages of 22 kV, and the distance
between the nozzle and the collector screen was kept at
15 cm. A stationary metallic roller covered with an aluminum
foil was used as a collector for the nanofibers.

2.3. Instrumentation

2.3.1. Optical Characterization. The optical measurements
were carried out using a PerkinElmer Lambda 25 UV/VIS
spectrophotometer (ELICO-SL-150). The samples were
placed in quart cuvettes (1 cm path length) using deionized
water as a reference solvent. A PerkinElmer LS 45 Lumines-
cence spectrometer was used to measure the photolumines-
cence of the particles at the excitation wavelength of
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320nm. The samples were placed in glass cuvettes (1 cm path
length).

2.3.2. Transmission Electron Microscopy (TEM). TEM images
of the synthesized TiO2 nanoparticles were obtained using a
HITACHI JEOL 100S transmission microscope operated at
80 kV. The nanoparticles were diluted in deionized water,
and a drop of the solution was placed on a carbon-coated
copper grid. The samples were dried at room temperature
prior to analysis.

2.3.3. Scanning ElectronMicroscopy (SEM). The diameter and
morphologies of the fibers were studied using the FE-SEM
(Leo Zeiss) scanning electron microscopy operated at
1.00 kV electron potential difference. The fibers were
carbon-coated before the analysis.

2.3.4. X-Ray Diffraction (XRD). The analysis of the nanoma-
terials was studied using wide-angle X-ray scattering
(WAXS) using a D8-Advance (Bruker miller Co) apparatus.
Cukα radiation with a wavelength of λ = 1:54Å was used,
and measurements were taken at high angle 2θ range of
5-90° with a scan speed of 0.02 q·s-1.

2.3.5. Fourier Transform Infrared (FTIR) Spectroscopy. FTIR
spectra of the nanomaterials are obtained from using a
Perkin-Elmer spectrum 400 FT-IR spectrometer ranging
from 450 to 4000 cm-1 with a resolution of 4 cm-1.

2.3.6. Thermal Gravimetric Analysis (TGA). Thermogravi-
metric analysis of the fibers and the composite fibers was per-

formed using a PerkinElmer STA 6000 simultaneous thermal
analyzer under nitrogen with a flow rate of 20°C/min using
about 2-4mg of sample at a temperature range of 30°C to
900°C at a heating rate of 10°C/min.

3. Results and Discussion

3.1. TiO2 Nanoparticles. TiO2 nanoparticles were prepared
using the sol-gel method as described in the experimental
section. The effect of calcination temperature ranging from
400 to 600°C was investigated to check its influence on the
formation of the nanoparticles. The sol-gel method increased
the possibility of obtaining ultrafine powders which have an
extremely large specific surface area. Calcination temperature
is one of the major factors influencing the composition,
structural, and optical properties of the nanoparticles [25].

3.1.1. Morphological Properties of the Nanoparticles. The
TEM images and the size distribution histograms of TiO2
nanoparticles prepared at different calcination temperatures
are shown in Figure 1.

The results showed that the particles are well distributed
with less agglomeration, and this is due to the temperature
effect. The nanoparticles appear to have spherical shapes with
different average particle sizes of 9.1, 12.2, and 14.0 nm at cal-
cination temperatures of 400, 500, and 600°C, respectively.
Particle size showed an increase with increasing calcination
temperatures, and this could be due to the interaction of
many adjoining particles resulting in more spherical large
particle sizes by melting their surfaces. Moreover, calcination

2 4 6 8 10 12 14 16 18
0

5

10

15

20

25

30

20 nm

N
um

be
r o

f p
ar

tic
le

s %

Particle size (nm)

(a)

6 8 10 12 14 16 18 20 22
0

5

10

15

20

25
N

um
be

r o
f p

ar
tic

le
s %

Particle size (nm)

20 nm

(b)

8 10 12 14 16 18 20 22 24
0

5

10

15

20

25

30

N
um

be
r o

f p
ar

tic
le

s %

Particle size (nm)

20 nm

(c)

Figure 1: TEM images of TiO2 nanoparticles prepared at different calcination temperatures and the size distribution histogram for samples
calcined at (a) 400°C, (b) 500°C, and (c) 600°C, respectively.
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of TiO2 nanoparticles enhanced the structural and morpho-
logical features especially the crystallinity [22].

Figure 2 shows the XRD patterns of TiO2 nanoparticles
calcined at different temperatures of 400, 500, and 600°C. It
was observed that, as the calcination temperature increased
from 400 to 500°C, the intensity of both anatase and rutile
peaks gradually increased and the removal of some small
peaks at lower calcination temperature was observed. As
the calcination temperature was increased to 600°C, both
the anatase and rutile phase became narrower, which indi-
cated the increase of crystallite size, as supported by the
TEM images, which is due to the increasing particle size of
the TiO2 nanoparticles. The highest peak at 2θ at 25.5° corre-
sponding to crystal plane (101) of anatase became thinner,
and the relative intensity was increased with the increasing
calcination temperature.

From the full width at the half maximum of the diffrac-
tion pattern, the crystal sizes were calculated by using Scher-
rer’s equation [27]. The crystallite sizes were 8.1, 9.4, and
10.3 nm at calcination temperatures of 400, 500, and 600°C,
respectively. The crystallite size increase may be attributed
to the increasing calcination temperatures. The narrow sharp
peak signifies that the crystalline phase of anatase was formed
and an increasing particle size. Strong diffraction peaks
representing the anatase phase are observed at 2θ values of
25.5°, 38.2°, 48.1°, and 62.44°, corresponding to the crystal
planes of (101), (103), (200), and (105), respectively. Rutile
phase was also identified at 2θ values of 27.5°, 41.2°, and
56.5° corresponding to the crystal planes of (110), (200),
and (211), respectively.

3.1.2. Optical Properties of the Nanoparticles. Calcination
temperature is one of the major factors influencing the struc-
tural and optical properties of the TiO2 nanoparticles. The

band gap energy (Eg) of the synthesized TiO2 nanoparticles
was obtained using the following equation:

Eg =
1240
λ

eV, ð1Þ

where Eg is the band gap electron volt (eV) and λ is the wave-
length of the absorption edges in the spectrum in nanometer
(nm) [28].

Figure 3 shows the influence of the calcination tempera-
ture on the light absorption characteristics of TiO2 nanopar-
ticles. The variation of the calcination temperature influences
the adsorption edges of the particles.

Figure 3(a) shows an increase in the absorption edges as
the calcination temperature was increased from 400, 500,
and 600°C with the adsorption edges of 322, 324, and
335 nm, respectively, showing blue shift from the bulk
adsorption edge of 388 nm. The synthesized TiO2 nanoma-
terials of band gap energy (3.85, 3.83, and 3.70 eV) are larger
than the value of 3.2 eV for the bulk TiO2 nanomaterials. The
decrease of the band gap with increasing calcination temper-
ature is due to the increasing nanoparticle size and crystallin-
ity improvement according to the XRD and TEM [28]. The
Tauc method was used to calculate the optical band gap of
TiO2 nanoparticles. The Tauc plot gives good approximation
of the indirect band gap energy of the nanoparticles. The plot
of ðαhvÞ1/r against hv reveals a linear region just above the
optical absorption edge, where r = 2 is used for direct allowed
transition, r = 1/2 is used for indirect allowed transition, and
hv is the photon energy (eV) [25, 29]. Figure 3(b) shows
the Tauc plot for band gap calculations. The blue shift
in the absorbance spectra of TiO2 calcined at 400, 500,
and 600°C is shown, and absorbance edge corresponds to
344, 342, and 341nm having band gaps 3.60, 3.62, and
3.64 eV, respectively.

Figure 4 shows the emission peaks of TiO2 nanoparticles
calcined at the above calcination temperatures with an exci-
tation wavelength of 320nm. Two broad emission peaks
appear at 383 nm and 408 nm, which are equivalent to
3.24 eV and 3.04 eV, respectively, showing the red shift from
the excitation peak. The difference in the broad PL spectra is
due to the various calcination temperatures illustrating the
mixed phase structure, surface microstructure, and sizes of
the TiO2 nanoparticles. A significant decrease in the exci-
tonic PL intensity of TiO2 was observed with increasing cal-
cination temperature due to the increase in particle size and
the high crystallinity. The PL spectra also revealed three
small peaks at wavelength range from 435 to 538nm which
are attributed to excitonic PL mainly resulting from surface
oxygen vacancies of TiO2 nanoparticles.

3.1.3. FTIR Spectral Analysis of Nanoparticles. Figure 5 shows
the FTIR spectra of TiO2 nanoparticles calcined at different
temperatures. The sharp and broad peaks observed in all
three spectra at 1690 cm-1 and 3400 cm-1 correspond to the
O-H bending and stretching modes, respectively, indicating
adsorbed water molecules in the nanoparticles. The peak at
2954 cm-1 corresponds to C-H stretching, which may be
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Figure 2: XRD patterns of TiO2 nanoparticles prepared at different
calcination temperatures of 400°C, 500°C, and 600°C.
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due to the use of methanol when washing during the prepa-
ration of TiO2 nanoparticles.

The peak in the region from 500 to 900 cm-1 is attributed
to Ti-O stretching and Ti-O-Ti bridging stretching modes,
due to the formation of TiO2 nanoparticles. The surface
absorbance water and hydroxyl group decreased slightly as
the calcination temperature increased, and this may be due
to the evaporation of a large portion of adsorbed water from
TiO2 and decrease of specific surface area and pore volume.

3.2. Effect of Nanoparticle Loading on the PAN and CA
Nanofibers. There are various factors that influence the fabri-
cation of desired fiber morphology and size such as the visco-

elasticity of the solution, charge density carried by the jet, and
the surface tension of the solution. These factors can be influ-
enced by additives added into the polymer solution. For the
incorporation of nanoparticles into polymer fibers, nanopar-
ticles prepared at 500°C calcination temperature were used
due to their mixed anatase/rutile phases and spherical shape.
Figure 6 shows the effect of TiO2 nanoparticles loading of 1,
2, and 3wt % on the morphology and diameter of the electro-
spun PAN nanofibers. It was observed that the diameter of
pure PAN nanofiber (228 nm) was thicker than that of
PAN-TiO2 composite fibers loaded with 1 and 2wt % TiO2.
The results indicated that the addition of the nanoparticles
led to a significant decrease in the fiber diameter.
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Figure 3: (a) Absorption spectra of TiO2 nanoparticles prepared at different calcination temperatures, 400°C, 500°C, and 600°C. (b) Tauc plot.
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This could be due to the increased electrical conductivity
which led to increased surface charge of the polymer jet, and
thus, stronger elongation forces were imposed to the jet,
resulting in more uniform fibers with a thinner diameter dis-
tribution. Therefore, incorporating TiO2 nanoparticles into
PAN solution enhanced the conductivity of the solution to
be electrospun, and as a result of this improved conductivity,
the produced fibers became thinner compared with fibers
produced from PAN solution. As the concentration of the
TiO2 nanoparticles was further increased to 3wt%, the fiber
morphology improved while the diameter increased to
259nm which is greater than that of pure PAN. The viscosity
of solution is known to influence the reduction process,
which is decreased, because a high and optimum concentra-
tion of polymer was used in combination with nanoparticle
addition. Figure 7 shows the effect of TiO2 nanoparticle load-

ings from 0.2 to 0.4wt% on the morphology and diameter of
the electrospun CA nanofibers.

Lower concentration loadings of TiO2 nanoparticles onto
CA were used as compared to the concentration loading of
PAN; this is due to the interaction of the nanoparticles with
the polymer solution. It was observed that when adding more
concentration of TiO2 nanoparticles onto CA, the solution
became more concentrated which hindered the formation
of the nanofibers due to the high viscosity, making it difficult
to control the flowrate of the polymer solution through the
capillary [11, 14]. It is observed that the fiber diameter of
pure CA is 338nm whereas the addition of 0.2 and 0.4wt %
nanoparticles improved fiber morphology with a decreased
average diameter of 192 and 250 nm, respectively. This
decrease in fiber diameter with the addition of nanoparticles
is attributed to the conductivity and charge density increase,
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Figure 6: SEM images and average fiber diameter distribution (e) of 10 wt% PAN and different loading of TiO2 nanoparticles at 10 wt% PAN
(a), 1 wt% (b), 2 wt% (c), and 3wt% (d) electrospun at 15 cm distance and 22 kV voltage.
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resulting in greater stretching and elongation of the jet,
thereby causing a reduction in the fiber diameter.

3.2.1. FTIR Spectral Analysis of the Polymer Fibers. Figure 8
shows FTIR spectra of pure CA, pure PAN, CA-TiO2, and
PAN-TiO2 nanocomposites. The main characteristic bands
for CA were assigned as follows: the adsorption peak at
3470 cm-1 corresponds to the hydroxyl group, the peak at
2931 cm-1 can be attributed to C-H stretching in the CH
and CH2 group, the peak at 1739 cm-1 can be attributed to
the C=O stretching, 1239 cm-1 and 1041 cm-1 are due to
CH3, and ether C-O-C functional groups were observed.

From the PAN spectra, the peak at 3482 cm-1 corresponds
to O-H stretching, 2932 cm-1 corresponds to C-H stretching
in the CH and CH2 group, 2241 cm-1 corresponds to the
C≡N stretching, 1750 cm-1 is due to C=O stretching,
1453 cm-1 is for C-H bending mode, and 1054 cm-1 corre-
sponds to C-O stretching mode. Comparing the FTIR spectra
of the pure PAN and CA to the CA-TiO2 and PAN-TiO2
composites, the characteristic peak of the O-H group was
shifted from 3482 cm-1 (PAN) and 3470 cm-1 (CA) to
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Figure 7: SEM images and fiber diameter distribution (d) of 16wt% CA and different loading of TiO2 nanoparticles at 16wt% CA (a), 0.2 wt%
(b), and 0.4 wt% (c) electrospun at 15 cm distance and 22 kV voltage.
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3531 cm-1 (PAN-TiO2) and 3497 cm-1 (CA-TiO2), respec-
tively. Similar shifts were observed for peaks at 2932 cm-1

and 1041 cm-1. The shifts of the peak positions can be
attributed to the formation of hydrogen bonding between
nanoparticles and matrix. The peak around 500 cm−1 corre-
sponds to Ti-O stretching and Ti-O-Ti bands [30, 31].

3.2.2. XRD Analysis of the Polymer Nanofibers. Figure 9
shows the X-ray diffraction patterns of 16wt% CA, 10wt%
PAN, CA-TiO2, and PAN-TiO2. The CA nanofibers reveal
two broad amorphous peaks in the range of 2θ = 15:0-25.8°
and 29.7-40.1° which correspond to its crystalline nature.
The XRD patterns of CA nanofibers immobilized with TiO2
nanoparticles and pure CA nanofibers are similar except
the diffraction peak that appears at 33.9° corresponding with
(002) plane. The broad peaks centered at 2θ = 20° and 34°

observed for PAN and PAN-TiO2 reveal the amorphous
nature of PAN.

PAN-TiO2 exhibited a diffraction peak of 2θ = 33:9°
corresponding with (002) plane. The amount of actual TiO2
nanoparticles immobilized onto the polymer was most likely
too low to be detected using the XRD technique. The PAN-
TiO2 exhibited diffraction peaks around at 28.9°, 31.8°, and
48.0°, corresponding to the (110), (111), and (200) crystal
planes of TiO2, respectively.

3.2.3. TGA Analysis of the Polymer Nanofibers. Figure 10 dis-
plays the thermogravimetric analysis of the electrospun com-
posite nanofibers in the temperature range of 30–800°C using
10mg samples with a heating rate of 10°C/min under a nitro-
gen purge at a rate of 10mL/min. The yield residual mass for
CA at 800°C was 12.7%, and the initial mass reduction was
3.6% weight loss up to 274°C attributed to the evaporation
of water and solvent molecules. The second weight loss was
from 274°C to 418°C; it was attributed to cellulose pyrolysis.
17.8% unburned carbonaceous residue was found at 418°C.
The TGA curve for CA-TiO2 has yielded a residual mass of
13.2% at 800°C, and the first mass reduction began at 286°C
associated with the evaporation of water. The second degra-
dation occurred from 286°C up to 420°C associated with

the main thermal degradation reaction of CA. The TGA
curves of CA and CA-TiO2 were almost the same due to
the less amount of TiO2 nanoparticles incorporated.

The PAN nanofibers’ first weight loss was 2.5% from
121°C to 338°C. From 338 to 358°C, the TGA curve showed
21% weight of residue associated with cyclization of nitrile
groups in PAN polymer chain [32]. From 358 to 474°C, the
TGA curve showed 44% weight loss which might be related
to thermal degradation reaction of PAN and the yield resid-
ual mass for PAN at 800°C was 52.5%. The PAN-TiO2 nano-
fibers’ first weight loss was 4.8% from 115 to 144°C. From 144
to 293°C, the weight of PAN was almost unchanged. 19%
weight loss up to 352°C was associated with opening of triple
bonds. From 352 to 460°C, the TGA curve showed 46%
weight of residue associated with decomposition reaction of
PAN. The crystallinity of the PAN nanofibers is reduced
due to the presence of the nanoparticles. Differential thermal
analysis (DTA) provides detailed information on the poly-
mer decomposition temperature.

4. Conclusion

Titanium dioxide nanoparticles were successfully prepared
using the sol-gel method under varying calcination tempera-
tures. The successfully synthesized TiO2 nanoparticles were
analyzed using UV-Vis, PL, FTIR spectroscopy, TEM, and
XRD. UV-vis spectroscopy confirmed that the TiO2 nano-
particles formed are nanosized with extended optical band
edge. TEM results showed spherical TiO2 nanoparticles with
increased particle size. XRD illustrated the increased crystal-
lite size due to the increase in particle size with increasing cal-
cination temperature. The FTIR spectra confirmed that
indeed TiO2 nanoparticles have been formed as demon-
strated by the peak at around 500 cm−1 corresponding to
Ti-O stretching and Ti-O-Ti bands. The effect of polymer
concentration applied voltage and the addition of TiO2 nano-
particles on the morphology and diameter of the electrospun
nanofibers were investigated. SEM images showed the
morphology and size of the fabricated polymer nanofibers.
Different loadings of TiO2 nanoparticles improved the
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Figure 10: TGA and DTA curves of 16wt% CA (a), CA-TiO2 (b), PAN-TiO2 (c), and 10wt% PAN (d) polymer fibers.
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electrospinnability and morphology and decreased the size of
the nanofibers. The FTIR spectra confirmed the presence of
TiO2 nanoparticles onto the polymer nanocomposites. This
study signified that the addition of TiO2 nanoparticles into
the PAN and CA electrospinning solutions improved the
morphology and electrospinnability and further decreased
the diameter of the nanocomposite fibers. All the fibers pre-
pared with nanoparticles incorporated in them are air and
moisture and thermally stable. Further optimization of the
blends as well as the concentration of nanoparticles in those
blends will be explored. This will be done in relation to other
parameters in electrospinning such as applied voltage and
other alternative coaxial processes.
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