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Abstract—The effect of needle diameter on the morphological
structure of electrospun n-Bi;Os/epoxy-PVA nanofibers has been
investigated using three different types of needle diameters. The
results were observed and investigated using two techniques of
scanning electron microscope (SEM). The first technique is
backscattered SEM while the second is secondary electron SEM. The
results demonstrate that there is a correlation between the needle
diameter and the morphology of electrospun nanofibers. As the
internal needle diameter decreases, the average nanofiber diameter
decreases and the fibers get thinner and smoother without
agglomeration or beads formation. Moreover, with small needle
diameter the nanofibrous porosity get larger compared with large
needle diameter.
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1. INTRODUCTION

ECENTLY, electrospinning; an advanced technique of

fiber fabrication, has gathered significant interest among
the researchers as it can fabricate different types of fibers
ranging from microscale (10 pm) to nanoscale (<1000 nm) in
diameter that has high surface area to volume ratio compared
with other methods of fiber formation such as template
synthesis, self-assembly, phase separation and drawing [1].
The fabricated fibers have been applied in many different
fields such as; tissue engineering, drug delivery system,
wound dressing, textile industry, cancer treatment as well as
for fabrication new radiation shielding material [2], [3].
Electrospinning process utilizes a high voltage power supply
imposed on a drop of polymer solution held by its surface
tension at the end of needle tip. The electrospinning process
initiation causes disturbance in the surface of polymer which
results in formation a polymer droplet with spherical shape
called as Taylor zone. Once the electrostatic repulsion prevails
the surface tension, a jet of polymer solution ejected from the
zone towards the target. As the jet travels through the air, the
solvent evaporates leaving behind an ultrafine fiber collected
on an electrically charged target [4]. Where the
electrospinning is a straight forward process for fiber
formation, it is still controlled by different parameters that can
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be adjusted to form different types of fiber morphology. These
parameters are classified into three main categories which are
solution parameters, instrumental parameters and ambient
parameters [5]. The polymer concentration, conductivity,
molecular weight and degree of polymer hydrolysis (DH) are
the most reported solution parameters by researchers as it can
affect the initiation and progress of electrospinning process [6]
whereas, potential difference, flow rate of polymer solution,
collection distance and needle diameter are the prominent
apparatus parameters that must be carefully selected as it can
influence on the morphology of electrospun nanofibers. Zhang
et al. reported that the diameter of PVA nanofiber was
increased from 553 nm to 1071 nm as the concentration of
PVA solution increases from 15 wt. % to 25 wt. % [7]. Thus,
their work concluded that the polymer concentration affected
the electrospun nanofiber diameters. In their other work, they
reported a similar result which proofing that increasing the
sodium chloride (NaCl) concentration from 0.05% to 0.2%
increase the average nanofiber diameter from 214 nm to 519
nm [7]. Meanwhile, another study done by Hekmati et al.
reported that only small solution droplets were formed with no
fibers formation occurred for the 5 wt. % of polyamide-6 (PA-
6)/formic acid polymer solution. As the solution was increased
to 15 wt.%, uniform, homogenous and thinner fibers were
fabricated [8]. The molecular weight effect on the morphology
of fibrous structure was studied by Tao et al. where they
reveal that as the molecular weight of PVA increased, the
fibrous structure changed from beads, beaded fibers, free
beaded fibers to flat fibers [9]. The same results were observed
by Mohammadian et al. where they found that with high
molecular weight of poly L lactic acid (PLLA), the minimum
concentration required to form uniform fibers without beads is
3.5%, while with low molecular weight, beaded fibers were
observed with 9% polymer concentration [10]. Chowdhury et
al. studied the effect of potential difference and solution flow
rate on the morphology of electrospun nanofibers. They
reported that the average nanofiber diameter decreases from
1353 nm to 1211 nm as the applied voltage increase from 12
kV to 18 kV, respectively. Regarding the effect of flow rate,
they found that feeding the polymer solution with low rate (0.2
ml/hr.) fabricate uniform fiber with cylinder shape as well as
thinner diameter compared with high feeding rate (0.3 ml/hr.)
[11].

Few studies contributed to study the effect of needle
diameter on the average electrospun nanofiber diameter. For
instance, Macossay el al. reported that there is no correlation
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between the needle diameter and electrospun poly methyl
methacrylate (PMMA) nanofibers [12]. Theoretically using
small needle diameter results in formation of small drop of
polymer solution with high surface tension compared with
large needle diameter, so as a result high potential difference
is required to overcome the surface tension and form a
polymer jet. The higher potential difference increases the
electrostatic force imposed on the polymer drop which is
responsible about stretching the jet and makes it thinner, so the
jet will get more thinner and small nanofiber diameter will br
collected on the ground plate [13]. Therefore, this study
investigates the effect of three different types of needle
diameters on the morphological structure of electrospun n-
Bi,0;/epoxy-PVA nanofibers using SEM.

II. EXPERIMENTAL DETAILS

A. Materials and Sample Preparation

Polyvinyl alcohol, PVA (molecular weight: 80,000-98,000;
hydrolysis rate: 99 %; density: 1.3 g/cm’) was purchased from
Sigma-Aldrich. FR 251 epoxy resin (Bisphenol-A diglycidyl
ether polymer) and FR 251 hardener (Isophoronediamine)
were purchased from Buehler company. Ethanol and N, N-
dimethylformamide (DMF) were used as solvent. Bismuth(III)
oxide (Bi,0;) (density: 8.9 g/em’, particle size: 10-100 nm)
was purchased from Sigma-Aldrich and it was used in this
study for X-ray attenuation for radiation shielding purpose.

PVA powder was dissolved in distilled water at 90 °C and
stirred for 2 h to ensure that powders dispersed uniformly.
Bi,0; was dissolved in ethanol with hardener by stirring for 10
minutes. Epoxy resin was dissolved by ethanol. The ratio of
epoxy resin to hardener was 4:1. The prepared PVA solution
was mixed with hardener and Bi,O; solution. After this step,

the solution was sonicated with epoxy-ethanol solution for 30
minutes at 60 °C to prevent the nanoparticle agglomeration.
The final step is mixing these two solutions together at 80 °C
for 15 minutes to get homogenized solution.

B. Electrospinning Process

The prepared composite polymer solution was poured into
plastic syringe with different internal diameter (ID) of needle
which are 0.84 mm, 0.26 mm and 0.21 mm. The flow rate was
1 ml/h. and the distance between the needle tip and the
collector was 27 cm. The solution was electrospinning at 12
kV and collected on ground plate for 5 hours.

C.SEM

Two types of SEM techniques were used. The first one is
backscattered SEM, while the second is secondary electron
SEM. Backscattered SEM was used to detect the Bi,O;
nanoparticles within the nanofibers for radiation shielding
purpose and it was done just for the first sample with 0.84 mm
ID. SEM investigates the nanofiber diameter using Quanta
FEG 650. The samples were coated with gold in two 60 s
consecutive cycles at 20 mA with Quorum Q 150 TS sputter to
prevent the electrical charges.

III. RESULTS AND DISCUSSION

SEM micrographs of Bi,Os/epoxy-PV A nanofibers obtained
with three different types of needle diameters are presented in
Figs. 1 (a)-(c). Fig. 1 (a) presents the backscattered SEM for
nanofibers fabricated with 0.84 mm ID, while Figs. 1 (b) and
(c) present the secondary electron SEM for nanofibers
fabricated with needles with 0.26 mm and 0.21 mm ID,
respectively.

Fig. 1 (a) SEM of Bi,0O5/epoxy-PVA nanofibers, using 0.84 mm ID of needle
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Fig. 1 (c) SEM of Bi,0s/epoxy-PVA nanofibers, using 0.21 mm ID of needle
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Fig. 2 Needle diameter and average nanofiber diameter obtained

As shown in Figs. 1 (a)-(c) there is a significant difference

in the morphology of electrospun n-Bi,O; /epoxy-PVA
nanofibers between the different types of needle diameters.
There was no electrospun nanofibers were fabricated with 0.84
mm ID as shown in Fig. 1 (a), while there is an electrospun
nanofiber with 0.26 mm and 0.21 mm ID, but with different
morphology. As shown in Fig. 1 (b), the fabricated fibers are
spindle, beaded and branched in shape with a lot of
agglomeration, while in Fig. 1 (c), the electrospun nanofibers
are thinner, smoother and bead free without agglomeration as
well as higher fiber porosity was observed with small needle
diameter compared with electrospun Bi,Os/epoxy-PVA
nanofibers with large needle diameter. In addition to, the
average diameter for 10-15 individual fibers was measured.
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With 0.26 mm ID, the average diameter was 2037 nm + 402,
while with 0.21 mm ID, the average was 615 nm =+ 22 as
shown in Fig. 2.

So, with small needle diameter, the fabricated nanofibers
were thinner, smoother and bead free without agglomeration
as well as high fiber porosity was observed compared with
large needle diameter.

These results have explained as follow, that with small
needle diameter, small drop of polymer solution will form at
the end of needle tip with high surface tension compared with
large needle diameter. Polymer with high surface tension
require to increase the potential difference to overcome the
high surface tension. Using high potential difference increase
a force called electrostatic force which is responsible about
stretching the polymer jet and divide it into many smaller jets,
so thinner and smoother nanofibers will be collected. These
results contradict with Macossay et al. (2007) [12] results,
where they reported that there is no correlation between needle
diameter and electrospun PMMA nanofibers.

IV. CoNcCLUSION

Small needle diameters with 0.21 mm ID fabricated thinner
and smoother nanofibers without agglomeration or bead
formation compared with large needle diameter 0.26 mm ID.
The porosity of nanofibers gets increase with decrease the
needle diameter from 0.26 to 0.21 mm ID, in addition to the
smaller fiber diameter results from smaller needle diameter.
These results contributed to electrostatic force which
responsible about stretching and thinning the polymer jet.

ACKNOWLEDGMENT

This work was financially support by Nippon Sheet Glass
Foundation for Materials Science and Engineering, Short-
Term Research Grant, USM, Malaysia (304/PFIZIK/6313249)
and Fundamental Research Grant Scheme (FRGS), Malaysia
(203/PFIZIK/6711564).

REFERENCES

[11 Zhuo, H., Hu, J.,, Chen, S., & Yeung, L. (2008). Preparation of
polyurethane nanofibers by electrospinning. Journal of Applied Polymer
Science, 109(1), 406-411.

[2] Shin, S. H., Purevdorj, O., Castano, O., Planell, J. A., & Kim, H. W.
(2012). A short review: Recent advances in electrospinning for bone
tissue  regeneration. Journal of tissue engineering, 3(1),
2041731412443530.

[3] Mirjalili, M., & Zohoori, S. (2016). Review for application of
electrospinning and electrospun nanofibers technology in textile
industry. Journal of Nanostructure in Chemistry, 6(3), 207-213.

[4] Teo, W. E., & Ramakrishna, S. (2006). A review on electrospinning
design and nanofibre assemblies. Nanotechnology, 17(14), R89.

[5] Thompson, C. J., Chase, G. G., Yarin, A. L., & Reneker, D. H. (2007).
Effects of parameters on nanofiber diameter determined from
electrospinning model. Polymer, 48(23), 6913-6922.

[6] Melo, G. H., Santos, J. P., Gualdi, A. J., Tsai, C. M., Sigmund, W. M., &
Bretas, R. E. (2017). Correlation between electrospinning parameters
and magnetic properties of BiFeO3 nanofibers. Electrospinning, 1(1),
73-86.

[7]1 Zhang, C., Yuan, X., Wu, L., Han, Y., & Sheng, J. (2005). Study on
morphology of electrospun poly (vinyl alcohol) mats. European polymer
journal, 41(3), 423-432.

[8] Hekmati, A. H., Rashidi, A., Ghazisaeidi, R., & Drean, J. Y. (2013).
Effect of needle length, electrospinning distance, and solution

]

[10]

(1]

[12]

[13]

concentration on morphological properties of polyamide-6 electrospun
nanowebs. Textile Research Journal, 83(14), 1452-1466.

Tao, J., & Shivkumar, S. (2007). Molecular weight dependent structural
regimes during the electrospinning of PVA. Materials letters, 61(11-12),
2325-2328.

Mohammadian, M., & Haghi, A. (2014). Systematic parameter study for
nano-fiber fabrication via electrospinning process. Bulg Chem Commun,
46, 545-55.

Chowdhury, M., & Stylios, G. (2010). Effect of experimental parameters
on the morphology of electrospun Nylon 6 fibres. International Journal
of Basic & Applied Sciences, 10(6), 70-78.

Macossay, J., Marruffo, A., Rincon, R., Eubanks, T., & Kuang, A.
(2007). Effect of needle diameter on nanofiber diameter and thermal
properties of electrospun poly (methyl methacrylate). Polymers for
Advanced Technologies, 18(3), 180-183.

Supaphol, P., & Chuangchote, S. (2008). On the electrospinning of poly
(vinyl alcohol) nanofiber mats: a revisit. Journal of Applied Polymer
Science, 108(2), 969-978.

299



