Journal of Design and Textiles (JDT) ™
Volume 4 Issue 1, Spring 2025 '

ISSN(p): 2959-0868, ISSN(E): 2959-0876 DT =5
Homepage: https://journals.umt.edu.pk/index.php/jdt/index ?z

Opa0

/I ation Through Callaberation,
- eation and Vslue Creation
Article QR
&
Title: Process Optimization for the Production of Chitosan Nanofibers via
Electrospinning

Author (s): Muhammad Tauseef Khawar'2, Wasif Razzaq?, Amjad Farooq®*, and Zakariya Zubair?

Affiliation lDepartment of Clothing, School of Engineering & Technology, National Textile University,
(s): Faisalabad, Pakistan
>The University of Manchester, Manchester, United Kingdom
3Department of Materials, School of Engineering & Technology, National Textile University,
Faisalabad, Pakistan
“Nantong University, Nantong, China

DOI: https://doi.org/10.32350/jdt.41.04
History: Received: January 09, 2025, Revised: February 24, 2025, Accepted: March 26, 2025, Published:
May 12, 2025

Citation: M. T. Khawar, W. Razzaq, A. Farooq, and Z. Zubair, “Process optimization for the
production of chitosan nanofibers via electrospinning,” J. Des. Text., vol. 4, no. 1, pp.
71-93, June 2025, doi: https://doi.org/10.32350/idt.41.04.

Copyright: © The Authors

Licensing: This article is open access and is distributed under the terms of Creative

Commons Attribution 4.0 International License

Conflict of Author(s) declared no conflict of interest
Interest:

A publication of
School of Design and Textiles
University of Management and Technology, Lahore, Pakistan


https://journals.umt.edu.pk/index.php/jdt/index
https://doi.org/10.32350/jdt.41.04
https://doi.org/10.32350/jdt.41.04
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Process Optimization for the Production of Chitosan Nanofibers via
Electrospinning

Muhammad Tauseef Khawar "2, Wasif Razzaq *, Amjad Farooq *, and Zakariya
Zubair **

"Department of Clothing, School of Engineering & Technology, National Textile
University Faisalabad, Pakistan

*Department of Materials, The University of Manchester, Manchester, United
Kingdom

3Department of Materials, School of Engineering & Technology, National Textile
University Faisalabad, Pakistan

“School of Textile and Clothing, Nantong University, Nantong, China

ABSTRACT Chitosan (CS) is an important biomaterial recognized for its
wide-ranging applications in filtration, wound dressings, tissue engineering,
and as a natural antimicrobial agent. The incorporation of nanofibers
significantly enhances the filtration performance of materials by increasing
surface area. Chitosan-derived nanofibers can also impart antibacterial
properties to the resulting nanocomposite filter material. Consequently, the
electrospinning process was optimized to produce chitosan nanofibers at the
highest feasible concentration for filtration applications. Polyethylene oxide
(PEO) was utilized as a co-spinning agent, while glacial acetic acid (50%)
served as the solvent during the electrospinning process. Surface
morphology and fiber diameter were assessed using scanning electron
microscopy (SEM). The findings indicated that smooth nanofibers were
successfully produced from solutions containing 1% to 3.5% chitosan.
However, at concentrations of 4% or higher, the production of nanofibers
was impeded due to increased viscosity and surface tension of the solution.
Additionally, analysis of fiber diameter revealed that higher applied voltage
and greater working distance led to the formation of finer nanofibers. In
conclusion, the nanofibers produced at the maximum viable concentration
of chitosan demonstrate significant potential for antibacterial filtration and
biomedical applications.

INDEX TERMS Chitosan, concentration, electrospinning, filtration, fibre
diameter, nanofibers
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I. INTRODUCTION

Electrospinning is an effective technique for producing nanofibers,
integrating elements of both electrospray and solution dry spinning [1]. In
this process, a high voltage is applied between the needle tip of a polymer-
filled syringe and a collector, inducing a charge in the polymer solution [2].
As the electrostatic repulsion force surpasses the surface tension of the
polymer, a charged fine polymer jet is ejected from the Taylor cone and
collected on the opposite pole of the electric field. During its travel from the
tip to the collector, the solvent evaporates [3]. This method facilitates the
production of fine fibers with a high surface area, high aspect ratio, and
interconnected porous structure in the resulting membrane [4]-[7]. Due to
their versatility, electrospun nanofibers are commercially valuable in
various fields, including air filtration [8], drug delivery, tissue engineering,
and wound healing [9]-[11]. Both natural and synthetic polymers can be
processed through electrospinning for diverse applications.

Chitosan is a natural polymer and a widely occurring cationic amino
polysaccharide, derived from the deacetylation of chitin [12]. Chitin is
primarily sourced from the exoskeletons of marine organisms such as crabs,
prawns, lobsters, shrimps, and cephalopods [13]. It is also nontoxic,
biodegradable, and biocompatible [14]. Numerous studies have
demonstrated its antimicrobial properties against bacteria, fungi, and
viruses [15]-[17] making it a valuable biomaterial in medical and
biomedical applications [18], [19]. Chitosan can be converted into fiber
form via electrospinning [20] although its high viscosity and surface tension
often necessitate the use of co-spinning polymers. Common blending
partners for chitosan include alginate, collagen, poly (ethylene oxide),
starch, silk fibroin, and poly (vinyl alcohol) [21]-[23]. For instance,
chitosan-coated poly (L-lactic acid) membranes have been employed for
water filtration, effectively removing copper ions [24].

Research has also highlighted chitosan-based nanofibrous membranes for
antibacterial water filtration applications [25]. In one study,
polycaprolactone was used as a co-spinning agent, producing fibers with
chitosan concentrations ranging from 25% to 75%. The results indicated
that membranes containing 25% chitosan exhibited excellent filtration
performance against 300 nm particulates [26]. Another study reported the
successful production of chitosan nanofibers using polyethylene oxide
(PEO) as a co-spinning agent with 0.5 M acetic acid as the solvent, yielding
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smooth fibers up to 5 weights % chitosan with 20 weights % PEO.
Additionally, membranes composed of poly (vinyl alcohol-co-ethylene)
with chitosan and graphene oxide coatings demonstrated a 99.5%
inactivation rate against E. coli and S. aureus bacteria [27]. Research by
Rabea et al. also investigated the antibacterial properties of chitosan
nanofibers with PEO as a co-spinning agent [21], revealing effective
antibacterial activity against various Gram-positive and Gram-negative
bacterial species. They recommended these membranes for applications in
food packaging due to their bacterial disruption capabilities [20]. Despite
the advancements in producing chitosan nanofibers combined with PEO,
reported flow rates have been limited to 0.5 ml/hour, often requiring high
concentrations of PEO. There is a notable gap in the detailed optimization
of the electrospinning process for chitosan nanofibers, targeting a flow rate
of up to 1 ml/hour using low molecular weight chitosan. This study aims to
prepare solutions with varying weight percentages of low molecular weight
chitosan (1%, 2%, 3%, 4%, 5%, 6%, and 7%) in 50% glacial acetic acid,
using a fixed concentration of 3 wt% PEQ, to investigate the impact of these
parameters on surface morphology and fiber diameter.

II. EXPERIMENTAL
A. MATERIALS

The chitosan powder was sourced from Sigma Aldrich platform with a
molecular weight range from 50,000-190,000 Da. As per the information of
supplier, the chitosan powder was produced to give degree of deacetylation
between 75% to 85%. Co-spinning agent is very import to electrospun
chitosan as a solution due to its higher viscosity. Polyethylene oxide (PEO)
was blended chitosan in solution form as co-spinning agent for smooth
nanofibres production. Powdered PEO was sourced from the Sigma Aldrich
platform and later dissolved in glacial acetic acid to make solution blend
with chitosan. The molecular weight of PEO was 600 KDa. Glacial acetic
acid was used as a solvent to make separate solutions of PEO and chitosan
for proportionate mixing before fibre spinning as explained in Table 1. As
per the supplier information, the molecular weight of glacial acetic acid was
60 Da. To make 50% concentration of glacial acetic acid before using it as
a solvent, deionized water was added for the dilution.
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B. SOLUTION PREPARATION FOR ELECTROSPINNING

Chitosan powder of the appropriate amount (1g to 7g) was dissolved in a
solvent containing 50% (v/v) glacial acetic acid (as shown in Table 4.1) by
continuous magnetic stirring for 24 hours to obtain 1% to 7% (w/v) chitosan
solution. PEO (3g) was also dissolved in a solvent containing 50% (v/v)
glacial acetic acid separately by overnight magnetic stirring. After that, a
blend of each chitosan solution and PEO solution was prepared with 8:2
ratio respectively by four hours of continuous mixing. Every sample of
chitosan solution were prepared with the addition of co-spinning agent
PEO. As an example, 8 parts of the 1% (w/v) chitosan solution is mixed
with 2 parts of 3% (w/v) PEO solution to obtain the solution for
electrospinning of sample N1 TO N4 in Table 1. This means that the final
electrospinning solution contains 0.8% (w/v) of chitosan and 0.6% (w/v)
PEO. However, in all the prepared samples percentage contribution of PEO
remained 0.6% due to its fixed solution ratio, while chitosan percentages
were increased with increase of solution percentage. The solubility of
chitosan in glacial acetic acid enables the process to be non-toxic and eco-
friendly with respect to solvent usage.

TABLE I

ELECTROSPINNING PROCESS OPTIMISATION PLAN WITH
DIFFERENT % OF CHITOSAN

Chitosan Spinning Voltage Working
Sample ID  Solution Solution of (kV) Distance
(%) Chitosan (%) (cm)
NI 1 0.8 15 15
N2 1 0.8 15 10
N3 1 0.8 20 15
N4 1 0.8 20 10
N5 2 1.6 15 15
N6 2 1.6 15 10
N7 2 1.6 20 15
N8 2 1.6 20 10
N9 3 24 15 15
N10 3 2.4 15 10
N11 3 24 20 15
N12 3 2.4 20 10
School of Design and Textiles ,:@3 U MT 75
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Chitosan Spinning Voltage Working
Sample ID  Solution Solution of (kV) Distance
(%) Chitosan (%) (cm)

N13 4 3.2 15 15
N14 4 3.2 15 10
NI15 4 3.2 20 15
N16 4 3.2 20 10
N17 5 4 15 15
N18 5 4 15 10
N19 5 4 20 15
N20 5 4 20 10
N21 6 4.8 15 15
N22 6 4.8 15 10
N23 6 4.8 20 15
N24 6 4.8 20 10
N25 7 5.6 15 15
N26 7 5.6 15 10
N27 7 5.6 20 15
N28 7 5.6 20 10

Note. The % in the table refers to % of chitosan in the solution
C. ELECTROSPINNING PARAMETERS

The complete electrospinning phenomenon of Chitosan (CS) nanofibres
production and their deposition on a rotating drum-based collector is
pictorially explained in Figure 1. Each blended CS:PEO solution was filled
in a 20 ml syringe and fitted on the pump with a tight screw holder. The
needle blunt tip of a 19-gauge was used in the syringe to facilitate the
desired flow. 1 mL/hour flow rate and 15kV to 20 kV voltages were applied
for the production of nanofibres. The 10 cm distance between the needle tip
and the PP substrate wrapped collector was set to generate adequate electric
field for solution spinning. Sample identification of different % solution of
chitosan and process parameters for electrospinning are shown in Table 1.
All the experiments were performed in atmospheric condition (22+1 °C, 42-
45% RH). Electrospinning process for each combination of CS/PEO
solution was repeated thrice.
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FIGURE 1. Electrospinning setup to produce Chitosan nanofibres
D. CHARACTERIZATION

The surface morphology of electrospun chitosan-based nanofibres (CSNF)
was evaluated by using high performance field emission scanning electron
microscope (TESCAN MIRA3 GMU VP Analytical FESEM). Image
analysis was performed at 15kv voltage. The average fibre diameter (100
fibres each sample) was examined by using ImagelJ computer software.
Randomly chosen three hundred nanofibres in each CS/PEO combination
(as shown in Table 1) were selected for the quantification of surface
morphology.

ITII. RESULTS AND DISCUSSION

All the combinations of different concentrations of chitosan were
electrospun as per Table 1 process parameters. The results of all the samples
are given in Table 2 and graphically shown in Figure 2.
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TABLE II

ELECTROSPINNING RESULTS OF ALL COMBINATIONS OF
DIFFERENT % SOLUTIONS OF CHITOSAN

. . Average
Sample % Solution ~ Voltage Worklng Flbrg Fibre
. Distance  Formation Remarks . SD
ID of Chitosan kV) Diameter
(cm) Results
(nm)
N1 1 15 15 Fibres B 130 54
Production
N2 1 15 10 Fibres Smooth 163 61
Production
N3 1 20 15 Fibres Smooth 91 19
Production
N4 1 20 10 Fibres B 115 43
Production
N5 2 15 15 Fibres B 172 31
Production
N6 2 15 10 Fibres Smooth 207 53
Production
N7 2 20 15 Fibres Smooth 135 27
Production
N8 2 20 10 Fibres B 155 53
Production
N9 3 15 15 Fibres B 185 28
Production
N10 3 15 10 Fibres Smooth 227 53
Production
NIl 3 20 15 Fibres Smooth 154 23
Production
N12 3 20 10 Fibres Smooth 175 46
Production
N13 4 15 15 No Fibre B, NA  NA
wastage
N14 4 15 10 Beaded . NA  N/A
Fibres wastage
NI5 4 20 15 No Fibre ~ Solution NA  N/A
wastage
N16 4 20 10 No Fibre Solution NA  NA
wastage
N17 5 15 15 No Fibre B, NA  NA
wastage
NI8 5 15 10 No Fibre ~ Solution NA  N/A
wastage
N19 5 20 15 No Fibre ~ Solution NA  N/A
wastage
N20 5 20 10 No Fibre ~ Solution NA  N/A
wastage

Journal of Design and Textiles

Volume 4 Issue 1, Spring 2025



Khawar et al.

. . Average
Sample % Solution  Voltage Workmg F1br§ Fibre
. Distance  Formation Remarks . SD
ID of Chitosan kV) Diameter
(cm) Results
(nm)
N21 6 15 15 NoFibre ~ Solution NA  NA
wastage
N22 6 15 10 No Fibre Solution NA  N/A
wastage
N23 6 20 15 No Fibre Solution NA  NA
wastage
N24 6 20 10 NoFibre ~ Solution NA  NA
wastage
N25 7 15 15 NoFibre ~ Solution NA  NA
wastage
N26 7 15 10 No Fibre Solution NA  NA
wastage
N27 7 20 15 No Fibre Solution NA  N/A
wastage
N28 7 20 10 NoFibre ~ Solution NA  NA
wastage
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FIGURE 2. Impact of voltage and working distance on nanofibre diameter
(A) voltage impact on fibre diamter at 10cm working distance, (B) votage
impact on fibre diameter at 15cm working distance

A. (1%) CHITOSAN CONTAINING NANOFIBRES

Experimental results of 1% solution of chitosan nanofibres on two different
working distance and high voltages are shown in Table 2 with samples from
N1 to N4. All four samples showed smooth chitosan nanofibres without
beads. Figure 3 shows the surface morphology of samples N1 and N2 which
were produced at 15kv voltage while keeping the working distance at 15cm
and 10cm respectively. Results indicate that the average fibre diameter for
sample N1 was 130nm, while the maximum and minimum fibre diameter
was 56nm and 267nm respectively. In the case of sample N2, the average
fibre diameter remained around 163nm, while the maximum and minimum
fibre diameter was 66nm and 286nm respectively. Sample N1 showed
thinner fibre than sample N2, due to longer working distance.
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FIGURE 3. SEM image of 1% chitosan containing nanofibres at 15kv
voltage with (N1) working distance 15¢cm, (N2) working distnace 10cm

Figure 4 shows the surface morphology of samples N3 and N4 which were
produced at 20kv voltage while keeping the working distance at 15cm and
10cm respectively. Chitosan nanofibres produced from both samples are
uniform and bead free. The average fibre diameter for sample N3 was 91nm,
while the maximum and minimum fibre diameter was 28nm and 137nm
respectively. In case of sample N4, the average fibre diameters were
115nm, while the maximum and minimum fibre diameter value remained
at 55nm and 235nm respectively. Sample N3 also showed thinner fibre than
the sample N4, due to a longer working distance.

DA

FIGURE 4. SEM image of 1% chitosan containing nanofibres at 20kv
voltage with (N3) working distance 15cm, (N4) working distnace 10cm
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In general, long working distance promotes higher draft in the polymer jet
during electrospinning. However, bending instability (whipping instability)
of the jet in the presence of an electric field is also very important in this
phenomenon. Therefore, longer working distance accounts for higher
whipping instability of the jet and is responsible for the reduction of the
diameter of resultant fibre due to the acceleration and higher stretching
before the fibre deposition on collector [28]. As a result, fibre diameter
reduces with the increase of working distance, as shown by the thinner
fibres of samples N1 and N3 compared with those of samples N2 and N4.

Apart from the working distance, applied voltage is also very important to
study regarding nanofibres morphology. Results showed that the average
fibre diameter of chitosan nanofibres was also reduced with the increase of
applied voltage from 15kv to 20kv, with the same working distance as
reported in Table 2 and Figure 2. The average fibre diameter for samples
N1 and N3 remained at 183nm and 71nm having applied voltage 15kv and
20kv respectively. Similarly, sample N2 and N4 also showed same results
pattern with the increase of applied voltage respectively. Hence it can be
seen that applied electric field has inverse impact on fibre diameter and fibre
diameter reduces with the increase of higher voltage, due to higher stretch
induced in the polymer jet. Applied higher voltage generally determines the
strength of the electric field, the amount of charge carried by the polymer
jet and the strength of the interaction between the jet and applied electric
field. A higher voltage will lead to higher stretching of the polymer jet and
thinner fibre formation [29].

B. (2%) CHITOSAN CONTAINING NANOFIBRES

Experimental results of 2% concentration of chitosan nanofibres on two
different working distances and high voltages are shown in Table 2 and
Figure 2 with sample identification from N5 to N8. All four samples showed
uniform production of chitosan nanofibres without beads formation. Figure
5 shows the surface morphology of sample N5 and N6 at 15kv applied
voltage while keeping the path length 15¢m and 10cm respectively. Results
illustrated that the average fibre diameter value for sample N5 was 172nm,
while maximum and minimum fibre diameter value achieved 69nm and
315nm respectively. In the case of sample N6, average fibre diameters
value reported 207nm, while maximum and minimum fibre diameter value
achieved 78nm and 32 1nm respectively. However, sample N5 showed finer
fibre production as compared to sample N6, due to longer working distance.
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FIGURE 5. SEM image of 2% chitosan containing nanofibres at 15kv
voltage with (N5) working distance 15¢cm, (N6) working distnace 10cm

Surface morphology of sample N7 and N8 is showed in Figure 6, which
were fabricated at 20kv voltage while keeping the working distance 15cm
and 10cm respectively. Both samples of chitosan reported smooth and
uniform production of nanofibres as shown in Figure 6. Results indicated
that the average fibre diameter value for sample N7 was 135nm while
maximum and minimum fibre diameter value achieved 57nm and 296nm
respectively as reported in Table 2 and Figure 2. In the case of sample N8,
average fibre diameters value recorded 155nm, while maximum and
minimum fibre diameter value remained 63nm and 305nm respectively.
Comparatively, sample N7 also showed finer diameter fibre production

f‘" 2
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As explained in the previous section, working distance plays an important
role in the finer fibre production. Longer path length and whipping
instability lead to higher stretch and elongation of the polymer jet during
the acceleration from tip to the collector. As a resultant, fibre diameter
reduces with the increase of working distance. Conclusively, the same
theory applies here in all four samples of 2% chitosan concentrated
nanofibres and as a resultant, fibre diameter reduced with the increase of
working distance. In addition to tip to collector path length, a higher value
of applied voltage also reduced the diameter of developed nanofibres.
Results showed that the average fibre diameter of chitosan nanofibres was
also reduced with the increase of applied voltage from 15kv to 20kv, having
the same working distance as reported in Table 2 and Figure 2. Average
fibre diameter for sample N5 and N7 remained 172nm and 135nm having
applied voltage 15kv and 20kv respectively. Similarly, sample N6 and N8
also showed similar results with the increase of applied voltage. According
to literature, polymer jet stretching of the polymer jet and will favour thinner
fibre formation due to the strong electric field [30]. Therefore, the same
theory applied here in all samples of 2% chitosan concentrated fabricated
nanofibres.

C. (3%) CHITOSAN CONTAINING NANOFIBRES

Experimental results of 3% concentrated chitosan nanofibres are shown in
Table 2 and Figure 2 with sample identification from N9 to N12. All four
samples showed a smooth production of chitosan nanofibres.

FIGURE 5. SEM image of 3% chitosan containing nanofibres at 15kv
voltage with (N9) working distance 15c¢cm, (N10) working distnace 10cm
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Figure 7 shows the surface morphology of sample N9 and N10 which were
produced at 15kv voltage while keeping the working distance 15cm and
10cm respectively. Furthermore, the average fibre diameter value for
sample N9 was 185nm, while maximum and minimum fibre diameter value
achieved 72nm and 317nm respectively.

In case of sample N10, average fibre diameters value remained 227nm,
while maximum and minimum fibre diameter value achieved 80nm and
325m respectively. However, sample N9 showed thinner fibre production
from sample NI10, due to prolonged working distance during
electrospinning.

Figure 8 shows the surface morphology of sample N11 and N13 which were
produced at 20kv voltage while keeping the working distance 15cm and
10cm respectively. Results indicated that the average fibre diameter value
for sample N11 was 154nm, while maximum and minimum fibre diameter
value achieved 61nm and 302nm respectively. In the case of sample N12,
average fibre diameters value recorded 175nm, while maximum and
minimum fibre diameter value remained 66nm and 327nm respectively.
Comparatively, sample N11 also showed thinner fibre production from
sample N12, due to longer path length from tip to the collector.

.

‘4 e -
FIGURE 6. SEM Image of 3% chitosan containing nanofibres at 20kv
voltage with (N11) working distance 15cm, (N12) working distnace 10cm

Results also showed that the average fibre diameter of chitosan nanofibres
was also reduced with the increase of applied voltage from 15kv to 20kv,
having the same working distance as reported in Table 2 and Figure 2.
Average fibre diameter for sample N9 and N11 remained 185nm and 154nm

UMT 85
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having applied voltage 15kv and 20kv respectively. Similarly, sample N10
and N12 also showed similar results with the increase of applied voltage.
Impact of working distance and applied high voltage already explained in
previous sections and similar reasons of finer fibre production applied in all
samples of 3% chitosan concentration.

D. (4% TO 7%) CHITOSAN CONTAINING NANOFIBRES

Results of nanofibre production for all the samples of different
concentrations of chitosan are reported in Table 2 and Figure 2. Results
showed that nanofibre production remained smooth from 1% to 3% solution
of chitosan. However, fibre production was not achieved at 4% and above
chitosan concentrations due to gel formation of the prepared solution for
electrospinning. At higher concentration, solution wastage was higher and
the electrospinning process was unsuccessful due to the cohesive nature and
higher viscosity of chitosan solution. Furthermore, the higher concentration
of chitosan increases the amount of strong hydrogen bonding between —NH»
and —OH> groups of chitosan molecules and hinders the flow of polymer
solution which yields the unspinnable results. Therefore, higher voltage
above 20kv with adjustments in working distance, solvent and co-spinning
agent concentrations were required to further investigate the possibility of
nanofibre production for 4% and above chitosan concentrations.

However, the experimental plan was modified to investigate the possibility
of nanofibres production at 3.5% solution concentration of chitosan by
keeping the process parameters same as per Table 2 and Figure 2. Detailed
process parameters of 3.5% chitosan concentrated samples are shown in
Table 3 and results of nanofibre production are explained in Table 4.

TABLE III

ELECTROSPINNING PROCESS PARAMETERS FOR 3.5%
CHITOSAN CONCENTRATION NANOFIBRES PRODUCTION

Sample Chitosan Spinning Solution Voltage Working
ID Solution (%)  of Chitosan (%) Distance (cm)
N29 3.5 2.8% 15 15
N30 3.5 2.8% 15 10
N31 3.5 2.8% 20 15
N32 3.5 2.8% 20 10

Note. The % in the table refers to % of chitosan in the solution

86 @T Journal of Design and Textiles

Volume 4 Issue 1, Spring 2025




Khawar et al.

E. (3.5%) CHITOSAN CONTAINING NANOFIBRES

Experimental results of 3.5% concentrated chitosan nanofibres are shown
in Table 4 with sample identification from N29 to N32. The SEM analysis
was performed to analyse the surface morphology of all CSNF produced
samples (Figure 8 & 9).

TABLE IV

ELECTROSPINNING RESULTS OF 3.5% CHITOSAN
CONCENTRATION NANOFIBRES

. . Average
Sample % Solution  Voltage Workmg F1br§ Fibre
. Distance  Formation Remarks .
ID of Chitosan kV) Diameter
(cm) Results
(nm)
N29 35 15 15 No Fibre ~ Solution N/A N/A
wastage
N30 3.5 15 10 No Fibre ~ Sclution NA  NA
wastage
Low
Production
N31 3.5 20 15 Fibres and 119 49
solution
waste
N32 3.5 20 10 Fibres Smooth 186 57
Production

In the case of sample N29 and N30, fibre production remained unsuccessful
and solution wastage was higher due to higher surface tension. The applied
voltage for both samples was 15kv, which hindered to cope with the surface
tension of the prepared solution due to the higher concentration of chitosan
molecules. Furthermore, longer working distance also prevented the fibre
production for sample N29. Therefore, higher voltage and shorter path
length were required to fabricate the 3.5% chitosan concentrated solution.

Figure 9 shows the surface morphology of sample N31 which was
electrospun at 20kv voltage and 15c¢cm working distance. Results indicated
that the average fibre diameter value for sample N31 was 119nm, while
maximum and minimum fibre diameter value achieved 59nm and 296nm
respectively. Produced nanofibres were smooth and uniform. However,
solution wastage was also observed due to high flow rate and longer
working distance and fibre productivity also remained low. At the same
flow rate, working distance plays an important ole towards produced
electrify field at same applied voltage. Longer path length weakens the

School of Design and Textiles ;‘ﬁ‘q
Volume 4 Issue 1, Spring 2025 o

UMT 87



Process Optimization for the Production...

strength of the applied electric field, which is required to cope surface
tension of polymer solution for the acceleration and deposition of a jet in
the form of fibre. Therefore, due to greater working distance, the applied
electric field was not sufficient to electrospun the supplied quantity of
chitosan solution. As a resultant, solution wastage was also observed
parallel to chitosan nanofibre production.

FIGURE 7.SEM image of 3.5% chitosan containing nanofibres at 20kv
voltage with 15cm working distance

The SEM analysis of sample N32 depicted that produced nanofibres are
smooth and beads free (Figure 10). Histogram for the explanation of fibre
diameter distribution is also presented in Figure 11. The analysis elaborated
that produced chitosan nanofibres were consist of diameter range from 43
nm to 336 nm with an average of 186 nm. Furthermore, fibre productivity
was also improved due to the short working distance of 10cm and greater
strength of the applied electric field at 20kv voltage. Therefore, nanofibres
were successfully produced with a wide range of fibre diameter and the
higher concentration of chitosan which was desirable to investigate the
antibacterial property against gram negative bacterial species. Furthermore,
Addition of these fine nanofibres will be helpful to develop respiratory
filters having higher surface area and better filtration performance to cope
with the possible causes of respiratory diseases in textile workers.
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1) ot
FIGURE 8. SEM Image Of 3.5% chitosan containing nanofibres at 20kv
voltage with 10cm working distance
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FIGURE 9.Fibre diameter (Nm) histogram of 3.5% chitosan containing
nanofibres at 20kv voltage with 10cm working distance
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IV. CONCLUSION

This study successfully established optimal conditions for the production of
chitosan nanofibers through electrospinning, emphasizing the critical
influence of voltage and working distance on achieving finer fiber
diameters. The limitation of fiber production at concentrations above 3%
highlights the challenges associated with high viscosity and surface tension
in chitosan solutions. However, the successful generation of smooth
nanofibers at a 3.5% concentration opens avenues for further applications.
The resulting chitosan nanofibers, characterized by their elevated
concentration, hold significant promise for the development of composite
materials specifically designed for respiratory filtration. These findings
contribute to the broader field of nanofiber technology, particularly in
applications that require enhanced filtration performance, such as air
purification and biomedical uses. Future research will focus on integrating
these highly concentrated nanofibers into composite structures to assess
their effectiveness as respiratory filters, aiming to harness the inherent
antimicrobial properties of chitosan for improved filtration solutions.
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