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Abstract 
Due to some intrinsic functional behavior of alginate, many potential applica-
tions in the healthcare industry especially in wound care sector are observed. 
Many researches have been carried out to develop potential biomedical bio-
compatible products in different forms from alginate fibres. Alginate nanofi-
bres were prepared from sodium alginate polymer with the presence of poly- 
(ethylene oxide) (PEO), a small amount of Triton ×100 surfactant. A homo-
geneous spinning solution was prepared for producing Na-alginate/PEO nano-
fibers in electrospinning device. Nanofibres were produced by electrospin-
ning from 70:30 and 80:20 Na-alginate/PEO of 4% solution. After a series of 
trials, the electrospinning parameters were optimized at 16 cm working dis-
tance, 0.4 mL/h flow rate and 10.5 kV applied voltage. The results show that 
the 4 wt% of 70:30 Na-alginate/PEO solution with 0.5 wt% Triton × 100 sur-
factant yielded smooth and stable electrospinning. The surface morphology of 
the fibres was investigated using Scanning Electron Microscope (SEM) and 
found the uniform fibres with an average diameter of 124 nm containing few 
thick or spindle-like fibres. FTIR investigation identified the chemical structure 
and molecular changes that occurred in the fibers. 
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1. Introduction 

Nanofibrous materials have potential applications in filtration, catalysis, and sens-
ing including sophisticated biomedical applications such as tissue engineering, 
drug delivery, artificial blood vessels, and wound dressing [1] [2] [3]. The chem-
ical, mechanical, structural, and biological properties of nanofibres from func-
tional polymers can be optimized to obtain maximum functional benefits. Algi-
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nate, a non-toxic natural polysaccharide, is one of the most popular biopolymers 
used to produce wound dressing materials [4] [5]. It can absorb large amount of 
wound fluid and form gel-like substance that maintains “moist healing” micro-
environment in the wound. When a calcium alginate fibre comes in contact with 
wound fluid an ion exchange reaction occurs between calcium ion (Ca2+) of cal-
cium alginate fibre and sodium ion (Na+) of wound fluid. As a result, Ca2+ is re-
leased to the wound which acts as a haemostatic agent to facilitate wound heal-
ing [6]. Moreover, calcium alginate turns to sodium alginate gel which provides 
“moist healing” microenvironment.  

Alginate fibres are conventionally produced using wet-spinning technique. In 
this process, a homogeneous Na-alginate viscous solution is prepared and then 
extruded through a fine spinneret. The extruded fibres are collected into a bath 
containing calcium chloride (CaCl2) solution to obtain insoluble calcium alginate 
fibres [5] [6]. The diameter of the fibres produced in this technique varies from 
few µm to few hundred µm. Due to its ability to absorb high volumes of wound 
fluid, and its role in supporting growing and spreading of epithelium in the wound, 
nanofibrous alginate dressings have attracted keen interest from researchers [2] 
[7] [8]. 

However, sodium alginate is not suitable for electrospinning which has been 
the most widely used by many researchers [9] [10] [11] [12]. This is because 
Na-alginate is a polyelectrolyte biopolymer that contains polyanions like chito-
san [13]. The polyanions of Na-alginate molecule repulse each other and hinder 
molecular chain entanglement. Moreover, Na-alginate especially with high gu-
luronic acid (G) content, which may turn into a gel easily, becomes too viscous 
for electrospinning at slightly higher concentration. These problems can be over-
come by adding a suitable copolymer and a small amount of surfactant to the 
Na-alginate solution. Research found that the hydrogen bonds between the po-
lyelectrolytes and poly(ethylene oxide) (PEO) polymer favor producing elec-
trospun alginate nanofibers [14] [15]. A specified proportion of Na-alginate and 
PEO along with a small amount of surfactant reduces the surface tension and 
viscosity which improves the electrospinnability and alginate content of the spin-
ning solution [1] [16]. As a result, the fibre forming ability of alginate/PEO solu-
tion would increase more, even at higher alginate content in the solution [17].  

Several studies have shown that 70:30 Na-alginate/PEO of 4 wt% polymer con-
centration yielded smooth nanofibres [2] [14] [16]. Thus, in the present study, 
70:30 and 80:20 Na-alginate/PEO of 4 wt% solutions were used for electrospin-
ning experiments to investigate the surface morphology of the nanofibres. This 
study comprises the systematic approach of electrospinning experiments and cha-
racterization of the fibres.  

2. Materials and Methods 
2.1. Materials 

Na-alginate (high G) powder was received from ConvaTec UK, PEO powder 
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(Mw = 900,000) and Triton ×100 were purchased from Sigma-Aldrich. The sy-
ringe (10 mL, BD Plastipak) and needle (18 G) were supplied by Beckton Dick-
inson Plastipak. All chemicals were used without further purification.  

Preparation of Spinning Solution 
Specific amount of Na-alginate powder (0.7 g) and PEO (0.3 g) were added with 
23.875 g distilled water in a 60 mL bottle by using a precision electronic balance 
to prepare 4 wt% of 70:30 Na-alginate/PEO spinning solution. A 0.5 wt% of Tri-
ton ×100 (0.125 g) surfactant was mixed to the spinning solution to improve the 
homogeneity and electrospinnability of the solution. Then the solution was stirred 
using a magnetic stirrer for overnight at room temperature (around 20˚C) to 
obtain a uniform spinning solution Similarly, 80:20 Na-alginate/PEO of 4 wt% 
solution was also prepared for electrospinning trials [17].  

2.2. Methods 
2.2.1. Instrumental Setup and Electrospinning 
The electrospinning process was employed to make nanofibres from Na-alginate/ 
PEO. The electrospinning device (Figure 1) consists of a pump (feed rate: 0.12 
mL/h - 120 mL/h; manufacturer: Kd Scientific, Holliston, MA), a high voltage 
(DC voltage) power supply (positive power supply: 0 - 30 kV DC; current: 
maximum 660 µA; manufacturer: Ormond beach FL32174), a grounded metal 
collector (height 220 mm and width 150 mm) and a syringe (10-mL Beckton 
Dickinson; manufacturer: Beckton Dickinson Plastipak) with a blunt tip needle 
(18 G; 1.2 mm diameter × 40 mm length; manufacturer: Beckton Dickinson 
Plastipak). The syringe, filled with spinning solution was fixed to the pump. The 
collector was placed opposite of the syringe needle at a predetermined distance 
from the needle tip. This is called working distance or air-gap distance. The sy-
ringe type (10-mL Beckton Dickinson), feed rate and volume of solution were set 
by using the control board. An aluminium foil with appropriate size was fixed 
on the collector metal plate by using adhesive tape. When all the parameters 
were set, the pump was started to allow to form a small droplet at the tip of the 
needle. Once the droplet of spinning solution appeared on the tip of the needle, 
an electric potential was applied by switching on the voltage supply. The expe-
riments were carried out at 12 - 20 cm working distance, 0.3 - 1.0 mL/h  
 

 
Figure 1. Schematic of an electrospinning and laboratory setup. 

https://doi.org/10.4236/jtst.2021.72008


M. F. Hossain, M. Rahman 
 

 

DOI: 10.4236/jtst.2021.72008 94 Journal of Textile Science and Technology 
 

feed rate, and 9 - 12 kV applied voltage to obtain smooth fibres. The continuous 
electrospun fibres were deposited on the foil, making a circular-shaped fibre 
collection zone (web). After allowing for a specific period of time of electrospin-
ning, the foil with deposited fibres was collected for drying 24 hours at room 
temperature to remove the residual solvents. For ensuring the safety, the elec-
trospinning rig was placed in a glass compartment, consisting of a safety mi-
cro-switch device which disconnects the voltage supply when the door is open. 
Moreover, an earthing rod was also mounted to neutralize the residual static 
charge in the device. All of the electrospinning experiments were carried out at 
room temperature.  

2.2.2. Characterization of the Nanofibres 
1) Surface morphology 
The surface morphology of the yielded electrospun nanofibres were examined 

by Field Emission Gun Scanning Electron Microscope (SEM) (PHILIPS XL30 
FEG-SEM). The electrospun fibre webs on the collector were cut into 0.5 cm × 
0.5 cm size and adhered on a specimen stub by carbon tape necessary for SEM 
purpose. The specimens were then coated with carbon using gatan Precision 
Etching Coating System (model: 682). The images were taken at 1000×, 2000×, 
10,000× and 20,000× magnification. The SEM operating parameters were set at 6 
kV accelerating voltage and spot size 3. The fibre diameters were manually 
measured by using the line-drawing feature of Image J software from 50 ran-
domly selected fibres from the 10,000× and 20,000× magnification images at 3 
different places. The Image J line drawing feature represents the line length in 
pixels. The pixels were converted to standard units of length measurements us-
ing the SEM image scale bar.  

2) FTIR analysis 
The chemical structure and molecular interaction between alginate and PEO 

were observed using Fourier Transform Infrared Spectroscopy (FTIR) (model: 
NICOLET5700 FT-IR; manufacturer: Thermo Electron Corporation). A typical 
FTIR provides the frequencies on basis of absorption of infrared light related to 
respective chemical bonds. The infrared spectra of absorption mode of the sam-
ples were obtained from FTIR spectrometer which was connected with a com-
puter. The FTIR records were taken at room temperature between 4000 cm−1 
and 400 cm−1 spectral ranges with 32 scans and a resolution of 4 cm−1. The test 
record was taken from the three different places of the samples.  

3) Solubility of the nanofibres 
The solubility of as-spun Na-alginate/PEO nanofibres was tested in accor-

dance with BS EN 13726-1:2002 section 3.7 dispersion and solubility of hydrogel 
dressings. In the procedure, the samples of 2 cm × 2 cm size were submerged in 
20 mL distilled water in a petri-dish and shacked for 2 minutes to allow dissolu-
tion, then left for 120 ± 10 min at room temperature. The fibre content was ob-
served visually (bare eye) to assess the solubility of the nanofibres. This test was 
carried out at 37˚C and repeated on three samples. 
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3. Results and Discussion 
3.1. Optimization of the Na-Alginate/PEO Electrospinning Process 

Table 1 shows the summary of the electrospinning trials of 4 wt% of 70:30 
Na-alginate/PEO and the effects of process parameters. During electrospinning, 
it was observed that feed rate and applied voltage influenced the process most. 
At a constant working distance and applied voltage, a higher feed rate yielded 
frequent droplets at the tip of the needle. However, lower applied voltage at con-
stant working distance and feed rate also produced droplets. After a series of tri-
als, the process parameters were optimized at 16 cm working distance, 0.4 mL/h 
flow rate and 10.5 kV applied voltage, which were consistent with previous stu-
dies [1] [16] [18]. However, the 4 wt% of 80:20 Na-alginate/PEO solution gener-
ated frequent droplets. This may have happened due to aggregation of higher 
content of Na-alginate in the spinning solution.  

3.2. Morphological Characteristics of the Na-Alginate/PEO  
Nanofibres 

Figure 2 shows the scanning electron microscope (SEM) images of nanofibres 
obtained from 70:30 and 80:20 Na-alginate/PEO of 4% solution. The results 
show that the 4 wt% of 70:30 of Na-alginate/PEO solution with 0.5 wt% Triton 
×100 surfactant yielded smooth fibres having an average diameter of 124 nm 
with some thick or spindle-like fibres. However, the 80:20 Na-alginate/PEO so-
lution produced beaded fibres with beads-on-string structure. Thick beads and 
fibre breaks were formed from 80:20 Na-alginate/PEO solution due to frequent  
 
Table 1. Summary of electrospinning trials. 

Experiment 
no. 

Working 
distance 

Feed 
rate 

Applied 
voltage 

Observations 

1 16 cm 0.5 mL/h 9 kV 
Stable jet, uniform deposition but 
slowly formed droplet 

2 16 cm 0.5 mL/h 10 kV 
Stable jet, uniform deposition but 
slowly formed droplet 

3 16 cm 0.5 mL/h 11 kV 
Stable jet, uniform deposition but 
slowly produced droplets 

4 16 cm 0.4 mL/h 9 kV 
Stable jet and uniform deposition but 
slowly formed droplets 

5 16 cm 0.4mL/h 10 kV Stable jet and uniform deposition 

     6 16 cm 0.4 mL/h 11 kV Stable jet and uniform deposition 

7 16 cm 0.3 mL/h 9 kV 
Stable jet and uniform deposition but 
slowly formed droplets 

8 16 cm 0.3 mL/h 10 kV Stable jet and uniform deposition 

9 16 cm 0.3 mL/h 11 kV Stable jet, uniform deposition 

10 16 cm 0.4 mL/h 10.5 kV 
Stable jet, uniform deposition 
(optimized process parameters) 
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(a) 

 
(b) 

 
(c) 

Figure 2. SEM images 2000× (inset 10,000×) of 4.0 wt% of 70:30 (a) and 80:20 (b) 
Na-alginate/PEO nanofibres; and fibre size distribution (c) of 70:30 Na-alginate/PEO na-
nofibres. 

https://doi.org/10.4236/jtst.2021.72008


M. F. Hossain, M. Rahman 
 

 

DOI: 10.4236/jtst.2021.72008 97 Journal of Textile Science and Technology 
 

droplet formation at the tip of the needle. This may have happened due to ag-
gregation of the solution which leads to incomplete stretching of the fibre jet. 
Similar findings were observed in previous studies [2] [16] [19] where the bead 
formation increased with increasing proportion of non-spinnable sodium algi-
nate in sodium alginate/PEO blend.  

The Figure 2(c) depicted the distribution of the fibres based on the diameter. 
The results found that the diameter of the fibres lies between 90 nm and 150 nm 
of 86% of fibres. However, the diameter of the 60% of the fibres found 110 nm to 
130 nm on which highest 36% at 110 nm. The findings indicate the uniformity of 
the nanofibers produced from 70:30 Na-alginate/PEO.  

3.3. FTIR Analysis 

Fourier Transform Infrared Spectroscopy (FTIR) was used to characterize the 
produced Na-alginate/PEO nanofibes. Figure 3 represents the FTIR spectra of 
pure PEO, Na-alginate and Na-alginate/PEO nanofibers in order within 4000 - 
400 cm−1 (a) and 2000 - 1000 cm−1 (b) spectral range. The Figure depicted the spec-
tral peak variation between PEO nanofibres, pure Na-alginate, and Na-alginate/PEO  
 

 
(a) 

 
(b) 

Figure 3. FTIR spectra of PEO nanofibres (A) Na-alginate (B), and Na-alginate/PEO na-
nofibres (C). 
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nanofibres. The chemical interaction between PEO and Na-alginate was confirmed 
by the FTIR findings. Due to chemical interaction, PEO showed some promi-
nent spectrum at 1100 cm−1 and 843 cm−1 for C-O-C (ether group) asymmetric 
stretch and bending vibrations. Na-alginate showed some characteristic bands at 
3336 cm−1 for -OH (hydroxyl group) stretching, 1593 cm−1 for COO-(carbox- 
ylate group) symmetrical stretching and 1410 cm−1 for COO-symmetrical stret-
ching. The asymmetrical absorption band for C-O-C of PEO was shifted from 
1100 cm−1 to 1095 cm−1 in Na-alginate/PEO nanofibre. The asymmetrical band 
of Na-alginate for COO− was shifted to 1612 cm−1 in Na-alginate/PEO from 1593 
cm−1. Furthermore, the hydrogen bonds formed between ether oxygen of PEO 
and hydroxyl group of Na-alginate in the Na-alginate/PEO nanofibres, which is 
confirmed by the stretching band of Na-alginate/PEO at 3336 cm−1. These chemi-
cal interactions reduce the repulsive force between polyanionic sodium alginate 
molecules, which ultimately positively influence the electrospinning. Hence, the 
findings from the FTIR analysis are similar to the previous studies [17] [19] [20] 
[21]. 

3.4. Solubility of the Na-Alginate/PEO Nanofibres 

The solubility of the Na-alginate/PEO nanofibres in water was assessed accord-
ing to BS EN 13726-1:2002 Section 3.7 dispersion and solubility of hydrogel 
dressings. It was found that the fibres had good solubility, and dissolved com-
pletely. In contact with water, the nanofibres were dissolved within 2 - 3 minute. 
This is expected because both sodium alginate and PEO are water soluble [6]. 
However, the produced Na-alginate nanofibers need to be treated with calcium 
chloride (CaCl2) to obtain insoluble alginate nanofibers [14]. Further study can 
be conducted to produce insoluble Ca-alginate fibres.  

4. Conclusion 

The study described the experimental procedure of electrospinning process of 
Na-alginate/PEO and optimized the process parameters to obtain uniform smooth 
nanofibres. Bead-free uniform fibres with an average diameter of about 124 nm 
were obtained from 4.0 wt% of 70:30 Na-alginate/PEO compositions. The di-
ameter of the 60% of fibres lies between 110 nm and 130 nm, and 86% lies be-
tween 90 nm and 150 nm. SEM analysis expressed the morphological characte-
ristics and FTIR identified the chemical structure and molecular change that 
occurred in the produced nanofibers. Then, these fibres can be deposited on 
other substrates to form composite materials such as wound dressing. However, 
these nanofibers cannot retain the structure when it comes in contact with water 
or wet substance. The nanofibres need to be converted to insoluble by cross-linking 
with calcium salt. Hence, the yielded nanofibres can be modified by chemical 
treatment with calcium chloride (CaCl2) to make them insoluble. 
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