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Article type: Background and Objectives: The utilization of electrospun pads

Full Length Research Paper  incorporating cross-linking agents has garnered considerable interest in
recent years due to their enhanced mechanical and biological
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properties of electrospun pads composed of polyvinyl alcohol (PVA),
sodium alginate (NaAlg), and cellulose nanofibers (CNF).

Keywords:

Cross-linking type, Materials and Methods: Initial optimization of process variables was

El'ec”f‘?sp'””'”gx conducted to prepare the electrospun pads. A solution containing a blend
anoripers,

of PVA, NaAlg, and CNF was formulated, to which varying amounts
of cross-linking agents were added at different concentrations.
Electrospinning of these solutions was carried out under optimal
conditions, and the Tensile Strength of the resultant pads was evaluated.
Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy
(ATR-FTIR) and Scanning Electron Microscopy (SEM) analyses were
performed to assess the functional groups and morphology of the pads.
Response surface methodology (RSM) using central composite design
(CCD) was employed to investigate the impact of experimental variables,
with data analysis conducted using Design Expert 12.

Tensile strength

Results: Analysis utilizing Response Surface Methodology (RSM)
revealed a significant enhancement in the tensile strength of the
electrospun pads with the addition of crosslinking agents. Pads containing
calcium chloride and glutaraldehyde exhibited increases in tensile strength
by 77% and 40%, respectively. Moreover, citric acid and zinc chloride
boosted tensile strength by up to 29% compared to the control sample.
SEM images illustrated that calcium chloride brought the fibers closer and
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increased interconnections. ATR-FTIR results indicated alterations and the
formation of new functional groups, particularly in the stretching vibration
regions of O-H and C=0O bonds. Furthermore, ATR-FTIR analysis
demonstrated that the presence of calcium chloride facilitated interactions
of calcium ions with hydroxyl and carboxyl groups in the polymers,
leading to the establishment of hydrogen bonds and new linkages.

Conclusion: The incorporation of calcium chloride and glutaraldehyde as
cross-linking agents effectively enhanced the mechanical and structural
properties of the PVA-NaAlg-NFC electrospun pads. This study
underscores that the judicious selection of cross-linking agents can yield
electrospun pads with heightened strength, suitable for a range of research
applications. Additionally, this study serves as a blueprint for the
advancement of innovative materials in the realm of tissue engineering and
other biological and medical applications.
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Figure 1. Schematic of electrospinning machine.
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Table 1. Characteristics of cross-linking agents used in this research.
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Figure 2. Electrolysis process of polyvinyl alcohol, sodium alginate, nanocellulose, and crosslinker.
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A. Adjusting the distance between the nozzle and the collector B. Nanofibers assembled on the collector
C. Separated electrospinning pad D. Image of the pad with 10x magnification.
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Figure 3. A sample of the tensile strength test of the prepared electrospinning pad.
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Table 2. The composition of tensile strength model conditions based on the type of transverse connector and
voltage value.
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Table 3. The results of analysis of variance of the regression model of the effect of calcium chloride and voltage
on tensile strength.
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Figure 4. The effect of calcium chloride and voltage on the tensile strength of the prepared Electrospun pad.
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Table 4. The results of analysis of variance of the regression model of the effect of citric acid and voltage on

tensile strength.
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Figure 5. The effect of citric acid and voltage on the tensile strength of the prepared Electrospun pad.
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Table 5. The results of analysis of variance of the regression model of the effect of glutaraldehyde and voltage
on tensile strength.

Slaas P SlaasF Sl e Sl &35l 4 s Sla o § ez =
P-value F-value Mean Square df Sum of Squares Source
. .
PP 0.0002 28.73 0.5246 5 2.62 e
Significant Model
07,6 8
0.0084 13.14 0.2400 1 0.2400 AILE
Glutar (A)
W
0.0127 11.04 0.2017 1 0.2017
Voltage (B)
1.0000 0.0000 0.0000 1 0.0000 AB
<0.0001 89.44 1.63 1 1.63 A?
0.1868 2.14 0.0391 1 0.0391 B2
ole 3L
0.0183 7 0.1278 Lot
Residual
& ‘
0.0426 3 0.1278 o e
Lack of Fit
= gl
0.0000 4 0.0000 s
Pure Error
2l
12 275 Sl 8 e

Cor Total




VFay Y b)w Y 0,90 (JSa g e (59U g pole gL pid gt Ay g

Torade (N)

(igu)rtedS ool

(CulgalS)jlulg B voltage (K)

Tersile N) {5555} S olSoisl

oz
A: Glutar (cc)

EERIE A

odbang Glady 228 plSoual p 5Wy 5 ST, 8 - S
Figure 6. The effect of glutaraldehyde and voltage on the tensile strength of the prepared Electrospinning pad.
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Table 6. The results of analysis of variance of the regression model of the effect of zinc chloride and voltage on
tensile strength.
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Figure 7. The effect of zinc chloride and voltage on the tensile strength of the prepared Electrospun pad.
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Figure 8. SEM images of nanofibers (The most tensile).
A. Pad without crosslinker (control sample) B. calcium chloride cross-linking. C. histogram of
fiber diameter distribution using Image Pro Plus software.
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Figure 9. A. Standard spectra of links B. Comparison of infrared spectra.

Comparison of control chart (electrospun pad sample (polyvinyl alcohol/alginate/nanocellulose)) and
electrospun pad sample (polyvinyl alcohol/alginate/nanocellulose containing calcium chloride crosslinker).
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