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Abstract: Chitosan's favourable characteristics, such as biocompatibility, biodegradability, and bioactivity,
have made it a popular biomaterial and the subject of numerous studies over the last years. This study
investigates the enhancement of mechanical properties of chitosan fibres through wet impregnation using
tripolyphosphate (TPP) as cross-linker. A 1% w/v solution of TPP was prepared and five separate chitosan fibre
specimens were immersed individually in TPP solution for varying times (1, 2, 4, 6, and 8 hours). The specimens
were then characterized using FTIR, SEM, and dynamometry to evaluate their physical, chemical, and
mechanical properties. The FTIR results indicated successful interaction between the protonated amine groups
of chitosan and TPP ions, with the crosslinking reaction reaching completion after 2 hours of immersion. SEM
images showed that the surface of the fibres became rougher after the crosslinking reaction, suggesting the
formation of new chemical bonds. Mechanical testing revealed a significant improvement in tensile strength
for the treated samples compared to untreated ones, indicating successful strengthening through crosslinking.
The fibres demonstrate significant potential for use in wound healing dressings.
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1. Introduction

Chitosan has gained significant attention as a promising biomaterial for a wide range of
biomedical applications. Its biocompatibility, biodegradability, and bioactivity make it an attractive
candidate in the field. Researchers have extensively explored the use of chitosan in textiles, focusing
on properties such as antimicrobial activity, water absorption, and tensile strength, which play crucial
roles in these applications'5. Chitosan, a biopolymer, possesses a range of valuable physicochemical
properties such as solubility, reactivity, adsorption, and crystallinity. Additionally, it exhibits various
biological properties including biodegradability, antimicrobial activity, cytocompatibility, non-
toxicity, and fungicidal effects. Moreover, its beneficial characteristics like anti-cholesteremic and
antioxidant activities, macrophage activation, anti-inflammatory effects, stimulation of angiogenesis,
mucoadhesion, antitumor properties, promotion of granulation and scar formation, hemostatic
action, and facilitation of wound healing, position it as an exceptionally promising material for a
multitude of applications in the field of biomedicine6-. Chitosan fibers have found application in
tissue engineering for the fabrication and reinforcement of scaffolds. In recent studies, chitosan fibers
have been employed as a method of reinforcement to enhance the mechanical properties of scaffolds.
The mechanical properties of the fibers play a vital role in determining the overall mechanical
characteristics of the scaffold. Notably, chitosan scaffolds reinforced with high-mechanical-property
chitosan fibers exhibited a doubling in strength and a fivefold increase in stiffness compared to
scaffolds reinforced with fibers possessing lower mechanical properties 2. Chemical cross-linking
refers to intermolecular or intramolecular joining of two or more molecules by a covalent bond. The
reagents that are used for the purpose are referred to as 'cross-linking reagents' or 'cross-linkers'.
Physical and chemical cross-linking agents are the two main categories of cross-linking agents. For
chitosan, glutaraldehyde, formaldehyde, tripolyphosphate, and polyaspartic acid sodium salt are the
most commonly used as cross-linkers. However, at certain concentrations, glutaraldehyde and
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formaldehyde are considered toxic and raise health concerns and cause undesirable side effects. To
overcome this problem such non-toxic cross-linkers as genipin or TPP are used!® Chitosan's
distinctive properties make it suitable for a wide range of applications. Its ability to establish cross-
linked networks is an essential aspect of its functionality. Chitosan can be cross-linked using a variety
of cross-linkers or cross-linking agents. Tripolyphosphate (TPP) also sodium triphosphate (STP) or
sodium tripolyphosphate (STPP) is an inorganic compound it is the sodium salt of the polyphosphate
penta-anion, which is the conjugate base of triphosphoric acid. Some chitosan cross-linkers
commonly used are: glutaraldehyde, tricarboxylic acid'’, genipin'é, tripolyphosphate (TPP)"7, epoxy
compounds’®. The aim of this study is to enhance the mechanical properties of chitosan fibers through
wet impregnation using tripolyphosphate (TPP) as a cross-linker. The study evaluates the physical,
chemical, and mechanical characteristics of the treated fibers.

2. Experimental

In this section is shown the procedure to modify the surface of chitosan fibres with TPP by wet
impregnation method.

2.1. Reagents and Materials

- Deionized water

- Tripolyphosphate (TPP) (NasP:Ouw), Assay (unspecified): 90% min , Alfa Aesar.

- Chitosan fibres, concentration 7%, prepared at the Institute of Materials Science of Textiles and
Polymer Composites, Lodz University of Technology from chitosan powder commercial
product of Sigma-Aldrich; molecular weight 60 kDa; degree of deacetylation (DDA) 96%.

2.2. Fibre Impregnation Procedure

A solution of tripolyphosphate was prepared by dissolving TPP in distilled water at a
concentration of 1% w/v. In order to get the chitosan fibres ready for the crosslinking process, five
separate specimens of chitosan fibres were cut to the same weight of 1.0 g each. After that, each
specimen was then immersed individually in 100 cm? of TPP solution at room temperature for
varying immersion times of 1, 2, 4, 6, and 8 hours respectively. After each immersion period, the
specimens were carefully removed from the TPP solution and rinsed with distilled water to remove
any excess TPP solution. This process was repeated for each of the five specimens, and the resulting
samples were further characterized and evaluated for their physical, chemical, and mechanical
properties by means of FTIR, SEM and dynamometry in order to assess the effectiveness of the wet
impregnation method using TPP as a cross-linker.

3. Characterization of Fibres and Results
3.1. FTIR Spectroscopy

The infrared transmission and reflectance spectra were recorded in the range from 4000 to 600
cm-1 with a resolution 4 cm-1 and 32 scans.
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Figure 1. Infrared spectroscopy spectra graph, fibres samples 7% chitosan reference, 7% chitosan
impregnated with TPP 1, 2, 4, 6, and 8 hours.
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Figure 2. Absorbance area, amide/amine ratio for samples C7TPP 0, 1, 2, 4, 6 and 8 hours.

Based on the obtained results, the absorbance ratio at 1647 cm / 1587 cm! of samples C7TPP at
different time set points (0, 1, 2, 4, 6, and 8 hours) suggests that the crosslinking reaction between
chitosan fibres and TPP ions continued up to 2 hours of immersion, as indicated by the decreasing
absorbance ratio. However, after 2 hours of immersion, the absorbance ratio remained relatively
constant, indicating that the reaction had reached completion. This suggests that the reaction had
utilized most of the available protonated amine groups for cross-linking, and there were no more
significant changes in the chemical structure of the sample during the remaining immersion time.
Generally, the FTIR results suggest that protonated amine's interaction with TPP ions was successful
on the surface of chitosan fibres.

Following, the fibre’s morphology was studied and the mechanical properties were tested to
analyze if the cross-linking process improved the fibres’ tensile strength.
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3.2. Scanning Electron Microscope Images

The surface structure of the obtained fibres was analyzed using microscopy obtained by means
Scanning electron microscope Nova Nanosem 230.

The Figure 4 shows that after 2 hours of immersion C7TPP has a rougher surface than C7
(without TPP treatment) see (Figure 3); this suggests that the crosslinking reaction between chitosan
and TPP ions might have caused some roughness on the surface of the fibres. It could be due to the
formation of new chemical bonds between the chitosan and TPP ions, which can cause some
deformation in the surface’s morphology of the fibres. The pictures captured from the samples
immersed for 4, 6, and 8 hours exhibited a similarity to the images obtained from the sample after 2
hours of immersion.

C7TPP2H
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Figure 4. Fibres 7% chitosan impregnated with TPP 2 hours, SEM images a) 500x, b) 1000x and c)
2000x.

3.3. Tensile Strength Test

This test was performed according the International Standard ISO 2062:2009; Textiles — Yarns
from packages — Determination of single-end breaking force and elongation at break using constant
rate of extension (CRE) tester.
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Figure 5. Tensile deformation graphic, sample C7TPP after 2 hours of immersion.

Table 1. Tensile strength results, sample C7AATPP after 2 hours of immersion.

ifi h
Spect . ¢ strength at Relative elongation at
maximum force .
Number of (cN/tex) maximum force(%)
specimens tested Average Average
10 B

14.25 3.94

Standard 0.56 0.74
deviation

Coefficient of 263 10.89

variation
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Table 2. Comparison of results before and after TPP impregnation.

Specific strength at Fibre’s strength Fibre’s
Relative elongation at
maximum force improvement (%) elongation
Sample ID maximum force (%)
(cN/tex) improvement
Average
Average (%)
C7AA 12.39 3.59

C7AATPP 2 hours 14.25 3.94 15.01 9.75
C7AATPP 4 hours 14.20 3.89 14.60 8.35
C7AATPP 6 hours 14.22 3.87 14.76 7.80
C7AATPP 8 hours 14.17 3.90 14.36 8.63

There was a significant improvement in the strength of the sample C7TPP after two hours of
immersion, compared to the strength of the C7 sample that did not undergo the wet impregnation
treatment. This leads one to assume that the fibres were successfully strengthened by the crosslinking
reaction that occurred between chitosan and TPP. The increase in strength can be attributed to the
formation of a strong ionic bond between the positively charged amino groups of chitosan and the
negatively charged TPP ions, which creates a crosslinked network within the fibres. Additionally,
the increase in relative elongation at maximum force between the two samples suggests that the
crosslinking reaction has also made the fibres more ductile.

4. Conclusions

The surface of chitosan fibers can be modified using the wet impregnation method and TPP
through a cross-linking reaction. This modification leads to improved mechanical properties,
including up to 15% increase in tensile strength and up to 9.75% increase in relative elongation. These
enhanced fibers demonstrate promising potential for applications in wound dressings or scaffolds,
offering improved antibacterial and mechanical properties.
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