Bibliotheque de Humanisme et Renaissance | ISSN : 0006-1999
Volume 82, Issue 3, 2022

Use of Chitosan in Surface Modification of Textile Materials

DANIELA ENESCU

Department of Natural and Synthetic Polymers, ““Gh. Asachi’” Technical University, 700050
lasi,

“Petru Poni” Institute of Macromolecular Chemistry, 700487 lasi, Romania

Abstract

Textiles have long undergone surface modification to improve their softness, dyeability,
absorbance, and wettability. Recent advances in textile chemistry have also approached textile
surface modification to impart antimicrobial activity, decreased skin irritation, and even enhancing
fragrance.

Chitosan is an effective natural antimicrobial agent derived from Chitin, a major component
in crustacean shells. Chitosan applied to textiles has been widely studied for effects such as shrink
resistance, improved dye uptake, and as auxiliary or anti-static agents, etc., because of the low
toxicity and good biocompatibility of this natural polymer. Coatings of Chitosan on conventional
fibres appear to be the more realistic prospect since, they do not provoke an immunological
response. In this article, | summarize some of the most recent development in surface modification of
textile using chitosan.
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Introduction

Textile goods, especially those made from natural fibers, provide an excellent
environment for microorganisms to grow, because of their large surface area and ability to
retain moisture. A number of chemicals have been employed to impart antimicrobial activity
to textile goods. Those chemicals include inorganic salts, organometallics, iodophors
(substances that slowly release iodine), phenols and thiophenols, antibiotics, heterocyclics
with anionic groups, nitro compounds, ureas, formaldehyde derivatives, and amines [1]. Many
of these chemicals, however, are toxic to humans and do not easily degrade in the
environment. The textile industry continues to look for eco-friendly processes that substitute
for toxic textile chemicals. From this point of view, chitosan is an excellent candidate for an
eco-friendly textile chemical.

Nowadays, the surface modification of textile fibres is considered as the best route to
obtain modern textile treatments [2]. It enables the required level of beneficial effect by the
modification of fiber surface only, thus minimizing whole fiber attack, and hence the
deterioration in fiber quality could be easily avoided. As one of the most promising
treatments, it was suggest by the Jocic & al. [3], the hydrogen peroxide or low-temperature
plasma (LTP) pre-treatment combined with biopolymer posttreatment [3]. Among various
available biopolymers, the polysaccharide chitosan (CS) is highly recommendable, since it
shows unique chemical and biological properties and its solubility in acidic solutions makes it
easily available for industrial purposes.

Chitosan is an abundant biopolymer, consisting of poly [B-(1-4)-2-amio-2-deoxy-D-
glucopyranose] - which is obtained after alkaline deacetylation of the chitin which is found in the
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exoskeletons of crustaceans, arthropods and mollusks, as well as the cell walls of certain fungi
(Figure 1) [4, 5]. Its production in nature has been estimated to be ca. 10°-10% ton/year [6].
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Figure 1. Chemical structures of chitin and chitosan

1. Preparation of chitosan

Chitosan is commonly prepared by deacetylating chitin using 40-50 % aqueous alkali
at 100-160°C for a few hours as described in Figure 2 [7]. The resulting chitosan has a degree
of deacetylation (DD) up to 0.95. For complete deacetylation if needed, the alkaline treatment
can be repeated but it is rarely achieved. The solubility in dilute agueous acids is obtained at
an extent of deacetylation of = 60 %.

O

Figure 2. Preparation of chitosan

2. Characterization of chitosan

Chitosan has two important structural parameters, which are degree of deacetylation
(DD) and molecular weight (MW). Its performance in physics and chemistry is determined by
the influence of these two parameters on such things as solubility, enrichment ions, the
mechanics of the chitosan membrane, flocculation, etc. In acidic solvents, the NH, group in
chitosan becomes a quaternary amino group and allows the chitosan to inhibit the growth of
many bacteria, including gram-negative and gram-positive ones.

2.1. Degree of N-deacetylation

An important parameter to examine closely is the degree of N-acetylation in chitin, i.e.
the ratio of 2-acetamido-2-deoxy-D-glucopyranose to 2-amino-2-deoxy-D-glucopyranose
structural units. This ratio has a striking effect on solubility and solution properties. Chitin
does not dissolve in dilute acetic acid, but if it is deacetylated to a certain degree,
(approximately 60 % deacetylation) it becomes soluble in acid and it is referred as chitosan.
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In chitin, the acetylated units prevail (degree of acetylation typically 0.9). Chitosan is the fully
or partially N- deacetylated derivate of chitin with a typical degree of acetylation less than
0.4. To define this ratio, a number of methods have been used such as FTIR spectroscopy [8],
UV spectroscopy [9], *H-NMR spectroscopy [10], *C solid state NMR spectroscopy [11], gel
permeation chromatography [9], titration methods [12], equilibrium dye adsorption [13],
elemental analysis [14], acid degradation followed by HPLC [14] and thermal analysis [15].

2.2. Molecular weight (MW)

Molecular weight (MW) is a very important parameter for the application of natural
and synthetic polymers. The MW of chitin and chitosan depend on its source and
deacetylation conditions (time, temperature and concentration of NaOH), respectively.
Chitosan obtained from deacetylation of chitin may have a MW over 100 kD, consequently, it
is necessary to reduce the MW by chemical methods to a much lower MW for easy
application as a textile finish. The MW of chitosan can be determined by several methods,
such as light scattering spectrophotometry [16], gel permeation chromatography and
viscometry [17].

3. Surface characterization

The type of analytical tools used in characterizing surface modified polymers depends
on the anticipated nature of the modification, the specificity required and the resources
available. Not only the quantity and activity of the attached bioactive compound must be
measured, but also the surface chemistry must be verified after each step in the modification
in order to validate the proposed mechanism by which the bioactive compound was
covalently attached.

3.1. Non-spectral methods

The spectroscopic and microscopic methods discussed in Section 3.2 are precise and
accurately describe changes in surface chemistry, but equipment is costly and analyses can be
time consuming, because surface functional groups become unstable due to highly reactive
which bring to a significant loss of surface reactivity between the time of functionalization
and the time of analysis [18-21]. The rapid and simple surface analytical techniques outlined
below can be useful during laboratory development prior to spectral confirmation.

3.1.1. Water contact angle
Water contact angle measures surface hydrophilicity by measuring how much a
droplet of water spreads on a surface. As shown in Figure 3, the lower the contact angle, the
more hydrophilic the surface is. As a surface becomes more oxidized, or has more ionizable
groups introduced to it, hydrogen bonding with the water becomes more facile and the droplet
spreads along the hydrophilic surface, resulting in a lower contact angle. Advancing contact
angle is measured by delivering a droplet of water to the surface and recording the height and
the width. Receding contact angle is measured by removing water just prior to a change in
droplet width and recording the resultant height.
Contact angle values can then be calculated from Eq. (1) [22,23]:
tan (05/2) = h/x @
in which 0s is the static contact angle, h is the droplet height, and x is half of the droplet
width.
Contact angle hysteresis can be calculated from Eq. (2):
CAH =0,-6, (2)
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in which 0a is the advancing contact angle, 0, is the receding contact angle, and CAH is the
contact angle hysteresis [24].

By taking contact angle with a range of buffered aqueous solutions varying in pH
value, it can be identified the surface pKa, which can be used to identify if a surface contains
acidic or basic functionalities [25]. Knowing surface pKa not only helps identify the nature of
the surface functional groups, but it aids in determining the proper pH for a conjugation buffer
in order to optimize covalent bonding. While contact angle is a simple and rapid measure of
the change of a surface’s hydrophilicity, it is limited by its inability to distinguish between
different hydrophilic functional groups and by the many ways error can be introduced into the
measurement, including the following: difference in operator measurement, inconsistent water
pH and hardness, and changes in environmental temperature and humidity.

~100° : Hydrophobic

~50° : Hydrophilic

~25¢ : Fully wetting

Figure 3. Schematic of contact angle

3.1.2. Zeta potential

The functional groups present on a modified polymer surface can introduce a high
surface charge density that is typically not present on untreated polymer surfaces. When such
a charged solid surface is in contact with a liquid phase, an electrical potential develops at the
interface. A double layer is established, with surface bound ionizable groups and tightly
bound liquid phase ions of opposite charge forming the fixed layer, and loosely bound liquid
phase ions of opposite charge forming the mobile layer (Figure 4). The zeta potential is the
change in potential across this double layer [26]. Commercial zeta potential analyzers are
available; bench top units can be set up as well.
Like water contact angle and surface titration, zeta potential can be used to determine surface
isoelectric points and quantify a change in surface ionizable groups [27, 28].
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Figure 4. Schematic of zeta potential

3.2. Spectroscopic and microscopic analysis

3.2.1. X-ray photoelectron spectroscopy (XPS)

XPS, or Electron Spectroscopy for Chemical Analysis (ESCA), determines the atomic
composition of a solid’s top several nanometers. Upon exposure to X-ray photons, a surface
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emits photoelectrons whose binding energies can be compared to known values to identify the
element and its oxidation state [29]. The resulting spectrum is a plot of intensity (arbitrary
units) versus binding energy (eV). The intensity of the ejected photoelectrons relates directly
to the material surface atomic distribution and can therefore be used to quantify percent
atomic composition and stoichiometric ratios [30, 29]. In addition to quantifying change in
surface atomic composition, XPS can be used to estimate extents of reaction by dividing
measured atomic concentrations by theoretical values calculated by assuming complete
conversion [31, 32].

In polymer surface modification, it is of interest to identify the presence of specific
functional groups. Curve synthesis can be used on high resolution scans to better understand
the nature of a bond, but curve fitting models must be chosen carefully, functionalities are
typically present in low concentration, and fitted curves overlap, making quantification
complex [33, 34]. A different approach to identifying presence of specific functional groups is
through the use of chemical derivitizing agents [32, 35-37].

3.2.2. Time-of-flight secondary ion mass spectrometry (ToF-SIMS)

Time-of-flight secondary ion mass spectrometry (ToF-SIMS)ToF-SIMS uses mass
spectrometry to determine the type and quantity of ionizable chemical groups of a surface’s
top nanometer [38]. When a surface is subjected to a beam of primary ions, it ejects secondary
ions, which are separated according to their mass to charge ratio in a mass spectrometer. The
resulting spectrum depicts signal intensity versus mass to charge ratio (m/z) and can be used
to gauge relative intensities of chemical species. It can also provide two-dimensional
chemical maps for use in establishing surface homogeneity [32] or designing micropatterning
for genomic arrays and biosensors [39]. The detection limit of ToF-SIMS is more sensitive
than XPS, on the order of parts per billion, however ionization of surface molecules is
dependent on sample matrix, and is therefore not quantitative. ToF-SIMS can be used to
complement XPS results by offering identification of chemical species [40]; it may also be
used to differentiate samples that have similar XPS spectra [38].

3.2.3. Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) uses infrared radiation to determine
the chemical functionalities present in a sample. When an infrared (IR) beam hits a sample,
chemical bonds stretch, contract and bend, causing it to absorb IR radiation in a defined
wavenumber. In attenuated total reflectance (ATR) FTIR, the incident IR beam first passes
through a ZnSe, Ge, or diamond crystal, improving the surface sensitivity of the technique.
The resulting plot is of absorbance (or transmittance) versus wavenumber. Sampling depth is
dependent on the infrared transmitting crystal used to internally reflect the incident IR beam
as well as the refractive index of the sample and is on the order of microns [38]. Although
ATR-FTIR has a relatively deep sampling depth, it does not require ultra high vacuum
conditions, as do XPS and ToFSIMS, and an analysis can therefore be conducted in less than
ten minutes [41]. ATR-FTIR can also be used to monitor migration of functional groups to the
polymer bulk [42].

3.2.4. Atomic force microscopy (AFM)

In AFM, a tip attached to a flexible cantilever moves across the sample surface to
measure surface morphology on an atomic scale. The change in surface height is then
measured by the location of the reflected laser beam in the quadrant photodetector, and a
surface topographical map is generated from which surface roughness values can be
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calculated [43]. AFM can operate with a resolution of thirty by less than one angstroms
(lateral by vertical) [43]. Surface roughness is an important parameter in biomedical
materials, as it may affect cell adhesion [44]. In the case of vascular prostheses, increased
surface roughness can compromise hemocompatibility as turbulent blood flow may initiate
hemolysis [45]. Because AFM has subnanometer resolution and is capable of conducting
measurements in physiological conditions, it has been used to study a range of biological
molecules (proteins, DNA, RNA, tissues, etc.). This ability to observe biofunctionalized
surfaces in their native environment would benefit from faster scan rates such that the activity
of immobilized biomolecules could be directly observed.

3.2.5.Scanning electron microscopy (SEM)

When a sample is bombarded with electrons, it emits secondary electrons and X-rays.
The intensity of the secondary electrons is detected to generate a high resolution three
dimensional surface image. X-rays can be detected to conduct elemental analysis. SEM is not
as surface sensitive as other techniques, and non-conducting polymers must be sputter-coated
prior to analysis [38, 46]. Nevertheless, it is one of the more widely available tools in surface
analysis, and it is thus often used to measure surface topography [47-50].

4. Application of chitosan in surface modification of textile materials

Chitosan applied to the textile industry, as an antimicrobial finish, became popular due
to its ability to provide protection against allergies and infection diseases, coupled with
moisture retention and wound healing capabilities.

The prime focus for chitosan as an antimicrobial treatment has been on cotton. Early
work indicated that the antimicrobial effect was potent against a range of microbes, but the
finishing was not durable [51]. To improve durability, chitosan has been crosslinked to cotton
using chemicals such as dimethyloldihydroxyethyleneurea (DMDHEU), citric acid, 1,2,3,4-
butanetetracarboxylic acid (BTCA) or glutaric dialdehyde [52-55]. These chemicals, some of
which are used in cotton durable press, crosslink chitosan to cotton through hydroxyl groups.
Antimicrobial activity with a durability of up to 50 washes has been reported in some of these
studies. Ye & al. [56, 57] synthesized nanoscale core—shell particles of poly(n-butyl acrylate)
cores and chitosan shells and applied them to cotton fabrics in a pad-dry—cure process. The
antibacterial activity was maintained at over 90 % reduction levels after 50 washes.

Mehta & al. [58] reported that chitosan improves the dye coverage of immature fibres
in cotton dyeing and that it could be successfully used as a thickener and binder in pigment
printing of cotton [59].

Since cotton fibers contain large amounts of hydroxyl groups they are highly
hydrophilic. In addition, the fiber crystallization is low, so that when cotton fibers absorb
water, the bonding force among cellulose molecules is reduced markedly, which causes
swelling. Therefore, when cotton fabrics are twisted or rubbed when being washed or worn,
the cellulose macromolecules shift and undergo plastic deformation. Consequently, the fabric
shrinks and wrinkles. The primary method of minimizing creases in cotton fabrics when
washed or worn is to use appropriate agents to cross-link the cellulose molecules in the fiber.
This prevents the relative displacement of the cellulose molecules in cotton fibers when
washed or worn. Crease resistance results from increasing the elasticity of the fibers [60].

Kuo-Shien Huang & al. [61] used H,O, to degrade chitosan to low molecular-weight
chitosan (LWCS), which was then mixed with an anti-creasing agent (dimethylol dihydroxyl
ethylene urea) to produce the finishing agent, and then applied in the anti-creasing treatment
of cotton fabrics. The results showed that the antiwrinkle property of all process fabrics is
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decreased obviously after washing 20 times, the softness of the fabric was improved, and the
strength of the fabric decreased slightly after the wash treatment.

Sang-Hoon Lim & al. [62] created a fiber-reactive chitosan derivative, O-
acrylamidomethyl-N-[(2-hydroxy-3-trimethylammonium)propyl] chitosan chloride (NMA-
HTCC), which was applied to cotton fabrics by a cold pad-batch method in the presence of an
alkaline catalyst to evaluate its use as a durable antimicrobial textile finish. The antimicrobial
activities of the NMA-HTCC treated cotton fabrics were evaluated quantitatively against
Staphylococcus aureus. The cotton treated with NMA-HTCC at a concentration of 1% on
weight of fabric showed 100% of bacterial reduction. The activity was maintained over 99%
even after being exposed to 50 consecutive home laundering condition [62].

A method of improving the dyeability of cellulosic fabric with reactive dyes was
proposed by Weltrowski [63] involves pretreating the fabric with an oxidizing agent, applying
chitosan oligomers to the fabric, stabilizing the product of this step by treatment with a
reducing agent solution, and dyeing the resultant product with a reactive dye.

In addition to improving dyeability, chitosan has been used for durable press and
antimicrobial finishing of cotton with citric acid by means of the conventional pad-dry-cure
process [55]. Citric acid was expected to react with hydroxyl groups in cellulose and chitosan
or with amino groups in chitosan to form ester crosslinking or interionic attraction. The
treatments improved durable press appearance and antimicrobial properties, and the properties
were retained through twenty washing and tumble-drying cycles.

Lee & al. [54] treated samples with chitosan and fluoropolymers using the pad-dry-
cure and pad-cure methods, respectively, to impart barrier properties against microorganisms
and blood to 100 % cotton and 55/45 % wood/polyester spunlaced nonwoven fabrics. They
assessed the antimicrobial activity and blood repellence of the samples and measured the
mechanical properties to investigate the effect of finishing on handle with the KES-F system.

Huh & al. [64] prepared chitosan-grafted poly(ethylene terephthalate) (PET) (C-PET)
and quaternized chitosan-grafted PET (QC-PET) [64] against S. aureus, C-PET and QC-PET
showed high growth inhibition in the range of 75-86 % and still retained 48-58 % bacterial
growth inhibition after laundering. Several other studies confirmed [65-71] the effect of
chitosan as an antibacterial finishing agent.

While the application of chitosan on cellulosic textiles improves dyeability, soil
release properties, and antimicrobial activity, treatment of polyester fabrics with chitosan
imparts a significant antistatic effect. Matsukawa & al. [72] treated polyester fabric with
chitosan, hydrolyzing the surfaces with caustic soda solution to incorporate the functional
groups (-COOH). They reported that the strength of the polyester fabrics decreased greatly
with the alkali treatment but recovered with the chitosan treatment.

Recent studies in medical textiles have resulted in progress in modification of
traditional materials that are widely used as wound care products [73-79]. Alginate filaments
coated by chitosan are developed for advanced wound dressings [80].

Cotton fabric surface modified by chitosan absorbs antibiotic molecules from aqueous
solution. The quantity of absorption depends on the degree of modification of the samples.
The higher degree of modification the higher amount of antibiotic can be bonded by the
textile. Such cotton textile finishing enables to achieve therapeutic new generation dressings
for protection of surgical wounds against infections [81].

Wound dressings have also undergone surface modification to impart antimicrobial
activity. Chitosan has been covalently linked to carboxylic acid functionalized
poly(propylene) (PP) using water soluble carbodiimide chemistry. The resulting material
showed enhanced wettability and antimicrobial activity against Pseudomonas aeruginosa [82].
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Hirano & al. [83] recently reported on their study of chitosan fibers combined with
acidic glycosaminoglycans namely hyaluronic acid, chondroitin sulfate, dermatan sulfate and
heparin [89]. Filaments of approximately 25 cm were fabricated into cotton-like staple fibers.
The fiber materials were found to contain between 5 % to 33 % of glycosaminoglycans. The
presence of glycosaminoglycans made the fiber mechanically weaker, but the
glycosaminoglycans was found to be released indicating an alternative wound healing
approach.

Wool fibre, based on a protein called keratin, consists of two major morphological
parts: cortex cells (90 % of the wool’s weight) and the surrounding cuticle cells (10 % of the
wool’s weight). The surface of the cuticle cells is highly hydrophobic due to covalently bound
fatty acids [84]. The morphology of the wool fibre surface plays an important role in textile
finishing processes. The covalently bound fatty acids and the high amount of disulphide
bridges make the outer wool surface highly hydrophobic. Especially in the printing and
dyeing of wool, the hydrophobic character of the wool surface is disturbing. Diffusion of the
hydrophilic dyes at and into the fibres is hindered [85]. For this reason, the hydrophilicity and
dyeability properties of the wool fibre should be developed.

A method for improving the dyeability of wool fabric with reactive dyes was proposed
by Julia & et. [86], involves pre-treating the fabric with an oxidising agent, applying chitosan
to the fabric. Other authors reported that the dyeability of wool fabrics pre-treated with a
chitosan/nonionic surfactant mixture improved, and their colour strength with reactive dye
increased [87].

In wool finishing, chitosan has been used as a shrinkresist agent [88, 89] and as an
agent for improving the dyeability of wool [90-97]. The modified fibre always shows
somewhat different dyeing behaviour, so the influence of the biopolymer to the fibre dye
ability has to be examined in detail [98] and the best way to achieve this is to investigate the
interaction between chitosan and dye in the solution [99, 100].

Park & al. [101] investigated the antimicrobial and deodorant activities of chitosan-
treated wool fabric, treating the wools with chitosans of varying molecular weights and
degrees of deacetylation (DD) by pad-dry method. They reported that wool treated with
chitosan of DD > 70 % showed good antimicrobial activity regardless of the molecular weight
of the chitosan. Deodorant activity of the chitosan-treated wool increased as the DD of the
chitosan increased. A previous study concluded that the optimum molecular weight of the
chitosan for excellent deodorant activity was in the range of 100-400 kD. Additionally, wool
treated with chitosan showed relatively high durability to laundering, probably because of the
strong ionic bonding between the chitosan and wool keratin.

In addition to native chitosan, a number of chitosanderivatives have been synthesized
and used as antimicrobial agents on textiles. These include chito-oligosaccharide [102, 103],
N-(2-hydroxy)propyl-3-trimethylammonium chitosan chloride [104-106] and N-p-(N-
methylpyridinio)methylated  chitosan  chloride  and N-4-[3-(trimethyl-ammonio)
propoxy]benzylated chitosan chloride [107]. Many of these derivatives contain a quaternary
ammonium group to enhance the antimicrobial activity. Another derivative is O-
acrylamidomethyl- N-[(2-hydroxyl-3-trimethylammonium)propyl] chitosan chloride [108].
The acrylamidomethyl group is fiber reactive and can form a covalent bond with cellulose in
cotton, resulting in excellent durability. Kenawy et al. attached several compounds to the
reactive amino group of chitosan [109]. These modified chitosans were highly active against
microbes, in particular fungi species.

Despite such active research and recent patents covering the use of chitosan on cotton
[110] and polyester [111], chitosan has yet to be used as a finishing agent on any commercial
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textiles. The poor handle, among other factors, may be limiting its application on textiles.
Nevertheless, the Swiss company Swicofil manufactures a composite fiber of chitosan and
viscose, Crabyon®, that has durable antimicrobial efficacy and it is suitable for a range of
textile products [112].

Conclusion

Chitosan, the deacetylated derivative of chitin, has a number of properties, such as
biocompatibility, biodegradability, nontoxicity and antimicrobial activity which have attracted
much scientific and industrial interest. Taping new potential antimicrobial substances, such as
Chitosan, can considerably minimize the undesirable activities of the antimicrobial products.
Scientists all over the globe are working in the area and few of them reported to have used
antimicrobial finishes to make the fabric having antimicrobial properties. Chitosan was
reported to be suitable finishing agent for textile materials with barriers against
microorganisms.
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