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Abstract

There is a constant need for the improvement of materials applied in textile industries.
Nowadays there is a tendency for “bio, eco, natural and environmental friendly”
consciousness of the consumer resulting in various textile labels. Furthermore the Kyoto
regulations prescribe a reduction of CO,-emission. An important strategy to achieve this is
the replacement of petrochemical resources by CO,-neutral alternative products such as
biopolymers. The development of biobased/biodegradable coated and finished textiles is still
a challenge and demands the elaboration of novel formulations. Chitosan is a promising
alternative for synthetically antibacterial products showing antibacterial activity towards
Gram- and Gram+ bacteria.
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1. Introduction

Interest in sustainable materials opens possibilities for biopolymers. Decreasing
environmental strain is the concept of today and the trend to replace oil-based materials by
products from renewable sources is emphasized'. There is a constant need for the
improvement of basic materials used in textile industry. Due to increasing petroleum prices
and the future shortage of oil, companies are looking for alternatives that are less oil price
dependent. Furtheron, there is a tendency towards “bio, eco, natural, environmentally
friendly” and an “ecological” consciousness-awaking of the end consumer that led to various
textile labels (e.g. Okotex, made in Green, GuT)**. The Kyoto regulations prescribe a
reduction of more than 50 % of CO,-emission on a long term. An important strategy might be
the replacement on a large scale of the petrochemical resources by CO,-neutral alternative
products out of biomass. Finally there is the “REACH” regulation for chemical substances
having a large impact on companies involved in coating/finishing.

The replacement of conventional, polymer containing materials by fully biodegradable
alternatives will be highly innovative and advantageous. Based on renewable resources, such
products save fossile resources, which is becoming more and more important in industrial
processes. Their biodegradability avoids extensive recycling costs, which will affect the
product price. Biopolymers are classified into two groups: 1) (biodegradable) materials based
on renewable resources and 2) synthetical and biodegradable polymers. Biopolymers are



often applied in packaging materials’. For the textile sector, the importance of biopolymers
has been recognised on a European level. The topic was determined as a priority research
area in the domain of biotechnology and was integrated in the Euratex “strategic research
agenda (SRA)”°. This leads to an increasing interest in the use of biopolymers and renewable
materials in Europe. One should however take into account the whole chain of different
products. In order to make innovations available in the coating sector, and thus obtain a fully
bio-textile, the following steps are necessary: (1) Development of biopolymers, (2) extrusion
of textile basics (yarns/fibres), (3) processing (fabrics, carpet etc.), (4) finishing (textile
functionalisation and surface modification): dipping, coating, laminating. Finishing is the last
step in the process, the others need to be realized first. Within the textile finishing segment
several techniques are available each with their own specification. Finishing applications
(such as padding, kiss-roll or spray) require low viscosity formulations, while coating
applications (such as bar coating) require high viscosity formulations. The current status on
the textile sector can be reported as follows: More and more biopolymers become available in
industrial quantities. Yarns and fibers, fabrics, carpets, non-wovens based on biopolymers are
produced in Europe, the main part being PLA based’. So there is a need for finishing based
on biopolymers. Since most finishes or coatings have the purpose to functionalise the textiles
there is also a need for bio-additives (e.g. chitosan).

2. Aim and background

Research was done towards biomaterials enabling functionalisation of textiles. For example,
one such material is chitosan, a natural, biodegradable product introducing antimicrobial
properties. Among the various polysaccharide products, chitosan is a natural and renewable
resource. Chitosan is a polycationic biopolymer and is currently still the most promising
product that possesses a well-documented and wide-spectrum of biological activity, including
antibacterial and antifungal properties® . Chitosan (Fig. 1) is obtained commercially from
shrimp or crab shell chitin (a N-acetylglucosamine polymer) by alkaline deacetylation in
various grades. Chitosan is relatively inexpensive, non-toxic and is able to accelerate wound
healing"’. Furthermore chitosan improves the dye ability of textiles. Chitosan has two
important structural parameters (degree of deacetylation and molecular weight) which
influence the characteristics of chitosan and the application method. The goal of this study
was to functionalise textiles (cotton and polyester) with chitosan to introduce antimicrobial
properties.
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Fig. 1: Synthesis of chitosan.

3. Experimental part

3.1 Materials

Cotton (120 g/m?) and polyester (70 g/m?) knitted fabric were used as test samples. Chitosan
(deacetylation degree of 75.6 mol% and molecular weight of 107500) was purchased from
KitoZyme (Herstal, Belgium). Citric acid was obtained from Merck (Darmstadt, Germany).
Bemacron Blau SE RDL was kindly donated by CHT (Kortrijk, Belgium).

3.2 Finishing of textile samples

Textile samples were pretreated by padding the fabrics into a solution of 5% citric acid.
Afterwards the samples were dried at 100°C for 2 min. Subsequently the fabrics were
immersed in a solution of chitosan. The chitosan solution was acidified with citric acid. The
concentration of chitosan varied from 0.5% to 3%. Following the dipping process the textiles
were squeezed between two rolls. The cotton and polyester fabrics were dried at 100°C for 2
min and cured at 150°C for 5 min.

3.3 Characterisation of the finished textiles

The presence of chitosan was verified by performing a colour test. Small pieces of cotton
samples (3cm x 5cm) finished with chitosan were immersed in a solution of 0.15% Bemacron
Blau SE RDL during 15 min. Next the cotton samples were put in water to remove unbound
Bemacron Blau SE RDL and dried at room temperature. For PES samples the same



procedure was followed, except 1% Supranol Blau GLW was used instead of Bemacron Blau
SE RDL.

3.4 Antibacterial activity of the finished samples

The antibacterial activity was evaluated by the shake flask test (ASTM E2149). Treated and
untreated samples were weighed and shaked in a concentrated bacterial suspension for a one
hour contact time at ambient temperature. Other contact times were 5 and 24 hours. The tested
microorganisms were Klebsiella pneumoniae (Gram-) and Staphylococcus —aureus
(Gram+).The suspension was serially diluted both before and after contact and cultured. The
number of viable organisms in the suspension was determined and the percent reduction was
calculated based on initial count'’.

Applied formula :

B-A
Reduction % (cfu/ml) = — X 100
B
where CFU = colony forming units
A = CFU / ml for the flask containing the treated substrate after the specified

contact time.
B =“0” contact time CFU / ml for the flask before the addition of the substrate.

3.5 Washing test

Laundering was performed using a Wascator type FOM 71 with standard method 5A at 40°C.
The procedure adopted conforms to ISO 6330 (domestic washing and drying procedures for
textiles testing). ECE reference detergent without optical brightening agent was used. All
fabrics were washed individually to eliminate the risk of cross contamination and then air-
dried.

4. Results and Discussion

4.1 Characterisation of the treated textiles

A colour test was used mainly to verify the presence of chitosan at the surface of the cotton
and polyester knitted fabrics. Citric acid was used for crosslinking of chitosan to cotton and
polyester. Citric acid was expected to react with hydroxyl groups in cellulose and chitosan or
with amino groups in chitosan to form ester cross linking or interionic interaction. The colour
test was positive for all finished samples. The respective blank samples showed no colouring
(Fig. 1) or were slightly blue (Fig. 2). Thus, chitosan was present on all finished cotton and
polyester samples.



Fig. 2: Colour test for identification of chitosan. A) blank cotton sample and B) cotton sample
finished with chitosan.

Fig. 3: Colour test for identification of chitosan. A) blank polyester sample and B) polyester
sample finished with chitosan.

4.2 Antibacterial activity

The antibacterial efficiency (against Gram+ and Gram- bacteria) of cotton and polyester
samples finished with chitosan was evaluated by the shake flask test. Fig. 4 exhibits the
antibacterial efficiency against Klebsiella pneumoniae of textile samples finished with
varying concentrations of chitosan. All finished cotton samples showed after one hour contact
time a significant antibacterial efficiency (> 99% reduction) towards Klebsiella pneumoniae.
Polyester samples however revealed only a significant reduction of Klebsiella pneumoniae after
24 hours. Furthermore finishing polyester with a solution of 0.5% chitosan resulted in higher
activity against Klebsiella pneumoniae compared to applying higher concentrations. Fig. 5
shows the antibacterial activity of finished textile samples against Staphylococcus aureus.
Cotton samples, which were immersed in a solution of 0.5% chitosan, revealed a significant
reduction of Staphylococcus aureus after one hour. While cotton samples finished with higher
concentrations of chitosan showed only a significant antibacterial effect after 5 hours. All
finished polyester samples had a significant antibacterial effect towards Staphylococcus aureus
after 24 hours. However polyester fabrics treated with 1% chitosan revealed a significant



reduction of Staphylococcus aureus after already one hour. All finished textile samples showed
antibacterial activity against Klebsiella pneumoniae and Staphylococcus aureus after 24 hours.
Textiles remained soft and white when samples were immersed in a solution of 0.5% chitosan.
However application of higher concentrations of chitosan resulted in yellowing and a hard
touch.
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Fig. 4: Antibacterial activity of chitosan finished cotton (Co) and polyester (PES) against
Klebsiella pneumoniae.
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Fig. 5: Antibacterial activity of chitosan finished cotton (Co) and polyester (PES) against
Staphylococcus aureus.

The antibacterial efficiency of the finished cotton and polyester knitted fabrics was also
evaluated after one washing cycle. Washed cotton and polyester samples showed no
antibacterial activity towards Klebsiella pneumoniae and Staphylococcus aureus. Citric acid
seemed to be an insufficient cross linker for chitosan to cotton and polyester resulting in
leaching of chitosan during washing.

5. Conclusion

Chitosan finished cotton and polyester exhibited significant antibacterial activity against
Gram- and Gram+ bacteria. After washing the antibacterial activity of the finished textiles
was lost due to leaching of chitosan during the washing cycle. Therefore future experiments
will be aimed at testing other biobased and biodegradable cross linkers to improve the wash
durability of the chitosan finishing.
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