Influence of pre-treatment in an alkaline medium on binding
chitosan and 2,3-dihydroxy butandionic acid on cotton and
polyester/cotton substrate
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INTRODUCTION
Chitosan is increasingly used for the development of functional fabrics. Chitosan treatment of cellulose and polyester material and its blends were applied with dissolved chitosan usually in hydrochloric or acetic acid or, in the form of
nanoparticles. The possibility of binding to the carboxyl group of cellulose via the free amino group of chitosan results in achieving multifunctional properties of cellulosic materials that are not resistant to multiple washes The aim of this
study was to investigate the binding success of chitosan to cotton and polyester/cotton materials via 2,3-dihydroxy butanedioic acid with prior leaching materials in 8% NaOH. Microwave energy was used in the preparation process, which
due to its low energy potential, does not cause direct changes in the structure of the material but contributes to the speed of chemical reactions. Samples were analyzed by spectroscopy with Fourier transform of infrared spectrum in the
ATR technique. Determination of breaking force and elongation of the fabric was tested according to the HR EN ISO 13934-1:2013. The antimicrobial efficacy of all samples was tested according to the AATCC 147.

MATERIALS AND METHODS
The studies were performed on a standard 100% cotton fabrics, WFK 10 A, and cotton/polyester blend in a ratio of 65% / 35%, WFK 20 A. Samples were pre-treated in 8% NaOH with the addition of 2 g/l Subitol for 1 minute at room
temperature, then rinsed in hot water, neutralized, and rinsed in cold water until pH7. After then, samples were treated in a bath containing 15 g/l, 2,3 dihydroxy butanedioic acid, 10 g/l Sodium hypophosphite monohydrate (SHP), 15 g/l
chitosan, and 2 g/l nonionic surfactant (NF-9), all dissolved in deionized water. The bath was prepared in the ratio of 1:20 by the weight of the material. After being treated, the samples were aged for 24 hours in a bath at room
temperature, treated in a microwave oven for 5 minutes at a power of 100 W, and squeezed on approximately 100% wet pick up. The list and labels of the samples are shown in Table 1.
Table 1. List and designations codes of cotton and polyester/cotton fabrics (CO //
After padding, the samples were dried to 100 °C for 120 s and cured at 180°C for two batches of 2.5 minutes each. Part of the samples was subjected to maintenance cycles with
PES/CO)
20 g/l of standard detergent (ECE1_288_659) at 60 °C for 60 minutes according to ISO 6330: 2012 in the Wascator industrial washing machine. The obtained changes at the
physicochemical level of treated and treated washed samples were performed by Fourier transform infrared spectroscopy in the Attenuated Total Reflection measurement
technique (FTIR-ATR). For each sample, 4 scans were recorded at a resolution of 4 cm-1 between 4000 cm-1 and 380 cm-1, and the processing of the obtained spectra was done in
the software Spectrum 100, Perkin Elmer. Changes in spectral properties were also determined by evaluating the whiteness and yellowing using a spectrophotometer
Spectraflasf SF 600 PLUS-CT, Datacolor whose spectrum is in the wavelength range from 390 to 700 nm. The mechanical properties of the samples were tested using the
MesdanLab Strength Tester laboratory dynamometer according to EN ISO 13934-1: 1999. Testing of antimicrobial efficacy of the samples was performed in accordance with the
standard AATCC TM 147-2016, Antibacterial Activity Assessment of Textile Materials: Parallel Streak Method.
The results show in Tab. 2 that the values of the
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treated washed samples compared to the
polyester/cotton untreated and treated
and after maintenance cycles
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untreated sample. The highest yellowing index
is visible in the treated sample, which is due to
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After ten washes, the yellowing index
decreased. From the results shown in Table 4, it
is clear that partial antimicrobial efficacy was
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Figure 1. Spectral bands of cotton (a) and polyester/cotton (b) samples before and after 1,
observed, but no colonies beneath),
3 and 10 maintenance cycles
(Sa) and Candida albicans (Ca) had no effect.
− no antimicrobial activity

FTIR analysis of samples in ATR technique (Fig. 1 a) and b)) clearly shows changes in the spectral bands of untreated and treated samples before and after maintenance cycles. Based on this, it can be concluded that the samples after the
treatments have undergone permanent physico-chemical changes since they are visible on the spectral bands of the samples after the maintenance cycle. Both samples (Tab.3), regardless of the raw material composition, have the equal
loss of breaking strength, and their use is possible only for the medical or wellness textile linings.

CONCLUSION
Based on the presented results, we can conclude that chitosan was successfully bonded to cellulose in CO and PES/CO fabrics. The IR spectral curves of both treated samples before and after washing cycles indicate persistent
physicochemical changes in the treated samples. In all tested samples, there was a reduction in the breaking force in warp and weft threads directions due to treatment in an acidic medium and high condensation temperature, but the
material still retains its useful properties. Antimicrobial efficacy was confirmed in treated CO samples after 1 and 3 washing cycles on E.coli where a zone of inhibition of 1 mm around the sample is visible, while in other samples there is
partial efficacy, and no bacterial (E.coli) growth occurred on the surface of the samples and below them. Considering the results, we can conclude that such a way of functionalization contributes to the binding of chitosan to the cellulosic
material. Namely, materials prepared in this way after dermatological and toxicological tests could be used as textile coatings for medical and wellness purposes, while further development of methods of application and thermocondensation in order to achieve greater antimicrobial efficacy and less mechanical damages would expand the application of such treated fabrics in the hospital environment.
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