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OTAENKA XTONYATOBYMAXHbBIX U MTONTUIDUPHbIX TKAHEN
C UCNONNIb3OBAHUEM XUTO3AHCOLEPXALNX KOMNO3ULUN

M. Toydukn Xakk, K. Knunkxammep, 6. Mantur
HusxHepeliHckuli yHusepcumem npuknadHelx Hayk, MéHxeHenadbax, lepmarus

AHHOTAULMA

C yBenu4eHuemM HanpsmeHHOCMU No8ceOHeBHOU HU3HU /100eli 8bl0eseHUe Noma 4e108e4ecKUM mesioM Hey-
KJIOHHO nosbiwaemcs. B ¢8g3u ¢ amum cneyuanucmsl mekCmuabHol NPoMblWUAEHHOCMU NOCMOSHHO pa3paba-
meleaom Hosvle 8uUlbl Mamepuanos ons ydosaemgopeHus nompebHocmeli nompebumeneli. Ha ceco0HawHUL
0eHb X10N4amobyMaxHsie U Nonu3gupHsie mKkaHu npeobaadarom cpedu 8cex MekCmusibHbIX Mamepuanos, Ko-
mopesie 100U Yawe 8cezo UCNob3yrm 8 N08ce0HEBHOU WU3HU. TeKCmubHbIe u30esus, 0C06eHHO U320MOoBeH-
Hble U3 Ue/I/It0/103HbIX B0JIOKOH, MAKUX KAk X/J0Nn0K, Mo2ym cnocobcmeosams pocmy MUKPOOP2AGHU3MO8 U3-3d
60/16WOl NI0WAOU KOHMAKMA C MeIOM Ye08eKa U 8bICOKOU 2U2pOCKONUYHOCMU. B omaudue om yennono3Hsix
Mamepuanos noauIQUPHsle B0J0KHA He CO0epam XUMUYECKU (YHKUUOHANbHbIX UAU 2UOPOGUILHBIX 2pynn.
lpu 3mom ucnonbL308aHuUe, KaK X10n4amobyMaxHelX, Mak U NOAUIQUPHbIX MKaHel Moxem npugodume K nose-
JIEHUI0 HEXENAMEbHbIX 3aNax08 U3-3a pa3/oMeHUs Noma MUKpoop2aHu3Mamu. HaHeceHue xumo3aHa Ha mek-
CMUJIbHbIE NOJIOMHA 58/15emcs NepcnekmugHslM N0OX000M 018 PYHKUUOHAAU3AUUU meKkcmuss. MizgecmHo, 4mo
XUMO3aH A8715emcsl NONYNSIPHbIM 0MOENOYHbIM Cpedcmeom 6/1a200apsi €20 8HYMpPeHHUM C8olicmseam, makum
Kak buocosmecmumocms, 6UOPA3/1A2AEMOCMb, HEMOKCUYHOCMb, paCNPOCMPAHEHHOCMb 8 Npupoode, aHmMuMu-
KpobHas U aHmucmamuyeckasi cnocobHocme u m. 0. B 3mom uccned0osaHuu 0415 omoenku Xaon4amobyMaxHbix
U Nonu3@UPHLIX MKaHel Obl1 NPUMEHeH pacmeop Xumo3aHa ¢ UCno/ib308aHUEM MpPaduyuoHHOU mexHoa02uu
«NPONUMKA — OMMUM — CywKas. MiccnedosaHus mkaHeli 0Cyw,ecmasisaocs ¢ UCN0b308aHUEM 0pon-mecmd, CKa-
Hupytow,eli 31eKmpoHHOU MUKPOCKONUU U Ugemosbix u3mepeHull. B daHHoM uccnedosaHuu npedcmas/ieH aHamu3
pe3ynbmamog omaesnKu Xa0n4amobyMaxHbIX U NOAUIGUPHbLIX MKAHel Xumo3aHCodepxauumu annpemupyto-
WUMU KOMNO3ULUSMU.

KnioueBble c0Ba: xumo3saH; naCO8AHUE; KpaweHue; CKaHUPYWas 31eKmpoHHas mMukpockonusi; CIM;
dpon-mecm.
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ABSTRACT

With the increased stress in people’s daily lives, the secretion of sweat from the human body has steadily
increased. Therefore, textile industries continue to introduce various products to meet consumers’ demands. Thus
far, people use more cotton and polyester fabrics among other textile fabrics in their daily usage or total living
period. Textile products, especially those made from cellulose fibers such as cotton, can promote the growth of
microorganisms due to their high surface area and moisture retention. In contrast to cellulosic materials, polyester
contains no chemically functional or hydrophilic groups. Therefore, it is necessary to ensure wearers’ protection as
both cotton and polyester can create unwanted odors due to the decomposition of sweat by microorganisms. The
application of chitosan on textile substrates is a useful approach for textile functionalization. Chitosan has been
reported as a popular finishing agent due to its intrinsic properties, such as biocompatibility, biodegradability,
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non-toxicity, abundance in nature, antimicrobial, and antistatic ability, etc. In this study, the solution of chitosan

was applied to 100 % cotton and polyester fabrics using a common pad-dry-cure technique. The resulting fabrics

were characterized by drop-test, scanning electron microscopy (SEM), and color measurement. Thus, this study

presents a small overview of the finishing using chitosan-containing recipes on both cotton and polyester fabrics.
Keywords: chitosan; padding; dyeing; scanning electron microscopy,; SEM; drop test.
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INTRODUCTION

Cotton and polyester fibers play a dominant
role in the textile industry. Due to their properties
and price, they are the most popular fibers in
apparel, home textiles, and industrial textiles
[1-4]. In our daily life, our bodies always secrete
sweat, enhancing the bacterial growth within
the fabric, which can cause unexpected odor and
harm human health. It is important to protect
the wearers against the escalation of bacteria
and diseases [5]. With the increasing awareness
of wearers’ protection, numerous techniques for
the surface modification of cotton and polyester
fabrics have been performed to give additional
functionalities [6]. Chitin is regarded as the
second most abundant polysaccharide resource
after cellulose [7]. Chitosan is gained from chitin

through the deacetylation process. Figure 1
shows the chemical resemblance between
cellulose, chitin,and chitosan with a 100 % degree
of deacetylation. Chitosan contains different
amounts of p-(1 — 4)-linked 2-amino-2-deoxy-
P-D-glucopyranose and 2-acetamido-2-deoxy-B-
D-glucopyranose residues [8, 9, 10, 11]. Chitosan
is nontoxic, biodegradable, and biopolymer which
offers antimicrobial function [12,13,14,15,16].

It has been reported that chitosan
possesses excellent deodorizing, moisturizing,
biocompatibility, and other attractive properties
[17]. The presence of the amino groups in the
structure make chitosan soluble at acidic pH.
Further, a lower pH and degree of acetylation
favors the antimicrobial function of chitosan
[18-20]. The aim of this study is to evaluate
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Figure 1 - Comparison of chemical structures of cellulose, chitin, and chitosan
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characteristics after finish of cotton and polyester
fabrics utilizing chitosan-containing recipes.

MATERIALS AND METHODS
Materials

In this research, different woven cotton and
polyester fabrics from the company Technotex
GmbH (Lauterbach, Germany) are used. Table 1
shows the description of the woven fabrics used
for the experiments. Following chemicals were
used: Chitosan with a deacetylation degree of
90 % was purchased from Biolog Heppe® GmbH
(Landsberg, Germany), acetic acid from Bernd Kraft
GmbH (Duisburg, Germany),and a dispersing agent
Dispergator XHT-S from CHT Germany GmbH
(Tibingen, Germany).

The padding is performed on a universal
padding machine, DL-2500 HV from Feyen
Maschinen GmbH (Krefeld, Germany), drying is
done using Werner Mathis AG (Zurich, Switzerland)

dryer and a quick dyeing treatment is carried out
on a Datacolor Ahiba Pro IR (Marl,Germany) device.

Treatment procedure

Chitosan solutions in 0.5 % concentration
were prepared using 250 mL of soft water with
10 mL (w/v) of acetic acid (50 %). The pH value
of the acidic solution without chitosan was 1.95.
Chitosan powder of 1.30 g was carefully added
into the acetic acid solution and stirred until
complete dissolution. The pH of the chitosan-
containing solution (w/v) was checked before
applying between the padding rollers for
finishing treatment, which is 2.23. During chitosan
treatment on polyester fabrics, similar chitosan
concentration was maintained but additionally
10 ml (w/v) of dispersing agent was mixed into the
liquor bath. Both cotton and polyester fabrics were
cut in size 21.5 cm x 30 cm and weighed to assess
the weight gain (%) for before and after treatment.

Table 1 - Fabric description of woven fabrics used for current investigations

Fabric No. of warp No. of weft Weight per area
threads/cm threads/cm (g/m?)
Cotton 18 13 200
\ Polyester 16.5 14.5 150 y

Figure 2 - Photographs of used devices — padding, drying, dyeing (from left to right)

\
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Each sample was run through the rollers four
times. The padding procedure was done at room
temperature and after padding the fabrics were
dried at 90 °C for 5 minutes.

For dyeing,a reactive dye,Remazol Brilliant Red
F3B (2 %) from DyStar (Raunheim, Germany) was
selected for both cotton and polyester samples
including a surface active agent TritonX from Carl
Roth GmbH + Co. KG (Karlsruhe, Germany). Treated
and untreated samples were cut in size 7 cm x
15 c¢cm and placed in the dye pots with solution
of the dyeing machine (Figure 2), where the
temperature was set to 40 °C for 5 minutes at 30
revolutions per minute. No extra wash cycle was
performed after dyeing, but the dyed samples
were rinsed with soft water.

Analytical methods

The fabric surface morphology is observed
using a scanning electron microscope (SEM)
(Tabletop Microscope TM4000, Hitachi,Japan). The
hydrophilic properties of treated and untreated
woven fabrics are determined by using TEGEWA-
dropt-test with the Patent Blue V solution (0.2 %).
On each fabric, three droplets of the dye solution
were applied. For the detection of chitosan
presence on the treated-dyed and untreated-dyed
fabrics, color measurements are evaluated using a
Datacolor 400 spectrophotometer from Datacolor
Europe GmbH.

RESULTS AND DISCUSSION
In this study, same chitosan concentration
(0.5 %) was implemented for both cotton and

polyester fabrics by a universal padding machine.

It is a simple process, but uneven distribution
of the solution will always be a big issue as the
samples are handled and run through the rollers
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completely manually. It is not easy to maintain the
100% precision of handwork and similarly liquor
between the rollers stays in nonequilibrium state,
as fluidity seemed not same for the left, right, and
middle.However,the drop-test,color measurement
will give small overview of chitosan presence on
the fabric surface.

Wet gain assessment

The wet pick-up is determined to support
information about the wetting properties of
treated fabrics and is calculated using the
following equation:

w—

o x 100, ()
Wo

Wet pick-up (%) =

here, w is the weight of treated sample and w,, is
the weight of original (untreated) sample.

Table 2 shows the wet pick-up (%) for cotton
and polyester fabrics after chitosan-finishing.
It is obvious to observe more weight gain for
the treated samples and the wet pick-up rate is
quite different between cotton and polyester as
undoubtedly cotton can absorb and hold more
liquid within it.

Surface Analysis

Figure 3 shows scanning electron microscopic
images of cotton and polyester fabrics both
untreated and treated with 0.5 % chitosan. The
SEM images of polyester fibers/filaments exhibit
flat and shiny appearance compared to cotton
fibers as cotton contains many foreign particles
within the structure. However, it is not relevant
from sample topography with naked eyes to justify
the presence of chitosan on the fabric surface.

Table 2 - Wet pick-up in the percentage of treated cotton and polyester fabrics

. Weight before treatment | Weight after treatment Wet pick-up
Fabric o
(9) (9) (%)
Cotton 19.5 34.68 7748
416.81 29.65 76.38
Polvester 14.14 22.26 57.42
y 1421 22.39 57.56
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~ )
Figure 3 - SEM images of cotton (left) and polyester (right) fabric after treatment with chitosan recipe

& ,
Drop-test surface adhesion and bipolar attraction between

The drop-test is performed with a Tegewa
Patentblau V (0.2 %) solution for both the treated
and untreated cotton and polyester fabrics.
The samples are mounted on a circular board
and adjusted properly to apply the drops of
blue solution by means of a dripper. Hence, the
absorption time of the droplets are recorded as
shown in Table 3. There is no great change of
color for 0.5 % chitosan implementation. Although
cotton shows good absorption, still noticeable
differences in penetration time between treated
and untreated samples (see Table 3). Chitosan has
made the cotton structure to open up to penetrate
the droplets easily and quicker. Unfortunately, the
blue dyed yarns are considered to be mercerized in
the previous stages before weaving, which shows
remarkable deviation. On the contrast, due to

chitosan and other chemical additives has made
the droplets to penetrate not in lesser time as for
the untreated polyester.

Color measurement

Color change was measured by a Datacolor 400
spectrophotometer device taking three readings
from each sample and illustrated difference
in reflectance curves from the mean value. It
is obvious from the graphic images (Figure 5)
that finished samples show greater deviation as
chitosan present on the fabric surface absorb
the color particles and try to block them for
a certain limit, thus reflects less than for the
untreated samples. However, for polyester fabrics
no noticeable change in color is determined.
This is why, a quick dyeing step was followed to

Table 3 - Results of drop-test

. Vertical drop size Horizontal drop size Sink-in time
Fabric
(cm) (cm) (secs.)
c 4.9 (4.8) 1 (0.6) 131.9 (1127.3)
otton 45 18 2379
(reference)
4.8 1.7 284.9
2.3 (7.6) 3.2 (4.5) 3.2 (0.5)
Polyester
2.7 3.9
(reference)
\ 2.7 3.3 )
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4 )
Figure 4 - Images after drop-test with Tegewa blue (0.2 %) solution. Cotton (left), Polyester (right)

. J

(

Figure 5 - Reflectance curves according to datacolor 400 for cotton and polyester fabrics. (a) Untreated cotton
(red) and dyed cotton (green), (b) raw cotton-finished cotton (red to green from top) and finished-dyed cotton
(green beige to blue bottom) with maximum change, (c) dyed polyester (red) and finished-dyed polyester (others)

with minimal change

\

J

confirm the presence of chitosan utilizing color
measurement process.

CONCLUSIONS

Low concentrated chitosan-based recipes for
cotton and polyester fabrics are presented. This
study shows a simple cold-pad technique to apply
chitosan on cotton and polyester according to
laboratory standard. However, it is clear that a
certain amount of chitosan stays on both cotton
and polyester fabrics from the drop-test, even
for the dyed samples after rinsing from color
measurement graphics. In this experiment, no
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additional fixing agent is used and no extra
wash cycle is performed. Therefore, to achieve
the antimicrobial action of chitosan for long-
term, fixation should be done to advise particular
washing parameters with several wash cycles.
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