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Abstract: Replacement of conventional chemicals with modern fewer hazards one has great attention
via green chemistry. Chitosan nanoparticles (CSNPs) were prepared from the reaction of chitosan (0.2
9/100 ml) with tripolyphosphate (0.1 g/100 ml) through the ionotropic gelation method. CSNPs with
different concentrations were used for cotton fabrics to impart antimicrobial activity and enhance their
dyeing affinity towards acid dyes. FT-IR spectroscopy and TEM imaging were used to characterized
CSNPs. SEM and TGA. Effect of CSNPs concentrations on cotton fabric dyeing affinity was recorded
from colorimetric data. The antimicrobial activity of treated dyed fabrics was evaluated via disk
diffusion method against S. aureus, E. coli, Candida, and Aspergillus Niger. Results have shown that
cotton fabrics treated with 0.3 g/100 ml record the highest K/S values, Corresponding to the highest
dyeing affinity towards acid dyes. In addition, treated dyed cotton fabrics were showed higher
antimicrobial activity towards tested microorganisms because of the presence of CSNPs. Morphological
studies on the untreated, treated, and treated dyed cotton fabrics via SEM imaging confirmed that
CSNPs coated cotton fabrics. In addition, the light and washing fastness properties of these fabrics
confirmed their durability. Therefore, CSNPs were used to impart cotton fabrics' antibacterial activity
and improve their dyeability with acid dye.
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1. Introduction

Cotton fabrics have been widely used in the textiles industry because of their high
contents of cellulose, up to 96% according to the fibers' weight [1,2]. The physical and
chemical properties of cotton fabrics were excellent from their stability, water absorptivity,
comfortability, and high affinity towards dyes. Cotton fabrics had high affinity to reactive dyes,
but it has no affinity towards acid dyes [3,4] due to its chemical structure which has not any
basic functional groups. Amination of cotton fabrics has a major back draw from its lower
degree of substitution, and it causes depolymerization for cotton chains. Therefore, finishing
cotton fabrics with chitosan has great attention to improving its dyeability and imparting it
good antibacterial activity [5,6].

Today acid and direct dyes are widely used for cotton fabrics due to the presence of
hydroxyl groups [7,8], but the main back draw is cotton fabrics have not any affinity to acid
dyes so that cationic groups were needed to improve the dyeability of cotton fabrics with acid
https://biointerfaceresearch.com/ 13652
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dyes by using cationized materials for these fabrics [1,9,10]. Although these cationized agents
have several advantages for the acid dyeability of cotton fabrics, we can believe that the
chemical process did not agree with environmental aspects regulations because of their toxic
effects during chemical processes [2,11,12]. Surface modification of cotton fabrics using
biopolymers such as chitin, chitosan, or gelatin in their finishing processes could offer the best
solution to avoid these risks [4,13-15].

Chitosan is a natural cationic polymer of B-1, 4 glucose amine, and -1, 4-N-acetyl
glucose amine units [16-18]. It is biocompatible, biodegradable, and non-toxic. It has great
power for biomedical applications e.g., protein carrier, drug delivery, and wound healing
[1,16,19-26]. Chitosan nanoparticles (CSNPs) have a large surface area, zeta potential, and
provides superior activity [26-28]. CSNPs have many applications in biomedical fields and are
used as poly load agents in the delivery of drugs [29-31], vaccine [32-34], and gene [35-38].
Chitosan nanoparticles exhibit higher antibacterial activity than chitosan-based on the
nanoparticles' special character [39-41]. Chitosan nanoparticle is a drug carrier with some
advantage of slow and controlled drug release, which improves drug solubility and stability,
efficacy, and reduces toxicity [24,25,42-45]. Several methods have been developed to prepare
chitosan nanoparticles, such as emulsion crosslinking, emulsion droplet coalescence,
precipitation, ionotropic gelation, reverse micelle, template polymerization and molecular self-
assembly [45,46]. Several factors are required to select the preparation method, such as particle
size, thermal and chemical stability, and stability and of the final product [47-49]. Textile
applications of chitosan can be classified into two main categories: human-made fibers
production and fibers wet processing, which includes enhancement of both finishing, dyeing,
and printing processes [50]. Until now, most applications of chitosan in textile industries is
considered as an antibacterial agent, but few applications deal about its role as improvements
of dye ability, so that our main aim of this study to illustrate the role of chitosan to enhance
dye ability of cotton fabrics with acid dye as well as its antibacterial properties compared with
untreated dyed cotton fabrics [11,16,51]. Acid dyes were commonly used for wool and silk
fabrics and rare for cotton fabrics due to cotton fabrics' anionic nature. However, acid dyes
have a low affinity towards cotton fabrics. Adding cationic groups from quaternary ammonium
slats were solve these problems, but it makes toxicity risks during and after dyeing processes
due to these are not safe materials. Therefore, using chitosan as a polycationic biopolymer can
solve this problem without and risks to produce more safe, eco-friendly materials.

The present paper deals with enhancing dyeing properties and antimicrobial activity of
cotton fabrics pretreated with the prepared natural biopolymer chitosan nanoparticles to have
a high affinity of dyeing towards acid dyes. Then, other textile properties such as the physical
and antimicrobial activity of the nano chitosan-finished cotton fabrics were studied.

2. Materials and Methods
2.1. Materials.

Cotton fabrics 100% were used. Chitosan (Alfa Aesar Company, Medium molecular
weight, viscosity 1860 cps, degree of deacetylation 79.0%), Penta sodium tri poly phosphate
(TPP). Sodium hydroxide (Modern Lab chemicals, Egypt), Astroglitter binder® based on non-
ionic/anionic acrylic resin compound, citric acid, sodium hypophosphite, and Hostapal® CVL-
ET (non-ionic wetting agent based on alkyl aryl polyglycol ether, Clariant), and all other
chemicals used are analytical grade and were used without further purification. Two acid dye®
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were used acid orange 7 and acid red 88., single azo, Ohyoung Industrial Co., Ltd. The
structural formulas of dye are shown in Scheme 1.

+Na'O3S +Na'O3S
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7 (AO dye) Acid red 88 (AR dye)
Scheme 1. Chemical structure of two commercial acid dyes used; acid orange 7 (left) and acid red 88 (right).

2.2. Methods.
2.2.1. Preparation of chitosan nanoparticles (CSNPs).

Chitosan nanoparticles were prepared based on the modified ionotropic gelation
method [41].

2.2.2. Finishing of Fabrics with chitosan nanoparticles.

Cotton fabrics were treated with chitosan nanoparticles by the pad-dry-cure method
[27].

2.2.3. Fabric Dyeing Procedures with acid dyes.

The treated and untreated cotton fabrics were dyed with acid dyes by a common
process. Where, a solution containing 5 wt.% dye (0. w. f) and acetic acid with a concentration
5 wt.% were used. The dyeing process started at 40 °C and raised to 100 °C for 30 min, and
the dyeing was performed at 100 °C for 40-60 min using material-to-liquor ratio 1:50. After
dyeing, the fabrics were thoroughly washed with 1-5 g/L of non-ionic detergent for 30 min at
60 °C and then washed with cold water. The dyed fabrics were dried (Scheme 2).

i
i
100° C i
1

<«— 40-60 min.

1-2 °C/min.
A B
40°C

A: Levelling agent; 0.5-2.0%, PH with Buffer or PH sliding system, B: Dye & C: Drain and Rinse.
Scheme 2. Processing Dyeing curve of the two commercial acid dyes used.

2.4. Testing and analysis.

2.4.1. FT-IR spectra.

The FT-IR spectra of the samples were recorded by using an FT- IR spectrophotometer
(JASCO FT-IR-6100).
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2.4.2. Transmission electron microscopy (TEM).

The shape and size of chitosan nanoparticles and their loaded antibiotics were
investigated by using TEM; JEOL-JEM-1200.

2.4.3. Scanning electron microscopy (SEM).

Microscopic investigations on fabric samples were carried out using a Philips XL30
scanning electron microscope (SEM) equipped with a LaB6 electron gun and a Philips-
EDAX/DXA4.

2.4.4. Thermogravimetric analysis (TGA).

Thermogravimetric analysis (TGA) was performed using the instrument: SDT Q600
VV20.9 Build 20, USA.

2.4.5. Fastness properties.
2.4.5.1. Washing fastness.

The color fastness to washing was determined according to ISO 105-C02:1989 test
method. The washing fastness tests were conducted in a launder meter (ATLAS—Germany)
using 5g/L non-ionic detergent at 50°C for 45min.

2.4.5.2. Light fastness.

This test was evaluated according to ISO 105-B02: 1988 test method using a carbon arc
lamp.

2.4.5.3. Rubbing fastness.

Rubbing fastness was determined according to test method ISO 105-X12: 1987 [52].

2.4.5.4 Color measurements of the dyed fabrics.

Colour-difference formula AE CIE (L*, a*, b*): The total difference AE CIE (L*, a*,
b*) was measured using the Hunter-Lab spectrophotometer (model: Hunter Lab DP-9000). The
color strength can be calculated as follow:

K/S oftretaedsamples
/S of p 100

Relati l t th =
eLative colour s Teng K/S Of untreated samples X

2.5. Evaluation of antibacterial activity in vitro.
2.5.1. Materials.

Four bacterial strains were Staphylococcus aureus (S. aureus, ATCC 6538) and
Bacillus subtilis (B. subtilis, ATCC 6633) as Gram-positive bacteria and Escherichia coli (E.
coli, ATCC 11229) and Proteus (ATCC 33420) as Gram-negative bacteria. Antifungal activity
was carried out against (Aspergillus Niger, ATCC 13497)) and (Candida, ATCC 10231).
Ciprofloxacin was used as a standard drug.
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2.5.2. Test method.

The antibacterial and antifungal activities of treated and dyed samples were evaluated
using the disk diffusion method on an agar plate [5,53].

3. Results and Discussion

3.1. Preparation of chitosan nanopatrticles.

Chitosan nanoparticles were prepared from chitosan through the conversion of -NH:
groups of chitosan into -NH** [47,54-58]. Hiren, we prepared chitosan nanoparticles via
ionotropic gelation of chitosan and tripolyphosphate [41]. Chitosan nanoparticles have more
advantages than chitosan from their high surface area make them contains more amino groups
than chitosan itself [41].

Fig. 1 shows the TEM image of the prepared chitosan nanoparticles from chitosan
concentration of 0.2 wt.% and 0.1 wt.% TPP for 45 min. Ultrasonication time and 5.5.pH value.
Fig. 1 shows that CSNPs have particles size from 25-25nm.

@3

L
Figure 1. TEM of chitosan nanoparticles from chitosan concentration of 0.2 wt.% and 0.1 wt.% TPP for 45 min.

ultrasonication time and 5.5.pH value.

Fig. 2. shows FT-IR of both chitosan (CS) and chitosan nanoparticles (CSNPs).
Chitosan shows band peaks at 3434 cm for amino groups and two at 1637 cm™ and 1564 cm-
! for amide | and amide Il [40,59]. Chitosan nanoparticles have an FT-IR chart like that for
chitosan with wider and shifted band peaks, as shown in Fig. 2. [27,41,45,60].

chitosan
- - - Chitosan nanoparticles|

100 o

92+

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wave number (cm’)

Figure 2. FT-IR spectra of (a) chitosan nanoparticles (CSNPs) and chitosan (CS).
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3.2. Finishing of cellulosic cotton fabrics with chitosan nanoparticles and its dyeing with two
acid dyes.

The effect of chitosan nanoparticles on the mechanics and physics chemical properties
of cotton fabrics is shown in Table 1. There is an increase in finished cotton fabrics' nitrogen
content due to the presence of CSNPs moiety within cotton fabrics that contain amino groups.
The increase in nitrogen content can improve the antimicrobial activity of finished cotton
fabrics. There is a slight increase in mechanical properties of finished cotton fabrics compared
with untreated cotton fabrics. The unusual improvement in mechanical properties can come
from great penetration of CSNPs within cotton fabrics, enhancing crosslinking between amino
and hydroxyl groups of CSNPs and hydroxy! groups of cotton fabrics due to the nanostructure
of CSNPs [27]. In addition, WI of finished fabric was increased, whereas Y1 was decreased
due to the nanostructure of CSNPs.

Table 1. Mechanical and physicochemical properties of cotton fabrics, CSNPs finished cotton fabrics and its
dyed and finished fabrics.

Sample Cotton samples with CSNPs

N (%) E. at break TS (ko) Yl WI
Cotton fabrics 0.0 10 50 1.57 55.36
Cotton fabrics finished with CSNPs 0.17 11 51 1.34 55.46
AO dyed cotton fabrics finished with CSNPs 0.21 13 53 1.22 55.87
AR dyed cotton fabrics finished with CSNPs 0.22 15 55 1.20 56.14

* WI: whiteness index and YI: yellowness index

Figs. 3. illustrates FT-IR spectra of untreated cotton fabric, chitosan nanoparticles
(CSNPs) treated cotton fabrics, and treated and dyed cotton fabrics. The FT-IR spectra of
untreated cotton fabrics show typical band peaks of OH and CH stretching groups at 3340,
2900, and band at 1648, 1428 and 1057 cm™ for OH and CH stretching [61]. CSNPs treated
cotton fabrics showed more broadband peaks due to hydrogen bonds of amino and hydroxyl
groups in both nano chitosan and cellulose molecules. FT-IR spectra of treated and dyed cotton
fabrics combine bands of cotton, CSNPs, and two dyes. In addition, peaks of two acid dyes
appear with redshift.

untreated cotton fabrics
—— CSNPs treated cotton fabrics
—— AR dyed treated cotton fabrics

100 , —— AO dyed treated cotton fabrics|

95 o

90 o
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Figure 3. FT-IR Spectra of untreated and CSNPs treated and dyed cotton fabrics with AO and AR acid dyes.

TGA's thermal analysis has been used to describe the change of weight loss with
gradual temperature increasing from room temperature tell complete decomposition. Fig. 4.
illustrates the thermal behavior of untreated, treated, and treated dyed cotton fabrics under the
https://biointerfaceresearch.com/ 13657
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same conditions. Fig. 4. shows three main decomposition stages of all samples but different in
their position. For untreated cotton fabrics, its start decomposes below 320 °C (volatilization of
few M. wt. substances); then decomposes in 320-380 "C range (L-glucose production); then
carbonized over 400 °C. Treated cotton fabric shows the same stages with more thermal stability
due to chitosan nanoparticles containing amino groups. The same improvement in thermal
stability appears for dyed fabrics also dye to both amino groups of CSNPs and N=N for acid
dyes (see Fig. 4).

untreated cotton fabrics
—— CSNPs treated cotton fabrics
120 4 —— AO dyed cotton fabrics

AR dyed cotton fabrics
100 —

60

Weight (%)

40

T T T T T T T
0 100 200 300 400 500 500
Temperature (°C)

Figure 4. TGA of untreated COT sample, CSNPs treated cotton fabrics, AO and AR treated and dyed cotton
fabrics.

The surface morphology of treated and dyed cotton fabrics has been investigated via
scanning electron microscopy (SEM). Fig. 5 shows the change in cotton fabric morphology
through treatment with chitosan nanoparticles (CSNPs) and dyeing with two acid dyes.
Untreated cotton fabrics show a smooth surface (Fig. 5a). The smooth surface contains
remarkable nanoparticles form CSNPs inside and outside the fiber surface (Fig. 5b). Dyeing
with two acid dyes appears as coated and granulated CSNPs of the cotton fabrics (Fig. 5¢ and
5d). Therefore, SEM imaging confirms the presence of CSNPs inside and outside cotton fabrics
for finished and finished dyed cotton fabrics and the coating process for dyed cotton samples.

3.3. Colour strength.

The K/S value of dyed fabrics was related directly to the amount of dye absorbed at the
cotton fabrics by two acid dyes. Acid dye had higher K/S values than acid orange dye, as shown
in Fig. 6. In addition, K/S values for two acid dyes were increased as chitosan's concertation
increased, as shown in Fig. 6. This could be attributed to the creation of the cationic site on
cotton fabrics that increased as the amount of chitosan increased on the cotton fabrics. Chitosan
has three reactive groups; one amino group and two hydroxyl groups (one primary and the
other is the second group), can bind with fabrics and acid dye simultaneously with and without
a crosslinking agent.
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Figure 5. SEM images of untreated cotton fabric (a), CSNPs treated cotton fabric (b), AO dyed cotton fabrics
finished with CSNPs (c) and AR dyed cotton fabrics finished with CSNPs (d).

Also, we can have observed that K/S values have been increased as the chitosan
concentration increased up to 0.2 wt.%, and after that, it decreased. This concentration, the
cotton fabrics became saturated with chitosan and did not need any of that for dyes. At the
same time, it will be competing for the fabrics for dye absorption, which gave that decrease in
K/S values after that concentration. In addition, the energy difference shows the same trend as
K/S for chitosan concentration, which has significantly increased until 0.2 wt. % chitosan
concentration after that it will be decreased for the same reason.

3.4. Fastness properties.

The dyed cotton fabrics with shade 0.2 wt % were subjected to washing with 2 g/L non-
ionic detergents at 88 °C for 0.5 h, and light to investigate their durability towards light and
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washing. Table 1 illustrate fastness properties towards washing, rubbing, and respiration of
chitosan treated cotton fabrics dyed with acid dye.

M AR dye

- I AO dye
10 4 @ B AR dye 60 (b) y

94 I AO dye

Kis

0.0 01 02 03 04 0.0 0.1 02 03 04 05
Chitosan nanoparticle concentration wt% Chitosan nanoparticle concentration wt% (wi%)

Bl AR dye
I AO dye
(©)
400 +
350 -4
300 H
250

200

150

Relative colour strength

100

50 -

0.0 01 0.2 03 04 05
Chitosan nanoparticle concentration wt% (wt%)

Figure 6. Effect of chitosan concentration on color strength of AR and AO acid dyes K/S data (a); AE values (b)
and relative color strength (c).

Table 1. Fastness properties of AO and AR acid dyes on 0.2 wt.% chitosan nanoparticles treated cellulosic
cotton fabrics.

Chitosan Fastness to Wash fastness™ Fastness to perspiration™ Light

nanoparticles rubbing Alkaline Acidic

concentration Dry Wet Alt SC SW Alt SC SW | Alt SC SW

(Wt%)

0.1 AO 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
AR 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

0.2 AO 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
AR 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

0.3 AO 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
AR 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

04 AO 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
AR 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

0.5 AR 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5-6
AO 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

" C, Cotton; W, wool; S, silk; “"Alt = alteration; SC = staining on cotton; SW = staining on wool
3.5. Colour change.

Table 2 illustrates the color change of cotton fabrics treated with different chitosan
concentrations before dyeing with the two acid dyes. It could be shown that yellowness of
treated cotton fabrics increased as the concentration of chitosan increased (b* values), whereas
there was a slight decrease in the lightness of these fabrics with chitosan concentrations
increased (L*) values. This is because amino groups of chitosan can react with hydroxyl groups

https://biointerfaceresearch.com/ 13660
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in cotton fabrics. Therefore, the cotton fabric lusters no change with chitosan concentration
increased.

Table 2. Colour change of cellulosic cotton fabrics treated with different concentrations of chitosan.
Chitosan nanoparticles

* * *
concentration (wt%) L a b

0 85.16 -0.765 3.96
0.1 84.32 -1.85 5.12
0.2 83.98 -0.99 6.02
0.3 84.23 -1.501 6.67
0.4 83.62 -1.154 5.54
0.5 83.58 -0.976 5.78
0.8 85.09 -1.453 4.55

3.6. The antimicrobial activity study.

Chitosan and its derivatives have a superior biological activity, such as its antimicrobial
activity. Chitosan has cationic nature in an acidic medium. Due to the presence of -NH2 groups,
it has great ability to make destabilization of the bacterial outer membrane penetrate the plasma
membrane and kill the bacteria [62-64]. There are several mechanisms discuss with an
illustration of how chitosan kills the microbial cell (bacteria and fungi). But the main back draw
of chitosan antimicrobial that its effect on some microbes, such as Gram-positive bacteria more
efficient than that for Gram-negative bacteria. Therefore, chitosan nanoparticles offer the best
solution for that problem due to their nanostructure.

I S .aureus
30 I B subtilis

25 -

20_-
15-
10-
..
o

CSNPs CSNPS AO CSNPS AR C\proﬂoxac:n
Figure 6. Antibacterial activity expressed in inhibition zone of cotton fabrics treated with chitosan, chitosan
nanoparticles, CSNPs-AO dyed, and CSNPs-AR dyed samples against Gram-positive bacteria.

Inhibition Zone Diameter (mm)

Figs. 6 and 7 shows the antibacterial activity of cotton fabric treated with chitosan,
chitosan nanoparticles, CSNPs treated with dyed AO and AR against four bacterial species;
two Gram-positive and two Gram-negative as mentioned in the experimental part. The
antibacterial activity was evaluated via a disk diffusion method. Antimicrobial activity data
represented in Fig. 6 and 7 explained why we used CSNPs for cotton fabric treatment instead
of chitosan because it has higher antibacterial activity for Gram-positive and Gram-negative
bacteria with chitosan itself. Chitosan has more antibacterial activity on Gram-positive than
Gram-negative bacteria due to their difference in the surface wall. In addition, the increase in
antimicrobial activity of two dyed cotton fabrics due to the presence of reactive groups -N=N-
and sulphonic groups.
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Figure 7. Antibacterial activity expressed in inhibition zone of cotton fabrics treated with chitosan, chitosan
nanoparticles, CSNPs - AO dyed, and CSNPs — AR dyed samples against Gram-negative bacteria.

The antifungal activity of untreated, treated, and dyed cotton fabrics against Aspergillus
niger and Candida with ciprofloxacin as a standard antibiotic are presented in Fig. 8.
I A spergillus niger
354 I Candida

30

25—-
20_-
15—-
o
j
o

CSNPs CSNPs-ACQ  CSNPs-AR  Ciprofloxacin
Figure 8. Antifungal activity expressed in inhibition zone of cotton fabrics treated with chitosan, chitosan
nanoparticles, CSNPs - AO dyed, and CSNPs — AR dyed samples against Aspergillus niger and Candida.

Inhibition Zone Diameter (mm)

Chitosan shows the lowest antifungal activity, whereas chitosan nanoparticles show
higher results due to nanostructure more its penetrating power of fungi, as shown in Fig. 8.
Also, the higher values of antifungal data of two dyed cotton fabrics due to the presence of
reactive groups in their dye moiety

4. Conclusions

The improvement of cotton fabrics with acid dye has been made by finishing these
fabrics with chitosan nanoparticles (CSNPs). CSNPs has been prepared from chitosan and
tripolyphosphate via the ionotropic gelation method. CSNPs are characterized by TEM
imaging and FT-IR spectroscopy. The dyeability and antimicrobial activity of cotton fabrics
with AR and AO acid dyes were investigated after treatment with different concentrations of
CSNPs. The pad-dry-cure method was used for cotton fabric treatment with different
concentrations of safe biopolymer chitosan nanoparticles. Chitosan nanoparticles treatment
was improved and enhanced the dyeability of cotton fabrics with AO and AR acid dyes due to
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chitosan nanoparticles could create new cationic charges from amino groups protonation on
the cellulosic cotton fabrics surfaces. In addition, cotton fabrics' physicochemical and
mechanical properties have been improved due to the high power penetration of nanoparticles
and physical crosslinking within cotton fabrics (presence of OH and NH2 groups in CSNPS
moiety). The optimum concentration of chitosan was 0.2 wt.% for both dyeability and
antibacterial activity improvement. Finally, chitosan nanoparticles impart these dyed cotton
fabrics and antimicrobial activity towards Gram-positive, Gram-negative bacteria and fungi.
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