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Abstract: The main goal of this study is to modify cotton as cellulose-based fabrics through
cationization to improve its dyeing with acid dyes and its antibacterial. Quat-188 was applied to cotton
to prepare cationized cotton, overcoming the negative charges between cotton and acid dyes during the
dyeing process without using any electrolyte via the pad-dry-cure method. Then the cationized cotton
fabrics were treated with the prepared silver nanoparticles to improve their antibacterial properties. The
untreated and treated cotton fabrics were dyed with two acid dyes Acid Brilliant Blue PB 100% (acid
blue 25; AB25) and Acid Metanil Yellow MT 100% (acid yellow 36) at concentrations of 2%, 4%, and
6% of by exhaust method. Colour strength, color, and washing fastness of untreated and treated cotton
fabrics were studied. Antibacterial properties of fabrics were also evaluated against S. aureus and E.
coli by using the disk diffusion method. Dyeing properties showed that the treated cotton fabrics
significantly improved color strength and fastness properties (light, washing, perspiration, and rubbing).
Also, the antibacterial properties of treated cotton fabrics showed antibacterial activity towards tested
bacteria. This study reveals that modified cotton fabrics via cationization with Quat-188 and AgNPs
have multifunctional properties from their ability for acid dyes and their higher antibacterial activity
towards Gram-positive and Gram-negative bacteria that is can be used in many applications.
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1. Introduction

Cotton fabrics is a cellulosic polymer with a cellobiose repeating unit in its structure. It
IS very popular among other natural fabrics due to their unique properties. It is soft, breathable,
and wear comfort. On the other hand, it has low UV protective, hygroscopic nonconductive so
that its application is limited without modification [1-3]. Cotton fabrics contain three hydroxyl
groups on their structure can form partial negative charge on their surface in an aqueous
medium [4].

Most of the dyes used for cotton fabrics have ionic nature and cause electrostatic
repulsion with negative cotton charges [5]. This repulsion between dyes and fabrics reduces
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the dye exhaustion from dye bath into the fabrics, which can be overcome. The addition of salt
can neutralize these negative charges on the fabric's surface to overcome this repulsion and
increase the dye exhaustion [6-8]. The addition of salts does not allow all dyes to penetrate
inside the fabric surface, which causes environmental pollution from the washing process that
carries the remaining dyes and salt into rivers and oceans [9-13].

Acid dyes are common dyes for proteinic fabrics such as wool, silk, and polyamide
[14-16]. They are not used for cellulosic based fabrics like reactive and direct dyes due to lack
of affinity to these fabrics and electrostatic repulsion [17-19]. Acid dyes cheaper than reactive
dyes and cover a full-color range with bright shades. Many researchers in literature report on
the direction towards a modification of cotton fabrics to enhance their affinity towards acid
dyes [20-22].

Cationized cotton fabrics showed higher exhaustion of reactive dyes and enhanced
color properties were reported in many research works such as by using Quat-188 [23],
chitosan-poly(propylene imine) dendrimer hybrid [24-29], Glycidyl trimethyl ammonium
chloride [21], combination with mercerization [30], combination with plasma [31] and Poly
[styrene-butyl acrylate-(P-vinyl benzyl trimethyl ammonium chloride] [32,33].

Silver metal and its ions have broad-spectrum antibacterial activity on S. aureus and E.
coli bacteria. Silver ions can be linked to the outer bacterial cell and cell wall through their
interaction with enzyme thiol groups and proteins. Then it causes bacterial cell death. Thus
silver metal and their compounds are effective in wound infections [34-44].

In this study, cotton fabrics were modified using Quat-188 to alter the negative charges
and introduce cationic sites to increase acid dyes' affinity towards these fibers. Then, these
fabrics were treated with silver nanoparticles (AgNPs) to increase their antibacterial activity.
The modified cotton fabrics were dyes using acid dyes via the exhaust method. The finished
and dyed cotton fabrics were characterized by color properties (color strength, wash fastness,
perspiration fastness, Rubbing, and lightfastness) and antibacterial activity evaluation from the
disk diffusion method.

2. Materials and Methods
2.1. Materials.

EL-Nasr Company supplied the fabric of 100% Cotton for Spinning, Weaving, and
Dyeing, El-Mehalla Elkubra, Egypt, with 36 yarn/cm warp, 30 yarn/cm weft, and 150g/m?
weight. The fabric was further scoured in the laboratory at 100°C for 60 min using a solution
containing 2 g/l, Na2COs, and 1 g/l, Egyptol (non-ionic wetting agent based on ethylene oxide
condensate). The cationized agent 3-chloro-2-hydroxypropyl trimethyl ammonium chloride
(Quat-188) with a concentration of 65% was purchased from Sigma Aldrich, USA. The Acid
dyes used were Acid Brilliant Blue PB 100% (acid blue 25) and Acid Metanil Yellow MT
100% (acid yellow 36) supplied by the Archroma. Silver nitrate supplied from Fischer
Scientific co. Polyvinyl alcohol with 115,000 M. wt., 1700-1800 polymerization, 25-32 cP
viscosity and hydrolysis 98-99 mole%) was purchased from Alpha chemika, India. Glucose
was purchased from Aldrich Chemical. Other chemicals are used in analytical grade and used
without further purification.
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2.2. Methods.
2.2.1. Modification of cotton fabrics.

Cationic modification of the cotton fabric was performed by using the pad-dry-cure
method. The experimental procedure adopted was as follows: 3-Chloro-2-hydroxypropyl
trimethyl ammonium chloride (Quat-188) (20 g/I) was mixed with 20 g/l of sodium hydroxide
(50%) solution at a 1:2 molar ratio. The cotton fabric was padded in this mixture at 100% wet
pick-up. Then cotton fabric dried at 40 °C for 10 min and cured at 120 °C for 3 min. Thus,
treated cotton several times washing have dined with acetic acid (1%) and water followed by
drying at normal conditions. The main role of sodium hydroxide is converting Quat-188 into
active epoxide, as shown in Scheme. 1. As a result, the cotton fabric has cationic dye sites
covalently bounded to the cellulose. Due to these positively charged dye sites on the cotton
fabric, it became possible to apply the anionic Acid dyes onto the cotton fabric without using
any electrolyte.

2.2.2. Preparation of silver nanoparticles (AgNPs).

Different concentrations of silver nitrate (AgNOs) (0.001M, 0.01M, 0.1M) were
dissolved into an aqueous solution of PVA (3g/100ml) in the presence of glucose (0.159/100
ml) for every experiment to overcome the oxidation of silver nitrate into silver oxide. The
reduction time was 72 h. at room temperature [45,46].

2.2.3. Finishing of treated cotton fabrics with silver nanoparticles (AgNPs).

The treated cotton fabric was padded in a silver nanoparticles suspension with different
concentrations of AgNOs (0.001 M,0.01 M, and 0.1 M solution) that corresponds 0.034 g/L,
0.34 g/L, and 3.4 g/L AgNPs, respectively. The fabric was then squeezed to a wet pick-up of
ca 100% and drying at 80°C for 5 min. Then it was padded in an aqueous solution containing
glyoxal (50 g/L) and aluminum sulfate Al2(SO4)3 (20g/L). Then it squeezed to a wet pick-up
of ca 100%, followed by drying at 80°C for 5 min and thermo fixation at 120°C for 3 min.
Finally, the sample was washed several times with cold water and dried at ambient conditions.

2.2.4. Dyeing of unmodified and modified cotton fabrics.

The dyeing of the unmodified and the modified cotton fabrics with the Acid dyes was
carried out with exhaust method using high-temperature dyeing machine at 100 oC for 60 min
keeping the liquor ratio at 40:1. The pH of the dye bath was kept neutral around 7. The
unmodified and the modified cotton fabrics were dyed with the shade depths of 2%, 4%, and
6% using Acid Brilliant Blue PB 100% (acid blue 25) and Acid Metanil Yellow MT 100%
(acid yellow 36) dyes. After the dyeing, the dyed samples were washed with the detergent 2 g/l
at 70 °C for 15 min.

2.3. Testing and analysis.

2.3.1. FT-IR spectra.

The FT-IR spectra of the samples were recorded using an FT-IR spectrophotometer
(JASCO FT-IR-6100) using the KBr pellet disk method for transmittance measurements region
of 4000 - 400 cm-1 with spectra resolution of 4 cm™.
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2.3.2. Thermogravimetric analysis (TGA).

Thermogravimetric analysis (TGA) was performed at a temperature starting from 25°C
to 600°C under an inert nitrogen atmosphere with a heating rate of 10 °C min using the
instrument: SDT Q600 V20.9 Build 20, USA.

2.3.3. Tensile strength.

The tensile strength of the fabric sample was determined by the ASTM Test Method
D5035. A Q-Test 1/5 tensile tester. Three specimens for each treated fabric were tested in the
warp direction, and the average value was recorded to represent the fabric breaking load (Lb).

2.3.4. Ultraviolet-visible (UV-vis) spectra.

UV-Vis spectra have been used to confirm the formation of silver nanoparticles in
colloidal solution.

2.3.5. Transmission Electron Microscopy (TEM).

The shape and size of AgNPs were practically obtained by using TEM; JEOL-JEM-
1200. Specimens for TEM measurements were prepared by placing a drop of colloidal solution
on 400 mesh copper grids coated by an amorphous carbon film and evaporating the solvent in
the air at room temperature. The average diameter of the prepared AgNPs was determined from
the diameter of 100 nanoparticles found in several arbitrarily chosen areas in enlarged
microphotographs.

2.3.6. Scanning electron microscopy (SEM).

Microscopic investigation of the fabric sample was carried out using a Philips XL30
scanning electron microscope (SEM) equipped with a LaB6 electron gun and a Philips-
EDAX/DX4 energy-dispersive spectroscopy (EDS). Images were taken at different
magnifications (from 1509 to 30009), using the scanning electron microscope (SEM) following
the images' clarity. Fabric samples were fixed with carbon glue and metalized by gold vapor
deposition to record images.

2.3.7. X-ray diffraction.

X-ray diffraction patterns of samples were recorded on an STOE STADI P
Transmission X-ray powder diffractometer system by monitoring the diffraction angle from 10
to 80 (2h) using monochromatized Cu Ka (k = 1.54051 A) radiation.

2.3.8. Colour measurements and fastness properties.

The dyed samples were tested according to AATCC and I1SO standards. The color
strength values (K/S) were determined using CIE Lab: D-65 10 standard. The ISO-CO6 D1M
was used to determine the color-fastness to laundering. The color-fastness to laundering, color-
fastness to perspiration, and color-fastness to rubbing was measured using AATCC-15,
AATCC-8, and AATCC-16 standards. Comparison of cotton and wool fabrics with test fabric
has been made by using gray-scale. Scales are varying from 1-8, corresponding to very poor to
outstanding values.
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2.3.9. Evaluation of Antibacterial activity.
2.3.9.1. Materials.

Two bacterial strains were E. coli ATCC 11229 (Gram-negative) and S. aureus ATCC
6538 (Gram-positive). These bacterial strains were selected as test cells because they are the
most frequent bacteria in the wounds. Bacterial inoculants were prepared at 370C for 24 hrs.

2.3.9.2. Test method.

The antibacterial and antifungal activities of treated and dyed samples were evaluated
using the disk diffusion method on an agar plate [47,48]. Briefly, 1 cm diameter of cotton
fabrics was cut and incubated in 10 ml nutrient agar containing 10 pl microbe at 37 °C for 24
hrs. h, after which the diameter of the inhibition zone was measured and recorded.

3. Results and Discussion

3.1. Chemical modification of cotton fabrics.

There is an increasing interest in tailoring cotton fabrics into biomedical applications.
Hiren cotton fabrics were subjected to two different chemical modification strategies to
improve further treatment for antibacterial and other biomedical applications. In the first
strategy, cotton fabrics were modified via cationization by using Quat-188 in the presence of
NaOH through epoxy intermediate formation (2,3-dihydroxy propyl trimethyl ammonium
chloride) that can be easily attacked by cotton hydroxyl groups as shown in scheme 1.

3.2. Preparation and characterization of silver nanoparticles.

Silver nitrate can be reduced to Silver nanoparticles by using PVA in the presence of
glucose. Silver ions carry positive charges that can bind with PVA hydroxyl groups that carry
negative ions and cause a change of PVA colloidal solution color upon the addition of AgNOs
from colorless- pale yellow to brownish-yellow. Then glucose can react with Ag*/PVA
complex to form AgP. Finally, Ag® can be easily separated from the Ag*/PVA complex under
ultrasonic radiation [49,50].

Figure 1 shows the UV absorption spectra of colloidal silver nanoparticles formed from
AgNOs molar concentration at 0.01M) and PVA (3g/100ml). AgNPs show a homogeneous
narrow absorption band at 428nm. No absorption has been observed at wavelengths more than
500nm. This confirmed the formation of silver nanoparticles with a complete reduction of
AgNOs.

OH CH, CH,

CH
C'\)z\/’!ﬁ/ ' 4>2 NaOH i S r!l*/CHS
~ +2NaCl + H,0
3 Y CHj s ; \CH3 2
cr OH"
Quat-188 Cell-OH l
OH CH,
o ) N‘/CH3
~ N

Cell CHs
3 1
OH

where Cell-OH represent cotton fabrics
Cationized cotton

Scheme 1. Cationization of cotton fabrics.
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Figure 1. UV spectra of the silver nanoparticles (AgNPs) formed at silver nitrate concentration 0.01M and 3

The crystal structure of

wt% PVA, at RT for 72 h.

Ag nanoparticles was confirmed by using X-ray diffraction

(XRD). Figure 2 shows an XRD diagram of AgNPs at 0.01 M concentration. Figure 2 shows
characteristic peaks at 38.1, 44.3, 64.4, and 78.0, confirming the AgNPs structure. [51].
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Figure 2. X-ray diffraction of silver nanoparticles (AgNPs) from 0.01 M AgNOs and 3 wt% PVA, at RT for 72

h.

The shape and size of Ag nanoparticles were illustrated by using transmission electron
microscopy (TEM) as shown in Figure 3. Silver nanoparticles formed from silver nitrate molar
concentration (0.01 M) show well disperse and semi-spherical shapes with average particle size
from 15-25 nm, as shown in Figure 3.
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Figure 3. Transmission electron microscopy (TEM) of AgNPs from 0.01 M AgNOs, 3 wt% PVA, at RT for 72
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3.3. Finishing of cotton fabrics with silver nanoparticles.

The morphology of cotton fabrics (untreated, Ag nanoparticles treated, dyed with acid
dye, and treated with Ag nanoparticles) were studied by scanning electron microscopy (SEM)
as shown in Figure 4.

| ’
| g %
SEM HV: 200 kV WOD: 15,05 mm i VEGA3ITESCAN  SEM H\ 0kV VEGA3 TESCAN  SEM HV: 20.0 kV ‘ WD: 15.24 mm
View field: 139 pm Det: SE 20 ym J \f w field: 13ﬂllmJ DetBSE 20 pm

SEM MAG: 1.00 kx | Date(midy): 09/06/20 Performance in nanospace s Date 2 idh

Figure 4. SEM images of cotton fabrics (a) untreated (b) treated with Ag nanoparticles, and (c) dyed with acid
dye and treated with silver nanoparticles.

~ SEMMAG: 1.00 kx (midly): 09123120 |

Figure 4 confirmed the presence of fine particles from Ag nanoparticles, distributed
uniform inside and outside the nanofibers after treatment with AgNPs (Figure 4b). These
nanoparticles sub disappeared on the treated dyed samples, which reflect the major effect of
dyeing on the overall process as shown in (Figure 4c), compared with untreated fabric (Figure

4a).

Element Weight % |Atomic %

CK 56.09 64.62

N K 2.59 2.45

oK 27.07 26.07

NaK 5.77 3.74

ESSHSEEEEESE CIK 6.31 2.96
N AgL 2.17 0.28

Figure 5. Electron dispersed X-ray (EDX) analysis of cotton fabrics treated with silver nanoparticles.

Figure 5 shows the electron dispersed X-ray analysis (EDX) of cotton fabrics treated
with Ag nanoparticles and its SEM image. EDX analysis (Figure 5) confirmed the presence of
AgNPs on the treated cotton fabric's surface (Ag wt.% is 2.17, and atomic % is 0.28).

3.4. Dyeing of Ag nanoparticles treated cotton fabrics with acid dyes.
3.4.1. Colour strength.

Colour strength is used as an important parameter to test the quality of fabrics towards
dyeing. As shown from Figure 6, the color yield values of cationized cotton fabric samples are
higher than that for uncationized fabric due to the electrostatic attraction between the surface
of cotton fabrics and Acid dye molecules, where the cationized surface of cotton fabric attracts
the anionic acid dye molecules. A higher number of negatively charged dye molecules are
attracted towards the fabric surface, followed by enhanced absorption and dye uptake resulting
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in deeper shades and higher color yield values. In addition, it can be observed in Figure 6, that
the K/S values of unmodified samples dyed with acid blue 25 are lower than the samples dyed
with acid yellow 36. It can also be observed that the K/S values of the cationized sample dyed
with acid blue 25 are higher than that of cationized samples dyed with acid yellow 36 due to

the acid dye structure.

30 4

— N
(8] o
1 1

Colour strength
]
1

| [ 2% shade
B 4% shade
251 HEE 6% shade

uncationized AB25

catioized AB 25 uncatioized AY36 Cationized AY36

Figure 6. Colour strength values for uncationized and cationized dyed cotton samples with two acid dyes, acid
blue 25 (AB 25) and acid yellow 36 (AY 36).

3.4.2. Washing fastness.

Tables 1 and 2 show the washing fastness of uncationized and cationized cotton fabrics
dyed with acid blue 25 and acid yellow 36. The results show that the washing fastness of
uncationized fabrics dyed with the acid dyes is better in case of color change than that of
cationized fabrics due to the removal of unfixed dye from the cationized dyed samples.

Table 1. Washing fastness of cationized and uncationized cotton fabrics dyed with acid blue 25.

Shade depth | Shade change Staining
Cotton Wool
Uncationized cotton fabric 2% 4 4-5 4
4% 3-4 4-5 3-4
6% 3-4 4-5 3-4
Cationized cotton fabric 2% 3-4 4-5 3-4
4% 3-4 4-5 3-4
6% 3-4 4-5 3-4

Table 2. Washing fastness of cationized and uncationized cotton fabrics dyed with acid yellow 36.

Shade depth | Shade change Staining
Cotton Wool
Uncationized cotton fabric 2% 4 3-4 3
4% 4 3-4 3
6% 4 3-4 3
cationized cotton fabric 2% 2-3 3-4 3
4% 2 3-4 2-3
6% 2 3 2-3

3.4.3. Perspiration fastness.

Table 3 shows the results of color change and staining exhibited by uncationized and
cationized fabrics upon contact with the acid perspiration solution. The results show that
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colorfastness to perspiration of uncationized samples and cationized samples is very good
pertaining to the color change. However, in staining, the cationized dyed samples have poor
fastness compared to uncationized samples. This can be attributed to the higher shade depth
that can cause the removal of a higher number of dye molecules during interaction with
perspiration solution stain the adjacent white fabric.

Table 3. Perspiration fastness of cationized and uncationized cotton fabrics dyed with acid yellow 36; SS stands
for cr change, and S represents staining.

Shade depth | Uncationized cationized Uncationized | cationized
Blue 25 Blue 25 Yellow 36 Yellow 36
CC S CcC S CC S CcC S
2% 4-5 4-5 4-5 4 4-5 4 4-5 3-4
4% 4-5 4-5 4-5 4 4-5 4 4-5 2-3
6% 4-5 4-5 45 | 4 4-5 4 4-5 2-3

3.4.4. Rubbing fastness.

Table 4 shows the rubbing fastness of cationized and uncationized samples. The results
show that dry rubbing fastness of both cationized and uncationized fabric samples dyed with
acid blue 25 and acid yellow 36 is good to excellent. The Acid dyes usually do not have an
affinity towards cotton fabrics, so apparently, the acid dye molecules would not retain or stay
onto the cotton fabrics. So cotton fabrics have a minimal affinity towards acid dyes. As a result,
the dye hardly comes off in case of dry rubbing, while during wet rubbing, minimal staining
has been noticed in case of deep shades.

Table 4. Rubbing fastness of cationized and uncationized cotton fabrics dyed with acid yellow 36.

Shade depth Uncationized Cationized Uncationized cationized
Blue 25 Blue 25 Yellow 36 Yellow 36

Dry Wet Dry Wet Dry Wet Dry Wet

2% 4-5 4-5 4-5 4 4-5 4 4 3-4

4% 4-5 4-5 4-5 4 4-5 4-5 4-5 3-4
6% 4-5 4-5 4-5 3-4 4-5 4 4-5 4

3.4.5. Light fastness.

Table 5 shows the light fatness of uncationized and cationized fabric fabrics. The results
show that the light fastness of uncationized samples is better than that of cationized fabrics.
This is so because of the pale shade on uncationized fabrics and a darker shade on cationized
fabrics. As there is a small number of dye molecules on uncationized fabric, light on the lighter
shade will be less compared to the darker shades exhibiting the relatively less fastness to light
of the cationized fabric fabrics. The lightfastness of dyed fabrics depends on dye structure and
resonance in the dye molecules. The difference in the light fastness can be due to the shade
depth.

Table 5. Lightfastness of cationized and uncationized cotton fabrics dyed with acid yellow 36.

Shade depth Uncationized cationized Uncationized cationized
Blue 25 Blue 25 Yellow 36 Yellow 36

2% 4 34 4-5 4

4% 4 34 4 34

6% 4 34 4-5 34

3.5. Antibacterial assay.

The antibacterial activity of the cotton samples treated with Ag nanoparticles and dyed

with two acid dyes (named blue 25 and yellow 36 as mentioned before) was evaluated against
https://biointerfaceresearch.com/
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the two most frequent bacterial strains, S. aureus as Gram-positive bacteria and E. coli as Gram-
negative bacteria. Figure 7 shows the antibacterial activity of dyed cotton fabrics at different
dye concentrations from 1 to 6 wt. % [52].

B Blue 25; S. aureus |

I Yellow 36; S. aureus |

04 B Blue 25; E. coli
[ Yellow 36; E. coli

254

20 4

Zone of inhibition (mm)

1 2 3 4 5 6
Acid dye concentration (wt.%)

Figure 7. Antibacterial activity of cotton fabrics treated with Ag nanoparticles and dyed with two acid dyes,
blue 25 and yellow 36, at different dye concentrations.

Figure 7 shows that the two-dyes' antibacterial activity regularly increased as its
concentration increased from 1% to 6wt.%. This confirms that acid dyes also have antibacterial
activity. Also, the dye showed better efficiency against S. aureus as Gram-positive bacteria
than E. coli as negative bacteria because of the structure of its cell wall [53,54].

Figure 8 shows the effect of washing durability of dyed fabrics on its antibacterial
activity after 25 times wash fastness. The durability of the washing of these antibacterial
functions depends on the bonding between acid dyes and fabrics.

2 - Il Blue 25; S. aureus

I Yellow 36; S. aureus
2] B Blue 25; E. coli
18 4 I Yellow 36; E. coli

Zone of inhibition (mm)
N
1

0 5 10 15 20 25
Wash cycle

Figure 8. Effect of washing durability of two acid dyes (blue 25 and yellow 36) dyed cotton fabrics on
antibacterial activity.

Figure 8, shows the effect of washing durability of cotton fabrics dyed with two acid
dyes on antibacterial activity. The results show that the dyed fabrics have antibacterial activity
against Gram-positive and Gram-negative bacteria after 25 washing cycles. The bonds between
fibers and dyes through chemical bonding that cause wash fastness of its antibacterial
functions.

4. Conclusions

The cotton fabrics treated with quat-88 provide cationic dye sites which can be dyed
with the anionic Acid dyes without using any electrolyte. Besides, cotton fabrics are treated
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with Ag nanoparticles to increase their antibacterial activity. The color yield and fastness
properties for wash, perspiration, and light are evaluated for modified and unmodified cotton
fabrics. The washing fastness, crocking fastness, perspiration fastness, and light fastness
properties of unmodified cotton fabric is better than that of unmodified cotton fabric because
of low color yield. This was so because the Acid dyes have a very low affinity towards the
cellulosic fabrics. However, it is found that the color yield of modified fabric is far better than
unmodified fabric due to ionic attraction between the positively charged fabric and anionic dye
molecule. This shows that the maximum exhaustion of the Acid dyes can be done through
modification of cotton fabrics. Treated and dyed cotton fabrics showed high antibacterial
activity towards Gram-positive and Gram-negative bacteria with an enhancement of dyeing
properties of cotton fabrics towards acid dyes (blue 25 and yellow 36).
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