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Abstract The grafting of cotton fabrics with dial-
lyldimethylammonium chloride was studied. The
objective was to improve reactive dye adsorption and
antibacterial properties. The cotton fabric was modi-
fied with the diallyldimethylammonium chloride at
room temperature using the redox initiator system of
potassium persulfate as an initiator and N,N,N',N'-
tetramethylethylenediamine as an accelerator. It was
found that the nitrogen content of the cationized cot-
ton fabrics increased with an increase in the dial-
lyldimethylammonium chloride concentration and
stayed constant at a concentration of 40% (v/v). The
adsorption of the reactive dyes on the cotton fabrics
was investigated. The contact time of the reactive dye
adsorption on the modified cotton fabrics reached
equilibrium at 30 min. The dye adsorption properties
of the modified cottons depended on the concentra-
tion of the diallyldimethylammonium chloride, dyes
concentration, chemical structure, and molecular
weight of the reactive dyes. By grafting the fabrics
with the diallyldimethylammonium chloride, the cot-
ton fabric’s antibacterial function was also enhanced.
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Introduction

Cotton fabrics have been widely used in the textile
industry because of their natural abundance, better
conductivity of heat, easy dyeability, and excellent
moisture adsorption. However, the dyeing of the cot-
ton fabrics with reactive dyes requires high salt con-
centration and leads to environmental problems.

The modification of the cotton has been studied.
Many papers have been carried out by different meth-
ods, such as the coating method (Kwon et al. 2020;
Li et al. 2022; Sallehudin 2022), chemical modifica-
tion e.g., N-halamine and flame retardant chemical
(Chen et al. 2023), a copper phthalocyanine deriva-
tive and benzophenone (Hu et al. 2023) and grafting
techniques with various monomers, e.g., [2-(meth-
acryloxy) ethyl] trimethylammonium chloride and
methyacrylamide (Wang et al. 2022), 3-chloro-2-hy-
droxypropyltrimethyl ammonium chloride (Zhai
et al. 2022) and 4-vinylbenzyl chloride (Tsimpouki
et al. 2023). From previous reports, the purpose of
cationized cotton fabrics was salt free dyeing with the
reactive dyes. In addition, the other properties of the
modified fabrics were improved, such as antibacterial,
flame retardant, and wearing properties.
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Niu et al. studied the modification of the cotton
fabrics by a bifunctional cationic polymer for salt-free
reactive dyeing. The bifunctional cationic polymer
was prepared by free radical polymerization between
dimethyl diallyl ammonium chloride and allyl glyci-
dyl ether. The dyeability of the modified sample was
improved by the cationic polymer (Niu et al. 2020).
The two cationic compounds, such as 3-chloro-2-hy-
droxypropyltrimethyl ammonium chloride and the
copolymer of the dimethyl diallyl ammonium chlo-
ride and glycidyl ether were modified onto the cotton
fabrics. They could be dyed with the reactive dyes
using the salt-free dyeing process. (Zhai et al. 2020).

Setthayanond et al. cationized cotton fabric with
the 3-chloro-2-hydroxypropyltrimethyl ammonium
chloride. The salt-free reactive dyeing was achieved,
which led to a reduction in the chemical in reactive
dyeing. (Setthayanond et al. 2023). Cationic cotton
prepared by using the 3-chloro-2-hydroxypropyltri-
methyl ammonium chloride for the salt-free dyeing
with the reactive dye. The dye adsorption and dye-
ing processes were improved. The dye uptake of the
modified fabric increased by 92% compared with the
traditional dyeing process (Zhai et al. 2023). Prus’
et al. studied the mechanism of bonding between the
3-chloro-2-hydroxypropyltrimethyl ammonium chlo-
ride cationized cellulose and the reactive dyes. The
modified cellulose formed an electrostatic interaction
with the sulphonic acid group of the anionic reactive
dye. Also, the dye was exhausted rapidly without the
addition of electrolytes (Prus’ et al. 2022).

The copolymer of poly(4-vinylbenzyl chloride)
with triethylamine was applied to the cotton fabrics
for the salt-free reactive dyeing application. The
modified cotton showed high exhaustion under eco-
friendly conditions (Tsimpouki et al. 2023). Wu et al.
prepared cationic cotton fabrics by using polyhexam-
ethylene guanidine. The salt-free dyeing of the modi-
fied fabrics was studied in comparison with the raw
cotton. The exhaustion rate of the modified cotton
increased by 20-30% (Wu et al. 2023). In addition,
the cotton fabric was treated with poly(amidoamine)
dendrimer to study the dyeability of dye from sea-
weed. The percent dye exhaustion of the modified
cotton fabric was higher than that of the untreated
sample. (Kadir et al. 2023).

Many research papers reported that other prop-
erties of the modified cotton fabrics with different
chemicals. Chen et al. prepared a multifunctional
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fabric consisting of flame retardant with antibacterial
and hydrophobic properties. The cotton fabric was
treated with a modifying agent containing a nitro-
gen flame retardant chemical and an antibacterial
agent based on N-halamine (Chen et al. 2023). The
photosensitive textile was prepared by grafting the
cotton fabric with C.I. Reactive Blue 21 (a copper
phthalocyanine derivative) and benzophenone deriva-
tives. The fabric exhibited photo-induced antibacte-
rial activity (Hu et al. 2023). Wang et al. modified
the cotton fabric by grafting with a copolymer of the
[2-(methacryloxy) ethyl] trimethylammonium chlo-
ride and methyl acrylate. The treated fabric exhibited
antibacterial property and comfort properties such as
water absorption softness and air permeability (Wang
et al. 2022).

According to previous reports, water was fre-
quently used as the reaction medium in the cationiza-
tion of cellulose. To improve the reaction efficiency
of the cationization, Odabas et al. cationized Kraft
pulp with 2, 3-epoxypropyltrimethylammonium
chloride (EPTMAC) using water-miscible organic
solvents in the system, such as isopropanol, tetrahy-
drofuran, and dimethyl sulfoxide. To the cellulose,
the EPTMAC created a covalent bond. When tetrahy-
drofuran was used in place of 90% of the water, the
reaction efficiency increased by a factor of ten when
compared to the cationization in the water. Also,
the degree of substitution increased with the use of
organic solvents. They found that the kind of organic
solvent and the cationization reagent concentration
determined the degree of substitution. Additionally,
the zeta potential of the pulp changed from negative
(for the original and blank materials) to positive (for
the cationized material) as a result of the cationiza-
tion process, indicating that the cationization of the
cellulose was successful (Odabas et al 2016).

The grafting technique was performed in many
systems such as gamma-rays (Hidzir et al. 2020),
UV-irradiation (Neubertov/a et al. 2020; Pereira
et al. 2022), and benzoyl peroxide (Tariq et al. 2021).
These methods were carried out at high temperature
or with expensive equipment. Also, the pretreat-
ment of the cotton fabric with the cationic substances
occurred at high temperature. Application of the cot-
ton fabric with quaternary ammonium compounds
by the redox initiator system of the potassium per-
sulfate and N,N,N'N'-tetramethylethylenediamine to
enhance cationicity and dyeability on the fabric are
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very interesting. The advantage of this method is the
reaction occurs at room temperature, and it is easy to
control the polymerization reaction.

The present study was carried out in order to graft-
ing the cotton fabrics with diallyldimethylammonium
chloride for improving the dye adsorption and anti-
bacterial properties. In this work, the cotton fabric
was modified by grafting with the diallyldimethylam-
monium chloride (a cationic monomer) at room tem-
perature. The reaction was initiated by the potassium
persulfate and N,N,N'N-tetramethylethylenediamine
as initiator and accelerator, respectively. The dye
adsorption was studied to elucidate the adsorption
properties of the modified cotton fabrics. Also, the
antibacterial property of the modified cotton fabrics
was examined.

Experimental
Materials
The woven cotton fabric used in this research

was scoured, bleached, and mercerized cot-
ton and received from Rajamangala Univer-

sity of Technology Krungthep. Diallyldi-
methylammonium  chloride =~ (DADMAC) and
N.NNN, -tetramethylethylenediamine (TMEDA)

were purchased from Fluka. Potassium persulfate,
from.

M&B Laboratory Chemical, was used as received.
The reactive dyes (from Modern Dyestuffs and Pig-
ment, Co., Ltd.) used for this studied were C.I. Reac-
tive Blue 171 (RB 171), C.I. Reactive Red 195 (RR
195) and C.I. Reactive Yellow 184 (RY 184). The
reactive dyes are widely use in dyeing cotton fabric.
Thus, they were selected for this study. The differ-
ences in molecular weight and length of molecules
were taken into consideration while selecting the
dyes. The chemical structures and physical properties
of the dyes are shown in Fig. 1 and Table 1.

Preparation of grafted cotton fabrics

Cotton fabric was padded with a solution contain-
ing the diallyldimethylammonium chloride monomer
(DADMAC), K,S,0; (2% by weight of monomer),
and TMEDA (2% by weight of monomer) to 100%
wet pickup, followed by drying at room temperature

for 2 h. The concentrations of DADMAC solution
were 10, 20, 30, 40, 50, and 60% (v/v). The treated
sample was then washed with distilled water at a tem-
perature of 80 °C for 2 h (Chantawon and Kusuktham
2023) and rinsed with distilled water for three times.
Then, the fabric was dried at temperature of 80 °C for
2 h (Chantawon and Kusuktham 2023).

Characterization
FTIR measurement

FTIR spectra analysis of the cotton and modified cot-
ton were identified in KBr pellets by using an Omnic
Nicolet Impact 400 D FTIR spectrophotometer (New
York, U.S.A)).

Elemental analysis

The elemental analysis of the unmodified and modi-
fied cotton fabrics was measured using a Perkin-
Elmer CHNS/O Analyzer 2400 Series II (Shelton,
U.S.A)).

Morphology of cotton fabrics

The surface morphologies of the cotton fabrics were
examined via Scanning Electron Microscope (SEM:
JEOL JSM-5410LV; Japan).

Determination of contact time

The contact time measurements of the reactive dye
adsorption on the unmodified and modified cotton
fabrics were conducted in a thermostat water bath
at temperature of 80 °C. The fabric (0.5 g) and the
volume of dye solution (25 ml) at a concentration of
50 mg/1 in a vial bottle were mixed for determination
of the dye adsorption. The remaining reactive dyes
left in the solution were monitored at certain inter-
vals by a Spectronic 21 UV spectrophotometer. The
absorbance values of the dye solutions were used to
calculate the dye concentration by comparing the cal-
ibration curves, as shown in Fig. 2.

Effect of DADMAC concentration on dye adsorption

The cotton fabric (0.5 g) and 150 ml of a 50 mg/l
reactive dyes solution were added to the 250 ml
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Fig. 1 Chemical structure CI
of reactive dyes
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Erlenmeyer flask (the liquor ratios=1: 300). The
mixture was carried out in the water bath shaker at
200 rpm and heated at temperature of 80 °C for
30 min to allow equilibrium adsorption. After the
determined time, the dye concentration was measured
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using a Spectronic 21 UV spectrophotometer at the
maximum wavelength (A,,) of the absorbance.
The amount of adsorption capacity at equilibrium
ge (mg/g) was calculated by using the following
equation:
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Table 1 Physical properties of reactive dyes

Dye Molecular formula MW (g/mol) Amax (M) Number of chemical group
-SO,Na  -OH  -NH, ©
RB 171 C4oHy,CLN, Na 0,0 1418.9 610 6 1 1 4
RR195 C3;H,oCIN,Nas0,,S, 1168.3 540 5 - - 1 2
RY184 C,oH sN,Na,0,,S; 620.54 420 2 - - 2 -
- y =0.0198x
0.8 y = 0.014x a 0.8 - R2 = 0.9993
R?=0.9999
8 0.6 | 806 -
c c
3 8
5 04 - 504 -
o a
g o
0.2 - < 0.2 -
0 T T T 1 0 T T T 1
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Concentration (mgl/l) Concentration (mgll)
0.8 - C
y = 0.0131x
8 0.6 - R?=0.9995
c
S
o 0.4 -
7
2
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Fig. 2 Calibration curves of reactive dyes: a reactive blue, b reactive red, and ¢ reactive yellow
g = ((¢,-Cc,)V)/w (1) Dye adsorption isotherms study
where C and C, are the initial and final dye concen- The equilibrium adsorption isotherm was investigated
trations (mg/l) after adsorption on the cotton fabric, by mixing 0.5 g of the cotton fabric with 150 ml of
respectively. V is the volume of each reactive dye reactive dyes solution at temperature of 80 °C for
solution (1), and W is the weight of cotton fabric (g). 30 min. The initial dye concentration ranged from 10
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to 130 mg/l. The residue concentration of each dye
was measured by a Spectronic 21 UV spectrophotom-
eter and calculated from the calibration curve.

Antimicrobial study

The assay used for measuring antibacterial properties
was based on "AATCC Test Method 100-1998, Anti-
bacterial Finishes on Textile Materials: assessment
of Antibacterial Finishes on Textiles." The bacterial
species used here was Gram-positive Staphylococ-
cus auresus (AATCC No. 6538). The antimicrobial
activity of the DADMAC modified cotton fabrics was
evaluated. The percent reduction of bacteria was cal-
culated by the following formula.

R = [(B—A)/B| x 100 )

R =%reduction A=the number of bacteria recov-
ered from the inoculated and treated test specimen
swatches in the jar incubated over the desired con-
tact period (24 h) B=the number of bacteria recov-
ered from the inoculated and treated test specimen
swatches in the jar immediately after inoculation (at
0 h contact time).

Results

The cotton fabric was grafted with the DADMAC at a
concentration of 10-60% (v/v). Figure 3 shows FTIR
spectra of the unmodified and modified cotton fabrics
with the DADMAC at a concentration of 40% (v/v).

160
140 -
120 A |
%T 100 A 3411 1431

80 -
1477 ‘V{l\\/

60 b
961

40 4 2945
20 - 3411

0
4000363232642896252821601792 14241056 688

cm-1

Fig. 3 FTIR spectra of unmodified cotton (a) and modified
cotton fabrics with DADMAC at concentration of 40% (v/v)
(b)
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In the FTIR spectrum of the cotton, the adsorp-
tion band at 3411 cm™! corresponded to the absorb-
ance of -OH functional groups (see Fig. 3a). Gigac
et al. reported that the FTIR spectrum of the
poly(DADMAC) consisted of the —CHj; stretching
at 1477 cm™!, the —-CH, group at 2945 cm™!, C-N
stretching at 1105 cm™' and the quaternary ammo-
nium groups at 961 cm™! (Gigac et al. 2023). In the
FTIR spectrum of the modified cotton, it appeared
the adsorption spectrum at 1477 and 2945 cm™!
(see Fig. 3b). They were due to C—H bending and
stretching of methyl groups. In addition, it appeared
the absorption spectrum at 961 cm™! was attributed
to quaternary ammonium groups, confirming the
grafting of the poly(DADMAC) onto the cellulose
structure. The graft copolymerization between the
cotton fabric and the DADMAC may be described
by the following sequence reaction, as shown in
Scheme 1.

First, the mixing of the oxidizing agent (potassium
persulfate) and the reducing agent (TMEDA) in the
redox polymerization system produced the free radi-
cals. Huang et al. used redox initiators that included
N,N,N,'N '-tetramethylethylenediamine (TMEDA)
and potassium persulfate to create hydrogel. The
redox initiation system’s initial mechanism was pro-
pose. They showed how the TMEDA radical forms
by cleaving the —CH; group’s C-H bond to produce
the radical. As a result, this mechanism in Scheme 1
(reaction 1) mentioned it (Huang et al. 2017).

The free radical then transferred to the cellulose
molecule and formed the cellulose macroradical.
In order to create the grafted cotton fabric, it finally
attacked the DADMAC monomer.

Kameya et al. used electron spin resonance to
study the radical formation of cellulose. They found
that the C(5) of the glucose unit could be formed
the molecular mechanism of the radical formation
(Kameya et al. 2013). Therefore, the cotton fab-
ric may be grafted with the DADMAC at the glu-
cose unit’s C5 position. In addition, the most active
sites that were susceptible to the grafting of numer-
ous monomer units or polymers are the —OH groups
found at the C2, C3, and C6 atoms of cellulose chains
(Kumar et al. 2018) Since the cellulose radical can be
either O-centered or C-centered, both options should
be grafted with the poly(DADMAC). Scheme 1
showed the poly(DADMAC) grafting at the O-cen-
tered of C6 only.
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1. Reaction between TMEDA and potassium persulphate to form free radical

)
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Scheme 1 Schematic representation of the grafting of cotton fabric with DADMAC
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3. Reaction between cellulose radical and DADMAC to form grafting cellulose with poly(DADMAC)
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Scheme 1 (continued)
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Fig. 4 Nitrogen content of modified cotton fabrics

The nitrogen content analysis of the products is
shown in Fig. 4.

The result shows that the %N increased with an
increase in the DADMAC concentration and constant
at the 40% (v/v) DADMAC concentration. From this
result, it supported the interaction between the cotton
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fabric and the DADMAC. However, the homopoly-
mer developed as the cotton fabric was grafted into
the reaction media stopped the %N content from
increasing. In a subsequent experiment, the dye
adsorption of the cotton fabrics was studied as a func-
tion of the DADMAC concentration.

Figure 5 shows scanning electron micrographs of
the unmodified and modified cotton fabrics.

The result shows that the unmodified cotton fabric
had a smooth surface and ribbon-like cotton strands
(see Fig. 5a). The surface of the modified cotton
fabric showed a cluster of the poly(DADMAC) con-
nected to the cotton fibers as a result of the grafting
reaction of the poly(DADMAC) (see Fig. 5b). Also,
the fibers were also enlarged and made rounder by the
grafting process.

Contact time determination
The reactive dyes used in this study are C.I. Reactive

Blue 171 (RB 171), C.I. Reactive Red 195 (RR 195),
and C.I. Reactive Yellow 184 (RY 184). The contact
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time (ct) of the dyes’ adsorption on the cotton fibers
was examined using these dyes.

In general, the following steps often take place
when the reactive dye solution comes into contact
with the cotton fabric. First, the dye molecules dif-
fuse from the solution to the fabric. Then, they are
attracted to the fibers and deposited on the cotton fib-
ers surface. After that, the dye deposited on the fiber
surface generates a concentration gradient, which is
a driving force for the movement of the reactive dye
from the surface to the interior of the fiber (Perkins
1996). In this study, the contact time of dyes adsorp-
tion on the unmodified and modified cotton fabrics
with the DADMAC were examined.

The result is shown in Fig. 6. According to this
result, the modified cotton textiles had a greater
adsorption rate than the unmodified ones. Also, the
results show that the dye adsorption rate was high at
the initial period of contact time, which was indica-
tive of a potent attraction between the anionic dye
molecules and the cationic groups on the modified
cotton fabric. The result indicated that the quaternary
ammonium groups on the modified cotton fabrics
played an important role in the properties of the fab-
rics (see Fig. 6a—c).

The attraction between the dyes and the fibers
promoted the movement of the dye from the solu-
tion to the substrate of the adsorbent. Modifica-
tion of the cotton fabric with the DADMAC caused
an ionic interaction between the dyes and the fibers

‘ \Se\l»lm 240904
X \ ~

Fig. 5 SEM micrograph of unmodified cotton (a), and modified cotton fabrics with DADMAC at concentration of 30% (v/v) (b)

(see Scheme 2). The dyes were attracted to the dye
sites (-N*R, groups) of the fibers. When the quater-
nary ammonium groups of the poly(DADMAC) were
occupied by a reactive dye molecules, they could not
adsorb other dye molecules (see Scheme 2). This
caused a limited amount of the dyes to adsorb on the
cotton substrate and led to saturation of adsorption.
Also, it was due to the slight decrease in the driving
force of the dye solutions (Sumari et al 2016). Hence,
from this result, the adsorption reached equilibrium at
the contact time of 30 min.

Effect of DADMAC concentration on dyes
adsorption

The cotton fabric was treated with DADMAC at con-
centrations ranging from 10 to 60% (v/v). At different
DADMAC concentrations, the reactive dyes’ adsorp-
tion into cotton fabrics was investigated. The results
are shown in Table 2 and Fig. 7, respectively.

The result showed that the modified cotton fabric’s
adsorption capacity at equilibrium (qe) was greater
than that of the unmodified cotton fabric (see Fig. 7).
The positively charged quaternary ammonium groups
in the treated cotton fabric increased the anionic dyes’
ability to bind with the reactive dyes. This caused an
increase in the dye adsorption. Also, the dye adsorp-
tion increased with an increase in the DADMAC con-
centration (see Fig. 7). This resulted from the high
dye sites (-N*R, groups) on the modified cotton
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Fig. 6 Effect of contact time on the absorption of reactive dyes on unmodified and modified cotton fabrics: a reactive blue, b reac-

tive red, and ¢ reactive yellow

fabrics. Hence, the contact between the modified cot-
ton fabric with the -N*R, groups and the anionic
reactive dyes was an electrostatic interaction (Prus’
et al. 2022). Scheme 2 displayed a schematic of the
reactive dye adsorption on the modified cotton fabric.

From Fig. 7, it was seen that the RB 171, RR 195,
and RY 184 had equilibrium adsorption (qe, mg/g)
values of 7.28 mg/g, 891 mg/g, and 9.45 mg/g,
respectively. All three dyes, the RB 171 with six
sulfonic groups, had the lowest dye adsorption. This
resulted from the high molecular weight and complex
molecular structure of the RB 171 (RB 171 molecular
weight=1418.9 g/mol; see Table 1 and Fig. 1).

In contrast with the RB 171, the RR 195 and
RY 184, which had five or two sulfonic groups and
small molecules with low molecular weights were
adsorbed higher than the RB 171. (RR 195 molecu-
lar weight=1168.3 g/mol and RY 184 molecu-
lar weight=620.54 g/mol; see Table 1 and Fig. 1).
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Hence, the RB 171’s molecular structure prevented
the mobility of the dye to the surface of the cotton
fabric. The same findings were published by Filip-
kowska et al., Sumari et al., and Wang et al. (Filip-
kowska et al. 2002, Sumari et al. 2016, and Wang
et al. 2018). Additionally, it was found that the dye’s
ability to adsorb to the substrate was influenced by its
chemical structure (Wang et al. 2018). In conclusion,
the DADMAC concentration, the chemical structure
and molecular weight of the dyes, and interactions
between the adsorbent (cotton fabric) and the adsorb-
ate (dye solution) were the parameters that influenced
the dye adsorption.

Adsorption isotherms

The effect of dye concentration on the adsorption iso-
therm of the cotton fabric was studied. The reactive
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Scheme 2 Schematic representation of the reactive dye adsorption on the grafted cotton fabric with the poly(DADMAC)

dyes’ adsorption isotherms on untreated and treated
cotton fabrics are depicted in Fig. 8.

The result showed that the cationic samples had
better dye adsorption than the unmodified ones. This
result may be explained by the fact that the anionic
reactive dyes were successfully adsorbed onto the
treated substrates by the ionic interaction in the modi-
fied cotton with the cationic monomer (DADMAC),
which supplied cationic sites (-NTR4 groups) onto
the substrate (see Scheme 2). The anionic reactive
dye was adsorbed at the active sites, which were the
quaternary ammonium groups (cationic groups) (Roy
et al. 2023). It can be seen from the results that the
modified cotton fabrics showed saturation adsorption
at 8.53 mg/g, 10.5 mg/g, and 11.89 mg/g for RB 171,
RR 195, and RY 184, respectively (see Fig. 8). Addi-
tionally, the dye adsorption increased abruptly at the
initial dye concentration (Co) until equilibrium was
established.

From Fig. 8, it can be seen that the adsorption
capacity of the cellulose substrate increased with an
increase in the initial dye concentration. The initial
dyes concentration served as the driving force behind
this. (Jawada et al. 2019, Rap6 and Tonk 2021, and
Roy et al. 2023,) As a result, dye molecules began

to diffuse and mass transfer from the solution to the
active dye sites of the modified cotton fabric. Rap6
and Tonk found a similar finding in their investigation
into the variables influencing the adsorption of syn-
thetic dyes (R4p6 and Tonk 2021). Additionally, Roy
et al. claimed that the reactive dyes’ adsorption on
the cotton fabric treated with chitosan was influenced
by the original dye concentration (Roy et al. 2023).
Thus the initial dye concentration affected the reac-
tive dyes’ ability to adsorb on the cotton fabric.

Antibacterial property

The antibacterial property of the unmodified and
modified cotton fabrics are shown in Table 3 and
Figs. 9, 10.

The results showed that the DADMAC-modified
cotton textiles inhibited bacterial growth. As the
DADMAC concentration increased, the number of
bacteria decreased further (see Table 3). The modified
cotton materials’ antibacterial properties were also
evident after washing. However, in washed materials,
the reduction of germs reduced (see Table 3). This
could be because the physical contact between cotton
fibers and poly(DADMAC) has been eliminated.
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Table 2 Effect of DADMAC concentration on dyes adsorption

DADMAC concentration (%) Red

Blue Yellow

0 (Untreated cotton fabric)

10

20

30
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50

60

ki
B
_ |
_ B
.
i

ge (mg/g)

&
0 10 20 30 40 50 60 70
DADMAC concentration (v/v)

---o---reactive blue — - - reactivered —i—reactive yellow

Fig. 7 Adsorption property of reactive dyes on unmodified
and modified cotton fabrics at various concentration of DAD-
MAC
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The cell surface of the Gram-positive bacteria
had a negative charge (Mizerska et al. 2009). The
treatment of the cotton fabrics with the DADMAC
led to the appearance of the quaternary ammonium
groups on the cotton fabrics. Then, the interaction
between the modified cotton fabrics and the bacteria
was electrostatic interaction. The positively charged
in the cotton fabric may interact with the negatively
charged bacterial walls and membranes via electro-
static forces, leading to killing the germs (Yuen and
Yung 2013). Therefore, the grafting of the cotton
fabric with the poly(DADMAC) had antibacterial

property.
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Fig. 8 Equilibrium adsorption isotherms of reactive dyes on unmodified and modified cotton fabrics with DADMAC at concentra-
tion of 30% (v/v): a reactive blue, b reactive red, and c reactive yellow

Table 3 Antibacterial

. Samples DADMAC concen- %N (wt %) %Reduction of bacteria
property of cotton fabrics tration (%,v/v) . .
Before washing After washing
Modified cotton 10 0.08 27.65 19.36
20 0.13 62.79 42.09
30 0.20 99.90 63.00

Conclusion

The diallyldimethylammonium chloride was grafted
onto cotton fabric using potassium persulfate as the
initiator and N,N,N’N -tetramethylethylenediamine as
the accelerator. The nitrogen content of the modified
cotton fabrics increased with an increase in the dial-
lyldimethylammonium chloride concentration. The
opposing charges between the cationized cotton fab-
ric and an anionic reactive dye molecule caused the

modified cotton fabric to absorb dye. Factors affect-
ing the dyes adsorption were the diallyldimethylam-
monium chloride concentration, dye concentration,
molecular weight, and molecular structure of the
reactive dyes. Additionally, the antibacterial property
of the cotton fabric was improved by the diallyldi-
methylammonium chloride.

@ Springer
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Fig. 9 The number of bacteria from samples treated with DADMAC at various concentration: a 10%, b 20%, and ¢ 30% (v/v) at “0”

h on Staphylococcus aureus, incubated at 37 °C for 24 h

Fig. 10 The number of bacteria from samples treated with DADMAC at various concentration: a 10%, b 20%, and ¢ 30% (v/v) at

“24” h on Staphylococcus aureus, incubated at 37 °C for 24 h
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