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Abstract: In this study, chitosan-PAMAM dendrimer hybrid (ChD) was synthesized through the reaction of chitosan with
poly(amidoamine) (PAMAM) dendrimer (Generation -0.5), and characterized by FTIR, SEM, and DSC analyses. In the
following, ChD nano-emulsion (ChDN) was prepared by ionic gelation mechanism and finally silver loaded chitosan-
dendrimer nano-emulsion (Ag-ChDN) was synthesized. The average particle sizes of ChDN and Ag-ChDN were 265 and
278 nm, respectively. Additionally, the prepared nano-emulsions were applied to the cotton fabric with pad-dry-cure method,
and the treated cotton fabrics were characterized by SEM and X-ray diffraction. Antibacterial activity of the treated fabrics
against gram negative bacteria (Escherichia coli) was evaluated and the results pointed out nano-emulsions had better
antibacterial activity in comparison with chitosan. In addition, dyeing ability of the treated fabric was enhanced, and ChDN
and Ag-ChDN can be used to diminish salt in reactive dyeing on the cotton fabric.
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Introduction

Traditionally, in order to increase the dyeing ability of the
cotton with reactive dyes, a large quantity (30-150 g/l) of salt
was utilized to overcome the static repulsion between the
dye molecule and the cotton, therefore highly concentrated
salt discharges cause a serious environmental hazard [1].
Therefore, the application of new ecofriendly dyeing method
such as salt-free or low-salt dyeing technology in the cotton
dyeing with reactive dyes has attracted much attention. The
most researchers suggested that the introduction of cationic
agents like amine or ammonium into cotton fabrics can
reduce or eliminate salt concentration in the dyeing process
with reactive dyes [2-4]. The diverse types of chemicals for
modification of the cotton have been reported, but most
materials have highly toxic and non-biodegradable nature
[5]. While the natural base materials such as chitosan show
no disadvantages mentioned above, and these materials have
attracted the attention of researchers and green labeled
manufacturers [6].

Chitosan is produced by deacetylation of chitin, which
originates from the outer cover of crustacean like shrimps
and crabs [7-10]. Unlike many synthesized polymers, chitosan
has remarkable properties like biodegradation and biocom-
patibility, and compounds produced from the degradation of
chitosan are non-toxic, non-allergic, and non-carcinogenic
[11-13]. In light of the above, chitosan has various applications
in several industries such as pharmaceutical, cosmetics and
toiletries, agriculture, textiles with anti-bacterial properties,
food, and chemical industries [14-18].

Chitosan modifications have been carried out using
multifunctional macromolecules such as crown ethers,

cyclodextrin, and dendrimers to enhance the antibacterial
activity of chitosan [19,20]. Dendrimers as a monodisperse
polymer with three-dimensional spherical morphology and
recognized biocompatible materials are ideal guest-molecule
carriers [21,22], which have utilized for modifying chitosan
[23,24]. In general, dendrimers are synthesized using either
a divergent method or convergent method, and the reactivity
and solubility of the dendrimers are determined by the nature
of the outer functional groups. Due to their exceptional
chemical and physical characteristics, they have also found
various applications in biotechnology [25], textile [24,26],
and wastewater treatment [27].

Lately, most researchers are considering the possible
applications of nanotechnology for generating more attractive
and high performance value-added textile materials. Surface
modification of textiles with nanomaterials is the newest
technique for production of highly active textile surfaces
with a range of functionality. Thus in addition to chitosan
based antimicrobial textiles where chitosan has been used as
a coating or finishing agent [28], synthesis of chitosan
nanoparticle has been considered. Researchers reported
improvement of antibacterial activity of chitosan in nanoparticle
form on polyester fabrics against S.aureus [29]. Also, the
application of chitosan nanoparticle with different size and
zeta potential depending on its molecular weight on wool
fabric was studied, and the effect of chitosan nanoparticle
concentration on shrink-proof and antibacterial properties of
the wool fabric was evaluated [30]. Chitosan nanoparticle
dispersion solution was applied to the silk fabric [31], the
surface of the chitosan-nanoparticle-treated silk fiber was
rougher than that of the chitosan-treated and untreated ones,
and a higher specific surface was achieved. Also antibacterial
activity, breaking strength, and wrinkle-resistance properties
of chitosan-nanoparticle treated silk fabric were also enhanced.*Corresponding author: sadeghi-mo@icrc.ac.ir
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In addition, there are many reported on chitosan nanoparticles
in drug delivery or gene therapy application [32,33].

Silver is an accepted antimicrobial agent with a broad
range of activity. But, absorption of silver nanoparticles on
textile materials has been challenged due to its low charge
density. It was reported that the synthesis of chitosan
nanoparticles loaded with silver ion could also be effective
against a wide range of microbes with sustained release of
silver ion over time [29,34]. Also silver loaded chitosan
nanoparticle could be easily absorbed into the textile
material accompanied by chitosan nanoparticles without the
need of the capping agents [29,34].

The aim of this study is the investigation of dyeing and
antimicrobial properties of cotton fabric treated by synthesized
ChDN and silver loaded ChDN. For this respect, PAMAM
dendrimer (G=-0.5) was used to increase chelating properties
of chitosan and then ChDN was prepared using sodium
tripolyphosphate (TPP) for the first time. Then, silver ion
was added to ChDN and its chelation with silver ions was
formed. The prepared nano-emulsions were applied to
cotton fabric and antibacterial property of the treated cotton
was evaluated. XRD and SEM results were used to identify
the modification of cotton fabric. In addition, dyeing and
fastness properties of treated cotton fabrics were studied,
and an easy way to salt-free dyeing was offered.

Experimental

Materials and Techniques

Chitosan (viscosity 6500 cps, degree of deacetylation
(DD) 98 %, molecular weight (MW)>600 kD) was purchased
from Chitin India (Mahtani Chitosan PVT. Ltd.). Desized,
scoured, and bleached plain-weave cotton fabric (140 g/m2)
was used as received from Mazandran Textile (Iran). Remazol
Black B (RBB) and Remazol Red RB (RRR) were supplied
by Dystar. Sodium tripolyphosphate was purchased from
Merck (Germany). Nonionic detergent (Lotensol, Hansa)
was used for fabrics scouring. All the other reagents were
analytical grade and used without further purification.

FTIR spectra were recorded on a Nicolet Nexus 670
instrument using KBr pellets under standard operating
conditions in the range of 400-4000 cm-1. The measurements
were performed at 20 oC and a relative humidity of 65 %.
Zeta Sizer ZEN 3600 Malvern, England was used to identify
the particle size of the prepared emulsions. Scanning electron
microscope, Seron AIS 2300 was used to characterize the
surface properties of synthesized ChD hybrid and modified
cotton fabrics. All the samples were coated with gold before
SEM testing. Reflective spectrophotometer, Gretag Macbeth
Color-Eye 7000A was used to determine the reflection of the
dyed fabric at 360-750 nm. XRD studies were performed
using a Siemens D5000 X-ray diffractometer (Cu K

α
, 1.5418 Å,

operation voltage 40 kV), to evaluate changes of the treated
fabrics. The tear strength of the modified and untreated

cotton fabric was tested according to BS-2576 by an Instron
5566 tearing instrument. Differential scanning colorimetry
(DSC) measurements were carried out by a TA instrument
2010 at a heating rate of 10 oC/min under the nitrogen
atmosphere.

Preparation of ChD, ChDN, and Ag-ChD Nano-emulsions

PAMAM dendrimer (G=-0.5) was prepared by the reagent
excess manner starting from ethylene diamine according to
divergent procedure offered by researchers [35]. Chitosan
was dispersed in methanol, PAMAM (G=-0.5) was added to
the prepared suspension and the mixture stirred at 40 oC for
3 days. Then, the mixture was filtered, and dried at room
temperature to give ChD hybrid. Preparation of ChD hybrid
is illustrated in Scheme 1.

ChDN was prepared through ionic gelation mechanism
with TPP. For this respect, ChD was dissolved in acetic acid
(1 % v/v), and the pH of the solution was adjusted to 5 with
sodium hydroxide (2 % w/v). Then, TPP in ratio of ChD to
TPP, 3:1, was added slowly to ChD solution at 25 ºC.

Silver nitrate (10 mM) was added to ChDN, and stirred for
1 h. Then, the emulsion was centrifuged at 5000 rpm for
30 min. Extra solution was removed, and the remaining was
dispersed in distilled water.

Modification of Cotton Fabric

The cotton fabric (2 g) used in this study was washed at
the laboratory with nonionic detergent (1 g/l), L.R. 40:1 at
60 oC for 30 min. The fabrics were then dried at ambient
conditions. The cotton fabric was immersed into 0.2 % (w/v)
of ChD, ChDN, and Ag-ChD nano-emulsions twice with a
substrate and liquor ratio of 1:20 for 5 min/each time with a
pressing step giving a pick-up of about 90 % after each
soaking. Then, cotton fabrics were dried at 80 ºC for 5 min,
and cured at 110 ºC for 3 min. After the finishing, fabrics
were washed thoroughly with water, and dried at room
temperatures.

Determining Antibacterial Property

Antibacterial activity of chitosan, ChDN, and Ag-ChDN
treated cotton fabrics was determined according to AATCC
100 standard with E.coli. In summary samples (1×1 cm2)
were put into tubes and were autoclaved at 121 ºC for

Scheme 1. Preparation of chitosan-PAMAM dendrimer hybrid. 
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15 min. Bacteria suspension on nourishing environment
(BHI agar) was prepared. 100 µl of bacteria suspension
containing 106 bacteria was added into tubes (under laminar
hood and aseptic condition). Tubes were closed and kept at
37 ºC for 20 h. Then, 10 ml of normal saline was added into
tubes so that bacteria were separated from the fabric by
normal saline. Successive dilutions of bacteria in every sample
were prepared by normal saline. 100 µl of every dilution was
incubated in Muller Hinton Agar and petri dishes were kept
at 37 ºC for 18 h. Then to obtain the number of bacteria, the
number of colonies was counted and multiplied by dilution
constant.

Antibacterial effect was determined in order to equation (1):

Antibacterial effect (%) = (1)

where blank is the number of bacteria on cotton fabric and
test is the number of bacteria on treated cotton fabrics with
chitosan and nano-emulsions.

Dyeing Procedures

Dyeing was carried out to evaluate dyeing ability of the
raw cotton fabric and treated cotton with nano-emulsions.
Dyeing of the treated cotton fabric was carried out with RBB
and RRR. The modified cotton fabric was introduced in an
aqueous bath containing 3 % owf dye at a liquor ratio of
40:1 without adding salt. The temperature was kept at 40 oC.
After 30 min, temperature was slowly raised to 60 oC (1 oC/
min), and dyeing was continued for 60 min. Then, fixation
was conducted for 30 min using sodium carbonate (20 g/l) at
60 oC. At the end, the dyed fabric was soaped at 90 oC for
5 min at liquor ratio of 30:1, and then thoroughly rinsed with
water.

Conventional dyeing on the untreated cotton fabric was
followed the methods suggested by the dye manufacturer in
the presence of sodium chloride (25 and 50 g/l) and sodium
carbonate (20 g/l) for dye fixation. Finally, washing and
rinsing of dyed cotton fabrics were completed according to
the method used for the treated cotton fabric.

Color Yield Analysis

The color yield or the color strength expressed as K/S

value was calculated from the Kubelka-Munk equation
(equation (2)):

(2)

where K is the absorbance coefficient, S is the scattering
coefficient, and R is the reflectance ratio measured at the
maximum absorbance using a reflective spectrophotometer.
After folding each fabric twice, measurements were taken at
four different positions on the fabric surface. L

* defines
lightness; a* denotes the red/green value; and b* is the yellow/
blue value, h and c (hue and chromaticity) were calculated

from the reflectance data.

Color Fastness 

The washing fastness was evaluated in accordance to the
standard ISO 105 C06 C2S:1994 (E) method. The washing
was conducted at 60 oC for 30 min, rinsed with cold water,
air dried, and analyzed by grey scales (1-severe staining, 5-
no staining). The light fastness test ISO 105 B02:1988 (E)
was tested with the xenon arc lamp using blue reference
samples. Light fading was assessed on a scale of 1 (severe
fading) to 8 (no fading). The rubbing fastness test was
performed using a crockmeter in accord with ISO 105-
X12:1993 (E). The staining on the white testing cloth was
assessed according to the grey scale.

Results and Discussion

Characterization of ChD Hybrid

FTIR Analysis

The FTIR spectra of pure chitosan and ChD hybrid are
illustrated in Figure 1(a). The FTIR spectrum of ChD hybrid
revealed new absorptions, which were characteristic of
PAMAM dendrimer. The FTIR spectrum of chitosan indicated
large and intense peak at 3100-3500 cm-1 corresponding to
the stretching hydrogen bond O-H overlapped with the
several N-H stretching bonds. The characteristic absorption
peak appeared at 1550-1640 cm-1 is attributed to the amide
bond. Stretching vibration peaks of C-H appeared at 2850-
3000 cm-1 and bending vibration peaks of C-H were observed
at 1375-1450 cm-1. Symmetric and asymmetric stretching
vibration peaks of ether bond in glucopyranose ring were at
1024 cm-1, 1065 cm-1, 1150 cm-1 [36]. On the FTIR spectrum of
ChD hybrid, in comparison with chitosan FTIR spectrum,
the absorption peak at 3443 cm-1 was shifted to 3431 cm-1

and converted narrower than chitosan spectrum, and relative
intensities of the absorbance of C-H bond at 2875 cm-1 and
2923 cm-1 increased, which was caused by the reaction
between -NH2 groups in chitosan and terminal carbonyl groups
of PAMAM dendrimer. In addition, a strong absorption peak
around 1727 cm-1 was observed, attributed to the C=O
stretching of ester in ChD hybrid, which was characteristic
of PAMAM dendrimer. The FTIR results well confirmed
that the reaction between chitosan and PAMAM dendrimer
was completed chemically.

SEM Analysis

SEM is the best known and most widely used tool for
morphological analyses [26]. Figure 1(b) shows different
magnifications of pure chitosan and ChD hybrid. The
morphologic changes of chitosan after modification can be
clearly observed from these images. Chitosan modified with
PAMAM dendrimer clearly showed the presence of variable
amounts of foreign deposited materials on their surfaces.
Based on the SEM results, it was reasonable to assume that
the presence of these deposits might be responsible for the
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variation of chitosan property.
DSC Analysis

Thermal properties of pure chitosan and ChD hybrid were

studied by DSC. In DSC curves (shown in Figure 1(c)), the
first peak of chitosan polymer at 60-130 oC exhibits endothermic
peak attributed to the evaporation of absorbed and bound
water. For ChD hybrid the initial endothermic peak is due to
the loss of bound water. Differences in the peak area and the
position of the first endothermic peaks clearly reveal the
different water holding capacity of these macromolecules
and different water-polymer interaction strength. Degradation
of chitosan starts at around 260 oC. One prominent exothermic
peak at around 260 oC with beginning temperature of 224 oC
and peak temperature of 254 oC is observed only for ChD
hybrid. This is probably due to the cleavage of the interaction
between chitosan and dendrimer [29,37].

Characterization of Nano-emulsions

Preparation of nano-emulsions was completed through
ionic gelation method using TPP. In this study, ChD solution
in different concentrations (1 and 2 mg/ml) at pH=5 was
used for preparation of nano-emulsions. Different concen-
trations of TPP were added to ChD solution (ratio of ChD to
TPP 3/1). The stable opalescent suspension including
nanoparticles was formed in concentration of TPP (1 mg/ml)
and ChD solution (2 mg/ml) [31,37,38]. The size distribution of
ChDN is shown in Figure 2(a), and mean particle size of
prepared nano-emulsion is 265.6 nm, and the peak occurred
in the particle size distribution, signifying excellent uniformity.

Figure 2(b) shows size distribution of Ag-ChD nano-

Figure 1. FTIR spectrum, SEM images, and DSC analysis of (a)

chitosan and (b) ChD hybrid.

Figure 2. Size distribution of (a) ChDN and (b) ChD/Ag nano-

emulsion.
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emulsion. It is clear that size distribution and Z-average of
Ag-ChD nanoparticles were increased (278 nm).

Chitosan is very suitable for the adsorption of Ag ions, and
the adsorption of ions into chitosan is based on ionic exchange,
intracellular trapping, and complex physical adsorption by
van der Waal forces [40]. Chitosan nanoparticles are formed
via interacting positively charged chitosan and negatively
charged tripolyphosphate. The process alters the structure
and the electrical surface charge of chitosan due to disrupting
the secondary structure forming in its natural one [41]. The
high surface area of nanoparticles can provide more sites to
bind to metal ions. Therefore, chitosan nanoparticles adsorb
Ag ions mainly as ion-exchange resins and surface chelation.
Active Ag ions can also dissociate among the porous
nanoparticles. Consequently, properties of Ag-loaded nano-
particles are significantly against chitosan nanoparticles without
Ag [29]. So, the size, surface charge, and morphology of
ChD nanoparticles were all affected by loading of Ag ions.
Also, it seems that available pores in ChD nanoparticles can
be considered as enough bulky sites to adsorb Ag ions. So
that, Ag ion first adsorbs onto the external surface of ChD
and then bind to ChD nanoparticles. Finally, the ions can be
chelated to the internal surface of ChDN. The relatively

loose structure of ChD nanoparticles and lower crystallinity
in comparison with chitosan allow Ag ions to interact more
with pair electrons of ChDN nanoparticles.

Assessments of Cotton Surface Characteristics

SEM Analysis

SEM was used to study the structure and morphology of
cotton fabrics after the modification process. The SEM images
are shown in Figure 3, and different magnifications (20.00k x,
4.00k x) were used to explore the surface properties of
cotton fabrics. The alteration in morphology between raw
and treated cotton is further supported by the difference in
their SEM images. Figure 3 indicated that the surface of
untreated cotton fabric was relatively smooth and appeared
as a layered structure, but the morphology of the cotton
fabrics modified with nano-emulsions was rougher than the
untreated cotton fabric. SEM images clearly showed that
nanoparticles form a regular layer on the surface of cotton
fiber, and suggesting that nano-emulsions were grafted onto
the surface of cotton fabric.

XRD Analysis

X-ray diffraction has been used to evaluate the crystallinity
form of the untreated and treated cotton fabric. The XRD

Figure 3. SEM images of (a) raw cotton, (b) cotton fabric treated with ChDN, and (c) cotton fabric treated with ChD/Ag nano-emulsion.



2534 Fibers and Polymers 2015, Vol.16, No.12 Sahar Aryabadie et al.

spectrums of the prepared nanoparticles on cotton fabrics are
given in Figure 4. It can be seen that the untreated cotton has
three characteristic peaks of cellulose I at 2θ=15 o ((110)
plane), 16.5 o (shoulder, (110) plane), and 22.5 o ((200)
plane) [37]. These characteristic peaks also appear in the
XRD patterns of the modified cotton. This result confirms
that the position of the major diffraction peaks does not
change regardless of the modification process. Indeed, the
modified cotton fabrics retained the crystalline structure of

unmodified cotton fabric. Moreover, the crystallinity of the
cotton fabric modified with ChDN (30.92 %) and Ag loaded
ChDN (32.32 %) decreased compared with the unmodified
cotton fabric (34.82 %) without change in crystalline sizes of
samples. ChD and Ag loaded ChD nanoparticles on the
cotton were not identified clearly. However, the presence of
the diffraction peaks at 38 o, 44 o, 64 o, and 77 o, which are
attributed to the (111), (200), (220), and (311) planes of
silver respectively, could confirm that loaded silver was
crystallized into a cubic structure, were confirmed [42].

Antimicrobial Activity of Cotton Fabric

The antibacterial activity of the treated fabric has been
evaluated quantitatively by AATCC-100 test method. It is
clear from Table 1 that both chitosan and ChDN treated
cotton indicate higher rate of bacterial reduction as compared
to the untreated cotton. But ChDN treated cotton shows even
more antibacterial activity than chitosan treated fabric

Figure 4. XRD curves of (a) raw cotton, (b) cotton fabric treated

with ChDN, and (c) cotton fabric treated with ChD/Ag nano-

emulsion. 

Table 1. Antimicrobial activity of cotton fabric

Samples
Antibacterial test 

images

Reduction

 (%)

Inhibition 

zone (mm)

Cotton - -

Treated by 

chitosan
25 1.25

Treated by 

ChDN
75 3.77

Treated by 

Ag-ChDN
100 5.24
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because of the special character of the nano size of ChD
particles and their enhanced surface area with higher number
of available free amino groups to interact with the bacterial
cell surface. The negatively charged surface of cell membrane
is the target site of the polycationic ChDN. Therefore,
nanoparticles with higher surface charge density interact
with the bacteria more than chitosan. ChDN provides higher
affinity with bacterial cells for their quantum-size effect.
These nanoparticles could be tightly adsorbed onto the
surface of the bacteria to disrupt the membrane because of
the larger surface area, and cause to leakage of intracellular
components and destruction of bacteria cells [11,41]. In
addition, PAMAM dendrimer could potentially enhance the
antimicrobial performance of chitosan because PAMAM
dendrimer can also chelate with essential nutrient of
microorganisms and improve the antimicrobial activity of
chitosan [24].

Table 1 shows the antimicrobial property of cotton fabrics
treated with Ag-loaded ChDN is better than untreated one.
The cotton fabrics treated with ChDN and Ag-loaded ChDN
cause death of E.coli bacteria 75 % and 100 %, respectively.
It was found that Ag-loaded ChDN showed higher antibacterial
activity than chitosan, and slightly higher than ChDN. The
higher surface charge density of Ag-loaded ChDN enhances
the affinity with the negatively charged bacterial membrane,
and is probably responsible for their higher antibacterial
activity. Also, Ag-loaded chitosan nanoparticles could provide
controlled release of Ag ions that are dissociated in the small
pores of ChD nanoparticles to show continuous antibacterial
activity. These results also prove that Ag-ChD nanoparticles
may have a dual mechanism of silver and chitosan-dendrimer
nanoparticles [29].

The diameters of inhibition zone in the agar plate are
given in mm. The tests were replicated three times for each
treated samples and the results are presented in Table 1. The
Ag-ChD modified cotton textiles placed on the bacteria-
inoculated surfaces killed all the bacteria under and around
them. A distinct inhibition zone with an average width of
5.24 mm around the cotton samples was observed. The

presence of the most inhibition zone of Ag-ChD in comparison
with ChD and ChDN clearly indicates that the mechanism of
the biocidal action of the cotton fabric is due to the leached
Ag ion.

Dyeing Properties

To determine whether the modification of the cotton fabric
with prepared nano-emulsions would have enhanced dyeing
ability of reactive dyes, the cotton fabric was dyed with two
reactive dyes in the presence of salt in concentrations of 25
and 50 g/l, but treated cotton fabrics were also dyed in the
absence of salt in the dyeing process. According to Table 2,
the K/S of the treated cotton fabrics was much higher than
those of untreated ones. Also, K/S values of the treated
cotton are similar to cotton fabric dyed at salt concentration
25 g/l. The results obviously show the significance of using
salt for the normal dyeing of reactive dyes. These results
indicated that the positively charge of prepared nano-
emulsions caused dyeing ability to increase and less salt was
used to dye the cotton with reactive dyes. Thus, low-salt
dyeing with reactive dyes was possible for cotton fabrics
treated with prepared nano-emulsions.

Fastness Properties 

The changes in shade and staining on cotton and nylon
were investigated visually with grey scale (Table 3). The
washing fastness of the dyed treated cotton was good.
Change of shade and staining of adjacent fabrics, both being
assessed higher or equal to the values obtained by untreated

Table 2. CIELab values of cotton fabrics dyed with reactive dyes

Dye Sample a* b* L* c h K/S

RBB

Cotton (without salt) -0.78 -13.06 22.5 13.08 89.66 12.5

Cotton (salt 25 g/l) -3.16 -14.44 23.7 14.78 77.66 20.0

Cotton (salt 50 g/l) -2.59 -13.54 21.7 13.79 79.17 23.0

Treated by ChDN -0.66 -12.50 20.8 12.52 86.70 21.9

Treated by Ag-ChDN -2.00 -12.91 22.8 13.06 81.19 19.4

RRR

Cotton (without salt) 50.49 -2.27 47.3 50.54 -2.57 7.1

Cotton (salt 25 g/l) 52.27 3.39 39.2 52.37 3.71 17.2

Cotton (salt 50 g/l) 53.24 4.75 37.2 53.45 5.05 19.1

Treated by ChDN 53.70 4.34 37.2 53.88 4.62 18.1

Treated by Ag-ChDN 52.18 3.85 38.8 52.32 4.22 18.8

Table 3. Color fastness of cotton fabrics dyed with reactive dyes at

standard depth (1/1)

Sample

Fastness

Rubbing
Washing Light

Dry Wet

Cotton (salt 25 g/l) 5 4-5 5 4-5

Treated by ChDN 4-5 4-5 5 4-5

Treated by Ag-ChDN 4-5 4-5 5 4-5
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cotton in the conventional dyeing. Dry and wet rub fastness
of reactive dyes on treated fabrics was also comparable with
conventional dyeing. Besides, optical stability of the treated
fabrics showed satisfactory results compared to that in
conventional dyeing. Results clearly showed that pretreatment
with nano-emulsions had no adverse effect on the fastness
properties of reactive dyes.

Physical Properties of Treated Fabric

Table 4 shows data of physical properties of cotton fabric
and treated cotton fabric with nano-emulsions at 25 oC and
48 % relative humidity. To assure the accuracy of data, at
least three individual measurements were preformed, averaged,
and reported. The reproducibility of all reported data was
acceptable, with standard deviation ≤4 %. The results showed
nano-emulsions altered the elastic properties of the cotton
fabric. Such differences were mainly related to reacting
cotton with nano-emulsions, and this causes the fabric
properties such as distributing of natural balance, density,
hydrogen bonding, and hydrophobicity to change. Also,
tensile strain, tensile stress, and maximum load at breaking
point in the treated cotton fabric are higher than the cotton
fabric. Altering of crystallinity as shown in XRD patterns
caused the modulus of the treated fabrics to be lower than
the untreated cotton fabric. Prepared nano-emulsions have
similar chemical structure of the cotton fabric and can cover
weak points of fibers. Because of this, treated cotton fabric
with nano-emulsions has more strength than the cotton
fabric.

Conclusion

In this research, the preparation of ChD hybrid as an
antibacterial agent for cotton fabric was reported. FTIR,
SEM, and DSC results confirmed the reaction between
chitosan and PAMAM dendrimer. Also, ChDN was prepared
through ionic gelation with mean particle size of 265 nm,
when concentration of TPP and ChD was 1 mg/ml and 2 mg/
ml, respectively. Mean particle size of ChDN was increased
by chelation with silver ions, and was a good sign of
attachment of silver on the ChDN surface. The cotton fabric
was treated with nano-emulsions. SEM and XRD results
confirmed the presence of particles on the treated cotton

fabric surface. In addition, treated cotton fabrics with ChD
and Ag-ChD nano-emulsions strongly had the antibacterial
potential with high resistance against E.coli, and silver ions
increased antibacterial activity of ChDN. K/S values of
cotton fabric treated by nano-emulsions were the same as
cotton fabric dyed with salt in concentration of 25 g/l. So, by
this modification method, not only salt adding pollution was
diminished, but dyeing efficiency of cotton fabric with
reactive dyes was also enhanced. The color fastness and
mechanical strength of treated fabrics were all good and can
meet the need for use. 

References

1. F. Zhang, Y. Chen, H. Lina, and Y. Lu, Color. Technol.,
123, 351 (2007).

2. L. Wang, W. Ma, S. Zhang, X. Teng, and J. Yang, Carbohydr.

Polym., 78, 602 (2009).
3. M. Montazer, R. M. A. Malek, and A. Rahimi, Fiber.

Polym., 8, 608 (2007).
4. L. Fang, X. Zhang, and D. Sun, Carbohydr. Polym., 91,

363 (2013).
5. R. Purwar and M. Joshi, AATCC Rev., 4, 22 (2004).
6. H. E. Nasr, S. M. Sayyah, D. M. Essa, S. H. Samaha, and

A. M. Rabie, Carbohydr. Polym., 76, 36 (2009).
7. S. Şenel, and J. S. McClure, Adv. Drug. Deliv. Rev., 56,

1467 (2004).
8. R. Jayakumar, D. Menon, K. Manzoor, S. V. Nair, and H.

Tamura, Carbohydr. Polym., 82, 227 (2010).
9. M. Sadeghi-Kiakhani, K Gharanjig, and M. Arami, J. Ind.

Eng. Chem., 28, 78 (2015).
10. M. Dash, F. Chiellini, R. M. Ottenbrite, and E. Chiellini,

Prog. Polym. Sci., 36, 1014 (2011).
11. M. Kong, X. G. Chen, K. Xing, and H. J. Park, Int. J. Food.

Microbiol., 144, 51 (2010).
12. S. H. Lee, M. J. Kim, and H. Park, J. Appl. Polym. Sci.,

117, 623 (2010).
13. D. Alonso, M. Gimeno, R. Olayo, H. J. Vázquez-Torres,

D. Sepúlveda-Sánchez, and K. Shirai, Carbohydr. Polym.,
77, 536 (2009).

14. V. R. Giri Dev, J. Venugopal, S. Sudha, G. Deepika, and S.
Ramakrishna, Carbohydr. Polym., 75, 646 (2009).

15. G. Crini and P. Badot, Prog. Polym. Sci., 33, 399 (2008).

Table 4. Evaluation of physical properties of raw and treated cotton fabrics

Direction Sample Maximum load (N) Tensile strain (%) Tensile stress (MPa) Modulus (gf/tex)

Warp

Cotton 350 6 175 636634

Finished by ChDN 359 9 179 94940

Finished by Ag-ChDN 352 10 177 71918

Weft

Cotton 246 21 123 12473

Finished by ChDN 289 24 134 9668

Finished by Ag-ChDN 293 23 149 12360



Modification of Cotton by Chitosan/PAMAM/Ag Nano-emulsion Fibers and Polymers 2015, Vol.16, No.12 2537

16. W. S. Wan Ngah, L. C. Teong, and M. Hanafiah, Carbohydr.

Polym., 83, 1446 (2011).
17. M. Sadeghi-Kiakhani and S. Safapour, Clean Technol.

Environ. Policy, 17, 1019 (2015).
18. M. Sadeghi-Kiakhani and S. Safapour, Fiber. Polym., 16,

1078 (2015).
19. H. Sashiwa and S. Aiba, Prog. Polym. Sci., 29, 887 (2004).
20. V. K. Mourya and N. N. Inamdar, React. Funct. Polym.,

68, 1013 (2008). 
21. D. A. Tomalia, Aldrichim Acta, 37, 39 (2004).
22. I. J. Majoros, C. R. Williams, and J. R. Baker, Adv. Drug

Delive. Rev., 8, 1165 (2008).
23. N. Tsubokawa and T. Takayama, React. Funct. Polym., 43,

341 (2000).
24. M. Sadeghi-Kiakhani and A. R. Tehrani-Bagha, Dyes

Pigment., 125, 323 (2016) 
25. Z. Leng, Q. Zhuang, Y. Li, Z. He, Z. Chen, S. Huang, H.

Jia, J. Zhou, Y. Liu, and L. Du, Carbohydr. Polym., 98,
1173 (2013).

26. M. Sadeghi-Kiakhani, M. Arami, and K. Gharanjig, Iran.

Polym. J., 22, 931 (2013).
27. R. Qu, C. Sun, C. Ji, C. Wang, H. Chen, Y. Niu, C. Liang,

and Q. Song, Carbohydr. Res., 343, 267 (2008).
28. C. W. Lou, Fiber. Polym., 9, 286 (2008).
29. A. S. Wazed, S. Rajendran, and M. Joshi, Carbohydr.

Polym., 83, 438 (2011).
30. H. C. Yang, W. H. Wang, K. S. Huang, and M. H. Hon,

Carbohydr. Polym., 79, 176 (2010).
31. H. Liu and C. Gao, Polym. Adv. Tech., 20, 613 (2009).
32. S. Agnihotri, N. Mallikarjuna, and T. Aminabhavi, J.

Control Release, 100, 5 (2010).
33. A. Alishahi, A. Mirvaghefi, M. R. Tehrani, H. Farahmand,

S. Koshio, F. A. Dorkoosh, and M. Z. Elsabee, Carbohydr.

Polym., 86, 142 (2011). 
34. S. T. Dubas, P. Kumlangdudsana, and P. Potiyaraj, Colloid

Surf. A-Physicochem. Eng. Asp., 289, 105 (2006).
35. M. Sadeghi-Kiakhani and S. Safapour, Color. Technol.,

131, 142 (2015).
36. J. Brugnerotto, J. Lizardi, F. M. Goycoolea, W. ArguÈelles-

Monal, J. DesbrieÁres, and M. Rinaudo, Polymer, 42,
3569 (2001).

37. S. S. Abkenar, R. M. A. Malek, and F. Mazaheri, Cellulose,
20, 3079 (2013).

38. W. Fan, W. Yan, Z. Xu, and H. Nia, Colloid Surf. B-

Biointerfaces, 90, 21 (2012).
39. Q. Gan, T. Wang, C. Cochrane, and P. McCarron, Colloid

Surf. B-Biointerfaces, 44, 65 (2005).
40. G. Cárdenas, P. Orlando, and T. Edelio, Int. J. Biol.

Macromol., 28, 167 (2001).
41. L. Qi, Z. Xu, X. Jiang, C. Hu, and X. Zou, Carbohydr.

Res., 339, 2693 (2004).
42. C. H. Xue, J. Chen, W. Yin, S. T. Jia, and J. Z. Ma, Appl.

Surf. Sci., 258, 2468 (2012). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


