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Polymer-grafted Modification of Cotton Fabrics by SI-ARGET ATRP
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Abstract: Cotton fabrics with sophisticated surface-specific properties were obtained by grafting poly(tert-butyl acrylate)
(PtBA), poly(acrylic acid) (PAA), poly(oligo(ethylene oxide) monomethyl ether methacrylate) (POEOMA), poly(N,N-
dimethylaminoethyl methacrylate) (PDMAEMA) and quaternized PDMAEMA (QPDMAEMA) bushes on cotton surfaces
using surface-initiated activators regenerated by electron transfer atom transfer radical polymerization (SI-ARGET ATRP) of
three rather different monomers in a water-ethanol solvent. Due to the different physical properties and chemical composition
of grafted polymers, the properties of such obtained cotton fabrics can be tailored including mechanical properties from
enhanced tensile strength to increased breaking elongation, hydrophilic/hydrophobic characteristics from superhydrophilic to
hydrophobic, varied water absorption abilities, different dye adsorption capabilities and charge properties. This work presents
a high potential surface modification route towards functional textiles which are expected to play an important role in the
future applications.
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Introduction

Cotton fibers and fabrics are amongst the most and widely
used commodities throughout the world and have a wide
variety of applications in apparel, home furnishings, and
industrial products. This inexpensive, biodegradable, and
renewable resource has been widely studied during the past
decades. Efforts to improve the wrinkle recovery properties
and handle of cotton fabrics have never stopped [1-3], and
many attempts have been made to enhance functionalities of
cotton fabrics such as antimicrobial ability [4-6], superhy-
drophobicity or/and superoleophilicity [7,8], self-cleaning
property [9,10], UV radiation protection ability [11], flame
retardancy [12,13], electrical conductivity or capacitive
performance [14,15]. Textile products with multiple func-
tionalities or stimuli-responsive (smart) property have generated
great interest in recent years [16-18]. These functions can be
added to textiles via surface modification, and surface
properties play an important role in the performance of
fabrics with tailored properties.

Various techniques are available for the surface modification
of cotton fabrics mainly including gas treatments (such as
plasma treatments [19,20], ozonation [21], UV or γ Radiation
[22,23], and vapor deposition [24]) and wet modifications
(such as enzymatic treatment [25], chemical etching [26], in-
situ introduction or adsorption of nanoparticles [27,28],
layer-by-layer deposition [29,30], sol-gel process [31,32],
and deposition or grafting of polymers or macromolecules
[33-35]). Comparing with gas treatments, wet modification

of fabrics does not need special equipment or affect bulk
properties of fiber, and thus is more suitable for industrial
applications. Among the wet modification processes, graft
polymerization is one of the most promising methods because
the modified surface is mechanically and chemically robust,
and structurally designable for multi-functionality [36].

Graft polymerization can be performed via grafting-from
and grafting-to approaches. Comparing with grafting-to
technique, in which the polymer bearing a functional group(s)
reacts with the fiber surfaces to form chemically attached
chains, grafting-from method can get higher surface graft
densities because the polymerization of monomer is initiated
by the initiators who are initially anchored on the surface
and the monomer can diffuse freely between the existing
grafted polymer chains. The recent development of improved
polymerization techniques including controlled radical poly-
merization (CRP), ionic polymerization and ring-opening
polymerization (ROP) makes it possible to provide considerable
control over both the structure of the polymer to be grafted
onto the fiber surface and surface graft densities. These
polymerization methods with polymer grafting techniques
have been successfully used as an approach to modify the
surface of cotton fibers or fabrics with a variety of functional
polymers [37-39]. As one of CRP techniques, atom transfer
radical polymerization (ATRP) method is recognized as a
green chemical approach for polymer synthesis, and this
method has been used to graft polymer chains from the surface
of cotton fabrics, resulting in thermo-responsive property
and enhanced antimicrobial ability [39-41]. However, ATRP
is especially sensitive to oxygen and requires relatively large
amounts of transition metal complex. These drawbacks can
be overcome by an improved ATRP technique, activators
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regenerated by electron transfer for ATRP (ARGET ATRP)
process, which has been developed by Matyjaszewski’s
group more recently and greatly reduced sensitivity to oxygen
by the introduction of an excess of reducing agent in the
reaction [42,43]. Surface modification of solid cellulose and
related materials, such as filter paper, cellulose membranes
and wood, has been already investigated by several researchers
[44-47], but information concerning grafted cotton fabric is
rather scarce in the literature [48]. 

This paper presents a straightforward method for preparing
polymer-grafted cotton fabrics with a range of various
monomers including N,N-dimethylaminoethyl methacrylate
(DMAEMA), tert-butyl acrylate (tBA) and oligo(ethylene
glycol) monomethyl ether methacrylate (OEOMA) using
surface-initiated ARGET ATRP (SI-ARGET ATRP) (Scheme
1). DMAEMA is an interesting monomer containing tertiary
amino group that offers water solubility and excellent adhesion
properties, and can induce the antimicrobial activity by
quaternization after polymerization [41]. The t-butyl groups
of hydrophobic PtBA can be hydrolyzed to give acidic PAA
for further surface functionalization [49,50]. Hydrophilic
OEOMA monomer has been widely utilized in the field of
anti-fouling surface protection [51]. Despite the different
natures of the three monomers, the only parameters that need
to be altered are monomer concentration and temperature.
By grafting these functional polymers from the surface of
cotton fabrics, the physical and chemical properties of the
fabrics would be modified, with the purpose of obtaining
high-tech and high-added-value textiles and increasing the
application area of cotton-based materials.

Materials and Experimental Methods

Materials

Cotton plain woven fabrics, with a weight of 201 g/m2 and
a density of 20 threads/cm in the warp direction and

14 threads/cm in the weft direction, were offered by Jiangsu
Lianfa Textile Co., Ltd. (Nantong, Jiangsu Province, China)
and thoroughly rinsed with ethanol and distilled water, dried
at 60 oC in a vacuum oven before use. Triethylamine (TEA,
Sinopharm 99 % purity), 4-(dimethylamino)pyridine (DMAP,
Sinopharm 99 %), 2-bromoisobutyryl bromide (BiBB, J&K
97 %), copper(II) bromide (CuBr2, J&K 99 %), N,N,N′,N′′,N′′-
pentamethyldiethylenetriamine (PMDETA, J&K 99 %), ascorbic
acid (AsAc, TCI 99 %), trifluoroacetic acid (TFA, J&K
99 %), ethyl bromide (TCI 99 %), Astrazon Red FBL 250 %
(Dystar), Astrazon Blue GRL 300 % (Dystar), Evercion Red
H-E3B (Everlight Chemical Industrial Corpration), Evercion
Navy Blue H-ER (Everlight Chemical Industrial Corpration)
and all other solvents (analytical grade) were used as
received. DMAEMA and tBA were purchased from Aldrich
and purified by distillation under reduced pressure before
use. OEOMA (number average molecular weight Mn 300
and ca 5 pendant EO units) was also purchased from Aldrich
and purified by passing through a column filled with basic
alumina to remove inhibitors before use.

Preparation of Polymer-grafted Cotton Fabrics

Preparation of Cotton Macroinitiator (Cotton-Br)

Typically, 100 ml dry tetrahydrofuran (THF), 5.00 ml of
TEA and 0.6 g of DMAP was mixed in a 250 ml round-
bottom flask under oscillating. The flask was cooled down to
0-5 oC and 2.22 ml of BiBB was added into the flask. And
then 2 g of dried cotton fabric was added into the mixed
solution. The reaction mixture was stirred at 0-5 oC for 2 h,
then left to warm up to room temperature (25 oC) and reacted
for 24 h. The fabric sample was thereafter thoroughly
washed sequentially with THF, distilled water and ethanol,
and then dried at 60 oC in a vacuum oven.
SI-ARGET ATRP Grafting Cotton with Monomers

The general procedure for batch ARGET ATRP of tBA to
create PtBA-grafted cotton fabric (Cotton-PtBA) was as

Scheme 1. SI-ARGET ATRP of various monomers from cotton fabric.
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follows. CuBr2 (11.2 mg, 0.08 mmol), PMDETA (34 μl,
0.16 mmol), tBA (3.2 g, 25 mmol), 40 ml water-ethanol
mixture (50/50 v/v) and Cotton-Br (1.5 g) were added
sequentially into a 100 ml round-bottom flask. The flask was
evacuated and flushed with nitrogen, and then immersed into
a water bath preheated at 60 oC. A solution of AsAc (10 mg/ml,
5 ml, 0.28 mmol) was added to the flask to reduce the Cu (II)
complex to the activator Cu (I) complex and start the
polymerization under oscillating. After a predetermined time,
the polymerization was stopped by exposing the solution to
air. The obtained sample was ultrasonic rinsed sequentially
with THF, distilled water and ethanol (30 minutes per solvent),
and then dried at 60 oC in a vacuum oven. The ARGET
ATRP POEGMA-grafted cotton fabric (Cotton-POEGMA)
and PDMAEMA-grafted cotton fabric (Cotton-PDMAEMA)
with OEGMA and DMAEMA respectively was conducted
following similar procedure as that of tBA, and the reaction
conditions were listed in Table 1. The weight uptake of
fabrics and graft yield of monomers were calculated as: 

Weight uptake = (w2−w1)/w1 (1)

Graft yield = (w2 −w1)/n  (2)

where w1 and w2 denote the weight of cotton fabric before
and after grafting, respectively, and n represent the mass of
monomer which were initially inserted into the reaction flask.
Hydrolysis of Cotton-PtBA to Prepare Cotton-PAA

The prepared Cotton-PtBA (1.0 g) was soaked in a solution
of 50 ml of dichloromethane and 1 ml of TFA at room
temperature under stirring for 48 h. After hydrolysis, the
sample was ultrasonic rinsed with water twice to remove the
residues of TFA, and subsequently with ethanol for 30 min,
and then dried at 60 oC in a vacuum oven. The hydrolysis
ratio (HR) of PtBA was obtained according to an equation as
following: 

HR = ((w2−w3)/(57.07−1.01))/((w2−w1)/128.1)  (3)

where w3 is the weight of poly(acrylic acid)-grafted cotton
fabric (Cotton-PAA), 128.1 is the molecular weight of tBA
unit, 57.07 is the molecular weight of tert-butyl group, and
1.01 is the atomic weight of hydrogen. In the current study,
the HR of PtBA was 0.81.
Quaternization of Cotton-PDMAEMA to Prepare Cotton-

QPDMAEMA

The obtained Cotton-PDMAEMA (1.0 g) was immersed
in a mixture of ethyl bromide and isopropanol (1/2, v/v, 60 ml)
at room temperature under stirring for 48 h. The sample was
thereafter thoroughly ultrasonic washed with water twice
and then ethanol for 30 min, and subsequently dried at 60 oC
in a vacuum oven. The quaternization ratio (QR) of PDMAEMA
was obtained according to an equation as following:

QR = ((w4−w2)/108.97)/((w2−w1)/157.2)  (4)

where w4 is the weight of Cotton-PDMAEMA, 157.2 is the
molecular weight of DMAEMA unit, and 108.97 is the

molecular weight of ethyl bromide. In the current study, the
QR of PDMAEMA was 0.58.

Materials Characterization

The infrared spectra of cotton fabric were recorded on a
Varian 640-IR Fourier transform infrared (FTIR) spectrometer
fitted with ATR (Attenuated Total Reflectance) accessories.

The surface morphology of the polymer-grafted and native
cotton was examined with a Hitachi TM-1000 scanning
electron microscope (SEM) at acceleration voltage of 15 kV.

For tensile testing, all samples were conditioned at 21 oC
and 65 % relative humidity for 48 h. Tensile strength and
percentage elongation at the breaking point of the rectangular-
shaped samples (70 mm×10 mm) were evaluated using a
universal material tester (H5K-S, Hounsfield, UK) equipped
with a 50-N load cell, at a crosshead speed of 10 mm/min.
At least five samples in both warp and weft directions,
selected from three separate fabrics, were tested for each
condition and the average±one standard deviation was
reported.

The water contact angles (CA) were measured with 2 μl
deionized water droplet at room temperature using an
contact angle goniometer (KRÜSS GmbH, DSA30), which
contains an optical system to capture the profile of the
droplet on a solid substrate, and a computer with a program
to analyze the angle. The image was captured immediately
(within 5 s) and 10 min later, and the CA was determined
using the circle or the Young-Laplace equation fitting method
by averaging the measurements taken from at least five
different positions on fabric samples. 

Moisture regain (MR) was measured as follows: samples
were dried at 105 oC for 2 h and put into a vacuum desiccator
containing silica gel for 24 h and then weighed (G0). The
dried sample was then conditioned at 25 oC and 65 %
relative humidity (RH) and reweighed until the weight
became constant (G1), and the moisture regain was calculated
according to: 

MR = (G1−G0)/G0 (5)

The degree of swelling (SD) was also measured gravi-
metrically. Briefly, preweighed samples (G0) were immersed
in water at 25 oC. The samples were weighed at different
time intervals (G2) until no change in weight was observed,
which allowed the samples to reach equilibrium swelling.
SD was calculated based on the difference between the two
readings [52]: 

SD = (G2−G0)/G0 (6)

Preliminary sorption experiments were conducted in order
to examine the adsorption ability of the samples to different
kinds of dyes. 0.05 g rectangular-shaped samples was
immersed in two kinds of cationic dye solutions (60 mg/l
Astrazon Red FBL, 30 mg/l Astrazon Blue GRL) and two
kinds of anionic dye solutions (100 mg/l Evercion Red H-
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E3B, 77 mg/l Evercion Navy Blue H-ER), respectively. The
volume of dye solutions was 5 ml. The solutions were stood
for 3 days at room temperature, and then analyzed by UV-
Visible spectroscopy (Hitachi, Japan) to determine their
concentrations with the help of a calibration plot measured
from reference solutions.

Zeta potential measurements were carried out on a zeta-
Potential analyzer (Nano ZS, Malvern Instruments Ltd.).
Specifically, 10 mg native or polymer-grafted cotton was cut
into small pieces and put into 1 mmol/l KCl solution (pH=
6.7), and the solution was sonicated for 30 min in an
ultrasonic bath and then kept at room temperature overnight.
The supernatant with small particles was used to conduct
zeta potential measurements, and all data were determined
10 times, and the average values were adopted.

Results and Discussion

Preparation and Mechanical Properties of Polymer-

grafted Cotton Fabrics

ARGET ATRP is regarded as an industrially friendly
method to prepare polymers and grow polymer chains
directly from a substrate because just a few ppm of Cu(II) is
required and the system is less sensitive to oxygen. The
concentration of Cu(II) was relatively low in this study, and
the grafted cotton fabrics were essentially colorless after
washing. During SI-ARGET ATRP of different monomers,
the weight uptake increases linearly with reaction time at
fixed monomer concentration and temperature, and the time
is varied to achieve a similar weight uptake. The results are
given in Table 1.

Figure 1 shows the FTIR spectra of native cotton, Cotton-
Br and polymer-grafted cotton fabrics. The modified fabrics
reveal the appearance of the peak at 1730 cm-1 where the
stretching vibration of the ester carbonyl group except
Cotton-Br, of which the ester group was undetectable due to
the molecular-level-thickness of bromo-ester groups and the
spectra from FTIR measurements originate from a layer
thickness in the micrometer scale [53]. The fact that the
polymers are covalently attached but physiosorbed to the
surface can be confirmed by replacing Cotton-Br with native
cotton during polymerization and FTIR of as-prepared
sample revealing no traces of carbonyl content.

The native and polymer-grafted cotton fabrics were also
analyzed by SEM, Figure 2. It can be observed that the
woven structure of cotton fabric did not change after graft

polymerization, which indicates the good preservation of
fabric softness and air-breathing properties that are important
for clothing comfort. Inset images show the surface of the
polymer-grafted cotton fibers appear to be covered because
it is no longer smooth comparing with that of native cotton
fibers. The formation of granules on the polymer-grafted
fiber surface might attribute to the coiled (aggregated)
configuration or small amounts of physiosorbed polymer on
the substrate [40,41].

The results of tensile strength and breaking elongation of
polymer-grafted cotton fabrics are shown in Figure 3. The
mechanical properties of textiles depend on many parameters,
including fiber properties, yarn properties, fabric structure
and surface properties, etc. When the fiber surface was
covered by a layer of grafted polymer, the fabric mechanical
behavior could be changed due to the varied elasticity and
surface properties of the fiber, which is highly depended on
the polymer properties. As shown in Figure 3, when the
cotton fabric was modified with BiBB, the tensile strength
and break elongation became lower probably attributed to
the reduced hydroxyl groups on the fiber surface and
decreased interfacial molecular interactions. The fabric
became more rigid after PtBA grafting, and it exhibited
increased tensile strength and decreased break elongation as
compared to native cotton, probably because of the increased
elasticity and surface roughness, or the enhanced fiber weak

Table 1. Reaction conditions and weight uptake percentages of the polymer-grafted cotton fabrics

Sample
[Monomer]

 (mol/l)

Temperature

 (oC)

Time 

(h)

Weight uptake

 m (%)

Grafting yield 

y (%)

Cotton-PtBA 0.51 60 2 17.7 8.3

Cotton-POEOMA 0.37 25 4 20.3 3.0

Cotton-PDMAEMA 0.63 60 4 16.3 4.9

Figure 1. FTIR spectra of the polymer-grafted cotton fabrics; (a)

Native cotton, (b) Cotton-Br, (c) Cotton-PtBA, (d) Cotton-PAA,

(e) Cotton-POEOMA, (f) Cotton-PDMAEMA, and (g) Cotton-

QPDMAEMA.
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links. However, the different results were found when the
surface was grafted with POEGMA, which has higher
elongation at break but lower tensile strength. An explanation
for this could be that POEGMA has a very low glass
transition temperature (Tg) (between -56 and -59 oC) and Tg
of PtBA reported in literature is 36 oC [54,55]. The soft
POEGMA segment increases the inter yarn slippage and
sliding effect, the tensile strength decreased. Tg of PDMAEMA is
reported at 5 oC [56], which is between that of POEGMA
and PtBA, and thus the tensile strength and break elongation
of Cotton-PDMAEMA is between that of Cotton-PtBA and
Cotton-POEOMA. Although PAA and PQDMAEMA have
higher Tg compare with PtBA and PDMAEMA, respectively
(Tg of PAA is above 95 oC, and fully quaternized PDMAEMA

is ca. 140 oC) [57,58], their grafted fabrics has lower tensile
strength and higher elongation at break than their counterpart
respectively, probably due to the increased hydrophilicity
and the plasticizer effect exerted by the adsorbed water. 

Wetting Properties of Polymer-grafted Cotton Fabrics

The wetting properties of the native and polymer-grafted
cotton fabrics was investigated by determining surface contact
angle, moisture regain and swelling degree, as shown in
Figure 4 and Table 2. Water contact angle measurements
showed that on the fabric before and after initiator grafting,
the initial CA increased from 0 o to 134±6 o, which also
proved the successful grafting of BiBB. However, the CA of
Cotton-Br decreased to 104±7 o due to the water permeated

Figure 3. The strength and elongation of the polymer-grafted cotton fabrics; (a) native cotton, (b) Cotton-Br, (c) Cotton-PtBA, (d) Cotton-

PAA, (e) Cotton-POEOMA, (f) Cotton-PDMAEMA, and (g) Cotton-QPDMAEMA.

Figure 2. SEM micrograph of the native and polymer-grafted cotton fabrics. The scale bars are 1 mm and 30 µm in the insets.
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into the internal structure of the hydrophilic cotton fiber,
which can be found in Figure 4(c). Attribute to the hydrophobic
nature of PtBA polymer chain, cotton fabric grafted by PtBA
displayed increased CA compared with Cotton-Br, and it
also exhibited the phenomenon of water penetration into the
fiber. The plausible explanation for this observation is that
the exposure of unmodified areas of the cotton fabric caused
by the damage of the interfibrillar structure during the
modification of cotton fabric with large density polymer
chains [59]. The cleavage of the tert-butyl ester groups of
PtBA produce PAA chain, which has been considered to a
hydrophilic polymer. However, the CA of Cotton-PAA was
close to that of Cotton-PtBA in this study. This can be
explained by the pH-responsive property of PAA, who is
virtually undissociated and exists as a neutral chain at a low
pH (pKa of PAA is in the range 4.5-5.5 [60]). When the
deionized water droplet was placed on the fabric surface,

local acid-base balance would lower the pH of water droplet
and inhibit the further ionization of PAA chian. The high Tg
of PAA is probably another reason for the hydrophobic
behavior of Cotton-PAA. As for PDMAEMA-grafted cotton
fabric, the initial CA was relatively high as well, but the
applied droplet was adsorbed into the substrate within 45 s.
The lower Tg of PDMAEMA benefit the penetration of
water into the fiber, and the pKa of PDMAEMA (in the range
7.0-7.5) [61], which is close to that of deionized water (6.7),
contribute the wetting properties of Cotton-PDMAEMA as
well. The cotton fabric grafted by quaternized PDMAEMA
was superhydrophilic because of the positively-charged strong
polyelectrolyte brush on the surface. Cotton-POEOMA has
good hydrophilic property due to the outmost layer of
hydrophilic PEG segments on fiber.

Moisture regain and swelling degree represent long-time
wetting properties of fabrics. Consistent with the CA results,

Figure 4. Photographs of water droplets placed on textiles: native cotton (initial) (a), Cotton-Br (initial) (b), Cotton-Br (10 min later) (c),

Cotton-PtBA (initial) (d), Cotton-PtBA (10 min later) (e), Cotton-PAA (initial) (f), Cotton-PAA (10 min later) (g), Cotton-POEOMA

(initial) (h), Cotton-PDMAEMA (initial) (i), Cotton-PDMAEMA (45 s later) (j), and Cotton-QPDMAEMA (initial) (k).

Table 2. Wetting properties of the native and polymer-grafted cotton fabrics

Sample Moisture regain (%) Swelling degree (%) CA (initial) (o) CA (10 min) (o)

Native cotton 7.8 100 0 0

Cotton-Br 6.5 80 134±6 104±7

Cotton-PtBA 4.6 47 139±4 119±2

Cotton-PAA 6.5 56 132±3 106±5

Cotton-POEOMA 6.1 80 0 0

Cotton-PDMAEMA 4.7 76 123±7 0

Cotton-QPDMAEMA 8.6 87 0 0
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hydrophobic Cotton-PtBA has the lowest moisture regain
and swelling degree. As listed in Table 2, the swelling
degree of all modified fabrics is lower than that of native
cotton, probably because the encapsulated polymer matrix
inhibits the swelling of fibers and tightly woven fabrics. The
moisture regain of Cotton-QPDMAEMA is higher than that
of the native cotton, contrary to that of other modified fabrics.

Adsorption and Charge Properties of Polymer-grafted

Cotton Fabrics

Dyes can adsorb onto fabrics through attractive forces
including hydrogen bonding, Van der Waals forces and ionic
bonding, and the dye affinity of a fabric highly depends on
the dye chemical structure and fabric properties. Two
cationic dyes (Astrazon Red FBL and Astrazon Blue GRL)
and two anionic dyes (Evercion Red H-E3B and Evercion
Navy Blue H-ER) with different concentrations were applied
in this study to reveal the interactions between the dyes and
the fabrics, as shown in Figure 5 and Table 3.

It is not surprising to observe that Cotton-PAA adsorbed
most of the cationic dyes in the solutions, and Cotton-

PDMAEMA and Cotton-QPDMAEMA adsorbed most of
the anionic dyes in the solutions due to their negatively
charged or positively charged properties respectively, which
is also revealed by the zeta potential measurements listed in
Table 3. The results not only confirmed that the specific
charge properties have been successfully introduce to the
cotton fabric, but also opened the way to prepare functional
cotton fabrics for new and advanced applications such as
extraction of heavy metals or dyes from wastewater, in-situ
grown of nanoparticles for advanced functionalities, stimuli-
responsive materials. As a sequel to the present study, an
extensive report on the advanced applications of polymer-
grafted fabrics and their related materials will be reported in
the future.

The adsorption ratio of cationic dyes by native cotton is
higher than that of anionic dyes because of the negatively
charged nature of cotton fiber. Besides the charge properties
of the fabrics, its hydrophobicity affects the dyes adsorption
as well, as demonstrated by the results of Cotton-Br and
Cotton-PtBA. Hydrophilic Cotton-POEOMA, however, has
lower dye adsorption ability largely due to its anti-fouling

Figure 5. Appearance of the dye solutions after adsorption by native cotton (a), Cotton-Br (b), Cotton-PtBA (c), Cotton-PAA (d), Cotton-

POEOMA (e), Cotton-PDMAEMA (f), and Cotton-QPDMAEMA (g). 

Table 3. Adsorption and charge properties of the polymer-grafted cotton fabrics

Sample
Adsorption (Astrazon 

Red FBL, %)

Adsorption (Astrazon 

Blue GRL, %)

Adsorption (Evercion 

Red H-E3B, %)

Adsorption (Evercion 

Navy Blue H-ER, %)

Zeta potential 

(mV)

Native cotton 31.3 91.4 29.2 42.6 -10.1

Cotton-Br 33.5 89.0 10.2 15.5 -8.2

Cotton-PtBA 32.9 84.4 1.1 1.3 -7.9

Cotton-PAA 84.0 92.9 2.0 5.2 -17.1

Cotton-POEOMA 22.7 65.7 23.7 31.0 -8.9

Cotton-PDMAEMA 9.8 87.6 82.2 93.7 12.4

Cotton-QPDMAEMA 4.1 33.6 99.6 99.1 30.6
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properties on the surface. It also can be found in the
experiment that the dyes are evenly adsorbed on all the
fabrics, meaning that the polymers are uniformly grown
from the fabric surface.

Conclusion

SI-ARGET ATRP, a robust and versatile synthetic technique,
was used to prepare PtBA, POEOMA and PDMAEMA
bushes on cotton fabric surface. Only minor adjustments to
the reaction conditions were required to get similar weight
uptake. Grafted PtBA on the fabric surface was further
hydrolyzed to PAA, and PDMAEMA was quaternized to
QPDMAEMA. The chemical structure of the polymer
grafted cotton fabrics were investigated by SEM and FTIR,
and the results verified the successful grafting of polymer on
cotton fabrics. Due to the different structures of grafted
polymers, the surface properties of the fabrics can be
tailored. Compared with native cotton, PtBA-grafted cotton
fabric exhibited increased tensile strength and decreased
break elongation while POEGMA-grafted fabric had higher
elongation at break but lower tensile strength, probably
because these polymers have different Tg. Also, attribute to
their different hydrophilicity, Cotton-POEOMA, Cotton-
PDMAEMA and Cotton-QPDMAEMA could be wetted by
water within a few seconds, but Cotton-Br, Cotton-PtBA and
Cotton-PAA were hydrophobic and had relatively lower
moisture regain and wet swelling. It was also observed that
Cotton-PAA had the enhanced capability towards cationic
dyes adsorption, while Cotton-PDMAEMA and Cotton-
QPDMAEMA exhibits a high adsorption capability on anionic
dyes, because of the different charge properties gained by
the fabrics. Further studies are underway to fabricate novel
functional fabrics and investigate their advanced applications
on the textile and related industries.

Acknowledgements

The authors acknowledge the financial support for this
work from the National Nature Science Foundation of China
(20973036, 21303013), Science and Technology Commission
of Shanghai Municipality (13ZR1450900) and the Fundamental
Research Funds for the Central Universities (2232014D3-
12).

References

1. T. Harifi and M. Montazer, Carbohydr. Polym., 88, 1125
(2012).

2. K. Li, J. Zhang, and J. Gong, J. Ind. Text., 43, 525 (2014).
3. H. Peng, C. Q. Yang, X. Wang, and S. Wang, Ind. Eng.

Chem. Res., 51, 11301 (2012).
4. R. Dastjerdi and M. Montazer, Colloid Surf. B-Biointerfaces,

79, 5 (2010).

5. Shahid-ul-Islam, M. Shahid, and F. Mohammad, Ind. Eng.
Chem. Res., 52, 5245 (2013).

6. A. Zille, L. Almeida, T. Amorim, N. Carneiro, M. F.
Esteves, C. J. Silva, and A. P. Souto, Mater. Res. Express,

1, 032003 (2014).
7. X. Yao, Y. Song, and L. Jiang, Adv. Mater., 23, 719 (2011).
8. C. H. Xue, S. T. Jia, J. Zhang, and J. Z. Ma, Sci. Technol.

Adv. Mater., 11, 033002 (2010).
9. S. Afzal, W. A. Daoud, and S. J. Langford, J. Mater.

Chem., 2, 18005 (2014).
10. Z. J. Xu, Y. L. Tian, H. L. Liu, and Z. Q. Du, Appl. Surf.

Sci., 324, 68 (2015).
11. Y. Shen, L. Zhen, D. Huang, and J. Xue, Cellulose, 21,

3745 (2014).
12. J. Alongi, F. Carosio, and G. Malucelli, Polym. Degrad.

Stabil., 106, 138 (2014).
13. G. Malucelli, F. Bosco, J. Alongi, F. Carosio, A. Di Blasio,

C. Mollea, F. Cuttica, and A. Casale, RSC Adv., 4, 46024
(2014).

14. J. Molina, J. Fernández, A. I. del Río, J. Bonastre, and F.
Cases, Appl. Surf. Sci., 279, 46 (2013).

15. L. Zhu, L. Wu, Y. Sun, M. Li, J. Xu, Z. Bai, G. Liang, L.
Liu, D. Fang, and W. Xu, RSC Adv., 4, 6261 (2014).

16. J. Vasiljević, B. Tomšič, I. Jerman, B. Orel, G. Jakša, J.
Kovač, and B. Simončič, J. Sol-Gel Sci. Technol., 70, 385
(2014).

17. S. Gowri1, L. Almeida, T. Amorim, N. Carneiro, A. P.
Souto, and M. F. Esteves, Text. Res. J., 80, 1290 (2010).

18. H. Yang, H. Zhu, M. M. R. M. Hendrix, N. J. H. G. M.
Lousberg, G. de With, A. C. C. Esteves, and J. H. Xin, Adv.
Mater., 25, 1150 (2013).

19. D. Caschera, A. Mezzi, L. Cerri, T. de Caro, C. Riccucci,
G. M. Ingo, G. Padeletti, M. Biasiucci, G. Gigli, and B.
Cortese, Cellulose, 21, 741 (2014).

20. S. Shahidi, M. Ghoranneviss, and B. Moazzenchi, J.
Fusion Energy, 33, 97 (2014).

21. M. P. Gashti, A. Pournaserani, H. Ehsani, and M. P. Gashti,
Vacuum, 91, 7 (2013).

22. I. A. Bhatti, S. Adeel, S. Siddique, and M. Abbas, J. Saudi
Chem. Soc., 18, 606 (2014).

23. I. A. Bhatti, S. Adeel, and H. Taj, Radiat. Phys. Chem.,
102, 124 (2014).

24. P. Aminayi and N. Abidi, Appl. Surf. Sci., 287, 223 (2013).
25. A. S. Aly, A. B. Moustafa, and A. Hebeish, J. Clean Prod.,

12, 697 (2004).
26. C. H. Xue, Y. R. Li, P. Zhang, J. Z. Ma, and S. T. Jia, ACS

Appl. Mater. Interfaces, 6, 10153 (2014).
27. S. Perera, B. Bhushan, R. Bandara, G. Rajapakse, S.

Rajapakse, and C. Bandara, Colloid Surf. A-Physicochem.
Eng. Asp., 436, 975 (2013).

28. N. D. Tissera, R. N. Wijesena, J. R. Perera, K. M. N. de
Silva, and G. A. J. Amaratunge, Appl. Surf. Sci., 324, 455
(2015).

29. A. J. Mateos, A. A. Cain, and J. C. Grunlan, Ind. Eng.



1486 Fibers and Polymers 2015, Vol.16, No.7 Xia Dong et al.

Chem. Res., 53, 6409 (2014).
30. Q. Wang and P. J. Hauser, Carbohydr. Polym., 81, 491

(2010).
31. F. Ferrero and M. Periolatto, Appl. Surf. Sci., 275, 201

(2013).
32. E. Pakdel, W. A. Daoud, L. Sun, and X. Wang, Appl. Surf.

Sci., 321, 447 (2014).
33. J. Deng, L. Wang, L. Liu, and W. Yang, Prog. Polym. Sci.,

34, 156 (2009).
34. B. Deng, R. Cai, Y. Yu, H. Jiang, C. Wang, J. Li, L. Li, M.

Yu, J. Li, L. Xie, Q. Huang, and C. Fan, Adv. Mater., 22,
5473 (2010).

35. J. Liu, C. Liu, Y. Liu, M. Chen, Y. Hu, and Z. Yang,
Colloid Surf. B-Biointerfaces, 109, 103 (2013).

36. B. Yu, Z. J. Zheng, Y. Li, and F. Zhou, J. Fiber Bioeng.
Inform., 1, 249 (2009).

37. E. Malmströma and A. Carlmark, Polym. Chem., 3, 1702
(2012).

38. S. Perrier, P. Takolpuckdee, J. Westwood, and D. M.
Lewis, Macromolecules, 37, 2709 (2004).

39. C. Jiang, Q. Wang, and T. Wang, Appl. Surf. Sci., 258,
4888 (2012).

40. H. Yang, A. C. C. Esteves, H. Zhu, D. Wang, and J. H. Xin,
Polymer, 53, 3577 (2012).

41. T. Xing, J. Liu, and S. Li, Text. Res. J., 83, 63 (2013).
42. W. Jakubowski and K. Matyjaszewski, Angew. Chem., 118,

4594 (2006).
43. K. Matyjaszewski, H. Dong, W. Jakubowski, J. Pietrasik,

and A. Kusumo, Langmuir, 23, 4528 (2007).
44. S. Hansson, E. Östmark, A. Carlmark, and E. Malmström,

ACS Appl. Mater. Inter., 1, 2651 (2009).
45. Y. Fu, G. Li, H. Yu, and Y. Liu, Appl. Surf. Sci., 258, 2529

(2012).

46. B. V. Bhut, K. A. Conrad, and S. M. Husson, J. Membr.

Sci., 390-391, 43 (2012).
47. S. Hansson, A. Carlmark, E. Malmström, and L. Fogelström,

J. Appl. Polym. Sci., 132, 41434 (2015).
48. G. Li, H. Yu, and Y. Liu, Adv. Mater. Res., 221, 90 (2011).
49. H. Chen and Y. L. Hsieh, Biotechnol. Bioeng., 90, 405

(2005).
50. F. Tang, L. Zhang, Z. Zhang, Z. Cheng, and X. Zhu, J.

Macromol. Sci. Part A-Pure Appl. Chem., 46, 989 (2009).
51. I. Banerjee, R. C. Pangule, and R. S. Kane, Adv. Mater., 23,

690 (2011).
52. M. C. Li, X. Ge, and U. R. Cho, Macromol. Res., 21, 793

(2013).
53. A. Carlmark and E. Malmström, Biomacromolecules, 4,

1740 (2003).
54. D. Abdelhamid, H. Arslan, Y. Zhang, and K. E. Uhrich,

Polym. Chem., 5, 1457 (2014).
55. D. K. A. Davis and K. Matyjaszewski, Macromolecules,

33, 4039 (2000).
56. R. L. Teoh, K. B. Guice, and Y.-L. Loo, Macromolecules,

39, 8609 (2006).
57. M. M. Al-Najjar, S. H. Harnid, and E. Z. Harnad, Polym.

Eng. Sci., 36, 2083 (2004).
58. M. A. Kryuchkov, Ph.D. Thesis, University of Liège,

Belgium, 2012.
59. J. Lindqvist, D. Nyström, E. Östmark, P. Antoni, A.

Carlmark, M. Johansson, A. Hult, and E. Malmström,
Biomacromolecules, 9, 2139 (2008).

60. R. Dong, M. Lindau, and C. K. Ober, Langmuir, 25, 4774
(2009).

61. V. Bütün, S. P. Armes, and N. C. Billingham, Polymer, 42,
5993 (2001).



<<
  /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


