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ABSTRACT: The sulfated f-cyclodextrin (sb-cd) was prepared from f-cyclodextrin and the sb-cd was crosslinked with cotton fabric using
ethylenediaminetetraacetic acid (EDTA) as crosslinker. After crosslinking, the synthesized ZnO nanoparticles were padded on this fabric
surface. Then, the treated fabrics were dyed with neem extract. The synthesized polymer, crosslinked and nanoparticle-treated cotton
fabrics were characterized using fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), particle sized analyzer, and
transmission electron microscopy (TEM) studies. The antibacterial test was done against Staphylococcus aureus and Escherichia coli bacte-
rium. The composite coated with neem dyed cotton fabric has exhibited 71% of dye uptake with 2-3 fastness grade and it has 99% of

antibacterial efficiency for S. aureus and 97% for E. coli bacterium. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000000, 2012
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INTRODUCTION

Carbohydrate polymers like cotton, cyclodextrins, and chitosan
are playing an important role in our society. Cotton is mostly
used by textile sectors." The consumption of world textile fiber,
the cotton fabrics have increased due to population growth.’
The application of cotton fabrics also increases day by day and
also the consumers required more quality, functionality of cot-
ton fabrics.” The synthetic dyed fabrics may cause the skin
problem to the wearer’s skin and the synthetic dye effluent cre-
ates environmental pollution.*

In recent days, numbers of dyeing industries were closed due to
environmental problem in and around Tirupur. The textile dye-
ing industries located at Tirupur in India has been facing a major
problem for the usage of synthetic dyes. Tirupur is located at the
bank of river Noyyal, a tributary to river Cauvery. The quality of
Noyyal river water, soil, ground water, and climatic condition of
Tirupur has been ideal for dyeing process since long time. At
present, there are 712 dyeing industries has been shut down by
High Court order due to synthetic dye effluents discharge with-
out treatment in to Noyyal river.” To avoid these problems, an
eco-friendly modification, safe dyes, dyeing process or enzyme
finishing methods are required. The structural modified cellulose
fabric has some functional behaviors. The structural modification
of cotton cellulose was successfully modified using f-cyclodex-
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trin. The improved qualities and functionalities of cotton fabrics
are necessary for our society.”” The improved antibacterial effi-
ciency needed for kid’s cloths, inner wears, medical bandage
cloths, and so forth. These properties are improved by different
modifications of cotton fabrics. Our recent report was sulfated f-
cyclodextrin (sb-cd)-modified cotton fabric for antibacterial ac-
tivity® and we have already reported Polyvinylpyrrolidone (PVP)
modification of cotton fabric and its improved antibacterial activ-
ity was tested with ZnO nanoparticles coating.”

Some of the natural dyes are extracted from leaves, sparks, flow-
ers, and roots of medicinal plants. So, these natural dyes have
some medicinal properties. The natural dyes are suitable for eco-
friendly dyeing process.® The fastness properties of natural dyed
fabrics were improved by eco-friendly modifications and eco-
friendly mordents. These natural dyes are biodegradable and gen-
erally has a better compatibility with the environment.'®"" Neem
extract is used as a natural dye and this natural dyes exhibits
good antibacterial activity on natural dyed cotton and wool fab-
ric. The wash fastness of neem natural dyed fabric was improved
by modification using dimethyloldihydroxyethelene.'®"?

The nanoparticle-coated fabrics have antibacterial activity,
UV-protection, self cleaning, and so forth. Hence, the eco-
friendly modified cotton with nanoparticle-coated fabrics
showed very good functional behaviors. These types of textile
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materials are required in the increasing demand of modern
human society and our environment.'*'?

Xu and Cai have presented a simple method of fabricating
superhydrophobic surface on cotton fabrics. The oriented hex-
agonal type of ZnO nanorods arrays were first grown on cotton
fibers via a simple process at low temperature and then modi-
fied with n-dodecyltrimethoxysilane (DTMS). The fabrication
processes can be easily applied using inexpensive laboratory
equipment and chemicals which are desirable for use in multi-
ple fields such as functional material devices, composites, and
optoelectronic industries.'® Lee'” demonstrated that desired
properties can be imparted by coelectro spinning of polymer
materials with a functional material in a single step.

The superhydrophobicity was achieved by combining the rough
surfaces created by SiO, nanoparticles and ZnO nanorods with
DTMS modification.'® Mao et al. found that hot water treatment
could transform the morphology of the ZnO nanoparticles on
the surface of cotton fabric from sphere and rod to needle shape
through a recrystallization process. Although hot water treatment
could not significantly increase the amount of ZnO on the sur-
face of cotton fabric, longer treatment time and higher treatment
temperature can make the needle-shaped ZnO nanorods have
smaller diameter and better crystalline perfection.'®

Cyclodextrins are used in a variety of different textile applications
and owing to the complex abilities of cyclodextrins.”>* It per-
forms new functional properties in textile materials. The possibil-
ity of permanent cyclodextrin fixation in polymeric materials has
been studied.””*> The cyclodextrin crosslinking may exhibit good
dyeability due to its multihydroxyl groups and also the sulfur
groups act as an antibacterial agent. Antimicrobial active substan-
ces are complexed by crosslinked cyclodextrins. The cyclodextrin-
treated materials are convenient and safe for wearing.”®

The functionalized cotton and its composite materials have
increased activities such as textiles, drug delivery systems, and
personal care products.””>° Aim of this work is to study the
antibacterial behavior and dyeability with neem extract on sb-
cd/ZnO nanoparticles/cotton composite fabric.

MATERIALS AND METHODS

Materials

Sulfuric acid, ethylenedinitrilo-tetraacetic acid, and calcium car-
bonate were purchased from Merck India products. f-Cyclodex-
trin purchased from Himedia Chemicals, India. The cotton was
used as bleached knitted fabric from Tirupur textile industry. The
natural dye source neem leaves were collected from local residen-
tial area in India at Karaikudi.

Preparation of Sulfated f-Cyclodextrin

The sb-cd was prepared from sulfonation of f-cyclodextrin, which
was (10 g) mixed with 3 mL of 90% of sulfuric acid at 0-5°C
temperature and was maintained for 2 h. The superfluous sulfuric
acid was then counteracted with 1 N calcium carbonate solution.
After filtering, 95 wt % of alcohol was added into the filtrate, the
mixed solution was kept overnight at 0—5°C. The pH of the sedi-
mentation was adjusted to 7 using acetic acid. The white sedi-
mentation was obtained after adding a great amount of alcohol.
The precipitate was washed with alcohol, acetone, and ether.*
The powder was dried in a vacuum oven at 110°C for 15 min.
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Figure 1. FTIR spectrum of f-cyclodextrin and sb-cd.

Modification of Cotton Fabric

sb-cd (5 wt %) was dissolved in water and 90% of wet pickup
bleached 10 x 15 cm” of knitted cotton fabric was immersed in to
this solution with 5 gpl EDTA for crosslinking.”" The treated cot-
ton fabric was padded on two bowel padding mangle. Then, the
padded samples were cured at 120°C for 2 min in an air oven.

Preparation of ZnO Nanoparticles

Thermolysis method was used for the preparing of ZnO nanopar-
ticles and it is based on our previous report.’? About 7.43 g of
zinc nitrate was dissolved by magnetic stirring (JSGW 13162)
with 200 mL of 2% soluble starch solution. Sodium hydroxide
(0.2 mol) was added drop by drop as precursor to this solution.
The temperature was maintained from 60 to 70°C and the mix-
ture was stirred for 2 h. After stirring, the precipitate was filtered.
This precipitate was three times washed with distilled water. After
washing, the nanoparticles were dried at 80°C for 12 h and then
ZnO nanoparticles were obtained.

Coating of Cotton Fabrics with ZnO Nanoparticles

The prepared ZnO nanoparticles were coated by Pad-dry-curve
method.”® About 2% of ZnO nanoparticles were treated with
unmodified and sb-cd modified cotton fabrics 5-20% of wet
pickup. Then, these fabric samples were padded in a two bowl pad-
ding mangle. After completion of padding, these fabrics were cured
at 120°C for 3 min. Then, the unfixed nanoparticles were removed
by washing with 2 gpl of sodium lauryl sulfate. Finally, these fabrics
were completely washed with water 10 times and dried.

Extraction of Natural Dyes

Alcohol (50 mL) with 15 g of Azadirachta indica leaves (neem) were
added in the Soxhelt apparatus.®® It was extracted at 50°C tempera-
ture. The final extract was used for treatment of cotton fabric.
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Figure 4. XRD pattern of ZnO nanoparticles.

15 MLR at 60°C for 1 h.*® Then, the air dried dyed fabrics were
tested for the fastness and dye uptake measurements.

Measurement of Dye Uptake
The exhaustion values of dyed samples were measured by taking
oD pesm ey Tt s the absorbency value of the dye liquor samples (before and after

=

el dyeing) using a Spectrophotometer (Systronics) at wavelength of
+ cotin maximum absorbency (A max) of the dye concerned.’® The
. Sulfated - B-cyclodextrin cross linked cotton exhaustion value was calculated using eq. (1):
Figure 2. FTIR spectrum of untreated cotton and sb-cd cotton. 1— A
Exhaustion (%) = Tl % 100 (1)
2

Natural Dyeing
Natural dye (2%) was dyed with unmodified, sb-cd modified,
ZnO coated, and sb-cd nanoparticle-coated cotton fabrics with 1 :
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Figure 5. PSA and TEM images of ZnO nanoparticles images of unmodi-

Figure 3. FTIR spectrum of neem extract and neem extract treated Sb-cd  fied cotton and sb-cd crosslinked cotton. [Color figure can be viewed in
crosslinked cotton. the online issue, which is available at wileyonlinelibrary.com.]
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where A; = absorbency of dye solution before dyeing and A, =
absorbency of dye solution after dyeing.

Wash Fastness

Wash fastness of all dyed samples were measured by the (ISO
105-C03; 1989, Geneva) testing method.”” Dyed fabric sample (5
X 5 sz) was taken, pinned with one of the shorter side of the
adjacent bleached fabric and put into the Launderometer at 60°C
for 30 min. Then, the specimen was washed with hot water, cold
water, and dried.

Antibacterial Test
The antibacterial activities of untreated and treated fabrics were
done by the reduction of colony forming units (CFUs) of Staph-
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Figure 6. SEM images of untreated cotton, sb-cd and ZnO nanoparticle-treated cotton fabric.
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ylococcus aureus and Escherichia coli bacterium (AATC test
method (100-1999).>*7*° The cell culture and analysis were done
in Marine Bio-technology Lab, Alagappa University, Karaikudi,
Thondi Campus. The initial concentration of S. aureus is 12 X
10° CFU mL™" and E. coli concentration is 6 x 10° CFU mL™".
The percentage reduction of CFU was calculated by following
eq. (2):

Reduction in CFU (%) = x 100% (2)

where C and A are the bacterial colonies of the untreated cotton
fabric and the treated cotton fabrics, respectively.
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Table I. Antibacterial Activity Test of the Untreated and Treated Fabrics Against S. aureus and E. coli

Sample S. aureus E. coli

10 15 20 30 10 15 20 30
Time duration min. %R min. %R min. %R min. %R min. %R min. %R min. %R min. %R
Control 0 0 0 0 0 0 0 0
Cotton 0 2 2 2 0 0 0 0
Zn0 + cotton 33 61 80 86 21 44 60 87
Sb-cd + cotton 45 64 77 85 38 61 70 78
Extract + Cotton 38 66 78 81 37 68 72 80
Zn0O + extract + 79 86 98 98 69 76 81 88

cotton

Sb-cd + ZnO + 86 99° 99 99 78 89 97 97

extract + cotton

2Good antibacterial activity.

RESULTS AND DISCUSSION

Perkin Elmer IR SPECTRUM ASCII PEDS 1.60 instrument was
used to measure FTIR spectra of all samples measured by trans-
mission mode using with KBr pellets. The f-cyclodextrin exhib-
ited a broad peak represents due to the multihydroxyl groups.
These hydroxyl groups exhibit from 3556 to 3246 cm™' for —OH
stretching [Figure 1(a)]. The peak values from 2932 to 2119 cm™!
could be attributed to the asymmetric stretching of —CH, groups.
The peaks 1413-1079 cm™' indicate C—O stretching vibration.
Figure 1(b) represents the FTIR spectrum of sb-cd. The peak at
3201 cm™ ! indicates the free hydroxyl groups and the peak values
from 2924 to 2144 cm ™' indicates the —CH, stretching. From the
above observation, the —CH, groups are not involved in the sul-
fonation reaction.”™*? The new S—O stretching peak showed at
699 cm™ ! and 1152 cm ™, 854 cm ™' that is asymmetric and sym-
metric stretching of SO groups, respectively. It indicated that sul-
fonic acid group grafted on the f-cyclodextrin and its primary
hydroxyl groups undergo sulfonation reaction.***

Figure 2(a) exhibits the FTIR spectrum of unmodified cotton
fabric. The —OH stretching corresponds from the broad peak at
3418 cm™' and also the —CH, stretching corresponds at 2894
cm ™' region. The asymmetric stretching modes C—O—C have
been separated at 1110 and 1049 cm™'. From Figure 2(b), the
peak 3269 cm ' indicates the —OH stretching of alcoholic
groups and the —CH, stretching corresponds at 2906 cm™'.

Table II. Dye Uptake, Washing Fastness Properties and Color of Natural
Dyed Cotton Fabrics

Dye Washing Color

uptake  fastness  of dyed

S. no Sample types (%) grade samples
1 Cotton 75 1 Yellow
2 Sb-cd modified 84 1 Yellow

cotton

3 Zn0 coated cotton 70 2=3 Yellow
4 Sb-cd modified ZnO 71 2-3 Yellow

coated cotton
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The peak at 1110 cm™ ' represents S—O stretching. This value is
the evidence for crosslinking of sb-cd with cotton. The peaks
1285 cm ™' and 1349 cm ' refer the C—N stretching. This
stretching is the C—N bond of EDTA. It confirms that the
EDTA has crosslinked between sb-cd and cotton. The FTIR
spectrum of neem extract reveals [Figure 3(a)] the —OH
stretching corresponds from a peak at 3422 cm™' and also the
—CH, stretching corresponds at 2874 ¢cm™' region. This spec-
trum has exhibited some characteristic peaks of nimbin and
nimbidine derivatives.*® Figure 3(b) peak at 3309 cm™! indi-
cates the —OH stretching of nimbin derivatives groups and its
—CH, stretching corresponds at 2900 cm™'. The peak at 1100
cm ! represents S—O stretching. These values are the evidence
for crosslinking of sb-cd with neem extract treated cotton.

The crystalline and average particle size of synthesized ZnO
nanoparticles was calculated from XRD pattern using XPERT
PRO diffractometer. From Figure 4, the peaks at 20 = 36°, 38°,
43°, 54°, 70°, and 77° of ZnO nanoparticles are corresponding
to (002), (100), (101), (102), (103), and (104) in lattice (JCPDS
NO. 87-0713). Hexagonal structure of ZnO was confirmed by
the 102 crystalline peaks*® and average crystal size was calcu-
lated using Debye-Scherer (D = 0.944/f cos®) formula. The av-
erage crystal size of synthesized ZnO nanoparticle is 37 nm.

The surface morphology was studied by transmission electron
microscope. The average particle size was analyzed by Nanotract
particle sized analyzer (PSA). The ZnO nanoparticles have parti-
cle size also appeared in nanometer scale from particle size ana-
lyzer (PSA) [Figure 5(a)]. The TEM analysis [Figure 5(b)]
exhibited the hexagonal structure of ZnO nanoparticles and the
size of the nanoparticles is almost 20 nm range. The prepared
ZnO is visibly judged that the particle is in nanostructure and
it has on track to produce but still maintained at a regular
shape of hexagonal structure.

The unmodified cotton fabrics showed clean surfaces and no
deposition on its surface [Figure 6(al and a2)] from scanning
electron microscopy (SEM) images. However, sb-cd crosslinked
fabric surfaces exhibit some deposition and swelling nature due
to crosslinking [Figure 6(b1)]. At higher magnifications, the
crosslinked cyclodextrin polymer clearly visible [Figure 6(b2)].

J. APPL. POLYM. SCI. 2012, DOI: 10.1002/APP.38127
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Figure 6(c1) exhibited the nanoparticles deposition also clearly
showed on ZnO-coated crosslinked cotton fabric surface. The
coated ZnO nanoparticles showed a rod formation on fabric
surface at 12,000 magnifications [Figure 6(c2)]. The SEM stud-
ies proved that the coated nanoparticles deposited on the sb-cd
crosslinked cotton.

Table I exhibits the antibacterial activity of Gram “+ve" bacteria
(S. aureus) and Gram “—ve" bacteria (E. coli). The antibacterial
activity was determined by CFUs with time intervals. Ninety-
nine and ninety-seven percentage of antibacterial activity within
short time period observed for sb-cd + ZnO + neem extracts
treated cotton for S. aureus and E. coli, respectively. The nano-
particles with extract treated cotton fabric also exhibited reduc-
tion results 98% for S. aureus and 88% for E. coli at 30 min.
The natural extract fabric resulted 81% and 80% of reduction
for both bacterium at 30 min. The antibacterial activity of fab-
rics increased with modifications. This may due to the nimbin
derivatives from extract and the sulfated or sulfonated polymers
inhibit the in vitro growth of bacteria. Plants have defense sys-
tems against phytopathogenic bacteria and fungi. It is thought
that phenolic metabolism in plants plays the role of antibiotics
against environmental bacteria and fungi. These phenolic com-
pounds could be used as antibiotics for human pathogenic bac-
teria and fungi."” Medicinal plants that have been used for a
long time may be good sources of safe antibacterial agents. The
biological activity of these products is mainly due to the pres-
ence of isoprenoids in neem extract.**** It was reported that
isoprenoid group changes membrane fluidities in model mem-
branes, suggesting that the hydrophobic nature reduces the flu-
idity of outer and inner layers of membranes.”® The antibacte-
rial effect of the isoprenoid-substitutions investigated here may
also be due to a similar action. It is possible that the isolated
hydroxyl group of these attackers plays the role of lance or talon
against the lipid bilayer of target microorganisms. Conversely,
hydrophobic groups may play the role of anchors and/or lances
in the bilayer (hydrocarbon moieties of lipids or hydrophobic
residues of proteins). N-sulfonated compounds acts as a micro-
bial inhibition compound. The ZnO nanoparticles also inhibit
the growth of bacterium. So, this type of fabric performed good
antibacterial activity.”'™>

From Table II, the sb-cd modified fabrics exhibited maximum
84% of dye uptake for this natural dyeing and the sb-cd with
nanoparticle-coated fabrics observed 71% of dye uptake. The
untreated fabrics have 75% of dye uptake. The nanoparticle-
coated fabric and the sb-cd modified with nanoparticle-coated
fabric exhibited moderate fastness properties. This is may be
due to the ZnO nanoparticles act as a mordant.>>> All the
treated and untreated fabrics produced yellow color. However,
the sb-cd modified fabric exhibited slightly darker than other
dyed samples. It may be due to the more number of free
hydroxyl groups present in sb-cd polymer.**>’

CONCLUSIONS

The f-cyclodextrin/cotton/ZnO nanocomposite has been suc-
cessfully synthesized and the functional groups of the composite
confirmed by FTIR studies. sb-cd modified fabric exhibited a
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peak at 1110 cm ™' represents S—O stretching and also the two
peaks 1285 cm™' and 1349 cm™' refer the C—N stretching.
These results are confirmation of sb-cd crosslinking with EDTA.
The hexagonal structure of prepared ZnO was confirmed and
the average particles size is 37 nm from XRD pattern. The sur-
face morphology studies of modified fabrics clearly exhibited
the polymer and nanoparticles depositions. The synthesized
nanocomposite with natural dyed fabrics performed good anti-
bacterial activity for both gram positive and gram negative bac-
terium. In all the natural dyed fabrics produced yellow color
but no change of color tone after modifications. The neem
extract acts as a dye as well as antibacterial agent and it is an
inexpensive material for textile products. This type of cotton
fabric may recommend for surgical cloths, wound cloths, all
inner wears and sport wears.
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