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Abstract An attempt was made on, chitosan synthesized into nano particles and characterized through Transmission
Electron microscope (TEM) and Dynamic light scattering (DLS). The individual size varied from 5 nm to 180 nm
respectively in TEM and DLS. Nano chitosan particles were applied on 100% cotton, viscose and polyester material to impart
anti microbial finish. The Fourier Transform Infrared spectroscopy (FTIR) and Scanning Electron Microscope (SEM)
analysis exposed the embedding of chitosan nano particles. The treated fabrics were tested for anti microbial activity as per
AATCC 100-2004 and AATCC 124-2009 and the results show that the demonstrated significant antibacterial activity against
S. aureus in both qualitative and quantitative tests. The physical properties of treated and untreated fabrics are also analyzed
and reported. The environmental testing included an effluent treatment and recycling and selected heavy metal contents and
formaldehyde. A biological method using the sequence Lactobacillus acidophilus was proposed to determine the viability of
reusing contaminated water discharged. Contents of selected heavy metals and formaldehyde have also been tested in Atomic
Absorption Spectroscopy (AAS) and UV-Spectrophotometer and reported. Finally these treated fabrics proved that it is

durable and eco-friendly process and discharged effluents were also environmental free and cost effective process.
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1. Introduction

Antimicrobial textiles provide the benefits in hygiene,
odor control and protection of the fabric from microbial
attack, bacterial resistance to the biocides used and their
toxic breakdown products in the household and environment
have been concerns. Most biocides used on commercial
textiles can induce bacterial resistance to these substances,
which can lead to increased resistance to certain antibiotics
in clinical use[18]. With increasing demand for fresh and
hygienic textiles, the consumption of anti microbial is
increasing day by day. To produce more and more textile
products are necessary to have effective and safe
environment. It is essential to have natural and inorganic
sources with new technology to produce health and hygienic
products''. Bio materials are more complex of different
compounds and it depends upon geographical location, age
and extraction methods. But their eco-friendly nature and
non toxic properties facilitate for medical and health care
textiles [15].

In recent research studies have revealed that chitosan is
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more effective in inhibiting the growth of bacteria than
chitosan oligomers[9]. Synthesized nano scale core—shell
particles of poly (n-butyl acrylate) cores and chitosan shells
applied them to cotton fabrics in a pad—dry—cure process.
The antibacterial activities were maintained at over 90%
reduction levels after 50 washes[16,17]. To improve
antimicrobial durability, chitosan has been cross linked to
cotton using chemicals such as dimethylol dihydroxy
ethylene urea (DMDHEU), citric acid, 1, 2, 3, 4-Butane tetra
carboxylic acid (BTCA) or glutaric dialdehyde .These
chemicals, some of which are used in cotton durable press,
crosslink chitosan to cotton through hydroxyl groups[6, 12,
19, 25]. Due to very small size of chitosan nano-particles or
structures, their surface areas are very high and processes
involving nano-particles or nanotechnology become much
more efficient than the conventional ones[21,22].
Nanotechnology also holds big promise for textile related
activities like smart and intelligent textiles, better finishing
treatments and technical textiles. Due to the Antimicrobial
action of the amino group at the C-2position of the
glucosamine residue, chitosan is also known to be an
antimicrobial polysaccharide. The carboxylic groups in the
chitosan structure were used as active sites for its fixation
onto cotton fabrics[1]. The ability of chitosan to immobilize
microorganisms derives from its poly cationic character. Its
protonised amino groups block the protein sequences of
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microorganisms, thus inhibiting further proliferation.
Chitosan binds to the negatively charged bacterial surface
disrupting the cell membrane and altering its permeability.
This allows materials to leak out of the bacterial cells
resulting in cell death. Chitosan can also bind to DNA inside
the cell inhibiting mRNA and hence protein synthesis.
Nano-size materials are able to enhance the physical
properties of bulk materials. This characteristic is reflected
in conventional textiles in areas such as anti-microbial
properties, water-repellency, soil-resistance, anti-static,
anti-infrared and flame retardant properties, dye ability, and
strength of textile materials[13, 10, 29-32]. Nanotechnology
can provide high durability for fabrics, because
nano-particles have a large surface area to volume ratio and
high surface energy, thus presenting better affinity for

fabrics and leading to an increase in durability of the function.

In addition, a coating of nano-particles on fabrics will not
affect their breathability or hard feel. Therefore, the interest
in using nano technologies in the textile industries is
increasing[23]. The formation of nano chitosan depended on
the TPP concentration; when the TPP Concentration was
excessively low or high, it failed to react with the chitosan to
form nano particles[20]. Antimicrobial finish provides the
various benefits of controlling the infestation by microbes
protect textiles from staining, discoloration, and quality
deterioration and prevents the odor formation.
Anti-microbial agents can be applied to the textile substrates
by exhaust, pad-dry-cure, coating, spray and foam
techniques. The application of the finish is now extended to

textiles used for outdoor, healthcare sector, sports and leisure.

The application of nano finishes has also been growing to
obtain better level of performance properties. Ecology and
Fashion are also the driving factors for the adoption of these
innovative technologies[24]. After launderings nano
finished fabric samples exhibit superior performance. Even
after 50 home launderings, percent reduction in bacteria
present remains the samel100% in these fabric samples. On
the other hand, the durability of the treatment reduces
considerably with fabrics treated with normal finishS.
Implementation of nano materials improve properties and
gain newer multi functionalities to the fabrics[7].

In case of discharged effluents, collected from desized,
scoured, bleached and anti microbial finished were treated
with aerobic biological treatment (Lactobacillus acidophilus
culture). Bacteria offers a cheaper and environment
friendlier alternative for color removal in textile effluents.
Biological treatment has been effective in reducing dye
house effluents and when used properly has a lower
operating cost than other remediation process[14]. The
determination of the best conditions of preparation of a
(tentatively) probiotic starter culture that might be suitable
forcheese making composed solely of Bifidobacterium lactis
Bo and Lactobacillus acidophilus Ki is critical if a
consistently reliable acid production is to be achieved,
especially  because  bifidobacteria  have  stringent
requirements for growth[2]. A satisfactory result can be
achieved with aerobic biological treatment. Since the
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scoured effluents contribute more COD load in the overall
effluent fromthe industry, the present study is advantageous
in the cost reduction of ETP. Inorganic matter may cover
heavy metals, nutrients (Antimony, arsenic, barium,
cadmium, chromium, lead, mercury, seleniumand zinc), pH,
alkalinity, chlorides, sulfur, and other inorganic pollutants.
Gases such as carbon dioxide, nitrogen, oxygen, hydrogen
sulfide, and methane may be present in wastewater (Lee and
Lin, 2000). Wastewaters are normally treated by a
combination of physical-chemical and biological operations.
However, it is possible to treat waste waters solely with
physical-chemical methods (Droste, 2004)[4]. The COD and
BOD of treated effluents were reduced significantly to a
greater due to the biological treatment process for which the
effluent is passed [8]. Physicochemical treatment of the
wastewater yielded good solid reduction after filtration, high
BOD and COD reduction, high nitrate and phosphate
reduction, thus preventing eutrophication due to these
undesirable nutrients and also maximum bacteria kill. The
wastewater could therefore be discharged safely without the
fear of pollution[3]The reuse of effluents will lead to water
saving, reduced energy consumption, and lower effluent
treatment costs[15]. Heavy metal content of fabric was
defined by section 3.3.5 of the Good Environmental Choice
Australia standard 19-2004 Textile Products[20.26, 27]

As quoted by many researchers in the nano chitosan
particles in the field of medical textile application, an atte mpt
has been made to study the characteristics of nano chitosan
particles to impart antimicrobial finish on 100% cotton,
viscose and polyester fabrics and testing the performance of
antimicrobial effect, characteristics of discharged water and
environmental load are reported hereunder.

2. Materials and Methods

2.1. Materials

The plain weave grey fabrics of 100% cotton, viscose and
polyester were chosen. The cotton fabric was procured with
9 tex in warp count, 9.4 tex in weft count, 40 ends / cm, 31
picks / cmand 71 g /m’. The viscose was procured with 20.2
tex in warp, 22.5 tex in weft, 18 ends / cm, 19 picks / cmand
84 g /m’. The polyester was procured with 6.8 tex in warp,
7.1 tex in weft, 50 ends / cm, 26 picks/cm and 78g/nt.
Commercial chitosan has low molecular weight (powder in
177-420 microns) was used as antimicrobial agent and
degree of deacetylation is 75% and was procured from M/s
Cochin Refineries Company, Government of India, Kerala.
Sodium tri poly phosphate (STPP) AR grade concentration
0.5% on weight of material (owm) was used as binder and
acetic acid was used as dissolving agent and deionized water
as a medium.

2.2. Methods

2.2.1. Synthesis of Nano Chitosan Particles

The commercial chitosan 0.5% concentration was
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dissolved in 1.5% w/v acetic acid and this is taken to
sonicator for nano conversion process. The sonication
process carried out for 20 minutes at 45 watts; using (make &
model) a B. Braun Labsonic L sonicator. A 0.5% w/v
concentration of sodium tripolyphosphate (STTP) solution
was also prepared with distilled water. The STTP solution
was added drop wise with a syringe to chitosan solution
while stirring, followed by sonication for 20 minutes. The
resulting suspension was subsequently centrifuged at 10,000
rpm for 15-20 minutes. The pellets obtained were
re-suspended in deionized water by sonication and
centrifuged.

2.2.2. Characterization of Nano Chitosan Particles Using
TEM and XRD

The individual particle size of nano synthesized chitosan
was assessed by the JEOL JEM 2100 High Resolution
Transmission Electron Microscope (HRTEM), enables to
view lattice resolution of 0.14 nm and point-to-point
resolution of 0.19 nm and with 200 kV acceleration voltage
and Gatan Orious CCD camera for image capturing. The
dried samples are analyzed to determine the individual size

The crystallinity of the nano particles was determined by
XRD using a SHIMADZU-XRD 6000 advanced X-ray
difractometer equipped with a CuKa radiation, A=1.5406 A’
source (applied voltage 30k V, current 30mA ).The dried nano
chitosan particles were deposited as a randomly oriented
powder on to a plexiglass sample container, and the XRD
patterns were recorded at angles between 10°-80°, with a
scan speed of 5 /minute, samp ling pitch of 0.02°, and preset
time 0.24 second. The crystalline domain Diameters (D)

were obtained from XRD peaks according to the
Debye-Scherrer’s equation [1].
KA
D= H
BCosh

Where;

K is constant 0.89

A is the wave length ofthe incident X-ray beam (1.5406 A’
for the Cu Ka),

0 is the Bragg’s diffraction angle, and

B is the full width of the X-ray pattern line at half
peak-height in radians.

2.2.3. Coating of Nano Chitosan Particles on Fabrics

Optimal concentrations (0.5%) of nano Chitosan particles
was chosen for antimicrobial finishing .This was given to the
fabrics after desized, scoured and bleached process as per
standard methods and using exhaustion method with the
following composition. 8% citric acid was used as
cross-linking agent. The fabric was kept immersed in the
solution (MLR 1: 20) for 30 minutes at 50°C in water bath.
After finishing, the fabrics was removed, squeezed and dried
at 80°C in the oven for 5 minutes and then cured at 120°C for
2 minutes.

2.2.4. Determination of Antibacterial Efficacy

Test Organismused is Escherichia coli ATCC (A merican
Type Culture Collection) 11229 and - Staphylococcus
aureus ATCC 6538 (antimicrobial susceptibility data) Initial
inoculum is E. coli — 2.7 x 10° cfu/ml and S. aureus — 2.4
x10” cfu /ml and as of méthodologie. 5.0 cm diameter of the
treated fabric was taken and it was immersed in sterile
AATCC broth with 0.1 ml inoculums of each culture
(Staphylococcus aureus and Escherichia coli) and left
overnight at 37°C in shaker. Control was also maintained
with untreated fabric. AATCC broth with the fabric was
taken for appropriate dilutions. The broth was spread plated
on AATCC agar plates. The plates were incubated at 37°C
for 24 hrs and after incubation results were interpreted. The
percentage reduction of bacteria after incubation was
calculated by the following formula [2].

R(%):(B A)x100 )
B
where;
R% is the bacteria reduction in percentage,
A is the number of bacteria colonies from treated
specimen after inoculation over 24 hr contact period, and B
is the number of bacteria colonies from untreated control

specimen.

2.2.5. Determination of Wash Fastness of Nano Coated
Fabrics

The wash fastness of nano chitosan coated fabrics was
tested as per AATCC method 61(1996) test no.2A using
Atlas Launder-o-meter LEF instrument.

2.2.6. Physical Properties of Nano Chitosan Coated Fabrics

The physical properties of woven fabrics such as fabric
mass ASTM D 3776: 2009, tensile strength ASTM
D5035:2006, tearing strength ASTM D1424:2009, and air
permeability ASTM D737 2008 are important factors in
determining the fabric properties. Both untreated and treated
fabric samples were evaluated after conditioning the
specimens at 65% RH and 27 + 2°C for 24 hours by bringing
them to approximate moisture equilibrium in the standard
atmosphere for preconditioning textiles as directed in
Practice D1776 in an environmental chamber (ASTM2008).

2.2.7. Determination of Chemical Group of Nano Coated
Fabrics Using FTIR

FTIR spectrometer was obtained using a NICLET- IS10
spectral range 0f4000—1000 cm " "The nano treated chitosan
samples and untreated samples were tested for its chemical
group’s presence.

2.2.8. Determination of Dispersion of Nano Chitosan
Particles on Coated Fabrics Using SEM

The fabric samples treated with the nano-particles were
mounted using double sided tape on a specimen stub and
coated with gold in a sputter coater and then examined with a
Jeol Model JSM-6360.
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2.2.9. Formation and Application of Lactobacillus
Acidophilus (Organism) on Effluent Treatment

The various bio materials required for the formation of
culture in 12% (v/v) of A, B, C, D, E & F (by products of
milk). The above bio materials were taken in the equal ratio
and mixed with water in the ratio of 1:1 and were closely
packed and stored in air tight containers at room te mperature
for 28 days. The appearance of biomaterial at the initial and
final stages was shown in Figure 5a & 5b respectively. The
collected effluents sample (desized, scoured, bleached and
antimicrobial finished) was ozonized at pH 7 in ambient
condition. After testing the culture in laboratory, it is
observed that curdling of milk marked the growth of
lactobacillus acidophilus as shown in Figure 5c.

The effluents from desized, scoured, bleached and anti
microbial finished was collected from the discharge unit of
the textile wet processing unit M/s. sri suryodhayaa
processing private limited company, FErode, Tamilnadu,
India. The effluent sample of 50 litters was collected directly
into containers. After adding 10 ml of manganous sulphate
solution to fix the dissolved oxygen, it was stored at room
temperature. The collected effluent and treated effluent
characteristics was given in Table 4.

2.2.10. Determination of Heavy Metal Content and
Formaldehyde Content in Nano Chitosan Coated
Fabrics

The scope of environmental testing included an effluent
treatment and recycling and selected heavy metal content
and formaldehyde of anti microbial treated fabrics. Selected
heavy metal contents tested in Analogous DIN 38414 S7
based on DIN 38406-E29 by means of AAS/ICP MS
(Atomic Absorption Spectrophotometer/ Integrated Coupled
Plasma Mass Spectroscopy) and formaldehyde have been
tested as per BS EN ISO 14184 PART-1-2011and the test
results were given in Table 5. Heavy metal content of fabric
was defined by section 3.3.5 of the Good Environmental
Choice Australia standard 19-2004 Textile Products.

3. Results and Discussions

3.1. Synthesis and Characterization of Nano Chitosan
Particles

A TEM image of the prepared nano chitosan particles was
shown in Figure 1 (a) and (b).The Nano chitosan particles are
spherical in shape with a s mooth morphology. The diameter
of nano chitosan particles are found to be is in the range of
5-180 nm by scale bar in TEM machine.

The XRD spectra patterns of nano chitosan particles
obtained using ionic gelation technique is shown in Figure 2
and Table 1. The spectrashows well defined peaks typical of
chitosan the crystallinity structure of chitosan, the distinctive
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nano chitosan particles peaks are at 2 theta’. The XRD
patterns of sample chitosan showed three strongest
distinctive chitosan peaks, the distinctive chitosan peaks
were at 20.4, 26.4 and 29.5. The mean crystallite size of a
powder sample was estimated from the full width at
half-maximum (FWHM) of the diffraction peak according to
the Scherrer’sequation. It suggests the formation of chitosan
nano particles.

Table 1. Mean crystal size of nano chitosan

Sample FWHM(deg)

3.4486

20 (deg) Crystal size (nm)
204357 74

Nano chitosan

“FWHM: full width halfmedian in degrees; 20: Theta- 2 theta in degrees;
nm: nano meter

(b)
TEM image also shows that the produced nano particles are more or less
uniform in size and shape. Fromthe Figure 1 (a) & (b), it was noticed that in
TEM images the individual nano chitosan particle sizes was measured using
scale bar inthe TEM machine. The diameter of nano chitosan particles are
foundto be inthe range of 5-180 nm

Figure 1. TEM images of nano chitosan particles at (a) 50 nm scale, (b)
100 nm scales
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Figure 2. X-ray powder diffractometry (XRD) pattem ofnano particles of chitosan. The crystalline domain Diameters (D) were obtained from XRD peaks

according to the Debye- Scherrer’s equation (1)
3.2. Effect of Nano Chitosan Coating on Antimicrobial Activity of Fabrics

3.2.1. Bacterial Reduction of Nano Coated Fabrics

The nano chitosan treated fabrics at optimal concentration (0.5%) and the bacterial reduction as Rtested are given in Figure
7a, 7Tb & 7c. The test was carried out with Staphylococcus aureus and Escherichia coli. From the Figure 7a, 7b & 7c it was
noticed that the nano chitosan treated fabrics of cotton, viscose and polyester against wash test (AATCC124 2011). This
proves that nano chitosan particles treated fabrics have anti microbial effect up to 55 washes and this is the evidence of

durable finish.
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Figure 7a. Number washes vs. percentage graph of nano chitosan coated cotton fabric
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Figure 7b. Number washes vs. percentage graph of nano chitosan coated viscose fabric
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Figure 7c. Number washes vs. percentage graph of nano chitosan coated polyester fabric

Wash durability test carried out with the tested fabrics showed that the significant antimicrobial activity was actively
retained in the chitosan nano particles treated fabrics up to 45-50 washes even after repeated wash cycles (ANOVA - the F
critical value is lesser than F value). After 50 washes the percentage of bacterial reduction was decreasing and there was no
activity found in the fabrics after 55-60 washes. The untreated control fabrics were not subjected to any wash durability test as
it has no antibacterial activity. The anti microbial activity was tested for before wash, 5, 10'", 15" 20" and 25" washes,
which are shown in Table 3.The results indicate that efficacy of the finish is getting anti microbial activity from 99.99 % to
60.44% for the nano chitosan particles treated cotton fabrics, and from 99.99% to 59.88 % for the nano chitosan treated
viscose fabrics and from 99.99% to 59.24 % for the nano chitosan particles treated polyester fabrics by increasing the number
of washes.

This confirms the concept that then a no particle gets bound to the fibre (and thus the fabric) surface on their own because
of their high surface energy. The large size nano particles possess less surface energy than the small size nano particles and
hence, the large nano particles get released after less number of washes. The Linear Regression Analysis function is used to
predict the number of washes for which the fabrics will be comp letely devoid of any microbial activity. The predicted number
of washes is also given.

3.2.2. Physical Properties of Nano Chitosan Coated Fabrics

The Physical properties of cotton, viscose and polyester fabrics were not deteriorated after finished with nano chitosan
particles and shown in Table 2.

Fromthe Table 2, it can be found that from ANOVA p value was < 0.05, the mechanicalproperties of cotton fabrics did not
detetoriate after finished with nano chitosan particles. In the case of tear strength test both in warp way and weft way was
improved from 12% to 20% when compared to untreated fabrics. Finally air permeability test is concerned there is 7-10%
improvement in the case of cotton and viscose fabrics and slight decrease of 6% in the case of polyester fabrics.

Table 2. The physical properties of nano chitosan treated and untreated fabrics®

Tensile Strength Tear Strength Air Pemmeability
Particulars Warp(NF) Weft (NF) Warp (gmf) Weft (gmf) (cm’ o sec)
Un Un Treat Un Un Treat Un
Treated Treated treated ed treated Treated treated ed treated Treated
Cotton 240 248 126.7 132 1077 1368 6449 6772 7485 6931
Cv % 0.83 151 142 1.07 0.52 031 0.64 0.59 0.65 1.07
Polyester 676.7 700 3633 388 3134 3887 2155 2295 3.685 332
Cv % 061 1.13 0.63 0.77 0.68 124 0.78 1.58 0.82 122
Viscose 276.7 282 196.7 204 2792 3573. 2383 2538. 6.958 6.672
Cv % 0.84 093 091 087 0.75 1.12 1.12 222 085 1.58

INF: tensile strength inN/mm?; T ear strength in gmf the average force in grams per sample
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3.2.3. Assessment of Chemical Groups Present in the Nano
Chitosan Coated Fabrics

The Figure 3a and Figure 3b shows the FTIR spectra of
untreated cotton fabric sample and treated cotton sample of
the spectrum of interference pattern obtained for the nano
chitosan particles obtained by the synthesis ionic gelaion
technique. Similarly the Figure 3c and Figure 3d shows the
FTIR spectra of untreated polyester and treated polyester
fabric sample and Figure 3e and Figure 3f shows the FTIR
spectra of untreated viscose and treated viscose fabric
sample and Table. 3 show the infrared spectrum of
absorption of above said samples.

From the IR spectrumanalysis from Table 3, it is evident
that nano chitosan particles are reacting differently with OH

groups of cotton and viscose fabrics via ‘H’ bonding. In the
case of polyester nano chitosan particles are reacting
differently with ROOC (teraphthalates) group. The -OH
stretching vibrations of specimen treated with chemicals
could be measured using FTIR and they are expressed in
terms of wave number. The - OH stretching vibration of
cotton in the presence of chitosan derived fromthe spectra is
presented. The data indicate the OH vibrations of cotton
which occur at higher wave number when treated with
normal chitosan and at relatively lower wave number when
treated with nano chitosan particles. This observation
suggests that chitosan reacts strongly with the - OH groups of
cotton thus making stronger bonds.

Table 3. FTIR Analysis’

Specimen Wave number (cm-1)
Cotton 333476 2900.70 1732.64 142820 1030.20
Viscose 334560 2892.43 172993 136641  1018.69
Polyester 3335.25 291740 171558  1409.19  1053.62

FTIR: Fourier transform in frared spectroscopy; (cm-1): infrared spectrum of absorption.
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3.2.4. Dispersion of Nano Chitosan Coated Particles in the Cotton Fabrics

Figure 4(a) shows the SEM micrograph of the untreated 100% cotton woven fabric. Figure 4(b) SEM micrograph shows
the nano treated chitosan particles on cotton samples. The nano particles are welldispersed on the fibre surfaces and are finely
dispersed and embedded.

_ X3,000 5um

(@) ' (b)
Figure 4. Photographs of (a) untreated 100% cotton fabric, (b) chitosan Treated 100% cotton fabrics with different magnifications

3.3. Effect of Lactobacillus Acidophilus Treatment for Effluents
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Effluent samples collected from the industry were kept for 4 hours to reach room temperature. A pH value of 7 was
maintained by adding hydrochloric acid to the effluent. The quantity of effluents was measured and the bactericidal
lactobacillus acidophilus was added to effluents in the ratio of 1:100and the samples were stored for 4 days. Figure 5a, 5b and
5c shows the culture formation at the beginning, final and formation of lactobacillus acidophilus respectively.

Figure 5(a).

Culture Formation — Starting Stage

-

—

P e

Figure 5(b). Culture Formation — Final Stage

Figure 5(c). Lactobacillus acidophilus (species and a vaginal squaemous epithelial cell. CDC)

3.3.1. Effluents Characteristics with Lactobacillus
Acidophilus (Culture) Treatment

All samples were analyzed as described in the Standard
Methods for the Examination of Water and Wastewater and
Standard Methods for water and effluent analysis (APHA,
1995; Ademoroti, 1996a).They were preserved to inhibit bio
degradation and then analyzed for their characteristics. Table
4 shows Characteristics of the effect of biological treatment
on textile effluent treatment before and after and Figure 6a to
6f- show graphically the effect of biological treatment on
textile effluent.

It is evident from the results as shown in Figure 6a to 6f,
that there is an improvement in the effluent characteristics by
biological treatment and RO treatment. The color of the
effluent was brownish black. The coagulation and
flocculation helps to remove color of the effluent. The pH of

the raw effluent is very high as the incoming effluent is
highly alkaline in nature. The pH correction is done with the
help of Hydrochloric acid (HCl) and brings down to neutral
which is favourable pH for biological treatment. TDS are
composed mainly of carbonates, bicarbonates, chlorides,
phosphates and nitrates, calcium, magnesium, potassium and
manganese, organic matter salts and other particles.TDS
detected could be treated effluent. TDS detected could be
attributed to the high color from the various dyestuffs being
used in the textile mills. The higher values of COD and BOD
in raw effluent attributed to the presence of chemical
substances and breakdown of raw material used for
preparation of fibre respectively. The COD and BOD of
treated effluents were reduced significantly to a greater
extent due to the biological treatment process. Evidence
from this research suggests that biological color removal of
textile wastewaters is sufficient to meet a required level.
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Table 4. Test results of final treated water characteristics

Effluent values TBI';lZglcil Percentage T atR(? "
S.No Characteristics (beforetreatment) reated water reduction reated water
values values
1. pH value 9-11(akaline) 7 (neutral) - 7 (neutral)
2. Total suspended solids, m gl ™ 1030 0 100 0
3. Total dissolved solids,m g1 7750 2800 63.9 Nil
4. BOD (5 days at 20°c),m g1 400 35 90 Nil
5. COD (5 days at 20°c), m g I’ 1300 150 86.3 Nil
6. Turbidity 240 7 97 Nil
7. Color Variable dark Pale yellow - Colorless
pHvalue Total suspended solids, mg/ |
12 1200

10 1000
8 800
= Total
M pHvalue 6 :z;z:nnciszOO
4 /1 400
2 200
0 , . o

Effluent values Effluent values
(before treatment) (after treatment)

Effluent values Effluent values
(before treatment) (after treatment)

Figure 6a. pH value before and after treatment Figure 6b. TSS value before and after treatment

Total dissolved solids, mg/ | BOD (5 days at 200c),mg /|

4
9000 >0
8000 400

7000 - 350

6000 - 300

5000 - m BOD (5 days at 250

oot 4000 - 200c), mg/ | 200
dissolved 3000 - 150
solids, mg/l2000 | 100
1000 - 50

0 h . Y 0

Effluent values Effluent values
(before treatment) (after treatment)

I

Effluent values Effluent values
(before (after treatment)
treatment)

Figure 6¢. TDSvalue before and after treatment Figure 6d. COD value before and aftertreatment
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COD (5 days at 200c), mg/ | Turbidity- FNU (Formazin Nephelometric
Units).
1400
1200 300
1000 250
B COD (5days 800 m Turbidity- FNU 200
at 20oc), mg (Formazin
/1 600 Nephelometric 150
Units).
400 100
200 50
0 . | |
Effluentvalues  Effluentvalues Effluent values Effluent values
(before (after treatment) before after
treatment)

Figure 6e. COD value before and after treatment Figure 6f. Turbidity value before and after treatment

3.4. Heavy Metal and Formaldehyde Content

Selected heavy metal contents and formaldehyde have been tested in Atomic Absorption Spectrophotometer and
Integrated Coupled Plasma Mass Spectroscopy and the test results were compared with Good Environmental Choice
Australia Standards (GECA) given in Table 5a and Table 5b respectively.

With the exception of Antimony the heavy metal content was below the detection limit. Nevertheless with all textile
products, the heavy metal content was below the specification. The heavy metal content of all fabric samples was well below
the Good Environmental Choice Australia specification. All anti microbial treated fabrics can be classified as having low
heavy metal content. This is the evidence of eco-friendliness of all the samples 3.5. Cost

The cost comparison between the different methods was given Table 6.This cost was on practical based figures and not the
theoretical based and collected from Tirupur district, Tamilnadu, India based effluent industries during the year 2008. It was
concluded that biological method for treating textile effluent is economical

Table 5a. Heavymetal content for anti microbial treated fabrics
Product GECA
Metal Cotton Viscose Polyester Specification
ppm ppm ppm ppm
Antimony 141 172 97 250
i <

Arsenic 02 0.06 0.6 50
Barium 5.1 6 387 100
Cadmium <0.1 <0.1 <0.1 50
Chromium 120 63 156 100
Lead 467 16 8.83 100
Mercury 0.08 0.04 0.06 25
Selenium <02 <02 <02 100

Zinc 0.79 2790 85 1000

Table 5b. Formaldehyde content for anti microbial treated fabrics
Product GECA
Cotton Viscose Polyester Specification
ppm ppm ppm ppm
<16or <160r <16 or < 16 ppmor non-detectable, for products made
Formaldehyde non-detectable non-detectable for

non-detectable babies under 24 months
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Table 6. Cost comparison between the methods (In the year 2008 at Tirupur district, Tamilnadu

Charges RO & Chemical Method
Effluent purifying cost per 4-5paisa litter ™
litter

Depreciation cost 1 paisa litter

Total 5-6 paisa litter

Biological & RO
3 paisa litter

Electro-Dialysis & RO

34 paisa litter ™

0.5 paisa litre® 1 paisa litter

1 1

3.5 paisa litter” 4-5paisa litter

4. Conclusions

The following are the observations made by ionic gel
method preparation of chitosan nano particles and
antimicrobial application on 100% cotton, viscose and
polyester fabrics: The nano chitosan particle conversion was
formed and supported by TEM (individual particle varies
fromS5nmto 180 nm). Antimicrobial treatment of the treated
samples was carried out and the exhaustion method was used
to apply the antimicrobial agent on the 100% cotton, viscose
and polyester fabrics. Antimicrobial efficacy against
staphylococcus Aureus and Escherichia Coli after soap
washing was tested and is proved that cotton fabric provided
effective antimicrobial activity against both gram positive
and gramnegative organisms when compared to viscose and
polyester fabrics. The effect of antimicrobial coating on the
textile properties such as tensile strength, tear strength and
air permeability moisture resistance, stiffness resistance,
tensile resistance, and abrasion property were also measured
and results lie in the acceptable range without much
alteration of the fabric properties. Wash durability test carried
out with the tested fabrics showed that the significant
antimicrobial activity was actively retained in the chitosan
nano particles treated fabrics up to 45-50 washes even after
repeated wash cycles. This is because of better bound of
nano chitosan particles materials with fibre structure. Nano
chitosan particles treated fabric physical properties like
tensile strength, tear strength and air permeablity test both in
warp way and weft way was improved from 12% to 20%
when compared to untreated fabrics. This may be due to
nano nature of material. Important properties of all FTIR
spectral are that the spectra of untreated fabric can be
especially observed except of the fabric treated by ionic gel
technique. A satisfactory result can be achieved with aerobic
biological treatment and polishing treatment. Since the dye
house effluents contribute more COD load in the overall
effluent fromthe industry, the present study is advantageous
in the cost reduction of ETP. The COD and BOD of treated
effluents were reduced significantly to a greater due to the
biological treatment process for which the effluent is passed.
Bacteria offers a cheaper and environment friendlier
alternative for color removal in textile effluents. Biological
treatment has been effective in reducing dye house effluents
and when used properly has a lower operating cost than other
remediation process. Thereuse of effluents will lead to water
saving, reduced energy consumption, and lower effluent
treatment costs.

This research study analyzes a method which probably is

more convenient and provides durable eco-friendly
antimicrobial property and environmental safety for
everyday clothing, hygiene products, and military clothing.
The traditional method exigency in providing durable
treatment leads to the development in this area. This research
study will also be useful to different application areas. The
increased popularity of antimicrobial functional textiles in
various application areas means that people are looking
forward for a feasible, easy, and durable process that can be
carried out in the textile processing plants, creating more
durable property.
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