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ABSTRACT

Adsorption is a potent method lor the treatment of dye-bearing effluents. In
this study, different agro-wastes were screened as adsorbent for the removal of
selected reactive dyeT blue G from aqueous solution. The effects of various
experimental parameters like time, temperature, pH and adsorbent dose on
decolorization was investigated and optimal conditions were determined for
decolorization in batch mode. Among the different agro-wastes screened, max-
imum decolorization was achieved with wheat bran. Maximum decolorization
capacity was found to be with two per cent of adsorbent concentration and
pH7 was found to be favorable for decolorization of T. Blue Greactive dye. An
incubation time of 30 h at 50*C wiis found to be optimum for dye decoloriza-
tion. Waste water reuse is a favorable alternative which can reduce pollution
and add-on the available water resource. In the present study, the decolorized
solution was reused for dyeing cotton fabric. It is found that the physical and
color fastness properties of the fabric dyed with decolorized water was compa-
rable with that of the fabric dyed using fresh water. The results indicate that
the selected agro-waste wheat bran could be employed as low-cost adsorbent
for the removal of reactive dye T.Blue Gfrorn dye waste water.

Keywords: Adsorption, Reactive dye. Agro-waste, Optimization, Reuse

Introduction

Worldwide, nearly one million tonnes of synthetic dyes are produced annu-
ally, of which India's contribution alone is 60,000 metric tonnes (Singh and



Aroni, 2011). Synthetic dyes are widely used in a number ol indnstries such as
textile, leather, paper, printing, food, cosmetics, paint, pigment, rubber and
jdastics (Chowdhnry et ah, 2011). Inefficiencies in textile dyeing result in a
large amount of dyestuff being directly lost in the wastewater, which ultimately
finds way into the environment.It is estimated that 10-35 of the dye is lost in
the effluent during the dyeing process (Sivakumar et ah, 2009).

The jjresence of unfixed dyes is perceived as one of the major environ-
mental problems. In addition, only 47 per cent of dyestuffs are biodegrad-
able (Allen and Konmanova, 2005). A very small amount of dye in water
(10-50mg/l) affects the aesthetic value and transparency of water bodies
(Kumar et ah 2009).

The release of coloured effluents into the environment is undesirable, not
oidy becau.se of their colour, but also many d) cs and their breakdown products
are toxic and mutagenic. Without adequate treatment these dyes are stable and
remain in the environment for an extended period of time (Santos et al2007).

Decolourization is a challenge for textile industiT as well as waste water
treatment systems. Various dye/colour removal methods such as aerobic and
anaerobic microbial degradation, coagulation, chemical oxidation, membrane
separation, filtration, reverse osmosis have been employed. All these methods
are quite effective, but suffered with one or other limitations such as high cost,
unfriendly nature or unreliability in operation (Aksu, 2005). The removal of
dyes from effluent using adsorption process provides an attractive alternative
treatment. It has also received considerable attention, for removal of colour
especially if the adsorbent is iviexpensive and readily available (Reddy, 2006).
The utilization of agro-wastes as adsorbent is currently receiving wide attention
because of their availability and low-cost owing to relatively high fixed carbon
content and presence of porous structure (Bhatnagar et ah 2009).

Numerous agricultural wastes have been used for decolourization of textile
dyes. The present research is carried out to explore the potential use of wheat
bran as an adsorbent for the removal of reactive dye from aqueous solution
and to reuse the decolorized water for dyeing.

Methodology

Materials

Wheat bran, collected from local market, Coimbatore. Tamil Nadu was washed
thoroughly with de-ionized water for removing dirt, dried and powdered.

Reactive dye-T Blue G Reactive (C.I. 021) was procured from Ultra chemicals,
Tirupur, Tamil Nadu.



,\gro wastes suc h as groundnut shell, sugarcane bagasse, wood dust, orange
peel, rice husk, corn stalk, wheat bran, water hyacinth stein, sisal fiber, onion
peel and garlic peel were selected lor the study, fhe selected agro-wastes were
collected from the local market, dried in shade and |>ow'dered.

Ad.sorption .studies

Adsorption studies were jierlormed in a batch techniciue. About iwci grains of
each agro w'aste was taken individualh in a series of*0Oinl Krlenmever llasks
containing 0.01 per cent of selected reactive dye and kept in shaking condition
(120 rpni) lor 24 h and filtered. The filtrate obtained was centrifuged at 5000
rpin for 15 minutes. The colour intensit)’ of the supernatant was measured
using UV-visible spectrophotometer at 5S4nin (maximum absorbance wave-
length). The per cent decolori/.ation was calculated by the I'ollowing formula.

% Dccolourization = Initial absorbance-Final absorbance «
Initial absorbance

100

Optimization of different parameters for decoloiirization Adsorbent
Concentration

The optimum quantity ol agio waste required to decolourize the selected reac-
tive (he solution, dilferent concentrations of wheat brtm such as 1,2, 3. 4 and
59 was added separately to beakers containing 0.01 per cent ol reactive T.Blue
G. Alisorbance was measured using UV-visible spectrophotometer. The con-
centration at which the pet cent dccolourization was maximum was selected as
optimum concentration and fixed for subsetjuenl studies.

Time
In order to determine the optimum time, the beakers containing 0.01 jjer cent of

selected reactive (he with optimized agro- waste concentration wus inculiaied at
different time intenals (b - 48 h). The per cent dtxolourization was determined.

pH

pll of the reactive dve solution was adjusted to 5-11 using IN IICI and IN
NaOlIl. fhe selected agro w'aste at optimum concentration was added to all
the beak(U's and incubated lot optimum time, fhe jier cent decoloiirization
was determined.

Temperature

fhe optimum temperature needed for decolourization was determined by
selecting agro waste in beakers coiitaining 0.01 per cent reactive dye was incu-



bated i'or 24 lioiirs at varying temperatures ranging between 40"C and 8()'C
and }er cent deeolonrization was found ont.

Reuse of decolourized solutionfor dyeing selectedfabric

Waste water reuse is a promising alternative whicli can reduce pollution and
supplement the available water resource. In the present study, the decolom-
ized (he solution was utilized for dyeing the selected cotton fabric.

Fabric sample

Desi/ed, scoured and bleached cotton fabric of plain weave was purchased
from Murugan mills, National Textile Corporation Ltd., Coimbatore, Tamil
Nadu. Before being used, the fabric was treated with a solution containing
5g/L non-ionic detergent at 95* C for four hours. The fabric was thoroughly
washed with water and air dried at room temperature.

Dyeing of selectedfabric with reactive dye usingfresh and decolorized water

The selected cotton fabric was dyed with the reactive dye- T Blue G Reactive
(C.I. 021) using decolourized and fresh water. Pre-weighed fabric was intro-
duced into the dye bath containing one per cent dye. The dye bath tempera-
ture was gradually ehnated Uj boiling and maintained for about .40 min. Tlie
water level in the dye bath has been maintained during the dyeing process.
The fabric was washed thoroughly and dried in shade.

Evaluation of dyedfabric

l.aboratoiT tests like fabric weight, tensile strength and elongation, fabric
thickness, absorbency and colour fastnc\ss were carried out for the fabrics dyed
using fresb water and decolourised water.

All experiments were carried out in triplicates, and average values are
reported.

Results and Discussion

Screening of different agro wastesfor deeolonrization ofselected reactive dye

Among the selected agro wastes, wheat bran showed maximum per cent decol-
orization(9.4%). Hence wheat bran was selected for the present study as the
potent adsorbent for deeolonrization of reactive dye. T. Blue G. Gupta et al,
(2007) used wheat husk for the removal of react fix golden yellow three RFN
from acjneous solution. However, Gong et al. (2008) utilized rice straw for the
removal of basic dyes from aqueous solution.



Adsorbent concentration is an important process parameter to determine the
capacity of an adsorbent. Per cent dye decolourization increased with increase
in adsorbent concentration up to 2.0 per cent (Fig.1). Increase in adsorbent
concentration above two per cent did not show significant increase in per cent
decolourization. Lowering in percentage removal of dye with increase in con-
centration may be due to the lack of available surface-active sites on adsorbent
as well as the formation of monolayer of dye on the surface of adsorbent and
also any further formation of layer is highly hindered at higher concentra-
tion (Mondal et al., 2011). Hence optimum concentration of 2.0 per cent was
used for subsequent experiments. Similar observation was reported by Gong

et al. (2008) who have reported an optimum sorbent dosage of 2.0 g/1 for the
removal of basic dyes using raw straw.

Figure 1 Effect of Adsorbent Concentration

Effect of contact time

The effect of contact time on the rate of removal of reactive dye by selected
agro-waste was determined and the resulLs are shown in Fig.2. Maximum rate
of decolorization was noticed after 30 hours of incubation (89%). Further
increase in contact time decrea.ses per cent decolourization, which might be
due to larger surface area available initially on the adsorbent. Hence contact
time of 30 hours was fixed for subsequent studies.

Effect ofpH

Adsorption is strongly dependent on the pH of the medium since variation in
pH leads to the variation in the degree ofionization of the adsorptive molecule



and the surface properties of adsorbent. 1 herefore the effect of the initial pi |
was studied by varying the pi | of the solution from 5-11 (Fig.3). pi | 7 was found
to be the optimum pi | for decolouri/ation of'l'. Blue G (9590). A decrease in
adsorption with increase in pil may be due to presence of excess Oil' ions
competing with the dye anions for the adsorptif)n sites (Reddy, 2006). (iong
etal. (2008) have reported an optimum pil of 6 for the removal of basic dyes
using raw straw.

Fignre 2 Effect of C'ontact 'Fime

figure 3 Effect of pH
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riu- (U'crcasn in adsoi ption might In* due to wc.ikcming of adsorpti\-e idrees
betueen the aetixe* sites ol adsorbate and adsorl)ent.

Fabric analysis

rite labiie weight, tliiekness, strength and elongation was lound to be
im teased in samples d\x-d with Iresh and detolonri/.ed wattn in warp and weft
diiia tions when tom|)aied to the original lalnie. I'he absoibcnu Nofdeeolom -
is(al water d\t‘d f.ibri( sani[)le was on par with fresh water d\ed samjtle. The
d\(‘d sampU*s showcal good fastness to sunlight, pressing and crocking. All the
d\ed samples were found to hale c\( i-llent washing fastness.

Conclusion

In this stiuh, wheat bran was ntilizt'd as .i low-cost adsoi btmt lot the remo\al of
leai ti\e dye from a(|neous solution and the detoloiirizc'd wat('i was tensed lot
(being, rite lesnlts showed that the adsorption of reactix'e Idilne 0. is highh'
dependcMit on tcanpeiatnre. pH. time and adsoi bent (oiu emtration. The prop-
erti('s of fabric dwd with decolourist'd solution was tomparabU" with that of
li{'sh water (bed labiic. Mem wheat bran could be fruitfnlh used as low-cost
adsoibent lot the remo\.il of rcacti\c' du‘ from tc'xlile effluents. Waste" water



R'usc reduces diseluu'oe of ])ollutauts and usage of good (pialitv water from
ground and surface aquifers, ft also decreases the cost for fresh water.
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herbal mosquito repell.ent

Unji 'nnozhi, M.
I'wjrsso) in Coslinnr Ih'sii'n mill Fashnni, PSG Ciilli**c oj Arts CT Si ieiiir.
Giiiin =il « S 1Ol |

ABSTRACT

This stu(l\ shows the iuipoitancc oi h(‘ibal finishing on U\til<* inakM'ial lor
fum lional applic ation. Cuncntly the' expec t,itions orc'veiy cvistomcM- kc'Cj) on
clianging so they pielc-r a nmitifluu tional tc*xtile material rather than a tradi-
tion.il textile'. Finthc'iinore the pc'oplc' are vc'iy thne h consc ious about their
hc-alth .incl emironmc'nt. lIbday a lot of disc'asc’'s oc cur dnc' to cross inlc'c lion
bv ait, w'atc'f and ,ilso b\ mosf|nitc)('s. So in this work cotton fabric' w'as givcm
inoscinito rc'pc'lic’'nt Ilnisb using citronella and c'luah’ptns oils. Initialh® nano
partic Ic's were syntbc'si/c'd nsing the selc'c ted oils with sodiinn alginate as par-
ticIc ic'dnc ¢'l. Ihc-n the- pic'pared nano partic Ic's wett' applic'd on to the cotton
fabric b\' c-xbanst mc'thod with citric acid as binder, fbc' finishc'd fabric s wc’rc'
c'vahiatc'd lor its stiength, c-longation, thic kne.ss, stillness and inosf|uito repc‘l
Ic'iiev. Among all the' ftnishc'd fabrics eitionc’lla oil finishc'd fabric' has higher
inoscinito rc'})clic'ncy of S 1pc'r cent.

Rewords: Moscjiiito repellencA, textile lltiisb, plant oil, nancj particle, exhaust
mc'tliod, exc'ito cliatnbei’ tc'st.

Introduction

The receiil disaslei iti ramilnadn that take [date cine lo heaw rains and
Hoods led lo ideal breeding conditions (or mosc|niic)es which resiill in veelor
borne disease’'s namely dengite, malaria, filai iasis and ehickungnihva (laif;nra
ct al. 201;')). Mosciniloes can carry diseases dial mav be passed on to people
tinongh moscpiito bites. Mosc]nito-bornc* diseases can make people ill and.
in se\eie cases, can cause death. .As pet the data given bv Tamilnadn Heahh
Organi/'.ition, In 201.") .tlone nc'arly 2.S-T) clengne and ;).(,92 m.il.n i.i cases were
tc-potic'd. .Accot'ding to the World Hc'.illh Organi/ation (WHO), tnore di.ni
one million i~eople dic's e\c'i\ \ear cine to mosciniio bites <nicl the majoril)' ate*

dnc' to tnalaria.



Prolonged use of s*ntlunic based inos(Juito rei)i-llents causes a lot of health
issues. Moreover direct apj)licatiou of repelleuLs ou the skill last oiilv for few
hours due to persjiiratioii and also causes skin prol)leiiis. Hence there exists
a need for mosquito repellent textiles. Whole plants and suhstauces obtained
from plants were used to repel or kill mosc|uitoes (Troiigtokit et al, 2005).
(atrouella and eucalyptus belonged to the family gramiuaceac and mvrtaceae.
The botanical name of citrouella was (AUibopogoii citrates and eucalyptus was
Faicalvptus globulus resj)octivelv( Vang and Ma,200.5). The active compounds
namely citrouellak gtaaniol and p-meutliaue-diol j)reseiit in citrouella and
eucahptus arc res[)ousible for mosquito repelleucy Williams (2011).

The study has been uudertakeu with the following objectives to

tlevelop mostpiito re[)(dleut textiles with selected herbal oils

study the effect of dif ferent herbal oil ou the mosciuito rej)elleiicy of textiles
evaluate the moscluito repellent activitv of finished fabrics by excito cham-
ber method and

asse.ss the fabric jjroperties namely })liysical, mechanical and comfort
pro{)crties

Methodology

Selection of fabric

For this study 100 per cent cotton fabric with plain tveave was selected due to its
wide utilization. Moscpiitoes will be in egg form in winter season and become
to hatch in summer season. Hence the need for mo.scjuito repellents will be
higher in summer season. By considering the above fact cotton fabrics which
has grcatei' demand in summer was selected for finishing.

Selection of mosquito repellent

Two of the oils namely citrouella and eucalyptus (Fig.1l) were selected to
impart mosquito repelleucy based on the citrouella content present in it
These oil were procured from Swastik oil company, Ootv. The oil was extracted
by steam distillation method in order to retain its biological active compound.

Binder

Citric acid was used as the binder for this study to enhance the durability of
the finish.

Pretreatment

The pretreatment namely desizing was done in order to ensure uniform fabric
finishing. The fabric was desized in a bath containing water and detergent and



boilc<| for one hour in the MLR ot 1:10. The fabric was taken and then rinsed
thoront*hly and dried.

Fimre 1 Plant oil

Synthesis of nano particles

Citronella and eucalyptus oil nano particles were synthesized using three per
cent sodium alginate solution. The viscous dispersion is then sprayed into cal-
cium chloride .solution. Finally the nanocapsules were obtained by decantation
and recurring washing with iso propyl alcohol.

Finishing by exhaust method

The pretreated fabrics was finished with the prepared citronella and eucalyp-
tus oil nano encapsules by exhaust method according to the following recipe.

Composition:

Nano capsules 7009
Citric acid 8%

MLR 1:20
Temperature 50" C
Time 30 minutes

Fabric evaluation

The finished and unfinished fabrics were evaluated for its strength, elongation,
thickness and stiffne.ss as per ASTM standards. Mosquito repellency of the fal>
ric was assessed using excito chamber method.

Wash durability test

The finished fabrics were washed and tested for its mos(|uito repellency after
5 and 10 washes.
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Nomenclature

rhe Nomenclature used in this paper was tjriven in Table

'Fable I Nomeiiclatiire

S. No. Abbrevation Expansion

1 UF Unfinished fabric
CO Citronella oil nano particle finished fabric
EO Eucalyptus oil nano particle finished fabr ic

Results and Discussion

The test results of the fabric properties namely strength, elongation, stiffness,
thickness and im”squito repellency are discussed under the ft)llowing headings.

Tensile strength

The result of tensile strength reveals that the strength of unfinished sample
seem to be higher for "veft direction when compared to waip diieclion. .\fter
finishing the strength seem to decrease in both warp and weft direction (Fig.2).

Fifrure 2 Tensile Strength

Elongation

Over all the elongation was higher in war]) direction when compared to weft

direction. After finishing the elongation seem to decrease in both the fabric
directions (Fig.3).

Stiffness

As far fabric stiffness was considered the finished fabrics fiad increased in stiff-
ness when compared to unfinished fabrics along both warp and weft directittn
(Table.2).



Figure 3 Tensile Elongation

Thickness

The tabric thickness was higher for eucalyptus oil finish (0.35nnn) followed by
citronella oil finish (0.33inin) when compared to original sample (Table.2).
This increase in thickness was due to the application of finish.

Table 2 Fabric Properties

Tests UF CO EO

Stiffness (cm) Warp 1.8 2.2 2.5
Weft 1.5 1.9 2.2

Thickness (mm) 0.31 0.33 0.35

Mosquito repellency test

The citronella oil nano particle llnishcd fabrics has a mosquito repellency of
84% which is higher when compared to eucalyptus oil nano particle finished
fabrics with a repellency of (&) per cent. This difference in repellency is due to
variation in citronella content. Repetitive washing results in reduction of mos-
quito repellency percentiigc due to the removal of finish (Table.3).

Conclusion

This study clearly shows that herbal finisli can also act as a viable mosquito
repellent when compared to synthetic sources. Thus these finishes protect
from mosquitoes without creating any side effects on humans like synthetic
repellents. Citronella oil finished fabric has higher mosquito repellency of
(8 per cent and hence can be effectively used against mosquitoes.



