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ABSTRACT

The organic dye pollution directly affects the soil, water and plants. The
plant poisoning effect had been studied by the adsorption of cationic
Brilliant green dye on raw sawdust from aqueous solution. The sawdust is
a cellulose material (basic surface). The dye adsorption on the basic sur-
faceis correlated with experimental conditions. The experimental condi-
tionslike contact time, concentration of dye solution, temperature, dosage
of adsorbent and particle size were optimized for maximum uptake and
observed that the adsorption increased with increase of contact time (6h),
temperature(30-70°C) and dosage of the adsorbent. The concentration ef-
fect was studied from 100 to 500ppm and observed that the percentage of
adsorption decreased with increase of dye concentration. The adsorption
increased with decrease of particle size (0.6-1.0mm). The recovery of the
dye was studied in water, methanol and ethanol. The desorption tendency
of dyeisin theincreasing order of water (5%)<methanol (54%)<ethanol
(64%). Ethanol isthe best solvent for the recovery of brilliant green from
sawdust. The poor desorption of brilliant green in water proved that the
strong adsorption of cationic brilliant green on the basic active sites of
cellulose (sawdust). Hence, it is aplant poisoning organic dye.
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Dyewastewater from textile dyeing and dye manu-
facturing industries causes serious poll ution problems
because of itshigh color and organic content. Thedye
effluent discharged into water bodieslikelakes, rivers,
etc. affectstheaguatic floraand fauna, and causesmany
water borne diseases¥. Since synthetic dyesarecom-

plex aromatic compounds, they are more stable and
more difficult to biodegradation??. Today there are
morethan 10,000 dyesavailable commercialy. The
annua production of dyesworldwideisaround 7x10°
tonnes, 5-10% of whichisdischargedinto water bod-
ies as effluentd®. Therefore, good waste treatment
methods are necessary to save environment from dye
pollution. The conventional methodsfor treating dye-
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containing wastewater like coagulation, flocculation,
adsorption, oxidation, photochemica destruction, ion
exchange and membranefiltration® are costly and re-
guiresomeadditiona chemicals. Hence, these meth-
odsarenot much suitableto treat organic dyeeffluents.
The adsorption methods have been widely used for re-
moval of colorantsfrom wastewater. Adsorbentslike
activated carbon!”, natural zeolites®, Sawdust!?, fly
ash™ molecular sieved™**? and agyricultural wastes™?
have been used for dyeremoval.

Inthis present work, adsorption of cationic Bril-
liant green (BG) has been studied using sawdust asan
adsorbent. BGisanimportant dye used for dyeingwooal,
sk, leather, cotton, jute, etc. { The adsorption study of
BG isimportant because of thetoxicity of thedyeto
living organismsand plants.} Adsorption of BG was
already studied using rice husk ash*¥, Bagasse fly
ash™ Neemleaf powder™, modified peat—resin par-
ticle’®, Thepeat resinismodified with chemical treat-
mentsmakeenvironmentd pollution and highly expen-
sive, therice husk ash and Bagasse fly ash are cheap
meaterid but their adsorption capacity waspoor. Hence,
inthe present investigation, the attempts are made to
adsorb BG on sawdust for maximum adsorption with-
out any pretreatment of sawdust. Moreover, generaly
plants are made up of cellulose materials (basic sur-
face). These cdlulose materia sare affected by strong
adsorption of cationic organic dyes, which arestrong
poison to plants. Hence, it becomesimportant to study
the plant toxic nature of thedye. In thisview, the cat-
ionic BG adsorption was carried out on sawdust to
eva uatethe plant toxic nature of thedye.

EXPERIMENTAL

ThedyeBG supplied by Merk IndiaLtd. wasused
for adsorption studieson sawdust. Thestructureof BG
is given in SCHEME 1. BG-Molecular formula
C,,H,N,O,S, Molecular Weight 482.65, C.I. No.
42040 and 2 628-632nm.

Sawdust activation

Mango sawdust collected from saw mill wasseved
into different particle sizesand then they werewashed
with delonised water and driedinhot air ovenat 120°C
for 2 hours.
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Adsorption studies

The bg stock solution 1000ppmwas prepared by
dissolving 1gof dyein1litreof doubledigtilledwaterin
astandard measuring flask. Theworking solutions of
the desired concentration were prepared by succes-
sivedilution of the stock solution. The dye concentra-
tion wasanayzed bg UV—Visible spectrophotometer
(Elico- modd-SL171).

200mg of the activated sawdust was added with
50ml of dyesolutionin 100ml conicd flask. Thesolu-
tion was stirred in a Magnetic stirrer(Remi-Model
MLH), at theend of the experiment the solutionswere
centrifuged off. Thefina concentration of the solution
was measured spectrophotometrically at A, 630nm.
The contact timewas studied up to 6 hoursto find out
theequilibrium adsorption. Theadsorption process of
BG on sawdust is studied in the concentration range of
100-500mg/l. Theinitia andfind pH valueswere mea-
sured for al concentration by using pH meter (Elico-
moded LI 613). Thetemperature effect of BG adsorp-
tion on sawdust was studied in therange of 30-70°C.
The sawdust dosageswere studied intherange of 200-
1000mg.

Desor ption studies

5mg BG adsorbed on 200mg of sawdust was used
inthe desorption studies. The BG adsorbed sawdust
200mg wasadded with 50ml of solventslike ethanal,
methanol and water separately in 100ml conical flask.
Thesolution wasstirred for 1 hour at room tempera-
tureinaMagnetic stirrer (Remi-Model MLH), at the
end of the experiment the solutionswere centrifuged
off. Thefinal concentration of the solution was mea-
sured spectrophotometrically at 2. 630nm.
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Figure1: Effect of contact timefor theuptakeof brilliant _cen_tagelsvely hlgh duetothestrong interaction of cat
green on sawdust ionic BG on basic surface of sawdust (SCHEME 2
and 3) but the adsorption equilibrium was not estab-

% of adsorption

CHZOH CH,OH CH,OH CH,OH

~ I

SCHEME 2: Sructureof sawdust (cellulose-basic surface)

3

N*vc:H3 N*vcH3 N+VCH3

CI|-|_|20H CHZOH
0 @/\o
P
N+/\CH3 N+/\CH3 N+/\CH3 H4C IN+/\CH3
nt‘ .t‘k .t‘ J3ae
N
I—CH3 |—CH3 |—CH3 LcH,

SCHEME 3: Cationicbrilliant green adsor bed on basic surface of sawdust (cellulose)

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 3(1) January 2008

[

o N

o O
]

'\“\‘\‘\‘

% of adsorption
A O ®
o O O

N
o
I

o

0 200 400 600

Initial dye concentration(ppm)

Temperature 30°C, dosage 200mg, particle size 0.6mm,
Time 6h

Figure?2: Effect of initial dyeconcentration for theuptake
of Brilliant green on sawdust
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Figure3: Effect of pH on theadsor ption of brilliant green

on sawdust
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Figure 4: Effect of temperature for uptake of brilliant

green on sawdust

lished within 6 hours may be dueto the multilayer ad-
sorption of BG in sawdust.

2. Effect of concentration of dye
The effect of concentration of BG for maximum
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TABLE 1. pH ChangesduringtheBG adsor ption on sawdust

Concentration(ppm) Initial pH Final pH Removal(%)
4.70

100 6.62 95
200 4.00 6.30 90
300 3.95 6.25 88
400 3.90 6.00 85
500 3.80 5.61 83

uptake was studied between the concentration ranges
100 to 500ppm. The studieswere carried out at room
temperature. The adsorption capacity of the dyewas
found to be decreases from 99% with increasing the
BG concentration (Figure 2). The percentage of up-
take decreaseswith increase of BG concentration may
be dueto the saturation of active siteswith BG mol-
ecule. Hence, adsorption decreases with increase of
BG concentrations.

3. pH changeson theadsor ption of Brilliant green
on sawdust

Theinitia andfinal pH of the BG solutions (100-
500ppm) was measured before and after the adsorp-
tion experiments. Theinitial pH of BG solutionsde-
creases from 4.70 to 3.80 with increase of dye con-
centration 100 to 500ppm (TABLE 1). After the ad-
sorption process, thefina pH of al solutionweremea-
sured and observed that the pH increases nearer to
water pH with increase of adsorption of BG on saw-
dust. Thisindicated that the water pH isnot affected
during the adsorption process.

4. Effect of pH

The pH effect on the adsorption of BG on sawdust
were studied from 4.5 to 7 and observed that the ad-
sorptionincreasesfrom 70 to 99% (Figure 3). Thisin-
dicatethat the sawdust surface become morenegative
to attract the cationic BG moleculewhen increasesthe
pH of the solution. Hence, adsorption increased with
increase of pH of the dye solution. Thisistheevidence
for the strong BG adsorption on basic surface of saw-
dust (SCHEME 3).

5. Effect of temperature

Theeffect of temperaturefor theremoval of BG
wasstudied for the concentration of BG solution 500ppm
intherangeof 30to 70°C (Figure4). Theadsorption
increased 71 to 92% when thetemperatureincreases
from 30to 70°C.This indicate that the adsorption is
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endothermic and chemisorption.
6. Effect of dosage

Theeffect of adsorbentsdosage (200-1000mg) for
adsorption of BG was studied. The percentage adsorp-
tion of thedyewasfoundto beincreased withincrease
of adsorbent dosage (Figure 5), since the increasd
dosageincreasesthe surface areaand active sitesfor
more adsorption of BG on sawdust. The adsorption
capacity of BG was 180mg/g.

7. Effect of particlesize

The particlesize of the sawdust was studied and
observed that the adsorption decreases from 70-40%
with increaseof particlesize0.6to 1.0mm. Whenthe
particlesizeincreases, the surface areadecreasesand
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TABLE 2: Comparison of adsor ption capacity of BG on cdlu-
losebased adsor bents

Adsor ption
Dyes Adsor bent capacity References
(mg g™)
Rice husk ash 25 [13]
Brilliant green Bagzss:e fly 133 [14]
Neem |eaf 167 [15]
Sawdust 180 Present work
TABLE 3: Desor ption of BG from sawdust
Solvent Volume of Adsorption  Removal
solvent(ml) (%) (%)
Water 50 99 5
Methanol 50 99 54
Ethanol 50 99 64

Time 1h, particle size 0.6mm, Temperature 30° C, Dosage 200mg
hence the adsorption decreases (Figure 6).
8.Adsor ption on cellulosebased materials

The BG adsorption on cellul ose-based adsorbents
isgivenin TABLE 2. Thericehusk ash and bagassefly
ash areprepared from plant materias(cellulose). The
adsorption capacity on both adsorbents are poor may
be due to the destruction of basic groups present in
cellulose during the ash preparation. Hence, cationic
BG adsorption on both adsorbents is not much
favourable. However, adsorption on sawdust and Neem
leaf powder isfavourabledueto the strong interaction
between the cationic BG and basic groups present in
the cellulose materid s (SCHEME 3). Hence, adsorp-
tionof cationicBG onraw cdllulosemateridslikeNeem
leaf powder and sawdust are higher thanricehusk ash
and bagassefly ash.

2. Desor ption

Thedesorption of adsorbed dye moleculeon saw-
dust was studied by using solventslikewater, methanol
and ethanol. The desorption tendency of BG in sol-
ventsarein theincreasing order of water<methanol
<ethanol. Thedye-desorptionisgiveninTABLE 3. The
desorbed dyeischaracterized by spectrophotometer
and confirmed (A 630nm) that thedye natureisnot
affected. The percentage desorption of BG from saw-
dustisshownintheTABLE 3.
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