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ABSTRACT

The removal of methylene blue dye from waste water using Jumbo grass (Sorghum Bicolour Sorghum Sudanefe) has
been studied experimentally by batch mode methods. The newly prepared bio-adsorbent was characterized and the
adsorption capacity of the bio-sorbent was investigated by changing the parameters such as adsorbent dose, pH,
contact time and initial dye concentrations. From the experimental data the Langmuir, Freundlich and Temkin
adsorption isotherm models were arrived and the Pseudo second order, Elovich and Intra-particle diffusion kinetic
models were also analyzed. Equilibrium data were well fitted to the Langmuir isotherm, Freundlich and Temkin
model. Adsorption process was obeyed the Pseudo second order and Elovich kinetic models. The Langmuir
adsorption capacity of adsorbent was found to be 12.99 mg/g. The results reveal that the raw Jumbo grass serves as
low cost adsorbent for removal of methylene blue dye from waste water.
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INTRODUCTION

Pollution of environment occurs due to both ndtpreenomena and man-made activities. The naturahgiena
like EI Nino and La Nina, powerful volcanic erupi® earthquakes, etc, causing pollution in enviremmare
beyond our control. On the other hand, pollutior do man-made activities (e.g. agricultural acgivindustrial

activity, etc.) may be controlled to a large extgtjt Pollution in different segments like atmosphdithosphere
(soil) and hydrosphere is shocking the living bedie biosphere. Heavy metals and dyes are playinignaortant
role for environmental pollution. Nowadays, watesllption is a very common problem. Generally, dyae

coloring agents which are having potential appiicat in textile, leathers, food coloring, printirdyeing, cosmetics
and paper making industries. About 10-15% of dgewoi binding during coloration in the textile irstity and come
out through effluent. The colored dye effluent effethe receiving water bodies as well as reducesdight

penetration and photosynthesis [2]. Under anaerobitlitions, dyes are decomposed into carcinogarimatic

compounds which cause some damage to aquaticiifehaman beings [3].

Methylene blue is a cationic dye which used in dgesilk, wool, cotton and coloring paper. It isalssed as
reagent in microbiology, surgery and diagnostic$ as a sensitizer in photo oxidation of organiduytahts[4]. The
methylene blue (MB) dye is more responsible for adrarmful effects such as heartbeat increase, iamghock,
cyanosis, jaundice and tissue necrosis in humamglhg]. Therefore, removal of such dyes from efflueistsan
important task due to its harmful impacts on watairces. The removal of dyes is made by conventimethods
such as coagulation and flocculation, adsorpti@onation, electrochemical techniques and fungabldezaation
[6]. The bio-sorption is a newer technology depeld which has been found to be superior to ottemiques for
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removal of dyes from wastewater, because of itslodify for adsorbing different types of adsorbagggciently,

and its simplicity of design. Plant waste is mastiredant in nature which is inexpensive as they herg low
economic value. Natural plant waste is widely uk@dwater treatment process. The agricultural eastterials
such as tea waste [7], wheat stf@) grass wastf9], jackfruit peel, palm shell activated carbid®], coir pith
carbon, sugar cane stalks, neem leaf powder, satvattivated carbon, mango seed sfil] and carrot stem
powderwere used for the removal of methylene blue anarottyes from wastewater. The aim of the present
investigation is to evaluate the use of Jumbo gf&sghum Bicolour Sorghum Sudanefe) as bio-adsorbent for
removal of MB dye from waste water. A literaturess reveals that no work has been studied oneifm@val of
MB dye from waste water using Jumbo grass as adstrb

EXPERIMENTAL SECTION

Preparation of adsor bent

The adsorbent used in the present study was cetldodtm Palar river bed near Vellore District, TaNadu. The
plants were washed with running water to removeithgurities. The washed plant materials were sueddfor
seven days and cut into small pieces. The drieémadg were ground well to fine powder and sievite produced
biomass was dried in over at 55°C for 24 hourssiated in a desiccator. Here after Jumbo grass @owds called

as Water washed Jumbo Grass (WJG) powder. The peddWJG adsorbent was characterized by Scanning
electron microscope (SEM). The physical propestiese also analyzed.

Adsor ption studies

Analytical grade chemicals and reagents were useshmples preparation. A stock solution of 1000Ldye
prepared by dissolving 1 g of MB dye in doubly dlistl water and the pH of the solution is adjustesihg 0.1N
H,SO, and 0.1N NaOH. From the stock solution, workinfutons of 2 to 12 mg/L concentration of the dyergve
obtained by dilutions.

Batch mode equilibrium method

All experiments were carried out at 30°C tempematorthe batch mode methods. The batch experinegris done

in different Erlenmeyer glass flasks of 250 ml @fya A known amount of adsorbent was added toetheh flask.
The mixture is agitated using rotary shaker at tzo1isl50rpm for experiment to better mixing. Eaeisk was filled
with a known volume (100ml) of dye solution withitial concentration of 2 to 12 mg/L. The flask caining the
sample was withdrawn from the shaker at the prechéted time interval, separated and the equilibrium
concentration of the dye was measured by UV-Vispectrophotometer using 661nm. The adsorptionotisp@,
(mg/g) and percentage removal were calculated quation-1 and 2 respectively.

Qe = [Co-C] x VIM 1)
% Removal = [G-Cg] x100/G, 2

Where, G is the initial dye concentration in solution (my/IC. is the final equilibrium concentration in solution
(mg/L), V is the volume of the solution (L), and i8lthe mass of the adsorbent used (g). The effedifferent
parameters such as dosage of the adsorbent dd&d, doncentration, contact time and pH were stddon the
removal of the MB dye. All the experiments were litgied and the mean values are presented in alpierp

RESULTSAND DISCUSSION

The physico-chemical characteristics of the adsurld¢JG powder were determined by standard methndslee
results are given in Table-1. The microstructure smrface morphology of the fresh WJG powder arel Idgded
WJG powder were investigated by scanning electrimnascope (SEM) and the images are given in Figl@ad 2.
The SEM image of unloaded WJG powder reveals ther@af biomaterials which is fibrous and hetercegmrs
with lot of micro pores which are responsible fanding sites for dye molecules. The uptake of ME dhy WJIG
was demonstrated by the change in morphology otlserbent’s surface. Based on the surface miugyoesult
of WJG, it is suggested that the produced WJG aaruded as adsorbent for liquid-solid system du¢hé&o
importance of fibrous materials.
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Table- 1. Characteristics of the adsor bent

Adsor bent H Moisture content | Ash content | Bulk density | Water soluble content | Acid insoluble content
P (%) (%) (%) (%) (%)
WJIG 6.75 9.9 11.00 0.325 7.13 3.6
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Figure 1. SEM image of unloaded WJG adsor bent Figure 2: SEM image of dyeloaded WJG adsor bent

Adsor ption studies

Effect of pH
The effect of pH on MB dye removal by WJG was @atrout in the range of pH from 2.5 to 9.5 at 4migitial dye

concentration with 100mg/100ml adsorbent dose amréemperature for 3 hr equilibrium time and thet pias
given in Figure- 3. The pH affects the charge dgran adsorbent’s surface and degree of ionizatiopollutants
[12]. The maximum percentage removal of MB dye 8890% at 7.5pH. The Hons are competed effectively at
lower pH with MB dye to occupy sorption sites on-8brbent surface and at higher pH (> 7.5) an asgeof —OH
ions also causes decreases the adsorption of MB1@JeAs the pH of the system increases from 8.9.6, the
number of negatively charged sites on biomass seirfacreased and the number of positively chargtss s
decreases. This indicates that greater electrostitaction of the MB dye molecules by the WJGosat surface.
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Figure 3: Effect of pH on dyeremoval by WJG Figure 4: Effect of contact time on dyeremoval by WJG
Effect of Dose

The adsorption of MB dye on WJG powder was stuthigdarying the adsorbent dosages from 0.05 to 0CEgnh|
into series of 250ml Erlenmeyer flasks which camtl®@0ml dye solution of 4mg/L concentration wittact time
180mins. The percentage removal plot is shown guife- 5. It shows that the percentage adsorptioreased with
an increase in the WJG adsorbent dosage. This malué to the increased WJG surface area and alitjlaih
more adsorption sites. Similar results are repdrigde literatures [14].

Effect of Contact Time
It reveals that the percentage removal of dye as®e with increase with contact time till equilin has been

reached. After the equilibrium time there is non#figant adsorption taking place. The equilibriuime for dye
adsorption on WJG powder was found to be 180 m#atel highest removal of MB dye from waste wates wa
99.00% which is shown in Figure- 4. The water wdshembo grass have regular nature, as well as foamaf
overlapping fiber layers and cracks (porous) whattbw for adsorption. In the process of dye adsomtinitially
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dye molecules have to encounter the boundary kfyect before diffusing from boundary layer filmtoradsorbent
surface. This is followed by diffusion of dye irttte porous structure of the adsorbent. This phenomevill take
relatively longer contact time [15]. This equilibm time is one of important parameters for an enuoal

wastewater treatment system.

Effect of Initial on concentration with Adsorbent doses

The effect of initial concentration was investighteith different initial concentrations of MB dy&,(4, 6, 8, 10 and
12 mg/L) using different adsorbent dosages (0.0, @2 and 0.5mg/100ml) at 180 minutes equilibriimme. The

results show that WJG have good potential of dyeoral. The percentage removal of MB dye by WJG sfasvn

in Figure- 5. It reveals that the percentage rerhdeareases gradually with the increase in ing@centration, the
removal is highly effective on 4 mg/L initial contteation after which removal decrease graduallye $ame trend
was followed for all the different adsorbent dosagAt lower concentrations, sufficient adsorptidtes are
available for adsorption of the dye molecules. Haaveat higher concentration the numbers of dyeemdes are
relatively higher compared to availability of adstion sites [16]. The maximum removal of MB dye v@&75%

occurred with 4mg/L dye concentration at 0.5g dose.
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Figure5: Effect of initial concentration with adsor bent dose on dye removal by WJG

Adsor ption isotherm

Langmuir Isotherm model

Langmuir isotherm is based on the adsorption tplese at specific homogeneous sites within treodient. Once
a dye molecule occupied a site, no further adsamptan take place at the sites. The following Lamigisotherm
equation-3 was used in this study

1/Q. = 1/bQ,Ce+ 1/Qn (3

Where, G is the equilibrium concentration of the dye (mg/Qs is the amount of dye molecules adsorbed at
equilibrium (mg/g), b is the adsorption energy lué sorbent surface,,Qs the maximum sorption capacity (mg/g).
The Langmuir constants b and, @re calculated from the slope and intercept oflittear plot of 1/Q against 1/¢

are given in Table- 2. The Langmuir isotherm plat the removal of MB dye was shown in Figure- 6eTdata
reveals that the Langmuir model is best fit for #usorption of MB dye onto WJG. The Dimensionleszsasation
constant R is an important characteristic for the Langmuaotlierm model which is defined ag R I/ (I+bC,),
where b is the Langmuir constant angi€the initial concentration of the dye. The valud R indicate the shape
of the isotherm as followjd 7]. The calculated Rvalues are given in Table- 2. The values pfaRre less than one
(0.0143-0.0799) indicates that the isotherm is falte.

RL value Types of isotherm
RL>1 Unfavorable
R=1 Linear

O<R <1 Favorable

R =0 Irreversible
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Table- 2: Isotherm constants for adsor ption of MB dye on WJG

Langmuir isotherm Freundlich isotherm Temkin isotherm
On b R. R? n Ke R? A b R?
12.99| 5.753] 0.0143-0.0799 0.860 1.957 7.295 0.86977 fl 188.30| 0.873

Freunlich I sotherm model

The Freundlich isotherm is derived by assuming tarbgeneous surface, with non-ideal and reversitl#ilayer
adsorption, with non-uniform distribution of adstiop heat and affinities over surface of the adeotb The linear
form of the Freundlich isotherm can be represeatefbllows:

log Q =logKe+ 1/nlog G (4)

Freundlich isotherm constants 1/n anddf the adsorbent are calculated from the slopeimtetcept of the linear
plot of log Q aginst log G as shown in Figure- 7. The values of adsorptidensity (n= 1.957) was more than one
indicates the favorable adsorption on heterogensatface and Kgives the capacity of the adsorbent/adsorbate
system. The data are given Table- 2. The data leteat the Freundlich isotherm is applicable dral ¢orrelation

is statistically significant.

Tempkin | sotherm model

Temkinisotherm model provides the effect of interacti@tween adsorbate and adsorbent which explainsehie h
of adsorption of all the molecules on the adsorlsemtace layer. The linear form of isotherm carnekpressed as
follows:

Jge=BINnA+BInG (5)

Where B = RT/b, b is the Temkin constant relatelaat of sorption (J/mol), A is the equilibriuntming constant
(L/g), R is the gas constant (8.314J/mol/L) andsTthie absolute temperaturK), C. is the concentration of
adsorbate in solution at equilibrium (mg/L). A lareplot of @ versus In g (Figure- 8) helps for calculation of the
isotherm constants A and b from the slope andrttexdept. The data were listed in Table- 2. The Kierisotherm
fits the equilibrium data well implying that the MB/e adsorption on WJG was a chemisorptions process
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Figure 6: Langmuir isotherm for theremoval of MB  Figure 7: Freundlich isotherm for theremoval of MB

Adsor ption kinetic studies
For determining the kinetics of adsorption of MBadynto WJIG powder was studied by three kinetic fsoslech as
the pseudo-second order, Elovich and intra partidfasion model.

Pseudo- second-order model
For the analysis of adsorption mechanism Ho and &jgifoposed a pseudo- second order kinetic model tand i
linear form as follows;

t G = 1kge +t/q (6)
Where g (mg/g) and g(mg/g) are the amounts of adsorbate adsorbedeosutiace of the adsorbent at equilibrium
and at a given time t (min) and ¢g/mg/min) is the pseudo-second order rate cohstée parameters,land g can

be calculated from linear plot of t/gersus which shown in Figure- 9. The initial agisimn rate (h) can be
calculated from kand @ values using equation- 7
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h=kaq’ Q)

h (mg/g/min) represents the amount of dye adsopeedinit mass of adsorbent and unit time. Thisegh) can be
used to compare the initial sorption rate of dyesvarious adsorbents at similar conditions. Thevdae given in
Table-3. This suggests that the rate controllireg $h adsorption of MB dye is chemisorptions invay valance
forces through the exchange of electrons betwedseaband sorbate through chelation [18].
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Figure 8: Temkin isotherm for theremoval of MB Figure9: pseudo-second order for theremoval of MB
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Figure 10: Elovich kinetic model for theremoval of MB Figure 11: Intraparticle diffusion kinetic model for removal of MB

Elovich model

The Elovich equation was developed to explain finetics of chemisorptions of gas onto solids aesdlifferential
form is represented in egn.8. The paramaidssthe rate initial concentration (mg/g.min) whialso represents the
rate of chemisorptions at zero coverage, and Paearfids the desorption constant (g/mg) and is relatethe
extent of surface coverage and the activation gnafrghemisorptionglL9].

do/ d= o exp (§ d) )

Where gis the amount adsorbed at time t, andndf are constants during any one experiment. To siynfiie
Elovich equation-8 becomes

G= B (ap)+ In(t) ©)

The o and B are Elovich constants are related to the init@ddaaption rate (mg/g/min) and desorption constant
(g/mg) can be obtained from the slope and interoépte linear plot of gagainst In(t) (Figure- 10). Equation -9 is
used study the Elovich equation to the kineticdvi& dye sorption on WJG. The Elovich equation coessdthe
rate-controlling step in the diffusion of the adsate molecules and describes chemisorptions onlzgt#s and has
been applied for the adsorption of solute from itigsolution. Correlation coefficient fRof Elovich model for
adsorption of dye onto WJG was found to be good #wed adsorption is mainly controlled by diffusionda
chemisorptions. The Elovich model parameters and R are summarized in Table-3.

Intra- particle diffusion model

The intra-particle diffusion theorwas developed and assumes that intra- particlaugidffi is the only rate
controlling step of the adsorption process whemtigligible diffusion of the liquid film surroundinthe adsorbent.
The intra-particle diffusion is investigated by itmthematical expression as follows:

77



A. Shajahan et al J. Chem. Pharm. Res., 2014, 6(12):72-79

Q=Kigt”+C (10)

Where g is the amount of dye adsorbed at time t, C isitiercept and i is the intra- particle diffusion rate
constant (mg mit® g%). If intra- particle diffusion was involved in thadsorption then a plot of; ggainst ¥?
(Figure- 11) would gives linear relationship. Thape was used to identify the intra- particle dffan rate constant,
Kiq and the intercept C value give an idea of the Hamnlayer thickness; the larger the intercept,dheater the
effect of the boundary layer. The values gf #&d C are shown in Table-3. The deviation of ghralines from the
origin indicates that the pore diffusion is not tae- rate determining step. Hence, the intratigardiffusion
kinetic model is not the rate- controlling step][20

Table- 3: Kinetic parametersfor adsorption of MB dyeon WJG at 30 °C

Pseudo-first order model Elovich model Intraparticle diffusion model
Qe Ko h R? a B R? Kig C R?
5.15| 0.025] 0.663 0.999 659.00 2.5b1 0.997 0.087 113.8 0.983

Thermodynamic parameter
Chemical changes occur spontaneously at given teatyve if the Gibbs free energy is negative. @&° was
calculated from the equilibrium constant &rresponds to the ratio of @ G.[21],

AG’ = -RT In Ky (12)

Where,AG? is the Gibbs free energy change (KJ/mol), T istéraperature’K), R is the gas constant (8.314 J
mol/K). The calculated negative value A6° (-8.36 KJ/mole) shows that the adsorption predesfeasible and
spontaneous nature.

CONCLUSION

The equilibrium and kinetic studies for the remlomaMB dye from waste water solution by water wadhlumbo
grass was analyzed. The study was concluded tea¥WhG was one of the potential adsorbent for rengpdye
from synthetic water solutions. The effects of égsorption on WJG by various factors such as pHtaob time,
dosage and initial concentration were investigafdte equilibrium parameters have been evaluatedtlzmdiata
fitted well to Langmuir isotherm, Freundlich andnilén isotherms. Kinetic studies reveal that theoapison of

MB dye on WJG obeyed very much for pseudo-secoddrand Elovich kinetic model than intra-particléuwsion
model. The thermodynamic parameter was calculatbéithvreveals that adsorption was spontaneous and
exothermic in nature.
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