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Abstract: Among the various pollution, color pollution of water is chronic issue of nearby
textile industries, but it is cost-effective problem of the textile industries to treat the effluent.
Since Hyparrheniahirta -a novel biosorbent, which is locally available, used to treat one of the
reactive textile dyes. The biosorbent was prepared from Hyparrheniahirta by various
methods and tested their adsorption efficiency by adsorption of reactive dye using batch
adsorption technique. It was found that, Sodium hydroxide washing increases adsorption
efficiency. Batch adsorption experiment was carried out as a function of effect of pH,
adsorbent dose, initial dye concentration and contact time. Equilibrium isotherms were
analyzed by Freundlich, Langmuir, Tempkin and Redlich-Peterson isotherm equation using
correlation coefficients. Pseudo-first-order, pseudo-second-order and intra particle diffusion
models were used to fit the experimental data and the kinetic study showed the adsorption
process could be described the pseudo second order kinetics. It was also evidenced by FT-IR
and SEM analysis. Therefore like the other adsorbents, Hyparrheniahirtais also one of the
good adsorbent for the dye adsorption.
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Introduction
Dyes can be classified into anionic (direct, acid and reactive dyes), cationic (basic dyes) and non-ionic
(disperse dyes) 1.Reactive HE dyes are the most common textile dye used in the local dying industries which are
not biodegradable. In aqueous solution, the anionic dyes carry net negative charge, while cationic dyes carry a
net positive charge due to the presence of protonated amine or sulfur containing groups 2. Due to their strong
interaction with many surfaces of synthetic and natural fabric, reactive dyes are used for dyeing wool, cotton
nylon, silk, and modified acrylics 3. Therefore, the treatment of coloured effluent from the dyeing industries is
necessary.In recent years, the research interest in the production of inexpensive adsorbents. Consequently, a
number of low cost and easily available materials, such as biomass, are being studied for the removal of
different dyes from aqueous solution at different operating conditions4.
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Hyparrheniahirta- a novel kind of low cost adsorbent used to study their adsorption efficiency with
one of the reactive HE dye namely Lemon Yellow HE-4G (LYHE-4G)from aqueous solution. The adsorption
studies were carried out using effect of pH, adsorbent dose, initial dye concentration and contact time. The
results were evaluated by four kinetic models and four adsorption models.

Materials and methods
Materials
The reactive dye Lemon Yellow HE-4G (LYHE-4G ) [C.I. Reactive Yellow-81, λmax : 380 nm], anionic
in nature is most commonly used dye in cotton dyeing was collected from local dyeing industry, Thiruvallur
district, Tamil Nadu. It was used as received without further purification. A stock solution of LYHE-4G (500
mgL-1) was prepared and suitably diluted to the required initial concentration.
Adsorbent Carbon (AC) preparation
The Hyparrheniahirta(HH)was collected from a mountains in Thiruvallur District was washed several
times with distilled water and left to dry in sun light, then it was cut into small pieces and then carbonized by
two different methods. (i) The pieces were kept in china dish covered with aluminium foil and normally
carbonized (NHH), (ii) The pieces were soaked into Sodium hydroxide solution for four days which removes
coloring matter in HH and then washed with distilled water, dried were kept in china dish covered with
aluminium foil and carbonized (SWHH).The carbonization was carried out in muffle furnace for one hour at
250oC. It was then ground and the portion between 0 and 100 µm sieves was used in all the experiments.
Adsorption studies
Batch adsorption experiments were carried out at the temperature (30 ± 1oC). Exactly 50mL of reactive
dye solution of known initial concentration (10–100 mg L-1) was shaken at the constant agitation speed (150
rpm) with a required dose of adsorbents (0.4–2 g L-1) for a specific period of contact time (300 min) in a orbital
shaker, after noting down the initial pH of the solution. The percentage removal of dye was calculated using the
following relationship:

where, CiandCearetheinitial and final(equilibrium) concentrations of dye (mgL-1), respectively.

Results and discussion
Investigation of sorption parameters
Effect of pH
The effect of initial pH on the equilibrium uptake of the 10 mgL -1 of LYHE-4G solution was
investigated onto 2 gL-1 of NHH and 1.2 gL-1of SWHH by varying the initial pH from 1 to 6 (Fig. 1a). The dye
adsorbed on carbons was higher at lower pH and it decreases rapidly as the pH increases. The adsorption is very
minimum at pH 6 and it becomes zero at neutral. As the pH of the solution increased, the dye adsorbed
decreased considerably. The same behavior was observed by many authors 5, 6.

Fig. 1.a) Effect of pH on the removal of 10mgL-1 of LYHE-4G b) Effect of initial dye concentration in mg
L-1 of LYHE-4G on 1g L-1 of adsorbents.
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Effect of adsorbent dose
The equilibrium uptake of the10 mgL-1 ofLYHE-4G solution onto NHH an SWHH was studied by
varying the adsorbent dose (2-10 gL-1). The percentage removal of LYHE-4G increased with the increase in
dose of adsorbent. This may be due to the increase in carbon surface area and availability of surface active sites
[7, 8].
Effect of initial concentration of dye
The effect of initial concentrations (10-100 mgL-1) of LYHE-4G on NHH and SWHH in terms of
percentage removal was studied as shown in Fig. 1b. The percentage removal of the dye was found to decrease
with the increase in initial dye concentration. At lower concentration, the ratio of initial number of dye
molecules to the available surface area is low. Subsequently, the fractional adsorption becomes independent of
initial concentration. However, at high concentration the available sites of adsorption become fewer and hence
the percentage removal of dye is dependent upon the initial concentration 7, 9.
Effect of contact time
The effect of contact time on the percentage removal of LYHE-4G was investigated at initial dye
concentration (20 mg/L. The percentage removal of dye by adsorbent was rapid in the beginning but it
gradually decreased with time until it reached equilibrium. The pattern of graphs were almost same for NHH
and SWHH, the percentage removal were 62.42 and87.26 respectively at equilibrium. The plots reveal that
maximum percent removal of the dye after about 1 h of shaking. The rate of removal is higher in the beginning
due to larger surface area available of adsorbent. After adsorption, the rate of dye uptake is controlled by the
rate of dye transported from the exterior to the interior sites of the adsorbent particles.
Adsorption isotherms
Freundlich model
The Freundlich adsorption model is the earliest known equation describing the adsorption process 10.
The amount of solute adsorbed, Qe is related to the equilibrium concentration, Ce of solute in solution by
following linear equation:

where, KF is a constant for the system, related to the bonding energy. As the value for 1/n below one for SWHH
indicates a normal Frendlich isotherm, while 1/n above one for NHH, is an indicative of cooperative adsorption
11, 12
. The values of KF and 1/n are determined from the intercept and slope of the linear regressions of log (Qe)
vs. log (Ce) (Table 1).
Langmuir model
A basic assumption of Langmuir13 theory is that sorption takes place at specific homogeneous sites
within the adsorbent, can be represented by the following linear form:

where,Qmis the monolayer adsorption capacity (mgg-1) and KLis the Langmuir constant in Lmg-1 related to
energy of adsorption. Fig. 2a.shows the linear plot of Ce/Qe vs. Ce for LYHE-4G on the adsorbents,the values
of Qm and KLwere determined from intercept and slopes of the linear plots (Table 1). The essential feature of
Langmuir isotherm can be expressed by means of dimensionless constant referred to as the separation factor or
equilibrium parameter, RL, which is defined by the following equation 14:

where,Ci is the initial dye concentration (mg L-1).Since theRL values calculated between 10-100 mg L-1are very
well lie in the range of 0 to 1, the adsorption process was favorable.
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Tempkin isotherm model and Redlich-Peterson isotherm model
Tempkin isotherm contains a factor that explicitly takes place into account adsorbing species-adsorbate
interactions 15. Tempkin isotherm has generally been used in the linearized and rearranged form as following:

where, KT is an equilibrium constant of binding corresponding to the maximum energy of binding (mg L-1) and
the β is related to the heat of adsorption. A plot of QevslnCe, enables the determination of the isotherm
constants KT and β (Table 1).
Redlich-Peterson(R-P) isothermcan be applied either in homogeneous or heterogeneous system due to
the high versatility of the equation16. It can be stated by the following equation:

where, β is the desorption constant and KR is R-P isotherm constant(gL-1).The isotherm constants β, KR and the
correlation coefficients, R2 for the R-P isotherm are listed in Table 1.
Table 1 Isotherm parameters for the adsorption of LYHE-4G at 30oC
Isotherm

Parameter

NHH

SWHH

Freundlich

1/n
KF(mg/g)
R2

1.279
20.045
0.965

0.351
10.715
0.905

Qm (mg/g)

45.45

58.82

KL (L/mg)

0.045

0.061

R

0.993

0.923

Β

0.444

0.948

KR (g/L)

0.272

0.093

0.946
9.783
0.47
0.989

0.970
10.180
1.204
0.840

Langmuir

2

R-P

2

Tempkin

R
Β
KT (mg/L)
R2

The obtained results of each model for the adsorption of LYHE-4G on carbon prepared from
Hyparrheniahirta are presented in Table 1. The value of correlation coefficient, R2, was used to compare the
four isotherm models. As can be seen from the Table 1, R-P model showed a higher correlation coefficient.
Therefore the adsorption process followsFreundlich at high concentration and Langmuir at low concentration of
dye. Similar results were reported for the adsorption of Orange-G and Methyl Violet dye onto bagasse fly ash
17
.
Adsorption kinetics
Lagergren’s first-order kinetic model
The pseudo-first-order kinetic model of Lagergren [18] is more suitable for lower concentration of
solute and its linear form is:
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where, Qt (mg g-1) is the amount of adsorbate adsorbed at time t (min); k1 (min-1) is the rate constant of pseudofirst-order model. The values of k1 and Qe for the adsorption of dye onto adsorbent were determined from the
plot of log (Qe-Qt) vs. time (Table 1).
Pseudo-second-order kinetic model
Adsorption kinetics was explained by the pseudo-second-order model expressed as following linear
equation:

where, k2 is the second order rate constant (g mg-1 min-1). The values of k2 for LYHE-4G on adsorbent were
calculated from the slopes of the respective linear plots of t/Qt vs. t (Fig. 2b). The correlation coefficients,R2
were 1 and 0.999 for NHH and SWHH respectively suggest a strong relationship between the parameters and
also explain that the process follows pseudo second order kinetics.

Fig. 2.a) Langmuir isotherm model b) Pseudo-second-order kinetic model
As can be seen from the table 1, the values of R2 are closer to unity for pseudo second order model.
Thus, adsorption of GYHE-R and RGHE-4BD dyes onto adsorbent obey the pseudo second order model.
Furthermore, values of Qe (cal) calculated from pseudo second order model were good agreement with
experimental values, Qe (exp) than those calculated form pseudo first order and Elovich model. Similar results
were found for the adsorption of MB and GV onto sepiolit19 and MB onto hazelnut shell 20.
Table 2: Kinetic parameters for the adsorption of LYHE-4G at 30oC
Kinetic model
Lagergren’s first
order model

Pseudo second
order model

Parameter

NHH

SWHH

Qe (cal) (mg/g)

3.235

10.209

k1

0.062

0.071

R2

0.991

0.971

Qe (exp)

12.48

17.45

Qe (cal) (mg/g)

12.658

17.857

k2

0.077

0.030

R2

1

0.999

Analysis of SEM and FTIR spectra before and after adsorption
SEM Analysis
The surface morphology of the activated carbon was examined using scanning electron micrography
(SEM). The Fig. 3(a) shows the smooth surface area of NHH whereas the Fig. 3(b) shows the presence of
more porous surface on SWHH and hence it increases the activity of SWHH than the NHH.
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Fig. 3. SEM micrography of activated carbon a) NHH and b) SWHH
Analysis of FTIR spectra
As can be seen from the Fig. 4 the absorption frequencies of activated carbon between 2500-2000 cm-1
have single broad peak and it was split up into two peak after the adsorption of dyes. Also many other
frequencies were shifted to different wave number with the adsorption of dyes. From these findings it is
presumed that the dye was adsorbed onto the adsorbent through interaction with the active functional groups.

Fig. 4. FT-IR spectrum of activated carbon, a) before adsorption and b) after adsorption of dye

Conclusions
The present study shows that the activated carbon prepared from Hyparrheniahirtahave been used
successfully for the removal of commercial textile dyes namely LYHE-4G. Although normal carbonization
provides potential adsorbent, the raw material washed with sodium hydroxide increases the efficiency of
adsorbent still.The percentage removal of the dye was maximum at lower pH, lower initial dye concentration
and with higher adsorbent dose. The results of equilibrium adsorption were best fitted with Redlich-Peterson
isotherm and the adsorption process was good agreement with pseudo second order kinetic model.

Acknowledgement
The authors are thankful to Sri Sairam Engineering College to carry out this research work.

References
1.

2.
3.
4.

5.

Robinson T, McMullan G, Marchant R, Nigam P. Remediation of dyes in textile effluent: a critical
review on current treatment technologies with a proposed alternative. Bioresource Technology, 2001,
77: 247-255.
Ozdemir O,ArmaganB, TuranM, CelikMS.Comparison of the adsorption characteristics of azo-reactive
dyes on mezoporous minerals. Dyes and Pigments, 2004, 62: 49-60.
Al-DegsY,KhraishehMAM, AllenSJ, AhmadMN.Effect of carbon surface chemistry on the removal of
reactive dyes from textile effluent. Water Res., 2000,34: 927-935.
ZhangF,YedilerA, LiangX, KettrupA. Effect of dye additives on the ozonation processes and oxidation
byproducts: A comparative study using hydrolyzed C.I. Reactive red 120. Dyes Pigments, 2004, 60: 17.
NavineKA. Removal of reactive dye from aqueous solution by adsorption onto activated carbons
prepared from sugarcane bagasse pith. Desalination, 2008,223: 152-161.

G. Muthuraman et al /Int.J. ChemTech Res.2014-2015,7(7),pp 2860-2866.

6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

2866

Senthilkumar S, Kalaamani P, Porkodi K,VaradarajanPR and SubburaamCV. Adsorption of dissolved
reactive red dye from aqueous phase onto activated carbon prepared from agricultural waste. Bioresour.
Technol., 2006,97: 1618-1625.
Kannan N and SundaramMM. Kinetics and mechanism of removal of methylene blue by adsorption on
various carbons- a caomparitive study. Dyes Pigment, 2001,51: 25-40.
Namasivayam C, Muniasamy N, Gayathri K, Rani M and Renganathan K. Removal of dyes from
aqueous solution by cellulosic Waste orange Peel.Biores Tech., 1996, 57: 37-43.
Hema M, Martin Deva Prasath P and Arivoli S. Adsorption of malachite green onto carbon prepared
from borassus bark. The Arabian Journal for Science and Engineering, 2009,34: 31-42.
El-Sikaily A, Khaled A, El Nemr A, Abdelwahab O. Removal of methylene blue from aqueous solution
by marine green alga Ulvalactuca. Chem. Ecol., 2006,22: 149-157.
Haghseresht F andLu G.Adsorptionn characteristics of phenolic compound onto coal-reject-derived
adsorbents. Energy Fuel, 1998, 12: 1100-1107.
Fytianos K, Voudrias E and Kokkalis E. Sorption desorption behavior of 2, 4-dichlorophenol by marine
sediments. Chemosphere, 2000,40: 3-6.
Langmuir I. The adsorption of gases on plane surfaces of glass, mica and platinum. J. Am. Chem. Soc.,
1918,40: 1361-403.
WeberTW and ChakrabortyPK. Pore and solid diffusion model for fixed bed adsorbent, J. Am. Inst.
Chem. Eng., 1974, 20: 228-233.
TempkinMI, Pyzhev V. Kinetics of ammonia synthesis on promoted iron catalysts. ActaPhysiochim,
URSS, 1940, 12: 217-22.
Redlich O, PetersonDL. A useful adsorption isotherm, J. Phys. Chem., 1959,63: 1024-1026.
MallID, SrivastavaVC, AgarwalNK. Removal of Orang-G and Methyl Violet dyes by adsorption onto
bagasse fly ash-kinetic study and equilibrium analysis, Dyes and Pigments, 2006,69: 210-223.
Lagergren S. ZurTheorie der sogenannten adsorption gelosterstoffe, Kungliga Svenska
Vetenskapsakademiens. Handlingar, 1898,24: 1-39.
Dogan M, Ozdemir Y, Alkan M. Adsorption kinetics and mechanism of cationic methyl violet and
methylene blue dye onto sepiolite. Dye and Pigments, 2007,75: 701-13.
Sanchez-Martin J, Gonzalez-Velasco M, Beltran-Heredia J, Gragera-Carvajal, Alguero-Fernandez J.
Novel tannin-based adsorbent in removing cationic dye (mehtylene blue) from aqueous solution,
Kinetic and equilibrium studies. Journal of Hazardous Material, 2010,174: 9-16.

*****

