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A B S T R AC T

The effectiveness of adsorption for dye removal from wastewater has made it an ideal alternative 
to other expensive treatment options. The removal of Safranine onto Parthenium hysterophorus L
(congress grass) (CG) from aqueous solutions was investigated using parameters such as con-
tact time, pH, adsorbent doses, and initial dye concentration. Adsorption isotherms of dye onto 
CG were determined and correlated with common isotherm equations such as the Langmuir 
and Freundlich model. Adsorption equilibrium was reached within 40 min. Parameters of the 
Langmuir and Freundlich isotherms were determined using adsorption data. The maximum 
adsorption capacity of Safranine onto CG was found to be 89.3 mg/g at 400 mg/l of dye con-
centration. The equilibrium data satisfi ed Langmuir isotherm better than Freundlich isotherm. 
The rate constants were evaluated for initial dye concentration and adsorbent doses. The exper-
imental data fi t the pseudo-second-order kinetic model.
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1. Introduction

The textile dyeing industry consumes large quanti-
ties of water at its different steps of dyeing and fi nishing 
processes. Due to the large volumes of water consump-
tion, the production of huge volume of wastewater is 
inevitable [1]. Textile dyeing—printing industry waste-
water is highly charged with consumed dyes, surfac-
tants and sometimes traces of metals. It is estimated that 
1–15% of the dye is lost during dyeing section of a textile 
industry process and is released in wastewaters [2]. 
These effl uents cause a lot of damage to the environment. 
In most countries researchers are looking for appropriate 
treatments in order to remove pollutants, impuritiesand 
decolorization of dye house effl uents [3–5]. Due to more 
and more increasingly stringent restrictions on the hazard-
ous organic content of industrial effl uents it is necessary 
to eliminate organic pollutants by proper treatment meth-
ods before being released it into the water courses [6].

Various techniques such as adsorption [7], nanophotoca-
talysis [8], electrochemical [9], membrane processes [10], 
etc. have been used for the removal of organics as well 
as inoragnics from wastewaters. The non-degradable 
nature of dyes and their stability towards light and oxi-
dizing agents complicate the selection of suitable method 
for their removal. In comparisons to the removal meth-
ods of colors, it has been well established that adsorption 
is the most convenient and effective. Various chemical 
and physical processes are currently used, which work 
by direct precipitation and separation of pollutants [11] 
or elimination by adsorption on activated carbon or sim-
ilar materials. It is well known that liquid-phase adsorp-
tion is one of the most effi cient methods for removal of 
colors, odors and organic pollutants from process or 
waste effl uents. In addition, activated carbons are the 
most widely used adsorbents because of their excellent 
adsorption ability for relatively low molecular weight 
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organic matters. However, their use is usually limited 
due to its high cost [11–14]. These lead many work-
ers to search for cheaper subsistent including fl y ash 
[15], coal, silica gel, wool waste and clay materials [6], 
have been applied with varying success for removal of 
color and metals. Of these alternatives, many agricul-
tural and wood wastes such as cane (bagasse) pith [16], 
maize cob [17], sawdust [18], fruit kernels, coconut husk, 
fi bers and bittim shells [19], wheat shell [20], neem leaf 
powder [21], appear to be more economically attractive 
because they are abundant.

New economically, easily available and highly effec-
tive adsorbent are still needed. Parthenium (Parthenium 
hysterophorus L.) also known as congress grass, white 
top or carrot weed, an annual herbaceous weed—a 
native of North-east Mexico, has now widely spread in 
India, China, Australia, Pacifi c Islands, etc. The biomass 
of this plant is not put to any use and disposed along the 
road-sides, agricultural fi elds, and railway tracks after 
uprooting. The biomass of this plant is available round 
the year at zero prices.

In our laboratory, the work is in progress to look into the 
possibility of the use of waste biomass for industrial pol-
lution control. The aim of the present work was to study 
the adsorption capacity of differential treated white top 
Parthenium plant for dye removal, Safranine, from aque-
ous solution under different experimental conditions and 
adsorption kinetics. The basic dyes are one of the most 
important and widely used dye groups in the textile dye-
ing industries. However, only a limited number of studies 
on Safranine removal were found in literature [22,23]. As 
Safranine is water soluble dye thus diffi cult to remove by 
common chemical treatment methods. Keeping this in mind 
it necessitates an attempt to fi nd and provide an easy, fea-
sible and reliable method for the removal, thus utilization of 
adsorption technique seems to be more fruitful. The focus 
of this investigation is to evaluate the adsorption potential 
of removal of Safranine. In this respect Safranine was used 
as model compound. The aim of the present study is to opti-
mize the conditions for the maximum removal of Safranine 
on CG from aqueous solution. The effects of contact time, 
pH, dye concentration, adsorbent dose on the adsorption 
of Safranine onto CG were investigated. The Langmuir and 
Freundlich isotherms were used to fi t equilibrium data. The 
pseudo-fi rst-order, pseudo second-order, Elovich and intra-
particle diffusion kineics models were attempted.

2. Materials and methods

2.1. Adsorbent material 

Parthenium hysterophorus L (congress grass) (CG) was 
abundant available grass in Indian agricultural fi elds. 
The CG was collected from nearby agricultural fi elds, 

washed with double distilled water to remove adher-
ing dirt, dried in sunlight, crushed and sieved through 
60–250 µm size. This ground material was soaked for 18 h
and washed with hot and cold distilled water, till the 
wash water is colorless. This washed material was then 
dried in oven at 50 °C for 12 h and preserved in glass 
bottle for use as an adsorbent without any pretreatment. 

2.2. Adsorbate

The basic dye Safranine was used in the study. Saf-
ranine was (C.I. = 50,240, chemical formula C20H19N4Cl, 
MW = 350.5 g/mol, nature –– basic dye, lmax = 532 nm) 
supplied by S.D. Fine Chemicals, Mumbai of commer-
cial purity were used without further purifi cation. The 
structure of Safranine was given in Fig. 1. The dye stock 
solution was prepared by dissolving accurately weighed 
dye in distilled water to the concentration of 2000 mg/l. 
The experimental solutions were obtained by diluting 
the dye stock solution in accurate proportion to needed 
initial concentration. 

2.3. Experimental methods and measurement

The adsorption experiments were carried out in a 
batch process at 30 °C by using aqueous solution of Safra-
nine. In each experiment an accurately weighed amount 
of CG was added to 50 ml of the dye solution in 100 ml 
stoppard bottles and mixture was agitated on a mechani-
cal shaker at a given time at constant temperature of 
30 °C. The adsorbent was separated from solution by cen-
trifugation. The absorbance of the supernatant solution 
was estimated to determine the residual dye concentra-
tion. The residual dye concentration was determined at 
lmax 532 nm with UV––visible spectrophotometer (Sys-
tronics 118). The experiments were carried out at initial 
pH values ranging from 2 to 11; initial pH was controlled 
by addition of 0.1 N HCl and 0.1 N NaOH solutions. 
Kinetics of adsorption was determined by analyzing 
adsorptive uptake of dye from aqueous solution at differ-
ent time intervals. The X-ray diffraction (XRD), scanning 
electron microscope (SEM), Brunauer––Emmett––Teller 
(BET) and electron dispersion X-ray (EDX) element anal-
ysis of adsorbent was also carried out. 

Fig. 1. The structure of Safranine.
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3. Results and discussion

3.1. Adsorbent characterization

For structural and morphological characteristics 
XRD, SEM, BET and EDX of CG were carried out.

3.1.1. SEM and BET analysis 

The SEM micrographs of CG and CG dyed with Saf-
ranine are shown in Fig. 2. As it is known, SEM is one 
of the most widely used surface diagnostic tools. The 
SEM micrographs of adsorbent CG and CG dyed with 
Safranine were carried out at different magnifi cations 
to know surface structure and porosity. CG has hetero-
geneous surface and micropores where there is a good 
possibility for dye to be trapped and adsorbed.

The BET surface area was found to be 19.28 m2/g, Lang-
muir surface area 18.31 m2/g, micropore area 0.89 m2/g, 
mesopore area 173.41 m2/g, micropore volume 0.0009 
cm2/g , mesopore volume 17.2 cm3/g, mean pore diameter 
6.48 Å and mean mesopore diameter 284.92 Å. 

3.1.2. XRD and EDX analysis

Crystallinity of CG was determined by X-ray diffrac-
tion using diffractometer (D-8, Advance Bruker axs Ger-
many using Cu-anode). The XRD diagram of adsorbent 
CG is shown in Fig. 3. The XRD pattern of raw adsorbent 
showed typical spectrum with main and secondary peak 
at 22.3° and 16.4°, respectively. The main peak is taken 
as indicative of the presence of highly organized crystal-
line cellulose while secondary peak is a measure of a less 
organized polysaccharide structure. The EDX analysis of 
CG shows the presence of 46.3% C, 38.2% O with min-
eral composition 0.36% Na, 0.28% Mg, 1.84% Al, 3.05% 
Si, 8.02% K and 1.95% Ca.

3.1.3. FTIR analysis

In order to investigate the surface characteristics 
of CG, Fourier transform infrared (FTIR) in the range 
450–4000 cm−1 was studied. The FTIR spectrum of CG 
shows that the peak positions are at 3334.7, 2891.1, 1735, 
1600.8, 1326.9 and 894.4 cm−1. The bands at 3334.7 are 
due to O–H and N–H stretching. While the bands at 
2891.1 and 1735 refl ects C–CH3 and –CO–O stretching, 
respectively. Bands at 1600.8 and 1326.9 corresponds to 
aromatic >C=C< and O–H bending, respectively while 
band at 894.9 cm−1 corresponds to R2C=CH2. Some of 
the groups shifted to lower frequency after adsorption 
are from 3334.7 to 3331, 1735 to 1730, 1600.8 to 1585 
and 1326.9 to 1321 suggesting the participation of these 
groups in the adsorption of Safranine. This also sug-
gests that adsorption of Safranine on CG is chemical 
adsorption. 

Fig. 2. The SEM micrographs of CG and CG dyed by Safranine.
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Fig. 3. The XRD diagram of CG adsorbent.
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3.2. Effect of pH

The pH of the dye solution plays an important role 
in the whole adsorption process and particularly on the 
adsorption capacity [19]. The adsorption of charged dye 
groups onto the adsorbent surface is primarily infl u-
enced by the surface charges on the adsorbent which is 
in turn infl uenced by the solution pH. The FTIR analy-
sis showed that the CG contains large number of active 
sites and the solute uptake can be related to the active 
sites and also to the chemistry of the solute in the solu-
tion. The effect of initial pH on equilibrium capacity of 
CG was studied at 100 mg/l initial Safranine concentra-
tion, at contact time 40 min, with 4 g/l of CG at 30 °C. It 
shows that the sorption of Safranine was minimum 21% 
at initial pH 2 and increased with pH up to 6 (72%) and 
thereafter decreases to 51% at pH 11. The observed low 
adsorption capacity of Safranine on the CG at pH < 6 
may be the surface charge become positively charged, 
thus making (H+) ions compete effectively with dye cat-
ions causing a decrease in the amount of dye adsorbed. 
At high pH, the surface charge may get negatively 
charged which does not favors the adsorption of dye 
ions hence adsorption decrease to 51% at pH 11. 

3.3. Effect of contact time and initial dye concentration

A series of experiments were performed to optimize 
the adsorption time at an initial dye concentration of 
100, 200, 300 and 500 mg/l. with adsorbent dose of 2, 
4 and 6 g/l. The results for effect of initial concentra-
tion and contact time on adsorption of Safranine onto 
CG at 30 °C are shown in Fig. 4. It was observed that 
dye uptake was rapid for the fi rst 25 min, and thereaf-
ter proceeds at slower rate and fi nally attains saturation. 
This was caused by strong attractive forces between the 

dye molecules and the adsorbent; fast diffusion onto the 
external surface was followed by fast pore diffusion into 
the intraparticle matrix to attain rapid equilibrium. As 
the initial Safranine concentration increased from 100 to 
500 mg/l the equilibrium removal of Safranine decreased 
from 82% to 65% (Fig. 4). The equilibrium adsorption 
increases from 40.9 to 161.7 mg/g with increase in ini-
tial Safranine concentration from 100 to 500 mg/l with 2 
g/l of CG dose. Fig. 5 indicates that an increase in initial
Safranine concentration leads to increase in the adsorp-
tion (qe) of Safranine on CG.

The adsorption of Safranine on CG was found to 
reach equilibrium at 40 min for the concentration range 
studied (100–500 mg/l). However, the experimental 
data was measured up at 70 min to be sure that full 
equilibrium was attained. The variables like adsorbent 
dosage, pH and agitation speed was same for different 
experimental runs. The dye concentration affects the dif-
fusion of dye molecules through the solution to the sur-
face of the adsorbent. Higher concentration resulted in 
higher driving force of the concentration gradient. This 
driving force accelerated the diffusion of dye from solu-
tion into the adsorbent [18]. It is clear that the effi ciency 
of dye removal depends on the initial dye concentration. 
The amount of dye adsorbed increases with increasing 
dye concentration and remained nearly constant after 
equilibrium time. 

3.4. Effect of adsorbent dosage

An adsorbent dose is an important parameter because 
this determines the capacity of an adsorbent for a given 
initial concentration of adsorbate. The effect of adsorbent 
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doses was studied on dye removal, keeping all other 
experimental conditions constant. In order to investi-
gate the effect of CG on Safranine adsorption, experi-
ments were conducted at initial dye concentration of 
100, 200, 300 mg/l with adsorbent dose from 1 to 12 g/l 
at pH 6 and contact time 40 min. Fig. 6 shows the effect 
of adsorbent dose on the amount of dye adsorption. 
The amount of dye adsorption (qt) increases from 82 to 
222 mg/g when the dye concentration increases from 100 
to 300 mg/l at an adsorbent dose of 1 g/l. As adsorbent 
dose was increased from 1 to 12 g/l, the amount of dye 
adsorbed per unit mass of adsorbent (mg/g) decreases 
from 222 to 23 mg/g at a dye concentration of 300 mg/l, 
while percent removal was increased from 74% to 91%. 
The results show that as the adsorbent mass increases, the 
overall percentage of dye adsorbed also increases, but the 
amount adsorbed per unit mass of adsorbent decreases 
considerably. The increase in percent removal was due 
to the increase in the available sorption surface and sites. 
The decrease in unit adsorption with increase in the dose 
of adsorbent is basically due to adsorption sites remain-
ing unsaturated during the adsorption process.

3.5. Adsorption kinetics

Adsorption is a physiochemical process that involves 
the mass transfer of solute (adsorbate) from the fl uid 
phase to the adsorbent surface. A study of kinetics of 
adsorption is desirable as it provides information about 
the mechanism of adsorption, which is important for 
effi ciency of the process [19]. The transient behavior 
of the dye adsorption process was analyzed by using 
pseudo-fi rst order, pseudo-second order, Elovich and 
intraparticle diffusion. 

3.5.1. Pseudo-fi rst-order model 

A linear form of pseudo-fi rst-order equation was 
described by Lagergren [24]. 

1log( ) log
2.303

e t e
K tq q q− = −  (1)

where qt and qe are the amount of dye adsorbed (mg/g) at 
time t and at equilibrium, respectively. K1 is the equilib-
rium rate constant of pseudo-fi rst-order kinetics (min−1). 
The straight line plots of log (qe – qt) versus t (Fig. 7) for 
the adsorption of Safranine onto CG at different initial 
dye concentrations (100–500 mg/l) and adsorbent dose 
2–6 g/l have also been tested to obtain rate parameters. 
The rate constant observed was 2.51 x 10−2 – 12.827 x 10−2 
min−1 (Table 1). The K1, qe calculated and correlation coef-
fi cients at adsorbent dose and dye concentration stud-
ied where calculated from these plots and are given in 
Table 1. The correlation coeffi cients r2 listed in Table 1 for 
fi rst-order kinetic model were ≥ 0.9262.

3.5.2. Pseudosecond-order equation

Data was applied to the Ho and McKay’s pseudo-
second-order chemisorptions kinetic rate equation 
which is expressed as [25,26].

2
2 e2 e2 e

1 and
t

t t h = K q
q K q q

= +        (2)

where K2 is the rate constant of pseudo-second-order 
adsorption (g mg−1min−1). To understand the applicability 
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of the model a linear plots of t/qt versus t for different dye 
concentration (100–500 mg/l) with adsorbent dose (2–6 g/l)
have been plotted are shown in Fig. 8. The K2, qe and 
correlation coeffi cients were calculated from these plots 

are given in Table 1. The rates of sorption were found to 
confi rm to pseudo-second-order kinetics with good cor-
relation r2 ≥ 0.9982 (Table 1). The qe calculated values and 
qe experimental also shows good agreement for pseudo-
second-order kinetics than pseudo-fi rst order. 

3.5.3. The Elovich equation

The Elovich equation is given as follows [15]: 

1 1ln( ln tq tαβ
β β

= ) +  (3)

where a is the initial adsorption rate (mg g−1 min−1), b is
the desorption constant (g/mg) were calculated from 
intercept and slope of the straight line plot of qt ver-
sus ln t. It has been observed from the data that value 
of a and b varied as a function of initial dye concentra-
tion. Thus on increasing initial dye concentration from 
100 to 500 mg/l, the value of β decreases from 0.4720 
to 0.0557 g/mg for 2 g/l of adsorbent dose. The value

Table 1
Comparison of adsorption rate constants, calculated and experimental qe values for different initial dye concentrations and 
adsorbent dose for different kinetic models for Safranine–CG

Adsorbent, g/l Dye concentration, mg/l Pseudofi rst order

qe (exp), mg/g K1 × 10−2, min−1 qe (cal), mg/g r2 

2 100 40.90 7.162 7.12 0.9864
200 78.41 2.510 12.20 0.9649
300 105.46 5.066 13.66 0.9941
500 161.65 7.139 7.12 0.9864

4 100 21.60 5.941 1.80 0.9911
200 42.04 10.662 10.69 0.9821
300 62.50 7.277 14.55 0.9621
500 100.62 12.827 39.70 0.9578

6 100 15.03 7.553 1.56 0.9916
200 29.06 8.037 2.20 0.9977
300 43.92 5.642 5.14 0.9262

 500 71.97 5.481 11.83 0.9860

Pseudosecond order

  K2 × 10−3 g/mg min qe (cal), mg/g t½ h r2

2 100 42.19 17.60 1.3465 31.35 0.9999
200 82.64  9.72 1.2446 66.41 0.9982
300 109.89 6.01 1.5166 72.46 0.9997
500 175.43 2.98 1.9082 91.74 0.9996

4 100 22.32 44.80 0.9999 22.32 0.9998
200 44.64 11.61 1.9285 23.15 0.9995
300 64.51 9.07 1.7096 37.74 0.9998
500 106.38 4.88 1.9258 55.25 0.9996

6 100 15.33 81.91 0.7959 19.27 0.9999
200 29.49 30.73 1.1032 26.74 0.9999
300 45.45 17.22 1.2774 35.59 0.9998

 500 73.53 10.22 1.3309 55.25 0.9998
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of b increases from 0.4720 to 2.1372 g/mg as adsorbent 
dose was increased from 2 to 6 g/l for 100 mg/l of dye 
concentration (Table 2). 

3.5.4. The intraparticle diffusion model

In order to investigate the mechanism of dye adsorp-
tion onto CG, intraparticle based mechanism was studied. 
The most commonly used technique for identifying the 
mechanism involved in the adsorption process is by fi tting 
intraparticle diffusion plot. It is an empirically found func-
tional relationship, common to most adsorption processes, 
where uptake varies almost proportionally with t1/2 rather 
than with the contact time t. According to the theory pro-
posed by Weber and Morris [27] the equation is;

1/ 2
p  = +tq K t C  (4)

where KP is the rate parameter of stage I (mg/g min0.5), is 
obtained from the slope of the straight line of qt versus t1/2, 
whereas C is the intercept of the plot which gives an idea 
about the thickness of boundary layer. If intraparticle diffu-
sion occurs, then qt versus t1/2 will be linear and if the plot 
passes through the origin, then the rate limiting process is 
only due to intraparticle diffusion. Otherwise, some other 
mechanism along with intraparticle diffusion is also invo-
lved [28]. The plots of qt verses t1/2 intraparticle diffusion 
model shown in Fig. 9 were not linear over the whole time 
range, implying that more than one process affected the 
adsorption. Such fi nding is similar to that made in previous 
works on adsorption [29]. These plots have a similar general 
trend with an initial curved part, followed by a linear one and 
then a plateau. The initial curved part may be attributed to 
the bulk diffusion, the linear one to the intraparticle diffusion
and plateau to the equilibrium. This indicate that the 

transport of dyes from solution through the particle solu-
tion interface into the pores of the particle as well as the 
adsorption on the available surface of adsorbent were both 
responsible for the uptake of dye. The particle rate con-
stants calculated from Fig. 9 are 0.2979 to 3.0361 mg/g min0.5 
(Table 2).

3.6. Adsorption isotherms

An adsorption isotherm represents the relationship 
existing between the amount of pollutant adsorbed 
and the pollutant concentration remaining in solution. 
Adsorption equilibrium is established when the amount 
of pollutant being adsorbed. At this point the equilibrium 
solution concentration remains constant. By plotting 
solid-phase concentration against liquid-phase concen-
tration graphically it is possible to depict the equilibrium 
adsorption isotherm. The two most common types of 
isotherms are Langmuir and the Freundlich models.

Table 2
Adsorption kinetic parameters of Safranine onto CG for Elovich and Intra-particle diffusion models

Adsorbent,
g/l

Dye concentration,
mg/g 

Elovich model Intraparticle diffusion

b, g/mg r2 Kp, mg/g/min0.5 r2

2 100 0.4720 0.9870 0.8586 0.9356
200 0.1815 0.8812 2.3614 0.9342
300 0.1762 0.9726 2.2014 0.9767
500 0.0557 0.9586 7.1328 0.8726

4 100 1.3993 0.9704 0.2979 0.9720
200 0.3416 0.9730 1.1941 0.9337
300 0.2382 0.9437 1.7043 0.8970
500 0.1324 0.9509 3.0361 0.8860

6 100 2.1372 0.9957 0.1898 0.9446
200 1.5561 0.9758 0.2572 0.9018
300 0.5554 0.9533 0.7591 0.9733

 500 0.2676 0.9521 1.5233 0.9129
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Fig. 9. Weber–Morris plot for adsorption of Safranine by CG.
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3.6.1. Freundlich isotherm

The Freundlich isotherm is the earliest known rela-
tionship describing the sorption equation [30]. The 
application of the Freundlich equation suggests that 
sorption energy exponentially decreases on completion 
of the sorption centers of an adsorbent. This isotherm 
is an empirical equation employed to describe hetero-
geneous systems. The logarithmic form of Freundlich 
isotherm equation is 

e f e
1log log log         = +q K c
n

 (5)

where Kf is the equilibrium dye concentration on adsorbent 
(mg/g), ce is the equilibrium dye concentration in solution 
(mg/l), Kf is Freundlich constant (l/g) and l/n is the het-
erogeneity factor. The linear plot of log qe vs. log ce confi rms 
the applicability of model (Fig. 10). The Kf and 1/n were 
calculated from intercept and slope of the plot and are 
presented in Table 3. The correlation coeffi cient of the 
graphs r2 ≥ 0.8632 which indicates the validity of isotherm.

Table 3
Freundlich and Langmuir isotherm constants for adsorption of Safranine on CG for different dye concentration and adsorbent
dose of 1–12 g/l at pH = 8, contact time 40 min

Dye concentration, 
mg/l

Freundlich coeffi cient Langmuir coeffi cient

Kf , l/g n 1/n r2 a, mg/g b, g/l RL r2

100 3.6702 0.5404 1.8502 0.9481 26.95 0.0393 0.2028 0.9685
200 9.0531 0.5606 1.7836 0.9652 72.46 0.0128 0.2808 0.9649
300 11.0866 0.6022 1.6605 0.8632 75.19 0.0085 0.2816 0.9599
400 69.5624 0.6480 1.5432 0.9324 89.28 0.0069 0.2247 0.9622

3.6.2. Langmuir isotherm

The linear isotherm theory assumes monolayer cov-
erage of adsorb ate over a homogenous adsorbent [31]. 
A basic assumption is that sorption takes place at spe-
cifi c homogenous sites within the adsorbent. Once a dye 
molecule occupies a site, no further adsorption can take 
place at that site. The Langmuir isotherm is

( ) ( )/   1/   ( / )e e ec q ab c b= +  (6)

where ce is the concentration of dye solution (mg/l) at 
equilibrium. The constant ‘a’ signifi es the adsorption
(l/mg). The linear plot of ce/qe vs. ce shows that adsorp-
tion follows Langmuir isotherm (Fig. 11). Values of ‘a’ 
and ‘b’ were calculated from the slope and intercept 
of the linear plots and are represented in Table 3. The 
applicability of the Langmuir isotherm suggests the 
monolayer coverage of the dye on the surface of CG. 
The essential characteristics of the Langmuir isotherm 
can be expressed in terms of a dimension less constant 
separation factor RL.

Separation factor RL = 1/ (1 + bci) (7)
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Fig. 11. Langmuir plot for adsorption of Safranine by CG.
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where ‘b’ is the Langmuir constant (l/mg) and ci is the 
initial dye concentration (mg/l). The value of RL indi-
cates the shape of the isotherm to be either unfavorable 
(RL > 1), linear (RL = 1), favorable (0 < RL < 1), or irre-
versible (RL = 0). The RL values between 0 and 1 indi-
cate favorable adsorption. For adsorption of Safranine 
on CG, RL values obtained are given in Table 3 are in 
the range 0.2028–0.2816, indicating that adsorption is a 
favorable process.

The Freundlich and Langmuir coeffi cients are shown 
in Table 3. The values of r2 (goodness of fi t criterion) 
computed by linear regression for both isotherm are 
represented in Table 3. The higher r2 value indicates that 
Langmuir adsorption is most appropriate for adsorp-
tion of Safranine on CG.

4. Conclusion

The aim of this work was to explore the possible use 
of congress grass (CG), which is an agricultural waste 
available in large quantity in India, as adsorbent for the 
removal of Safranine from aqueous solutions. In batch 
mode adsorption studies, the adsorption was depen-
dent on the solution pH, adsorbent dye concentration 
initial dose and contact time. The equilibrium time was 
40 min. Adsorption of dye could be described by Freun-
dlich and Langmuir isotherms. The Langmuir isotherm 
fi t better to equilibrium data with maximum adsorption 
capacity 89.3 mg/g. The dimensionless separation fac-
tor RL showed that CG can be used for removal of Saf-
ranine from aqueous solution. The adsorption kinetics 
followed pseudo-second-order equation indicating that 
chemisorptions were rate controlled step in adsorption 
process. The results of the intraparticle diffusion model 
suggested that intraparticle diffusion was not the only 
rate controlling step. 

Thus CG is a low cost, easily available agro waste 
biomaterial that can be used as an alternative for more 
costly adsorbent used for dye removal in wastewater 
treatment process. 
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