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ABSTRACT

In this study, biosorption potential of Cyperus rotundus (CR) was investigated for decolor-
ization of crystal violet (CV), a cationic dye, from its aqueous solution employing batch
experimental set-up. Experiments were carried out as a function of contact time, biosorbent
dosage (0.1–2.0 g), initial solution pH (2–12), temperature (20–40˚C), initial dye concentration
(10–30mg/l), and agitation speed (50–200 rpm). The biosorbent (before and after dye biosorp-
tion) was characterized by Fourier transform infra red spectroscopy and scanning electron
microscopy. The Langmuir, Freundlich, and Temkin adsorption isotherm models were used
for the mathematical description of biosorption equilibrium. The biosorption process fol-
lowed the Freundlich isotherm model with high correlation coefficient at different tempera-
tures. The pseudo-second-order kinetic model fitted well in correlation to the experimental
results. The mass transfer model based on intraparticle diffusion was applied to the experi-
mental data to examine the mechanisms of the rate controlling step. It was found that
intraparticle diffusion was not the sole rate controlling step. Thermodynamic parameters,
such as DG, DH, and DS were also calculated for the biosorption process and found that the
biosorption process is spontaneous and exothermic in nature. It can be concluded that CR is
a promising biosorbent for the removal of CV from aqueous solution.

Keywords: Biosorption; Cyperus rotundus; Crystal violet; Equilibrium; Kinetics;
Thermodynamics

1. Introduction

The introduction of waste products into the envi-
ronment is an important problem that has been high-
lighted by various environmentalists [1]. Industrial
effluents are one of the major causes of environmental
pollution because effluents discharged from dyeing
industries are highly colored with a large amount of
suspended organic solid [2]. The colored wastewater

not only influence the aesthetic acceptability of the
receiving waters, but also influence aquatic life by hin-
dering light penetration and disturbing the food chain
organisms leading to ecological imbalance [3]. Dyes
can also cause allergic dermatitis and skin irritation
[4]. Many dyes are difficult to decolorize due to their
complex aromatic molecular structure and synthetic
origin, [5–10] which provide them physico-chemical,
thermal, and optical stability [11]. Hence, it is
imperative that a suitable treatment method should be
devised [12]. Techniques such as coagulation, chemical*Corresponding author.
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precipitation, membrane filtration, electrochemical
degradation, reverse osmosis, photo catalytic degrada-
tion, solar photo-Fenton and biological processes, and
adsorption have been tested and evaluation for the
treatment of dye bearing effluents [13]. In particular,
the use of agricultural waste in adsorption system has
been drawn attention from a large number of
researchers because: (i) it is abundantly available; (ii)
most of the types of agriculture waste are readily to
be used and do not require a complex pretreatment
step or activation process before application; (iii)
regeneration of these adsorbents may not be necessary
(unlike activated carbon, where regeneration is essen-
tial); and (iv) less maintenance and supervision are
required for the operation of the adsorption process
[14]. A number of non-conventional, low-cost adsor-
bents, such as maize cob [15], palm kernel fibre [16],
rice hush [17], ground nut shell [18], orange peel [19],
lemon peel [20], rice bran [21], and wheat bran [21]
have been used to remove dyes from wastewater. The
advantage of using these waste materials is that it
saves disposal costs while alleviating potential envi-
ronmental problems. Cyperus rotundus (CR) (coco-
grass, purple nut sedge, red nut sedge) is a species of
sedge (Cyperaceae) native to Africa and Southern
Asia. It is a perennial plant that may reach a height of
up to 55 inches. CR is one of the most invasive weeds
known having spread out to a worldwide distortion
in tropical and temperate regions. It has been called
the world’s worst weed. Despite that many low-cost
adsorbents have been studied for decontamination
purposes, studies on the CR as an economical biosor-
bent for dye removal have not entered the scientific
literature. The aim of the present study was to investi-
gate the dye biosorption potential of CR for Crystal
Violet (CV) removal from aqueous solutions in batch
system. The study includes an evaluation of the effects
of various operational parameters, such as contact
time, biosorbent dosage, pH, temperature, initial dye
concentration, and agitation speed on the dye biosorp-
tion process. The adsorption kinetic models, equilib-
rium isotherm models, and thermodynamics
parameters related with this process were also
performed and reported.

2.1. Preparation and characterization of biosorbent

CR were collected from the local farmlands in
Tiruchirappalli, Tamil Nadu, India. It was first thor-
oughly washed with tap water to remove dust, dirt,
and any unwanted particles. The biosorbent was then
sundried and subsequently oven dried at 60˚C for
24 h. The dried biomass were ground to fine powder
using a grinder and sieved to a constant size

(150–300lm) and used as biosorbent without any
pretreatment for CV biosorption.

Textural characterization of the prepared
biosorbent was carried out by Quanta chrome NOVA
2200C USA, surface area analyzer. A gas mixture of
22.9mol% nitrogen and 77.1mol% helium was used
for this purpose. The Brunauer, Emmett, Teller (BET)
surface area was then determined. Fourier transform
infrared ((FTIR - 2000, Perkin-Elmer) analysis was
done on the unused biosorbed and the dye loaded
biosorbent to determine the surface functional groups
that might be involved in CV biosorption. The bio-
sorbent was encapsulated in a KBr disk and by
pressing the ground material with 8MT pressure
bench press, the translucent disks were obtained. The
FTIR spectrum was recorded in the wave number
range 4,000–400 cm�1 at 4 cm�1 spectral resolution. In
addition, the surface structure of the biosorbent,
before and after biosorption was analyzed by a Scan-
ning Electron Microscope (HITACHI S-3000H) at an
electron acceleration voltage of 25 kV. Prior to scan-
ning, the unloaded and dye-loaded CR samples were
mounted on a stainless steel stab with double stick
tape and coated with a thin layer of gold in high
vacuum condition.

2.2. Evaluation of zero point charge (pHzpc)

A series of 50mL of 0.01M NaCl solution was
placed in a closed Erlenmeyer flask. The pH was
adjusted to a value between 2.0 and 12.0 by adding
0.1M HCl or 0.1M NaOH solution. Then 50mg of each
CR sample was added and agitated at 150 rpm for 2 h
under atmospheric conditions. The final pH was mea-
sured and the results were plotted with DpH (initial
pH–final pH) against final pH. The pHzpc is the point
where the curve pHfinal vs. pHinitial crosses the line
pHinitial = pHfinal [22].

2.3. Preparation of adsorbate solutions

CV used in this study was of commercial quality
(CI 42555 MF: C25 H30 Cl N3, kmax = 579 nm) and used
without further purification. Dye stock solution
(1,000mg/l) was prepared by dissolving accurately
weighed quantity of the dye in double distilled water.
Experimental dye solution of different concentrations
was prepared by diluting the stock solution with suit-
able volume of double distilled water.

2.4. Batch biosorption studies

Batch biosorption experiments were carried out in
250mL Erlenmeyer flasks with 50mL of working
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volume, with a concentration of 10mg/l. A weighed
amount (50mg) of biosorbent was added to the
solution. The flasks were agitated at a constant speed
of 150 rpm for 3 h in an orbital shaker (IHC–3280) at
30˚C. The influence of contact time biosorbent dosage
(0.l–2.0 g/L), pH (2.0–12.0), initial dye concentration
(10–30mg/l), temperature (20–40˚C), and agitation
speed (50–200 rpm) were evaluated in the present
study. Samples were collected from the flasks at pre-
determined time intervals and the supernatant
solution was separated from the CR by centrifugation
at 10,000 rpm for 5min. The residual amount of dye in
each flask was determined using UV/VIS spectropho-
tometer (Lambda 25). The amount of dye adsorbed
per unit CR (mg dye per g biosorbent) was calculated
according to a mass balance on the dye concentration
using Eq. (1):

qe ¼ ðCo � CeÞV
m

ð1Þ

where Co is the initial concentration of the dye
(mg/l), Ce is the equilibrium dye concentration in solu-
tion (mg/l), V is the volume of the solution (L) and m is
the mass of the biosorbent. The percent removal (%) of
dye was calculated using the following equation:

Removal ð%Þ ¼ Co � Ce

Co

� 100 ð2Þ

3. Theory

3.1. Biosorption isotherms

In the analysis and design of a biosorption process,
isotherms provide the most important information in
understanding the biosorption process [23]. The equa-
tion parameters and the underlying thermodynamic
assumption of the isotherm models give some idea
about the underlying biosorption mechanism as well
as the surface properties and affinity of the biosorbent
[24]. Therefore, in the present study the biosorption
equilibrium data were analyzed using Langmuir, Fre-
undlich, and Temkin isotherm models. Linear regres-
sion is commonly used to determine the best-fitting
isotherm and the applicability of isotherm equations is
compared by judging the correlation coefficients, R2.

Langmuir model is based on the assumption that
adsorption energy is constant and independent of
surface coverage where the adsorption occurs on
localized sites with no interaction between adsorbate
molecules. The maximum adsorption occurs when the
surface is covered by a monolayer of adsorbate. The
linearized form of the Langmuir equation is expressed
as:

1

qe
¼ 1

qmax

þ 1

qmaxb

1

Ce

ð3Þ

where qe (mg/g) and Ce (mg/l) are the amount of dye
adsorbed, adsorbate per unit weight of adsorbent, and
unadsorbed adsorbate concentration in solution at
equilibrium, respectively. The constant b (l/g) is the
Langmuir equilibrium constant and b/qmax gives the
theoretical monolayer saturation capacity. A plot of
Ce/qe vs. Ce gives a straight line of slope qmax/b and
intercepts l/b.

The essential characteristics of Langmuir equation
can be expressed in terms of dimensionless separation
factor, RL defined by [25]:

RL ¼ 1

1þ KL þ Co

ð4Þ

The RL value implies whether the adsorption is unfa-
vorable (RL > 1), linear (RL = 1), favorable (0 <RL < 1),
or irreversible (RL = 0).

log qe ¼ logK þ 1

n
� logC ð5Þ

where K (L/g) is the Freundlich constant and 1/n
(g/l) is the heterogeneity factors, which are related to
the capacity and intensity of the biosorption, respec-
tively. A plot of log qe vs. logC gives a straight line
graph with 1/n as the slope and log K as the
intercept.

The linear form of the Temkin equation is
expressed as:

qe ¼ BTðln AT þ ln CeÞ ð6Þ

where BT =RT/b, T is the absolute temperature in K, R
the universal gas constant, 8.314 J/mol/K, AT the
equilibrium binding constant (l/mg), and BT is related
to the heat of adsorption. A plot of qe vs. lnCe enables
the determination of the isotherm constants BT and AT

from the slope and the intercept, respectively. AT is
the equilibrium binding constant (l/mg) correspond-
ing to the maximum binding energy and constant BT

is related to heat of biosorption.

3.2. Kinetic modeling

The knowledge of the kinetics of any biosorption
process is crucial in order to be able to design indus-
trial scale separation processes [23]. Therefore, the
data obtained from the contact time—temperature
dependent experiments were used to study the kinet-
ics of the biosorption process. The pseudo-first-order
and pseudo-second-order kinetic models were tested
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to obtain the rate constants and elucidate the under-
lying biosorption mechanism.

The linear form of the pseudo-first-order equation
of Lagergren is generally expressed as [26].

log ðqe � qtÞ ¼ log ðqeÞ � k1
2:303

t ð7Þ

where qe (mg/g) and qt (mg/g) are the amount of
adsorbate at equilibrium and at time t, respectively
and k1 (min�1) is the rate constant of pseudo-first-
order adsorption.

The pseudo-second-order chemisorptions kinetic
equation is expressed as [26].

t

qe

� �
¼ 1

k2q2e
þ 1

qe
ðtÞ ð8Þ

where k2 (g/mgmin) is the equilibrium rate constant
of pseudo-second-order adsorption. If the pseudo-
second-order kinetic equation is applicable, the plot of
t/qt vs. t should give a linear relationship from which
qe and k2 can be determined from the slope and inter-
cept of the plot.

Since, the model mentioned above cannot identify
a diffusion mechanism, the intra particle diffusion
model was further used to determine the rate control-
ling step.

The intra particle diffusion equation is given as
[27].

qe ¼ ktdt
1
2 þ C ð9Þ

When the intra particle diffusion alone is the rate
limiting step, then the plot of qt vs. t1/2 passes
through the origin. When film diffusion takes place,
the intercept C gives the idea on the thickness of the
boundary layer.

3.3. Thermodynamic studies

Thermodynamic parameters reflect the feasibility
and spontaneous nature of the biosorption process.
Thermodynamic behavior of biosorption of CV by CR
was evaluated by the thermodynamic parame-
ters—Gibbs free energy change (DG), enthalpy (DH),
and entropy (DS). These parameters were calculated
using the following equations:

Ko ¼ Csolid

Cliquid

ð10Þ

DG ¼ DH � TDS ð11Þ

ln ko ¼ �DG
RT

ð12Þ

ln ko ¼ �DS
R
� DH

RT
ð13Þ

where Ko is equilibrium constant, Csolid is solid phase
concentration at equilibrium (mg/l), Cliquid is liquid
phase concentration at equilibrium (mg/l), T is abso-
lute temperature in Kelvin, and R is gas constant. DH
and DS values can be obtained from the slope and
intercept of plot lnKo against 1/T.

4. Results and discussion

4.1. Point of zero charge (pHzpc)

The point of zero charge (pHzpc) or isoelectric
point (pHIEP) is an important factor that determines
the linear range of pH sensitivity, and then indicates
the type of surface active centers and the adsorption
mobility of the surface [28]. From the result of pHzpc

measurement (figure not shown) the zero point
charge of CR was found to be 5.6. The surface of the
biosorbent will be negatively charged above pHzpc

and positively charged below pHzpc [29]. There at a
solution pH>5.6, the CR process a negatively
charged surface, which is favorable for biosorbing
cationic CV.

4.2. Characterization of biosorbent

4.2.1. SEM analysis

In order to examine the surface morphology of the
biosorbent, SEM micrographs were taken before and
after CV biosorption and are presented in Fig. 1.
Before dye uptake, the biosorbent is characterized by
more fibrous material presenting some macro porous.
The cavities of the fibrous materials were expanded,
which should allow the diffusion of the dye molecule
through the macro porous of the biosorbent. Follow-
ing dye biosorption, pores are absent on the surface of
CV loaded CR, suggesting the biosorption of CV onto
CR. In addition, the appearance of a molecular cloud
over the surface of dye-loaded biosorbent confirms
the binding of dye ions to the functional group
present in CR.

4.2.2. FTIR analysis

The FTIR spectral analysis is important to identify
the different functional groups of the biosorbent surface
which are responsible for biosorption of dye ions. The
FTIR spectra of CR before biosorption and after

3538 B.K. Suyamboo and R. Srikrishnaperumal / Desalination and Water Treatment 52 (2014) 3535–3546



biosorption of CV are shown in Fig. 2. The FTIR spec-
trum of CR (before biosorption) shows several distinct
and sharp absorption peaks. The broad band at around
3,590 cm�1 represents bonded –OH groups [23]. The
peak at 2,868 cm�1 is indicative of stretching of C–H
bond of methyl and methylene groups [30]. The peak at
1,882 cm�1 can be attributed to unionized C=O stretch-
ing of carboxylic acid while the peak at 1,646 cm�1 is
indicative of C=O stretching of carboxylic group with
intermolecular hydrogen bond [30]. The peak at
1,422 cm�1 represents –C–O [31]. After biosorption of
CV, the characteristic �OH bond at 3,590 cm�1 shift to

3,831 cm�1. Also the peaks of unionized C=O stretching
of carboxylic acid and that of C=O stretching of
carboxylic group with intermolecular hydrogen bond
shifts from 1,882 and 1,646 to 2,239 and 1,722 cm�1,
respectively. Thus, it can reasonably be said that –OH
and –COOH groups can be the main binding sites for
CV onto CR. The disappearance of the peak at
1,422 cm�1 (corresponding to –C–O) indicates that
–C–O may be a potential sorption site in the CV
biosorption process [23]. FTIR spectral analysis, thus,
suggested the involvement of �OH, –C=O and –C–O
functional groups in the biosorption of CV by CR.

Fig. 1. SEM micrograph of CR before and after dye biosorption.

Fig. 2. FTIR spectrum of CR before and after dye biosorption.
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4.2.3. Textural characterization

The BET surface area of CR was found to be
1.013m2/g. The superficial area of agricultural residue
is usually a low value [32,33].

4.3. Effect of contact time

The effect of contact time for the biosorption of CV
by CR was studied and the results are shown in
Fig. 3. As depicted in Fig. 3, it is clear that the dye
was rapidly adsorbed in the first 45–60min, and then
the biosorption rate decreased gradually and reached
equilibrium in about 120min. This is due to the fact
that, at the beginning, the biosorption rate was very
fast as the dye ions were adsorbed by the exterior sur-
face of CR. When the exterior surface of CR reached
saturation, the dye ions entered into the pores of the
biosorbent particles and were adsorbed by the interior
surface of the solid particles. This process relatively
takes a long time and the biosorption was slow [34].

4.3.1. Biosorption kinetics

The pseudo-first-order and pseudo-second-order
kinetic models were used to obtain the rate constants
and equilibrium biosorption capacity at different tem-
peratures (Fig. 4(a) and (b)). The calculated model
parameters along with the correlation coefficient
values (R2) are listed in Table 1. As can be seen from
Table 1, the low R2 (<0.90) values for the pseudo-first-
order model indicate that this model was not suitable
for describing the biosorption kinetics of CV onto CR.

However, the relatively high R2 (>0.99) values for the
pseudo-second-order model suggest that the ongoing

Fig. 3. Effect of contact time on biosorption of CV by CR
(C0 = 10mg/l; biosorbent dosage = 1 g/L; particle size =
150–300lm; agitation speed= 150 rpm).

Fig. 4. Pseudo-first-order, pseudo-second-order and
intraparticle diffusion plots for the biosorption of CV onto
CR at different initial concentrations (particle size = 150–
300 lm; agitation speed= 150 rpm, temperature = 30˚C.
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biosorption process obeys pseudo-second-order kinet-
ics at all studied temperatures. Also, as can be seen in
Table 1, the calculated qe values (qe, cal) show good
agreement with the experimental qe values (qe, exp),
confirming that biosorption of CV onto CR follows the
pseudo-second-order kinetic model. The applicability
of the pseudo-second-order kinetic model indicates
that the biosorption process of CV onto CR is chemi-
sorptions and the rate-determining step is probably
surface biosorption. The pseudo-second-order rate
constant k2 decreases with increase in temperature
suggesting exothermic nature of the existing
biosorption process.

In a well-agitated batch sorption system, there is a
possibility of intraparticle pore diffusion of adsorbate
ions, which can be the rate-limiting step. Therefore,
the possibility of intra-particle diffusion resistance
affecting the biosorption process was explored by
using the intra-particle diffusion model (Eq. (9)).
According to Eq. (9), a plot of qt vs. t

0.5 should be a
straight line, passing through the origin when the bio-
sorption mechanism follows the intraparticle diffusion

process. However, if the data exhibit multi-linear
plots, then the process is governed by two or more
steps. The plots for biosorption of CV on CR at differ-
ent temperatures were multimodal with three distinct
regions (Fig. 4(c)). The initial curved region is attrib-
uted to the external surface biosorption in which the
adsorbate diffuses through the solution to the external
surface of the biosorbent. The second stage relates the
gradual uptake reflecting intraparticle diffusion as the
rate-limiting step. The final plateau region refers to
the gradual biosorption stage and the final equilib-
rium stage, in which the intraparticle diffusion starts
to slow down and level out. The present finding
implies that although intraparticle diffusion is
involved in the biosorption process, but it is not the
sole rate-controlling step and that some other
mechanisms also play an important role.

4.4. Effect of biosorbent dosage and temperature

Biosorbent dose is an important parameter that
strongly influences the biosorption process by affecting
biosorption capacity of the biosorbent [35]. Therefore,
the influence of biosorbent dose on CV biosorption by
CR was investigated in the range of 0.1–2.0 g. From
Fig. 5, it is clear that the biosorption efficiency
increased with an increase in biosorbent dosage. The
increase in the percentage of dye removal with adsor-
bent dose could be attributed to an increase in the
adsorbent surface area, augmenting the number of
adsorption sites available for adsorption [35,36]. Fur-
ther increase in adsorbent dose reduced the maximum
removal of CV. The decrease in sorption capacity with
increasing dose of adsorbent at constant dye concentra-
tion and volume may be attributed to saturation of
adsorption sites due to particle interaction, such as
aggregation [37]. Such aggregation would lead to a
decrease in total surface area of the biosorbent and
increase in diffusional path length [38]. The biosorption
of CV by CR at different temperatures as a function of
biosorbent dosage is shown in Fig. 6. The percentage

Table 1
Adsorption kinetic model rate constants for CV removal

C0 qe (exp)
(mg/g)

Pseudo-first-order-
kinetic model

Pseudo-second-order
kinetic model

Intra-particle
diffusion model

qe (cal) (mg/g) k1 (min�1) R2 qe (cal) (mg/g) k2 (min�1) R2 Kid (mg/gmin0.5) C R2

10 9.50 1.06 0.032 0.85 9.52 0.167 1.00 0.317 24.11 0.65

20 18.22 3.548 0.044 0.87 18.51 0.05 0.99 0.406 14.19 0.61

30 27.37 2.985 0.039 0.92 27.77 0.065 1.00 0.122 8.229 0.59

Fig. 5. Effect of biosorbent dosage on biosorption of CV by
CR (C0 = 10mg/l; particle size = 150–300 lm; agitation
speed= 150 rpm).
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removal of dye decreases slightly from 96.90 to 85.31%
at the dose of 1.2 g/L when the solution temperature
increases from 20 to 40˚C. This may be due to weaken-
ing of the bonds between the dye molecules and the
binding sites of the biosorbent [39].

4.4.1. Biosorption isotherms

In the present investigation, the isotherm study
for biosorption of CV by CR was conducted at differ-
ent temperatures and the results are depicted in
Fig. 6. The Langmuir, Freundlich, and Temkin iso-
therm models were used to describe the equilibrium
biosorption data. The parameters obtained from the
isotherm plots with the correlation coefficient are
listed in Table 2. Analysis of the R2 values suggests
that the Freundlich isotherm model provides best fit
to the equilibrium biosorption data than the other
isotherm models at all studied temperatures. The
maximum biosorption capacity decreased from
84.13mg/g at 20˚C to 2.328mg/g at 40˚C. These
findings indicated an exothermic nature of the exist-
ing process.

4.5. Effect of pH

The effect of solution pH onto CV biosorption was
studied in the pH range of 2.0–12.0. The result indi-
cated that the maximum uptake of CV was found to
be at pH 8.0 (Fig. 7). This behavior can be explained
on the basis of change in the surface charge of CR. At
lower pH, the H+ ion concentration in the aqueous
system increased and the surface of CR acquires posi-
tive charge by absorbing H+ ions [34]. The positively
charged surface sites on CR do not favor the biosorp-
tion of cationic dye due to the electrostatic repulsion,
cause decrease in dye biosorption. As the pH of the
aqueous system increases, the number of negatively
charged sites increases by absorbing OH� ions. As the
CR surface gets negatively charged at high pH, a sig-
nificantly high electro-static attraction exists between
the negatively charged surface of CR and cationic dye
molecules, leading to the maximum dye biosorption
[34]. The following reactions were expected to occur
at the solid/liquid interface:

CRþHþ�!ðCRÞHþ

ðCRÞHþ þ CVþ�!ðCRÞHþ !CVþ

(electrostatic interaction in basic medium)

CRþOH��!ðCRÞOH�

ðCRÞOH� þ CVþ�!ðCRÞOH� . . .CVþ

(electrostatic interaction in basic medium)

Fig. 6. Langmuir, Freundlich and Temkin isotherm plots
for different temperatures on the biosorption of CV by CR
(C0 = 10mg/l; particle size = 150–300 lm; agitation speed=
150 rpm).
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4.6. Effect of initial dye concentration

The effluent of different industries may have dif-
ferent dye concentrations. Initial dye concentration is
one of the important factors that affect biosorption

kinetics. In order to study the effect of contact time
and initial dye concentration on the CV uptake, 50mL
of CV solutions with initial concentration of 10, 20,
and 30mg/l were prepared in a series of 250mL
Erlenmeyer flasks. 50mg of the biosorbent was added
into each flask covered with glass stopper and the
flasks were then placed in an isothermal water bath
shaker at temperature of 30˚C with rotation speed of
150 rpm, until equilibrium point was reached. In this
case, the solution pH was kept original without any
pH adjustment. Fig. 8 shows the effect of initial dye
concentration of the CV uptake on the CLR and CR at
30˚C. In the biosorption of CV by CR, it can be seen
that percentage removal of dye decreases with
increase in initial dye concentration. At lower

Table 2
Biosorption isotherm constants for CV removal

Temperature (˚C) Langmuir isotherm
constants

Freundlich isotherm
constants

Temkin isotherm
constants

qmax (mg/g) b (L/mg) R2 K (mg/g) n R2 AT (L/mg) BT R2

20 �30.30 0.687 0.88 85.11 0.5 0.92 32.258 �0.064 0.77

30 �76.92 �0.132 0.948 13.27 0.74 0.97 90.90 0.545 0.709

40 �28.57 �0.121 0.946 2.61 0.51 0.93 35.714 0.714 0.772

Fig. 7. Effect of pH on biosorption of CV onto CR
(C0 = 10mg/l; particle size = 150–300 lm; agitation speed=
150 rpm).

Fig. 8. Effect of initial concentration on biosorption of CV
by CR (biosorbent dosage = 1 g/L; particle size = 150–
300lm; agitation speed= 150 rpm; temperature = 30˚C).

Fig. 9. Effect of agitation speed on biosorption of CV onto
CR (C0 = 10mg/l; contact time= 180min; temperature = 30˚
C; biosorbent dosage = 1 g/L).

Fig. 10. Von’t Hoff plot for effect of temperature on
biosorption of CV onto CR.
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concentrations, all dye molecules present in the solu-
tion interact with the binding sites of the biosorbent,
facilitating about 95% biosorption. However, all bio-
sorbents have a limited number of binding sites,
which become saturated at a certain concentration
[14]. Hence, at higher concentrations, more dye mole-
cules are left unadsorbed in the solution due to the
saturation of binding sites resulting in decreased bio-
sorption efficiency.

4.7. Effect of agitation on CV biosorption

It is well known that agitation is one of the impor-
tant parameters governing an adsorption process,
since it influences the distribution of the solute in the
bulk solution and the formation of external boundary
film [14]. The effect of agitation on the biosorption of
CV by CR was studied at different agitation speeds

ranging from 50 to 200 rpm and the results are shown
in Fig. 9. From Fig. 9 it was observed that the biosorp-
tion of CV by CR almost remained unchanged as agi-
tation speed was increased. These observations can be
explained by the fact that the boundary layer resis-
tance was very small and the mobility of the system
was high under experimental conditions [14]. In other
words, the diffusion of the CV ion from the solution
to the surface of the CR and into the pores occurred
quickly and easily. Since the uptake of CV was not
significantly influenced by the degree of agitation, an
agitation speed of 150 rpm was, therefore, used for all
further experiments.

4.8. Thermodynamic studies on biosorption of CV

Thermodynamic studies were performed to find
the nature of the biosorption process. The values of
DG were calculated using Eq. (11) and was found to
be �20,087, �18,747, and �17,405KJmol�1 at temper-
atures of 293, 303, and 313K, respectively. The nega-
tive value of DG at different temperature indicated
spontaneous nature of the biosorption process. DH
and DS were determined form the slope and inter-
cept of the plot ln K vs. 1/T (Fig. 10). In the biosorp-
tion of CV by CR, decrease in the negative value of
DG with increasing temperature suggests that the
biosorption process was more favorable at lower
temperatures. The values of DH were calculated as
�59,379 kJ/mol and �134 kJ/mol/K for DS (Table 3).
The negative value of DH is indicative of the fact
that the biosorption reaction was exothermic. The
negative value of DS suggests that the process is
enthalpy driven [40].

4.9. Comparison of various low-cost biosorbents

The maximum CV biosorption capacity of various
sorbent materials including CR is summarized in
Table 4. It is clear that CR has higher biosorption
capacity of CV than many other reported sorbents.
Differences in dye uptake capacity are differences in
properties in of each sorbent material such as struc-
ture, functional groups and surface area [23]. The easy
availability and cost effectiveness of CR are some

Table 3
Thermodynamic parameters of CV over CR

Biosorbent Initial CV concentration (mg/l) DG (J/mole) DH (J/mole) DS (J/K/mole)

293K 303K 313K

Cyperus rotundus 10 �20,087 �18,747 �17,405 �59,379 �134

Table 4
Comparison of CV biosorption capacity of CLR and CR
with other reported low-cost sorbents

Sorbent Maximum
sorption
capacity (mg/g)

References

Coir pith 2.56 [41]

Sugarcane dust 3.8 [42]

Neem sawdust 3.8 [43]

Calotropis procera leaf 4.14 [44]

Sagaun sawdust 4.25 [45]

Sugarcane fiber 10.44 [46]

Citrullus Lanatus rind 10.54 [47]

Orange peel 14.3 [48]

Wood apple 19.8 [49]

Jute fiber carbon 27.99 [50]

Coniferous pinus bark
powder

32.78 [36]

Sawdust 37.83 [51]

Rice bran 42.25 [52]

Jackfruit leaf powder 43.39 [23]

Treated ginger waste 64.9 [34]

Wheat bran 80.37 [52]

Cyperus rotundus 85.11 This study
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additional advantages, which makes it better biosor-
bent for the removal of CV from aqueous solution.

5. Conclusion

The percentage removal of the dye molecule
decreased with increase in initial concentration and
CV increased with decrease in temperature. The maxi-
mum biosorption was observed at pH 8.0.The FTIR
analysis of CR showed that it can be used as a useful
biosorbent for dye biosorption as it contains various
functional groups on the surface. The Freundlich iso-
therm provided best fit to the experimental data indi-
cating sorption on a heterogeneous surface. The
maximum biosorption capacity was estimated to be
84.13mg/g at 20˚C. The biosorption kinetics followed
pseudo-second-order kinetic model. Intra particle
diffusion was not the sole rate controlling step. The
negative value of DH indicated the process is
exothermic. The negative value of DS suggests that
the process is enthalpy driven. The maximum CV bio-
sorption capacity of CR was comparable and found to
be moderately higher than that of many correspond-
ing sorbent materials under similar conditions. Results
obtained from this study showed that the studied eco-
friendly biosorbent, CR, could be used as an alterna-
tive potential biosorbent for the removal of CV from
the aqueous solution in a static batch system. Since,
the CR is freely, abundantly, and locally available,
they can be put in use as economical sorbents for the
treatment of effluent that accompanies the dyeing
units and the dye stuff industries.
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