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Abstract The feasibility of using Indian Seed Husk of Bengal Gram (Scientific Name: Cicer ariet-

inum) (SHBG), abundantly available in and around the Kurnool in Andhra Pradesh, for the anionic

dye (Congo red, CR) adsorption from aqueous solution, has been investigated as a low cost and an

eco-friendly adsorbent. Adsorption studies were conducted on a batch process, to study the effects

of contact time, initial concentration of CR, de-sorption and pH. Maximum colour removal was

observed at lower pH. The dye attained equilibrium approximately at 1, 1.5, 2 and 2.5 h for dye

concentrations 25, 50, 75 and 100 mg/l respectively. The present dye removal decreased from

89% to 74% as the dye concentration has been increased from 25 mg/l to 100 mg/l. A maximum

removal of 92% is obtained at lower pH. Adsorption decreases with increase in pH. Maximum

de-sorption of 26.4% is achieved in water medium at pH 11.95. The equilibrium data were analyzed

by the Langmuir and Freundlich isotherms. The data fitted well with the Langmuir model, with a

maximum adsorption capacity of 41.66 mg g�1. The pseudo-second-order kinetics was the best for

the adsorption of CR, by SHBG with good correlation. The results suggest that SHBG is a potential

low-cost adsorbent for the CR dye removal from synthetic dye wastewater.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.
1. Introduction

Dyes and dye intermediates are produced in large quantities in
India to meet the requirement of the world at large. Lot of

fresh water is used in the dye industry and during the process
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the fresh water is contaminated and it is discharged as waste-

water which contains lot of pollutants like dyes etc. The com-
plex aromatic molecular structures of dyes make them more
stable and more difficult to biodegrade (Wang and Li, 2007)

Therefore, dye industry contributes to water pollution by dis-
charging large volume of coloured and toxic effluent. These
coloured water and wastewater are dumped into different

water bodies and spoil the aquatic life and aesthetic value of
the receiving water bodies (Hameed, 2009).Thus effluents from
dye industries have been of major concern of water pollution

in India. Dye effluents contain heavy load of pollutants like
colour, pigments, tan, high total suspended salts(TSS), total
dissolved solids (TDS), biological oxygen demand (BOD),
chemical oxygen demand (COD) and some of them are
ing Saud University.
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carcinogenic and mutagenic (de Lima et al., 2007; Tsuboy
et al., 2007; Carita and Marin-Morales, 2008).

The colour is the most obvious indicator of water pollution.

This interferes with transmission of sunlight into streams and
therefore reduces the photosynthetic activity. Considerable
research has been done on colour removal from these coloured

waste waters. Various techniques, such as sedimentation
(Cheremisinoff, 2002), biological treatments (Kapdan and Oz-
turk, 2005) electrochemical coagulation and flocculation (Hai

et al., 2007; Raghavacharya, 1997; Phalakornkule et al., 2010),
ozonation (Slokar and Le Marechal, 1997), ion-exchange (Wu
et al., 2008), membrane technology (Kim et al., 2007), sono-
chemical degradation (Abbasi and Asl, 2008), photochemical

degradation (Gupta et al., 2007a; Sohrabi and Ghavami,
2008), electrochemical removal (Gupta et al., 2007b), electro-
chemical degradation (Fan et al., 2008), chemical oxidation

(Neamtu et al., 2004) and adsorption (Somasekhara Reddy
et al., 2012) have been generally employed for colour removal.
However, of these, it has been found that adsorption technique

is the most prominent for removal of dyes from wastewater
(Gupta and Suhas, 2009; Pavan et al., 2008).

The activated carbon was used as adsorbent for colour re-

moval by adsorption (Calvete et al., 2010; Lorenc-Grabowska
and Gryglewicz, 2007). Due to high cost of activated carbon,
lot of alternative adsorbents are developed and used for re-
moval of colour from the aqueous solutions. A number of

non-conventional, low-cost agricultural materials are used as
adsorbents for removal of pollutants from wastewater. Some
of them are jujube seed powder (Somasekhara Reddy et al.,

2012), lentil straw (Celekli et al., 2012), tamarind fruit shell
(Somasekhara Reddy, 2006), curcumas sativa Fruit peel (San-
thi and Manonmani, 2011), citrus waste (Asgher and Bhatti,

2012), macuaba palm cake (Vieira et al., 2012), tannery solid
waste (Piccin et al., 2012), babassu coconut epicarp (Vieira
et al., 2011), cattail root (Hu et al., 2010), jute stick powder

(Panda et al., 2009), peanut hull (Gong et al., 2005; Tanyildizi,
2011), soya meal hull (Arami et al., 2006), papaya seed (Ham-
eed, 2010), spent brewery grains (Jaikumar et al., 2009), maize
cob (Sonawane and Shrivastava, 2009), straw (Zhang et al.,

2012), coir pith (Namasivayam et al., 1996; Khan et al.,
2011), sesame hull (Feng et al., 2011), jackfruit peel (Hameed,
2009), hazelnut shells (Dogan et al., 2008), de-oiled soya (Gup-

ta et al., 2009), hen feathers (Gupta et al., 2006), guava (Psid-
ium guajava) leaf powder (Ponnusami et al., 2008), pumpkin
seed hull (Hameed and El-Khaiary, 2008a), broad bean peels

(Hameed and El-Khaiary, 2008b), castor seed shell (Oladoja
et al., 2008), eggshell waste (Tsai et al., 2008), braziliun-pine
fruit shell (Calvete et al., 2010), etc. But the adsorption capac-
ities of most of the above adsorbents are limited. New, eco-

nomical, locally available and highly effective adsorbents are
still in the process of development.

Number of reviews are available in the literature on the uti-

lization of agricultural wastes/by-products in the treatment of
water and wastewater (Bhatnagar and Sillanppa, 2010; Crini,
2006; Somasekhara Reddy, 2005; Demirbas, 2009).

Recently tamarind fruit shell (Somasekhara Reddy, 2006)
and Jujube seed powder (Somasekhara Reddy et al., 2012)
are used as adsorbents for the removal of CR from the aque-

ous solutions and interest led us to use another agricultural so-
lid waste, SHBG material for the removal of the same direct
dye, CR from synthetic wastewater.
Please cite this article in press as: Somasekhara Reddy, M.C. et al., Bengal
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The aim of the present work is to find out the adsorption
capacity of solid waste, SHBG, an agricultural waste for the
removal of direct dye, CR from synthetic wastewater.

1.1. Theory of adsorption kinetics and isotherms

1.1.1. Kinetic models

The Lagergren’s pseudo-first-order model (Eq. (1)) and Ho’s
pseudo-second-order model (Eq. (2)) (Somasekhara Reddy

et al., 2012) have been widely used to predict adsorption kinet-
ics. The pseudo-first-order equation is generally applicable to
predict the initial stage of the adsorption process whereas the

pseudo-second-order equation predicts the behaviour over
the whole range of adsorption. These two models were used
to fit the experimental data of this study.

logðqe � qtÞ ¼ log qe � ðk1=2:303Þt ð1Þ

t=qt ¼ ð1=k2q2eÞ þ ð1=qeÞt ð2Þ

where k1 (min�1) is the rate constant of pseudo-first-order

adsorption and k2 (g mg�1 min�1) is the rate constant of pseu-
do-second-order adsorption. qe is the amount of dye adsorbed
on adsorbent at equilibrium.

1.1.2. Intra-particle diffusion model

In order to investigate the mechanism of the CR adsorption
onto SHBG, intra-particle diffusion based mechanism is stud-

ied. The most commonly used technique for identifying the
mechanism involved in the adsorption process is, fitting an in-
tra-particle diffusion plot. It is an empirically found functional
relationship, common to the most adsorption processes, where

uptake varies almost proportionally with t0.5 rather than with
the contact time t. According to the theory proposed by Weber
and Morris (Hameed, 2009).

qt ¼ kpit
0:5 þ Ci ð3Þ

where kpi (mg g�1 min�0.5), the rate parameter of stage i, is ob-
tained from the slope of the straight line of qt versus t

0.5 where
as Ci is the intercept of the plot that gives an idea about the
thickness of the boundary layer.

1.1.3. Isotherm models

Langmuir isotherm model was applied to describe the adsorp-

tion of CR. The model is represented by the following
equation.

Ce=qe ¼ 1=QmaxKL þ Ce=Qmax ð4Þ

where Ce is the equilibrium concentration of CR in solution
(mg L�1), Qmax is the maximum adsorption capacity of SHBG

(mg g�1) and KL is the Langmuir constant related to the
adsorption energy (L mg�1). RL, a dimensionless constant, is
used to determine whether an adsorption is favourable or

not and is calculated by

RL ¼ 1=ð1þ KLC0Þ ð5Þ

where C0 is the initial concentration of CR in solution
(mg L�1).

Freundlich isotherm model is also applied to describe the
adsorption of CR. Linearized in logarithmic form of Freund-
lich isotherm model equation is represented by.
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log qe ¼ logKF þ ð1=nÞ logCe ð6Þ

where KF is the Freundlich constant and ‘1/n’ is the heteroge-
neity factor.

2. Materials and methods

2.1. Preparation of adsorbent, SHBG

The seed husk of Bengal gram (SHBG) is discarded as a waste in

a small-scale industrywhere dal of Bengal gram (which is used in
the preparation of certain food items) is separated from seed of
Bengal gram. This waste is used in certain areas as foodstuff for
the animals in addition to use as fire wood in hotels and restau-

rants. The SHBGhas been collected froma local industry, which
is in the nearby town, Nandyal and washed thoroughly with
de-ionized water for removing dirt. The dried husk material

has been ground and sieved to a desired mesh size between 53
to 75 lm. It has been abbreviated as SHBG. It has been used
as an adsorbent for the removal of a direct dye, CR.

2.2. Adsorbate

Congo red (Direct red 28) (C.I.22120) (CR) was supplied free

of cost by M/S Sipka Sales Corporation, New Delhi (dye sup-
plier and manufacturer and the purity of dye is 75%) and this
dye has been used without any further purification.
FW= 696.7 and kmax = 497 nm. The chemical structure is

as shown in Fig. 1.
Stock solution of 1000 mg L�1 was prepared by dissolving

accurate quantity of the dye in double distilled water. The

experimental solution was obtained by diluting the stock solu-
tion to the designed Figs. 8 and 9 initial dye concentration.

2.3. Point of zero charge (pHPZC)

The zero surface charge characteristics of SHBG were deter-
mined, using the solid addition method (Hameed, 2010;

Ponnusami et al., 2008; Somasekhara Reddy et al., 2012).
40 mL of 0.1 M KNO3 solution was transferred to a series of
100 mL Stopperd conical flasks. The pHi (initial pH of dye solu-
tions i.e., pH of dye solutions before experiment) values of the

solutions were roughly adjusted between 2 and 12 by adding
either 0.1 N HCl or NaOH and were measured by using pH
metre (Systronics pH system 361 Model, India). The total vol-

ume of the solution in each flask was exactly adjusted to
25 mL by adding KNO3 solution of the same strength. The
pHi of the solutions was then accurately noted. 50 mg of SHBG
Figure 1 Structure of Congo red (CR).

Please cite this article in press as: Somasekhara Reddy, M.C. et al., Bengal
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was added to each flask, and the flask was securely capped
immediately. The suspensions were then kept shaking for 24 h
and allowed to equilibrate for 0.5 h. The final pH values of

the supernatant liquid were noted. The difference between the
initial pH (pHi) and final pH (pHf) values (DpH) was plotted
against the pHi. The point of intersection of the resulting curve

with abscissa, shown in Fig. 11 at pH 0, gave the pHPZC.

2.4. Batch kinetics studies

Adsorption experiments were carried out by agitating 100 mg of
adsorbent (SHBG) with 25 ml of dye solutions of desired con-
centration and pH in a 50 ml screw type Erlenmeyer flask at

room temperature (30 ± 1 �C). A good contact was made be-
tween the adsorbent and dye by agitating at 160 rpm in a Julabo
shaking water bath. Dye concentration was determined spectro-
photometrically by monitoring the absorbance at 497 nm using

Chemito UV–VIS Spectrophotometer and two 1-cm cells. The
wavelength of the maximum absorbance for dye was selected,
and kmax value was 497 nm. The pH of dye solutions was deter-

mined using pHmetre (model Li-120, Elico, Hyderabad, India).
The samples were withdrawn from the shaker at pre-determined
time intervals and the dye solution was separated from the

adsorbent by centrifugation at 10,000 rpm for 20 min. The
absorbance of supernatant solution was measured.

The effect of pH was studied by adjusting the pH of dye
solutions using dilute HCl and NaOH solutions. The effect

of adsorbent dosage was studied with different adsorbent
doses (50–500 mg) and 50 ml of 50 mg L�1 dye at equilibrium
time.

The amount of adsorption at time t and at equilibrium time
and the percentage of dye removal were calculated by the fol-
lowing Eqs. (7) and (8).

qt ¼ ½ðC0 � CtÞV�=W ð7Þ

where C0 and Ct (mg L�1) are the liquid phase concentrations
of dye at initial time and at any time t, respectively, V is the
volume of the solution (L) and W is the mass of dry adsorbent

used (g).

Removal% ¼ ½ðC0 � CeÞ=C0� � 100 ð8Þ

where Ce is the equilibrium concentration of CR in solution
(mg L�1). All experiments were performed in duplicate and
mean values are presented and taken for calculation purposes.

2.5. Desorption studies

After adsorption experiments, the CR loaded SHBG was sep-

arated out by filtration using Whatman filter paper No. 42 and
the filtrate was discarded. The CR loaded SHBG was given a
gentle wash with double-distilled water to remove the non-

adsorbed CR if present. The dye loaded samples were agitated
with distilled water by adjusting the initial pH from 2 to 12 for
180 min. The desorbed CR in the solution was separated by

centrifugation and analyzed as before. The percentage of
desorption was calculated.

2.6. FTIR analysis

FTIR spectra of pristine SHBG biomass are obtained by Ther-
mo Nicolet, Nexus 670 Spectrometer with resolution 4 cm�1.
Gram Seed Husk as an adsorbent for the removal of dye from aqueous
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Pressed pellets were prepared by grinding the powder speci-
mens with IR grade KBr in an agate mortar.

2.7. Scanning electron microscopy

Scanning electron microscopy of SHBG before and after
adsorption is visualized by using Hitachi S-3000 N Scanning

Electron Microscope (SEM).

2.8. Physical properties and surface area

Physical properties like apparent density and tap density were
determined by using the method explained in Sinha, 1997. The
procedures given in ASTM D 2015-72 procedure, 1979 were

used for the determination of specific gravity, moisture and
ash. The methods explained in the research paper of Rengraj,
et al., 2002 were used for the determination of water soluble
and acid soluble. pH and conductance of the extract of SHBG

were measured by using the procedure described in ASTM D
1512-60 Procedure, 1960 and in the research paper of Wilde
et al., 1972, respectively. Surface area of SHBG was deter-

mined by BET surface area method.
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Figure 2 Effect of adsorbent dose on the adsorption of CR onto

SHBG. Conditions: agitation time = 3 h; C0 = 50 mg L�1;

V= 0.05 L; temp. = 30 ± 1 �C; speed of agitation = 160 rpm;

pH 7.29; size of SHBG = >53 < 75 lm.
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Figure 3 Effect of pH on equilibrium uptake of CR. Conditions

as in Fig. 2 except pH.
3. Results and discussion

3.1. Effect of SHBG dose

The effect of adsorbent (SHBG) dose on the removal of CR
from the aqueous solution is shown in Fig. 2. The figure re-
veals that the removal of CR increases up to a certain limit

(300 mg) and then it remains almost constant. An increase in
adsorption with adsorbent dose can be attributed to increased
surface area and the availability of more adsorption sites
(Hameed, 2010). But the amount adsorbed per unit mass of

the adsorbent decreases considerably. The decrease in unit
adsorption with increasing dose of adsorbent is basically due
to the adsorption sites remaining unsaturated during the

adsorption process (Patil and Shrivastava, 2010). For the
quantitative removal of CR, a maximum dose of 300 mg of
adsorbent is required.

3.2. Effect of pH

Fig. 3 shows the effect of pH on the removal of CR by SHBG.

When initial pH of the dye solution is increased from 5.85 to
11.02, the percentage removal decreased from 62.94 to 28.97.
The lower pH Congo red solutions were not taken for the stud-
ies because at lower pH the solution turns to a black colour

due to formation of quinoniod structure (Somasekhara Reddy,
2006). It is evident that the maximum removal of dye absorbed
is at pH 5.85 and below. Low pH leads to an increase in H+

ion concentration in the system and the surface of the SHBG
acquires a positive charge by adsorbing H+ ions. As the
SHBG surface is positively charged at low pH, a significantly

strong electrostatic attraction appears between the positively
charged sites. A negatively charged surface site on the SHBG
does not favour the adsorption of anionic CR molecule due
to the electrostatic repulsion. Further, lower adsorption of

the CR in alkaline medium is also due to the competition be-
tween excess OH� ions and the anionic CR dye molecule for
Please cite this article in press as: Somasekhara Reddy, M.C. et al., Bengal
solutions – Batch studies. Arabian Journal of Chemistry (2014), http://dx
the adsorption sites. A similar result is observed for the
adsorption of CR on cashew nut shell (Senthilkumar et al.,
2010), sun flower seed hull (Thinakaran et al., 2008), biogas

waste slurry (Namasivayam and Yamuna, 1992), soy meal hull
(Arami et al., 2006) and baggese fly ash (Mall et al., 2005).

pH of the CR solution was measured after adsorption and

for clear understanding it is taken as final pH in the presence of
CR. In a similar way, pH of the solution was measured after
desorption and it is taken as final pH in the absence of CR. Ini-

tial pH of CR solution was plotted against final pH of solution
in the presence and absence of CR and this plot is shown in
Gram Seed Husk as an adsorbent for the removal of dye from aqueous
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Fig. 4. The results reveal that the final pH of Congo red solu-
tion after adsorption and after desorption is almost the same.

3.3. Kinetic study

3.3.1. Effect of initial dye concentration and contact time

The adsorption of CR on SHBG was studied at different CR
concentrations (25–100 mg L�1). Fig. 5 shows the result of
the effect of initial concentration on adsorption of CR onto

SHBG at 30 ± 1 �C. It is observed that dye uptake is rapid
for the first 60 min and thereafter proceeds at a slower rate
and finally attains saturation. Fig. 5 shows that an increase

in the initial CR concentration results in increase in the
adsorption of CR on SHBG. The equilibrium adsorption in-
creases from 3.7915 to 20.0463 mg g�1, with an increase in
the initial CR concentration from 25 to 100 mg L�1. Thus

equilibrium removal of CR gets decreased from 89% to
74%. The dye attains equilibrium approximately at 1, 1.5, 2
and 2.5 h for dye concentrations 25, 50, 75 and 100 mg L�1,

respectively. However, the experimental data are measured at
180 min to make sure that a complete equilibrium is attained.
It is clear that the removal of CR depends on the concentration

of the dye. The removal curves are single, smooth and contin-
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agitation = 160 rpm; size of SHBG = >53 < 75 lm; dose = 100 mg
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Figure 4 Initial pH vs. final pH of CR. Conditions as in Fig. 2.
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uous leading to saturation. Hu et al. (2010), Somasekhara
Reddy et al. (2012), Somasekhara Reddy (2006) studied and
reported that the adsorption equilibrium of CR for cattail

root, jujube seeds and tamarind fruit shell took 3, 3 and 7 h,
respectively.

3.3.1.1. Adsorption kinetics. For evaluating the adsorption
kinetics of CR, the pseudo-first-order and pseudo-second-order
kinetic models are used to fit the experimental data. Using Eqs.

(1) and (2), log(qe � qt) versus t is plotted at different CR con-
centrations (Fig. 6). The pseudo-first-order model data do not
fall on straight lines for most of the initial concentrations indi-
cating that thismodel is less appropriate. TheLagergren first-or-

der rate constant (k1) is calculated from the model and is
presented in Table 1 beside the corresponding correlation coef-
ficients. The experimental kinetic data are further analyzed

using the pseudo-second-order model. By plotting t/qt against
t for different initial CR concentrations (Fig. 7), a straight line
is obtained in all cases and using Eq. (2), the second order rate

constant (k2) and qe values are determined from the plots. The
values of correlation coefficient are very high (R2 are in between
0.989 and 0.9991) and the theoretical qe cal values obtained,

from this model are closer to the experimental qe exp values at
different initial CR concentrations (Table 1). It is important to
note that for the pseudo-first-order model, the correlation coef-
ficient obtained in this study,R2 is in between 0.8878 and 0.9865,

at different initial CR concentrations, is lower compared to the
correlation coefficient obtained from the pseudo-second order
model. Moreover, from Table 1, it is seen that the experimental

values of qe exp are not in good agreement with theoretical val-
ues calculated (qe cal) from the pseudo-first-order equation.
Therefore, it is concluded that the pseudo-second-order kinetic

model provides a better correlation for the adsorption of CR on
SHBG at different initial CR concentrations compared to the
pseudo-first-order model. A similar result is reported for the

adsorption of CR on jujube seeds (Somasekhara Reddy et al.,
2012), methylene blue on jackfruit peel (Hameed, 2009) and
on guava leaf powder (Ponnusami et al., 2008). The pseudo-
first-order and pseudo-second-order kinetic models do not iden-

tify the diffusion mechanism. Thus the kinetic results are then
analyzed by using the intra-particle diffusion model. Weber
0 300

25mg/lit

50mg/lit

75mg/lit

100mg/lit

sorption. Conditions: V = 0.025 L; temp. = 30 ± 1 �C; speed of

; pH 7.29.
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Table 1 Pseudo-first-order and pseudo-second-order rate constants at 30 �C and different initial CR concentrations. Conditions: Size

of SHBG = >53 < 75 m; pH of CR soln. = 7.29; Dose of SHBG = 100 mg; Speed of agitation = 160 rpm.

C0 (mg L�1) qe exp (mg g�1) Pseudo-first-order model Pseudo-second-order model

k1 (min�1) qe cal (mg g�1) R2 K2 (g mg�1 min�1) qe cal (mg g�1) R2

25 3.7915 0.012897 4.0622 0.9865 0.0658 3.8625 0.9988

50 7.7533 0.01515 8.2960 0.8898 0.03644 7.9029 0.9936

75 10.4989 0.017273 10.9895 0.9111 0.01001 11.0273 0.989

100 20.0463 0.013818 20.8641 0.8878 0.02353 20.2797 0.9991
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Figure 6 Lagergren pseudo-first-order plot.
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and Moris model (Hameed and El-Khaiary, 2008a,b) is used
with Eq. (3) to investigate intra-particle diffusion mechanism

by plotting a graph between, qt versus t
0.5 (figure is not shown).
Please cite this article in press as: Somasekhara Reddy, M.C. et al., Bengal
solutions – Batch studies. Arabian Journal of Chemistry (2014), http://dx
If the intra-particle diffusion is the only rate-controlled step,
then the plot shall pass through the origin. Else it is understood

that the boundary layer diffusion controls the adsorption to
Gram Seed Husk as an adsorbent for the removal of dye from aqueous
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some degree (Hameed and El-Khaiary, 2008a). As seen from the
plot qt against t

0.5 the plots are not linear over the entire time
range, implying that more than one process affected the adsorp-

tion and a similar behaviour is reported by (Hameed and
El-Khaiary, 2008a). Further, the plot qt versus t

0.5 shows at least
two regions that represent boundary layer diffusion, and are fol-

lowed by intra-particle diffusion in macro, meso, and micro
pores (Hameed and El-Khaiary, 2008a). These two regions are
Figure 8 Langmuir isotherm plot for adsorption of CR onto

SHBG.

Figure 9 Freundlich isotherm plot for adsorption of CR onto

SHBG.

Table 2 Intra-particle diffusion constants for different initial CR c

Linear portionfl Constantsfl C0 = 25 mg/L

First KP1 (mg g�1 min�0.5) 0.096

C1 (mg g�1) 2.594

R2 0.861

Second KP2 (mg g�1 min�0.5) 0.117

C2 (mg g�1) 2.533

R2 0.999

Third KP3 (mg g�1 min�0.5) 0.047

C3 (mg g�1) 3.063

R2 0.963
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followed by a horizontal line representing the equilibrium of
the system. From qt versus t

0.5 plot, two linear regions are ob-
served. One at the beginning of adsorption, representing the ra-

pid surface loading, followed by the second representing pore
diffusion. The Microsoft Excel 2003 software package is used
to analyze various regions and results of linear regression are ob-

tained from the plot qt versus t
0.5 for various initial concentra-

tions. Intra-particle diffusion parameter, kpi, is determined
from the slope of each region, while the intercept of each region

is proportional to the boundary-layer thickness. The calculated
values of kpi and the intercept, C, for all the linear regions are
shown in Table 2.

3.4. Equilibrium modelling

Several mathematical models may be used to describe the exper-
imental data of adsorption isotherms. In this study, the equilib-

rium data at different concentrations of CR and the adsorption
of CR on SHBG are modelled with the Langmuir and Freund-
lich isotherm models. The details of the Langmuir and Freund-

lich isotherms are given in Eqs. (4)–(6). Langmuir adsorption
isotherm plot is made between Ce and Ce/qe and shown in
Fig. 8. The Langmuir adsorption isotherm parameters, Qmax

and KL are calculated from the slope and intercept of the graph
shown in Fig. 8. Freundlich adsorption isotherm plot is made
between log Ce and log qe and shown in Fig. 9. The Freundlich
adsorption isotherm parameters, n and KF are calculated from

the slope and intercept of the graph shown in Fig. 9. The values
of the parameters Langmuir and Freundlich obtained in these
studies are presented in Table 3. The Langmuir and Freundlich

isothermmodels are well suited for the experimental data of CR
on SHBG as per the coefficients of correlation.

The RL value for the adsorption of CR on SHBG is in be-

tween 0.4950 and 0.7968 as per Eq. (5), indicating that the
adsorption is a favourable process.
3.4.1. Comparison of various low-cost adsorbents

The adsorption capacity of SHBG for the removal of CR is
shown in Table 4. The adsorption capacity of various adsor-
bents for removal of CR is also shown in Table 4 for compar-

ison and the removal capacity of SHBG is extremely good.
Therefore, SHBG is considered to be an excellent adsorbent
for the removal of CR from aqueous solution.
oncentrations at 30�C. Conditions as in Table 1.

C0 = 50 mg/L C0 = 75 mg/L C0 = 100 mg/L

0.921 0.986 0.402

1.134 2.783 15.2

0.842 0.965 0.855

0.042 0.168 0.187

6.407 7.037 17.24

0.888 0.918 0.938

– 0.465 –

– 4.406 –

– 0.963 –
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Table 3 Isothermal parameter values for the removal of CR on SHBG at different concentrations of CR solution.

Langmuir constants Freundlich constants

Qmax (mg g�1) KL (L mg�1) R2 KF (mg g�1) (L mg�1)1/n n R2

41.66 0.0102 0.99 0.5767 1.2048 1

Table 4 Adsorption capacities of CR on various adsorbents.

S. no. Name of adsorbent qe (mg g�1) Reference

1 SHBG 41.66 Present study

2 Indian Jujube Seed 55.56 Somasekhara Reddy et al. (2012)

3 Jute stick powder 35.70 Panda et al. (2009)

4 Sunflower stalks 31.5–37 Hameed et al. (2008)

5 Cattail root 38.79 Hu et al. (2010)

6 Wheat bran 22.73 Wang and Chen (2009)

7 Rice bran 14.63 Wang and Chen (2009)

8 Tamarind fruit shell 10.48 Somasekhara Reddy (2006)

9 Alternanthera bettzichiiana plant powder 14.67 Patil and Shrivastava (2010)

10 Banana peel 11.2 Namasivayam et al. (1996)

11 Orange peel 7.9 Namasivayam et al. (1996)

12 Coir pith 6.72 Namasivayam and Kadirvelu (1994)

13 Banana pith 5.92 Namasivayam and Kadirvelu (1994)

14 Cashew nut shell 5.18 Senthilkumar et al. (2010)

8 M.C. Somasekhara Reddy et al.
3.5. Desorption

Desorption studies help to elucidate the mechanism of adsorp-
tion and recovery of the adsorbate and adsorbent. Regenera-
tion of adsorbent makes the treatment process economical.

The trend in the desorption process at different pH values is
just converse to that of the adsorption process in the pH effect.
This is shown in Fig. 10. The percent desorption is increased

from 15.5 to 26.4 with an increase in pH from 6 to 11. This
indicates that the desorption process is totally opposite to
the adsorption process and CR adsorption is mainly due to

ion exchange and physical adsorption (Asfour et al., 1985a).
Similar type of observation is made in case of desorption of
CR from the surface of jujube seeds (Somasekhara Reddy

et al., 2012) and desorption of rhodamine-B from the surface
of coir pith (Namasivayam et al., 2001).
Figure 10 Desorption studies for the removal of CR by SHBG.

Please cite this article in press as: Somasekhara Reddy, M.C. et al., Bengal
solutions – Batch studies. Arabian Journal of Chemistry (2014), http://dx
3.6. Point zero charge

It is observed from Fig. 11 that the surface charge of the
SHBG around pH 5.6 is zero. Hence, the pHPZC at point of
zero charge of the SHBG is 5.6. The effect of pH on the

biosorption efficiency of CR is shown in Fig. 3. CR uptake
is higher at lower pH. The high uptake of CR under acidic con-
ditions is probably due to excessive positive charge on dye an-

ion CR for the adsorption sites. As pH is increased above the
pHPZC value, which is found to be greater than 5.6, the adsor-
bent surface becomes predominantly negatively charged,

enhancing the electro static repulsion between surface and
CR anions. A similar behaviour is reported by the adsorption
of CR on jujube seeds (Somasekhara Reddy et al., 2012),

adsorption of reactive orange 16 on non-activated brazilian-
pine fruit shell (Calvete et al., 2010) and adsorption of CR
on biogas residual slurry (Namasivayam and Yamuna, 1995).
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Figure 11 Determination of the point of zero charge of SHBG.
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3.7. Cost analysis of SHBG waste adsorbent

Maximum adsorption capacity value was used to assess the
quantity of adsorbent required to remove 1 kg of CR. This
quantity was used as the basis for costing the adsorption pro-

cess. The relative cost of adsorbents is shown inTable 5, together
with adsorption cost to remove 1 kg of CR. Activated carbon
was taken as a reference (Purkait et al., 2007) under almost all
identical conditions of this study, having a comparative cost

of unity. The results given in Table 5 indicate that the adsorption
capacity of SHBG is 13.89%of that of activated carbon.The rel-
ative cost of the removal of CR by SHBG is only 4.1% of that of

activated carbon. In addition, based on the low cost of the
SHBGcompared to activated carbon, there is no need to recover
the SHBG and the exhausted SHBG can also be used as a fuel.

Similar type of cost analysis was done by comparing the anionic
dye, CR removal capacity of jujube seeds (Somasekhara Reddy
Table 5 Relative cost of CR removal.

Adsorbent Adsorption capacity Mass (kg) of adsorbent

required to remove 1 kg of
mg g�1 %

Activated carbon 300 100 3.3333

SHBG 41.66 13.89 13.499

Table 6 FTIR of SHBG adsorbent.

IR peak Frequency (cm�1) Differ

Before adsorption After adsorption

1 3398.88 3435.53 �36.5
2 2928.21 2922.42 5.79

3 1736.09 1738.02 �1.93
4 1643.50 1641.57 1.93

5 1433.24 1433.24 0

6 1369.58 1373.44 �3.86
7 1327.14 1255.77 71.37

8 1240.34 1163.18 77.16

9 1161.25 1107.24 54.01

10 1103.38 1022.36 81.02

11 1055.16 792.81 262.3

12 1026.22 669.36 356.8

Figure 12 FTIR spectra of (a) SHBG alone and (b) CR loaded

SHBG.
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et al., 2012) and the anionic dye, astrazone blue removal capac-
ity of hardwood with activated carbon (Asfour et al., 1985b).
Relative costs of astrazone blue (anionic dye), maxilon red (an-

ionic dye) and telonblue (cationic dye) removal byusing number
of low-cost materials like bagasse pith, maize cob and natural
clay were also reported (Nassar and El-Geundi, 1991) based

on the adsorption capacity of carbon. The cost estimation of an-
other agricultural waste, coconut bunch for the removal of
methylene blue was also reported (Hameed et al., 2008). These

results indicate that the removal capacity of CR by activated
carbon is higher than that of SHBG. However, an economic
model indicated that SHBG may be economically attractive
for the removal of CR from aqueous solutions.
3.8. Characterization of SHBG

3.8.1. FTIR analysis

The FTIR spectrum of SHBG is shown in Fig. 12 for SHBG
and CR loaded SHBG. This figure shows that some peaks

are shifted or disappeared and some new peaks are also de-
tected. The change observed in the spectrum indicates the pos-
sible involvement of the functional groups on the surface of the

SHBG in adsorption process. FTIR data of SHBG adsorbent
are shown in Table 6.
3.8.2. SEM micrographs

Figs. 13 and 14 show the SEM micrographs of SHBG sample
before and after CR adsorption. It is clear from these figures
that SHBG has a considerable number of heterogeneous layers

of pores. Thus, there is a good possibility for CR to be
adsorbed. The surface of CR loaded-SHBG, however, clearly
shows that the surface of SHBG is covered with CR molecules
and the same is observed in Fig. 14.
CR

Relative cost

kg�1 adsorbent

Relative cost to

remove 1 kg of CR

Reference

1.000 1.000 Purkait et al. (2007)

0.00759 0.041 Present study

ences Assignment

4 –OH stretch, H-bonded

–CH stretch (strong)

–C‚O stretch and stretch (strong) aldehyde

–C‚O stetch (strong) amide

–

N–H stretch (strong)

–C–H bending alkane

–C–F stretch (strong) alkyl halide

–

Associated with the C‚O bond stretching of cellulose

5 C–O stretch (strong)

6 C–Cl stretch (strong)
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Figure 14 Scanning electron microscopic photograph of CR loaded SHBG.

Figure 13 Scanning electron microscopic photograph of SHBG.
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3.8.3. Physical properties and Surface area

The physical analysis of SHBG was done and the values are ar-
ranged in Table 7 along with the references from which analy-
sis methods are adopted. The surface area of SHBG is also

arranged in Table 7.
Please cite this article in press as: Somasekhara Reddy, M.C. et al., Bengal
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4. Conclusion

The present study establishes the fact that SHBG may be used

as an adsorbent for the removal of CR from aqueous solu-
tions. The amount of dye adsorbed is found to vary with initial
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Table 7 Physical properties and surface area of SHBG.

Property Size (lm) SHBG Reference

Apparent density (g/cm3) >53<75 0.3420 Sinha, 1997

>75<90 0.3909

>90<150 0.4813

>150 0.5335

Tap density (g/cm3) >53<75 0.4943

>75<90 0.5280

>90<150 0.6104

>150 0.6488

Specific gravity >53<75 1.4093 ASTM D 2015-72 Procedure, 1979

>75<90 1.7887

>90<150 1.8260

>150 1.8940

Moisture % – 1.6039

Ash % – 1.2698

Water soluble % – 5.1650 Rengraj et al., 2002

Acid soluble % – 0.3902

pH – 7.0860 ASTM D 1512-60 Procedure, 1960

Conductance (Micro Siemens/cm) – 485 Wilde et al., 1972

BET surface area (m2/g) >53<75 1.3636

>75<90 1.0489

>90<150 0.8950

>150 0.7410
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CR concentration and contact time. The Langmuir adsorption
isotherms are found to provide the best fit to the experimental
data with a maximum adsorption capacity of 41.66 mg g�1.

The adsorption kinetics can be determined by pseudo-
second-order kinetics. The results of the present investigation
indicate that the SHBG has potential for use in removing

CR from aqueous solutions.
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