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ABSTRACT

Reuse of agro-waste into useful adsorbents like activated carbon has considerable attention
in waste water treatment. Usually the activation of carbon is done by treating it with inor-
ganic chemicals, polymers, biopolymers, etc. This paper deals with the preparation of novel
Fe–loaded chitosan carbonized rice husk beads (Fe–CCRB) by blending Fe (metal)–loaded
chitosan (organic compound) and carbonized rice husk. The prepared Fe–CCRB was used
for the removal of metal ion. The surface properties of the adsorbent were characterized by
scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and
Brauner–Emmett–and Teller (BET) analyzer. The effects of process variables, such as contact
time, agitation speed, initial metal ion concentration, adsorbent dosage, pH, and temperature
of the solution using Fe–CCRB were studied. Various isotherms and kinetic models were
fitted with experimental data to describe the behavior of diffusion mechanism, solute interac-
tion, and nature of adsorption with the adsorbent through batch studies. Mass transfer and
thermodynamic characteristics were also evaluated. Regeneration studies were attempted to
check the stability and activity of the adsorbent.

Keywords: Rice husk carbon; Iron–loaded chitosan; Adsorption; Mass transfer diffusion;
Regeneration

1. Introduction

The presence of heavy metals in the waste water
produced by various industries is accumulating in
the ecosystem which causes serious risk to the
environment and endangers public health. Among
various toxic heavy metals, chromium is the most
important because of its carcinogenic nature and
also wide application in industries. Chromium exists
in two forms viz Cr (III) ions and Cr (VI) ions,
which are generated from various industrial
processes, such as electroplating, leather tanning,

mining, dyes and pigments, steel fabrication, can-
ning industries, etc. [1,2]. Cr (III) ions are nontoxic
and play an essential role in the metabolism of
plant and animals. Cr (VI) ions are highly toxic.
Inhalation of Cr (VI) ions leads to the carcinogenic
problem. Other health effects of Cr (VI) ions are the
skin allergy and liver problems.

Due to its severe toxicity, Environmental Protec-
tion Agency Cincinaati OH USA, set the tolerance
limit for the discharge of Cr (VI) ions into surface
water to 0.1mg/l and in potable water to 0.05mg/l
[3]. Thus, the removal of Cr (VI) ions becomes manda-
tory. Various methodologies have been used for the
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removal of Cr (VI) ions like electrochemical, ion
exchange, membrane filtration, reverse osmosis, and
chemical coagulation, etc. [4]. However, each method
has its shortcomings and limitations.

One of the most efficient and commercialized
method is adsorption due to its simplicity, sludge
free operation, easiness in handling, availability of
various adsorbents, and more efficient in removal of
heavy metals at lower concentration levels [5].

Several investigators reported different adsor-
bents for the removal of Cr (VI) ions, such as
activated carbon [4–6], chiotsan [7], biosorbents [8],
polymeric compounds [9], etc. Activated carbon is a
common adsorbent because of its high surface area
and easy availability. However, commercial activated
carbon is highly expensive. This in turn led to
finding an alternate way for preparing the activated
carbon at low cost using waste biomass. Rice husk
is one of the cheapest and abundantly available
biomass in which the constituents of rice husk are
silica (20%), cellulose (40%), hemicellulose (20%),
and lignin (20%) used for the preparation of carbon
[10–15].

In recent years, surface-modified activated carbon
was prepared to improve the adsorption capacity
and removal efficiency of metals ions [16–18]. Chito-
san, a biopolymer of glucosamine has received con-
siderable attention for the removal of transition
metal ions and organic species due to its excellent
metal chelating property and availability [19–21]. In
addition to that, metallo–organic chelating com-
pounds are used in waste water treatment. One of
these types of metallo–organic chelating materials is
transition metals–chitosan complexes. Recent investi-
gations show that the amine and hydroxyl groups
in the chitosan chelates Fe (III) ions and more than
one polymer chain is involved in the formation of
complexes [22–24]. Metallo–organic chelating materi-
als are more effective when cross-linked after metal
complexation. Cross-linking agents like glutaralde-
hyde, epichlorohydrin, etc. are used to enhance the
stability of chitosan in acidic medium by forming
Schiff-base reactions [25–27]. It is desirable to have
the knowledge of using carbon metallo–organic com-
posites in order to minimize the excess organic
reagents used for the purification of adsorbents.

Thus, this present study intends to investigate
the preparation of metallo–organic carbon beads by
using rice husk as a precursor for carbon and iron–
loaded chitosan as metallo–organic complex. The
synthesized Fe–loaded chitosan carbonized rice
beads (Fe–CCRB) was applied for the removal of
hexavalent chromium.

2. Materials and methods

2.1. Reagents

Raw rice husk was obtained from a local rice mill.
Chitosan was purchased from Pelican Biotech indus-
try, India. The chemicals used in this study, such as
nitric acid, sulphuric acid, acetic acid, sodium hydrox-
ide, acetone, FeCl3, etc., were supplied by Merck,
India. Potassium dichromate was used for the prepa-
ration of Cr (VI) stock solution. The AR grade of 1,5-
diphenyl carbazide was used for analyzing chromium.
Glutaraldehyde was used as cross-linking agent
supplied by Merck, India. Double distilled water was
used to prepare all the solutions.

2.2. Preparation of carbonized rice husk (CRH)

The procedure for the preparation of rice husk has
been reported in our earlier literature [27]. According
to the procedure, rice husk was thoroughly washed
with distilled water and dried in hot air oven at 100�C
for 5 h. The dried sample was treated with 70% con-
centrated nitric acid (1:1 by weight) at 70�C for 1½ h
in order to reduce the silica content [28]. After acid
treatment, the sample was kept for overnight and then
subjected to heat under a controlled atmosphere of
nitrogen from ambient temperature to 600�C at a
constant heating rate of 5˚Cmin�1 in a tubular furnace
for 4 h. The prepared carbonized rice husk (CRH) was
cooled in desiccator and stored.

2.3. Preparation of Fe–loaded chitosan (Fe–C) gel

Fe–loaded chitosan (Fe–C) gel was prepared by
dissolving 1 g of chitosan in 50ml of 0.1M FeCl3 and
kept in rotary shaker for 2 h.

2.4. Preparation of Fe–loaded chitosan carbonized rice husk
beads (Fe–CCRB)

One gram of CRH was added to the Fe–C gel and
kept in a rotary shaker for 3 h at 200 rpm. The Fe–
loaded chitosan carbon gel solution was dropped into
0.5mol/L of NaOH solution which remained for 12 h
and washed with distilled water to remove excess
NaOH. Then 7.5% glutaraldehyde in ethanol was
added to the beads which remained for 24 h, then
washed, and dried.

2.5. Characterization of Fe–CCRB

The specific surface area of Fe–CCRB was
measured using BET analyzer. The morphological
structure was observed by Scanning electron micro-
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scope (Hitachi S3000H). FTIR spectra were recorded
using FTIR spectrophotometer (Perkin Elmer, spec-
trum RXI) to analyze the presence of activation in the
adsorbent.

2.6. Adsorption studies

Batch adsorption studies were conducted to deter-
mine the adsorption capacity and percentage removal
of Cr (VI) ions using Fe–CCRB. A desired quantity of
Fe–CCRB was added to 25ml of known concentration
of Cr (VI) ions and pH in a 100ml volumetric flask
and kept in a rotary shaker at agitation speed of
200 rpm. The supernatant liquid samples were filtered
periodically and then analyzed by using Jasco UV
spectrophotometer at 540 nm to calculate the adsorp-
tion capacity and percentage removal efficiency.
Experiments were repeated in triplicates and the aver-
age percentage deviation was found to be 3–5%. The
amount of adsorption, qt (mg/g) and percentage
removal (%) were calculated using Eqs. (1) and (2).

qt ¼ fðC0 � CtÞVg=m ð1Þ

Percentage removal ¼ ½ðC0 � CFÞ=C0� � 100 ð2Þ

where C0 and Ct are the initial concentration and con-
centration at any instant (mg/l), V is the volume of
solution (l), qt is the adsorption capacity (mg/g) at
time t, m is the weight of adsorbent (g), and CF is the
solution concentration at the end of the adsorption
process (mg/l).

2.7. Regeneration studies

Regeneration studies were conducted to test the
reproducibility of the adsorbent. 0.5 g of spent adsor-
bent was agitated with 25ml of NaOH solutions for
3 h. After desorption, the sample was washed and
neutralized with distilled water. The regenerated
adsorbent sample was reused in the next cycle of the
adsorption experiments. The adsorption–desorption
studies were conducted for three cycles.

3. Results and discussion

3.1. Characterization of adsorbents

The prepared Fe–CCRB adsorbents were character-
ized by BET, SEM, and FTIR analysis.

3.1.1. BET analysis

In general, any material deposited on the porous
materials, such as activated carbon (carbonized

biomass), the specific surface area is decreased [29].
The specific surface area of CRH (activated carbon)
and Fe–CCRB were found to be 20 and 16m2/g,
respectively. The results clearly indicated that the acti-
vation of Fe–C on carbonized rice husk did not affect
the specific surface area significantly, which reveals
that the porous nature of CRH is not affected while
loaded with Fe–C.

3.1.2. SEM analysis

The surface morphology of Fe–CCRB was investi-
gated using SEM and the SEM image of the Fe–CCRB
particle is shown in Fig. 1, which gives the surface
texture and porosity of the Fe–CCRB particle. The
image reveals that the particles have a very narrow
size distribution, spherical-shaped with very small
cavities and rough surfaces. This may be due to the
loading of biopolymer on insoluble materials (carbon-
ized rice husk and Fe), which involves the suspension
of biopolymer in aqueous solution and subsequent
cross-linking.

Fig. 1. SEM image of Fe–CCRB.
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3.1.3. FTIR analysis

Fig. 2 shows the FTIR spectra of CRH, Fe–CCRB,
and spent adsorbents. The presence of functional
groups in the adsorbents is given in Table 1.

Initially the CRH shows peaks which are attrib-
uted to the presence of N–H groups. The formation of
new peaks associated with the presence of carbonyls,
carboxylic acid, and ketone groups were observed on
deposition of Fe–C into CRH.

The functional groups like N–H stretching at
3399.34 cm�1 shifted to 3,209 cm�1, C=O stretching
mode in carbonyls, carboxylic acid, and ketones at
1617.60 cm�1 shifted to 1,605 cm�1, C–N stretching at
1084.36 cm�1 shifted to 1803 cm�1

, NH2 and NH
wagging at 796 cm�1 shifted to 784.46 cm�1, and the
functional groups, such as C–O and O–H bending
at 1,375.09 cm�1, C–H groups at 681.05 cm�1 and
476.50 cm�1 were disappeared in the adsorbent after
adsorption. The nature of shifting in peaks revealed
that the Cr(VI) ions were attached to these groups.

3.2. Effect of contact time

The effect of contact time on adsorption capacity of
Cr (VI) ions using Fe–CCRB was studied for 25ml of
100, 300, and 500ppm of initial metal ion concentration
at 0.1 g of adsorbent dosage at 2.0 pH and agitation
speed of 200 rpm in order to determine the equilibrium
time. The results are shown in Fig. 3. It is observed
that the rate of adsorption initially increased and then
gradually remained constant with increase in contact
time and reached equilibrium nearly at 150min.

This may be due to the availability of a large
number of vacant sites initially for adsorption, later
the adsorption capacity tailed off due to the saturation
of vacant sites.

3.3. Effect of agitation speed

The effect of agitation speed on adsorption capac-
ity of Cr (VI) ions was studied by varying the agita-
tion speed from 100 to 300 rpm for 25ml of initial

Fig. 2. FTIR spectra of CRH, Fe–CCRB and spent
adsorbent.

Table 1
The functional groups present in CRH, Fe–CCRB, and spent adsorbent

Functional groups CRH Fe–CCRB Spent adsorbent

O–H (H bonded) stretching 3,934.8 cm�1 3,916.30 cm�1 –

Hydroxyl and N–H stretching 3,396.04 cm�1 3,399 cm�1 3,209 cm�1

3,291.76 cm�1

N–H bending 2,062.3 cm�1 – –

C=O (stretching mode in carbonyls, carboxylic acid, and ketones) – 1,617 cm�1 1,605 cm�1

C–O and O–H bending – 1,375.09 cm�1 –

C–N and C–O stretching 1,089.99 cm�1 1,084.08 cm�1 1,083 cm�1

NH2 and NH wagging 798.27 cm�1 796 cm�1 784.46 cm�1

C–H groups out of plane deformation 462.10 cm�1 681.05 cm�1 –

476.10 cm�1

Fig. 3. Effect of contact time on adsorption capacity of Cr (VI)
ions by Fe–CCRB (m=0.1g, v=25ml, speed=200 rpm, pH 2).
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concentration of 100 ppm at pH 2 and adsorbent
dosage of 0.1 g. The results are presented in Fig. 4. Ini-
tially the rate of adsorption was increased with
increased agitation speed. The maximum adsorption
capacity was obtained at 200 rpm beyond which the
increase was not observed significantly. This is due to
the contact between the metal ion and active sites
developed when increasing the agitation speed.
Hence, the equilibrium agitation speed was fixed at
200 rpm.

3.4. Effect of pH

The effect of pH on adsorption capacity of Cr (VI)
ion using Fe–CCRB is shown in Fig. 5. The maximum
percentage removal and adsorption capacity of Cr (VI)
ion were obtained at pH 2. At pH 2, the Cr (VI) ions
exist as hydrogen chromate (HCrO�

4 : 90%), dichro-
mate (Cr2O

�
7 : 5%), and chromic acid (H2CrO4: 5%). At

higher pH, the predominant species of Cr (VI) ion is

CrO2�
4 . The surface positive functional groups of the

Fe–CCRB adsorbent carried the oxyanions (negatively-
charged) of Cr (VI) ions by electrostatic force of
attraction [30,31].

On the other hand, the physico-chemical properties
of chitosan are depending on the chain length, charge
density, and distribution regarding its cationic nature
obtained during the degree of deacetylation. At
neutral pH, about 50% of total amine groups remain
protonated and theoretically available for the adsorp-
tion [32]. As the pH decreases, the protonation of the
amino groups increased which increased the adsorp-
tion efficiency. The adsorption mechanism of Cr (VI)
ions is considered as a ligand-exchange reaction
between the coordinated nitrate and HCrO�

4 , and this
reaction mechanism is represented in Scheme 1.

3.5. Effect of initial metal ion concentration

Fig. 6 represents the effect of initial metal ion
concentration on adsorption capacity and percentage
removal of Cr (VI) ion using Fe–CCRB. The adsorp-
tion capacity of Cr (VI) ions was increased and the
percentage removal of Cr (VI) ions was decreased
with increased metal ion concentrations.

The increase in adsorption capacity may be due to
the higher adsorption rate and utilization of all active
sites available for the adsorption at higher concentra-
tion and also, the higher initial adsorbate concentration
provided higher driving force to overcome all mass
transfer resistances of metal ions from the aqueous to
solid phase resulting in higher probability of collision
between Cr (VI) ions and the active sites. The decrease
in percentage removal may be due to the limited num-
ber of actives sites in the adsorbent attaining saturation
above certain concentration [33,34]. A maximum per-
centage removal of 98% at 100 ppm and adsorption
capacity of 88mg/g at 500 ppm were obtained.

3.6. Effect of temperature

The effect of temperature on adsorption of Cr (VI)
ions was investigated by varying the temperature
from 30 to 70˚C as shown in Fig. 7.

The increase in adsorption capacity may be due to
the formation of some new adsorption sites on the
surface of the adsorbent with enlarged pores, and the
increased rate of intraparticle diffusion of Cr (VI) ions
into the pores of Fe–CCRB at higher temperature
leads to the endothermic adsorption [35].

3.7. Adsorption isotherms and chi square analysis

Various isotherms like Freundlich, Langmuir,
Temkin, and Redlich Peterson isotherms [36] were

Fig. 4. Effect of agitation speed on adsorption capacity of
Cr (VI) ions by Fe–CCRB (m=0.1 g, v= 25ml, C0 = 100mg/
l, pH 2).

Fig. 5. Effect of pH on adsorption capacity of Cr (VI) ions
by Fe–CCRB (m= 0.1 g, v= 25ml, C0 = 100mg/l).
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applied to describe the equilibrium characteristics of
adsorption of Cr (VI) ions by Fe–CCRB. In the Lang-
muir equation, h (mg/g) is the measure of adsorbed
quantity under the experimental conditions and b is a
constant related to the energy of adsorption. In Fre-
undlich isotherm, n is indicative of bond energies
between metal ion and the adsorbent and K is related

to bond strength. a and b are Temkin constants.
B (cm3/mg)g and g are Redlich-Peterson constants.

The nonlinear chi square analysis [37] was used to
compare all the isotherms. The mathematical equation
was given by Eq. (3):

x2 ¼
X ðqe � qe;mÞ

qe

2

ð3Þ

where qe,m is the equilibrium capacity obtained by cal-
culation from model (mg/g) and qe is the equilibrium
capacity (mg/g) determined from the experimental
data. If data from model are similar to the experimen-
tal data then x2 would be a small number and vice
versa [37]. In linear analysis, the different forms of
equation would affect the regression coefficient (r)
and coefficient of determination (r2) value signifi-
cantly, and this will affect the final determination.
This can be avoided by using nonlinear chi square test
analysis.

The linearized form of isotherms, values of con-
stants, coefficient of determination (r2), regression
coefficient (r), and chi square test analysis (x2) are
given in Table 2.

Fig. 8 shows the comparison between theoretical
isotherms and experimental data obtained for adsorp-
tion of Cr (VI) ions using Fe–CCRB. It is observed that
the Freundlich and Redlich Peterson isotherms almost
overlapped and seemed to be the best fitting models
for the experimental data. Correspondingly, the chi
square test analysis also showed that the x2 values for
Freundlich and Redlich Peterson isotherms are very
low and almost identical when compared with
Langmuir and Temkin isotherms. This reveals the
multilayer adsorption of Cr (VI) ions on Fe–CCRB
adsorbent.

3.8. Adsorption kinetics

In order to investigate the rate of adsorption
process of chromium by Fe–CCRB, three different

Scheme 1. Schematic diagram reaction between Fe–CCRB and Cr (VI) ions.

Fig. 6. Effect of initial metal ion concentration on
adsorption capacity, and percentage removal of Cr (VI)
ions by Fe–CCRB (m= 0.1 g, v= 25ml, pH 2).

Fig. 7. Effect of temperature on adsorption capacity and
percentage removal of Cr (VI) ions by Fe–CCRB (m= 0.1 g,
C0 = 200mg/l v= 25ml, pH 2).

S. Sugashini and K.M.M.S. Begum / Desalination and Water Treatment 51 (2013) 7764–7774 7769



kinetic models, such as pseudo-first-order kinetics,
pseudo-second-order kinetics, and simple elovich
kinetics were tested [38]. The linearized form of
adsorption kinetics and their parameter values are
given in Table 3.

In pseudo-first-order kinetics, qt is the adsorbed
quantity at time t (mg/g) and K1ad is the pseudo-first-
order rate constant in min�1. In pseudo-second-order

kinetics, K2ad is the pseudo-second-order rate constant
in 1/mol s. In simple elovich kinetics, a and b are the
simple elovich kinetic constants.

From the table, it is confirmed that the adsorption
of Cr (VI) ions using Fe–CCRB followed the pseudo-
second-order reaction and is shown in Fig. 9.
The pseudo-second-order model indicates that the
adsorption of Cr (VI) ions on the surface of Fe–CCRB
represented two phase reaction, such as rapid adsorp-
tion for shorter duration in initial stage followed by
slow adsorption for longer duration.

Several investigators [39,40] reported that the fast
reaction may be due to chemisorption involving valence
forces through exchange or sharing of electron between
the adsorbent and adsorbate. The slow reaction is due to
the diffusion of ions into the adsorbent. Hence, the rate
limiting step is finalized as chemisorption.

3.9. Intraparticle diffusion

The possibility of intraparticle diffusion [38] was
explored by using the intraparticle diffusion model as
given in Eq. (4).

qt ¼ Kidt
1=2 þ C ð4Þ

Table 3
Summary of constants for various kinetic models

Kinetic
model

Equation Constant Value

Pseudo-
first-
order

lnðqe � qtÞ ¼ ln qe � K1adt K1ad(min�1) 0.0695

R2 0.8131

Pseudo-
second-
order

t
qt
¼ 1

K2ad :q
2
e
þ t

qe
K2ad (g
mg�1 min)

0.01

qe (mg/g)
= 25

25

R2 0.999

Simple
Elovich

qt ¼ aþ b ln t b 4.8153

a 1.9623

R2 0.9432 Fig. 9. Pseudo-second-order kinetics for adsorption of
Cr (VI) ions using Fe–CCRB.

Table 2
Summary of parameters for various isotherm models

Isotherms Equation Constants r2 r x2

Langmuir Ce

qe
¼ 1

b:h þ Ce

h
h (mg g�1) = 94.4, b (L mg�1) = 0.071 0.9897 0.9948 16.59

Freundlich ln qe ¼ lnK þ 1
n lnCe 1/n= 0.3027, K (mg g�1) = 20.1 0.9914 0.9956 0.561

Temkin qe ¼ aþ b lnCe b ¼ 14:88, a (1/g) = 11.042 0.965 0.9823 2.026

Redlich-Peterson ln ACe

qe
� 1

� �
¼ g lnðCeÞ þ lnB g= 0.7297, B= 4.04, 0.9983 0.9991 0.517

Fig. 8. Theoretical isotherms and experimental data for
adsorption of Cr (VI) ions using Fe–CCRB.
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where Kid is the intraparticle diffusion rate constant in
mgg�1min�1/2 and C is the intercept. According to

Eq. (4), a plot of qt vs. t1=2 provides a straight line
with a slope Kid and intercept C when an adsorption
mechanism follows the intraparticle diffusion process.

From Fig. 10, it is observed that there are two
separate regions i.e. the initial portion is attributed to
the bulk diffusion (Kid;1) and the final portion to
intraparticle diffusion (Kid;2), which is also evident

from the experimental data followed by Freundlich
isotherm (multilayer adsorption).

The values of Kid1; Kid2, C1, and C2 using Eq. (4) were
found to be 3.3136mgg�1min�1, 3.0999mgg�1min�1,
33.27, and 19.60, respectively, from Fig. 10.

3.10. Mass transfer studies

The mass transfer equation [41] is generally
expressed by Eq. (5)

C0 � Ct ¼ DeK0t ð5Þ

where C0 is the initial metal ion concentration
(mgdm�3), Ct is the metal ion concentration at time t,
D is a fitting parameter, K0 is the adsorption constant
in min�1 which is related to the mass transfer
adsorption coefficient K, K0 ¼ Km, where m is the
mass of the adsorbent (g).

A linearized form of equation is given in Eq. (6)

lnðC0 � CtÞ ¼ lnDþ K0t ð6Þ

A plot of lnðC0 � CtÞ vs. time should give a linear
relationship from where the constants lnD and K0 can
be determined from the slope and intercept of the
plot, respectively.

Fig. 11 shows a plot of lnðC0 � CtÞ vs. time. The
fitting parameter lnD, the adsorption constant K0, and

the mass transfer adsorption coefficient value K
computed from the slope and intercept are 5.5816,
0.0064min�1, and 0.00064 (g L�1min�1), respectively.

3.11. Thermodynamic parameters

The thermodynamic parameters [42] for the
adsorption of Cr (VI) ions were determined using the
following Eqs. (7)–(9):

KD ¼ qe
Ce

ð7Þ

DG� ¼ �RT lnKD ð8Þ

lnKD ¼ DS�=R� DH�=R� T ð9Þ

where KD is the distribution coefficient for the adsorp-
tion in g/l, DG� is the Gibbs free energy in J/mol, R is
the gas constant in J/molK, T is the absolute tempera-
ture in K, DS� is the entropy change in Jmol�1 K�1,
and DH� is the enthalpy change in KJ/mol. A linear
plot of ln KD vs. 1/T was drawn. The value of DH�

and DS� were obtained from the slope and intercept
of the plot.

The thermodynamic constants were determined
from Fig. 12 and the results for various temperatures

Fig. 10. Intraparticle diffusion for adsorption of Cr (VI)
ions using Fe–CCRB.

Fig. 11. Mass transfer kinetics for adsorption of Cr (VI)
ions using Fe–CCRB.

Fig. 12. Determination of Thermodynamic parameters
(C0 = 200mg/l, m=0.2 g, speed= 200 rpm, pH 2).
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are listed in Table 4. The positive values of DH� for all
the temperatures indicate the feasibility of the process
and the reaction is endothermic. The positive value of
DS� indicate the occurrence of structural change on
the surface of the adsorbent and increased random-

ness during the adsorption process. The negative
values of Gibbs free energy DGo change indicate the
feasibility and spontaneous nature of adsorption.

4. Regeneration studies

Desorption studies were also conducted to explore
the feasibility of recycling the adsorbents and recovery
of the metal resources. NaOH was used for the strip-
ping section. Desorption experiments were conducted
by mixing 0.6 g of spent adsorbent with 25ml of 1M
NaOH. In order to determine the reusability of the
adsorbent, the adsorbent was taken out from the
solution, washed with double distilled water, and
protonated with 0.1M HCl. Consecutive adsorption
and desorption studies were repeated four times by
using the same adsorbent and shown in Fig. 13. It was
found that there was only little change in percentage
removal that shows the stability of the adsorbent.

5. Comparison with other adsorbents

The experiments were also conducted with other
adsorbents for the adsorption of Cr (VI) ions, such as
acid-treated carbonized rice husk, ozone-treated car-
bonized rice husk, chitosan-coated carbonized rice
husk, glutaraldehyde cross-linked chitosan carbonized
rice husk composite, epichlorohydrin cross-linked
chitosan carbonized rice husk composite and
ethylamine-modified chitosan carbonized rice husk
composite beads.

The maximum percentage removal and adsorption
capacity of Cr (VI) ions were found to be more for

Table 4
Thermodynamic parameters for the adsorption of Cr (VI)
ions using Fe�CCRB at different temperatures

S. no T (K) DGo

(J/mol)
DHo

(KJ/mol)
DSo (Jmol�1K�1)

1 303 �2,382.95

2 313 �3,370.93

3 323 �4,342.69 78.22 261.6

4 333 �7,453.70

5 343 �13,814.04

Fig. 13. Percentage removal on regeneration of Fe–CCRB.

Table 5
Comparison with other adsorbents

Adsorbents Percentage removal qe (mg/g)

Carbonized rice husk 20.2 (25ml of 100 ppm, 0.1 g dosage,
pH 2)

4.9

Acid treated carbonized rice husk 47.3 (25ml of 100 ppm, 0.1 g dosage,
pH 2)

11.8

Ozone treated carbonized rice husk 65.9 (25ml of 100 ppm, 0.1 g dosage,
pH 2)

16.5

Glutaraldehyde cross-linked chitosan carbonized rice husk composite 87.9 (25ml of 100 ppm, 0.1 g dosage,
pH 2)

22.0

Epichlorohydrin cross-linked chitosan carbonized rice husk composite 81.4(25ml of 100ppm, 0.1 g dosage,
pH 2)

20.4

Ethylamine-modified chitosan carbonized rice husk composite beads 96.0 (25ml of 100 ppm, 0.1 g dosage,
pH 2)

24.0

Fe–CCRB 98.3(25ml of 100ppm, 0.1 g dosage,
pH 2)

24.5

87 (300 ppm) 65

70 (500 ppm) 86
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Fe–CCRB when compared with other adsorbents and
the results are reported in Table 5.

6. Conclusion

Fe–CCRB is an effective adsorbent for the removal
of chromium from aqueous solutions. There is no sig-
nificant change in the BET surface area. A SEM image
reveals that the Fe–CCRB particles have narrow size
distribution, spherical-shaped with very small cavities
and rough surfaces. FTIR was done before and after
adsorption. The shifting in peaks revealed that the
Cr (VI) ions were attached to the various functional
groups present in Fe–CCRB. Adsorption of Cr (VI)
ions was highly pH dependent and the results showed
that the optimum pH for the removal of Cr (VI) ions
was obtained at pH 2. The maximum percentage
removal of 98% at 100ppm and adsorption capacity of
88mg/g at 500ppm were obtained. Equilibrium
adsorption data for chromium removal was best
represented by Freundlich isotherm and the same is
confirmed in intraparticle and mass transfer diffusion
studies. Adsorption kinetics was found to fit suitably
in a pseudo-second-order kinetic model. A thermody-
namic study reveals the endothermic, randomness,
and spontaneous nature of the adsorption processes.
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