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ABSTRACT
Chromium in the industrial effluent is a major concern for the environment. Chemical

precipitation methods are commonly employed for the removal of chromium but this leads
to the formation of chromo-bearing solid waste and it is uneconomical when the concentration
of chromium in the effluent is low. Ion exchange and membrane separation methods are
relatively expensive. In this study the removal of Cr(VI) from aqueous solutions by batch
adsorption technique using different low cost adsorbents was investigated. Adsorbents
such as rice husk a surplus agricultural byproduct, saw dust a timber industry waste were
used to determine adsorption efficiency. The influence of pH, adsorbent dose, initial Cr(VI)
concentration and contact time on the selectivity and sensitivity of the removal process
was investigated. Adsorption process was found to be highly pH dependent. Optimum pH
for adsorption of Cr(VI) was found to be 2.0. Kinetic studies were performed to understand
the mechanistic steps of the adsorption process and rate kinetics for the adsorption of
Cr(VI) was best fitted with pseudo 2nd order kinetic model. EDAX of the Rice husk and
Sawdust (native and metal loaded) were recorded to explore the elemental constitution of
the adsorbents. Reusability of the adsorbents was examined by desorption in which HCl
eluted 84.08% and 79.63% Cr(VI) from Rice husk and Sawdust, respectively. Langmuir and
Freundlich isotherms were applied to the adsorption process and their constants were
evaluated. The adsorption capacity qmax calculated from Langmuir isotherm obtained for the
different adsorbents showed that sawdust was the most effective among the selected
adsorbents for the removal of Cr(VI) from aqueous solutions.
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INTRODUCTION

Enhanced industrial activity during recent
decades has led to the discharge of large
volumes of wastewater, which is a serious
cause of environmental degradation. Heavy
metals, due to their high toxicity, pose a serious
threat to biota and the environment1. Heavy

metal contamination exists in aqueous wastes
of many industries, such as metal plating,
mining operations, tanneries, radiator
manufacturing, smelting, alloy industries and
storage batteries manufacture2. One of the
heavy metal contaminants that has been a major
focus in wastewater management is chromium.
Most of the chromium in wastewater,
especially hexavalent chromium, is the result
of emissions from industries such as
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electroplating, metal finishing, and glass-
making. Chromium can be removed by
adsorption onto activated carbons. Extensive
studies3-5 have been published on the removal
mechanisms of chromium by activated carbons,
to obtain operating conditions for optimum
removal efficiency. To remove heavy metals
effectively from metalladen wastewater,
engineers and scientists have developed
processes and measurements for the treatment
and disposal of metal-containing wastes,
namely, chemical precipitation, ion exchange,
membrane separation and adsorption6-9. Among
these methods, the most common is chemical
precipitation. However, this method may be
costly, it requires a relatively large amount of
space for the clarifier, it typically produces a
wet bulky sludge and generally requires final
filters for polishing if small residual levels of
metals are required. Other available processes
include ion exchange, reverse osmosis,
adsorption on activated carbon, and solvent
extraction. These methods are relatively
expensive, involving either elaborate and costly
equipment or high operation costs and energy
requirements. The ultimate disposal of the
contaminants may also be a problem in these
techniques10. In recent years, the search for
low-cost adsorbents that have metal-binding
capacities has intensified. Materials locally
available in large quantities such as natural
materials, agricultural waste or industrial
byproducts can be utilized as low-cost
adsorbents. Some of these materials can be
used as adsorbents with little processing.
Conversion of these materials into activated
carbon, which can be used as an adsorbent for
water purification, would improve economic
value, helping industries reduce the cost of
waste disposal and providing a potential
alternative to activated carbon. To achieve an
economically effective treatment of metal-
contaminated wastewater, various low-cost
materials have been investigated worldwide.
It was reported that wool11, soya cake12,

sawdust13, maple saw dust14, distillery sludge15,
cocoa shell16, sugar beet pulp17 and zeolite18

could bind Cr(VI) with high removal capacity.
The main objective of present studies is to
investigate the adsorption behavior of Cr(VI)
ion on to  rice husk and saw dust adsorbents.
Batch adsorption process has been used to
evaluated the maximum absorption of rice husk
and saw dust. Main parameters considered are
pH, contact time, initial metal ion concentration
and adsorbent dose.

MATERIAL AND METHODS
Preparation of boiled Rice husk (BRH)
and boiled Sawdust (BSD)

Rice husk and Saw dust were collected
from a local agricultural field and timber
industry respectively. The collected rice husk/
sawdust were dried under sun and impurities
were separated manually. Both were boiled
with distilled water for five hours to make it
free from colored compounds and filtered. The
residual materials so obtained were dried at
60 oC in hot air oven for 24h, and then the
materials were grinded and sieved through the
sieves of 300 micron size. The materials were
stored in airtight plastic container for further
use.
Preparation and testing of simulated waste
water

Aqueous solution of chromium (1000
mg l–1) was prepared by dissolving potassium
dichromate in double distilled water. The
aqueous solution was diluted with distilled water
to obtain the Cr (VI) simulated wastewater of
desired concentration. pH of the solutions was
adjusted using 0.01M NaOH/0.01M HCl by pH
meter. The Cr(VI) concentration was
determined by Atomic Absorption spectro-
photometer (Shimadzu 6300, Japan).. The
elemental constitution of the adsorbents was
visualized via EDAX (model Quanta 200 FEG,
FEI, Netherlands)
Adsorption experiments

Batch experiments were carried out at
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various pH (2-7), adsorbent dose (4-20 g  L–1)
and stirring speed (180 rpm) for a contact time
of 180 min. For each experiment, 50 ml Cr (VI)
solution of 100 mg L–1 concentration was used.
After adding desired amount of adsorbent, pH
was adjusted and the mixture was agitated on
orbital shaker (Scigenics Biotech Orbitek) at
180 rpm for 180 min. After that the mixture
was filtered to separate the adsorbent from
solution. The residual concentration of
chromium in solution was determined by Atomic
Absorption spectrophotometer (Shimadzu 6300,
Japan). All experiments were replicated thrice
and results were averaged. The removal
percentage (R %) of chromium was calculated
for each run by following equation:

R (%) = [(Ci – Ce)/ Ci]  100   (1)
Where C i and Ce are the initial and final
concentration of Chromium in the solution. The
adsorption capacity of the adsorbent for each
concentration of chromium (VI) ions at
equilibrium was calculated using the
equation 2.
     qe(mg g–1) = [(Ci–Ce)/M]  V              (2)

Where, Ci and Ce were the initial and final
concentration of chromium (mg L–1) in the test
solution respectively. V is the volume of solu-
tion (L) and M is the mass of adsorbent (in g)
used.

RESULTS AND DISCUSSION
Energy Dispersive X-Ray analysis
(EDAX)

EDAX measurements of the samples
(with and without metal ion) were also
undertaken for qualitative analysis of the
elemental constitution of various samples. The
EDAX spectrum for native as well as metal
ion loaded adsorbents is illustrated in Fig. 1-4.
The samples equilibrated with metal ion solution
showed distinct peaks for Cr (VI) metal
indicating that the corresponding ion had been
sorbed onto the surface of the adsorbent. The
appearance of gold in the spectra is due to the
fact that the samples were coated with gold
prior to analysis. EDAX analysis therefore
provided direct evidence for the specific

 

Fig. 1 :  EDAX of Native BRH.
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Fig. 2 :  EDAX of Cr(VI)-loaded BRH.

 

Fig. 3 :  EDAX of native BSD

adsorption of Cr (VI) ion onto adsorbents
Effect of pH

The solution pH is one of the important
parameters having considerable influence on

the adsorption of metal ions, because the
surface charge density of the adsorbent and
the metallic species depend on the pH19.
Adsorption experiments were carried out in
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Fig. 4 :  EDAX of Cr(VI)-loaded BSD.

the pH range of 2-7 while keeping all other
parameters constant (chromium concentration
= 50mg L–1; stirring speed = 180 rpm; contact
time = 180 min, adsorbent dose = 4g L–1,
temp. = 250C).  The adsorptions decrease from

35% to 19.40% for BRH and 56% to 18.7%
for BSD as pH increases from 2 to 7 (Fig. 5).
This indicates that the Cr(VI) adsorption
capacity of the adsorbent is dependent upon
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Fig.  5 : Effect of pH on Cr(VI) removal by BRH and BSD [Cr (VI) conc.= 50 mg L-1;
biosorbent dose = 4g L-1; contact time = 180 min, stirring speed = 180 rpm; Temp. = 25 0C].
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pH.
Cr(VI) exists in different forms in

aqueous solution such as HCrO4
–, Cr2O7

2–,
CrO

2
– and the stability of these forms is mainly

dependent on the pH of the system20.
Adsorption of Cr(VI) at low pH by BRH and
BSD may be attributed to the large number of
H+ ions present at low pH values which in turn
neutralize the negatively charged adsorbent
surface, thereby reducing hindrance to the
diffusion of chromate ions21. It is well known
that the dominant form of Cr(VI) between pH
1.0 and 4.0 is HCrO4

– 20. The decrease in
removal at higher pH may be due to abundance
of OH– ions causing increased hindrance to
diffusion of dichromate ions. Increasing the pH
will shift the concentration of HCrO4

– to other
forms. Because of the solution at a pH value
about 2.0 is an optimal condition for the
adsorption of Cr(VI), following studies were
carried out at initial pH of 2.0.
Effect of initial metal ion concentration

The effect of changing the initial metal
ion concentration from 10 to 70 mg L–1 was
studied for BRH and BSD at constant
adsorbents dose (4.0 g/L), pH (2.0), contact
time (180 min) and stirring speed  (180 rpm) at
25°C are illustrated in Fig. 6. On changing the
initial concentration of Cr (VI) solution from
10-70 mg L–1, the percent adsorption decreased
from 65% to 36.5% for BRH and 86% to
50.71% for BSD respectively. Thus, the
removal of Cr (VI) was dependent on the initial
concentration. This is because at low
concentration, the ratio of available surface to
the initial Cr (VI) concentration is larger, so
the removal is higher. However, in case of
higher concentrations this ratio is low; hence
the percentage removal is also lesser22 where
as adsorption capacity increased from 1.63 mg
g-1 to 6.39 mg g–1 for BRH and 2.15 mg g–1 to
8.87 mg g-1 for BSD respectively (Table 1).
The number of ions adsorbed from higher
concentrations is more than that removed from

Table 1: Adsorption capacity of BRH and BSD at different initial
concentrations of Cr(VI)

Cr (VI) concentration BRH BSD
(mg L-1) (mg g-1) (mg g-1)

10 1.63 2.15
30 4.33 5.08
50 6.31 7.00
70 6.39 8.87

less concentrated solutions. As higher ions
concentration enhanced the mass transfer
driving force, and increased the metal ions
sorbed per unit weight of adsorbent at
equilibrium23. In addition, increasing metal ions
concentration increased the number of collisions
between metal ions and sorbent, which
enhanced the sorption process23,24.
Effect of adsorbent dose

The adsorption of Cr (VI) on BRH and

BSD were studied by varying the adsorbent
dose (4.0 to 20 g L–1) in solution while keeping
initial Cr (VI) concentration 100 mg L–1. The
temperature and pH were maintained constant
at 25ºC and 2.0, respectively. The samples
were withdrawn after a contact time of 180
minutes. The percentage adsorption increased
from 33.1% to 70.9 % and 43.8% to 80% for
BRH and BSD respectively with increase in
adsorbent dosage from 4.0 to 20 g L–1,
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Fig. 6 : Effect of initial metal concentration on Cr(VI) removal by BRH and BSD
[biosorbent dose = 4g L–1; pH = 2; contact time = 180 min; stirring speed = 180 rpm; Temp. = 25 0C]
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Fig. 7 : Effect of adsorbent dose on Cr(VI) removal by BRH and BSD [Cr (VI) conc.= 100 mg L-1; pH = 2;
contact time = 180 min ;stirring speed = 180 rpm; Temp. = 25 0C]
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respectively (Fig. 7). This can be explained
due to the fact that higher the dose of adsorbent
in the solution, greater the availability of
exchangeable sites for metal ions and greater
the surface area25.

However, Cr(VI) uptake values showed
a reverse trend, as it is a measure of the amount
of Cr(VI) ions bound by unit weight of biomass
and therefore, its magnitude decreased with
increment in biomass dose 4-20 g L–1 (Fig. 7).
Adsorption capacity was decreased from 8.28
mg g–1 to 3.54 mg g–1 and 10.9 mg g–1 to 4 mg

g–1 for BRH and BSD respectively (Table 2).
The reason might be attributed to the fact that
the high biomass concentration could make a
“screen” effect on the dense outer layer
protecting the binding sites from metal and
thereby lowering the specific metal uptake at
higher biomass loading26.
Effect of contact time

Effect of contact time (10-180 min)  on
Cr(VI) removal by BRH and BSD was studied
by carrying out the experiments at  constant
initial metal ion concentrations 100 mg L–1,

Table 2: Adsorption capacity of BRH and BSD at different adsorbents doses.

Cr (VI) Adsorbent dose BRH BSD
(g L–1)  (mg g–1) (mg g–1)

4 8.3 10.9
8 6.23 6.80
12 4.58 4.98
16 4.31 4.76
20 3.55 4.00

pH (2), adsorbent dose (4.0g/L), stirring speed
(180 rpm) and temperature (25ºC). The effect
of contact time on the removal of Cr(VI) on
BRH and BSD are shown in Fig. 8 . It has

been observed that adsorption rate increased
from 6.52% to 33.2% for BRH and 9.7% to
43.8% for BSD with increased in contact time
from 10 minutes to 180 minutes. It may be
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Fig. 8 : Effect of contact time on Cr(VI) removal by BRH and BSD [Cr (VI) conc.= 100 mg L–1;
biosorbent dose = 4g L–1; pH = 2; stirring speed = 180 rpm; Temp. = 25 0C].
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explained by the fact that adsorbate molecules
attain the equilibrium at a particular pH, dose
and time. adsorption got slowed down in later
stages, because initially a number of vacant
surface site may be available for adsorption
and after some time, the remaining vacant
surface site may be exhausted due to repulsive
forces between the solute molecules of solid
and bulk phase27.
Adsorption isotherms

The Langmuir and Freundlich, models
have been employed as adsorption isotherm
models. These isotherms relate the amount of
solute adsorbed at equilibrium per unit weight
of adsorbent, x/m (mg g–1), to the adsorbate
concentration at equilibrium, Ce (mg L–1).

The Langmuir isotherm was applied to
estimate the adsorption capacity of adsorbent
used and suggests that uptake occurs on a
homogeneous surface by monolayer sorption
without interaction between adsorbed
molecules. In addition, the model assumes
uniform energies of adsorption onto the surface
and no transmigration of the adsorbate. The
linear form of the Langmuir adsorption isotherm
is represented as:

Ce/qe = [1/Qo.b + 1/Qo  Ce ]     (3)
Where, Ce is the equilibrium concentration of

adsorbate (mg L–1), and qe is the amount of
Cr(VI) adsorbed per gram at equilibrium
(mg g–1). Q0 (mg g–1) and b (L mg–1) are
Langmuir constants related to adsorption
capacity and rate of adsorption, respectively.
The values of Q0 and b were calculated from
the slope and intercept of the Langmuir plot of
Ce versus Ce/qe.

The adsorption capacity of the both BRH
and BSD indicate potential for the removal of
the Cr(VI) from dilute wastewaters. Value of
slope found to be lesser than unity implied that
significant adsorption took place at low
metal ion concentration28. The essential
characteristics of Langmuir isotherm can be
expressed in terms of dimensionless constant
separation factor for equilibrium parameter, RL
which is defined as given below:

      RL = 1/ (1+b.Co)               (4)
Where b is the Langmuir constant (L mg–1)
and C0 ((mg L–1) is the initial concentration of
Cr (VI). Thus, RL is a positive number whose
magnitude determines the feasibility of the
adsorption process. The RL value between 0
and 1 indicates favourable adsorption of Cr (VI)
onto studied adsorbent. The values of RL for
the studied system at different initial
concentrations were found to be in between 0
and 1 which indicate favourable adsorption of

Table 3: Separation factor (RL) of BRH and BSD at different initial
concentrations of Cr(VI)

Cr(VI) (mg L-1)                          RL
BRH BSD

10 0.56 0.43
30 0.30 0.20
50 0.20 0.13
70 0.15 0.10

Cr(VI) onto the both adsorbents (Table 3).
The Freundlich isotherm is an empirical

expression that accounts for surface

heterogeneity by multilayer adsorption,
exponential distribution of active sites of
sorbent and their energies towards sorbate. It
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is widely used in environmental engineering
practice to model adsorption of pollutants from
aqueous medium empirically. It is most widely
used non-linear sorption model. The linearized
Freundlich model isotherm was applied for the
adsorption of Cr (VI) and is expressed as:

     efe CnKq 101010 log/1loglog  (5)

where, qe is the amount of Cr(VI) adsorbed
at equilibrium (mg g–1), and Ce is the
equilibrium concentration of chromium in
solution (mg L–1). Kf and n are the constants
incorporating all factors affecting the
adsorption process (adsorption capacity and
intensity). Values of Kf and n were calculated
from the intercept and slope of the plot and

are given in Table 4. Both the parameters, Kf
and n affect the adsorption isotherm. The larger
the Kf and n values, the higher the adsorption
capacity.

The magnitude of the exponent n gives
an indication of the favorability of the
adsorption. It is generally stated that values of
n in the range 2-10 represent good, 1-2
moderately difficult and less than 1 poor
adsorption characteristics29.

Results of the modeling of the isotherms
of Cr(VI) sorption by BRH and BSD, according
to Langmuir and Freundlich models, are
summarized in Table 4. According to the
coefficient of correlation obtained, we deducted
that the experimental data of BRH followed

Langmuir isotherm constants Freundlich isotherm constants 
Adsorbent 

Qmax (mg g-1) b (L mg-1) R2 Kf (mg g-1) n (L mg-1) R2 

BRH 8.5 0.079 0.9735 0.883 1.75 0.9314 

BSD 10.34 0.13 0.9657 1.84 2.26 0.9994 

 

Table 4 : Langmuir and Freundlich models constants for BRH and BSD.

For BRH
y = 0.1176x + 1.4808

R2 = 0.9735

For BSD
y = 0.0967x + 0.7623

R2 = 0.9657
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Fig. 9: Langmuir plot for Cr(VI) adsorption on BRH and BSD
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For BRH
y = 0.5715x - 0.0542

R2 = 0.9314

For BSD
y = 0.4428x + 0.265

R2 = 0.9994
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Fig. 10 : Freundlich plot of Cr(VI) adsorption on BRH and BSD

Langmuir model whereas BSD  data followed
Freundlich model (Fig 9 and Fig. 10).
Adsorption kinetic study

In the present study, three kinetic
models have been tested in order to predict
the adsorption data of Cr (VI) as a function of
time using a pseudo-first-order, pseudo-
second-order and intra-particle diffusion
kinetic models. The pseudo first-order-model
can be expressed as follows:

  tkqqq ete 303.2
loglog 1 (6)

Where qe (mg g-1) is the mass of Cr (VI)
adsorbed at equilibrium, qt (mg g–1) the mass
of Cr (VI) at any time and k1 (min-1) is the
equilibrium rate constant of pseudo-first-order
adsorption. The values of k1 and qe are
determined from the slope and intercept of the

For BRH
y = -0.0049x + 0.482

R2 = 0.5438

For BSD
y = -0.0086x + 0.7617

R2 = 0.4784
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Fig. 11: Pseudo first order kinetic plot for Cr(VI) adsorption on BRH and BSD
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plot of log (qe-qt) versus t, respectively
(Fig. 11) and are given in Table 5.

The pseudo-second-order model, which
leads to the following equation :

t
qqkq

t

eet

11
2

2

 (7)

Where k2 is the pseudo- second-order rate
constant (g mg –1min–1) The value of qe is
determined from the slope of the plot of t/qt
versus t (Fig. 12). The correlation coefficient
for the linear plot are very high (>0.98). The

Table 5 : Kinetic parameters for the removal of Cr (VI) by BRH and BSD.

Pseudo first order Pseudo second order

Adsorbent qe (mgg-1) qe (mgg-1) k 1 R2 qe(mgg-1) k 2 R2

(exp) (cal) (min-1) (cal) (g mg-1min-1)

   BRH 6.39 3.03 0.011 0.5438 7.2 0.0059 0.9951
   BSD 10.95 5.78 0.02 0.4784 13.48 0.0023 0.982

calculated qe value from the pseudo-second-
order model is in good agreement with
experimental qe value. This suggests that the
sorption system followed the pseudo second-
order model. The values of kinetic constants
and qe values of Cr (VI) sorption onto BRH
and BSD are given in Table 5.

The possibility of intra-particle diffusion
model is explored by using the following
equation, already applied by :

Ctkq idt  2/1 (8)
where C is the intercept and kid is the intra-

For BRH
y = 0.1389x + 3.2461

R2 = 0.9951

For BSD
y = 0.0742x + 2.4213

R2 = 0.982
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Fig. 12 : Pseudo second order kintic plot for Cr(VI) adsorption by BRH and BSD
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particle diffusion rate constant. The intra-
particle diffusion rate constant was determined
from the slope of linear gradients of the plot qt
versus t1/2 as shown in (Fig. 13). The values
of rate constant of intra-particle diffusion are
given in Table 6. The values of the intercept
C provide information about the thickness of

boundary layer i.e. larger the intercept, larger
is the boundary layer effect. The metal ions
are most probably transported from the bulk
of solution into the solid phase by intra-particle
diffusion, which is often the rate limiting step
in many sorption processes. The uptake of

Fig. 13 : Intra-particle diffusion kinetic plot for Cr(VI) adsorption on BRH and BSD

For BRH
y = 0.3763x + 1.8136

R2 = 0.958

For BSD
y = 0.8242x + 1.6874

R2 = 0.8259
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Table 6 : Intra-particles diffusion model constants for BRH and BSD

Adsorbent K id C R2

BRH 0.3763 1.8136 0.958

BSD 0.8242 1.6874 0.8259

chromium can be controlled by either the mass
transfer through the boundary film of liquid or
by the intra-particle mass transfer.
Desorption studies

Desorption studied are helpful to explore
the possibility of recycling the adsorbent and
recovery of the metal resource. Desorption
experiments were done at contact time of 60
min. A range from 0.0125 to 0.150 M (Molarity)
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concentrations of KI and HCl solutions were
tested to remove metal from the BRH and
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Fig. 14 : Desorption plot of the Cr(VI) bound on the BRH and BSD by KI
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Fig. 15 : Desorption plot of the Cr(VI) bound on the BRH and BSD by HCl

BSD. Desorption experiments results for  BRH
was found 70.84 % and 60.67% for BSD by
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KI solution are shown in Fig.14 and for BRH
was found 84.08 % and 79.63% for
BSD by HCl soloution are shown in
Fig. 15.

CONCLUSION
Results of the present study showed that

BSD has more adsorption capacity for Cr(VI)
removal capacity from aqueous solutions than
BRH. Moreover BRH and BSD are efficiently
working for the Cr(VI) removal at pH 2.0.
Langmuir and Freundlich models showed better
correlation coefficient for BRH and BSD
respectively. Effect of various process
parameter showed that percent adsorption
decreased with increase in initial Cr(VI)
concentration while it increased with increased
in adsorbent dose. Kinetics of the Cr(VI)
removal followed pseudo 2nd order model which
showed a good fit as compared to pseudo 1st

order and intra-particle diffusion model with
high correlation coefficient value. Results in the
present study showed that BRH and BSD can
be used for the removal of Cr(VI) from
wastewater through a cost effective and
environment friendly process.
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