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Abstract: In this paper, removal of Cr (VI) from aqueous
solution by wheat bran as a biosorbent has been presented.
Effect of pH, contact time, adsorbent dose, initial metal
concentration and agitation speed on the removal of Cr (VI)
in batch mode were studied. At pH 2, 35°C, contact time of
180 min., adsorbent dose of 0.4 g/100 ml, an initial metal
conc. of 100 ppm and stirring speed of 200 rpm, maximum
biosorption capacity of Cr (VI) was found to be 8.43 mg/g
and removal efficiency was 80.04%. The biosorption process
was found to follow pseudo second order kinetics and the
equilibrium data fitted well to the Langmuir isotherm.The
kinetic and isotherm study of the adsorption process can be
useful in designing and fabrication of wastewater treatment
plants using wheat bran as biosorbent, where major
contaminants are heavy metals and use of standard material
such as activated carbon is economically not viable.
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1. INTRODUCTION

Rapid industrialization is one of major causes of extensive
heavy metal pollution of environment. Out of several heavy
metal pollutants, Cr (VI) compounds are found to have
adverse effects on biological systems and human health [1].
Major cause of chromium release into our ecosystem is
through the discharge of various industrial processes including
electroplating, tannery, alloy making, wood preservation etc.
[2]. Chromium exists in trivalent and hexavalent forms in
aqueous systems. The trivalent form is innocuous and desired
for various processes [3], but hexavalent form is toxic,
carcinogenic in nature. The toxicity of hexavalent form is 500
times more than the trivalent form [4]. Its overexposure can
cause lung cancer, as well as kidney, liver, and gastric damage
[5, 6]. Industrial effluents contain 40 to 1000 mgl_lof Cr (VI)
[7, 8]. Permissible limit of Cr (VI) for industrial waste water is
0.1mgl™", thus removal of Cr (VI) is necessary before
discharge of the effluents in environment [9]. Though various
physio-chemical methods for the treatment of Cr (VI) are
employed like precipitation, reverse osmosis, ion-exchange,
reduction, electro dialysis [10] but these are high energy
consuming and thus expensive techniques which often
generates of toxic sludge [11].

The use of commercially available activated carbon for the
treatment of heavy metal laden waste water is limited in
developing countries like India because of being costly.
Several types of low-cost biosorbents like wool, pine needle,
cactus leaves, waste tea, sawdust, rice hulls, olive cake,
soybean hulls, cotton seed hulls, etc. have been investigated
for their use in heavy metal removal in wastewater treatment
[12-17]. Although their sorption capacity is usually lesser than
activated carbons but these materials could be an inexpensive
substitute for wastewater’s treatment [2].

Wheat bran, a byproduct of flour mills is generated in large
quantities in India and used for cattle food. In the present
study an attempt has been made to explore the use of wheat
bran adsorbents for chromium removal from aqueous systems
under different experimental condition.

2. MATERIALS AND METHODS

2.1. Adsorbent

Wheat bran is a by-product of a flour milling plant. It was
collected from Tarambkam Flour Mills Pvt. Ltd, Ravindrapuri,
Varanasi, Uttar Pradesh. It was washed twice with distilled
water to remove soluble lighter materials. Thereafter, it was
dried in an oven at 60°C for 2 hour. After that, it was crushed
and sieved to less than 60 mesh size [18].

2.2. Adsorbate

Stock solutions of Chromium (VI) were prepared by
dissolving accurately weighed amount of analytical grade
K,Cr,0; in distilled water. The test solutions were prepared by
diluting 1g/l of stock solution of Cr (VI) to the desired
concentrations. Before mixing the adsorbent, the pH of each
test solution was adjusted to the required value with 0.1N HCl
and NaOH solutions, respectively [19]. Insignificant decreases
in the final equilibrium pH were recorded, so during the
uptake pH was assumed constant.

2.3. Biosorption studies

Batch experiments were carried out 35°C (room temp.). 100
ml of Cr (VI) solution with initial concentration Cy (10-100
ppm) were shaken in the shaker incubator at an agitation speed
(10-220 rpm) with fixed amount of biosorbent dose (0.1-0.6
2/100 ml) for a specified period of contact time (10-220 min),
varying the initial pH (1-10).The pH of the Cr (VI) solution
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was adjusted by adding 0.1N HCI or 0.1N NaOH solutions.
After attaining equilibrium, 10 ml sample of the adsorbate was
withdrawn and centrifuged to remove the adsorbent particles
present. Final concentration of Cr in the adsorbate was
determined spectro photometrically [UV-Vis
Spectrophotometer ELICO SL 173]by diphenyl carbazide
method [20]. The percentage removal of Cr (VI) were
calculated by the difference in Cr (VI) conc. before and after
biosorption i.e. C; and C, and presented by given equation:

Ci_Ce

% Removal = X100 @))]

1

The amount of adsorbed Cr (VI) per gram biosorbent was
obtained using equation [21]:

_(C—Ce)V

Q=" @)

m

3. RESULTS AND DISCUSSIONS

3.1. Effect of pH

In order to establish the effect of pH on the sorption of Cr (VI)
ions by wheat bran, experiments were performed at different
initial solution pH value. It was found that uptake of free Cr
(VI) depends on pH and decreases from 70% to 35% with
increasing pH (Fig. 1).These results are consistent with
previous works in this area[12-14, 21, 22]. The Cr (VI) uptake
was found to be maximum at pH 2. The pH dependence of
metal uptake is largely related to surface functional group and
metal solution chemistry.Dichromate ion (Cr,0,”) gets
reduced to Cr**under acidic conditions

Cr,0,* +14H*+ 6e"— 2Cr** +7H,0
However in basic environment, it exists as Cr (OH);
Cr,0,°” +4H,0 + 3¢”— Cr(OH);+50H"

More adsorption at lower pH indicates that there is strong
electrostatic attraction between chromate ions and positively
charged adsorbent surface. Lesser adsorption of Cr(VI) at high
pH values greater than 6.0 may be due increased competition
of both the anions (CrO,*"and OH) to get adsorbed on the
surface of the adsorbent of which OH predominates. This is in
accordance with the earlier studies that have reported the
removal of Cr(VI) by different adsorbents [22-25].

2.2. Effect of contact time

Equilibrium time is the maximum time taken by the sorption
experiment to achieve equilibrium after which no further
metal uptake is observed. It can be noticed from Fig.2 that
contact time significantly affects the metal uptake; the metal
sorption increases sharply in first 150 minutes and then tapers
off thereafter, as the equilibrium is approached. The uptake of
Cr (VI) ions by biosorbent has often been observed to occur in

two stages: (i) rapid and quantitatively predominant and (ii)
slower and quantitatively insignificant. The rapid stage is
probably due to abundant availability of active sites on the
biomass. With gradual occupancy of these sites, the sorption
becomes less efficient in slower stages. According to the
results, it was concluded that 180 min was sufficient for the
sorption to attain equilibrium. The percentage removal of Cr
(VI) was found to be maximum 80.8% at 35°C and
equilibrium capacity obtained after two hour of sorption was
7.9 mg/g.

2.3. Effect of adsorbent dose
The experiments were carried out under the

Conditions described earlier and varying biosorbent mass from
0.1gm/100ml to 0.6 gm/100 ml .From Fig. 3, it can be
observed that Cr (VI) removal efficiency increases with
increase in adsorbent dose, since contact surface of adsorbent
particles increased and it would be more probable for HCrO,"
and Cr,0O; ions to be adsorbed on adsorption sites. Similar
results are also reported by other researchers [26-
30].Maximum adsorption was observed at 0.4gm /100 ml i.e.
80.34%.

2.4. Effect of Initial Cr (VI) concentration

Experiments were carried out with different initial Cr (VI)
concentrations at pH 2 of the metal solution and 0.4 g
biosorbent dose. It can be observed from Fig.4 that specific
metal uptake increased with an increase in the Cr (VI) ion
concentration. The highest uptake by Wheat bran was around
8.14 mg g™ at an initial Cr (VI) concentration of 100 mg
"' The enhancement in metal uptake could be due to an
increase in electrostatic interactions involving the sites of
progressively lower affinity for metal ions. At higher
concentrations, the mass transfer resistance of metal ions
between the aqueous and solid phases was reduced which
resulted in higher probability of collision between the metal
ion and biosorbent.

2.5. Effect of agitation speed

To study the effect of agitation on biosorption capability of
wheat bran for removing Cr (VI), There was sharp increase in
metal uptake with increasing the agitation speed from 50 to
200 rpm and thereafter it almost reached saturation. These
results can be associated to the fact that with increasing the
agitation speed, the rate of diffusion of Cr (VI) ions towards
the surface of the adsorbent increases. It also depicts that an
agitation speed of 200 rpm is sufficient to assure that all the
surface binding sites are made readily available for Cr (VI)
uptake. Experiments were conducted at different agitation
speed (50-200 rpm).It can be inferred from Fig.5 that Cr (VI)
uptake was increasing with the increase in agitation speed.
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Fig. 1. Effect of pH on adsorption (biosorbent dose:0.3 g/100
ml;35°C;Initial conc.: 100 ppm; particle size: 60 meshes;
agitation speed:180 rpm)
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Fig. 2. Variation of % removal and uptake of Cr (VI) ions with
time (biosorbent dose: 0.3 g/100 ml; Temp.:35°C; Initial
conc.:100 ppm; particle size: 60 meshes; pH:2; agitation

speed:180 rpm)
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Fig. 3. Effect of biosorbent mass on % removal and uptake
(Initial conc.:100 ppm; particle size: 60 meshes; temp.: 35°C;
contact time: 180 min; pH: 2; agitation speed: 180 rpm)
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Fig. 4. Effect of initial Cr (VI) concentration on metal uptake
(biosorbent dose:0.4 g/100 ml; particle size: 60 meshes; temp.:
35°C;contact time: 180 min; pH: 2; agitation speed:180 rpm)
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Fig. 5. Effect of agitation on Cr (VI) uptake (biosorbent dose: 0.4
¢/100 ml; initial conc.:100 ppm; particle size: 60 meshes; temp.:
35°C; contact time: 180 min; pH: 2)

4. KINETIC STUDY

The study of sorption kinetics describes the adsorbate uptake
rate and evidently this rate controls the residence time of
adsorbate at the solid liquid interface [31]. The kinetics of Cr
(VD) sorption on thewheat bran powder as adsorbents was
analyzed using two kinetic models i.e. pseudo-first order and
pseudo-second order models.

The integrated pseudo-first order equation [32] is generally
expressed as:

Log (qe— q) = log g — kyt/2.303 3)

Where q. and q; are the sorption capacities at equilibrium and
at time t, (mgg") and K, is the rate constant of pseudo-first
order sorption (min™).

The pseudo-second-order sorption kinetics [33]can be

expressed as:
t 1 t

= ot 4)

ac k203 Qe
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Where q. and q, are the sorption capacity at equilibrium and at 1 -

time t, (mgg™") respectively and K, is the rate constant of the

pseudo-second order sorption (g.mg”'. min™") o5 | ¢

. . . .
Experimental data were fitted to pseudo-first order equation = 0 ' \¢ ' '
(Fig. 6) and pseudo-second order equation (Fig. 7) and related & 05 ¢ 50 100.¢ 150 200
parameters are summarized in Table 1. 0
)
S 1
Table 1. Kinetic parameters of fitting of experimental data
-1.5 - ®
Parameter Pseudo-first Pseudo-second .
order model order model 2 - t (min)
Equi. sorption
Ca?pacity q P 12.302 8.621 Fig. 6. Pseudo-first-order kinetic model for removal of Cr (VI)
> (pH:2; Dosage: 0.4g/100 ml; agitation speed 180 rpm; Initial

Rate constant 0.0299 0.0028 metal conc. 100 ppm)

Correlation

coefficient, R 0.867 0.976 25 1

. - 2 20 A
The correlation coefficients (R”) for the pseudo second-order
kinetic model fits are much higher than ones derived from the - 15 1 ®
. . . =2

pseudo first-order kinetic model which means good agreement =
between model and experimental data. This suggests that the 10 1

chemical sorption as rate-limiting step of adsorption 5l @

mechanism.

O T T T 1
5. ADSORPTION ISOTHERMS 0 50 100 150 200
In this study, two empirical adsorption models, namely t (min)

Langmuir and Freundlich equations were used to fit the
experimental data at various temperatures.

Langmuir adsorption isotherm relation [34] is given by:

Ce_Ce , 1
de dm bam

&)

Table2. Lagmuir and Freundlich model regression constants at
different temperatures

o Freundlich
Langmuir isotherm .
isotherm
Temperature parameters

parameters
Gm | b R, | R | Ky |1 | R?
20°C 5.53 |0.175 |0.0540(0.974|1.61 |0.208]0.938
30°C 6.06 |0.1227|0.0753|0.989|1.745]0.224|0.98
40°C 10.30|0..053 |0.15870.984|2.14 ]0.342|0.950

Where qy (mg/g) and b are Langmuir constants related to
adsorption capacity and the energy of biosorption respectively.

Fig. 7. Pseudo second-order kinetic model for removal of Cr (VI)
(Initial metal conc.: 100 ppm; pH:2;Dosage:0.4g/100 ml;
agitation speed: 180 rpm)

The Freundlich adsorption isotherm model [35] is expressed
as:

Log q. =log K; + 1/nlog C, (6)

where q. is the metal ion sorbed (mg/g), Ce the equilibrium
concentration of metal ion solution (mg/L). Ky is adsorption
capacity and n is adsorption intensity and are dimensionless.

From Fig. 7.1, Fig. 7.2 and Table 2, it is evident that the high
value of correlation coefficient (R> = 0.989) obtained for
Langmuir model indicates a good agreement between the
experimental values and isotherm parameters and this
confirms the monolayer adsorption of Cr(VI) onto the wheat
bran surface.

The equilibrium parameter, R, is defined as,
1

1+bC,

@)

RL=

is a measure of adsorption favorability.
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Fig.7.1 Langmuir isotherm for adsorption of Cr (VI) on wheat
bran at different temperature (pH: 2; Dosage: 0.4g/100 ml;
agitation speed 180 rpm, contact time 180 min)
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Fig.7.2 Freundlich adsorption isotherm for Cr (VI) on wheat
bran at different temperatures (pH: 2; Dosage: 0.4g/100 ml;
agitation speed: 180 rpm, contact time: 180 min)

In the present study, value of Riis found in the range of
0.0550 and 0.1587 (0 <R;< 1) which confirms the favorable
adsorption process for Cr (VI) removal. Hence the sorption
process was very favourable and the adsorbent employed
exhibited a good potential for the removal of Cr (VI) from
aqueous solution [36].

6. CONCLUSION

The present study shows wheat bran as an effective adsorbent
of Cr(VI). The experimental parameters such as pH, adsorbent
dose, contact time, initial metal concentration and agitation
speed were found to have an effect on the adsorption
efficiency and uptake of Cr (VI) on biosorbent. At an initial
metal conc. of 100 ppm, pH 2, 35°C, agitation speed of 180
rpm, particle size of 60 meshes, adsorbent dose of 0.4
2/100ml, contact time of 180 minutes, maximum biosorption
of Cr (VI) was found to be 8.54 mg/g. The Freundlich and

Langmuir isotherm models were used to study the adsorption
process and it was found that the experimental data fitted well
for Langmuir isotherm model confirming monolayer
adsorption. The kinetic sorption data fitted well to the pseudo-
second order kinetic model. Thekinetic data obtained from the
adsorption studies will be useful for fabrication and design of
heavy metal laden wastewater treatment plants using wheat
bran as biosorbent, where use of standard material such as
activated carbon is economically not viable.
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