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Groundnut seed cake powder (GNSCP), sesame seed cake powder (SSCP) and coconut cake powders (CCP) were used in
the bio-sorption of cobalt(II) from aqueous solutions. These powders in their native as well as carbonized forms were used
for the removal of cobalt(II). Effect of pH, contact time adsorbent dosage, temperature and initial metal concentration on the
uptake of the metal ions were investigated. Kinetic studies for the bio-sorption of cobalt( II) showed that the process followed
a pseudo-second order kinetics for both the forms of the adsorbents. Isothermal studies indicated that Langmuir isotherm fits
for the adsorptive removal of cobalt(II). With a maximum adsorption capacity of 5.0 mg/g using both the forms of the adsorbents
showed an effective and efficient removal 99.8% of cobalt( II) from aqueous solutions. The three adsorbents chosen for the
present study, have not been used so far in the removal of cobalt( II).
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Introduction
Heavy metals enter the environment through anthropo-

genic activities, direct atmosphere deposition, geologic weath-
ering or through the discharge of agricultural, municipal, resi-
dential or industrial waste products1. Metal species and their
concentration, pH, sludge concentration, wastewater pollu-
tion load2,3 and solubility of the metal ions4 are the signifi-
cant factors that influence the presence of toxic metals. AsIII,
CoII, CrIII, CdII and ZnII are some of the toxic metals whose
treatment from industrial waste waters and acid drainage is
a serious environmental concern5–9. Heavy metals are used
as inhibitors in nitrification processes and are another rea-
son for the occurrence of heavy metals in the environ-
ment10,11.

Cobalt is one among the toxic metals found in various
industrial effluents from metal plating, mining, fertilizers, tan-
neries, batteries, paper, pesticides, electronics and petro-
chemical and textile industries. It is also released in to the
environment from burning coal and oil, exhaust of automo-
biles. The metal is extensively used in nuclear medicine,
semiconductors, and paint and varnish industries and as
catalyst in organic reactions. Environmental contamination
through toxic metals is a serious concern in developed coun-

tries. Bio accumulation, carcinogenicity and non-degradable
nature of these toxic metals enhance the seriousness of the
problem12,13. Toxic metals enter the water bodies either by
direct or indirect means14. In India, the maximum tolerable
limit of cobalt(II) concentration in water is 0.01 mg/L in drink-
ing water in 0.05 mg/L in inland surface water (Central Pollu-
tion Control Board, India).

Various physical, chemical and biological treatment tech-
nologies exist to metal contaminated wastewater. Among the
methods, adsorption is a highly efficient and feasible cost
effective and widely employed for heavy metal removal15,
natural adsorbents including agro-wastes, forestry residues,
etc. elicit the scope of adopting adsorption due to its wider
availability, physicochemical stability, high adsorption capacity
and desirable regeneration potential16.

Adsorption seemed to be a good treatment option, be-
cause of it efficiency and efficiency17–22. Several natural
adsorbents have been reported to effectively remove cat-
ionic metal ions from aqueous solution in their native or modi-
fied form. Few of them includes, Citrus maxima peel23, litchi
cinensis seeds24, tea waste25, sunflower biomass26, sesame
straw27, teak waste28, chrysanthemum indicum flower29,30,
and rice straw31. Different studies in adsorption removal of
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cobalt(II) with different varieties of adsorption have been ear-
lier tried and the yield reported. Plant material tried as ad-
sorption was locker japonica32,33 and rose waste biomass34.
Some tried leaf powder-of cocosnucifera35, acacia nliotica36,
erythrina variegate orienalis37 and ficusreligioua38. Fruit waste
such as blighiasapida pod39, banana and orange40, lemon41,
everniaprunastri42 and black carrot residue43 has also been
reported. Hazelnut shell44, shells of crab45 and of crab and
area shell46 were also studied. The present paper is aimed
at the removal of cobalt(II) from aqueous solutions using three
low cost adsorbents in their native form as well as carbon-
ized form.

Materials and methods:
All the chemicals used were of analytical grade. Double

distilled water was used throughout the experiment. XRD
analysis was carried out by using Bruker advanced D8 PXRD
instrument. FTIR analysis was carried out by ATSON II FTIR
instrument. Perkin-Elmer high sensitivity AAS was used to
determine the concentration of metal ions.

Preparation of adsorbents:
Groundnut seed cake, sesame seed cake and coconut

seed cake were obtained from the local market. These are
the substances remained after the extraction of oil from the
respective seeds. This raw material was found to be a hard
mass. Hence the substance was first crushed and then
ground into a fine powder using laboratory mill. The resulting
powder was sieved to get a powder of homogenous particle
size. The material was tested for the absence of any residual
oil. Such powder samples were washed thoroughly with dis-
tilled water and dried at room temperature and made mois-
ture free. Such samples were stored for further experimen-
tation.

The three raw materials were placed in three different
crucibles and heated until all the mass is completely carbon-
ized. These carbonized powders stored in air tight contain-
ers to avoid any further contamination.

Characterization of adsorbents:
The surface area of groundnut seed cake, sesame seed

cake and coconut seed cake was found to be 470, 456 and
480 m2 g–1. The same for the carbonized powders were found
to be 485, 492 and 496 m2 g–1. These values are higher on
comparison with other carbons. The adsorption capacity of
carbon is influenced by the chemical structure of its surface,
which are of carbon-oxygen functional groups. Most often

the functional groups responsible for surface activity are car-
boxyl groups, phenloic groups, hydroxyl groups, carbonyl
groups and lactones groups. FTIR spectrum of the adsorbents
confirms the same. The bulk chemical composition of the
same was studied using XRD. X-Ray diffraction studies were
carried out for the adsorbents prior and after adsorption (Fig-
ures are incorporated as supplementary data). The FTIR
spectra of the three adsorbents showed similar bands. Some
important bands observed are at 3270.8 cm–1 for N-H stretch-
ing in amines, 2921 cm–1 for -OH stretching in -COOH, 1743.2
cm–1 for C=O stretching in amides or aldehydes or ketones.
From these data it is found that the adsorbent materials con-
tain lignin, protein, amines and carboxylic acid groups in them.
XRD patterns of the adsorbents before and after adsorption
process clearly depicts the presence of metal ion in the ad-
sorbent after experimentation.

Preparation of CoII solution:
Stock solution of cobaltous chloride was prepared by dis-

solving an adequate amount of the substance in distilled water
to result solution of concentration 100 mg L–1 and standard-
ized. Various concentrated solutions were obtained by dilut-
ing the stock solution.

Methodology:
By agitating a series of bottles containing various amounts

of the different adsorbents with the adsorbate (heavy metal
ion). Batch experimentation was carried out at optimum pH.
The adsorbents were mixed with 50 ml of stock solution of
the metal ions. The pH of the solution was adjusted by using
0.1 N HCl and 0.1 N NaOH until the pH was stabilized. Then
the resulting solution was agitated at room temperature for a
period of time until equilibrium was attained. After the equili-
bration period the adsorbent was separated from the sus-
pension through Whatman No. 1 filter paper. The residual
concentration of cobalt(II) was determined by AAS.

Results and discussion
Effect of pH:
A significant influence of pH on the uptake of heavy met-

als was observed, since pH determines the surface charge
of the adsorbent, degree of ionization and speciation of ad-
sorbate. The results obtained were shown in Fig. 1. It de-
picts the effect of pH on the removal of cobalt(II) from aque-
ous solution on to the three adsorbents in their native as well
as carbonized forms. At a higher initial pH (> 8) precipitation
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of cobalt ions was found. From the results it was clear that
the adsorption of the metal ions is found to be effective at a
pH value of 5 with the selected adsorbents and hence pH of
5 was fixed as optimum pH for the present study.

Effect of contact time:
Series of experimentation was carried out to investigate

the effect of contact time on the adsorption capacity of the
chosen adsorbents. The results were shown in Fig. 2. From
such series of experiments equilibrium time for the effective
removal of cobalt ions using the adsorbents was established.
By fixing the adsorbent dosage batch experiments were car-
ried out at varying time intervals. From the results obtained

99.8% of removal of cobalt ions was found at a time of 3 h
for native GNSCP; 4 h for carbonized GNSCP; 2 h for both
native and carbonized forms of CCP; 1 h for SSCP in the
native form and 2 h carbonized form of SSCP.

Effect of adsorbent dosage:
A series of experiments were carried out to ascertain the

adsorbent dosage for the efficient removal of cobalt(II) by
the three different adsorbents in both the forms. The experi-
mentation was carried out by taking 0.25, 0.5, 0.75, 1.0, 1.5
and 2.0 g of the adsorbents for batch studies. The results
obtained were shown in Fig. 3. From the results it was found
that removal of cobalt ions from aqueous solution was effec-
tive for 1.0 g for all the selected adsorbents and the same
was fixed as optimum adsorbent dosage.

Fig. 1. Effect of pH on the removal of cobalt(II) using the chosen
adsorbents.

Fig. 2. Effect of contact time on the removal of cobalt(II) using the
adsorbents.

Fig. 3. Effect of adsorbent dosage on the removal of cobalt(II).

Effect of initial metal ion concentration:
By fixing adsorbent dosage, pH and contact time a study

was carried out to fix the initial metal ion concentration. A
series of cobalt(II) solutions of concentration 10, 20, 30, 40,
50, 60, 70, 80, 90 mg L–1 were mixed in separate flasks with
1.0 g of the adsorbents. These mixtures were agitated for
the optimum/equilibrium time period at a pH of 5. After the
equilibration time concentration of cobalt(II) in the filtrate was
determined. The results obtained were shown in Fig. 4. Due
to the absence of sorption sites in the chosen adsorbents
the efficiency of metal ion uptake by the adsorbent decreases
as the concentration of the metal ion increases. The maxi-
mum removal of cobalt using the adsorbents was found at a
metal concentration of 20 mg L–1.
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Effect of temperature:
Experimentation was conducted to establish the effect of

temperature on the adsorption capacity of the selected
adsorbents. The results were shown in Fig. 5. A series of
experiments were carried out to establish the equilibrium tem-
perature for the effective removal of cobalt ions using the
adsorbents. By fixing the adsorbent dosage, contact time,
pH and initial metal concentration batch experiments were
carried out at varying temperatures. From the results obtained
99.8% of removal of cobalt ions was found at a temperature
of 40ºC.

Kinetic models of the present study:
In understanding the mechanism of uptake of heavy

metals by adsorbents and to evaluate the performance of

various adsorbents for the removal of metals kinetic models
are extremely helpful. Lagargren’s pseudo-first order kinet-
ics and pseudo-second order models are the widely used
models among the many kinetic models developed. The sorp-
tion kinetics of pseudo-first order was

log (qe – q) = log qe – kt/2.303
where qe is the amount of solute adsorbed at equilibrium per
unit weight of adsorbent, q is the amount of solute adsorbed
at any time and k is adsorption constant.

The pseudo-second order kinetic model is described by
the following equation:

t 1 t
—— = — + ——
qt h qe

where qt and qe are the sorption quantity at time t and equi-
librium respectively, k is the rate constant. Thus a plot of t/qt
vs t gives the pseudo-second order adsorption. Pseudo-sec-
ond order rate constant was determined from the respective
plots.

It is inferred from the results that the sorption of cobalt(II)
using the chosen adsorbents followed pseudo-second order
kinetics the same was presented in Fig. 6. Correlation coef-
ficient (R2) for the process was found greater than 0.97 indi-
cating the fitness of the model for the present process.

Adsorption isotherms:
Among the many adsorption isotherms available

Langmuir, Freundlich and Temkin adsorption isotherms were
used in the present study. The mathematical expressions for

Fig. 4. Effect of initial metal concentration on the removal of cobalt(II).

Fig. 5. Effect of temperature on the removal of cobalt(II).
Fig. 6. Psuedo-second order kinetic plot for the removal of cobalt(II)

using the adsorbents.
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these three adsorption isotherms are as follows:
Langmuir adsorption isotherm:

qmK Ce
qe = —————

1 + K Ce

(or)

Ce 1 Ce
—— = ——— + ——

qe qm KL qm

Freundlich adsorption isotherm:
qe = KFCe

1/n

And in linearized form

 q K C
ne F e
1log log log 

Temkin isotherm model can be represented as

RTQ K C
be T eln ( )   

 

This equation can also be represented as

RT RTQ K C
b be T eln ln       

   

The results of isothermal analysis showed that adsorption of
cobalt(II) from aqueous solution fit to Langmuir adsorption

isotherm. Various terms involved in the isotherm are qm and
K are Langmuir constants related to the sorption capacity
and sorption energy respectively. Ce is the equilibrium con-
centration in mg L–1 and Qe is the amount of adsorbate
adsorbed per unit weight of adsorbent. A plot of Ce/Qe against
Ce was drawn and correlation coefficient from the graph was
found to be 0.9843. This substantiates the fitness of the iso-
therm for the present study. Qmaxobtained for the removal of
cobalt(II) using various adsorbents was compared with that
of the present study and presented in Table 2. The adsorbents
used were found to be superior with respect to Qmax obtained
on comparison with other adsorbents.

Thermodynamic parameters:
Standard Gibbs free energy (G), enthalpy (H) and en-

tropy (S) for the adsorptive removal of CoII from aqueous
solutions using the three chosen adsorbents were computed.
From the result analysis data it was found that, G for the
present study was found to be negative indicating that the
reaction is spontaneous. A negative value of H was found
from the results indicating the exothermic nature of the reac-
tion. A positive value for S was the result. It indicated that
the randomness increased on increase in temperature. Simi-
lar trends were observed for each of the adsorbent used.
Hence it is concluded that the reaction under study is spon-
taneous, exothermic and randomness is increased.

Table 2. Results of pseudo-second order kinetics parameters
Sr. Adsorbent Pseudo-first order kinetics Pseudo-second order kinetics
No. qe K1 R2 qe K2 R2

1. GNSCPN 0.000014 26.51 0.165 0.00099 4.91×10–7 0.9933
2. SSCPN 0.0000119 25.512 0.16 0.001 4.913×10–7 0.9844
3. CCPN 0.0000118 25.512 0.156 0.001 4.923×10–7 1
4. GNSCPC 0.000019 26.32 0.16 0.00098 5.02 ×10–7 0.9971
5. SSCPC 0.000015 25.18 0.162 0.001 5.12×10–7 0.999
6. CCPC 0.000016 26.35 0.164 0.001 5.08×10–7 1

Table 1. Results of adsorption characteristic parameters
Sr. Parameter GNSCP CCP SSCP
No. Native form Carbonized form Native form Carbonized form Native form Carbonized form
1. pH 5 5 5 5 5 5
2. Temperature (ºC) 40 40 40 40 40 40
3. Dosage (g) 1 1 1 1 1 1
4. Contact time (h) 3 4 2 2 1 2
5. Initial metal concentration (ppm) 20 20 20 20 20 20
6. Percentage removal 99.8 99.8 99.8 99.8 99.8 99.8
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Based on the results of the present study, it was found
that, sesame seed cake powder in its native form (SSCPN)
suits the best for the adsorptive removal of cobalt(II) from
aqueous solutions. It is clear from the results of optimization
parameters that, the time required for the removal of the metal
using SSCPN was found to be lesser on comparison with
other adsorbents used. Hence SSCPN fits the best for the
study.

Conclusions
Adsorption of CoII using groundnut seed cake powder,

sesame seed cake powder and coconut cake powder in their
native form as well as carbonized form was carried out. Ad-
sorption of cobalt using the chosen bio-adsorbents was opti-
mized at a pH of 5, temperature of 40ºC, initial metal con-
centration of 20 mg/L, contact time of 2 h for CCP (both na-
tive and carbonized), 1 h for SSCP in native form and 2 h for
SSCP in carbonized form, 3 h for native GNSCP and 4 h for
carbonized GNSCP, adsorbent dosage 1.0 g for each of the
adsorbents. From the results of kinetic studies it was con-
cluded that the adsorption process followed pseudo-second
order kinetics. Langmuir adsorption isotherm fit perfect for
the adsorption of cobalt(II) using the three adsorbents. Using
these adsorbents 99.8% of the  metal ion were effectively
removed from aqueous solutions.
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