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a b s t r a c t
In the present study, the use of agricultural waste product such as corncob (in its native, physically and 
chemically modified form) has been examined as a potential replacement for the expensive adsorbents 
for the removal of Co (II) from aqueous solutions. The influence of the parameters such as solution 
pH, initial metal concentration and time of contact on abatement of Co (II) metal were assessed. The 
uptake capacity q (mg g–1) of biomass clearly increased with increase in pH up to optimum pH 4 fol-
lowed by precipitation at higher pH values. Initially, the biosorption rate was very fast followed by 
slow sorption showing equilibrium was reached at around 60 to 120 min. Equilibrium data were found 
to explain well by Freundlich isotherm than by Langmuir isotherm with R2 = 0.999 and kinetics was 
well explained by pseudo-second-order with correlation coefficient values close to unity. Therefore, 
corncob being abundant and low cost can serve as natural biosorbent for exclusion of Co (II) metal 
from aqueous solution.
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1. Introduction

Contemporary pattern of the developed and industri- 
alized activities alters the innate flow of materials and ini-
tiates  several chemicals into the environment. As a result 
of increased urbanization, effluents are discharged more 
and more into aquatic environment which is chief  concern 
[1]. Primary sources of the effluents are tanneries, disposal 
of sludge, pigments, metal plating, mining operations, 

alloy industries, smelting, chloralkali, paints and radiator 
 manufacturing etc. [2].

The elimination of intractable contaminants like cobalt 
from contaminated water is necessary as they masquerade a 
severe environmental hazard and health [3]. Relentless effects 
of discriminating cobalt poisoning on human beings include 
several diseases like asthma, vomiting, nausea, damages 
liver, heart failure, reproductive failures, nervous system fail-
ures, formation of tumor and thyroid gland [4]. Cobalt with 
its highest concentration may also cause mutation of genes in 
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living cells of humans, cancer, neuro toxicological disorders, 
focusing on awareness of the problems allied with cobalt 
 poisoning [5,6].

Current study focused on the removal of cobalt from 
the aqueous solution have drawn broad attention and 
demonstrated that mitigation of cobalt cannot be passably 
achieved sometimes with the usage of expensive traditional 
wastewater treatment methods [7]. Wastewater treatment 
methods include adsorption, ion exchange, membrane sep-
aration, electrolysis, chemical precipitation, reverse osmo-
sis and electro-winning etc. [8]. These treatment methods 
require high levels of expertise, high cost and high energy 
requirement as these treatment methods are not useful 
when metal concentration is low particularly in range of 
1–100 mgL–1 [9]. For these disadvantages, biosorption treat-
ment technique seems to be a promising substitute even 
when metal concentration is low as 1 mgL–1 because of its 
low cost, cleanliness, effectiveness, eco-friendliness and 
 flexibility [10].

Biosorption is inactive, physicochemical binding of 
chemical species, utilizes economical dead biomass for the 
sequestration of toxic heavy metals from contaminated water 
systems [11]. Biosorption is a progression towards a perspec-
tive method [12]. Biosorption process requires appropriate 
biosorbent as a source to entrap heavy metals from aqueous 
systems for its success. Several biosorbents such as fungi, 
algae, bacteria are used for the treatment of contaminated 
water but they are costly [13]. Therefore, the usage of low 
cost agricultural waste product such as corncob paying atten-
tion for the removal of heavy metals from aqueous solutions 
[14]. The purpose of the present study was to scrutinize the 
metal removal potential of physically pretreated (heating, 
autoclaving and boiling) and chemically pretreated (citric 
acid, oxalic acid and tartaric acid) biomass of corncob from 
aqueous solution.

2. Materials and methods

2.1. Reagents

All chemicals used to perform experiments in this 
research were of standard analytical grade such as cobalt 
chloride (CoCl2.6H2O), sodium hydroxide, hydrochloric 
acid, acetone, deionized distilled water and standard co 
solutions of atomic absorption spectrophotometer (AAS). 
For the preparation of stock solution of Co (II) (1,000 mgL–1), 
4.039 g of CoCl2.6H2O was dissolved in 100 mL of deionized 
distilled water and further diluted up to 1,000 mL by using 
deionized distilled water. Stock solutions were stored in air-
tight plastic bottle. Working solutions of different concen-
trations (25, 50, 100, 200 and 400 mgL–1) were prepared by 
required dilutions of the stock solution by using deionized 
distilled water.

2.2. Preparation and pretreatment of biomass

Corncob (zea mays stalk) used as a biomass for the 
biosorption of Co (II) metal. Biomass was taken from CPC-
Rafhan Faisalabad. The collected biomass was well washed 
with deionized distilled water for mitigation of surface 
impurities, particulate matter, dust and debris, then dried at 

the temperature of 50°C for 72 h by placing it in oven. Then, 
dried biosorbent was cut, ground and sieved. Grinding was 
done with food processor (Moulinex, France) and sieving 
was done with Octagon siever. Sieving was carried out for 
the abolition of huge sized particles and to obtain biomass 
of recognized component size (0.25 mm) that was preferred 
for biosorption study. Physical and chemical modifications 
are done to analyze enhancement or decrease in adsorption 
capacity of biomass. For physical modification like, heating 
(20 g of biosorbent was taken in oven and heated at 60°C for 
72 h), boiling (20 g of biosorbent was drenched in deionized 
distilled water and boiled for 1 h) and autoclaving (20 g 
of biosorbent was drenched in deionized distilled water to 
autoclaved at 121°C for 45 min). For chemical modification, 
20 g of biomass was pretreated with 0.1 M citric acid, 0.1 M  
oxalic acid and 0.1 M tartaric acid in orbital shaker at 
120 rpm and 30°C for 24 h. Then, pretreated biomass were 
filtered and washed repeatedly by usage of deionized dis-
tilled water till its pH becomes neutral followed by drying.

2.3. Batch biosorption studies

To conduct the experiments, fixed volume of Co (II) 
solution (100 mL of 100 mgL–1) were taken in each 250 mL 
conical flasks. Weighed amount (0.1 g) of biosorbent was 
added to each conical flask and then conical flasks were cov-
ered with aluminum foil. After 24 h of shaking filtration of 
samples were done with filter paper and filtrate were kept 
in plastic bottles pending AAS analysis. Analyses of Co (II) 
concentration was determined by using AAS. For each exper-
iment, different conditions were selected.

2.4. Adsorption capacity and % removal

Uptake capacity “q” (mgg–1) is quantity of Co (II) ions 
sorbed per g (dehydrated weight) of biosorbent. q is the metal 
uptake capacity and maximum rate of q is recognized as qmax. 
Maximum Co (II) adsorption capacity (q) was examined by the 
decline in Co (II) concentration in sample solution following 
addition of special quantity of biosorbent. The Co (II) adsorp-
tion capacity (q) was evaluated through concentration differ-
ence method. Initial Co (II) concentration was represented 
by Ci (mgL–1) and equilibrium Co (II) concentration was 
designated with Ce (mgL–1). The % uptake of biosorbent and 
metal uptake capacity on equilibrium stage qe (mgg–1) were 
examined through Eqs. (1) and (2), respectively:

% /adsorption C C Ci e i      = −( ) 100  (1)

q C C Ve i e= −( )     / 1000  (2)

in which V is a volume of sample solution (mL) and w is the 
weight of biosorbent in g.

The efficiency of biosorbent for the removal of Co (II) 
from aqueous solution was studied by varying the parame-
ters such as initial metal concentration, pH and contact time. 
On these parameters, a strong dependence of adsorption 
capacity was observed.
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3. Results and discussions

3.1. Effect of pretreatments

Pretreatment methods include generally physical and 
chemical modifications. With the advancement of pretreat-
ment methods, modified biomass possesses superb potential 
for the reduction of cost and improved efficiency towards 
metal exclusion. Physical pretreatments such as heat (Heat-
PCC), Autoclave (Auto-PCC) and Boil (Boil-PCC) were 
implemented in these experiments (PCC stands for pre-
treated corncob) where autoclaving and boiling engenders 
more adsorption points on biosorbent surface by omission 
of mineral matter [15]. As a consequence, pretreatments are 
accomplished for raising the obscured binding sites and 
responsible for increasing the adsorption capacity of biomass.

Fig. 1 indicated the metal uptake capacity q (mgg–1) for 
Co (II) as a result of physical and chemical pretreatments. 
Sorption capacity q (mgg–1) of physically pretreated corncob 
was in the following order:

Auto-PCC (38.4) > Boil-PCC (35.5) > Heat-PCC (32.6) > 
Nat-CC (25.9)

Chemical pretreatment such as citric (CA-PCC), oxalic 
(OA-PCC) and tartaric (TA-PCC) acids were implemented 
in experiments where tartaric and citric acid showed better 
results because they dissolved polysaccharide components of 
biosorbent cell wall generating additional binding sites [16].

Effect of organic acids pretreatment on corncob indicated 
that the metal uptake capacity q (mgg–1) value for Co (II) 
metal was in the following order:

TA-PCC (46.8) > CA-PCC (41.8) > OA-PCC (38.7) > 
Nat-CC (25.9)

3.2. Effect of pH on Co (II) sorption

In the biosorption process, pH plays most important 
role. Protonation or deprotonation of the adsorbent is influ-
enced by the pH. In this work, different pH ranges (2–8) 
were chosen in solubility range of Co (II), while all other 
operational parameters were kept constant. Fig. 2 showed 
that sorption capacities (mgg–1) increased with increase pH 
from low (2) to an optimum value (4) for Co (II) metal. The 
metal uptake capacity q (mgg–1) of adsorbent increased from 
19.2 to 27.9, 33.2 to 44.1, 36.2 to 48.5, 31.4 to 40.9, 29.1 to 40.5, 
26.1 to 37.5 and 23.1 to 34.5 for Nat-CC, CA-PCC, TA-PCC, 
OA-PCC, Auto-PCC, Boil-PCC and Heat-PCC, when pH 
values of the solutions changed from 2 to 4. A slow increase 
in metal uptake capacity was observed which stabilized till 
pH 8. This is due to the precipitation of metal ions and not 
by biosorption. At low pH value, adsorbent surface would 
be closely associated with (H3O+) ions and holds specifically 
protonation sites, therefore it maintains positive charge on 
surface and hinders the access of the metal ions to the surface 
functional group [17].

3.3. Effect of initial metal concentration

The effect of initial metal ion concentration on the 
 elimination of Co (II) metal from aqueous solution by  corncob 
in its native and pretreated form was studied at  optimum 
pH 4 by changing the concentration of the system from 25 
to 400 mgL–1. As the Co(II) initial concentration increased 

from 25 to 400 mgL–1 as shown in Fig. 3, metal uptake capac-
ities q (mgg–1) increased from 9.9 to 60.5, 13.95 to 137.5, 15.55 
to 139.6, 12.3 to 134.2, 11.9 to 127.2, 11.2 to 125.8 and 10.4 to 
117.2, while % removal decreased from 39.6 to 15.1, 55.8 to 
34.4, 62.2 to 34.9, 49.2 to 33.55, 47.6 to 31.8, 44.8 to 31.45 and 
41.6 to 29.3 for Nat-CC, CA-PCC, TA-PCC, OA-PCC, Auto-
PCC, Boil-PCC and Heat-PCC as concentration increased 
from 25 to 400 mgL–1. It can be explained by the fact that at 
low concentration, adsorption sites were more quickly occu-
pied by metal and at high concentration metal ions diffuse 
to the surface of biomass [18]. This is obvious that for higher 
initial concentrations, more efficient utilization of sorption 
sites is expected due to a greater driving force by a higher 
concentration gradient.

Fig. 1. Effect of pretreatments on biosorption of Co (II).

Fig. 2. Effect of pH on biosorption of Co (II).

Fig. 3. Effect of initial metal concentration on biosorption of 
Co (II).
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3.4. Equilibrium modeling

Metal ions biosorption can be studied by two types of 
isotherms such as Langmuir model, in which the amount 
of metal uptake by biomass reaches equilibrium and the 
Freundlich model, in which the amount of metal uptake by 
biomass increases with time [18]. Therefore, by applying the 
Langmuir and Freundlich isotherms, equilibrium adsorption 
tests were examined.

3.4.1. Langmuir isotherm

The common type of this isotherm in the form of equation 
is represented as follows:

1 = 1  1     / / /max maxq q b q Ce e+ ( )  (3)

In this equation, qe is the adsorption capacity at equilibrium 
stage; Ce is concentration at this stage; 1 / qmax and b are called 
constants obtained from regression equation, called intercept 
and slope, respectively. This isotherm supposes that com-
pact surface has a limited amount of equal points which are 
actively identical. This isotherm elucidated that all adsorbed 
group interrelate simply with a binding site and they cannot 
interfere with each other so, the adsorption is restricted to 
monolayer. As a result, it is stated that when a Co (II) ions 
engages a point, no additional adsorption can acquire on that 
point and this is the equilibrium point (Fig. 4).

Linearized outline of the Langmuir isotherm equation 
can be written as follows:

C q X K C Xe e m L e m/ / /= + 1   (4)

In this equation, qe is the amount of Co (II) ions sorbed at the 
point of equilibrium, Ce (mgL–1) is the equilibrium concentra-
tion; Xm and KL both are the Langmuir constants.

3.4.2. Freundlich isotherm

Freundlich isotherm can be represented in the following 
equation:

q KC ne e= 1 /  (5)

This isotherm equation presumes that a monolayer adsorption 
among a various energetic allocation of active binding sites, 
come with the interfaces among adsorbed particles. Freun-
dlich equation describes the relation of solute particles that 
adsorb from solution to the solid surface of biomass. The lin-
earized outline of this model is as follows:

log  log  n  log q K Ce f e= + ( )1 /  (6)

in which Ce (mgL–1) is concentration of metal ions at 
equilibrium point, qe (mgg–1) is the total amount of Co (II) 
ions that adsorbed per specific quantity of adsorbent on 
equilibrium position, Kf (mgg–1) and “1/n” both are named 
as the constants obtained by regression equation, which is 
also termed as intercept and slope respectively. The 1/n 
and Kf  values were obtained by plotting the graph between 
log qe versus log Ce. Kf and 1/n tells about the adsorption 
degree and adsorption amount that may be constant or 
decreased by increasing the adsorbate concentration (Fig. 5). 
For Freundlich isotherm model, the R2 values are greater than 
R2 values obtained in case of Langmuir model.

3.5. Effect of contact time

Biosorption efficiency is greatly affected by time contact. 
A considerable change was observed in biosorption rate by 
changing the contact time at various conditions. The effects 
of contact time on adsorption were shown in Fig. 6. More 
than 80% metal ions are adsorbed in first 10 min, and then 
metal uptake increased with time because of free availability 
of extra cellular binding sites and attained quasi-equilibrium 
up to 120 min [19]. After the attainment of equilibrium, fur-
ther adsorption of Co (II) metal did not vary with increase 
in time, which leads to saturation of active binding sites of 
corncob.

3.6. Kinetic modeling

Kinetic mechanism of Co (II) biosorption were 
analyzed through Lagergren’s pseudo-first-order and 
pseudo-second-order. Kinetic equations evaluated the 
transfer of Co (II) metal ions on different adsorbents.

Fig. 4. Langmuir isotherm plot for the biosorption of Co (II). Fig. 5. Freundlich isotherm plot for the biosorption of Co (II).
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3.6.1. Pseudo-first-order kinetics

The common shape of pseudo-first-order in solid/liquid 
system is written as follows:

log   log q q q k te e−( ) = − 1 2 303/ .  (7)

in which the qe and q (mgg–1) are the amount of Co (II) 
adsorbed on the biosorbent at equilibrium position and on 
time t, in mgg–1, respectively. k1 (min−1) is called the rate con-
stant of this model. This model is on the statement that the 
rate of adsorption is proportional to the number of unin-
habited points. The rate constant k1 and equilibrium adsorp-
tion capacity qe evaluated by plotting the graph between 
the log (qe – q) versus t. The R2 values of pseudo-first-order 

 kinetics are lesser when compared with pseudo-second- 
order as shown in Fig. 7.

3.6.2. Pseudo-second-order kinetics

The adsorption kinetics information was more carried 
out through pseudo-second-order. This kinetic model is sup-
ported, which states that adsorption rate is proportional the 
square of number of uninhabited points. It is represented as 
follows:

T q k q t qe e/ / /   = +1 2
2  (8)

In this equation, k2 is the equilibrium rate constant of 
pseudo-second-order adsorption (gmg−1min−1). To determine 
the k2 and qe graph is plotted between t / q and t [20,21]. The 
coefficient of correlation in the second-order-kinetic model 
was approximately equivalent to one and calculated values of 
qe (mgg–1) for Co (II) also approved to the experimental values 
shown in Fig. 8. These results revealed that the adsorption 
of Co (II) metal follows the pseudo-second-order efficiently.

4. Conclusion

Biosorption method outperforms when compared with 
conventional methods because of eco-friendliness and cost 
effectiveness nature. Corncob after physical and chemical 
pretreatments was used as a biomass for the removal of Co 
(II) metal ions from aqueous media in this research work. 
Adsorption behavior of corncob from aqueous solution was 
examined by the batch equilibrium technique under different 
parameters like initial metal concentration, solution pH and 
time of contact. It was observed that maximum adsorption of 
Co (II) ions occurred at pH 4. Co (II) ion adsorption on adsor-
bents improves as the initial Co (II) concentration increase. 
Analyses of the experiments demonstrated that the uptake 
capacity of physically and chemically pretreated corncob 
was considerably elevated when compared with native. The 
adsorption isotherm was well described by Freundlich model 
and the pseudo-second-order was well explained the kinetics 
of the obtained data.
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