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Abstract

Agro wastes are vast abundant raw material whose potential is still under-utilized.
Availability and biodegradability are a few features of these materials for utilization. The
present study was aimed at exploiting the option of utilizing maize cob for remediation of
industrial effluent. Maize cob was collected, pulverized and sieved into 150 — 300 um particle
size. The carbonized materials obtained were then characterized using Energy Dispersive X-
ray (EDX) and Scanning Electron Microscope (SEM) for elemental and surface morphology
determination. Standard solutions of Cr and Pb ion solution were prepared. The cob were
used to treat effluent under the following conditions: agitation time (30 — 150 min),
adsorbent dosage (0.5 — 2.5 g), metal ion concentration (5 — 25 ppm) and particle size effect.
From the result, 90 % and 38 % removal efficiency were obtained for Pb and Cr ions solution
respectively. The potential of maize cob was established for the treatment of lead polluted
wastewater.
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Introduction disposal of heavy metals into the
There has been immense impact of environment.
man on the environment ever since the Heavy metals are metals with density
scientific and industrial revolution and has above the density of earth (5.2 g/cm3).
failed to realize that these impacts affect They are a group of elements between
the balance of the ecosystem as a whole. Copper and Bismuth on the periodic table
Enormous industrial installations and of elements. The pollution and toxic effect
population explosion in cities are the main of these metals has received wide spread
outcome of the modern civilization attention in the recent years. The most
(Subramani and Sindhu, 2012). often toxic heavy metals are nickel,
“Population is a consequence of the entire chromium, lead, mercury, arsenic, zinc,
phenomena of civilization” (WHO, 1972). copper, manganese, iron and cadmium
The pollution problem in its present form (Nriagu, 1996). These heavy metals are not
is therefore as a result of the contemporary degradable into non-toxic product, their
population explosion, aggravated by concentration in  the  environment
parallel explosion of economic, technical especially in the wastewater before
and scientific forces. Rapid increase in discharge therefore needs to be reduced to
industrialization has led to increase acceptable level. Removal of these metals
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from the environment through
conventional methods such as coagulation,
ion exchange, membrane separation and
precipitation  has  been  established
(Nesernejad et al., 2004; Kartal et al.,
2008). These methods are limited in their
application even though some of them are
effective. Precipitation processes generates

sludge that needs further treatment.
Electrolytic and membrane processes are
costly and require high energy

consumption and moreover the secondary
wastes generated sometimes are difficult to
treat. Although the sorption processes
using ion exchange resins and activated
carbon as sorbents are efficient, they are
limited in their application due to the high
cost of these most used sorbents (Oliveira
et al., 2010). The use of agricultural waste
materials, especially those containing
cellulose has shown potential biosorption
capacity instead of constituting nuisance to
the environment (Sud et al., 2008).

This study examined the adsorption
and treatment of heavy metal from aqueous
solutions using maize cob char. The main
focus of the study was to investigate the
efficiency of maize cob char (modified and
unmodified) for the removal of chromium
(VI) and lead (II); and comparing it with
commercial activated carbon.

Materials and Methods
Preparation of Maize Cob Char

The maize cobs used for this research
were collected from Obafemi Awolowo
University Teaching and Research Farm.
The sample was dried ground and sieved to
150 — 300 um particle size. The char of the
maize cob was carried as previously
described with modification (Amuda and
Ibrahim, 2006). Pulverized sample (15 g)
was placed in a furnace at 500 °C for 2h
and later soaked in liquid nitrogen for 1h.
The carbonaceous substance was then
washed with distilled water to remove any
adherent powder.
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Activation of Maize Cob Char

The carbonaceous samples was treated
with 2 % H,SO4 (v/v) in an incubator at a
temperature of 110 °C for 24 h. The treated
carbonaceous sample was then soaked in
distilled water until the pH was stabilized.
Then, the sample was soaked in 2 %
NaHCOs; till residual acid was removed.
The acid-treated maize cob carbon was
then dried overnight in an oven (Met-tler,
England) at 110 °C, cooled and stored in
desiccators until use (Kadirvelu et al.,
2001).
Chitosan Preparation

The less than 2 mm size powdered
snail shell (50g) was deproteinized by
weighing into a 500 ml beaker and 200 ml
of 4 % (w/v) KOH was added with
constant stirring for 6 h at 80 °C. The
residue was washed with distilled water
after filteration until it is free of base and
then dried at 100 °C for 2 h. The
deproteinized snail shell residue was
poured into a 250 ml conical flask and 100
ml of 3 % (v/v) 1 M HCI was added and
placed on a magnetic stirrer for 3 h at 30
°C. This process is called demineralization.
The content was later filtered and the
residue was washed until it is free of acid.
Litmus paper was used to test if the residue
is acid free. The acid free residue was then
dried at 90 °C for 1 h after which it was
decolourized by refluxing in acetone for 3
h at 60 °C. The content was filtered and
dried. A snow white residue called chitin
was obtained. The chitin was poured into a
250 ml conical flask for deacetylation, 50
% (w/v) NaOH solution was added and
stirred at 30 °C for 4 hrs. After filteration,
the residue, which is Chitosan (2-
acetamido-2-deoxy-B-D-glucose-N-
(acetylglucosamine)), was then washed
and dried at 90 °C for 1 hr (Abdou et al.,
2008; Zhen et al., 2013; Okoya et al.,
2014).
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Chitosan Gel Preparation

About 5 g of chitosan was slowly
added to 100 ml of 10 % (w/v) oxalic acid
with constant stirring. The mixture was
also heated to 40-50 °C to facilitate
mixing. A whitish viscous gel of chitosan-
oxalic acid mixture was formed (Amuda et
al., 2007 and 2009).
Adsorbent Modification

The chitosan gel (100 ml) was diluted
with water (~500 ml) and heated to 40-50
°C. 50 g of maize cob char was slowly
added to the diluted gel in separate
container, and mechanically agitated using
a shaker at 200 osc/min for 24 h. The gel
coated adsorbent were then washed with
distilled water and dried. The chitosan
coated maize cob char was then soaked in
0.5 % (w/v) NaOH solution for 3 h. It was
then extensively rinsed with distilled water
and dried in an oven at 102 °C for 2 h,
cooled at room temperature and stored in
desiccator.
Batch Biosorption Studies

Experiments were conducted in 250
mL Erlenmeyer flasks containing known
100 ml Cr (VI) synthetic solutions and 1.5
g of the adsorbent. Flasks were agitated on
a shaker at 400 osc/m constant shaking.
The following parameters were
investigated; Biosorbent dose (0.5, 1.0,
1.5, 2.0 and 2.5 g), Contact time (30, 60,
90, 120 and 150 min) and Metal ion
concentration (5, 10, 15, 20 and 25 mg/L).
The mixture was filtered using Whatman
no.l. and the filtrate was analysed
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spectrophotometrically  using  atomic
absorption spectroscopy (AAS).
The removal efficiency (E) of adsorbent on

Cr (IV) are measured as follows:

C,—C
E (%) = 'Tf % 100,

'L ey

where C; and C; are the initial and final
concentration of Cr (VI) (mg/L) in
wastewater, respectively. The same
procedure was repeated for the adsorption
of Pb (II).
Data Evaluation

The amount of metal adsorbed by the
adsorbent was calculated using a mass
balance equation which has been
previously used in evaluating the amount
of metal ion uptake by maize cob char. The
equation is given as
Q=v (G -Cp/m (2)
where Q is the metal uptake (mg metal per
g biosorbent), v is the liquid sample
volume (ml), C; is the initial concentration
of the metal in the solution (mg/L), Cs is
the final (equilibrium) concentration of the
metal in the filtrate (mg/L) and m is the
amount of the added biosorbent on the dry
basis (g).

Results and Discussion

Characterisation of the Maize cob char
The maize cob char elemental

composition was analysed using Energy

Dispersive X-ray Micro Analyzer (EDX)
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while the morphology was determined
using Scanning Electron Microscope
(SEM). As shown in figure 1, the spectra
showed the elemental presence of C, K,
Ca, Mg, Al, Si, P and Cl which has been
said to support ion exchange, chelation,
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Figure 1: EDX spectra of maize cob char
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Figure 2: Maize cob char SEM image

Effect of Initial Metal Ion Concentration
Figures 3 and 4 show the effect of
initial metal ion concentration on the
adsorption of Cr (VI) using commercial
activated carbon, modified maize cob char
and unmodified maize cob char. From the
figures, it is observed that as the metal ion
concentration increases the removal
efficiency of commercial activated carbon,
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coordination and complexation (Alayande
et al, 2011; Michaud, 2011). Figure 2
revealed the agglomeration of the maize
cob char particles which has been said to
aid adsorption of metals (Edwin, 2008;
Grabriela et al., 2006).

modified maize cob char and unmodified
maize cob char increased for Pb>" while for
Cr*, the removal efficiency of activated
carbon increase as metal ion concentration
increases but decrease for unmodified
maize cob char as metal ion concentration
increases. Modified maize cob char
showed fluctuation in the removal
efficiency of Pb. These may be due to the
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number of vacant site that is yet to be
occupied and metal ion are competing for
these available sites (Olu-owolabi et al.,
2012). The decrease in removal efficiency
exhibited by the adsorption of Cr®* is due
to the rapid binding of the available active
site that occur at the early initial Cr®
concentration which now create a limited
active site that attained saturation at
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increased concentration (AjayKumar et al.,
2009).

The adsorption of the two metals (Cr®
and Pb’*) using commercial activated
carbon showed higher removal efficiency
than maize cob char for the metals but the
removal efficiency of Pb (II) by maize cob
char is greater than that of Cr®* by the
same adsorbent.

Figure 3: Effect of initial ion concentration on removal efficiency of Cr (VI) by the adsorbents.
Agitation time: 45 min; agitation speed: 400 osc/min; dose of each adsorbent: 1.5 g.
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Figure 4: Effect of initial ion concentration on removal efficiency of Pb (II) by the adsorbents.
Agitation time: 45 min; agitation speed: 400 osc/min; dose of each adsorbent: 1.5 g.

Effect of Adsorbent Dosage
Figures 5 and 6 exhibit the influence of
adsorbent dosage on the sorption of Cr™

and Pb**. The removal efficiency of Cr®
increase at first from 19.2 % to 23 % as the
dosage increase from 0.5 g to 1 g but later
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reduce from 20.9 % to 18 % as dosage
increase from 1.5 g to 2.0 g and pick up
later to 23.33 % as dosage increased to 2.5
g. In the case of Pb2+, the removal
efficiency exhibited by unmodified maize
cob char increase from 97.75 % to 99.4 %
as adsorbent dosage increases from 0.5 g to
2.5 g. Meanwhile, activated carbon and
modified maize cob char showed a
decrease in removal efficiency of Cr®* as
adsorbent dosage increases but activated
carbon showed a slight increase in removal
efficiency of Pb** as the dosage increases
while modified maize cob char showed
initial increase in removal efficiency as the
adsorbent dose increase to 1.5 g then
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decreases. The increase removal efficiency
trend shown by the adsorbent is because
the number of adsorbent particles increases
as the adsorbent dose increases and that
makes the greater availability of
exchangeable sites for  adsorption
(Ijagbemi and Dong-Su, 2009; Mahmoud
et al., 2012). The decrease in removal
efficiency in other case is as a partial
overlapping or aggregation of adsorbent
surface area available to ion, which occurs
at high biomass concentration given rise to
a decrease of active sites (Gonen and
Serin, 2012).

O Activated Carbon

Unmodified Maize cob
char

Modified Maize cob
char

Figure 5: Effect of dose of the adsorbents on the removal efficiency of Cr (VI). Cr (VI)
Concentration: 30 mg/L; Agitation time: 60 min; Agitation speed 400 osc/min
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Figure 6: Effect of dose of the adsorbents on the removal efficiency of Pb (II). Pb (II)
Concentration: 30 mg/L; Agitation time: 60 min; Agitation speed 400 osc/min

Effect of Agitation time

As seen in Figure 7, the removal
efficiency of Cr" by unmodified maize
cob char increases from 30 to 60 min
which later drop as agitation time increases
from 30 to 150 min, meanwhile that of
commercial activated carbon and modified
maize cob char increase as agitation time
increases. In Fig. 8, the removal efficiency
of Pb** using unmodified maize cob char
initially increased and then gradually
remained constant with increase in
agitation time and reached the equilibrium
at 120 min but equilibrium was reached at
early stage (i.e. 30 min) when using
commercial activated carbon and modified

maize cob char. These result showed that
a0
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initially the number of vacant sites was
large which later tailed off as the vacant
active site is been saturated (Sugashini and
Gopalakrishnan, 2012). Also, the fast
adsorption at the initial stage observed
with commercial activated carbon and
modified maize cob char was probably due
to the initial concentration gradient
between the adsorbate in solution and the
number of vacant sites available on the
adsorbent surface at the beginning while
the decrease in efficiency may be due to
limited mass transfer of the adsorbate
molecules from the bulk liquid to the
external surface of the adsorbents (Onundi
etal., 2011).

Activated Carbon

Unmodified Maize cob
char

Moaodified Maize cob
char

Figure 7: Effect of agitation time on removal efficiency of Cr (VI) by the adsorbents. Cr (VI)
Concentration: 20 mg/L; agitation speed: 400 osc/mim; dose of each adsorbent: 1.0 g
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Figure 8: Effect of agitation time on removal efficiency of Pb (II) by the adsorbents. Pb (II)
Concentration: 20 mg/L; agitation speed: 400 osc/min; dose of each adsorbent: 1.0 g

Effect of particle size

The effect of particle size on the
removal efficiency of Cr and Pb was study
in Fig. 9. The particle sizes used were 150,
212 and 300 um, respectively. Other
parameters such as adsorbent dose, initial
ion concentration and agitation time were
kept constant; temperature and agitation
speed were kept at 25 °C and 400 osc/min,
respectively. The removal efficiency Cr
decrease as particle size increases. This
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may be as a result of the fact that smaller
particles give large surface areas. In the
case of Pb, removal efficiency increase as
particle size decreases but 212 um particle
size show highest removal efficiency
which may be that the particles are
spherical in shape. Larger particles with
spherical shape, in general, present higher
external mass transfer than small particle
size (Leusch and Volesky, 1995).

B Umodified Maize cab char (Cr)
Modificd Maize cob char (Cr)
Unmodified Maize cob char (Pb)

Modiflied Maize cob char (Pb)

Figure 9: Effect of the adsorbent particle size on the removal efficiency of Cr®" using maize
cob char. Metal concentration: 10mg/L; Agitation time: 45 min; agitation speed: 400 osc/min;

adsorbent dosage: 1.5 g
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Adsorption Isotherm

Langmuir and Freundlich models are
the most commonly used theoretical model
to generate adsorption isotherm. Langmuir
model assumption state that uptake of
metal ions occurs on a homogenous
surface by monolayer adsorption without
any interaction between adsorbed ions
while the assumption of Freundlich model
is based on adsorption on heterogenous
surface.

The experimental data were analyzed
according to the linear form of the
Langmuir (Kocaoba et al, 2007) and
Freundlich (Sprynskyy et al., 2006) model.
The linearized equation of Langmuir
model is commonly represented by:
1/Q = 1/Qmax (1/b C¢ + 1) 3)
Where Qumax 1S the maximum metal
uptake under the given conditions, b a
constant related to the affinity between
the adsorbent and sorbate.

The linearized equation of Freundlich
model is commonly represented by:

Log Q =Logk + 1/n log C¢ 4)
Where k and n are Freundlich constant,
which correlated to the maximum

adsorption capacity and
intensity, respectively.

Table 1 show the applicability of
Langmuir and Freundlich model to the
metals using modified and unmodified
maize cob char adsorbent. The two models
fitted well for the adsorption studies of Cr
rather than for the adsorption of Pb. This is
because of the higher correlation
coefficient depicted by the two models
(Table 1). Qmax value which is the
adsorption capacity determined from the
slope of Langmuir indicate a good
adsorbing capacities of the adsorbent for
Pb than Cr. The 1/n values less than 1
indicate favourable adsorption (Al-Sultani
and Al-Seroury, 2012). Going by the value
of 1/n for the sorption of Pb (II) ion by the
modified and unmodified maize cob char
adsorbents in Table 1 which are higher
than that of the sorption of Cr (VI) ion by
the adsorbents, it indicate favourable
adsorption for Pb than Cr. A smaller value
of 1/n indicates better adsorption
mechanism and formation of relatively
stronger bond between adsorbate and
adsorbent (Kose et al., 2012; Alfa et al.,
2012).

adsorption

Table 1: Langmuir and Freundlich constants for the adsorption of Cr®* and Pb** at 25 °C using

modified and unmodified coconut shell char

Langmuir constants

Freundlich constants

b (L/mg) Quax (mg/g) R’ K 1/n R’
Unmodified Cocoa Husk Char
Cr 0.409 222.22 0.8013 95.74 0.2819 0.7817
Pb -1.023 227.273 0.0088 4193.7 -0.3423 0.0656
Modified Cocoa Husk Char
Cr -20.83 -833.33 0.937 36.88 1.2186 0.9687
Pb -0.8428 1694.92 0.5749 3.348 -2.9356 0.6331

v p .
R°= correlation coefficient

Conclusion

This study showed that the use of
agricultural wastes such as maize cob
which constitute a nuisance to the
environment could be turned to wealth by
being processed to serve as cheaper,
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alternative adsorbents to the commercially
available activated carbon for treating
heavy metal contaminated wastewater. The
removal efficiency was controlled by
adsorbent dosage and agitation times,
initial ion concentration and particle size.
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Langmuir and  Freundlich  models
displayed a better fitting for the Cr
adsorption than Pb but adsorption data
fitted well with the two models. The
natural adsorbents exhibit high selectivity
for metal ion such as Pb** than Cr®*. Using
maize cob char to produce activated
carbons potentially provide a less
expensive raw material, a highly effective
adsorbent as well as producing activated
carbon  processed from  renewable
resources instead of non-renewable ones.
Research should be done on how to modify
the agricultural waste for better
improvement on treatment of wastewater.
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