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ABSTRACT: In the ever-increasing blind race of industrialization and urbanization environmental
contamination by toxic heavy metal ions is becoming a serious issue for both scientists and masses. Hence, the
objective of this paper was to evaluate the utilization of base (BMOD) and acid (AMOD) modified rice husk-
corncobs composite for the removal of chromium (V1) lon in simulated tannery wastewater using appropriate
standard techniques. SEM-EDX, XRD and FTIR characterizations revealed the elemental composition,
crystallographic structures and the chemical bonds respectively. The results of the sorption kinetic study showed
that the data fitted well with the pseudo-second order model for both acid modified (AMOD) and base modified
(BMOD) biosorbent with a maximum adsorption of 28.46 mg/g and 39.66 mg/g respectively. The results of the
sorption isotherm study showed that they both fitted Freundlich isotherm model. From the results obtained, rice husk
and corn cob were effective biosorbent for the removal of Cr (V1) ion from tannery effluent.
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In the ever-increasing blind race of industrialization
and urbanization environmental contamination by
toxic heavy metals is becoming a serious issue for both
scientists and masses. These heavy metal
contaminants directly or indirectly affect the health of
animals in general and human beings in particular by
their incremental accumulation in the soil, plants and
water bodies. Effluents of many industries like
chemical manufacturing, paper, textile, refinery,
petrochemicals, metal manufacturing, electroplating,

printing, dye, paint, leather goods manufacturing,
fertilizer and pesticides, mining and many more are
loaded with various heavy metals and their ions
(Sandeep, 2015). Although many different definitions
have been proposed to the term “heavy metal,” some
based on density, some on atomic humber or atomic
weight, and some on chemical properties, the term is
often used to denote a group of metals and semimetals
(metalloids) that have been associated with
contamination and potential toxicity or ecotoxicity
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(Maria et al., 2017). The most commonly occurring
metals are Cadmium, Copper, Nickel, Lead,
Chromium, Zinc, and Mercury (Tiller, 2004).The
maximum contaminant level (MCL) established by
United State Environmental Protection Agency
(USEPA) for chromium is 0.05 mgl* as reported by
Barakat 2010.In view of toxicities associated with
these heavy metal ions, their removal from industrial
effluents has become one of the thrust areas in modern
research. The removal of Cré* from wastewater is
accomplished by various conventional techniques like
precipitation with hydroxide ion or lime (Ehrampoush
et al., 2015), ion exchange (Sandeep, 2015),
coagulation (Wang and Chen, 2009), electrochemical
process (Sandeep, 2015), reverse osmosis and ion
flotation (Kong et al., 2014). But these conventional
methods are very slow, generate toxic sludge, have
poor efficiency, require continuous input of chemicals
and involve high cost. Adsorption has become one of
the alternative treatments, in recent years; the search
for low-cost adsorbents that have metal-binding
capacities has intensified (Barakat, 2010). The
adsorbents may be of mineral, organic or biological
origin, zeolites, industrial byproducts, agricultural
wastes, biomass, and polymeric materials (Kurniawan
et al., 2005). Biosorption of heavy metals from
aqueous solutions is a relatively new process that has
proven very promising in the removal of contaminants
from aqueous effluents (Dhir and Kumar, 2010). In
recent years, various natural adsorbents such as
agricultural wastes including sunflower stalks,
Eucalyptus bark, maize bran, coconut shell, waste tea,
rice straw, tree leaves, peanut, walnut husks, sesame
husk among others have been tried to achieve effective
removal of various heavy metals (Demirbas, 2008;
Kahramanet al., 2008; Nameniet al., 2008). In view of
this research, rice husk and corn cobs as one of the
most abundant agricultural wastes will be used as an
adsorbent in heavy metal removal from tannery
effluent.Maize is a popular cereal crop cultivated in
many parts of the world (Morris et al., 2011). During
the processing and production of corn, several wastes
are generated including corn cobs and corn husk. The
world production of corn increased in the 1980s,
which also implies a high amount of corn cob waste.
In Nigeria corn production increased from 4-11million
tons from 2000-2018 (USDOA, 2019). It is estimated
that about 18kg of cobs are obtained from every 100kg
of corn produced (Kazmierczak et al., 2013). The corn
cobs are regarded as carbonaceous materials but a
greater percentage of it in Nigeria ends up in landfills
as waste. Rice husk is an agro-waste which is produced
as a by-product of rice milling industry and it is
estimated to be more than 100 million tons with about
96 percent generated in developing countries (Ahile et
al., 2017), where Nigeria produced about 5 million
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tons in 2018 (USDOA, 2018). The use of rice husk as
potential biosorbent for metal remediation and
environment management technologies has increased
in recent past due to its easy availability, low cost,
reusability, high efficiency, easy processing,
application and recovery without any adverse impact
on the environment. Some more advantages associated
with rice husk are its high adsorption even with low
metal concentrations no additional nutrients
requirements, easy operation, its strong affinity and
high selectivity towards heavy metals which is
because of the presence of binding groups on its
surface (Sandeep, 2015). Hence, the objective of this
paper was to evaluate the utilization of base (BMOD)
and acid (AMOD) modified rice husk-corncobs
composite for removal of chromium (VI) ion in
simulated tannery wastewater.

MATERIALS AND METHODS

Sample collection and pretreatment: Fresh rice husk
was obtained from a local rice mill in Bauchi, Bauchi
state Nigeria. The impurities in rice husk were first
pick out, then the rice husk was washed thoroughly
with distilled water to remove adhering soil and clay
before oven drying at 60°C until a constant weight is
attain, the sorbent obtained (hereafter raw rice husk).
Corncobs were collected from a road side in Bauchi,
Bauchi state Nigeria. The obtained raw materials were
first hand picking the impurities and remove the
remains of the corn on the straw. Wash with distilled
water and sundry for 72 hours. The dried corncobs
were then cut down, grind and sieve to obtain a fine
powder of particle size of < 212 um. The processed
Rice husk and Corn cobs powder were pre-treated
separately with 6N HCI (acid treatment) and 1N
NaOH (alkaline treatment) for 1h and the pretreated
samples were filtered, washed thoroughly with
distilled water until a clear mixture were obtained (i.e.
turbidity free). The water layer in each case was
decanted and the pretreated Rice husk and Corn cobs
powder were dried in an oven at 50°C for 24 h and
weighed to constant weight.

Characterization of the adsorbent: The adsorbent was
characterized by Fourier transform infrared
spectroscopy (FTIR), scanning electron microscope
(SEM) and Energy-disperse X-ray (EDX). The
functional groups present in the adsorbent before and
after treating the tannery effluent was determined by
FTIR (NicoletTM 6700). Surface morphology was
observed by SEM (JSM-6490LV, manufactured by
JEOL, Japan) micrographs and the elemental
composition by EDX. Further, the phase was
identified by XRD.
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Preparation of synthetic solutions (mimicking a
typical tannery industrial effluent): Analytical grade
reagents were used in preparing stock solutions from
which the working solutions was obtained by diluting
to required concentration. The stock solution of the
metallic salt was prepared by dissolving 3.250g of
CrQOs in 1000 cm? of distilled water.

Experimental Design: The experiment was designed
using Design Expert Software (Version 6.0.8)
whereby the effect of adsorbent dosage, pH and
contact time on the heavy metal ions sorption onto
blended adsorbent was studied. The response surface
methodology (RSM) technique involving central
composite design (CCD) was utilized to optimize the
three main sorption parameters selected, to achieve
maximum ion removal. Table 1 shows the
experimental range of the independent variables. The
experimental data matrix was determined using
Design Expert v6.0.8 and the obtained models were
statistically analyzed using analysis of variance
(ANOVA).

Table 1: 2-Level, 3-Factor experimental Design

Name Unit -level +level
Adsorbent Dosage g 1 6
pH 3 9
Contact Time min 30 180
Source: Kumar and Gausar, 2011; feng et al., 2011 and Naiya et
al., 2009

Batch adsorption experiment: All adsorption tests
were carried out in 250mL conical flask containing
100mL of the tannery effluent. The tests were
conducted by varying three factors, pH, contact time
and adsorbent dosage, on Cr*Shiosorption. All the
samples were agitated at 150 rpm at room temperature
in orbital Shaker (Protech model 722). Samples were
collected at the predetermined time interval of 30, 105,
180 and 230 min, respectively and filtered through
filter paper (Whatman No.1 0.45um). The filtrates
were examined for metal ion concentration using the
Atomic Absorption Spectrometer (AAS). The amount
of metal ion adsorbed (ge) and the percent removal
(%R) were calculated using equations 1 and 2,
respectively.

Co— Ce
m

€y

o—Ce

c
%R = «100 (2)

Where ge is the amount of metal ion adsorbed (mg/g),
Coand C are the initial and equilibrium liquid-phase
concentrations of the metal ion (mg/L) respectively, V
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is the volume of the solution (L) and m is the weight
of the adsorbent used (g).

RESULT AND DISCUSSIONS
Characterization of the Adsorbent: SEM-EDX
analysis: The surface morphology of the chemically
treated Rice husk and Corn cob blended biosorbent
before and after the biosorption were investigated
using SEM. Plate 1-12 shows the surface morphology
of chemically treated Rice husk and Corn cob blended
biosorbent before and after the biosorption of Cr (V1)
ion for both the acid modified (AMOD) and base
modified (BMOD). The morphological
characterization of chemically treated Rice husk and
Corn cob blended biosorbent after the biosorption of
Cr (VI) ion was significantly different from those
before biosorption. The pores on the biomass surface
became smooth after the biosorption. This change can
be explained by accumulation of metal ion on the
surface by electrostatic attraction effect, which has
been reported previously by Peng et al. (2018).The
EDX analysis showed the biosorbent surface
elemental composition before and after the biosorption
and the result is demonstrated in figure 1-4. The
presence of Cr (VI) (Wt conc. = 0.42 and 0.63) on the
surface of the biomass after biosorption confirmed the
attachment of the metal ion on the biosorbent surface.
It was observed that amount of N, Si, Cl, Al, Na, S,
Mg, P, K, Fe and Ca decreased after the biosorption
process. This change demonstrates a possible ion
exchange has occurred during the biosorption of Cr
(VI) ion. Similar observations were reported by
Oliveira et al., (2014).Elemental mapping was carried
out to show the spatial distribution of each element
detected in EDX (Figures 1-4).

Plate 1: SEM image of AMOD before biosorption of Cr (V1) ion,
30pum

Plate 2: SEM image of AMOD after biosorption of Cr (VI) ion,
30um
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Plate 3: SEM image of AMOD before biosorption of Cr (V1) ion,
80pum _30pm

80um 80um

Plate 5: SEM image of AMOD before biosorption of Cr (V1) ion,

Plate 6: SEM image of AMOD after biosorption of Cr (V1) ion, Plate 11: SEM image of BMOD after biosorption of Cr (V1) ion,
100pum 80um

_ o i - : v g

" . " " Plate 12: SEM image of BMOD before biosorption of Cr (V1) ion,
Plate 7: SEM image of BMOD before biosorption of Cr (VI) ion, 100pm

30um
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Plate 13: Energy-dispersive X-ray (EDX) spectrums for acid
modified (AMOD) before biosorption of Cr (V1) ion

Table 2: Elemental Composition from the Energy-dispersive X-ray (EDX)
spectrums for acid modified (AMOD) before biosorption of Cr (V1) ion.
Element | Element | Element | Atomic | Weight
Number | Symbol Name Conc. | Conc.

6 C Carbon 71.03 | 59.06
14 Si Silicon 11.10 | 21.59
7 N Nitrogen 16.02 | 15.53
13 Al Aluminium | 0.42 0.79
11 Na Sodium 0.48 0.76
20 Ca Calcium 0.14 0.38
19 K Potassium 0.13 0.36

16 S Sulfur 0.16 0.36

17 Cl Chlorine 0.14 0.34
12 Mg Magnesium | 0.19 0.32
15 P Phosphorus | 0.13 0.29

26 Fe Iron 0.06 0.22

®®

o 3 2 3 4 S L 7
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Fig 1: Elemental mapping from the Energy-dispersive X-ray
(EDX) spectrums for acid modified (AMOD) before biosorption of
Cr (V1) ion.

Plate 14: Energy-dispersive X-ray (EDX) spectrums for acid
modified (AMOD) after biosorption of Cr (VI) ion.
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Table 3: Elemental Composition from the Energy-dispersive X-ray (EDX)
spectrums for acid modified (AMOD) after biosorption of Cr (V1) ion.

Element Element Element Atomic Weight

Number Symbol Name Conc. Conc.
6 C Carbon 81.14 74.77
7 N Nitrogen 13.16 14.14
11 Na Sodium 3.44 6.07
14 Si Silicon 1.30 2.80
12 Mg Magnesium 0.26 0.48
13 Al A, uminium 0.20 0.41
24 Cr Chromium 0.17 0.42
17 Cl Chlorine 0.15 0.40
19 K Potassium 0.10 0.31
16 S Sulfur 0.11 0.27
15 P Phosphorus 0.10 0.23
20 Ca Calcium 0.04 0.11
26 Fe Iron 0.00 0.00

2 3 ] s 3 7 &

&l?}m‘én 30 seconds
Fig.2: Elemental mapping from the Energy-dispersive X-ray
(EDX) spectrums for acid modified (AMOD) after biosorption of
Cr (V1) ion.

Plate 15: Energy-dispersive X-ray (EDX) spectrums for base
modified (BMOD) before biosorption of Cr (V1) ion

Table 4: Elemental Composition from the Energy-dispersive X-ray (EDX)
spectrums for base modified (BMOD) before biosorption of Cr (V1) ion

Element Element Element Atomic Weight

Number Symbol Name Conc. Conc.
6 C Carbon 83.92 79.43
7 N Nitrogen 13.65 15.07
14 Si Silicon 1.28 2.84
17 Cl Chlorine 0.25 0.69
13 Al Aluminium 0.21 0.44
11 Na Sodium 0.22 0.39
16 S Sulfur 0.14 0.36
12 Mg Magnesium 0.18 0.35
15 P Phosphorus 0.10 0.24
19 K Potassium 0.04 0.11
26 Fe Iron 0.02 0.09
20 Ca Calcium 0.00 0.00
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Fig. 3: Elemental mapping from the Energy-dispersive X-ray

(EDX) spectrums for base modified (BMOD) before biosorption of

Cr (V1) ion.

Plate 16: Energy-dispersive X-ray (EDX) spectrums from the
base modified (BMOD) after biosorption of Cr (VI) ion.

Table 5: Elemental Composition from the from the Energy-dispersive X-ray

(EDX) spectrums for base modified (BMOD) after biosorption of Cr (V1)

ion.

Element Element Element Atomic Weight

Number Symbol Name Conc. Conc.
6 C Carbon 71.11 59.53
14 Si Silicon 9.58 18.76
7 N Nitrogen 17.02 16.62
20 Ca Calcium 0.37 1.05
15 P Phosphorus 0.47 1.01
13 Al Aluminium 0.46 0.87
24 Cr Chromium 0.32 0.63
17 Cl Chlorine 0.22 0.55
11 Na Sodium 0.31 0.50
26 Fe Iron 0.11 0.42
16 S Sulfur 0.14 0.32
12 Mg Magnesium 0.17 0.29
19 K Potassium 0.03 0.07

@
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Fig. 4: Elemental mapping from the Energy-dispersive X-ray

(EDX) spectrums for base modified (BMOD) after biosorption of

Cr (V1) ion.
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Fig 5: FTIR pattern acid modified (AMOD) biosorbent before
biosorption of Cr (VI)) ion
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Fig 6: FTIR pattern base modified (BMOD) biosorbent before
biosorption of Cr (V1)) ion
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Fig 7: FTIR pattern acid modified (AMOD) biosorbent after
biosorption of Cr (VI)) ion

FTIR analysis: The functional groups on the
biosorbent surface and their interaction during the
biosorption process of Cr (VI) ion was investigated
through FTIR spectrum analysis. Figure 5-8 shows the
peaks corresponding to the functional groups of

ALHASSAN, A. S; OLUBAJO, O. O; AHMED, M. M.
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biosorbent before and after the biosorption of metal
ion.

R 300 X0e 0] 1090
Aaanurte en

Fig 8: FTIR pattern base modified (BMOD) biosorbent after
biosorption of Cr (V1)) ion

The broad and strong peak at 3285.6 cm™* was assigned
to the overlapping of O-H and N-H stretching,
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indicating the existence of hydroxy stretching and
carboxylic groups on the surface on biosorbent
(Mubeen et al., 2019). The peaks at 2922.2, 2853.3
and 1645.6 cm™ respectively were attributed to the C—
H stretching vibration of aliphatic groups and at
1541.3 cm™ was attributed to the presence of C=0
stretching. The peak at 1457.4 cm? represented the
presence of C=C stretching. The peak found at 1418.3
cm? was assigned to the C-H bonding. The peaks
observed at 1235.6, 1157.3 and 1153.6 cm™ were
attributed to the C-O stretching. The sulfoxide band
was assigned to the peaks observed at 1032.5 and
1026.9 cm™. The numerous characteristic peaks
observed on the surface indicate the complex nature of
the biosorbent. Table 2 shows changes in the
vibrational frequency of the functional groups after the
biosorption of Cr (VI) ions on both AMOD and
BMOD biosorbent. This indicates the biosorption of
Cr (V1) ion on the biosorbent by chemical combination

Table 6: Infrared vibration wavenumber and functional groups observed on acid modified (AMOD) and base modified (BMOD) biosorbent

Wavenumber (cm't)

AMOD AMOD BMOD BMOD Functional Groups
Unloaded Loaded Unloaded Loaded
1026.9;61.780  1032.5;64.263 1026.9;61.212  C-O stretching

1026.9;637
1157.3;79.616 -
1317.6;85.110

1235.6;79.662
1418.3;82.564
1457.4;80.378
1526.3;78.336
1541.3;77.435
1645.6;72.602
2853.3;77.744
2922.2;69.160

2920.4;83.492
- 3285.6;72.372

C-O stretching

C-H stretching

C=C stretching
Asymmetric C=C stretching
C=0 stretching

C-H symmetric stretching
C-H asymmetric stretching
C-H stretching

O-H stretching

1153.6;78.824

1638.2;88.918
2849.5;93214
2916.6;91.586

Equilibrium Studies: The effect of pH: The effect of
pH on the removal percentage of Cr (VI) ions from
Tannery effluent using acidified (AMOD) and basic
modified (BMOD) biosorbents as shown in figure 9 is
significant. For acidified modified (AMOD)
biosorbents, the removal efficiency ranges from
87.8% at pH 1 to 97.9% at pH 9, with the highest
efficiency observed at pH 9.

102 4

e AMOD
= 100 1 BMOD
2 98 -
e 9% -
T 94
[}
£ 92 -
&
€ 90 -
88 -
86 ; ; ; ; ‘
0 2 4 oH 6 8 10

Fig 9: Effect of pH on Cr (VI) ion removal for acidified modified
(AMOD) and base modified (BMOD) biosorbent

In contrast, basic modified (BMOD) biosorbents
exhibit removal efficiencies from 97.3% at pH 1 to
99.6% at pH 9, with the highest efficiency at pH 9.
Overall, the data highlights that pH plays a crucial role
in the adsorption process, affecting the removal
efficiency by influencing the surface charge of the
biosorbents and the speciation of Cr (V1) ions. Optimal
removal efficiency is achieved at slightly acidic to
alkaline pH levels (pH 3 to pH 9) for both acidified
modified (AMOD) and basic modified (BMOD)
biosorbents.

Effect of Adsorbent dosage: From Fig. 10, the Effect
of Adsorbent Dosage on the removal percentage of Cr
(V1) ions using acidified modified (AMOD) and base
modified (BMOD) biosorbents in Tannery effluent
shows that increasing the biosorbent dosage enhances
removal efficiency. Specifically, at an Adsorbent
Dosage of 1, the removal percentage of Cr(VI) ions is
86.2%, indicating moderate efficiency. Increasing the
Dosage to 3.5 significantly enhances removal
efficiency to 99.5%. At a Dosage of 6, the removal
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percentage remains high at 96.3%, showing consistent
efficiency. Finally, with a Dosage of 7.7, the removal
percentage reaches 98.1%, indicating high efficiency
at this higher dosage level. Overall, the data suggests
that increasing the Biosorbent dosage improves the
removal efficiency of Cr(VI) ions, with the highest
efficiency observed at a dosage of 3.5.

102
100 -
98 - /\ P
% -

% -

92
90 et AMOD

% Removal Of Cr (vi)

88
86

84 T T T T 1
0 2 4 6 8 10

BMOD

Adsorbent Dosage (g)

Fig 10: Effect of Adsorbent dosage on Cr (V1) ionremoval for
acidified modified (AMOD) and base modified (BMOD)
biosorbent.

Effect of Contact Time: The impact of Contact Time
on the removal efficiency of Cr(VI) ions using
acidified modified (AMOD) biosorbents in Tannery
effluent is evident from the data in figure 11. Initially,
at 20 minutes, the removal efficiency is 88.2%,
indicating moderate effectiveness.

100 +

——AMOD
BMOD

86 T T T T 1
0 50 100 150 200 250

Contact time (min)

Fig 11: Effect of contact time on Cr (VI) ion removal for acidified
modified (AMOD) and base modified (BMOD) biosorbent.

Subsequently, increasing the contact time to 30
minutes notably enhances the removal efficiency to
97.9%. The peak efficiency is observed at 105
minutes, reaching 98.4%, demonstrating high
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effectiveness at this duration. Maintaining a high level,
even at 200 minutes, the removal efficiency remains at
98.3%. Overall, the data suggests that extending the
contact time improves the removal efficiency of
Cr(VI) ions, with optimal efficiency seen at 105
minutes. In contrast, for base modified (BMOD)
biosorbents in the effluent, the removal percentage of
Cr(V1) ions decreases as the contact time increases.
Starting at 98.4% at 20 minutes, the removal
efficiency declines to 90% at 200 minutes, indicating
a reduction in efficiency over time.

Model Development for Cr (VI) ion Removal: A CCD
matrix was used to investigate the interaction effects
of three important factors, including adsorbent dosage,
contact time, and pH, on the removal of Cr (V1) ion.
The experimental design and the responses are shown
in Table 3. Based on the obtained results, the following
polynomial equation was developed for Cr (VI) ion
removal for the acid modified (AMOD) and no model
equation was developed for the base modified
(BMOD) biosorbent which suggested that the heavy
metal ion concentration is low or the efficiency of the
biosorbent is high as such the percentage removal is
very closed.

Cr(VI) Removeval %
=+491.194+1.71A+ 1.21B
—0.50C + 1.26A% + 0.12B?
+2.61C?% — 1.24AB

Where A, B, and C are the coded values for the
selected influential parameters, namely, adsorbent
dosage, pH and contact time, respectively.

Table 7: Experimental design for biosorption of Cr (VI) ion on
acid modified (AMOD) biosorbent. CCD: central composite

design.
Independent Factors Responses
Run  Adsorbent Contact H Cr (VI)ion
Dosage Time P Removal%
1 6.00 30.00 9.00 97.9
2 3.50 200.00 6.00 98.3
3 3.50 105.00 6.00 99.5
4 6.00 30.00 3.00 98.9
5 3.50 105.00 11.00 94.1
6 7.70 105.00 6.00 98.1
7 3.50 105.00 6.00 98.4
8 3.50 105.00 6.00 99.6
9 1.00 180.00  3.00 87.5
10 1.00 105.00 6.00 86.2
11 6.00 180.00  9.00 94.3
12 3.50 105.00 1.00 87.8
13 1.00 30.00 3.00 97.6
14 1.00 30.00 9.00 96
15 6.00 180.00  3.00 95.3
16 3.50 105.00 6.00 83.2
17 3.50 20.00 6.00 88.2
18 3.50 105.00 6.00 79.2
19 1.00 180.00  9.00 97
20 3.50 105.00  6.00 92.6
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Table 4 shows the ANOVA for the polynomial
equations and the corresponding regression
coefficients for the removal models of Cr (V1) ion The
significance of the obtained models can be determined
based on the p-value, the correlation of determination
(R?), and the results of the lack of fit test (Zhu X., et
al., 2017). Both models showed p-values (Prob > F)
greater than 0.0500, suggesting their not significant.

The lack of fit test showed the variation of responses
around the fitted model. The insignificant lack of fit
indicated that the model did not fit the data well. The
values of R? and adjusted R? were 0.2146 and -0.2436.
The coefficient of variance (CV) refers to the ratio of
standard deviation to mean. The CV value was 7.19. A
model is reproducible if the CV value is less than 10
(Haftu, 2015). Adequate precision (AP) is defined as
the ratio of signal to noise. An AP ratio higher than 4
is desired. The AP value of the model was 1.907,
which indicates an inadequate signal and we should
not use this model to navigate the design space.

Adsorption Kinetic Study: In this study, three different
kinetics models were investigated, namely the pseudo-
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first order, the pseudo-second order, and the Elovich
kinetic models, to test the experimental data.

The parameters for each kinetic model and its
respected correlation coefficients (R?) are shown in
Table 5. Plots of the three kinetic models are shown in
Figure 12-14 for both the acid modified (AMOD) and
base modified (BMOD) composite biosorbent. The
experimental results fitted well with the pseudo-
second order model for both acid modified (AMOD)
and base modified (BMOD) with R? values of 0.6900
and 0.6840 respectively.

Adsorption Isotherm Study: The sorption equilibrium
data were tested with two parameter models:
Langmuir and Freundlich isotherms. The model
parameters for each isotherm, their respected
correlation coefficients (R?) values are shown in Table
6. Figure 15-16 illustrates the Langmuir and
Freundlich adsorption isotherms of ions on the
biosorbent.

Table 8: Analysis of variance (ANOVA) for Cr (VI) ion biosorption model on AMOD biosorbent.

Sum of

Mean

p-Value

Response Source df F Value Comments
squares Square Prob>F

Model 148.21 7 2117 0.47 0.8396 SD=6.72
Cr(Vl)ion A 30.72 1 3072 0.68 0.4258 Mean=93.48
Removal B 19.84 1 19.84 0.44 0.5202 Cv=7.19
(%) C 2.67 1 267 0.059 08120  R?=0.2146

A2 13.56 1 1356 0.30 0.5939 R?(aq)=-0.2436

B? 0.20 1 020 4.394E-003  0.9482 AP=1.907

c? 40.28 1 40.28 0.89 0.3639

AB 12.25 1 12.25 0.27 0.6121

Residual 542.53 12 4521

Lack of Fit 145.96 7 20.85 0.26 0.9448

Pure Error 396.57 5 79.31 0.47 0.8396

s: significant; n: insignificant; df: degree of freedom; SD: standard deviation; CV: coefficient of variance; R?: correlation of determination;
AP: adequate precision

Table 9: The Pseudo-first order, Pseudo-second order And Elovich kinetic parameters for biosorption of Cr (V1) ion onto Composite

biosorbent.
. AMOD BMOD
Model Equation Parameters Cr(V1) ion Cr(V1) ion
™ ge (Mg/g) 1.0217 1.0414
Efj‘;rd ofirst log(ge — qr) =log(qe) + kst ki (1/min) 0.00004 0.0002
R? 0.0010 0.0440
ge (Mg/g) 0.7131 0.9825
Pseudo- t 1 1 ) ]
second order a =ik + Et k* (g/(min.mg)) 0.3079 -0.1862
R? 0.6900 0.6840
. A -5.730x10%  -1.303x10°
Elovich 1 1
kinetic q:==Inapf +=Int B -3.6887 -31.250
model B B ,
R 0.0521 0.0470
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Fig 12: Linear fitting of biosorption of Cr (V1) ion by acid modified (AMOD) and base modified (BMOD) Compositesbiosorbent to the
pseudo-first order kinetic models.
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Fig 13: Linear fitting of biosorption of Cr (V1) ion by acid modified (AMOD) and base modified (BMOD) Composites biosorbent to the
Pseudo-second order kinetic models.

0.12 -
0.1 V'S AMOD = -0.005x + 0.047
R2=0.052
0.08 -
’ AMOD BMOD =2'0.004X + 0.044
2006 BMOD R2=0.047
0.02 - e
0 T T 1
0 2 |nt 4 6

Fig 14: Linear fitting of biosorption of Cr (V1) ion by acid modified (AMOD) and base modified (BMOD) Composites biosorbent to the
Elovich kinetic models

Table 10: Isotherm constants for Cr (V1) ion biosorption onto Composite biosorbent.

Heavy Langmuir Isotherm Coefficient Freundlich Isotherm Coefficient

metals do(Mg/g) b (L/mg) R? RL Ke [(mg/g)/(L/mg)]*" 1/n R?
AMOD 1.5466 -0.1048 0.115 -0.0529 25276 0.0402 0.8520
BMOD 0.6748 -0.0508 0.234 -0.1707 6.7391 -0.3943 0.8560
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Fig 15: Langmuir isotherm plot for Cr (V1) ion sorption onto acid modified (AMOD) and base modified (BMOD) Composites.
0 T T T T 1
0 1 2 3 4 5 6
-0.5 -
% -1 4 ¢ AMOD
S BMOD
15 -
AMOD = -0.456x + 0.111
2 R?2=0.852
BMOD =-0.452x + 0.105
-2.5 - R2=0.856
log Ce

Fig 16: Freundlich isotherm plot for Cr (VI) ion sorption onto acid modified (AMOD) and base modified (BMOD) Composites.

Conclusion: The study has demonstrated that a
composite of rice husk and corncobs is effective as a
biosorbent for the removal of metal ions from
industrial effluent. This development will benefit
wastewater management in the tannery, textile and
related industries. In conclusion, the results of the
study indicate a definitive approach to addressing
environmental concerns associated with the presence
of heavy metal ions.
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