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ABSTRACT

Agricultural products are not only beneficial to man for food, its waste or residue is seen to be helpful
in the chemical circle in producing low cost adsorbents. This research is aimed at studying the
isothermal and kinetic mechanism on the adsorption of methylene Blue (MB) and methyl orange
(MO) which are cationic and anionic dyes respectively by the residue of the oil seed of Guizotia
scabra. The sample was impregnated with Phosphoric acid and carbonized at 450°C for 45minutes.
UV Mvisible spectrophotometer was used to obtain the absorbance of the dyes. Series of experiments
were conducted, the results revealed the effect of contact time, adsorbent dosage, pH, and initial dye
concentration. The percentage removal of adsorbate of MB ranged from 82.58 to 98.37% while MO
was 69.85 to 96.14% for adsorbent dose that varied from 0.05 to 0.20g.The percentage removal of
MB ranged from 10.86 to 21.03% while MO was 43.70% to 72.96% for contact time that varied from
10 to 40 minutes. The percentage removal of MB ranged from 91.72 to 99.36% while MO was
24.76% t0 9.90% for change in pH from 2 to 11. The percentage removal for MB ranged from 39.21
t0 99.48% while MO was 87.62 to 73.41% for dye initial concentrations varied from 10 to 40mg/L.
Equilibrium parameter analyzed found that Langmuir and Freundlich isotherm fit for all material but
Langmuir fit better for M.B (R?=0.9997) than for MO. Freundlich fit better for MB (R?=0.9583) than
for MO (R?=0.8319). The adsorption kinetics study shows MB (R?= 0.9979) fit better for pseudo -
first- order kinetics mechanism than MO (R?=0.8602) and MO (R?=0.995) fit better for pseudo-
second—order kinetics mechanism than MB ((R?=0.7405).
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INTRODUCTION

Adsorption is one of the most common play an important role in the adsorption
methods used in wastewater treatment because capacity and the removal mechanism of the
it is economical, effective and simple in adsorbate [1, 2]. It is estimated that
design. However, the adsorption process is approximately 40,000 tonnes of dyes out of
influenced by the nature of the adsorbate and roughly 450,000 tonnes in total production are
its substituent groups. The presence and not used but discharged into wastewaters. A
concentration of surface functional groups large variety of dyestuffs is available under the
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categories of acid, basic, reactive, direct,
disperse, sulphur and metallic dyes [3]. Dyes
are synthetic aromatic compounds, which have
various functional groups [4]. Some dyes and
their degradation products may be carcinogens
and toxic, and consequently their treatment
cannot depend on biodegradation alone [5, 6].
The main purpose of this research is to

the
mechanism of adsorption on the oil seed

evaluate isothermal and Kinetic
residue of Guizotia scabra of cationic dye,
Methylene blue (MB) and an anionic dye,
methyl orange from aqueous solutions. The
effects of contact time, initial dye
concentration, adsorbent dosage and pH of

the solutions were studied.

MATERIALS AND METHODS
Preparation of Adsorbate

One gram of both methylene blue [cationic
dye, chemical formula: CisH1sCIN3S.3H.0,
molecular mass = 373.90 g/mol], and methyl
formula:
696.7

analytical grade were accurately

orange [anionic dye, chemical
Ca2H22NsNa>0O6S2, molecular mass =
g/mol
weighed and dissolved in 1000cm? volumetric

flask to serve as stock standard solutions.

Preparation of Adsorbent.
The sample was washed with distilled water to
remove impurities from the sample and it was

air dried for 5 days, the sample was grounded
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with blender to obtain a fine size, soxhlet
apparatus was used to extract the oil from the
sample to get residue. 5g of the sample was
weighed and placed into four (4) different
crucibles and it was impregnated with
50cmiconcentrated Phosphoric acid (HzPOu
and placed in the oven at a temperature of
110% for 2hours, and it was placed into a
dessicator to cool.

The carbonization was performed in a muffle
furnace for 45minutes at 450c and it was then
allowed to cool in a desiccator. The activated
carbon was washed with distilled water until
the pH became neutral [7].

Adsorption Studies

The adsorptive properties of Guizotia scabra
Residue (GSR) were investigated at varied
adsorption times, initial dye concentrations,
initial pH, and adsorbent dosage to determine
its kinetics, isotherm, and optimal adsorption
conditions. Every batch adsorption run was
GSR were

dispersed in a certain volume of dye solution

done at room temperature.
(V) and agitated (150 rpm) at a specified time
(t). Synthetic MB solutions were prepared by
dissolving the dye powder in distilled water
(DW) at desired initial concentration (Co).
Samples were filtered from the solution to
determine the concentration at time t (Cy) or
until equilibrium dye concentration (C.) was
reached. Dye removal efficiency (% RE, Eq.
1) [8] and equilibrium adsorption capacities

(Eq. (2)) [9] were determined considering the
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mass of GSR (m) dispersed into the dye

solution.
g 1 [ L R —— 1
qez Co-ce X V e ———— -2

Adsorption Kkinetic studies were conducted by
using dye solutions with C, = 40 mg L* and
then measuring the dye uptake (g:) of GSR at
varied t until equilibrium was attained (Eqg. 3)
[8]. Adsorption isotherm was carried out at C,
= 5-200 mg L, whereas the investigation of
the effect of GSR loading at S/L = 5-20 ¢

Lt with Co—= 40 mg L*. Adsorption at
different initial pH was done using dye
solutions with C, = 40 mg L and initial pH
were adjusted to the desired value by using
pure NaOH and HCI (0.1 M) solutions.

__ Co-Ct

= meeeneene3

X V-

Effect of Contact Time on Methylene Blue
(Mb) and Methyl Orange (MO)
0.05¢ of the activated carbon was weighed into

four different conical flashes, 50ml of the
methylene blue and methyl orange was added.
The conical flask was corked and shaken with
a mechanical shaker at different time ranging
from 10 to 40 minutes. The filtrates were
analyzed using a uv/visible spectrophotometer
at a wave length of 664nm and 460nm [10].

Effect of Absorbent Dose on Methylene Blue
(MB) and Methyl Orange (MO)
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0.05g, 0.1g, 0.15, 0.2g of the activated carbon
was weighed into four different conical flasks
respectively, 50ml of the dyes methylene blue
and methyl orange was added, the conical
flask was corked and shaken with a vibrator
for 30minutes. The filtrates were analyzed
using a uv/visible spectrophotometer at a wave
length of 664nm and 460nm [11].

Effect of Initial Dye Concentration of
Methylene Blue (Mb) and Methyl Orange
(MO)

A dye concentration ranging from (10-40ppm)

was prepared. 50ml of each of the dye
concentration was added to each of the conical
flask containing 0.05g of the activated carbon
and it was corked and shaken with a vibrator
for 30minutes, the filtrates was analyzed using
a uvl/visible spectrophotometer at a wave
length of 664nm and 440nm [12].

Effect of pH

0.5g of the adsorbent was weighed into four
different conical flask containing 50ml of the
dye solution, and it was made up to pH of 2,6,9
and 11 with the use of HCI and NaOH and the
pH was checked with the use of pH meter. The
conical flask was shaken with a vibrator for
30minute and
UV/Visible  spectrophotometer at a
wavelength of 664 and 460 [13].

The concentration of the anionic and cationic

it was analyzed using a

dyes in a known volume of the supernatant was
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The

amount of the dyes adsorbed on the GSR was

determined  spectrophotometrically.
thus determined. Adsorption of the dyes on
GSR was determined in terms of equilibrium
concentration (Ce), percentage Removal RE %,
Adsorption Capacity ge and the equilibrium

concentration (C.) was determined.

RESULTS AND DISCUSSION

Characterization of G. scabra Adsorbent
FTIR Analysis

Table 1 revealed the FTIR result showing the

stretching vibration band at around 879.65cm-

! may be due to C-ClI stretching vibration. The
bands around 1073.4cm™ and 1177cm™ are
due to C-N stretch and the stretching vibration
at 1565cm™
stretching vibration and also the stretching
vibration at 3153cm™ is due to C-H stretch

is due to C-N symmetric

functional group respectively. A similar result
was presented by [14, 15,16].This indicate the
possible involvement of physical forces, such
as hydrogen bonding, vander waals and
covalent chemical bonds in the adsorption
process [17].

Table 1. Suspected functional groups in G. scabra Adsorbent

Peaks (cm™) Bonds Functional group
879.65 C-Cl stretch Alkyl halides
1073.4 C-N stretch Aliphatic amines
1177 C-N stretch Aliphatic amines
1565 N-O symmetric stretch Nitro compounds
3153 C-H stretch Aromatic

Scanning Electron
Analysis
Scanning Electron Microscopy (SEM) showed

Microscopy (SEM)

the granulometric structure of Guizotia scabra
seed oil residue and active carbon. The surface
morphology of the sample showed clearly that
residue were

Guizotia scabra seed oil
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properly developed rough and uneven, it is
seen to be more porous compared to the parent
material. The availability of pores and internal
surface area is for effective adsorbent [18].
The pores and internal surface area provided a
good surface for methylene blue and methyl

orange.
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Fig. 1 FTIR of G. scabra Adsorbent
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Fig. 3 SEM after activation

Adsorption Studies

Fig. 4 revealed the effect of adsorbent dose on
adsorption of methylene blue (MB) [Amax =
665 nm] and methyl orange (MO). The
experiment were carried out with adsorbent
dose varied from 0.05 to 0.2g. the percentage
removal varied from 82.58% to 98.37% for
methylene blue and 69.85% to 96.14% for
methyl orange. The percent removal increases
with increase in the adsorbent dose for both
dyes. The increase in removal of dyes with
adsorbent dose is due to the introduction of
more binding sites for adsorption. Similar,
results were reported by the other researchers
[19, 20].
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Fig. 5 showed the effect of contact time in the
adsorption of MB and MO. The percentage
removal ranges from 10.86% to 21.03% for
MB and ranges from 43.70% to 72.96% for
MO. Itis observed that the percentage removal
of the dyes increases rapidly with an increase
in contact time initially, and thereafter, beyond
a contact time of about 20 min for MB there
was decrease in adsorption site this is credited
to the face that while 40mins for MO, there
was noticeable adsorption with increase in
time. This could be due to greater pore size
and a strong attraction between the adsorbent
and the
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Fig. 5 Effect of Contact time on the adsorption of MB and MO
Fig.6 showed the effect of pH on the Percentage removal of MB was in the range of
adsorption of MB and MO. The pH of the 91.72% to 99.36% while MO was in the range
experiment was varied from 2 to 11. of 24.76% to 9.90%. Methylene blue is
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cationic, at lower pH value, low removal was
observed which was due to the high
concentration of H* ions that resulted in
repulsion and hence cause the reduced bio
sorption [21]. However, at higher pH values,
maximum removal was observed. The reason
for increased in removal efficiency at alkaline
pH is due to the availability of more negatively
charged surface which caused decrease in
repulsion between the positively charged dye
molecule and the biosorbent [22]. In the case
of anionic dye (MO), adsorption is greater at
lower pH. It may be due to the increased
positive charges on the surface of adsorbent
that attracts the functional groups of a dye
carrying negative charge [23].

Fig.7 the effect of
concentrations of dyes (MB and MO)

revealed initial

120 1

100 4

% Removal

adsorbed. The effect of concentration of dyes
(10 to 40 mg L) have been also tested with
constant dose of adsorbent (0.05g). The
removal of dyes increased from 39.21% to
99.48% in case of methylene blue, this show
that the adsorption of MO on Guizotia scabra
seed oil residue increases spontaneously with
increasing sorbate concentration till 20mgL™*
and then become constant onward [23] while
methyl orange decreased from 87.62% to
73.41%.
adsorption of dyes are much dependent on

These results indicated that the

concentration of solution. These observations
are in close agreement with that reported by
[24,25, 26] for removal decreases with
increase initial concentration of dyes in the
case of MO.

MB
MO

Fig.6 Effect of pH on the adsorption of MB and MO
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Fig.7 Effect of initial Dye concentration on the adsorption of MB and MO

Adsorption Isotherm

Fig. 8 and 9 revealed the isotherm models
(Langmuir and Freundlich) in the adsorption
process. It can be seen that the regression
correlation coefficient (R?) of the Langmuir
equation for MB (R? = 0.9997) and (R? =
0.6259) for MO. The MB is more linear when
compared with that of MO. Freundlich
equation (R? = 0.9583) for M.B while MO has
(R? = 0.8319), again the MB is more linear
when compared with that of MO in this case.
This implies that the adsorption isotherm data
are well fitted by the Langmuir isotherm. The
monolayer adsorption capacity, according to
the Langmuir isotherm, was found to be 3.749
mg/g for MO and -0.743mg/g at 30°C. The
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fact that the Langmuir isotherm fits the
experimental data very well in the case of M.B
may be due to the homogeneous distribution
of active sites on the adsorbent surface
because application of the Langmuir equation
involves the assumption that the surface is
homogeneous [27]. Also, it could be due to the
cationic properties of the dye that is attracted
to the surface of the adsorbent.
The value 1/n gives an indication on the
validity of the adsorption of adsorbent-
adsorbate system. A value 1/n between 0 and
1 that indicates a favorable adsorption [28,29].
In addition to that, this also indicates that the
adsorption capacity increases, and further,
ISSN 0795 - 22066
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adsorption sites appear. When 1/n > 1, the
adsorption is not favorable, the adsorption
connections become weak and the adsorption
capacity decreases. From our result, it showed
that 1/n for MO was 2.13 indicated that
adsorption was not favorable and 1/n of MO

was -1.5 for MB, this indicated a favorable

adsorption. This result is similar to the report
by [30]. The modeling of the adsorption
isotherm of the MB shows that it obeys
Freundlich law, which implies heterogeneity
of surface. In addition, there is a good
correlation coefficient (R? = 0.992) and

adsorption is favorable (0 < 1/n < 1).

1.5
y = 0.4689x + 0.6506
R?=0.8319
1
0.5 E MB
(O]
[ [ MO
Q0
8 \
= 0
0.8 0.6 0.4 R 0.2 0.4 0.6 0.8 1 1.2

0.5

-1 Log Ce

y =-0.6559x - 0.1986
R?=0.9583

Fig. 8 Freundlich Isotherm for the adsorption of MB and MO on G. scabra Adsorbent

35

Ce/qe

MB

y =5.3207x - 1.3459
R?=0.9997

y =0.048x + 0.2663
R?=0.6266

12

Fig. 9 Langmuir isotherm for the adsorption of MB and MO on G. scabra Adsorbent
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Table 3 revealed the values of the pseudo first controlled by the diffusion step, the single
and pseudo second-rate constants for the layer adsorption completed through boundary
removal of both dyes. Pseudo-First-Order diffusion is mainly described, which is
Kinetic Model assumed that the adsorption is expressed as follows dg—dt; = ki ge— q: [31].

Table 2. Langmuir and Freundlich constant

Freundlich Isotherm Langmuir Isotherm
MB MO MB MO
Ke 1/n R2 Ke 1/n R2 Om KL R2 Om KL RZ
0.78 2.13 0.9583 4.47 047 0.8319 -0.74 556 0.9997 3.75 -0.25 0.6259
Table 3. Pseudo-first- order and pseudo- second — order Kinetic constant
Pseudo-first- order Pseudo-second-order
MB MO MB
K1 R? K1 R? Ko R? Ko R?
0.0045 0.9583 0.4689 0.8319 0.00111 0.9997 0.0005 0.6259
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Fig. 10 Pseudo- First- order for the adsorption of MB and MO on G. scabra Adsorbent

Pseudo-Second-Order Kinetic Model assumed
that the adsorption is affected by the chemical
adsorption rate, involving electron sharing or
electron transfer between the adsorbent and
the

adsorbate. Results showed MB (R? = 0.9979
has a better linear fitting than MO (R? =
0.8602), indicating that the kinetic adsorption
data of MB obeyed pseudo first order than
MO. Kinetic adsorption data of MO (R? =

0.995) obey pseudo second order due to the
closeness of the correlation coefficient of 1
than MB (0.7405). The initial stage of
adsorption can be described by both the
pseudo-first-order kinetic and the pseudo-
second-order kinetic models. In comparison,
the pseudo-second-order kinetic model can
well fit the whole adsorption process including

the second half adsorption [32] .
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Fig. 11 Pseudo - second —order for the adsorption of MB and MO on G. scabra Adsorbent

CONCLUSION
The investigation showed that the
Guizotia scabra seed oil residue was a
promising precursor to be used in the
preparation of the activated carbon for
the removal of methylene blue and
methyl orange from aqueous solution.
amines, alkyl halide and alkyne. The
equilibrium data was fitted to
Langmuir  isotherm  than  the

Freundlich. The kinetic adsorption

data for methylene blue obeyed the

pseudo first order, while the methyl
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orange obeyed the pseudo second
order. SEM study showed that the
activated carbon was porous with
well-developed pores. The functional
groups present in the derived activated
carbon were aromatics, aliphatic
amines, alkyl halide and alkyne. The
equilibrium data was fitted to
Langmuir  isotherm  than the
Freundlich. The kinetic adsorption
data for methylene blue obeyed the
pseudo first order, while the methyl
orange obeyed the pseudo second

order
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