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ABSTRACT

The 21 century has witnessed a tremendous increase in textile wastewater effluent and conse-
quently the pollution of water bodies that affects aquatic flora and fauna. This necessitates for a
sustainable clean-up material to remove this contaminant. To realize this purpose, investigation of
batch adsorption was conducted using Congo red (CR) as the adsorbate and Jatropha curcas seed
(chaff) as the adsorbent material. Adsorption kinetics and isotherms analysis were conducted and
results obtained confirmed the adsorption process as highly dependent on effects such as contact
time, adsorbent dosage, initial dye concentration and the particle sizes of the adsorbate. The sorp-
tion equilibrium for CR dye unto Jatropha curcas seed (chaff) was achieved within 180 min and the
adsorption efficiency was recorded at 82.05%. Furthermore, the result shows that the amount of CR
adsorbed per unit mass of adsorbent increases from 11.47 to 82.05 mg/L as the initial concentration
increase from 20-100 mg/L. Thus, the driving force for the CR adsorption gradient was due to the
high adsorption capacity of Jatropha curcas. The process of the experimental sorption kinetics fol-
lowed a pseudo-second-order kinetic model while the Freundlich and Langmuir isotherm model
was both applicable for obtaining the equilibrium behavior of the adsorption. The chaff from Jatropha
curcas seed possess carbonyl, acid amino and phenolic hydroxyl functional groups that act as chem-
ical bonding agents for chemisorptions process at the surfaces of the adsorbent. This confirms the
performance of Jatropha curcas (chaff) as an environmentally friendly and low-cost agromaterial for

dye removal in aqueous solutions.
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1. Introduction

From time immemorial, the need to preserve water
resources has been indispensable to both the natural ecosys-
tem and human developments, thus, wastewater generation
cannot be avoided in most industries especially textile fac-
tories. The large industrial scale of wastewater purification
involves the necessary use of adsorbent that is cheap to min-
imize the cost of large-scale industrial processes [1-3]. Much
effort has been made to explore the possibility of using
various low-cost adsorbent [4-6]. Literature has reported

* Corresponding authors.

the use of low-cost biomaterial and biowaste to remedy
water and wastewater including use of Jatropha curcas seed
and press cake for turbidity removal [7], biosorption of
Zn(Il) [8], adsorption of methylene blue on waste potato
peels unto chemically modified Chaetophora elegans algae
[9,10], sequestration of reactive dyes using Saccharomyces
cerevisiae [11], removal of copper (Cu(Il)) from aqueous solu-
tion using algal biomass [12], water therapy utilizing chi-
tosan mushroom [13] and also use of animal dung to treat
industrial wastewater [14]. Furthermore, the negative envi-
ronmental effects imposed on plants and animals [15,16]
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when consuming chemicals for cleaning water and waste-
water have escalated the growing interest in applying the
previously mentioned low cost, environmentally sustain-
able and readily available material for effective water and
wastewater treatment [1,17].

The elimination of color from wastewater is paramount
before discharging it into any larger water body [18]. In view
of the aforementioned, it becomes a daunting prerequisite
to provide a suitable natural adsorbent that is environmen-
tally sustainable to treat textile wastewater. It is necessary to
find ways of safeguarding and maintaining a pristine water
appearance.

Adsorption is one of the conventional and success-
ful treatment processes, employed for dye removal from
aqueous medium [19-21]. Adsorption is a physicochemi-
cal technique achieved by allowing the wastewater and the
permeable material powder or granules to be in contact.
By this technique, pollutants in the wastewater are effort-
lessly and promptly adsorbed and expelled onto the surface
of the permeable material [22]. The process of adsorption
involves the separation of a substance from one phase into
another phase by adherence to the surface. Mostly there are
two methods of adsorption which are physisorption and
chemisorptions. Chemisorption takes place when the mol-
ecules in the liquid (or gas) phase become attached to the
surface of the solid as a result of attractive forces at the solid
surface (adsorbent) by overcoming the kinetic energy of the
liquid contaminant (adsorbate) molecules while physisorp-
tion occurs when there is difference in energy or electrical
attractive forces [23-26].

This work focuses on utilizing waste from agricultural
material (Jatropha curcas) for efficient adsorption of color
from wastewater. The waste generated from biodiesel pro-
ductions and other applications of Jatropha curcas has become
a source of concern, hence the waste (Jatropha curcas kernel)
was utilized in this study for the treatment of textile effluent
containing Congo red (CR) dye. Also, the characterization
of the adsorbent by Brunauer-Emmett-Teller (BET), Fourier
transform infrared (FTIR) and field emission scanning
electron microscopy (FESEM) was observed with further
isotherms, kinetics and regeneration studies.

2. Materials and methods
2.1. Method of preparing chaff from Jatropha curcas seed

The Jatropha curcas seeds were taken from Kaduna,
north-central Nigeria. The seeds were manually harvested,
dried under the sun and preserved in a moisture-proof con-
tainer at 25°C-35°C and relative humidity of 40%-50% for
two months. Jatropha curcas seed was then de-shelled manu-
ally and ground. 2 kg grounded shells were sieved at 1 mm
particle size. Then it was kept in an airtight container for
further usage.

2.2. Formulation of dye solution

CR sodium salt dye obtained from R&M marketing,
Essex, U.K. has a molecular formula of C,,H, N .Na,O,S, with
IUPAC name of disodium-4-amino-3-[4-[4-(1-amino-4-sul-

fonato-naphthalen-2-yl) diazenylphenyl]phenyl]diazenyl-

naphthalene-1-sulfonate. A 1,000 ml stock solution was made
by dissolving 1.0 g of CR in 1 L distilled water. To obtain var-
ious solutions, different concentrations were prepared by
diluting the stock solution with a suitable volume of distilled
water. All the reagents to be used were of analytical grade
except otherwise stated.

2.3. Batch adsorption studies

The experiments were conducted under room tem-
perature (25°C). A 250 mL stopper cork conical flasks were
filled with 100 mL of adsorbate at different initial concen-
tration (20-100 ppm), Contact time (3-180 min), pH (pH
meter model Jenway 3305, England) ranging from 2 to 12,
adsorbent dose (0.25-1.5 g), orbital sharker was set at a con-
stant speed of 120 rpm (Model Heidolph, incubator 1000,
Germany). Subsequently, the final concentration of dye was
recorded by a double beam UV Spectrophotometer (Model
GENESYS-10-UV) at a wavelength of 485 nm. The amount
of adsorption at equilibrium, g, (mg/g), was computed using
Eq. (1) and the percentage removal of dye was calculated
using the following Eq. (2) [21,27,28].
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where g, = adsorption capacity (mg/g); M = mass of the
adsorbent used (g); V = volume of the dye solution (L).
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where C, = initial dye concentration in sample (mg/L);
C, = equilibrium dye concentration in sample (mg/L).

2.4. Adsorption isotherm

Adsorption isotherm describes the equilibrium relation-
ship between adsorbent and the adsorbate. These indicate
the amount of adsorbate adsorbed by the adsorbent and
the remaining adsorbate in aqueous solutions at a certain
temperature [21]. The equilibrium isotherms were obtained
graphically by plotting solid-phase concentration against
liquid phase concentration [27,28].

2.4.1. Langmuir isotherm, adsorption equation and
limitations

Langmuir isotherm is one of the most famous studies
used for adsorption capacities [21] and it is based on four
assumptions:

* Adsorption is monolayer.

¢ Specifichomogenous when adsorption takes place within
the adsorption site while the energy is constant and does
not depend on the degree of occupation of adsorbents
active center [29].

e All adsorption sites are equivalent to no interactions
between adsorbate molecules on adjacent sites.

* Adsorption is reversible.
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The following equation is the Langmuir isotherm equa-
tion [30].

K,C,
qf — qmax L~e (3)
1+CK,
where g, = adsorption capacity (mg/g); g, = maximum

monolayer adsorption capacity of the adsorbent (mg/g);
C, = equilibrium concentration of the adsorbate (mg/L);
K, = Langmuir adsorption constant related to free energy
adsorption (L/mg).

Since the estimation of the adsorption isotherm parame-
ters interference is by the method of linearization, therefore
three (3) forms of isotherm equation are used to determine the
constants K, and q,__ . The three forms of Langmuir isotherm
linearized equation are as follows [31,32].
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Egs. (4)-(6) are the derivation of the Langmuir isotherm
model. It clarifies what happens at the equilibrium of the
monolayer adsorption process. The number of molecules
being adsorbed is equal to the number of molecules leav-
ing the adsorbed state, that is the total amount absorbed
q,... is directly proportional to the concentration in solu-
tion and available area for adsorption. Similarly, the rate of
desorption is directly proportional to a number of molecules
already adsorbed. At equilibrium, the rate of adsorption is
equal to the rate of desorption [19].

The constants can be evaluated from intercept and the
slope of linear plots of experimental data of (C/g) vs. C,
(Eq. (4)) or (1/g) vs. (1/C) (Eq. (5)) or 4, vs. (3/C,) (Eq. (6)).
The most popular form of analyzing adsorption equilibrium
data is Langmuir Eq. (3) [33].

The essential characteristic of Langmuir isotherm may be
expressed in terms of the dimensionless separation param-
eter R, [34,35], which is an indication of isotherm shape
that predicts whether an adsorption system is ‘favorable’ or
‘unfavorable’. R, is defined as:

1
R, = m )

where K, is a Langmuir adsorption constant; C; is the
initial concentration of dye.

The value of separation factor R, indicates the adsorption
process as given:

Unfavourable (R, > 1).
Linear (R, =1).
Favourable (0 <R, <1).
Irreversible (R, = 0).

2.4.2. Freundlich isotherm

The Freundlich isotherm is the earliest known relation-
ship describing the sorption equation. This is a fairly satis-
factory empirical isotherm which can be used for non-ideal
sorption that involves heterogeneous surface energy system
[36]. It is assumed that there are neither homogeneous site
energies nor the limited level of sorption [29]. Freundlich iso-
therm equation is expressed by the following equation [37].

7. = KCl" ®

where g, = adsorption capacity (mg/g); K, = Freundlich iso-
therm constant (mg/g); C, = equilibrium concentration of
adsorbate (mg/L); 1/n = adsorption capacity (L/mg).

To determine the constant K, and #, equation (8) is linear-
ized and used to produce a graph of Ing, vs. InC, as follows:

Ing, =InK, +llnCe )
n

K, is the Freundlich proportionality constant obtained
from the intercept and 1/n is from the slope. Here K, rep-
resents the quantity of the absorbed CR requires to maintain
CR concentration in the solution at unity (i.e. 1 mg/L). As
K, increases, the adsorption capacity for a given adsorbate
also increases. The slope 1/n meanwhile ranges between 0-1
and when the value of 1/n gets closer to zero, the adsorp-
tion intensity or surface heterogeneity becomes more
heterogeneous [19].

2.5. Regeneration studies

The spent Jatropha curcas adsorbent was regenerated by
two regeneration cycles. First, the adsorbent was washed
with deionized water three (3) times followed by washing in
0.1 M hydrochloric acid. Finally, the adsorbent was filtered,
washed with deionized water and dried in an oven at 100°C
for 5 h. The regeneration efficiency (RE%) was calculated
from [19]:

RE=%100%
qorig

where g, and g . are the adsorption capacities per unit
of mass of the regenerated and the original adsorbent
respectively.

(10)

2.6. Characterization of adsorbent (Jatropha curcas)

The surface area and pores size distribution were obtained
using the BET equipment (SA-9600 series). The FTIR analy-
sis was performed on the samples to determine the surface
functional groups in range 4,000-500 cm™. A PerkinElmer
Spectrum (100 FTIR spectrometer) with PIKE MIRACLE
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(Llantrisant, CF72 8YW, United Kingdom (UK)) attenuated
total reflection attachment was used to record the spectra.
The FESEM (Hitachi Co., Japan, Model No. S3400N) was
used to obtain images of Jatropha curcas at high resolutions.

3. Results and discussion
3.1. Characterization of powdered chaff
3.1.1. Fourier transform infrared (FTIR)

The mechanism for adsorption by powdered chaff of
Jatropha curcas depends on the chemical reactivity of func-
tional groups on the surface. This reactivity creates an imbal-
ance between forces at the surface compared to inside the
body thus leading to molecular adsorption by the Van der
Waals force. Knowledge of surface functional groups would
give information to the adsorption capability of the produced
powder chaff. FTIR spectra were collected for qualitative
characterization of surface functional groups of the chaff of
Jatropha curcas seed. Fig. 1, shows the functional groups of
the powder chaff. The peaks at 3,312-3,781 cm™ in spectra
of Jatropha curcas chaff were assigned to the alcohol group
(—OH) stretching which has strong, sharp and broad inten-
sity. The band at 2,855-3,008 cm™ can be attributed to the acid
group (O-H) stretch which has a strong and broad intensity.
The amide and ester group which contain a carbonyl (C=0)
is assigned at the peak 1,660 and 1,745 cm™ respectively
which have a strong intensity. The adsorption peak at 1,000~
1,300 cm™ refers to the ester group (C-O) stretching which
has two or more band intensity [27,38].

From the FTIR analysis in Fig. 1 (before and after), it is
concluded that the powder chaff from Jatropha curcas seed
has a broad and strong (O-H) stretching which indicates the
presence of strong hydrogen bonds associated with alcohols
and carbonyl. Thus, the carbonyl, acid amino and phenolic
hydroxyl act as a chemical bonding agent for chemisorp-
tions which indicated that adsorption of CR on powdered
chaff involved electrostatic attraction especially interaction
between the dye and the carboxylate and phenolic hydroxyl
groups on the powdered chaff of Jatropha curcas [37,39].
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3.1.2. FESEM analysis

The FESEM image of the chaff of Jatropha curcas seed
shows an irregular surface with a large porous surface area
(see Fig. 2a). The adsorption of CR leads to multiple attach-
ments on the rough surface and occupation of pores (Fig. 2b).
Pores in a solid medium like adsorbents may have properties
such as shape, location, connectivity, and surface chemistry
[40]. Fig. 2b meanwhile displays the pores for adsorption of
CR which have been occupied according to a zigzag pattern
as reported by other researchers [11].

3.1.3. BET analysis

The BET analysis of the adsorbent (Jatropha curcas) offers
an insightful analysis of the specific surface area, pore size
and pore volume of the Jatropha curcas that are available
for explaining the adsorption of CR. Table 1 provides the
BET data that is believed to be responsible for the efficiency
of Jatropha curcas as an adsorbent.
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Fig. 1. Fourier transform infrared (FTIR) analysis of Jatropha cur-
cas before and after adsorption of CR.
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Fig. 2. FESEM images for chaff Jatropha curcas seed (a) before and (b) after adsorption.
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Table 1
BET analysis of Jatropha curcas

Adsorbent SSA (m*/g) Pore volume (m®%'g) Pore size (A)
Jatropha curcas before adsorption 687.4455 0.98297 28.6726
Jatropha curcas after adsorption 47.3968 0.1339 68.7848

The adsorbent before adsorption exhibits a high surface
area of 687.4455 m?/g as a result of good carbonization, acti-
vation and subsequent modification. These results implied
that there are abundant surface areas for the adsorption to
occur. The adsorption capacity of Jatropha curcas depends
on the availability of the pore volume and the range of time
taken for the adsorption process. For adsorption time the
pores became saturated due to the deposition of adsorbate
on the surface. The specific surface area of the adsorbent
after adsorption depicts that there is general pore reduc-
tion (47.3968 m?*/g) when compared to the fresh adsorbent.
Similar findings can be found in other literature [36].

3.2. Batch adsorption studies

The adsorption efficiency was investigated with respect
to the effect of CR initial concentration, pH, dosages and
temperature.

Fig. 3a depicts the effect of CR concentration and
phases contact time at different initial concentrations of CR
stock solution. Initial concentrations were varied between
20 to 100 mg/L while the dosage was kept constant. The
rate of adsorption was higher in the beginning due to the
availability of larger surface area on the adsorbent [41-43].
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These strong attractive forces that occurred between the
adsorbate and adsorbent surfaces help the intra-particle
matrix to attain rapid equilibrium [41]. As contact time
increased, the adsorption rate became slower since the
adsorbent become saturated thus restricting solute dif-
fusion through the adsorbent. For most of the initial con-
centration, the equilibrium was attained after 60 min out
of the total experimental period of 3 h. The result shows
that the amount of CR adsorbed per unit mass of adsorbent
increases from 11.47 to 82.05 mg/L as the initial concentra-
tion increase from 20-100 mg/L. When the concentration of
CR increased, the driving force due to the large concentra-
tion gradient was stronger because of the higher adsorption
capacity [27]. As earlier stated the time to reach relative sat-
uration was at 60 min which are in agreement with previ-
ous research [42].

The effect of pH on CR was studied at various initial
pH under equilibrium contact time (3 h), the concentration
of CR solution (50 mg/L) and dosage of adsorbent (1 g). The
results are as shown in Fig. 3b. The percentage dye removed
by Jatropha curcas was lower at high pH (4.09% at pH 11) and
higher at pH 3 (84.02%). This is because, at pH 3, the Jatropha
curcas exhibits a zeta potential value of +9.2 mV [7], which
suggests the existence of a positive charge on the surface of
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Fig. 3. Batch adsorption study (a—d). (a) Effect of CR concentration against phases contact time, (b) percentage removal of CR at differ-
ent pH, (c) effect of adsorbent dose against phases contact time, and (d) effect of temperature on Jatropha curcas adsorption efficiency.
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Jatropha curcas adsorbent which is known to compose mainly
of protein. Thus, it easily adsorbed the negatively charge CR
anion CR [44]. Protein is made up of a chain of amino acids
that has an isoelectric point (pI) values from 3 to around 11.
Below the isoelectric point, positive charge dominates while
above the isoelectric point negative charge persists. Hence,
at acidic pH, most amino acids that build up the protein pos-
sess positive charges. As an amphoteric molecule, the charge
on the protein is greatly influenced by the pH values. It is
believed that the main mechanism molecules interaction is
through adsorption and neutralization of charges. Jatropha
curcas is an adsorbent agent that works effectively under
highly acidic conditions, though, it is relevant for treating
industrial wastewater with a variable pH [8].

The amount of Jatropha curcas used to remove CR was
varied from 0.25 to 1.5 g for investigation of the relation-
ship between adsorbent dosages on the amount of adsor-
bate removed. The influence of sorbent dose on adsorption
enables the determination of the highest equilibrium adsorp-
tion capacity. In this study, when the adsorbent dose was
increased from 0.25 to 1.5 g, there was a significant decrease
in the equilibrium of CR uptake. This is shown in Fig. 3c
where an increase in adsorbent dose increases the available
adsorption sites. On top of that, overlapping of adsorption
sites also happened and this can inhibit adsorption of more
CR dye molecules over time. Previous studies for the effect
of adsorbent dose on CR dye adsorption by eucalyptus
wood and jujube seeds have shown similar findings [28].

Temperature changes the number of dye molecules in
solution, viscosity and the surface characteristics of the
adsorbent. This particular influence of temperature on the
adsorption of CR onto Jatropha curcas was observed, within
the temperature range of 303-333 K. As shown in Fig. 3d,
the adsorption of CR dye unto the adsorbents understudy is
exothermic. Therefore, an increase in temperature weakens
intermolecular hydrogen bonding and Van der Waal forces
between dye molecules and functional groups on the adsor-
bent surface [32,45]. Similar observations have been reported
on spent brewery grains and activated lignin-chitosan for
adsorption [46,47].

3.3. Regeneration studies

It is essential to be conscious of the waste that is generated
as a byproduct of any sustainable action [48]. For this reason,
the Jatropha curcas was reused to ensure the economical and
feasibility of its application in the adsorption treatment of
water polluted by CR. This regeneration investigation was
performed in five adsorption/desorption cycles. The chemi-
cal desorption of Jatropha curcas with 0.1 HCI concentrations
showed high efficiency which is in agreement with recent
literature [19] as shown in Fig. 4. Overall, the CR removal
was slightly decreased from 95% to 81% (as shown in Fig. 4),
after five cycles for 0.1 mol/L concentration of HCl, which is
less than 10% efficiency reduction indicating good perfor-
mance and its suitable capabilities for large scale application.

3.4. Adsorption equilibrium

The adsorption isotherm gives clarity on the nature and
mechanism of the adsorption process. The experimental

95
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Fig. 4. Reusability of Jatropha curcas for CR adsorption.

conditions for adsorption isotherms were; pH = 3, dos-
age =1 g, temperature = 25°C, time = 180 min. The Langmuir
model (Eq. (3)) describes how the mechanism of adsorption
at homogeneous sites happens by the effect of the mono-
layer adsorption process without any interaction between
the adsorbed molecules [49]. Based on Eq. (3), a plot of g, vs.
C, is plotted and can be seen in Fig. 5. The general classifi-
cation system of adsorption divides all isotherms into four
main classes according to the initial slope, and sub-groups
that describes each class, based on the shapes of the upper
parts of the curves. The four main classes are named the S,
L (i.e. Langmuir type as in Fig. 5), H (high affinity), and C
(constant partition) isotherms, and the variations in each
class are divided into sub-groups. The L curves (Fig. 5) are
the best known and indeed the L curve occurs in probably
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Fig. 5. Adsorption equilibrium isotherm of CR into Jatropha curcas.
(pH =3, dosage =1 g, temperature = 250°C, time = 180 min, initial
concentration range = 20, 40, 60, 80, and 100 mg/L).
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the majority of cases of adsorption from dilute solution
while few cases of the other types appear to have been
previously recorded [50,51].

3.4.1. Langmuir isotherm

The Langmuir isotherm model is a known model for
describing the adsorption process of a homogeneous nature.
This process was obtained at experimental conditions of
pH = 3, dosage = 1 g, temperature = 25°C, time = 180 min.
The Langmuir isotherm parameters g, and K, were

371

determined from slope and intercept of the plots of the
Langmuir model as mentioned earlier as Form 1, 2 and 3
(Table 2) [25,34,43,47-49]. The linearized forms of Langmuir
isotherms are expressed in Fig. 6.

Figs. 6a—c shows the linearized form of the Langmuir iso-
therms for CR adsorption unto Jatropha curcas at experimen-
tal conditions of pH = 3, dosage = 1 g, temperature = 250°C,
and time = 180 min. The values of the Langmuir constant K,
and the monolayer capacity g, _can be evaluated from three
forms of Langmuir adsorption models. This can be done
either way from the intercept and the slope of the linear plot

Table 2
Parameters and separation factors (R,) for the three Langmuir forms
Adsorbent Langmuir q,.. (Mg/g) K, R? R,
isotherm form
1 —22.2974 —0.04538 0.9274 0.0209
Jatropha curcas 2 -18.5087 —0.04431 0.9965 0.0209
3 —24.2337 —0.04431 0.9673 0.0209
0.13
0.7 - n | Langmuir isotherm, form 1 (b) ‘ Langmuir isetherm, form 2
( ) 0.12 1 | ]
a Intsrcept 098629401 Intercept 0.05038 2 0.
Slope -0.04485 £ 0.0 Slope 0.85376 £0.
0.6 R-Square 082742 0.11 4 |R-square 0.94649
= 0.104
L 051 g
o =
3 B 0.09
0.4 g
-~ 0.084
0.34 0.07 1
0.06 1
0.24
0.051— .

1 1 1 1 1 1 1
002 003 004 005 0.06 0.07 008 0.09

8 10 12 14 16 18 0.01
Ce (mg/L) 1/Ce (L/mg)
S0
| Langmuir isotherm form a|
80 L
Intercept -24.23372 =
70 Slope 2257009+ 2.
R-Square 096729

2.0

T
2.5

T T
3.0 3.5 4.0 4.5

q./Ce (L/mg)

5.0

Fig. 6. Linearized forms of Langmuir isotherm (a) form 1, (b) form 2, and (c) form 3.
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of the experimental data (C/q,) vs. C, (Eq. (4)) or (1/g,) vs.
(1/C) (Eq. (5)) or g, vs. (7/C) (Eq. (6)).

By comparing the three Langmuir forms in Table 2 and
Figs. 6a—c, it was validated that Langmuir Form 2 has higher
correlation coefficients R? than other Langmuir forms which
are an indication that the Langmuir form 2 fits best to the
adsorption process when compared to Langmuir equation
form 1 and 3. All the R-values for the adsorption of CR on
Jatropha curcas are found to be closer to unity (1), which
shows that the adsorption process is favorable, this is due
to the effect of the pore diffusion sorption phenomenon [27].

3.4.2. Freundlich isotherm

The Freundlich adsorption isotherm is the relationship
between the concentrations of CR on the surface of Jatropha
curcas to the concentration of CR in the bulk liquid with
which it is immersed. The plot of In g, against InC, is shown
in Fig. 7 which provides a straight-line graph and the values
of 1/n and K, were obtained from the slope and the intercep-
tion. The slope (1/n) from 0 to 1 is a measure of adsorption
intensity or surface uniformity and indicates more uni-
formity as its value gets closer to zero [33]. If the value of

I Freundlich isotherm
4.5
-
4.0
-

=
2 354
- [}

3.0 4

2.5

T T T T T T T
0.2 0.4 0.6 0.8 1.0 12 1.4 16

In Ce

Fig. 7. Linearized form of Freundlich isotherm (pH = 3,
dosage = 1 g, temperature = 250°C, time = 180 min, initial con-
centration range = 20, 40, 60, 80 and 100 mg/L).

exponent n is greater than 1 (n > 1) then the adsorption is
said to represent favorable adsorption conditions [2,52].
The values of n and K, are listed in Table 3.

The Freundlich isotherm parameters of K, and n were
found as 0.082 and 1.69, respectively with R? = 0.9913. The
value of 1/n is 0.592 which indicates heterogeneity of Jatropha
curcas surface. However, R? of Freundlich isotherm (09913) is
only slightly lower than Langmuir Form 2 (0.9965). Hence, it
is deduced that both isotherms can describe the adsorption
process satisfactorily and it is believed that both physisorp-
tion and chemisorption occur during the adsorption process.

3.5. Adsorption kinetics

The adsorption experiment was carried out at a concen-
tration of 20-100 ppm, at pH 3, adsorbent dose of 1 g and
contact time varied between 3 to 180 min.

In this model, the Lagergren equation was used in the
determination of the rate constant for adsorption of CR.
A graph of t/q, against t was plotted to show the trend of this
model. Fig. 8 (first and second-order kinetic model) shows
a linear form of CR concentration on Jatropha curcas. The
adsorption phenomenon of CR and Jatropha curcas fitted the
pseudo-second-order kinetic model with an R? coefficient of
0.9855 and 0.9996 at 20 and 100 mg/L respectively. The cal-
culated values of adsorption capacity (q.,) is higher than
the first model. The value ranges from 12.36 to 82.65 mg/g
for 20 and 100 mg/L. Based on the observed calculated and
experimental values, it can be concluded that the adsorption
of CR follows the pseudo-second-order kinetic model [15].

Pseudo-second-order rate constant (k,), and q, and q_;
were obtained from the slope and intercept of the graph
in Fig. 8. From Table 4, it can be seen that the g, , values
calculated from the pseudo-second-order kinetic model
show compatibility trend as compared to the experimental
uptake (erp)

Furthermore, R? values for each concentration from
(20-100 mg/L) in pseudo-second-order kinetic model are
higher (>0.98) than those obtained in pseudo-first-order
kinetic model. This phenomenon reveals that the adsorption
process does rightly fits into the pseudo-second-order kinetic
model [19,29,53,54].

Table 3
Freundlich isotherm parameters for CR adsorption onto Jatropha curcas
Isotherm n 1/n K, ((mg/g) (L/mg)"") R?
Freundlich 1.69 0.592 0.082 0.9913
Table 4

Kinetic study of CR absorption by Jatropha curcas pseudo-first-order model and pseudo-second-order model

Gy R q, . (Mg/g) T, erp. (MB/B) R q, . (Mg/8) G, erp. (ME/B)
20 0.9056 8.25 11.47 0.9855 12.36 11.47
40 0.9063 14.81 28.76 0.9979 29.58 28.76
60 0.9074 16.34 46.44 0.999 46.94 46.44
80 0.8792 15.215 63.01 0.9998 63.69 63.01
100 0.8363 19.05 82.05 0.9996 82.64 82.05
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Fig. 8. Kinetic models for pseudo-first-order and pseudo-second-order adsorption of CR on Jatropha curcas.

4. Conclusion

The experimental finding in this work suggests that
Jatropha curcas is a potential cost-effective adsorbent and a
remedy for treating wastewater contaminates with dyes.
Result have confirmed that the amount of CR adsorbed
per unit mass of adsorbent increased as a function of
time and also initial CR concentration. Higher adsorption
capacity of the adsorbent is favourable at acidic pH. The
process of the experimental sorption follows a pseudo-sec-
ond-order kinetic model while Langmuir (R* = 0.9965) and
Freundlich (R* = 0.9913) isotherm models were both appli-
cable for obtaining the equilibrium of the parameters, with
the adsorption process slightly favourable towards the
Langmuir adsorption process. This is an indication of the
occurrence of physisorptions, chemisorptions and electro-
static interactions. Existence of carbonyl, acid amino and
phenolic hydroxyl groups on the powdered chaff acts as
chemical bonding agents for favorable chemisorptions
process. This is further supported by availability of irreg-
ular highly porous surface area on the adsorbent. This
confirms Jatropha curcas performance as an environmental
friendly and low-cost agro waste for dye removal in aque-
ous solutions.
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