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Abstract

In the present study Leucaena leucocephala Seed Shell Waste
used as a precursor for the preparation of activated carbon.
The characteristic of the prepared activated were analysed
using SEM, FTIR and XRD analysis. The equilibrium studies
were carried by isotherm models namely, Langmuir and
Freundlich model. The equilibrium adsorption result was best
fitted with Langmuir isotherm model and its maximum
monolayer adsorption capacity was 72.34 mg/g for acid
orange 7. Adsorption kinetics studies showed that the pseudo
second-order kinetic model yield the best fit. An intraparticle
diffusion model suggested that the intraparticle diffusion was
not rate-controlling step. Thermodynamics studies revealed
that the spontaneous and exothermic nature of the sorption
process. The results indicate that the Leucaena leucocephala
seed shells could be utilized as a potential adsorbent for the
adsorption of acid orange 7.

Keywords: Acid orange 7; Leucaena leucocephala activated
carbon; Isotherm models; Kinetic models; Thermodynamic
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Introduction

Water pollution due to the discharge of dying and textile
industry effluent is a major problem unfavorably affects the
environment due to its high toxicity and non-biodegradable
nature. Unreacted or partially treated effluents from industries
namely, paper, leather, plastic, food, woolen, cosmetic and
carpet contributes to pollution load. The presence of small
concentrations of dyes, are easily detectable [1] and effect the
process of photosynthesis and thus affect aquatic ecosystem.
Hence the removal of dyes from textile industries is the major
environmental concern these days [2, 3]. Various methods
have been employed in the past for the removal of dye from

waste water [1, 4-7]. Most of the conventional techniques are
expensive [7]. But adsorption process has been found to be
more effective method for treating effluents [8-14]. Though
the activated carbon [15] is most effective for adsorption of
dyes, but quite expensive and hence there is an increasing
need for effective but cheaper sorbents. In recent years, many
naturally occurring waste materials have been investigated to
evaluate their suitability and ability to be used as an
adsorbent. Recently some agricultural wastes and forestry
products have been developed as adsorbents. The costs of
these biomaterials are negligible when compared to the cost of
commercial activated carbon and also renewable sources of
raw materials for the production of activated carbon.
Activated carbon prepared from different materials like
agricultural wastes [16], sago waste [17], pine saw dust [18],
sugar cane dust [19], coir pith [20], oil palm waste [21],
coconut shell waste [22], tropical wood [23], saw dust [24],
pinus pinaster bark [25], corncob [26], eucalyptus bark [27],
pistachio shells [28], babool wood [29], Feronia limonia [30],
Leucaena leucocephala seed shell [31], Pongamia pinnata
[32], Jatropha curcas [33].

In the present study reveals that the activated carbon prepared
from Leucaena leucocephala seed shell waste as an
agricultural adsorbent and the adsorption of Acid orange 7
was investigated. The isotherm, kinetic and thermodynamic
modeling studies were carried out and they have been
discussed elaborately.

Materials and methods

Leucaena leucocephala seed shell waste is collected and it
was dried and broken into small pieces. The pieces were then
impregnated with 10% phosphoric acid solution for 2 hours
and soaked in the same solution for 24 hours. The excess
solution was decanted off and air dried. Then the material was
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carbonized in muffle furnace carbonized at 120-130 °C. The
dried material was powdered and activated in a muffle furnace
at 800 °C for a period of 60 minutes. Then the material was
washed with large volume of water to remove residual acid,
dried and powdered.

The prepared activated carbon morphological study was
characterized by Scanning Electron Microscopy SEM. The
functional groups character was determined by FTIR analysis.

Dye Adsorption Measurements

All reagents used were of AR-grade (E-merk). Different
concentration of dye solution of Acid Orange 7 was prepared
with distilled water. Batch mode adsorption studies were
carried by adding 50 mg of the adsorbent and 50 mL of dye
solution of certain concentrations, varying pH and
temperatures in a thermostated water bath shaker. The
samples were withdrawn from the shaker at predetermined
time intervals and the solutions were separated from the
adsorbent by centrifugation. The concentrations of dyes in the
solutions were determined before and after adsorption using
Elico UV visible spectrophotometer. The pH of the dye
solution was adjusted by using 0.1N NaOH or HCI solution.
The adsorption studies were carried out at different
temperatures. The amount of dye adsorbed g (mg/g) and
adsorption efficiency was calculated as follows:

Co-Ce

q= ____xV @)
m

(CO - Ce)

Adsorption Efficiency (%) = x 100 2)
Co

where, C, = initial dye concentration (mg/L)
Ce = equilibrium concentration (mg/L)

V = volume of solution (ml)

m = mass of adsorbent (g)

C = residual dye concentration (mg/L)

g = amount of dye adsorbed (mg/g)

Results and discussion

SEM analysis

Scanning electron micrographs (SEM) of the prepared carbon
samples with two different magnifications are shown in
Figure 1 and 2. The SEM images clearly indicated that the
external surfaces of the sample was rough and contained pores
of various sizes and shapes like honeycomb structure. The
surface had narrow elongated pores, which are consistent with
the well-developed porosity. The micrographs revealed that
the cavities on the surfaces of the carbon sample resulted from
the evaporation of the HsPO, during activation at moderate
temperatures, creating an empty space. During impregnation,
the molecules of the chemical impregnating agent diffused
into the texture of the lignocellulosic material.
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Fig.1. SEM image of LSAC at X1000

Chemical surface characterization

Surface functional groups within activated carbon contribute
significantly to its adsorption ability, as ion exchangers,
adsorbents, catalysts, and catalyst supports. Fourier transform
infrared spectroscopy (FTIR) spectra of the precursor and
LSAC are presented in Figure 3. The precursor had a peak at
2800-3000 cm ™' which was attributed to the C—H, yet there
was a decrease in the spectrum of LSAC. Significant
differences occurred at the bands from 1400-1700 cm™'. For
the spectrum of the precursor, the band at 1616 cm™' is
ascribed to C=0. The changes in the FT-IR spectrum of
LSAC were evidence of the formation of structures containing
multiple Carbon-Carbon bonds as well as the elimination of
originally present oxygen and hydrogen atoms.
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Fig.3. FTIR Spectra for LSAC
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Fig.2. SEM image of LSAC at X2000

XRD analysis

The result of XRD measurements Figure 4 confirms that AC
material produced from Leuceana leucocephala is
characterized by a significant content of amorphous phase in
the structure of carbon surface. The peak from 2 theta value in
the range of 27-30° indicate the presence of carbon from the
graphitic layers spaced inplane of ca. in consequence, its
porous structure rather free of slit-shaped micropores with
dominant orientation and hence significant content of
amorphous phase.
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Fig.4. XRD pattern for LSAC

Adsorption Kinetics

The kinetic of adsorption have been studied for Acid Orange 7
at pH 6.5 up to 240 min by varying the initial dye
concentration. Three Kkinetic models were applied to
adsorption Kkinetic data in order to investigate the behavior of
adsorption process of Acid Orange 7 onto LSAC: the pseudo-
first-order, the pseudo second order and the intra particle

diffusion models. A simple kinetic analysis of adsorption, the
pseudo first order kinetics and its integrated form, is given by
Lagergren [34].

k
lo —-q,)=1lo Lt 3

9 (9. —9,) = log g, 2303 ®)
where Ky is the pseudo first order rate constant.
A plot of log (ge-q) vs time for Acid Orange 7 adsorption onto
LSAC enables calculation of the rate constant k; and g, from
the slope and intercept of the plot Figure (5).
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Fig.5. Effect of pseudo first order plot for the adsorption
of acid orange 7 onto LSAC

To describe dye adsorption, the modified pseudo second order
kinetic equation [35] is expressed as

t 5 +it 4)
KGe™ Qe
where, k; is the pseudo second order rate constant. A plot of
t/q: Vs t for Acid Orange 7 adsorption onto LSAC is shown in
Figure (6), which enables calculation of the rate constant k;
which in turn is used to calculate the initial sorption rate h as
follows
h= kaQe’ Q)

t/qg, =
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Fig.6. Effect of pseudo second order plot for the
adsorption of acid orange 7 onto LSAC
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Fig.7. Effect of intraparticle diffusion plot for the
adsorption of acid orange 7 onto LSAC

For a solid — liquid adsorption process, the solute transfer is
normally characterized by external mass transfer or intra-
particle diffusion or both. The intra-particle diffusion model
proposed by Weber and Morris [36] was used to identify the
mechanism involved in the adsorption process.

o= kigt”® + C (6)
where kig (mg/g min®®) is the rate constant of the intra-particle
diffusion model and C (mg/g) reflects the boundary layer
effect. The kjy and C can be determined from the slope and
intercept of the plot g; Vs t°° and is shown in Figure (7) for
Acid Orange 7 adsorption.

The parameters of the pseudo-first order, pseudo-second order
and intraparticle diffusion models are shown in Table 1. The
results indicated that among these three models, the pseudo-
second order kinetic equations had higher R? values and
experimental g, values that agree well with the calculated
values. The low R? values for the pseudo-first order model
indicated that these models did not fit the data well.
Furthermore, for the pseudo-first order kinetic model, the
experimental ¢, was not in good agreement with the
calculated ¢.. Therefore, the pseudo-second order kinetic
model provided the best description of the Acid Orange 7
adsorption mechanism. The pseudo first order and second
order rate constant decreased with increasing the dye
concentration. According to the intra particle diffusion model,
the plot of uptake should be linear if intra particle diffusion is
involved in the adsorption process and if the line passes
through the origin then intra particle diffusion is the rate
controlling step. When the plot doesn’t pass through the
origin, this is an indicative of boundary layer control. This
shows that the intra particle diffusion alone is not the rate
limiting step, but also other kinetic models may control the
rate of adsorption, all of which may be operating
simultaneously.

TABLE. 1. Kinetic parameters for the adsorption of Acid
Orange 7 onto LSAC

Model Parameters Concentration
20 40 60
mg/L mg/L mg/L

Pseudo first Ky 0.0133 | 0.0091 | 0.0073
order R? 0.9312 | 0.9682 | 0.9718
Pseudo K> 0.0398 | 0.0060 | 0.0027
second order h 5.6446 | 5.1879 4.1046
Qe 11.8951 | 29.1933 | 38.7265
R? 0.9897 | 0.9921 | 0.9901
Weber Kig 0.6333 | 1.3604 1.7867
Morris R? 1.000 0.9952 | 0.9578

Adsorption Isotherms
In this work, adsorption isotherm data of Acid Orange 7 dye
were fitted with the Langmuir and Freundlich models, for
variation in Activated carbon (LSAC) dosage, which are most
widely used. The isotherm fits were compared through the
coefficient of correlation (R?) and were reported in Table (1 &
2).
The Langmuir model [37] assumes that the solid surface
carries a limited number of sites that are characterized by
equal energy of adsorption, independent of the degree of
coverage and thus indicating a monolayer adsorption. The
linearized form of the Langmuir equation is described

1 1 Ce

— = =+

de. Qb Qe @)

where, Q, is the maximum adsorption capacity, b is the
Langmuir binding energy coefficient. The b and Q, can be
calculated from the intercept and slope of the linear plot of
C¢/q. against C, as shown in Figure (8).
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Fig.8. Effect of langmuir plot for the adsorption of acid
orange 7 onto LSAC
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It is evident that the Langmuir adsorption isotherm is more
fitted to describe the adsorption equilibrium (R?> 0.99).
Therefore, monolayer coverage of Acid Orange 7 onto LSAC
particles are taken up with the maximum adsorption capacity
was obtained 64.56, 72.34 and 67.45 mg/g at 30, 45 and 60
°C. The adsorption capacity was increased 30 and 45 °C due to
the available sites present in the surface of the carbon, then it
was decreased 60 °C due to the non availability of the sites or
desorption will takes place. The K| values was decreased with
increasing temperature.

The Freundlich isotherm [38] is an empirical equation and is
one of the most widely used isotherms for the description of
multi-site adsorption. The linear form as follows:

l0ogge = 1/n logCe+ logks (8)
where K; and n are the Freundlich isotherm constants
indicating the adsorption capacity and adsorption intensity
respectively. The K¢ and n can be calculated from the intercept
and slope of the linear plot of log g. against log C, Figure (9).
The value of n indicates favorable adsorption of Acid Orange
7 onto LSAC.
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Fig.9. Effect of Freundlich plot for the adsorption of acid
orange 7 onto LSAC

Table. 2. Isotherm parameters for the adsorption of Acid
Orange 7 onto LSAC

Adsorption thermodynamics

The thermodynamic parameters such as free energy (AG),
enthalpy (AH), and entropy (AS) give a description of
adsorption behavior related to temperature. Parameters can be
calculated from

AG =- RTInK_ 9)
InK = (AS/R)-( AH/RT) (10)
where K (L/mol) is from Langmuir equation, R is the gas
constant (8.314 J/(mol.K), and T (K) is the temperature in
Kelvin. As can be seen from Table 3, the values of AG were
consistently negative at all temperatures measured, which
revealed the adsorption process was feasible and spontaneous
in nature. Furthermore, the absolute values of AG indicating
that the sorption process is more favorable at low temperature.
The negative value of AH was indicative of the exothermic
nature of the adsorption process. The negative value of AS
suggested the decreased randomness at the solid-solute
adsorption systems, which indicated that gain of entropy
caused by the water molecules displaced is less than that lost
by the Acid orange 7 molecules.

Table. 3. Thermodynamic parameters for the adsorption
of Acid Orange 7 onto LSAC

Tem Langmuir Freundlich
p Qo(mg/ KL R? Kf n R?
9) (Lgng
30 | 645622 | 6.507 | 0.990 | 8.986 | 2.101 | 0.977
°C 1 0 6 5 2
45 | 723471 | 3.814 | 0.989 | 6.336 | 1.977 | 0.966
°C 3 5 3 1 3
60 | 674544 | 3.081 | 0.992 | 6.310 | 2.027 | 0.966
°C 8 1 7 7 3

AH AS AG (kJ/mol)
(kJ/mol | (J/(molK) 303K 318K 333K
) )
- -52.2668 - - -
20.9307 5075.826 | 4144.381 | 3188.393
8 6 3
Conclusions

In the present study, Leucaena leucocephala seed shell was
modified by using H3PO, in a activation method at relatively
low energy consumption. The Kinetic adsorption complied
well with the pseudo-second-order model. The results of the
intraparticle diffusion model suggest that intraparticle
diffusion was not the sole rate determining step. It was found
that the Langmuir isotherm model yielded the best for
equilibrium data with the maximum monolayer adsorption of
7234 mg/g for Acid Orange 7. Thermodynamics studies
indicated the spontaneous and exothermic nature of the
sorption process.
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