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Abstract: The kinetics of adsorption of Congo red (acidic dye) on Leucaena leucocephala seed pods has been
investigated. It has been observed from experiments that adsorbent prepared from seed pods of Leucaena
leucocephala plant was effective, for the removal of Congo red from agueous solutions at room temperature.
Adsorption of Congo red was dependent on pH, initial concentration, adsorbent dose and contact time. The
result indicated that, the adsorption of Congo red was 91 % at the optimum pH of 5. The optimum contact time
was 120 minutes and the adsorbent dose was 2 ¢/l of Leucaena leucocephala seed pods.

The Freundlich and Langmuir isotherm equations were applied for the equilibrium adsorption data and
the various isotherm parameters were evaluated. The Congo red adsorption on the Leucaena leucocephal a seed

pods follows pseudo second-order rate kinetics.
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Introduction

Dyes are widely used in industries such as
textiles, paper, paints, leather, rubber, plastics,
cosmetics, food, and drug etc, to color their
products. Textiles industries consumed more than 60
% dyes of the total world production. It was
estimated that 10-20 % of dye was lost during the
dyeing process and released as effluent [1]. Due to
their chemical structures, dyes are resistant to fading
on exposure to light, water and many chemicals and,
therefore, are difficult to be decolorized once
released into the aquatic environment [2]. Many of
the organic dyes are hazardous and may affect
aquatic life and even the food chain. Additiondly,
the dye presence on natural water systems inhibits
sunlight diffusion into the water, consequently
reducing the photosynthetic process of aquatic plants
[3]. Therefore, it is very important to develop new
systems that can be used for removing dyes from

waters. Research is being carried out for removal
dyes wusing physicochemical, chemica and
biological treatment technologies, such as chemical
coagulation—flocculation [ 4], different type of
oxidation processes [5], membrane-based separation
processes [6], adsorption [7] for the removal of
colored dye from wastewater. Among these
advanced treatments, at this moment, adsorption is
considered more effective and less expensive then
other technologies. Activated carbon is the most
used material owing to its adsorption capacity, but it
is very expensive and its regeneration is difficult.
Research has been directed towards developing
more effective and economica  solutions,
investigating the use of various low cost adsorbents.
These materias should be low cogt, easily available
and disposable without regeneration. The
agricultural and plant wastes could be a good way to
reduce cost problems.
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Materials and M ethods

Preparation of Adsor bent

Leucaena leucocephala (Subabul) seeds
were separated from the pods. Then the pods were
ground to get desired particle size of 100 to 150 pm.
It was then soaked 1-2 hoursin 0.1N NaOH solution
to remove the lignin content. Excess alkalinity was
then removed by neutralizing with 0.1 N HCI. The
Leucaena leucocephala (Subabul) seed pod powder
(LLSPP) was again washed severa times with
digtilled water till the wash water became colorless
and then oven dried at 50 °C for 24 hrs.

Preparation of Stock Solution

Congo Red (CR) (Direct Red 28, C.I. 22120,
azo dye) supplied by BDH (India) were used as
adsorbate without further purification. The stock
solution of 1000 mg/L dye were prepared by
dissolving the desired amount of Congo red in
double distilled water and suitably diluted to
required initial concentration. The structure of this
dyeisshownin Figure 1.
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Fig. 1: Structure of Congored

Adsor ption experiments

All adsorption experiments were carried out
by batch techniques at room temperature. The effect
of pH on CR removal were studied by agitating 50
ml, 10 mg/l dye solution with 2 g/l adsorbent dosein
100 ml conical glass flasks. The effect of contact
time and initial concentration were studied by
shaking 500 ml 10 and 30 mg/l CR solutions with
1.0 gm adsorbent in a 1000 ml conicd flask. After
definite time intervals, a sample were withdrawn
from the flask, centrifuged and supernatant solution
was anadyzed for residual dye concentration.
Adsorbent dose effect was studied using 20 mg/l CR
solution. The optimum pH 5 was used for al batch
experiments. The optical density was analyzed using
a UV-VIS Spectrophotometer, Systronics model-118
at Amax = 500 nm.
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Results and Discussion

Effects of pH

Congo red is an example of diazo dye, and
the initiadl pH influences the molecular form of
Congo red in the agueous solution [8]. The effect pH
of solution was studied between 2 and 11 shown in
Fig. 2. The dye solution below pH 2 changed color
from red to dark blue and the original red color was
different above pH 11. It was observed that as the
pH increases from 2 to 5 the percent removal
increases from 23 to 91.5 % and farther increase in
pH from 5 to 11 the percent removal decrease from
91.5 to 29 %. The maximum color removal takes
place at pH 5.
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Fig.2: Effect of pH on adsor ption of Congored on
LLSP

(CR conc.: 10 mg/l, Adsorbent: 2 g/l, agitation
time: 120 min)

Effect of Contact Time

The effect of contact time on the amount of
CR adsorbed was investigated using 10 and 30 mg/I
initial concentration of CR with 2 ¢/l LLSPP at pH
5. The extent of removal of CR by LLSP was found
to increase, reach a maximum vaue with increase in
contact time shown in Fig. 3. The equilibrium time
was found to be 120 minutes. It was observed that
with increasing initial dye concentration from 10 to
30 mg/l, the amount of dye adsorbed per unit mass
of adsorbent increases from 4.55 to 10.8 mg/g.
Higher concentration resulted in higher driving force
of the concentration gradient. This driving force
accelerated the diffusion of dye from the solution
into the adsorbent [9].1t is cleared that the efficiency
of dye removal depends on the initia dye
concentration. The amount of dye adsorbed
increased with increase in dye concentration and
remained constant after equilibrium time.
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Fig. 3: Effect of contact time on adsor ption of
Congored by LLSP

(Congo red concentration: 10 and 30 mg/l,
adsorbent: 2 g/l, pH: 5)

Effect of Adsorbent Dose

Adsorbent dose is an important parameter
because it determines the capacity of an adsorbent
for a given initial concentration of adsorbet. The
effect of adsorbent dose was studied with on dye
removal keeping all the experimental conditions
constant. The removal of CR by LLSP at different
adsorbent doses from 2 to 10 gnvI for 20 mg/l of dye
concentration at pH 5 was studied. The results (Fig.
4) show that as the adsorbent mass increases from 2
to 10 gm/l, the percent CR removal increase from
52.5 to 94.75%, but the amount adsorbed per unit
mass of adsorbent decrease from 5.25 to 1.89 mg/g.
The percent CR removal increase as the adsorbent
dose increase due to increase in total number of
exchange sites. The decrease in unit adsorption with
increase in the dose of adsorbent is basically due to
adsorption s€ites remaining unsaturated during
adsorption process[10].
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Fig. 4: Effect of adsorbent dose on Congo red
adsorption by LLSP

(Congo red concentration: 20 mg/l, pH: 5,
agitation time: 60 min)

I sotherm Models
Adsorptions isotherms are important for the
description of how molecules of adsorbate interact
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with adsorbent surface. Hence, Langmuir, and
Freundlich isotherms were selected in this study.

Langmuir isotherm

A basic assumption of the Langmuir theory
is that sorption takes place at specific homogeneous
sites within the adsorbent [11].
Cel/lqge=1bV,+CelVy (D]

Where ge is the amount of CR adsorbed per
unit mass of adsorbent (mg/g) and Ce is the
equilibrium concentration of CR (mg/l). The linear
plot of Ce/ge. Vs Ce shows that adsorption follows
Langmuir isotherm (Fig.5). The values V, and b
were calculated from slopes and intercepts of the
linear plot and presented in table 1. The applicability
of the Langmuir isotherm suggests monolayer
coverage of the dye on the surface of LLSP.
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Fig. 5: Langmuir adsor ption isotherm of Congo
red adsorption by LLSP

(Congo red concentration: 20 mg/l, pH: 5,
agitation time: 60 min)

The essential characteristics of Langmuir isotherm
can be expressed by a dimensionless constant called
equilibrium parameter R that is defined by the
equation-2.

R =1/(1+ bCo) (2

Where, Co is initia dye concentration (mg/l). R,
value obtain for 20 mg/l CR concentration are
0.4139. R_ values between 0 & 1 confirming that the
adsorption isotherm is favorable.

Freundlich equation
Logge= Log K + 1/n Log Ce 3

Where log K is a measure of the adsorption
capacity and nis an indicator of adsorption intensity.
The linear form of the Freundlich [13] model
represented by equation-3. The value 1/n and K were
calculated from dope and intercept of plot In Qe
versus In Ce, respectively (Fig 6) and are given in
table 1. The value Freundlich coefficient, 1/n is 0.3,
which is in the range of 0 to 1 indicates favorable
adsorption.
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Table 1. Langmuir and Freundlich constants
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CR Freundlich Constants Langmuir Constants
CO”C;”;;‘["“O” K Un R Vm(mglg) | b (/mg) R
20 2.042 0.3 0.9562 44131 0.0708 0.9670
0.8 7 Frendlich plot 17a,
a
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Fig. 6. Freundlich adsor ption isotherm of Congo Time

red adsorption by LLSP
(Congo red concentration: 20 mg/l, pH: 5,
agitation time: 60 min)

The Langmuir, and Freundlich coefficients (R?) are
shown in table 1, both the isotherms were found to
be fit well to the experimental data. The Langmuir
isotherm is dightly better than Freundlich isotherm
asindicated by higher R? value.

Adsorption Kinetics

In order to investigate the adsorption
processes of CR on the LLSP adsorbent, the pseudo-
first order and pseudo second- order kinetic models
[14] were experimented.
Pseudo First-order Model

The pseudo-first-order kinetic model of
Lagergren [15] is given by equation-4.
In(ge-qt) =Inge— Kt 4

Where ge and qt are the amount of CR
adsorbed at equilibrium and at time t (mg g-1),
respectively, and k1 is the first-order rate constant
(min-1). The slopes and intercepts of plots of In (ge
—q) versus t (Fig. 7) were used to determine the
pseudo-first-order rate constant K; and g The
adsorption rate constant K; and g along with
correlation coefficients for the pseudo-first-order
model are shown in table 2. The experimenta g
values do not agree with the caculated ones,
obtained from the linear plots. The correation
coefficients (R?) for the Lagergren equation are not
very high. This shows that the adsorption of CR onto
LLSPis not a pseudo first-order kinetic.

Fig. 7: Lagergren plots for the adsorption of
Congoredon LLSP
(Adsorbent: 2 g/l, pH: 5)

Pseudo Second order Model

The pseudo second-order kinetic model is
given by equation-5.
t/qt:]-/Kqu2+t/qe )

Where K, (g/mg min) is the rates constant of
second-order adsorption.
The dope and intercept of the plotst / g; versust are
used to calculate g. and K, The adsorption rate
constant K, and g aong with correation
coefficients for the pseudo-second-order model are
shown in table 2. The linear plots of the pseudo-
second-order kinetic model are shown in Fig. 8. The
correlation coefficients for the second-order kinetic
model are greater than 0.9922. The value of the
equilibrium adsorption capacity is found to be 11
mg/g, which is close to the value of the experimental
adsorption capacity (10.8 mg/g) for an initial dye
concentration of 30 mg/l, confirming a very good
agreement with experimental data. This shows that
the adsorption process of CR onto LLSPis a pseudo
second-order nature.
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Table 2. Kinetic model valuesfor adsorption of CR onto LL SP
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Fig. 8: Pseudo second-or der adsor ption of Congo
redon LLSP

(Congo red concentration: 10 and 30 mg/l,
adsorbent: 2 g/l, pH: 5)

Intra-particle diffusion:

The amount of CR adsorbed at equilibrium gt
(mg/g) against t°° is shown in figure-9. The intra-
particle diffusion rate constant calculated from the
dope of the linear portion of curves. The diffusion
rate parameters Kiq;, Kigz and Kigz as obtained were
shown in table-3. Previous studies showed that such
plots may present a multi-linearity, which
characterizes the two or more steps involved in the
adsorption process.

Congo red Oerexp Pseudo first-order Order Pseudo second order ]
Concentration | (Mg/g) | Geica K1 R Clercal K R
mg/I (mg/g) (min™) (mg/g) (g/mg-min)
10 455 3.055 3.20x 10% | 0.9730 | 5.2 1.275x 10° | 0.9983
30 10.8 8.035 |260x10% |0.9541 |11 0.635x 107 | 0.9922
30 7 12 7| & 10 mg/I Congo red
25 1 'S 10 7| = 30 mg/l Congo red
*
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Fig. 9: Pseudo second-order plots for adsorption
of Congo red.

Adsorbent Char acterization

SEM Analysis

The SEM (Scanning Electron Microscopy)
micrograph of LLSP dyed by CR was visualized in
figure-10. The LLSP surface shows the porosity and
rough surface of the adsorbent. After CR adsorption
significant change is observed in the structure of
adsorbent.

Table 3. Intra-particle diffusion rate parametersfor adsor ption of CR

Congo red Rate congtants, intraparticle rate parameter
Concentration (mg/g-min®®)
mg/| Kia Kidz Kidz
10 1.842 1.2281 0.4276
30 3.5984 2.5908 1.3629




V.S.Shrivastava /Int.J.ChemTech Res.2012,4(3) 1043

18kU

Fig. 11: SEM hotograph of LL SP after adsor ption.
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