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Abstract

The activated carbon was prepared from Albizia saman seed shell using Sulphuric acid. Removal of Naphthol green B (NGB) was
assessed by varying the parameter like pH, adsorbent dose, concentration, contact time and temperature. The adsorption efficiency
of the prepared activated carbon was estimated by using various isotherm and kinetic equations. The isotherm parameters of the
process were determined by using Langmuir and Freundlich isotherm equations. The kinetic parameters were predicted with
pseudo first order and pseudo second order equations. Thermodynamic parameters were calculated and it was found that the
adsorption of Naphthol Green B (NGB) dye using Albizia saman seed shell carbon (ASSSC) was endothermic and adsorption
process. The adsorbent material characterization was done by using Fourier Transform Infrared Spectroscopy (FTIR) and
morphology of the surface of adsorbent was identified with Scanning Electron Microscope (SEM).
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I. INTRODUCTION

The environmental degradation of the pollutants around the world is growing factor and this growth level is very poor due to the
proportional growth of the population. In developing countries like India, the pollution of the environment services, prevention
and poverty are very conflict [1] that produces various effects to the environment. Dyes and pigments have been extensively
released in the waste waters from different industries, particularly from textile, paper, rubber, plastic, leather, cosmetic, food and
drug industries. These dyes in polluted water may administrated to the living organisms [2], that may affect the various organs and
develops toxicity like neurotoxicity [3], genotoxicity [4], myotoxicity, cytotoxicity [5], mutagenicity [6], allergic reactions and
irritation to the skin and respiratory track [7]. In the past two decades, there were numerous methods that are used with different
materials like adsorption [8]. Dye flocculants [9], photo degradation [10], biodegradation [11], electrochemical, etc. Among these,
adsorption process has been widely used and in this process the variety of materials, often porous material used as adsorbents such
as activated carbon [12-14], clay materials [15], natural and synthetic polymers [16-18] and their composites [19]. These activated
carbons are applied in separation and purification technologies, catalytic process, biomedical developments, pollution control,
energy storage and other usages. A variety of adsorbents such as activated carbon, silica, bentonite, fuller’s earth and alumina have
been used for the removal of dyes from agqueous solutions.

In this study, activated carbon was prepared from Albizia saman seed shell using sulphuric acid as a charring agent for the dye
removal. This study analyzes the effect of dye removal using isotherms and kinetic studies for the adsorption properties of activated
carbon. The characterisations for the presence of surface functional groups on the activated carbon were determined by using
Fourier Transform Infrared (FTIR) and morphology of the surface of adsorbent was identified with Scanning Electron Microscope
(SEM).

Il. MATERIALS AND METHODS

A. Adsorbate

Naphthol Green B (NGB) dyes used in this study is purchased from Kevin Scientific Company. NGB has molecular formula
CaoHisFeNsNasSs. The dye stock solution was prepared by dissolving accurate weight of dye in distilled water to the concentration
of 1g/L.
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Fig. 1: Structure of Naphthol green B

#. Preparation of Albizia Saman Seed Shell Carbon (ASSSC) adsorbent

Albizia Saman Seed Shell (ASSS) was collected from Anna University, Chennai. The collected ASSS materials were dried and
finely powdered and treated with con. Sulphuric acid. The activated carbon was washed until an optimum pH and dried in hot air
oven at 110°C for 24 hours, then placed into a muffle furnace at 450°C for 6 hours for complete carbonization of the bark. The
resultant powder was used for adsorption experiment.

. Batch method

Batch adsorption [20] studies were conducted in varying concentration of dye, adsorbent dose, contact time, temperature and pH.

The concentration of dye used in the range of 8-40mg/L (8mg/L variation), adsorbent dose varied from 20 to 70 mg (10 mg
variation), time varied in the range of 10-60 min (10 min intervals), temperature was varied in 303-333 K (10 K increment) and
pH changed in the value of 2-10.The amount of adsorption g: (mg/g) at time ‘t’, amount of adsorption at equilibrium ge (mg/g),
and % removal of NGB dye were calculated by

0=(Co-CyVIW 1)
0e=(Co-Ce)VIW 3
% Removal= [(C,-C)/C, X 100] 3)

Where C, (mg/L), C: (mg/L) and C. (mg/L) are the liquid phase concentration of NGB dye at initial, at a particular time and
equilibrium respectively. V (Liter) is the volume of the solution, W (gram) is the mass of dry adsorbent used.

£2. Characterization of the adsorbent

The purpose of using activated carbon is to enhance the efficiency of adsorption without the evolution of huge amounts of fumes
while carbonization the bark material. Excess moisture can be removed inside the pores of the adsorbent material then the
carbonized material kept in an oven for 24 hrs at temperature 110°C. Morphology of the adsorbent material performed using SEM
analysis. The surface functional groups on the activated carbon studied by FTIR spectroscopy in before and after adsorption.

I11. RESULTS AND DISCUSSION

A. Characteristic studies of activated carbon

1) FTIR Study

FTIR spectroscopy provides evidence for the presence of functional groups on the surface of Albizia saman seed shell carbon
material before activation. The peak between 3082.00 and 3928.11cm™ was attributed to the O-H stretching vibrations of the
hydroxyl functional groups of alcohol and phenols. The peak at 2755.53 cm™ indicates the presence of an aliphatic C-H stretching
specifically the methylene groups. The band between 2357.78 cm™ and 2181.00cm™ has been assigned to C=C stretching. The
band located at 1571.62 cm™ which could be attributed to the Nitro compound. The band around 1375.09 cm was attributed to
the carbonyl groups. The peak between 1118.74 cm™ and 821.33 cm™* has been assigned to C-O is stretching in alkanes and bending
in alkenes as shown in the Fig. 2 (a). After the dye adsorption spectrum of FTIR shows that reduction in peak heights and intensity
of the peak at 3839.19 cm™, 3208.88 cm™?, 1573.34 cm'?, 1373.17 cm'!, 1219.05 cm™* and 573.79 cm* as shown in Fig 2 (b). This
confirms that the NGB was strongly adsorbed onto the ASSSC.
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Fig. 2(a): FTIR analysis of ASSSC before adsorption
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Fig. 2 (b): FTIR analysis of ASSSC after adsorption

The Scanning Electron Microscope provides the information about the surface morphology of the adsorbent material. The SEM
image of adsorption is shown in Fig 3. The figure shows that there was a porous structure in the surface. The porous structure was
wholly occupied with the NGB dye molecules. Hence, there was a complete occupied site on the surface of the adsorbent material
which shows almost flatten surface image. This image structure concluded that the NGB dye is strongly adsorbed on the surface

of the activated carbon.

H. Parameters Study
1) Effect of pH
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Fig. 3: SEM image of activated carbon

The solution pH adversely affected the nature and progression of the adsorption process. So it is essential to check the solution pH
before proceeding with the adsorption process. In this study the solution pH was varied in the range of 2-10 and the effect of pH
was presented in Fig.4. From the investigation of various pH values, the pH value of 4 shows the highest percentage removal
compared to other pH values. Therefore the pH value of 4 was chosen as optimum pH for the removal of Naphthol Green B on
the Albizia saman seed shell activated carbon.
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Fig. 4: Effect of initial pH for the removal of NGB dye

1) Effect of ASSSC Adsorbent Dose
To study the effect of ASSSC dose on the NGB adsorption, different amounts of ASSSC powder (20-70mg) were added into a

250ml conical flask containing a definite volume (25ml in the each flask) of fixed initial concentration (8mg/L) of dye solution
without changing the pH of the solution at 30°C as shown in Figure 5. The flasks were placed in thermostatic orbital shaker for 60
minutes and the NGB dye concentrations were measured at equilibrium.

From the Figure, it was observed that the % removal increase initially up to 60mg/25ml and reaches limiting value with fractional
difference. Thus, adsorption increases with an increase in the dose of adsorbent due to availability of more active sites for
adsorption. However, a further increase in the dose of adsorbent did not affect the % removal of dye because of the unavailability
of absorbent due to saturation. So the experiments were carried out by using 60mg/25ml of adsorbent dose.
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Fig. 5: Effect of adsorbent dose for the removal of NGB dye

1) Effect of contact time
The effect of contact time between adsorbent ASSSC and adsorbate (NGB) were determined by keeping NGB dye concentration,

adsorbent dosage, pH and temperature at constant. In the present study, the adsorption process of NGB using ASSSC was studied
for various time intervals such as 10, 20,30,40,50 and 60 minutes. The results were presented in Fig .6. It was observed that initially
increase in time enhances the rate of adsorption and its equilibrium was almost attained and 98.74% dye removal takes place within
50minutes. Hereafter there were no appreciable changes in adsorption. So, 50 minutes was the sufficient time for the maximum

absorption of dye.

100
a5
90

85

YaRemoval

80

75
0 20 40 60 80

Contact time in minutes

Fig. 6: Effect of contact time for the removal of NGB dye
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4] Effect of Temperature

The effect of temperature was carried out at four different temperatures such as the 30°C, 40°C, 50°C and 60°C in a thermostatic
orbital shaker for 50 minutes. Samples were withdrawn at suitable time intervals; the filtrate was analyzed for the remaining dye
concentration. The temperature has significant effects on the adsorption capacity, thermodynamic parameters and kinetic process
depending on the structure and surface functional groups of an adsorbent.

€. Adsorption Isotherms

The adsorption isotherm shows how the adsorbate molecules are distributed between the adsorbent and solution. The Langmuir
and Freundlich isotherm were used to measure the adsorption capacity of the ASSSC adsorbent for the removal of NGB dye.

A. Langmuir Isotherms

The Langmuir [21] isotherm equation can be described by
1/ge= (1/gm KL Ce ) +1/qm (4)
Where C. (mg/L) is the equilibrium concentration of the adsorbate, ge (mg/g) is the amount of adsorbate per unit mass of adsorbent,
gm and K are Langmuir constants related to adsorption capacity and rate of adsorption respectively. qm is the amount of adsorbate
a complete monolayer coverage (mg/g) which gives the maximum adsorption capacity of the adsorbent and K (L/mg) is the
Langmuir isotherm constant that relates to the energy of adsorption. The linear plot of specific adsorption capacity 1/q. against the
equilibrium concentration (1/C¢) shows that the adsorption obeys the Langmuir model which is shown in Fig.7. The Langmuir
constant gm and K. were determined from the slop and the intercept of the plot. The equilibrium parameter Ry [22] is used to find
out the feasibility of the Langmuir isotherm
R=1/1+ K. Co (5)

Where C, (mg/L) is the initial concentration of adsorbate and K. (L/mg) is Langmuir isotherm constant. The R, value between

0<R.<1 is favorable for adsorption.

0.400

0.300 i
Z02 = oo
= 0.200 g
0.100 o
0.000
0.000 0.500 1.000 1.500 2.000 2.500

l/c,

Fig. 7: Langmuir isotherms for the adsorption of NGB dye

& Freundlich Isotherm

Freundlich isotherm [23] is represented by the equation
log ge = log K¢+ 1/n log Ce (6)

Where g is the amount of dye adsorbed per unit weight of the adsorbent (mg/L), Kt is ((mg/g) (L/mg) /") measure of adsorption
capacity and 1/n is the adsorption intensity. In general, if Ksvalue increases, the adsorption capacity for a given adsorbate increase.
The magnitude of the exponent 1/n gives an indication of the favorability of adsorption. The adsorption is linear; if n<1, it implies
that the adsorption process is favored by chemisorption and if n>1, the adsorption process is favored by physisorption. The linear
plot of specific adsorption capacity log ge against the equilibrium concentration log C. shows that the adsorption doesn’t obey the
Freunlich model which is shown in Fig. 8.
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Fig. 8: Freunlich isotherms for the adsorption of NGB dye
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Table -1

Adsorption isotherm parameter for the adsorption of NGB dye

Langmuir parameter

Freundlich parameter

qm (Mg/g)

KL (L/mg)

RZ

Ke((mg/g)(1/mg)®™)

n(lL)| R?

11.601

113.180

0.9927

2.882

2.416 | 0.987

. Adsorption Kinetics

The rate constant for the adsorption of NGB was determined using pseudo first order and pseudo second order equation.

1) Pseudo first order equation

The adsorption kinetic data were described by the pseudo first order model which is the earliest known equation, described the
adsorption rate based on the adsorption capacity. The pseudo second order rate equation can be written as [24].

log (de-qr)= log ge — t.(ki/2.303)

(7

Where ge is the amount of dye adsorbed at equilibrium (mg/L), q: is the amount of dye adsorbed (mg/g) at time t, K; is the rate

constant (min) of the pseudo first order.
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Fig. 9 Pseudo first order kinetic plot for the adsorption of NGB on ASSSC

2. Pseudo Second Order Equation

The pseudo second order [25] rate expression is represented as

t/g= (1/h) + (Lge xt)  (8)
Where (mg/g min) is the initial adsorption rate at t—0 and K is the rate constant of the pseudo second order kinetic equation

(g mg*min-1). The plot of t/g; versus t is shown in Figure 10. The e, k and h can be determined from the slope and intercept of the

plot respectively and listed in Table 2.
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Fig. 10: Pseudo second order kinetic plot for the adsorption of NGB on ASSSC
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Table — 2

Adsorption kinetic parameter for the adsorption of NGB dye

Pseudo first order Pseudo second order
Kad (Min?) | ge (Mg/g) R? de (mg/g) | h(mg g*min?) R?
0.0481 1.1107 | 0.9862 3.564 0.7022 0.9978
E. Thermodynamic Studies
Table -3

Thermodynamic parameter for the adsorption of NGB dye

T(K) | AG®°(KJ/ mol) | AH?(KJ/ mol) | AS®(J /mol k)
303 -4.506

313 -5.142

323 5908 44.172 179.58
333 -6.874

Adsorption thermodynamics is the study of the effect of temperature on the process of adsorption. AG® and AH® were used to
evaluate the spontaneity and the adsorption process respectively [26]. The thermodynamic parameters free energy (AG®), enthalpy
(AH") and entropy (AS°) were determined as follows [27]:
AG'=-RTInK (9)
log K= AS°/2.303R - AH*/2.303RT  (10)

Where R (8.314 J/ mol K) is the gas constant, T (K) is the solution temperature. The values of AG® were found to be negative
that the adsorption was more favorable and spontaneous (Table -3). The positive nature of the enthalpy change and the entropy
change confirms the endothermic nature of the process and affinity of the adsorbent towards adsorbate respectively. From the
results we may conclude that the adsorption of Naphthol Green B on Albizia Saman seed shell carbon was feasible.

1V. CONCLUSION

The result of this study shows that the Albizia saman seed shell Carbon can be used for the removal of the dyes Naphthol Green B
from aqueous solution. The equilibrium data were fitted to the Langmuir model. The kinetics of the adsorption process were the
best fit with the pseudo second order equation. This adsorption study shows that Albizia saman seed shell Carbon can be used as
an efficient adsorbent for the removal of Naphthol Green B dyes from aqueous solution. The thermodynamic studies indicate that
adsorption process is endothermic and physical adsorption.
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