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ABSTRACT

Naoh treated biosorbent Ficus Racemosa Leaf Powder (NaFRLP) was prepared from the fallen
leaves of the plant. FT-IR, SEM and BET analysis were done to characterize the biosorbent. The
biosorbent was found to be mesoporous with an average pore size 18 nm. Batch adsorption
equilibrium studies were conducted for the adsorption of congo red on NaFRLP as a function of
adsorbent dosage, agitation speed, dye concentration, temperature and contact time. Batch
adsorption studies revealed that with an increase in the time of adsorption, the percentage removal
of congo red increases and with an increase in the concentration of dye solution, congo red
removal decreases. Initial dye concentration of 100 mgL-?, agitation speed 200 rpm and adsorbent
dosage 1gL* were the optimum conditions for the effective removal of congo red. The adsorption
data well agreed with the Langmuir isotherm as indicated by the higher correlation coefficient
(R?=0.962) value. Thermodynamic analysis of the batch adsorption studies indicated that all the
processes studied were spontaneous with the congo red adsorption on NaFRLP being
endothermic. Intra particle diffusion model was also tested. NaFRLP was found to be an effective
adsorbent for the removal of congo red from the polluted water.
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1. INTRODUCTION

The dye wastes from industries cause diseases
like cancer, mutations, skin problems, allergic
eczema etc., in mammals. The dyes cause
environmental pollution such as decrease in
dissolved oxygen, reduction of photosynthesis
which in turn affect amphibians and plants and
adverse effect on food cycle. It is mandatory to
remove dye from industrial effluents.

Adsorption is an emerging and promising
technique for dye removal. It has been
discovered that activated carbon is a flexible
adsorbent that can eliminate a wide range of
contaminants, including metal ions, dyes,
phenols and several other organic and inorganic
substances as well as microorganisms. Attempts
are being undertaken to renew the used
activated carbon using chemical and thermal
means due to the increased expense of activated
carbon. These techniques, however, are not
inexpensive and result in significant adsorbent
loss as well as the production of extra effluents.

The biosorption technique is a popular
biotechnological method for eliminating most
heavy metals and dyes from aqueous solutions.
It uses biomass that is either waste or naturally
plentiful. lon exchange resins are the closest
analog for biosorption and biosorbents are
sometimes called natural ion exchangers [1]. “A
low cost of biosorbents, high selectivity and
efficiency for dye removal at low concentrations,
the potential for biosorbent regeneration, high
sorption and desorption velocities, limited
generation of secondary residues and a more

environmentally friendly material life cycle are the
main motivators for the development of
biosorption for industrial processes” [2].

“The main components of plant leaves are made
up of cellulose, hemicellulose, pectins, lignin,
etc.,” [3]. “These substances can interact with the
functional groups of dyes because they contain a
variety of functional groups, including carboxyl,
hydroxyl, carbonyl, amino and nitro” [4]. “Dyes
bind to the biomass of leaves as a result of this
interaction” [5-7]. “Ficus racemosa plant parts
have already been used as biosorbents for the
removal of dyes, metal and non metal ions” [7-9].
“Earlier studies for the removal of congo red from
textile waste water using various biosorbents like
leaf, fruit shell, fly ash, tea waste etc., have been
reported” [10-13].

It was therefore desired that biosorbents as
alternative raw materials be chosen that are
region specific, easily available, inexpensive and
without much commercial applications. In the
present study, congo red identified for adsorption
on to NaOH treated Ficus racemosa fallen leaf
powder (NaFRLP). Batch studies were carried
out in order to examine the potential of this
adsorbent for adsorption of dyes from solution.

Sodium salt of 3, 3'-([1,1"-biphenyl]-4,4'-diyl) bis
(4-aminonaphthalene-1-sulfonic acid) is known
as Congo red. It is being studied as a potential
mutagen, carcinogen and reproductive effector. It
irritates the skin, eyes and digestive system. It
may cause sleepiness, breathing issues and
disruptions to blood components including
clotting [14].

Fig.l. Ficus racemosa Leaves
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Fig. 2. Structure of Congo red

2. MATERIALS AND METHODS
2.1 Chemicals Used

Congo red was purchased from Merck and
NaOH of analar grade was utilized.

2.2 Preparation of Biosorbent

Ficus racemosa leaves used in this study was
collected from Theni. It was washed with double-
distilled water to remove any unwanted particles
and dried in an air oven at 70°C for 24 hours.
The raw biosorbent was then crushed and
ground using ball mill and sieved to get uniform
size (150-mesh) particles. Ficus racemosa leaf
powder (FRLP) was treated with 2% NaOH in the
ratio 1:5 under stirring speed 400 rpm for about
half an hour at 40°C. The NaOH treated
biosorbent (NaFRLP) was washed several times
with distilled water and dried naturally. NaOH
treatment helps in the removal of lignin from the
biomass, thus creating porous material. The
particles were then stored in sealed glass

containers and used in all the adsorption

experiments.

2.3Methods used to Characterize
Biosorbent

Fourier Transform Infrared Spectroscopy (FT-IR)
and Scanning Electron Microscopy (SEM)
studies were used to analyze the biosorbent.
Nitrogen adsorption-desorption isotherms,
obtained at 77 K using the Quanta chromium
Autosorb 1C system, were used to calculate the
pore volumes and adsorption/desorption
isotherms of the adsorbents. The samples were
vacuum-degassed at 200°C prior to the
commencement of Nz adsorption. The BET
equation and the Barret-Joyner—Halenda (BJH)
method were used to calculate the surface area
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and pore volumes, also known as pore size
distribution.

2.4 Batch Adsorption Studies

The adsorption of congo red on NaFRLP was
studied using batch adsorption equilibrium
studies, whereby the adsorbent dose, agitation
speed, dye concentration, temperature and
contact duration were varied. This was
accomplished by combining 300 ml of 0.1 M
adsorbate solution with 1 g/L of adsorbent in a
conical flask. The mixture was then stirred on a
magnetic stirrer over a hot plate at 313 K for 90
minutes. Several adsorbent doses of 0.1, 0.3,
0.7, 1, 1.5 and 2 g/L were added to each conical
flask holding 300 ml of 0.1 M adsorbate solution
and were swirled for 90 minutes in order to
assess the effects of adsorbent dosage. Each
conical flask holding 300 ml of adsorbate
solutions at various concentrations of 100, 200,
300, 400, 500, 600, 700 and 800 mg/L was
supplemented with 1 g/L of adsorbent based on
the influence of dye concentration and the
mixture was swirled for 90 minutes. 300 ml of 0.1
M adsorbate solution was mixed with 1 g/L of
adsorbent and stirred at intervals of 15, 30, 45,
60, 75 and 90 minutes, depending on the impact
of contact time. In addition, the solution was
taken out of the reaction mixture and filtered
using Whatman No. 1 filter paper at a
predetermined interval. Using a JASCO UV-
visible spectrophotometer set to 498 nm for
congo red, the amount of unadsorbed dye in the
supernatant solutions was determined. The
percentage of adsorption, the amount of
adsorption at equilibrium (ge) (mg/g) and the
amount of adsorption were then calculated.

ge= [(Co — Ce¢) VIM]

Adsorbed dye percentage = [(Co — Ce)/Co] x 100 -
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Where,

Co and Ce are the initial and final dye
concentrations respectively (mg/L) at any time
(t). V is the volume of the solution (L) and M is
the mass of the used adsorbent (g).

2.5 Kinetics of Biosorption

Two phases comprise biosorption kinetics: an
early, extremely quick adsorption step and a
subsequent, gradual adsorption stage [15].
Determining the sorbent's effectiveness requires
an understanding of the biosorption kinetics. The
pseudo-first order rate equation can be described
as follows:

Where,

g: is the maximum biosorption capacity (mg/g);
and q: is the amount of dye biosorbed at
equilibrium (mg/g); ki is the pseudo first-order
rate constant (minl). The pseudo-second order
rate equation is expressed as follows:

t

qt

1

k> fif:a2

Where,

gz is the maximum biosorption capacity (mg/g);
g: is the amount of dye biosorbed at a certain
equilibrium (mg/g); k2 is the equilibrium rate
constant (g/mg min).

2.6 Intraparticle Diffusion

The intra-particle diffusion model was further
investigated as follows [16] in order to determine
whether film or pore diffusion was the regulating
phase in the adsorption process.

ki (mmol gt min'*2) is the intra-particle diffusion
rate constant and g: (mmol g?) represents the
amount of dye adsorbed on the adsorbents at
time t (min).

2.7 Adsorption Isotherm
2.7.1 Langmuir adsorption isotherm

Langmuir adsorption isotherm was studied by
surface kinetic approach [17,18]. The linearized
Langmuir isotherm is
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A linear plot %of against Ce will demonstrate the
e

Langmuir adsorption isotherm's applicability. The
Langmuir constants for adsorption capacity and
rate of adsorption, Ka and Qm, are determined

from the slope and intercept of the plot%

e
against Ce, respectively. The equilibrium
parameter "RL," also known as the separation
factor or dimensionless constant, can be used to
represent the fundamental properties of the
Langmuir adsorption isotherm. It is defined by:

_ 1
1+bC;

RL

Where,

Ci = dye’s initial concentration and b = Langmuir
constant. RL values indicate the type of isotherm
to be irreversible (RL = 0), favourable (0 < R.< 1),
unfavourable (R.> 1) and linear (R.= 1).

2.7.2 Freundlich adsorption isotherm

The adsorption process is best described by the
Freundlich isotherm model [19,20], which is the
oldest known equation.

The relationship between log Ce and log ge, was
linear, where n is the adsorption intensity and Kr
is the measure of adsorption capacity (mg/g).
Irreversible (1/n = 0), advantageous (0 < 1/n < 1)
and unfavourable (1/n > 1) isotherm types are
indicated by 1/n values [21]. One can compute
the values of 1/n and Kr based on the slope and
intercept, respectively.

2.8 Thermodynamic Parameters

The equilibrium constant (Kg, L/g) for the
adsorption of congo red on NaFRLP biosorbent
was calculated at the temperatures of 298, 303,

308 and 313 K using K, = %

Ce

The following equations were used to compute
the thermodynamic parameters, the enthalpy
change (AH°), the entropy change (AS°) and
Gibbs free energy change (AG°).

AH°
RT

AS°
In Ka= T
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AG°® = AH° - TAS®

Where,

T is the absolute temperature (K) and R is the
universal gas constant (8.314 J/(mol K)). The plot
of In Ka vs 1/T's slope and intercept can be used
to derive the values of AH® and AS°.

3. RESULTS AND DISCUSSION

3.1 Characterization of NaFRLP

Biosorbent

FT-IR was used to analyze the surface functional
groups in the biosorbent (NaFRLP). In Fig.3, the
spectrum was displayed. Peaks at 3443, 2920,
2377, 1607 and 1329 cm correspond to the
vibrational frequencies of the functional groups -
OH or -NHz, -CHz, C=C or C=N, C=0 and C-O
respectively [8].

The SEM image of biosorbent in Fig.4 shows the
distribution of large pores and thus endowed with
greater surface area.

3.2 BET Surface Area

The surface area of the biosorbent sample was
determined to be 192 m?g?, indicating a high
pore volume material (Fig.5). Type IV isotherm,
which is indicative of mesoporous materials and
type H1 hysteresis loop are followed by
adsorption by NaFRLP adsorbent. The BJH
method's calculation of the pore size distribution
from the desorption branch of the N2 isotherms
revealed an average pore size of 18 nm,
indicating the presence of mesopores in the
NaFRLP adsorbent.

3.3 Effect of Operational Parameters

3.3.1 Effect of variation of Initial

concentration

dye

By altering the dye beginning concentration while
holding all other variables constant, the impact of
the starting concentration was investigated. “The
maximum percentage removal was found at an
ideal initial dye concentration of 100 mg/L on
NaFRLP. According to the experimental
measurements of the extent of dye removal, the
rate of dye removal lowers as the initial dye
concentration rises and vice versa. This is
because the creation of a monolayer at the lower
initial concentration of dye on the adsorbent

33

surface greatly inhibits the formation of
subsequent layers of dye species. The variation
can be shown as seen in Fig.6. This suggests
that the adsorption of dye may either induce
particles to agglomerate and reduce the number
of active sites required for adsorption or it may
limit dyes access to the original pores” [22].

3.3.2 Effect of Agitation speed

When the agitation speed was increased up to
200 rpm, an improvement in the adsorption
capacity and % removal of dye using NaFRLP as
shown in Fig.7. Beyond that, the adsorption
capability and % removal of dye diminish. The
film boundary layer encircling the particles and
consequently, their adsorption capability are
decreased when the degree of agitation speed
increases. As the speed of the agitation
increases, some of the dye that has adsorbed on
the leaf powder surface desorbe because of
centrifugal force, which causes the bound dye to
desorbe [23]. At an agitator speed of 200 rpm,
the maximum adsorption capacity is reached and
the greatest percentage of dye removed under
these conditions is 95.58%.

3.3.3 Effect of adsorbent dosage

With a constant initial congo red concentration of
100 mg/Land an agitation period of 90 min at 298
K, the NaFRLP dosage was varied from 0.1 to 2
g/L. The impact of adsorbent dosage on the
percentage of dye removed under equilibrium
conditions is depicted in Fig. 8. It was found that
changing the dosage of the adsorbent affected
the amount of dye adsorbed. The adsorption of
congo red increased quickly upon increasing the
adsorbent dosage from 0.1 to 1 g/L. However, an
additional increase in the dosage of NaFRLP
was insufficient to sufficiently boost its adsorption
capability. The adsorption sites in NaFRLP are
connected to the rise in the % dye adsorption.
The dye molecules compete with one another for
adsorption at limited adsorption sites at lower
adsorbent  dosages. But as NaFRLP
concentration increases, more adsorption sites
become available, which encourages adsorption
and raises the percentage of dye removal [24].

3.3.4 Effect of Contact time

The duration of the contact has a significant
impact on the adsorption efficiency. The term
"contact time" refers to the amount of time
required for the adsorption process to reach
equilibrium, or the point at which no further



Indramahalakshmi; Asian J. Chem. Sci., vol. 14, no. 2, pp. 29-42, 2024; Article no.AJOCS.113844

variations in the adsorptive concentration are
seen. The variations in the adsorbent distinctive
gualities determine this contact time. When
removing congo red from aqueous solutions at a
concentration of 100 mg/L, an adsorbent dosage
of 1 g/L and a temperature of 313 K, contact

times were adjusted between 10 and 90 minutes
to maximize the uptake of congo red (Fig. 9). The
findings obtained from the adsorption capacity of
congo red on to NaFRLP demonstrated that the
biosorption increases with increase in contact
time until it reached equilibrium [25].
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Fig. 3. FT-IR spectrum of NaFRLP biosorbent
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Fig. 10. Effect of Temperature on % removal of Congo red
[Initial dye concentration = 100 mg/L, Adsorbent dosage = 1 g/L, Agitation speed = 200 rpm, Contact time = 90
min]

3.3.5 Effect of Temperature

Using a constant dye concentration of 100 mg/L
and a 90-minute contact time, the effect of
temperature on the adsorption of congo red by
NaFRLP was investigated at 298, 303, 308 and
313 K (Fig.10). “The adsorption process is
endothermic, as evidenced by the observation
that the adsorption capabilities of congo red
increased as the solution temperature increased
from 298 to 313 K. The enhanced rate at which
dye molecules diffuse through the external
boundary layer and into the adsorbent's internal
pores may be the cause of the temperature-
dependent increase in adsorption capacity” [26].
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3.4 Adsorption Isotherm

The adsorption of an adsorbate on a uniform, flat
surface of an adsorbent and monolayer
adsorption on a surface with a finite number of
identical sites are both described by the
Langmuir isotherm. In contrast to the Langmuir
model, the adsorption of an adsorbate onto the
heterogeneous surface of an adsorbent was
described by the Freundlich model. Table 1
provides a summary of the isotherm parameters
for the adsorption of congo red. Findings
suggested that the higher correlation coefficient
(R?) values (Figs.11 and 12) demonstrated a
good agreement between the Langmuir model
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and the adsorption of congo red on NaFRLP.
These results show that the adsorption process
is uniform. A favorable adsorption process was
indicated by the values of R, which ranged from
0to 1 [27].

3.5 Adsorption Kinetics

Adsorption kinetics is crucial for understanding
the underlying principles and assessing how well

a particular adsorbent performs [28]. According
to Hameed [29], kinetic modeling is
typically employed to look at the mechanism of
adsorption as well as possible rate-
controlling mechanisms including chemical
reactions and mass transfer. Two popular
models: pseudo-first order and pseudo-second
order models were used in the present work to
simulate the kinetics of congo red adsorption on
NaFRLP.

Ce/qe

Cs

T T T T T T
0 100 200 300 400 500 600 70C

(mg/L)

Fig. 11. Linear plot of Langmuir isotherm for adsorption of Congo red on NaFRLP
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Fig. 12. Linear plot of Freudlich isotherm for adsorption of Congo red on NaFRLP

Table 1.Parameters of various isotherms

for Congo red adsorption by NaFRLP

Isotherm Parameters Congo red

R2 0.962
Langmuir Qm 9.612

RL 0.0276

Ka 3.512

R2 0.906
Freundlich n 4.2016

Kt 1.5204
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Fig. 13. Pseudo first order kinetics for adsorption of Congo red on NaFRLP
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Fig. 14. Pseudo second order kinetics for adsorption of Congo red on NaFRLP
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Fig. 15. Linear plot of Intra particle diffusion
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Table 2. Parameters of adsorption kinetic models of Congo red on NaFRLP

Adsorption kinetic model Parameter Congo red
R? 0.334
Pseudo-First order k1 (min-1) 0.0184
ge (Mg/qg) 1.0876
R2 0.960
Pseudo-Second order k2 (min-1) 0.0408
ge (Mg/Q) 95.5367
h 0.1863
Intra particle diffusion model R? 0.983
Kaift 0.210
C 0.099

Table 3.Thermodynamic parameters for adsorption of Congo red on NaFRLP

Temperature (°C) AG°(kJ/mol?) AH° (kJ mol?) AS° (JKimol?) Kgq
Congo red 298 -1.218 241.42 79.86 0.4083
303 -2.66 0.9140
308 -3.312 3.6451
313 -7.712 19.439
304 .
2.5 4
2.0 4
Mu 1.5
E [ |
1.0 1
0.5 4
0.0 :
0.00318 0.0(;321 . 0.0(;324 . 0.0(;327 . 0.0(;330 . O.OOI?>33 . 0.0(;336

uT

Fig. 16. Van’t Hoff plot for the adsorption of Congo red on NaFRLP

The congo red kinetic plots on NaFRLP for the
pseudo-first order model and pseudo-second
order model are shown in Figs.13 and 14
respectively. Table 2 displays the kinetic
parameters that were determined. “Since the
simulated curves fit the experimental data better,
the calculated Qgecac values were closer to the
experimental ones (Qeexpt) and the pseudo-
second order model had higher correlation
coefficients than the pseudo-first order model. All
of these findings suggest that the rate-limiting
step for NaFRLP was chemical adsorption” [30].

The intra-particle diffusion curve for congo red
adsorption on NaFRLP is displayed in Fig.15.
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Multiple linear portions are seen across the plot,
indicating that two or more stages are affecting
the adsorption [31]. This can be illustrated as
follows: The first, steeply sloping section depicts
the immediate diffusion stage, during which a
significant number of dye molecules from the
bulk phase were quickly adsorbed by NaFRLP
surface functional groups. The dye molecules
prepared to enter the adsorbent pores after
nearly all of the external active sites were
occupied. The interior surface of the pores then
arose in the second stage and adsorbed the dye
molecules. The third section showed that the
equilibrium state had finally been reached
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because the intra-particle diffusion rate constants
were almost zero. According to Kinetic
investigations, the adsorption processes were
impacted by intra-particle diffusion as well as the
chemical chelating reaction between dye
molecules and the adsorbent active sites [30].

3.6 Thermodynamic Parameters

At 298, 303, 308 and 313 K, the Gibbs free
energy change (AG°) for congo red adsorption
was determined to be -1.218, -2.66, -3.312 and -
7.712 kJ/mol respectively (Table 3). For congo
red, negative AG° values were recorded at all
examined temperatures, indicating the process
viability and spontaneous nature of adsorption.
Additionally, when temperature increased, the
AG°® values reduced, suggesting that the degree
of spontaneity and feasibility of congo red
adsorption was increased. For the adsorption of
congo red, the AH° parameter was found to be
79 kJ/mol. The endothermic nature of the
adsorption process was further supported by the
positive values of AH°. The chemisorption
process is indicated by a heat of adsorption
value between 40 and 400 kJ/mol [32].
Therefore, congo red adsorption on NaFRLP is
chemical in nature. For congo red adsorption, the
AS°® parameter was determined to be 79.86 (J/
(mol K)). The solid-liquid interface degrees of
freedom appeared to grow during the adsorption
process, based on the positive values of AS°.
The coordinated water molecules were replaced
by dyes during the adsorption process, which
made the adsorbent-adsorbate system more
random [33]. Fig.16 shows the Van't Hoff plot for
the congo red adsorption on NaFRLP.

4. CONCLUSION

The use of Ficus racemosa fallen leaf powder
treated with NaOH (NaFRLP) as a biosorbent to
remove congo red dye from industrial waste
water has been investigated. The biosorbent was
characterized by FT-IR and SEM analysis. The
biosorbent was found to include mesoporous
particles based on surface area analysis (BET).
According to batch adsorption experiments, the
percentage of congo red removed increases with
an increase in adsorption time and decreases
with an increase in dye concentration. For the
elimination of congo red, NaFRLP was found to
be an effective adsorbent up to a concentration
range of 100 mg/L. The Langmuir isotherm best
fits the adsorption data. Thermodynamic analysis
of the batch adsorption investigations revealed
that the congo red adsorption on NaFRLP was
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endothermic and that all the other processes
were spontaneous. Therefore, the most suitable
biosorbent for the effective removal of congo red
is NaFRLP.
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