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INTRODUCTION

Owing to the increase of population, the release of waste-
water from various industries has reached an uncontainable
level and the world is also in a need of more water, mainly in
the form of treated water for agriculture (70 %), industries
(80 %) and domestic (22 %) areas. Large amounts of water
containing massive amount of contaminants are released every
year [1]. Among all the contaminants dyes are the major portion
which were released from many resources such as dyeing,
paper, plastics, printing, leather, production of dyestuffs, rubber,
etc., present in the wastewater [2-4]. The dye effluents cause
major effects on humans, mammals and aquatic toxicity.
Therefore, the elimination of dye effluents from industrial
wastes is very important before releasing them into pure water
bodies [5,6]. Various techniques were followed over many
years for the removal of contaminants from wastewater such
as electro coagulation [7], membrane filtration [8], biosorption
[9], ozonation [10], coagulation and flocculation [11],
electrochemical precipitation [12], efc. But these methods have
some drawbacks in the removal of dye effectively from waste-
water.
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Nanocarbon spheres were prepared from the stems of Alternanthera sessilis. Their characterization studies were performed and the |
application of nanocarbon spheres for the adsorption of acid blue 113 from the aqueous solution was studied. Effect of pH of effluent, |
effect of initial acid blue 113 concentration and the effect of solution temperature were analyzed. Pseudo-first order model, pseudo-
second order model, Elovich model, Intra-particle diffusion model, Langmuir model, Freundlich model and thermodynamic parameters |
were used to evaluate the percentage and the amount of acid blue 113 dye removed. The kinetics follows multi-order and Langmuir type |
of isotherm. The AG, AH and AS parameters which relate to sorption energy were also evaluated. The outcome of the study indicates that |
nanocarbon sphere is a potential material for the sorption of acid blue 113 with good efficiency. |
|
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Adsorption is one of the most important techniques which
have good efficiency, low cost, ease of operation and less amount
of residue. In this process, the dye molecules are removed easily
due to the attractive nature of the adsorbent over the dye
molecules. Various adsorbents were discovered from organic
and inorganic wastes e.g. waste coir pith [13], rotton saw dust
[14], fly ash [15], recycled alum sludge [16], fire wood [17],
coconut shells [18], activated carbon [19,20], clay-polymer
nano composites [21], starch-based nano composites [22], efc.,
Adsorbent with high surface area is required for the effective
removal of dye molecules. For high surface area adsorbent,
nano structured adsorbent is need to be prepared. In the present
work, the nanocarbon adsorbent was synthesized from the
stems of Alternanthera sessilis and its characterization studies
were carried out. The nanocarbon adsorbent is used for the
removal of acid blue 113 dye.

EXPERIMENTAL

Analytical grade chemicals were purchased and used for
all the process without any further purification. Double distilled
water was used for the preparation of all the solutions. Waste
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engine oil was used as precursor for the preparation of carbon
ball.

Preparation of nanocarbon spheres: Alternanthera sessilis
stems were air dried and cut into pieces of size 2 to 5 cm length.
The dried pieces were burnt in the muffle furnace for 1 h at
750 °C under constant flow of nitrogen at 0.1 bar. Carboni-
zation takes place in the muftle furnace. The carbonized stems
were washed twice with pure water and then with alcohol and
dried in air oven at 110 °C for 24 h [23]. The carbonized stems
were soaked in the waste engine oil for 30 min and dried in air
for 1 h. The oil-soaked carbonized stems were burnt on the
stainless steel grill using LPG as fuel with air and the temp-
erature inside the chamber was maintained between 420 to
470 °C. The stems will burn at its ignition temperature, and
the soot formed during burning was carefully collected from
the dome-shaped surface of stainless steel lid (316SS) kept on
the top of the combustion chamber. Excess exhaust gas and
the ash formed during the combustion were removed through
exhaust holes and the discharge opening at the bottom, respec-
tively. The carbon collected was washed twice with distilled
water and then with alcohol once. Activation of nanocarbon
spheres was done in the microwave oven at 600 W of power
for 10 min. Using Zeiss Electron microscope at a maximum
magnification of 41.14 x 10 zooming, the SEM images of
nanocarbon spheres was viewed.

Batch adsorption studies: Acid blue 113, an anionic acid
dye was investigated by varying certain parameters like solution
pH, initial acid blue 113 concentration, solution temperature,
etc. The molecular weight of acid blue 113 is 681.649 g/mol
with the molecular formula C3,H»NsOsS,Na,, C.I No. 26360
with A of 570 nm. Stock solution of 1000 mg/L was prepared
by using particular amount of dye dissolved in distilled water.
From the stock solution the diluted solutions were prepared.
The batch mode adsorption studies were carried out by taking
100 mL of dye solution of particular concentration with 100
mg of nanocarbon spheres in 250 mL reagent bottle (Borosil-
R glass bottles) with tight lid and REMI orbital shaker. To
maintain the pH of solution 1 M HCl and 1 M NaOH solutions
were used. After agitation, the contents were centrifuged at
5000 rpm. The final concentration of the dye is estimated by
measuring the optical density of acid blue 113 at Ay of 570
nm in UV-VIS spectrometer (Model: Elico-BL.198). Duplicate
experiment was also carried out simultaneously and the maximum
deviation for both the experiments was found to be less than 4 %.

Percentage removal and amount of acid blue 113 dye were
calculated using the following equations:

Co _Cl

Dye removal (%) = x100 (1)

Amount of acid blue 113 removed per unit quantity of
nanocarbon spheres:

\'%
q, (mg/g) - (Co - Ct)W (2)

where, C, is the initial concentration, C, is the concentration
at time ‘t’, V is the volume of dye solution in mL and W is the
weight of adsorbent in g.

Kinetic analysis: The actual controlling mechanisms were
assessed from the kinetic studies [24,25]. The adsorption of

acid blue 113 by nanocarbon spheres was studied using the
kinetic models like pseudo-first order, pseudo-second order
and Elovich model. The adsorption mechanism of acid blue
113 on nanocarbon spheres was evaluated using intraparticle
diffusion kinetic model. The fundamental isotherm models
Langmuir and Freundlich isotherm models were used.
Thermodynamic parameters AG, AH and AS were calculated
using van't Hoff plot.

RESULTS AND DISCUSSION

SEM morphology: The SEM images of pure carbon sample
indicate the presence of clusters of carbon nanospheres of sizes
ranging between 50 and 80 nm (Fig. 1). The pH and pHzpc of
nanocarbon sphere was below 7.0, could may be due to the
presence of acidic functionalities. The bulk density is very small
and the surface area of nanocarbon sphere is 700.7 m*/g, which
is comparable with that of commercial variants (Table-1) [26].

Fig. 1. SEM image of pure nanocarbon spheres

TABLE-1
PROPERTIES OF NANOCARBON SPHERES
Properties Nanocarbon spheres
pH 6.6
PHzpc 6.8
Bulk density (g/mL) 0.145
BET surface area (m%g) 700.7
Moisture content (%) 11.45
Volatile matter (%) 6.62

Effect of pH on the adsorption of acid blue 113: In any
adsorption system, the pH is considered as one of the dominant
parameters which has control over the adsorption of dye ion
onto to the given adsorbent. Fig. 2 shows the variation of acid
blue 113 adsorption onto nanocarbon spheres for an initial
acid blue 113 concentration of 50 mg/L under different pH
values ranged from 2.0 to 12.0.

At lower pH, the surface of nanocarbon spheres is proto-
nated and the surface of nanocarbon spheres becomes positive,
which attract the negatively charged dye anion. At lower pH,
the electrostatic force of attraction between the nanocarbon
sphere surface and acid blue 113 anion is more, which favours
the adsorption of acid blue 113. On increasing the pH of the
solution, the number of negative ions on the sorbent surface
increases, which creates a repulsive force between the dye
anion and the sorbent surface. When the pH is almost neutral,
(pH around 7.0) the adsorption of acid blue 113 is purely due to
diffusion through the micro- and meso-pores which are present
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Fig. 2. Effect of pH on the adsorption and desorption of acid blue 113 dye

on the sorbent surface. If the pH of the solution exceeds the
pHzec of the sorbent, the sorbent surface become negative, which
ultimately repel the negatively charged acid blue 113 anion and
thereby acid blue 113 adsorption decreases drastically. At higher
pH, electrostatic repulsion minimizes the dye adsorption on the
surface as well as pore diffusion [27]. The adsorption of acid
blue 113 is maximum at a pH of 2.0 and it decreases to 86.4 %
when the solution pH reaches 12.0. For large scale operations of
acid blue 113 adsorption by nanocarbon spheres the solution
must be adjusted to basic nature (i.e. pH of 10.0).

Desorption studies were performed to ascertain the reusa-
bility of nanocarbon sphere for many cycles during the adsor-
ption of acid blue 113. A known quantity of acid blue 113 loaded
nanocarbon sphere was shaken with distilled water until the
equilibrium and the desorbed quantity of acid blue 113 was
evaluated based on the optical density studies as stated in the
adsorption studies. Fig. 2 showed that the desorption was
minimum ata pH of 2.0 (41.0 %) and it increases on increasing
the pH from 2.0 to 12.0. At lower pH, the positively charged
nanocarbon sphere will not favour desorption of acid blue 113,
at higher pH, the negatively charged sorbent surface and the
competitive OH™ ions will favour desorption. The adsorbent
can be successfully employed up to 10 cycles with substantial
amount of adsorption.

Effect of initial dye concentration: The effect of initial
acid blue 113 concentration on its adsorption performance with
nanocarbon sphere was evaluated by varying the concentration
of the initial acid blue 113 from 25 to 100 mg/L for a fixed
volume of 100 mL and an adsorbent dosage of 100 mg. The
experimental kinetic data for the adsorption of acid blue 113
onto nanocarbon sphere by varying acid blue 113 concentration
and the kinetic data at various temperatures were recorded.

From Fig. 3, it was clear that the rate of adsorption of
acid blue 113 increases progressively with time and reaches
equilibrium at 90 min. A great rate of adsorption was observed
during the initial stage of adsorption. The rapid adsorption
rate at the beginning is due to the high driving force from the
solution side onto the bare nanocarbon sphere surface. At high
initial acid blue 113 concentration, the concentration gradient
between the solid liquid interfaces creates more driving force,
which leads high initial adsorption rate. The increase of acid
blue 113 concentration does not have much influence on the
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Fig. 3. Amount of acid blue 113 adsorption onto nanocarbon spheres -

concentration variation

attainment of equilibrium. During the progression, the concen-
tration gradient cross the solid liquid interface diminishes and
the speed of adsorption decreases.

The quantity of acid blue 113 adsorption by nanocarbon
sphere increases from 24.72 to 91.60 mg/g on increasing the
initial acid blue 113 concentration from 25 to 100 mg/L. The
acid blue 113 removal percentage decreased from 98.86 to 91.60
% with an increase of initial acid blue 113 concentration from
25 to 100 mg/L. The chance of surface sites accessibility for a
given acid blue 113 dye molecule is more than at higher concen-
tration. At higher initial concentrations, the number of sorbent
sites per given number of dye molecule is less, which results
in lower adsorption percentage.

Effect of temperature: During the chemisorption type
of adsorption, the quantity of solute uptake increases with
increases in temperature [25]. In case of physisorption, the
rate of adsorption decreases with increase of temperature. The
porous activated materials may have surface functionalities
(which favour the chemisorption type of adsorption) and meso-
pores and micropores (which favour the physisorption type of
adsorption). In some specific cases of adsorbent-adsorbate
systems, both physisorption and chemisorption may operate
simultaneously. In the present study, adsorption of acid blue
113 on to nanocarbon sphere increases from 48.17 to 49.51
mg/g on increasing the temperature from 30 to 45 °C for an
initial nanocarbon sphere dye concentration of 50 mg/L. As
observed from Fig. 4, an increase of adsorption with respect
to temperature indicates the endothermic nature, which favoured
by raise in temperature [28]. Thermodynamical studies using
van't Hoff plots is further essential for the conformation of
endothermism involved for the acid blue 113 adsorption onto
nanocarbon sphere.

Kinetic analysis: The adsorption of acid blue 113 by nano-
carbon sphere was studied using the kinetic models like pseudo-
first order, pseudo-second order and Elovich model. The adsor-
ption mechanism of acid blue 113 on nanocarbon sphere was
evaluated using intra-particle diffusion kinetic model [25].

Pseudo-first order kinetic model: The pseudo-first order
plot for the adsorption of acid blue 113 onto nanocarbon sphere
at various initial acid blue 113 concentration and temperatures
are shown in Figs. 5 and 6, respectively. The results derived
from the slope and intercept of linear plot are calculated. The
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Fig. 6. Pseudo-first order plot for the adsorption of acid blue 113 adsorption
onto nanocarbon spheres - temperature variation

pseudo-first order rate constant k; decreases from 6.22 x 107
t04.99 x 10” min™' on increasing the initial acid blue 113 concen-
tration from 25 to 100 mg/L and it varies from 5.25 x 10~ to
6.52 5 x 10? min" under the range of temperature studied.
The q. calculated from the pseudo-first order model showed a
similarities with respect to the experimental values under various
concentrations, but not show any sequential variation with that
of experimental values under different temperature range. The
correlation coefficient values for the pseudo-first order model

are between 0.9701 to 0.9939 and 0.9496 to 0.9923 under
different acid blue 113 concentrations and temperatures, resp-
ectively. The adsorption of acid blue 113 by nanocarbon sphere
obeys the pseudo-first order criteria for most of the equilibration
periods.

Pseudo-second order kinetic model: The adsorption of
solute onto a solid surface may vary with respect to the variation
of any two concentration terms, in such case the adsorption
will obey pseudo-second order kinetics. The linear form of
pseudo-second order plot for the adsorption of acid blue 113
onto nanocarbon sphere at different concentrations and temper-
atures are shown in Figs. 7 and 8, respectively. The results
derived from the slope and intercept of the pseudo-second order
models are calculated.
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Fig. 7. Pseudo-second order plot for the adsorption of acid blue 113
adsorption onto nanocarbon spheres - concentration variation
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Fig. 8. Pseudo-second order plot for the adsorption of acid blue 113
adsorption onto nanocarbon spheres - temperature variation

The rate constant of pseudo-second kinetic model k, decr-
eases from 2.99 x 107 to 0.357 x 10~ (¢/mg/min) on increasing
acid blue 113 concentration from 25 to 100 mg/L. The second
order rate constant increases from 1.121 x 10? to 1.77 x 10°
(g/mg/min) on increasing the adsorption system temperature
from 30 to 45 °C. The gc(calcd.) calculated from the pseudo-
second order model showed a consistent variation with that of
experimental g.(exp.) under various initial acid blue 113 concen-
trations. The g.(calcd.) using the pseudo-second order model
under different temperatures is not matched with the g.(exp.)
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values, substantiated the poor applicability of pseudo-second
order kinetic model for acid blue 113 adsorption onto nano-
carbon sphere.

On analyzing the results of pseudo-first order and pseudo
second order kinetic models, the pseudo-first order model is
suitable for majority of adsorption periods and pseudo-second
order kinetics showed more deviation from the experimental
results (Table-2).

Elovich kinetic model: The linear form of Elovich plot
for the adsorption of acid blue 113 on to nanocarbon sphere is
shown in Figs. 9 and 10. The Elovich parameter, o (mg/g/min)
and the initial sorption rate,  (g/mg), the constant related to
the energy of activation extent of surface coverage were evaluated
from the slope and intercept of linear plots were calculated. On
examining the results of Elovich kinetic model, the initial adsor-
ption rate (o) decreases from 0.171 to 0.0381 (mg/g/min) and
increases from 0.081 to 0.096 (g/mg) on increasing the acid
blue 113 concentration and temperature, respectively. The concen-
tration raise reduces the initial sorption rate due to competitive
ions, whereas the high temperature favours the initial sorption
rate. Another Elovich constant related to energy of activation

120.0
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Fig. 9. Elovich plot for the adsorption of acid blue 113 adsorption onto

nanocarbon spheres - concentration variation
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Fig. 10. Elovich plot for the adsorption of acid blue 113 adsorption onto
nanocarbon spheres - temperature variation

and extent of surface coverage (B) increases 5.477 to 10.313
on increasing the initial acid blue 113 concentration and 7.945
to 15.748 on increasing the solution temperature. The r* value
of Elovich model varied between 0.9667 to 0.9916 and 0.9818
to 0.9841 under different concentrations and temperatures
indicate the good degree of fitness of Elovich model for the
acid blue 113 adsorption by nanocarbon sphere.
Intra-particle diffusion model: The intra-particle diffusion
plot for acid blue 113 adsorption into nanocarbon sphere under
various concentration and temperatures respectively are shown
in Figs. 11 and 12, respectively. The results of intra-particle
diffusion plot were calculated. The plot shows multi-linearity
with three different phases. This multi-linearity in the plot
indicate that there are more than one kinetic stage occurs in
the acid blue 113 adsorption by nanocarbon sphere [29]. The
diffusion of acid blue 113 from the bulk of the solution towards
the sorbent surface, which is also the fastest process among all
steps, is indicated by the first linear portion. The second and
intermediate portion is the intra-particle diffusion of dye mole-
cules, which is also the rate limiting step. The intermediate
velocity in the third phase is caused by the diffusion of acid

TABLE-2
KINETIC PLOTS FOR THE ADSORPTION OF ACID BLUE 113 ONTO NANOCARBON SPHERES

Initial dye concentration (mg/L) Temperature (°C)
Parameters
25 50 75 100 30 35 40 45
d. exp. (mg/g) 24.72 48.17 70.04 91.60 48.17 48.78 49.09 49.51
Pseudo first order kinetics
k, (min ) 0.0622 0.0571 0.0514 0.0499 0.0571 0.0525 0.0543 0.0652
q. cal (mg/g) 25.54 53.27 78.34 109.40 53.27 46.96 45.70 55.58
v 0.9939 0.9763 0.9741 0.9701 0.9763 0.9923 0.9868 0.9496
Pseudo second order kinetics
k,x 107 (g/mg/min) 2.990 1.121 0.579 0.357 1.121 1.328 1.598 1.770
h 2.386 3.662 4.303 4.822 3.662 4.193 4.878 5.345
q. cal (mg/g) 28.25 57.14 86.21 116.28 57.14 56.18 55.25 54.95
v 0.998 0.9979 0.9968 0.9964 0.9979 0.9988 0.9988 0.9989
Elovich model
o (mg/g/min) 0.171 0.081 0.052 0.038 0.081 0.086 0.093 0.096
B (g/mg) 5.477 7.945 9.165 10.313 7.945 9.865 13.241 15.748
P 0.9667 0.9818 0.9874 0.9916 0.9818 0.9834 0.9841 0.982
Intra particle diffusion model
k;q (mg/g/min”) 0.664 2.088 4.003 6.034 2.088 1.879 1.755 1.810
v 0.9721 0.9932 0.9485 0.9981 0.9932 0.9932 0.9952 0.993
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Fig. 12. Intra-particle diffusion plot for the adsorption of acid blue 113
adsorption onto nanocarbon spheres - temperature variation

blue 113 into the interior pores of nanocarbon sphere. After
the linear portion, the third portion is the equilibrium stage
[29]. The intra-particle diffusion rate constant ki, was evaluated
for the second step (as the first step is the fastest and it is not
considered for the rate calculation).

As observed from Figs. 11 and 12, the linear portion (second
phase) of the plot does not pass through the origin, which is
an indication that intra-particle diffusion is not the sole rate
limiting step. The final stages are predominantly controlled
by intra-particle diffusion and initial stage may be external
mass transfer mechanism [30].

Adsorption isotherm analysis: For an adsorption system,
the evaluation of adsorption isotherm is essential to design
and optimization purpose. The isotherm parameters are essential
for the evaluation of adsorption probability and adsorption
efficiency [31]. Generally, an adsorption isotherm describes
the variation of solute adsorption with respect to the change
in concentration of solute. At a given temperature, the capacity
is directly related to the concentration of solute molecules.
Though there are plenty of isotherm models are proposed by
various scientists, the fundamental and earliest isotherm models
Langmuir and Freundlich isotherm models were used. The
isotherm data for acid blue 113 adsorption onto nanocarbon
sphere is given in Table-3 by varying the solution temperature
from 30 to 45 °C.

TABLE-3
ISOTHERM STUDY RESULTS OF
ACID BLUE 113 ADSORPTION
Parameters Temperature (°C)

30 35 40 45

Langmuir isotherm
Q, (mg/g) 107.53 104.17 101.52 101.01
b, (L/mg) 0.6503 0.9143 1.4485 2.2000
r 0.7917 0.8526 0.9019 0.9343
R, 0.010t0 0.011

Freundlich isotherm
n 1.55 1.98 3.11 2.47
ke (mg""" L™ 1) 28.70 36.64 47.61 49.95
r 0.8928 0.7792 0.6056 0.7540

Langmuir isotherm: As the isotherm is derived with an
assumption of monolayer adsorption, when a sorbent surface
site is occupied by a dye molecule, there is no further adsor-
ption on that particular site [32]. Another fact is that when the
sorbent surface is homogeneous means all the sites available
for the solute is energetically equivalent. When a single layer
adsorption is completed, there is no further adsorption occurs.

The Langmuir plot for acid blue 113 adsorption onto nano-
carbon sphere is given in Fig. 13 and the results from the slope
and intercepts were calculated. The Langmuir monolayer capacity
decreases from 107.53 to 101.01 mg/g on increasing the system
temperature from 30 to 45 °C. From the kinetic studies, it was
proved that adsorption of acid blue 113 by nanocarbon sphere
is an endothermic process, but Langmuir monolayer capacity
showed a decreasing trend on increasing the temperature. The
Langmuir monolayer capacity observed in the present study
is comparable with the results reported by the past researchers
[30-32]. The dimensionless equilibrium parameter R, ranged
between 0 to 1.0 indicates the favourability of adsorption under
the given set of operating conditions.

0.08
0.071
.
0.067
-5 0.05]
>
E@ 0.04
O“’ | ¢ 30°C
0.03 1 35°C
0.02] A 40°C
' X 45°C
0.01 —Linear
(45 °C)
s
0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

C, (mg/L)

Fig. 13. Langmuir isotherm plot for the acid blue 113 adsorption onto
nanocarbon spheres

Freundlich isotherm: The linear form of the Freundlich
adsorption isotherm plot for the adsorption of acid blue 113
onto nanocarbon sphere is shown in Fig. 14 and the isotherm
constants were calculated. The Freundlich constant k; related to
the quantity of acid blue 113 adsorption for unit equilibrium
concentration increased from 28.70 to 49.95 (mg L' L' ¢™)
on increasing the solution temperature from 30 to 45 °C. Another
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constant 1/n related to the adsorption intensity of dye onto the
adsorption intensity of dye onto the adsorbent or surface hetero-
geneity. If the value of 1/n is closer to zero (the value of n
between 1 to 10), the adsorption become more and more heterog-
eneous. As observed from Table-3, the constant n increased
from 1.55 to 2.47, indicating the normal Langmuir type of
adsorption involving more surface heterogeneity. On analyzing
the correlation coefficient, the r* value of Langmuir isotherm
is more when compared with Freundlich model, substantiated
that the adsorption of acid blue 113 onto nanocarbon sphere
follows monolayer adsorption and the surface of nanocarbon
sphere is energetically homogeneous.

Thermodynamics: Based on the variation of adsorption
with respect to temperature, thermodynamic parameters which
govern the adsorption were evaluated. The liner plot of 1/T
vs. In K. for the adsorption of acid blue 113 onto nanocarbon
sphere is shown in Figs. 15 and the parameters AH and AS
were evaluated from the slope and the values of intercept of
the plot are provided in Table-4.

The negative sign of Gibbs free energy indicated the
spontaneous nature of acid blue 113 adsorption onto the surface
of nanocarbon sphere. On increasing the temperature, the free
energy become more and more negative indicated that the high
temperature favours the adsorption with ease when compared
to the lower temperature. The positive nature of enthalpy authen-
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Fig. 15. Thermodynamic plot for the adsorption of acid blue 113 adsorption
onto nanocarbon spheres

TABLE-4
THERMODYNAMIC PARAMETERS FOR ACID BLUE 113
ADSORPTION ONTO NANOCARBON SPHERES

Temp. (°C) AG (k/mol)  AH (KJ/mol)  AS (J/K/mol)
30 748
35 8.13
10 010 53.66 201.19
45 -10.53

ticates the endothermic nature of adsorption. The enthalpy values
are greater than 40 kJ/mol, indicate that force of attraction
between the nanocarbon sphere and acid blue 113 is strong and
chemisorptions in nature. The entropy of acid blue 113 adsor-
ption is positive, suggested an increased randomness at the
solid and liquid interface [33].

Conclusion

From the results, it is made clear that the nanocarbon
sphere prepared from stems of Alternanthera sessilis is an
effective adsorbent for the removal of acid blue 113 from its
aqueous solution. The adsorption of acid blue 113 is maximum
at a pH of 2.0 and it decreases to 86.4 % when the solution pH
reaches 12.0. For large scale operations of acid blue 113
adsorption by nanocarbon sphere, the solution must be adjusted
to the pH of 10.0. Acid blue 113 dye removal percentage decre-
ased from 98.86 to 91.60 % with an increase of initial acid
blue 113 dye concentration from 25 to 100 mg/L. In the present
study, adsorption of acid blue 113 dye onto nanocarbon sphere
increases from 48.17 to 49.51 mg/g on increasing the tempe-
rature from 30 to 45 °C for an initial acid blue 113 dye concen-
tration of 50 mg/L. The increase of adsorption with respect to
temperature indicate an endothermic nature, which favoured
by increasing temperature. The kinetic study indicates that the
pseudo-first order model is suitable for majority of adsorption
periods of acid blue 113 and pseudo-second order kinetics
showed more deviation from the experimental results. The
maximum Langmuir monolayer capacity is found to be 107.53
mg/g at 30 °C. From the thermodynamic studies, it was proved
that the adsorption of acid blue 113 by nanocarbon sphere is an
endothermic process. The value of Gibbs free energy indicated
a spontaneous nature and enthalpy values are greater than 40
kJ/mol indicated that the force of attraction between the nano-
carbon sphere and acid blue 113 is strong and chemisorptions
in nature.
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