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ABSTRACT

In this research, Sugarcane Bagasse (SB), an agricultural waste, available in large quantities was used
as low-cost adsorbent for removal of ammoniacal nitrogen form the wastewater. Batch operation was
used to study the equilibrium behavior of the SB. Kinetic and isotherm studies were carried out by
considering the effects of various parameters, such as pH, contact time, adsorbent dosage, tempera-
ture, particle size and agitation rate. The maximum adsorption was attained at the various optimum
parameters. The obtained materials were characterized by scanning electron microscopy analysis and
Fourier Transform infrared spectroscopy (FT-IR). The equilibrium data for the adsorption of ammoni-
acal nitrogen on SB was tested with various adsorption isotherm models such as Langmuir, Freundlich
and Temkin. The Langmuir isotherm model is found to be the most suitable one for the adsorption
and the maximum adsorption capacity obtained is 97%. Adsorption kinetics data were tested using
pseudo-first-order and pseudo-second-order. Kinetic studies showed that the adsorption followed a
pseudo-second-order reaction. The results indicate that SB can be an attractive option for ammoniacal

nitrogen removal from industrial wastewaters.
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1. Introduction

Ammoniacal nitrogen (NH,-N), nitrite (NO,) and nitrate
(NO,), are the nutrient compounds often present in diversi-
fied nature of waters and wastewater and these end up in
natural water bodies and drinking water. Usually, the ammo-
nia pollution occurs due to the animal feeds, food additives,
cleaning agents and effluents from industries manufacturing
fibers, plastics, explosives, paper and rubber [1]. Although,
Nitrogen is an essential nutrient to all living organisms [2]
but can also be harmful to organisms. No doubt, protein is
a fundamental building block of plant and animal proteins
but anything in excess is always a toxic material to the envi-
ronment or organism. Typically, proteins in living organ-
isms contain about 16% nitrogen. Animal and human wastes
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too have substantial amounts of nitrogen incorporated into
organic molecules such as urine; mostly in the form of urea [3].
Extensive microbial action on urea molecule releases ammo-
nia which in turn can promote the growth of algae. Algal
growth decline the dissolved oxygen required for aquatic life
if the concentration of NH,-N exceeds 0.3-0.5 mg L' [4]. The
removal of wastewater NH —N is important in the alleviation
of environmental problems including eutrophication, corro-
sion and fouling [5]. The removal of NH,-N can be accom-
plished by biological, physical, chemical, or a combination
of these methods. Available technologies include adsorption,
chemical precipitation, membrane filtration, reverse osmo-
sis, ion exchange, air stripping, breakpoint chlorination and
biological nitrification and denitrification [6]. Conventional
wastewater treatment technologies, however, are expensive to
build and also have associated operational and maintenance
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problems. From a practical perspective, adsorption is one
of the most promising techniques. Adsorbents such as acti-
vated carbon, zeolite, agricultural waste, etc are effective and
frequently used for the removal of ammoniacal nitrogen.
Recently, higher tendencies of using adsorbent prepared
from waste generated in large quantities, easily available
and cheap to solve the problem of treatment of wastewater.
Removal of ammoniacal nitrogen form aqueous solution has
been carried out using activated carbon, marine flora like
Posidonia oceanica, green algae, saw dust, microalgae, zeolite
and many more adsorbents. Additional emphasis is made to
agricultural waste material for preparation of adsorbent as
they are ecofriendly and due to their unique chemical com-
position which makes them as a promising material for the
removal of ammonium from the system [7].

For above mentioned reasons the efforts were attempted
to investigate the adsorption capacity of ammonium ions
by sugarcane bagasse (SB) by optimizing the parameters
like pH, contact time, adsorbent dosage, temperature,
particle size and agitation rate. Additionally, kinetics and
equilibrium isotherm models were used to fit experimental
data.

2. Materials and methods
2.1. Reagents and chemicals

All the chemicals used in the study were of analytical
grade. Distilled water was obtained from a glass distillery.
The same distilled water was used to prepare all the solu-
tions. Working solutions from respective standard solutions
were also freshly prepared using double distilled water.

2.2. Wastewater

The wastewater used in this study was obtained from a
local dye and dye intermediates industry. Ammonium ions
are subjected to escape due to its unstable nature. Waste
water was preserved in the air-tight sealed bottles and pre-
served by adding H,SO, (@ 0.8 ml per liter of wastewater)
and at 4°C for maximum of 7 d. Thorough analysis of the
wastewater was carried out using standard methods [8] to
know the characteristic of it.

2.3. Biomass preparation

SB was collected from the local juice centre and boiled
for 30 min to remove the soluble sugars. Washed-off bagasse
was dried in a hot air oven at 70°C for 24 h and ground into
fine particles. It was sieved to pass uniform size of less than
50-60 pum [9]. The prepared adsorbent was stored in a airtight
bags for further experimental use.

2.4. Characterization of adsorbent

To find the data on the main chemical groups present on
the surface of the SB particles and to detect probable alter-
ations of the active sites in SB during ammonium adsorp-
tion, Fourier transform infrared spectroscopy (FTIR) (Model:
Shimadzu 8,400 s) was used [10]. For the analysis, KBr pellets
were prepared containing SB. The spectrum was recorded
from 4,000 to 400 cm™.

The surface morphology of the material was examined
using scanning electron microscopy (SEM) (Model: ESEM
EDAX XL-30, Philips, Netherlands) under 5 kV electron
acceleration voltage.

2.5. Equilibrium experiments

The adsorption experiments were conducted for the
determination of pH, contact time, adsorbent dosage, tem-
perature, particle size and agitation rate. Also, these equi-
librium parameters were adopted to study the kinetics and
for the selection of an isotherm. The influence of pH (2-12),
contact time (30-360 min), Adsorbent dosage (0.2-2 gm),
temperature (25°C to 55°C), particle size (10-50 mm) and
agitation rate (50-500 rpm) were evaluated during the pres-
ent study in a 250 ml screw-cap conical flask [11]. The initial
pH of the dye solutions were adjusted to the desired values
by adding few drops of 0.1 M HCl or 0.1 M NaOH aqueous
solutions. All the flasks for the experiments were agitated on
temperature controlled mechanical shaker.

After the stipulated optimum contact time the flasks
were removed from the mechanical shaker and content was
filtered through whatman filter paper no 42. The filtrate was
analyzed for NH -N by Kjeldhal method. Each experiment
was conducted three times and average values are reported.

The % removal of NH,-N was calculated using the fol-
lowing equation [12]:

Removal (%) = (C’EJ

i

where C, = Initial concentration of NH-N (mg 1), C, =
Equilibrium concentration of NH,-N (mg I™").

2.6. Isotherm models

The experimental adsorption data were analyzed using
the Langmuir and Freundlich models to determine the best
model that characterize the adsorption mechanism.

2.6.1. Langmuir isotherm

Linear form of Langmuir model is expressed by Eq. (2):

C_C, 1
. Q Qb @)

where C, is equilibrium concentration of C, (mg L™), g, is
amount of C, adsorbed at equilibrium (mg g™'), a and b are
Langmuir constants related to adsorption capacity and rate
of adsorption capacity, respectively. The linear plot of C/g,
vs. C.

The shape of the Langmuir isotherm was investigated by
the dimensionless constant separation term (R,) to determine
high affinity adsorption. R, was calculated as per Eq. (3).

1
R =
b1+bC, (3)
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R, indicates the type of isotherm to be irreversible (R, =0),
favorable (0 < R, <1), linear (R, = 1) (or) unfavorable (R, > 1).
In the present investigation, the RL value (i.e., 0.075) was less
than one for C, concentration range studied, which shows the
adsorption process was favorable.

2.6.2. Freundlich isotherm
Linear form of Freundlich model is expressed by Eq. (4):

1
logg, =logK, +;logCe )

where K, is measure of adsorption capacity (mg g) and  is
adsorption intensity. 1/n values indicate the type of isotherm
to be irreversible (1/n = 0), favorable (0 < 1/n < 1), unfavorable
(1/n>1).

2.6.3. Temkin isotherm

This isotherm contains a factor that explicitly taking into
the account of adsorbent-adsorbate interactions. By ignor-
ing the extremely low and large value of concentrations, the
model assumes that heat of adsorption (function of tempera-
ture) of all molecules in the layer would decrease linearly
rather than logarithmic with coverage [13]. As implied in the
equation, its derivation is characterized by a uniform distri-
bution of binding energies (up to some maximum binding
energy) was carried out by plotting the quantity sorbed g,
against InC, and the constants were determined from the
slope and intercept. The model is given by the following
equations [14]:

_RT

q. *Tln(ArCe) (5)
RT RT

qe—bTInAT‘F(ijInCE (6)
RT

B )

g, =BInA,+BInC, 8)

where A =Temkin isotherm equilibrium binding constant
(L g"), b,= Temkin isotherm constant, R= universal gas
constant (8.314 ] mol™ K), T= Temperature at 298 K, B =
Constant related to heat of sorption (J mol™).

2.7. Kinetic studies

A linear form of pseudo-first-order model was described
by Lagergren [15] in the form:

lo —kt
qt): gqe 1

log (4, =9, == % ©)

A linear plot of log (g, - g,) against time allows one to
obtain the rate constant. The Lagergren first order rate con-
stant (k,) and g, determined from the model along with the
corresponding correlation coefficients.

The pseudo-second-order kinetics may be expressed in a
linear form as [15,16]:

1/q,=1/kgq+1/q,t (10)

where the equilibrium adsorption capacity (g,), and the second order
constants k, (g mg™ h) can be determined experimentally from the
slope and intercept of plot #/g, vs. t .The k,and g, determined from
the model along with the corresponding correlation coefficients.

3. Results and discussion
3.1. Characterization of adsorbent
3.1.1. FTIR study and adsorption mechanism

SB is a cellulose matrix, which has various binding sites.
These includes, carboxyl (-COOH) and hydroxyl (-OH)
groups. FTIR spectra of SB before and after ammoniacal
nitrogen adsorption are shown in Fig. 1. The spectra (a) has
comparatively medium peaks than those deep ones obtained
after (b) ammonium ions adsorbed onto SB.

The peaks between 3,100 and 3,500 cm™ has increased in
depth and number of peaks had also increased. This indicates
there was additional (-NH) Primary and secondary amine
stretching due to the ammoniacal nitrogen adsorption onto
the surface. Also, peaks of 2931.60 and 2488.45 cm™ were
added to the spectra after the adsorption which indicates
the Imines (>C= NH) bending. A distinct 2100.34 cm™ peak
shows a nitrile (C=N) stretching. Additionally, peaks between
1,600 and 1,500 cm™ proved an additional amide bending
which appeared after adsorption process. Furthermore,
peaks between 1,350 and 1,450 cm™ in the spectra (b) proved
the existence of nitro group. Also, new peaks added in the
range 1,050-1,150 cm™ and 650-900 cm™ showed shift of
(C-N) amine stretching and N-H wag from medium to strong
appearance, respectively.
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Fig. 1. FT-IR spectrum of SB (a) before and (b) after adsorption of
ammoniacal nitrogen onto SB.
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Similar additional peaks were observed by many
researchers working with the numerous adsorbent for the
removal of ammoniacal nitrogen from aqueous solutions.

3.1.2. Scanning electron microscopy

Figs. 2(a) and (b) shows the SEM micrographs of SB
before and after the adsorption of ammoniacal nitrogen.
Figs. 2(a) and (b) images obtained revealed two main mor-
phological features: fiber structure and pith. Amplification of
the pith are shown in the Figs. 2(a) and (b). There is a change
observed on the surface of the SB before and after adsorption
of ammoniacal nitrogen. Before adsorption, the surface of the
magnified pith cell surfaces show sharp edge platy structures
grouped together as a clump. The surface has an irregular
arrangement of cells which makes many trenches between
the platy structures favoring the adsorption process.

Later, we observe in Fig. 2(b) the irregular arrangement
comprising fractures and slits were observed to get occupied
and plain surfaces with evenly formed areas were perceived
on the surface of the biosorbent.

3.2. Equilibrium experiments
3.2.1. Influence of pH

Results of biosorption studies at pH 2-12 are presented
in Fig. 3. Previous studies indicate the pHpzc (point of zero

charge) of bagasse was found to be about 5.0 [17]. The equi-
librium biosorption capacity was minimum at pH 2, with
a gradual increase of 20% till pH 5. The abrupt increase
(30%) in the adsorption capacity was observed between pH
5 and pH 6 and reached a maximum adsorption of ammo-
nium ion at pH 8. The reason for such a continuing change
in the efficiency of the adsorbent is changes in the charges
on the surface of the adsorbent. At lower pH, the surface
becomes positively charged, thus the amount of ammo-
nium gets adsorbed decreased. Whereas, with increasing pH
the positive charges gets replaced by negative charges this
reduces the adsorption efficiency of SB.

A similar trend was observed for the biosorption stud-
ies of ammonium ions from aqueous solution onto sawdust
[18]. At lower pH, the positively charged surface enhances
the amount of adsorption of ammonium ions. A change in
adsorption capacity is observed with the change in surface
charges of the adsorbent.

3.2.2. Influence of contact time

Fig. 4 shows the plot which reveals the effect of contact
time on SB. Adsorption of ammonium ions were measured
for the range of 30 to 180 min. The adsorption rate was higher
at the beginning. Nearly, 86% removal was observed in first
60 min. This is possibly due to large surface areas available
for the ions to get adsorbed. Later a gradual stability was

Fig. 2(a) and (b). SEM images showing the surface morphology of SB (a) before and (b) after adsorption of ammoniacal nitrogen onto

SB.
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Fig. 3. Influence of pH on the adsorption capacity onto SB.
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Fig. 4. Influence of contact time on the adsorption capacity onto
SB.
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attained with the maximum adsorption of 97% after 90 min
of contact time. This can be due to the availability of a great
number of vacant sites for adsorption in initial stages and
remaining vacant sites were complex to be occupied at later
stages of adsorption, and also likely due to the repulsive
forces between ammonium ion and surface molecules of SB.

Comparable results were obtained in a equilibrium and
kinetic study conducted for adsorption of nickel from aque-
ous solution onto bael tree leaf powder [19].

3.2.3. Influence of adsorbent dosage

The influence of adsorbent dosage was studied by vary-
ing the sorbent dosage amounts from 0.2 to 2 gm 17. Fig. 5
shows the adsorption of ammonium ions on SB with dif-
ferent quantities of adsorbent dosage. The increase of 0.2 to
1.2 gm 1 in adsorbent dosage there was a rise of 85.11% in
adsorption capacities of SB. In further increase of adsorbent
dosage there was no remarkable increase in the adsorption
capacity. The substantial increase in the adsorption with the
increase of adsorbent dosage is due to the greater availability
of the surface area at higher concentration of the adsorbent [20].

Similar increase in adsorption capacities of adsorbent
with increase in adsorbent dosage were obtained while
working with sawdust as adsorbent for the removal of TDS
form the wastewater [21].

3.2.4. Influence of temperature

The effect of temperature on adsorption capacity of the
adsorbent was studied at 25°C, 35°C, 45°C and 55°C and
the results were shown in Fig. 6. Rapid increase of 55% and
then after reaching an optimum adsorption capacity of 97%
when adsorption process was observed at 45°C temperature,
there was a sudden decrease in adsorption capacities of SB.
This behavior of the adsorbent suggests that the process is
endothermic at lower temperatures and is chemically active.
Whereas, with an increase in temperature the process showed
a contrasting process of being endothermic with physical
adsorption dominating the system. The reason behind the
decreasing adsorption with the increasing temperature is the
highly energized ammonium molecules and their over-rated
mobility resulting escaping of the ions from the binding sites.

Distinct results were observed by several researchers [22]
while working with biosorption of acid orange 52 dye by
Paulownia tomentosa Steud. leaf powder as a low cost natural
adsorbent.

3.2.5. Influence of particle size

Fig. 7 shows the influence of varying particle sizes from
10 to 50 mm in the process of adsorption of ammoniacal
nitrogen using SB. An increase in particle size decreased the
percent removal. At a fixed adsorbent dosage, the decrease
in particle size increases the ammoniacal nitrogen adsorp-
tion capacities. The increase in the adsorption capacities by
smaller particles was due to the greater accessibility to pores
and to the greater surface area for bulk adsorption per unit
mass of the adsorbent [23].

Similar trend was observed on removal of Cr (VI) by
using Pitchellobium dulce benth [24].
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Fig. 5. Influence of adsorbent dosage on the adsorption capacity
onto SB.
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Fig. 7. Influence of particle size on the adsorption capacity
onto SB.

3.2.6. Influence of agitation rate

The adsorption rate of ammonium ions was checked at
different RPM’s (50 to 500 rpm) for an initial concentration of
1,500 mg I'! for optimum time duration. The effect of agita-
tion on adsorption rate of ammonium ions is shown in Fig. 8.
As can be seen the adsorption rate was highly influenced by
the agitation rate. There was a high correlation between agi-
tation and adsorption. With the increase in agitation rate, the
contact rate between the adsorbate and adsorbent increases.
Agitation increased the mobility of the system and thereby
the adsorption rate was also increased.

Similar outcomes were observed working with the com-
mercially available GAC for removal of C, from aqueous
solutions [25].
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Fig. 8. Influence of agitation rate on the adsorption capacity onto
SB.
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3.3. Isotherm models

Adsorption isotherms are mathematical models that
describe the adsorbate species among liquid and adsorbent,
based on a set of assumptions that are mainly related to the
heterogeneity/homogeneity of adsorbents, the type of cov-
erage and possibility of interaction between the adsorbate
species. Adsorption data are usually described by adsorption
isotherms, such as Langmuir, Freundlich and Temkin iso-
therms. These isotherms relate metal uptake per unit mass of
adsorbent, g, to the equilibrium adsorbate concentration in
the bulk fluid phase C, [26].

Langmuir, Freundlich and Temkin isotherms and their
linearized forms are shown in Figs. 9-11 respectively.

The linear regression was used to determine the best fit
isotherm model.

The langmuir, Freundlich and Temkin adsorption constants
estimated from the isotherms and the corresponding correla-
tion coefficients are listed in Table 1. The highest regression cor-
relation coefficient (0.9886) was observed for langmuir model,
followed by Temkin (0.9578) and Freundlich (0.9334) models.

The R*values in the above table shows that the sorption
of ammoniacal nitrogen on SB is monolayer sorption rather
than the heterogeneous surface sorption energy distribution.
This means that there is formation of monolayer coverage of
ammonium molecules at the outer surface of the adsorbent.

3.4. Kinetic studies

The dynamics of sorption describes the rate of ammoniacal
nitrogen adsorption on SB and this rate controls the equilibrium
time. Information on the dynamics of sorption is required for
selecting optimum operating condition for the full scale batch
process [27]. In order to study the mechanism of sorption and
potential rate determining steps, different kinetic models have
been used to test experimental data obtained from 2 process
variables. The sorption dynamics of the adsorption by SB as
shown in Figs. 12 and 13 were tested with pseudo-first-order
and pseudo-second-order kinetic models.

A linearized plot for the first order model is shown in
Fig.12. The Lagergren first-order rate constants k, and q, were
determined from the slope and y-intercept of the plot, respec-
tively. These values are listed in Table 2. First-order kinetics
failed to prove the proper fit dynamism for the adsorption of
ammonium ion on SB.

Second-order plots resulted in straight line plot which
led to determination of the second-order rate constants K,
and g, from the slope and y-intercept (Table 2). The R*value
for the second-order kinetic model was 0.9652, while that for
the first-order kinetic model was 0.5332. Thus, second-order
kinetics provided the best fit for the kinetic data.

Table 1
Equilibrium isotherm parameters for adsorption of ammoniacal
nitrogen onto SB

Langmuir Freundlich Temkin isotherm
isotherm isotherm

q=2833.333 n=0.5821 A, =0.021792

K, =-0.3871 Kf= 0.006224 b, =24356.35
R?=0.9886 R?=0.9334 R?=0.9578
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y=0.0018x+ 2.8925
R?=0.5332

log(qe-qt)

0 50 100 150 200
Time(min)

Fig. 12. Lagergren pseudo-first-order kinetic model for adsorp-
tion of ammoniacal nitrogen onto SB.
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Fig. 13. Lagergren pseudo-second-order kinetic model for
adsorption of ammoniacal nitrogen onto SB.

Table 2
Kinetics constants for adsorption of ammoniacal nitrogen onto
SB

Pseudo-first order Pseudo-second order

K,=0.004145 K,=0.000934
q,=18.029 q,=32.57
R?=0.5332 R?=0.9652

This second-order best fit result indicates that the 1:2 sto-
chiometry binding with respect to monovalent binding site
exists in the present system.

Comparable results were observed while working with
brown alga Sargassum. They also compared both the orders
of kinetics and found the second-order superior for the bind-
ing of the divalent cation to alga [28].

4. Conclusion

Removal of ammoniacal nitrogen from aqueous solutions
using commercially available GAC and PAC are extensively
worked. Utilization of agricultural waste is also quoted in
the literature. Efforts in present study were to adsorption of
ammonical nitrogen from wastewater using biomass that is,
SB. With the optimum parameters, the adsorption reached
a maximum of 97% removal of ammoniacal nitrogen. The
main mechanism involved in the removal of ammonium ion
is the complexation with the carboxyl and hydroxyl groups
[29]. Isotherm studies revealed the data fit Langmuir’s model

indicating the formation of monolayer coverage of sorbate
on the outer surface of the adsorbent. Also, the second-order
kinetic model best fit with a correlation value nearer to 1
indicates that 1:2 stochiometry binding with respect to mon-
ovalent binding site exists in the present system [30,31]. The
overall results suggest that the SB can be an attractive option
for ammoniacal nitrogen removal from industrial wastewaters.
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