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Abstract

The binary oxide nanoadsorbent Feo26Mno2604s5
(FeMnBONAs) was synthesized by thermal co-
precipitation and analyzed by Scanning electron
microscopy (FESEM), Infrared spectroscopy (FTIR)
and EDX which show that the synthesized sample is an
average size 60.5 nm and of Fe, Mn and O the
concentrations of Fe, Mn and O, being about 15.03,
14.20 and 70.76% by weight. The results showed that
the adsorption of phosphate on FeMnBONAs was pH-
dependent. Kinetic data and isothermal adsorption
equation followed pseudo-second order and Langmuir
respectively. Langmuir isotherm table value derived
gmax 100 and Freundlich isothermal equilibrium and
Tempkin also show the line diagram. The
thermodynamic parameter with the adsorption process
AG is assigned the value of -7.277 kJmol™ at 298 K.

Keywords: FeMnBONAs, Langmuir isotherm, Freundlich
equilibrium, Separation factor.

Introduction

Several strategies for monitoring the phosphate levels in
wastewater have been developed in recent decades'*. Due
to its efficiency, cost-effectivity design flexibility, improved
selectivity and easy operation, adsorption is one of the most
widely used to efficiently eliminate wastewater with
inorganic or organic contaminants. The natural adsorbent,
bio-synthesized adsorbent and adsorbent are generally
widespread in many processes>®. Worldwide, pollution of
water is a serious problem. The adsorption of phosphate is
necessary both to extract and to restore. The surface
adsorption is a phenomenon which results in covalent bonds
and electrostatic interactions adsorbing the surface of an
adsorbent”®. In contrast, adsorption is unique in that
chemical precipitation and biological removal processes can
remove impurities over a wide pH and lower levels.

Phosphate is a major nutrient in the aquatic environment in
the production of biological organisms. The presence of
excessive phosphate was, however, one of the main factors
considered for eutrophication and water degradation. Excess
phosphate to phytoplankton proliferation and accumulation
of algae leads to intense resulting in lack of oxygen and
decreased aquatic life®.
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In recent years, we recognized the receptor to detect metal
ions formed in industrial wastewater selectively and
sensitively!®16. However, in this study, a facile and
inexpensive method of synthesis of FeMnBONA was
developed and its application to the phosphate removal
capacity has been investigated and studied. The study
showed that phosphate adsorption kinetics has the best
adsorption performance among others and the phosphate
removal capacity of FeMnBONA was studied in detail
because the isotherm study examines kinetics and
equilibrium. In the elimination of phosphates, effects were
further explored through various experimental variables
such as pH solution, time, concentration etc.

Material and Methods

Preparation of FeMnBONAS: A co-precipitation process
at a constant temperature of 60 °C was used to synthesize
FeMn nanoparticles of binary oxide with stirring. Next, 7.4
FeCl; and 5.6 g MnSQ, were introduced to 300 ml DDW?.
Then, at a constant temperature of 60 °C with stirring for up
to 2 hours, 30 ml of 5N NaOH were added to the above
solution drop wise. The solution color shifted from light
brown to black soon after the combining, signaling the
development of FeMNBONA. The precipitate was washed to
a pH of less than 7.5 and then dried for 24 hours at 100 °C.

Instrumentation: FE-SEM (Bruker S-4800 at 15.0 kV)
instrument was used for Scanning electron microscopy
images. EDX was conducted on the identical instrument in
the PM picture size: 500 x 375Mag: 40000 x HV: 15.0 kV.
IR spectra (FTIR in the 500-4000 cm™ range) of the
adsorbent were recorded by FTIR spectrophotometer
(model: FT-IR-Bruker). UV-Vis spectra were recorded on
the Shimadzu UV-1800 spectrophotometer at room
temperature using a quartz cell of 1 cm trajectory length’.

Batch Adsorption Study: Phosphate adsorption study was
performed accordingly®®. In short, 0.05 g of synthesized
FeMnBONAs was added in the 100 ml capacity flask
containing 50 ml different concentrations of phosphate
solutions. Then the flasks were shaken at rotary shaker with
the speed of 200 rpm for 90 minutes at neutral pH and then
centrifuged at 2000 rpm for 3 min. Phosphate removal study
was done spectrophotometrically at 690 nm. The
concentration of phosphate decreased with time due to its
adsorption by FeMnBONAs.



Research Journal of Chemistry and Environment

Vol. 25 (1) January (2021)

The adsorption capacity of phosphate in the adsorption
system, ge, was calculated by the equation!®?
_ V(CO - Ce)

e —

)

m

where Cy and Ce are initial and equilibrium concentrations
(mg/L) respectively, m is the mass of the adsorbent (g) and
V is volume of the solution (L)*8.

Results and Discussion

Synthesis of FeMnBONAs and its characterization: The
FeMnBONAs are formulated according to literature?.
Figure 1 reveals the characteristic SEM pictures of
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FeMnBONA. As illustrated in the figure 1(a), the material
was observed to be consisting of a significant number of
nanostructures. The lower amplification image gives an
average particle size of 60.5 nm. EDAX analysis was
performed for the observation of the elemental composition
of the samples. The analysis revealed that the sample is
composed of Fe (15.03%), Mn (14.20%) and O (70.76%)
(Figure 2).

The chemical environment of FeMnBONASs was exposed
from FTIR analysis and is shown in figure 3. The broad
bands at 1632 cm™! refer to the O-H stretching frequency of
absorbed water. The band at 1103 cm™! refers to metal-alloy
(Fe-Mn) and bands at 527 and 514 cm™! are linked to Fe-O
bonds due to the presence of ferrite skeleton??.

Fig. 1 SEM Images FeMnBONAs a) Average partlcle size 60.5 nm at Iow magnlflcatlon and
b) high magnification for the closed image of nanoparticle

cps/eV

Fig. 2: EDX spectra of the FeMnNnBONASs particles
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Effect of pH solution: The acid base characteristics of the
adsorbent surface depend on the solutions pH. Adsorption
tests were performed at a pH range of solution 3.0-7.0. The
phosphate uptake of FeMnBONAs is rising with the pH
range from 3.0 to 7.0 (Figure 4). The optimal pH is 5.0 for
the phosphate adsorption on the adsorbent. FeMNnBONAS
adsorbs up to 93% of the phosphate at low pH.

On the contrary, when pH is higher than 5.0, the surface
charge of this FeMnBONAs will become less positive or
even more negative®, thereby reducing the adsorption of
phosphate because of the electrostatic repulsion between the
similar (negative) charged surface of the FeMnBONAs and
phosphate?.

Effect of contact time: The consequence of contact time
quite strongly affects the adsorption experiment. So, the
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contact time has been varied from 0 to 60 min for the
adsorption of 50.0 mg L™! phosphate solutions at pH 5.0. A
0.05 g of FeMnBONAs was added into a 50 ppm phosphate
solution (50 mL) and the solution was shaken'®. The aliquot
has been taken at a time interval of 5 minutes up to 60 min
and absorbance has been taken at 690 nm for determining
the phosphate concentration.

The result shows the increases in the % adsorption of
phosphate with an increase in time due to its adsorption on
FeMnBONAs™ (Figure 5). Besides this, a decrease in %
adsorption of phosphate occurred after 40 min. due to
desorption of phosphate. Most of the phosphate (80%) is
adsorbed in about 40 minutes. For further operations, the
agitation period of 40 min was chosen.
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Fig. 3: FTIR spectra of the FeMNnBONAS particles
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Fig. 4: Effect of initial pH of phosphate solution on removal of CR (FeMnBONAs dosage = 0.05 g,
initial phosphate concentration = 50mg/L, stirring time = 90min).

81



Research Journal of Chemistry and Environment

Vol. 25 (1) January (2021)

Effect of Nanoparticle concentration on adsorption:
During adsorption, the concentration of the adsorbent plays
very significant role, as it provides the adequate surface area
for phosphate to adsorbent on the surface of nanoparticle'®.
In the study, adsorbents differs from 50 mg to 200 mg in the
sample. We knew that as we increase the concentration of
adsorbent, the active surface area is more available for the
adsorption process. The similar trend has been observed in
the current experiment. The increase of the adsorption
capacity with increasing nanoparticles concentration was
performed (Figure 6) until the maximum capacity was
reached, which confirmed strong chemical interactions
between phosphate and FeMnBONAs.

Larger surface area of FeMnBONAs not only caused higher
removal capacities but also enhanced adsorption rate. It was
observed that for FeMnBONAs, about 96.88% of the
adsorption capacity was reached within 20 minutes of
mixing adsorbent and phosphate solution®®.

Effect of initial phosphate concentration on adsorption:
As predicted, cumulative pattern decreases in phosphate
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adsorption capability (Figure 7) until the maximum surface
area of FeMnBONAs has not been consumed. It was
reported that 96 percent of adsorption ability in phosphate
solution was obtained as an actual amount of phosphate
within minutes of the mixing of adsorbents.

When the phosphate concentration throughout solution was
lower, active positions on the adsorbent accompanied much
more phosphate ions, but with a rise in initial phosphate
concentration, the efficacy of phosphate extraction was
decreased by 96% to 50%. This was due to an increase in
phosphate concentration whereas the adsorbent dosage was
held continuously at 0.2 g.

Adsorption isotherms modeling: Langmuir explains the
adsorption widely applicable to many sorption methods of
gas molecules to metal surfaces. Such adsorbent isotherms
believe that adsorption is taking place at certain specific
positions of the adsorbent. For the total adsorption efficiency
of the complete single-layer coating onto the adsorbent
substrate, Langmuir isotherm design was selected.

40 50 60 70

Time in min
Fig. 5: Effect of contact time and phosphate concentration on the change in the absorbance
for phosphate adsorption at pH 5.0 and 25 s°C
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Fig. 6: Effect of contact time on the adsorption of phosphate to FeMNBONAs at different
initial phosphate concentrations (at 25 °C, pH 5)
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When a phosphate group takes place at a surface, there will
be no further adsorption at the site (figure 8). The linear
Langmuir Equation®?? can be shown as supplementary
equation 1.

Langmuir Isotherm:

Ce/qe = 1/KL+ aL/KL x Ce (supplementary equation 1)
where Ce (mg L") and ge (mg g!) are the liquid phase
concentration and solid phase concentration of adsorbate at
equilibrium, respectively; K. (L g™") and aL (L mg!) are the
Langmuir isotherm constants.

By plotting Ce/ge against Ce (Figure 8), the value of KL was
obtained from the intercept i.e. /KL and the value of aL
from the slope which was aL/KL. The maximum adsorption
capacity of the adsorbent (gmax) is numerically equal to
kL/aL.
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The Freundlich?® isotherm is the earliest known relationship
describing the adsorption equation. Usually it applies to
adsorption onto heterogeneous surfaces with a uniform
energy distribution, reversible adsorption and for multilayer
adsorption?* (Figure 9). The commonly used linear form of
isotherm is as supplementary equation 2.

Freundlich Isotherm:

Inge = In Ke + 1/nr In Ce (supplementary equation 2)
where ge is concentration of phosphate adsorbed (mg g'),
Ce (mg L") is the equilibrium phosphate concentration in
the aqueous solution and Kg and n are constants that are
related to the adsorption capacity and the adsorption
intensity respectively.

The plot of In ge versus In Ce was employed to generate the
intercept value of In Kr and the slope 1/ng (Figure 9).

150 200 250

Phosphate Conc. In mg/L

Fig. 7: Effect of contact time on the adsorption of phosphate to FeMNBONAs at different initial phosphate
concentrations (at 25 °C, pH 5)
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Fig. 8: Langmuir Plot for the adsorption of phosphate onto FeMnBONAs
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The Tempkin equilibrium isotherm equation was used to
describe experimental adsorption data (Figure 10). The heat
of the adsorption and the adsorbent-adsorbate interaction by
using Tempkin isotherm model were evaluated®2
(Supplementary equation 3).

Temkin Isotherm:

ge=BiIn KT + By In Ce (supplementary equation 3)
where Ce is the equilibrium concentration (mg/L), ge is the
amount adsorbed at equilibrium (mg/g), B is the Tempkin
constant related to heat of the adsorption (J mol™'), T is the
absolute temperature (K), R is the universal gas constant
(8.314 J mol™! K1), KT is the equilibrium binding constant
(Lmg™).

The values and correlation coefficient of the Tempkin
constants are smaller than the Langmuir. The strongest
analogy of experimental data is therefore the Langmuir
isotherm which shows that the adsorption under analysis is
monolayer or chemical adsorption. The Tempkin model's
correlation coefficients R? were less but comparable to those
of the Langmuir and Freundlich equations that describe the
Tempkin model's application to the adsorption of phosphate
on FeMnBONAs.

Separation factor R.: The basic properties of the Langmuir
isotherm can be expressed by describing the supplementary
formula 4 in a dimensionless constant named separation
variable (R.)%. The R. value was noted to be within 0-1
which confirmed that the phosphate was well adsorbed. The
calculated R_ values at different initial phosphate
concentration are reported in figure 11. Further R values
indicated that adsorption at lower phosphate levels was more
beneficial.

Separation Factor:

RL=1/(1 + a.Co) (supplementary equation 4)
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........

In Ce
Fig. 9: Freundlich Plot for the adsorption of phosphate onto FeEMnBONAS
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where Cq is the initial concentration (mg L™!) and oL is the
Langmuir constant related to the energy of adsorption
(Lmg™"). The value of R_ indicates the shape of the
isotherms to be either unfavorable (R > 1), linear (RL = 1),
favorable (0 < R < 1) or irreversible (RL =0).

Adsorption Thermodynamic parameters: Temperature-
dependent adsorption isotherms are used for the
measurement of thermodynamic parameters?” including
enthalpy change (AH®), entropy change (AS®) and Gibbs free
energy change (AG°) for phosphate adsorption on
FeMnBONAs. The slope and intercept of the chart In K. vs
1/T can be used to calculate values of AH® and AS® by using
the supplementary equation 5%.

Thermodynamic Parameters:

In KL =AS°/R — AH®/RT (supplementary equation 5)
where R (8.314 Jmol*K™?) is the ideal gas constant, and T
(K) is the temperature in Kelvin.

The value of AG® for specific adsorption was calculated
based on the basic thermodynamic formula (supplementary
equations 6 and 7). Table no. 2 lists the values derived from
equations 6 and 7. The assessment of thermodynamic
parameters gives an insight into the phosphate adsorption
mechanism to FeMnBONAs. The change in free energy for
adsorption of phosphate onto FeMnBONAs nanoparticles is
-7.277 KImol* at 298 K; the potential to adsorb phosphate
was improved by an improvement in the solution
temperature. An increase of mobility of the phosphate
molecules may result in an improving interaction with the
binding sites of adsorbent surface due to the increased
adsorption capacity at higher temperatures. The low value of
AH® indicates that phosphate and FeMnBONAs nano-
particles interactions are weak.

AG°=RT In K, (supplementary equation 6)

AG® = AH° - TAS® (supplementary equation 7)
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Fig. 10: Tempkin model Plot for the adsorption of Phosphate onto FeMnBONAs at 25°C
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Fig. 11: Separation factor for the adsorption of Phosphate onto FeMnBONAs at 25 °C

The value of AG® is negative and the absolute value
decreases with an increase in temperature, suggesting that
the adsorption of phosphate on the FeMnBONAs
nanoparticles is spontaneous?’. The negative value of
enthalpy change (AH®) indicates exothermic adsorption
consistent with the adsorption results. The decline of a
randomnes on the solid-solution interface throughout the
adsorption process was confirmed by negative value in the
change in entropy (AS°).

Regeneration of FeMnBONAs: The adsorption-desorption
process was replicated three times to explore the reusability
of FeMnBONAs and the results indicated that HCI (0.1 M)
is an effective medium for FeMnBONAs desorption and
reusability studies?®. It is shown that after the 3™ adsorption—
desorption cycle in figure 13, the adsorption capacity of
FeMnBONAs remained above 92 percent. It can,
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therefore, be claimed that FeMnBONAs can be easily
renewed with HCI solution which can be used frequently as
effective adsorbents for the practical treatment of
wastewater?®.

Industrial applications: In the current work, synthesized
Feo.26Mno.2604.5absorbent is applied to phosphate removal of
industrial waste samples. The variation in removal
percentage, particularly at higher sample volume and
concentration of phosphate molecule must not exceed +5%
to suppose that the method can be applied as pilot plant?.
Two effluent streams were used to examine the productivity
of the present adsorbents for removing phosphate from real
effluents. Thereafter, in our experiments, 50 mL of
concentrated wastewater was diluted to 500 mL and
optimized procedure was carried out.
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Table 1
The data deduced from Langmuir, Freundlich and Tempkin Isotherm plot
Langmuir Isotherm Freundlich Isotherm Tempkin Isotherm
/KL 0.053 In K¢ 1.468 B 0.028
Qmax = KL/ow 100 1nf 0.271 BInKT 2.02
R2 0.999 R? 0.967 R? 0.873
Table 2
Thermodynamic parameters for phosphate adsorption onto FeMnBONAS nanoparticles
Temp (K) AG°® (kJ mol™) AHP® (kJ mol ™) AS° (J mol'* K1)
298 -7.277
308 -7.588 -31.244 -2033.604
318 -7.902
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Fig. 12: Schematic representation of PO,* adsorption on FeMNBONAs

98
97
96
95

94

% Adsorption

93
92
91
90

89
Fresh Ist 2nd 3rd

Regeneration Cycle
Fig. 13: Influence of regeneration of FeMnBONAs by acid on adsorption capacity
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Table 3
Direct application of Feg26Mng 26045 0n waste of laboratory and industrial waste samples
Sample Sample | Initial Phosphate | Final Phosphate | Removal Average | RSD
No. concentration concentration (%)
(mgL™) (mgL™)

Waste of 1 1.44 96.33
Laboratory 2 1.55 95.41 96.25 0.83

3 50 1.54 97.01

Industrial 1 1.91 94.21
waste sample 2 1.59 93.85 93.54 0.92

3 1.775 92.56

The result shows that the significant adsorption of phosphate
occurs when the volume is large but again we carried out
experiment at high volume and concentration®®. Over 95%
of phosphate reduction was achieved in all the methods
tested using 200 mg of adsorbent for 1.5 h. Table 3 shows all
the experimental conditions and results. Over 90 percent of
phosphate removal was found to have been achieved in most
cases. It indicates the adsorbent's utility in eliminating
phosphate.

Conclusion

High-performance FeMnBONAs nanoparticles  were
efficiently prepared by using a high-efficient and simple
method and is used as adsorbent for phosphate removal. Its
high magnification SEM image shows average particle size
60.5 nm and EDAX analysis was performed for the
observation of the elemental composition of the samples.
The analysis revealed that the sample is composed of Fe
(15.03%), Mn (14.20%) and O (70.76%).

Langmuir isotherm model fits experimental data quite
accurately than Freundlich model. The total adsorption
efficiency is 100 mg g, far better than many other nano
adsorbents for FeMnNnBONAs. Thermodynamic parameter
AG ° indicates a value -7.277 k J mol for the adsorption
method. The present study will provide a deeper explanation
of the synthesis and use of Fe-Mn nanoparticles in water
treatment.
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