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ABSTRACT

Herein, we have reported an eco-friendly and facile scheme for the synthesis of copper nano particles
supported iron oxide magnetic nano particles(Cu/Fe,O, MNPs) using the extract of Aeglemarmelos
(AM) leaves as a reducing and capping agent. The synthesized material (AM@Cu/Fe,O, nano com-
posite) was characterized by various techniques. The results showed that AM@Cu/Fe,O, MNP had
good specific surface area (27.36 m?/g) and agglomerated spherical in shape with the size range 16-20
nm. The magnetic properties of AM@Cu/Fe,0, MNPs sample clearly showed ferromagnetic nature
with a saturation magnetization (Ms) of 25.2 emu/g. Besides, AM@Cu/Fe,O, magnetic nano compos-
ite was applied for the removal of Pb (II) from aqueous medium. The adsorption process was studied
at contact time, pH and various concentrations. The adsorption data was fitted using Freundlich and
Langmuir models. The kinetic results showed that adsorption was followed the pseudo-second-or-

der kinetic model.
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1. Introduction

Recently, nano materials have become attractive sorbent
materials because of their high surface, abundant functional
groups and enhanced activity sites on the surface than bulk
materials [1,2]. Some nano materials have been functional-
ized with various chemical groups to enhance their affinity
for target compounds [3-6]. Especially, iron oxide nano par-
ticles have shown pronounced interest because these have
the applications in magnetic resonance imaging [7], spin-
tronics [8,9], lithium ion battery field [10], catalysis [11,12],
targeted drug delivery [13,14] and environmental remedia-
tion [15-24]. Binary metal nano particles offer prospective
applications in the fields of biomedicine and heterogeneous
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catalysis, nano technology and environmental science [25-
27]. The preparation of bimetallic nano particles by using
plant extracts is economical, safe, biocompatible and eco-
friendly method. There are still few reports available on the
biogenic synthesis of metal/iron oxide nano particles (NPs)
[28-30] and also a few of the nano particles are of high cost.
So, we have preferred a facile and biogenic synthesis of Cu/
Fe,O, MNPs by using Aeglemarmelos leaves extract as the
capping and reducing agent. Moreover, the prepared AM@
Cu/Fe,O, nano composite was used for the removal of Pb
(IT) metal ion from aqueous solutions which is one of the
most toxic heavy metal ions [31]. There are several metals
which are toxic like arsenic, copper, nickel, cadmium, mer-
cury, chromium and lead because these metal are non-de-
gradable and accumulates in the living organisms [32-37].
Several techniques such as electro deposition, ion-exchange,
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photo catalysis, chemical coagulation, extraction, mem-
brane separation, chemical precipitation, and adsorption
have been applied for the removal of toxic metal ions from
aqueous medium [38-41]. The heavy metals are not eco-
friendly and be liable to accrue in living organisms causing
foremost health problem [42-44]. Thus,the removal of metal
ions from aqueous system is extremely important and has
become a demanding task for scientists [45].

2. Materials and methods
2.1. Instruments and reagents

Ferric chloride hexa hydrate, sodium acetate, HCI,
NaOH, (CH,CO0),Pb-3H,0 and CuCl,2H,O were pur-
chased from Sigma Aldrich, India. The Aeglemarmelos (bael)
leaves were collected around the Tirupati located in A.P,,
India. The phase purities of prepared nano particles was
checked by X-ray diffraction (XRD) technique (Seifert 3003
TT X-ray diffract meter with Cu Ko radiation with a wave-
length of 1.52 A).The size and shape of the nano particle
range was determined by TEM which was carried out with
a JEOL JEM-3010 instrument and the quantitative elemen-
tal analysis of AM@Cu/Fe,O, MNPs was carried out on
Oxford instruments Inca Penta FET x 3 Energy Dispersive
Spectrum (EDS).

2.2. Preparation of aeglemarmelos leaves(AM) extract

Aeglemarmelos (Bael) leaves were collected around the
Tirupati, India. Then, they were crushed into fine powder
using motor and pestle. An intense green coloured extract
of Aeglemarmelos was extracted which was used in the pres-
ent study.

2.3. Preparation of the copper nano particles

In a 250 mL conical flask, 100 mL of the Aeglemarme-
los leaves extract and 50 mL of 5 mM CuCl,-2H,0O solution
were shaken vigorously until the color changed into dark
brown which is the indication of the formation of Cu NPs
suspension.

2.4. Preparation of the AM@Cu/Fe,O, magnetic nanoadsorbent

In a 250 mL conical flask, 40 mL leaves extract of the
Aeglemarmelos, 0.3 g CuCl,2H,0 and 1.0 g FeCl,-6H,0O
were taken which were mixed in 50 mL of milli-Q water
and stirred for 2 h at 50°C by adjusted pH using 1 M HCI/
NaOH solution. After the completion of stirring the mix-
ture,the color was gradually changed in to dark brown as
Cu/Fe,O, nano particles were formed.

2.5. Batch adsorption experiments

The adsorption of Pb (II) ion using AM@Cu/Fe,O,
MNPs was studied by batch methods with pH range varied
from 2 to 7 at 301K. 3.5 mg of AM@Cu/Fe,0O, MNPs was
shaken with 25 mL of Pb (II) ion solution of known con-
centration in the Erlenmeyer’s flask. The pH of the solution

was set using 0.1 M HCl/NaOH solution. After the equili-
bration time, the magnetic nano adsorbent was separated
magnetically from the above solution. The concentration
of Pb (II) ions in the solution phase was determined using
FAAS (Shimadzu AA-6300). All the sorption experiments
were done in three replicates and the average value was
taken. The amount of Pb (II) adsorbed by the AM@Cu/
Fe,O, MNPs at equilibrium (g,) was evaluated as:

(C-C)v
M

q. = @

The percent adsorption was defined as:

Adsorption(%) = @ %100 )

i

3. Results and discussion
3.1. Characterization

Fig. 1 reveals the X-ray diffraction pattern (XRD) of the
AM@Cu/Fe,O,MNPs. The diffraction peaks at 26; 30.04,
35.42, 43.05, 57.1 and 62.7 could be indexed to (220), (311),
(400),(333) and (440) planes of cubic Fe,O,(JCPDS-82-1533)
suggestive of the synthesis of Fe,O, particles [46,47]. The
peaks at 20 values 43.175, 51.7 and 74.127 might be eas-
ily allotted to (111), (200) and (220) crystal planes in cop-
per cubic structure which agrees with the standard copper
(JCPDS 19-0629). Further, we have determined the crystal-
lite size of Fe,O,nano particles by Scherer equation:

0.891
D =
BcosO ®)

where D is the average particle size, 0 is the diffraction
angle, A is the wave length of the Cu-Ka irradiation and f3
is the full width at half maximum intensity of the diffrac-
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Fig. 1. The powder XRD pattern of the AM@Cu/ Fe,O, MNPs
sample.
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tion peak. The calculated crystalline size for Fe,O, particles
was about ~36 nm which is in good agreement with TEM
results.

The morphology and size of the AM@Cu/Fe,O, MNPs
were observed by TEM Fig. 2. This TEM image showed that
the synthesized AM@Cu/Fe,O,MNPs were agglomerated
in spherical shape and the particle size was ~16 to 20 nm.
The results demonstrated that Cu NPs were attached to the
surface of Fe,O, which reveals a good bonding between
Fe,O, and Cu NPs. We have also applied EDS method for
chemical composition of the AM@Cu/Fe,O,MNPs. Fig.
3 proved that the AM@Cu/Fe,O, MNP had copper (Cu),
oxygen (O) and iron (Fe). The EDS investigation showed
that copper nano particles were decorated on the surface of
Fe,O, MNPs.

Fig. 4 reveals the porous nature of AM@Cu/Fe0O,
MNPs which was examined by N, adsorption-desorption
method. The sample displayed the typical IV type of IUPAC
classification of adsorption isotherms. The BET surface area
of AM@Cu/Fe, O, MNPs was found to be 27.36 m*/g. The

Fig. 2. Transmission electron microscope (TEM) image of syn-
thesized AM@Cu/ Fe,O, nano composite.
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Fig. 3. Energy dispersive X-ray spectroscopy (EDX) image of
synthesized AM@Cu/ Fe, O, MNPs.
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total pore volume and pore size distribution was studied by
the Barret-Joyner-Halenda (BJH) analysis. The result indi-
cated that AM@Cu/Fe,O, had the total pore volume 0.136
cm?®/g and meso porous in nature with the pore size range
from 12 to 26 nm.

The magnetic activities of the synthesized AM@Cu/
Fe,O, MNPs were investigated by using a vibrating sam-
ple magnetometer at room temperature, with the field
sweeping from —20 to +20 kOe. As shown in Fig. 5, the sat-
urated magnetization value of AM@Cu/Fe,O, MNPs was
25.2 emu/g which demonstrated the ferromagnetic nature
of the material. Hence, the nano composite could be easily
separated by using an external magnetic field.

3.2. Adsorption studies

The effect of the pH on the exclusion of Pb (II) ion
by AM@Cu/Fe, 0O, MNPs was studied in the pH range
2-7 at the temperature: 301 K and Pb (II) concentrations:
25-45 mg/L. Fig. 6a shows that the adsorption process was
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Fig. 4. N, adsorption-desorption isotherm for AM@Cu/Fe,O,
MNPs sample.
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Fig. 5. M-H hysteresis curve of AM@Cu/ Fe,O, MNPs sample
measures at 301 K.



K. Deepa et al. / Desalination and Water Treatment 111 (2018) 278-285 281

Uy
804 a
80 +
704
60 -
50 1
404
304
204
10

Removal (%)

-
M
(%]
F=Y
t
~)
@

25

| |
204 —
154

104

qe (mg/g)

5+ -/
N

0 10

T T T T T T T T T

20 30 40 50 60 VO 80 90 100110

Time (min)

Fig. 6(a). Effect of pH (different initial concentration of Pb (II): 25, 35, 45 mg/L, solution volume: 25 mL, time: 120 min, temperature:
301 K) and (b) effect of contact time on the adsorption of Pb (II) by AM@Cu/Fe,O, MNPs (initial concentration of Pb (II): 25 mg/L,

solution volume: 25 mL, pH: 5, temperature: 301 K).

abruptly enhanced with the increase in pH from 2 to 5 and
reduced with the further increase in pH from 6 to 7. The
nano composite showed a maximum removal (95.48%) at
pH 5.0 at the initial concentration of 25 mg/L. At the higher
pH, the low percentage of Pb (II) removal was due to the
formation of hydroxides of Pb (Il)in the form of Pb (OH),",
Pb (OH),and Pb (OH)* at different pH values [48]. At lower
pH, the removal of Pb (II) was inhibited due to the H* com-
peted with Pb (II) for sorption sites [49] which appreciably
decreased Pb (II) sorption.

3.3. Adsorption kinetic studies

Fig. 6b shows that the adsorption of Pb(II) at pH: 5.0,
temperature: 301 K, initial Pb (II) concentration: 25 mg/L at
different time. The adsorption of the Pb (II) using AM@Cu/
Fe,O, MNPs was almost finished within 35 min and then
gradually reached the equilibrium in 72 min. The pseudo
first order [50] and pseudo second order [51] kinetic mod-
els were used to examine the kinetics for the removal Pb
(II) using AM@Cu/Fe,O,MNPs nano composite. The linear
form of these two kinetic models was explained by the sub-
sequent equations:

k
log(q, - 4,)=logg, —(23103} @)

to1 1
= — |t 5
q kg’ J{m} ©

Itis clear from Table 1 that the values of correlation coef-
ficient was better for pseudo second order kinetic model (>
0.998) which showed the better fitting of pseudo-second-or-
der kinetics model.

3.4. Adsorption isotherms

In the present study, the isotherm results were analyzed
using the Langmuir and Freundlich isotherms [52,53]. The

Table 1
Kinetic parameters for the adsorption of Pb(II) onto AM@Cu/
Fe,O,MNPs at different metal ion concentrations

Conc. of  Pseudo-first-order Pseudo-second-order
PoI) R®  SSE K, R®  SSE
(ppm) (1/min) (g/mg-min)

25 0.026 0986 0.901 0.013 0999 0.0171
35 0.029 0976 0904 0.016 0.999 0.0076
45 0.037 0967 0908 0.021 0.998 0.0082

linearized form of the Langmuir isotherm was represented
as following equation:

& — & + L (6)
e Gw nb
The values of g, and b were found from the slope and
intercept of C /g, versus 1/C, as mentioned in Table 2. The
Langmuir isotherm dimension less separation factor (R))
was defined by the following equation:

1
R =t
LT 10C, @)

For the favorable adsorption, R, value must lie within
0-1 and in our present study, the value of R, was 0.0786
which indicated the favorable adsorption of Pb(II) onto
AM@Cu/Fe,0, MNPs. The linearized form of the Freun-
dlich isotherm model is given as:

logg, =log Kf + lloch 8)
n

The values of K, and 1/n were obtained from the plots of
log g, vs. log C, which are shown in Table 2. The Langmuir
isotherm fitted quite well with the experimental data due
to the better value of correlation coefficient (R?> = 0.999)
(Fig. 7).
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Table 2
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Langmuir and Freundlich isotherm constants and correlation coefficients for Pb (II) adsorption onto AM@Cu/ Fe,O, MNPs at

constant temperature

Temp. Langmuir Freundlich
(K) q, (mg /g) b (L/mg) R? e Kf (mg /g) 1/n R? e
301 46.56 9.58 0.999 10.57 12.68 0.558 0.983 56.53
18
0.7 4
(a) (b)
) 174
0.64
; 1.6+
~ 0.5+
= . 154
= o
R 2 144 .
= 0.34
1.3
0.24
1.24
014 T

10 15 20 25 30 35

Ce (mg/L)

0 5

0304050607080910111213 14

lozCe

Fig. 7. Linear plot of (a) Langmuir and (b) Freundlich isotherm models.

Table 3 shows the list of comparison of maximum mono
layer adsorption capacities for Pb (II) using different adsor-
bents [54-65]. It was noted that AM@Cu/Fe,O, had better
adsorption capacity in comparison to most of the other
adsorbents. So, AM@Cu/Fe,O, nano composite is a pro-
spective material for the removal of Pb (II) from aqueous
medium.

3.5. Desorption and reusability

It is desirable for any adsorbent to retain the adsorption
capacity when regenerated to be reused further that makes
the adsorbent economically viable. Therefore, the regen-
eration of AM@Cu/Fe,O, MNPs was carried out using
0.2 M HCI that leads to the desorption of the Pb (II) from
the adsorbent surface. The acidic pH favors the desorption
of Pb (II) from the AM@Cu/Fe, O, MNPs adsorbent. This is
due to the fact that higher concentration of hydrogen ion
makes the surface positively charge due to higher proton-
ated groups that helps in desorption of positively charged
Pb (II) ions. It is also evident from our pH studies that at
low pH the adsorption capacity of AM@Cu/Fe,O, MNPs
was found to be low due to competition between H* and
Pb (II) ions. This result also supports the greater desorption
of Pb (II) at acidic pH. Further, the regenerated AM@Cu/
Fe,O, MNPs adsorbent was further tested for adsorption of
Pb (II) to check the feasible re usability of the adsorbent. The
results showed that the regenerated adsorbent showed 94,
88 and 80% removal for first, second and third cycle respec-

Table 3
Comparison of adsorption capacity of various adsorbents with
AM@Cu/ Fe,O, MNP:s for the removal of Pb (II) ions

Adsorbent ... (Mg/g)  References

ZVI-GAM 78.13 54

Magnetic chitosan/graphene 76.94 55

oxide

Van apple pulp activated 15.96 56

carbon

Fe,0,@C 7142 57

Fe,O,/5i0,nanocomposite 17.65 58

Fe,O,nanospheres 18.47 59

Chitosan-tripolyphosphate 57.33 60

beads

Chitosan immobilized on 32.55 61

bentonite

Ti(IV) iodovanadate 18.8 62

Ethylene diamine tetra acetic 26.04 63

acid-Zr(IV) iodate

Polyaniline Sn(IV) 44.64 64

tungstomolybdate

Sodium dodecyl sulfate 18.38 65

acrylamide Zr(IV) selenite

AM@Cu/ Fe,O,MNPs 46.56 Present
study
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tively. This result indicated that AM@Cu/Fe, O, MNPs is a
promising adsorbent that can be regenerated and be reused.

4. Conclusion

In this work, we studied environmentally benign
method for the biogenic synthesis of AM@Cu/Fe,O, MNPs.
The particles in synthesized nano composite were spher-
ical in shape and were explored by transmission electron
microscope. The powder XRD results confirmed the forma-
tion of AM@Cu/Fe,O,MNPs. The surface area of the AM@
Cu/Fe,0O, MNPs was studied by N, adsorption-desorp-
tion method. The magnetic properties of the synthesized
AM@Cu/Fe,0, MNPs were analyzed by using a VSM at
301 K.The maximum sorption capacity was estimated to
be 46.56 mg/g at pH-5 and temperature 301 K. The sorp-
tion data was best fitted by Langmuir isotherms model and
adsorption followed pseudo second order kinetic model.
We have also found that the adsorbent could be easily sep-
arated by using external magnet. These characteristics of
magnetically separable AM@Cu/Fe,O,MNPs make it an
auspicious material for many environmental applications.
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