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The ability to reuse adsorbent was critical for making the sewage treatment system both premium and environ-
mentally beneficial. Toxic metal ions [Pb (ll), Cr (Il) and Cd (II)] were removed from effluent discharge using Fe O,/
Zn0 nanoparticles as sorbent materials. Chemical affinity, zero potentials, XRD, FTIR and TEM were used to
explore the structural and interface adsorption process of Fe,0,/Zn0 composite in this study. Experiments on
absorption, desorption and recycling were performed. The findings demonstrate that perhaps the toxic metals
substituted for H in the Fe-0-H structure and formed the Zn-0-Me structure, implying that metal elimination
was accomplished through ion exchange. Cd (l1), Pb (I1) and Cr (IV) had 99.81%, 99.76%, 98.1% and 83.25%,
accordingly, adsorptive degradation efficiency. The Langmuir model was shown to be the best fit for describing
the absorption on the surface of Fe,0,/Zn0 nanoparticles based on the stability data processing. The kinetic
parameters of toxic metal ions on the surface of Fe,0,/Zn0 composites were relatively similar to the pseudo-
second-order concept, according to the kinetics investigations. The trials proved that reprocessing the Fe,0,/Zn0
sorbent extracted from water by a magnetic material was a viable option for removing pollutants in an environ-
mentally acceptable and effective manner.

KEYWORDS amined in the literature. To eliminate toxic metal ions
from polluted water, various methods, such as co-
precipitation, electrochemical methods, membrane pro-
cesses and absorption have been developed [5]. Be-

Heavy metals, Fe,0,/ZnO, Adsorption, Magnetite,
Langmuir isotherm

1. INTRODUCTION cause of its high removal effectiveness, dependabil-
ity, affordability and lack of toxic byproducts, adsorp-
Presently, ecological regulation is a serious problem in tion was an appealing strategy in polluted water
the world. Water contamination is probably of the most remediation among these approaches [6]. Several meth-
concerning aspects of society. Extensive variety of ods for developing less expensive and more powerful
emissions, such as toxic metals, colours and fertiliz- material adsorbents have previously been explored [71.
ers, reach various waterways and become important
contributors to groundwater contamination [1]. Toxic Minerals have received more attention in the last de-
metals are particularly dangerous because of their great cade for toxic substances cleanup treatments due to
water fluidity and greater accessibility to live bodies their excellent sorption capacities [8,9]. The nano-
across the food system, resulting in a variety of health structured material, especially, offers extremely large
complications [2]. Lead (Pb), chromium (Cr) and cad- surface areas, resulting in high capacity and the ability
mium (Cd) are toxic substances that are a major con- to improve contaminant's adhesion with the interface
taminants and are extensively distributed [3]. Consum- [10,11]. As a result, Fe,0,/Zn0O was chosen as a com-
ing contaminated watercourses via a range of sources, ponent in the preparation of overlayed sorbent materi-
including electrolysis, mining, metal polishing and lead, als for the elimination of heavy metals [12,13]. Re-
chromium and cadmium casting [4]. Various approaches grettably, such materials still had difficulty with re-
for removing contaminants have been intensively ex- moval from polluted water, as they preferred to form
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Fe;0,/ZoO NPs

Figure 1. Formation of Fe,0,@Zn0O nanoparticles using green
synthesis route

ultra-fine granules in aqueous phase, resulting in prior
to actual. As a result, the creation of novel nano sor-
bents with easy separation properties and reuse po-
tential has piqued our attention. Due to their strong
magnetic permeability, iron oxides, like magnetite
(Fe,0,) and hematite (Fe,0,) have been widely used in
construction. The addition of Fe,0,/Zn0 resulted in not
only excellent elimination of heavy metals from aque-
ous solution but also recuperation due to its magnetic
properties. Interface functionalization was discovered
to be responsible for absorption. There was a limita-
tion in understanding exterior structure-sensitive ab-
sorption and the operation of absorption. It’s still un-
clear how the variable impact héavy metals' adhesion
and the adsorbent’s effectiveness in multiple reuse.

Toxic metals, such as Pb (ll), Cr (IV) and Cd (ll) were
removed from industrial effluents using Fe,0,/Zn0 com-
posites as cycling sorbents in this analysis. Structural
and optical properties and performance of Fe,0,/Zn0O
composites were investigated. In order to eliminate
pollutants from wastewater water, the permeate pa-
rameters were evaluated. The composite materials’
molecular affinity and cumulative capability were con-
sidered to be effective to ascertain heavy metals in
wastewater. Fe,0,/Zn0 composites’ surface adsorp-
tion behaviour and kinetics were examined. Heavy metal
adsorption and desorption, as well as recycling, were
investigated. The metal uptake methods of Fe,0,/Zn0
nanocomposite sorbent have been explored. Through-
out this content analysis, core-shell Fe,0,/Zn0 nano-
particles have been synthesized and used to accumu-

. and
late commercial effluents, such as lead, chromium §e
cadmium ions. The influence of interaction period, ad

" e O_
ous phase pH, catalyst dosage, initial effluent ?OSIE(;
sition and heating rate on adsorption werE.!'eV i
Following that, the kinetic models, stabilit

transfer analyses have been examined.

2. MATERIAL AND METHOD

n' i
2.1 Green synthesis of Fe,0, nanopart'

Andrographis paniculata leaf

f i water. The
extract was injected into demmerallFZ:% i
water extract was used 19 m.ake dabeten diffused
nanoparticles after the combination ha e e od
for 2 hr. FeCl, (2 mmol) and FeCly (1 M0 0 o ex-
to a 100 mL Andrographis pamcu/afaﬂ 2 (250 mL.
tractin a two-necked round-bottomed tarn s
Under an inert atmosphere and at roocrin ethF; e
solution of NH,OH was gently added to e o de-
External magnetic fieIddwafol:jsuecdt tfcr)o(::\':se pprecursor
ure black crude p ]
;aotlzrt:;ls'pwhich was then vacuymed and wa;gt:g ;gr
peatedly before being oxidized in an oven at

24 hr [14].

2.2 Design and fabrication of Fe,0,
posites

To design and build of Fe,0,/Zn0 nanocomposite in dem-
ineralized water, 1.5 g of Zn(OAC),, 1.5 g of FeClz.4H20
and 1.5 g of FeCl,.5H,0 were solubilized (10 mL). In _a
round-bottomed flask at 85°C for 8 hr Andrographis
paniculata leaf (APL) extract (30 mL) was gradually
added to the reaction mixture. To eliminate undesir-
able plant-based matter, the mixture was cooled to
room temperature, sonicated for 10 min, resuspended
at 7000 rpm for around 10 min and afterwards puri-
fied. Prefilter was used to accumulate the crude prod-
uct followed by multiples rinses with deionized water
and ethanol (96%). The specimens were then warmed

for 1 hr at 50°C. The fabrication of Fe,0,/Zn0 nano-

composites was dehydrated in the air for 24 hr at room

temperature (Figure 1) [15].

At 80°C, 10 g of crisped

/ZnO nanocom-

2.3 Investigation of removal of heavy metals

Heavy metals [Pb (Il), Cd (ll), Cr (IV)] were present in

commercial effluent at concentrations of 10 mg/L. For

removal of toxic metals from industrial effluents, a mag-
netic Fe,0,/Zn0 composite was used as an adsorbent.
The adsorptive Fe,0,/Zn0 composite was implanted
in contaminated water and agitated for 24 hr on a spin-
ning tank (20 rpm). Investigations of heavy metal re-
moval were performed at pH levels ranging from 2-12
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3 Table 1. Different Parameters of various isotherm models

Heavy Lanmmerm Freundlich isotherm

_‘ metals q, K R2 K n R2
Cd**  1568.3 (7.9 0.9920 | 152.3 |2.673 |0.798
Cré+ 602.6 |0.90 (0.978 |160.9 2.920 (0.934
Pb2+ 670.213.26 [0.992 |178.26 2.820 |0.936

Table 2. Kinetic adsorption parameters

Fﬁeavy IL_PMTEV, order Pseudo second order

metais | K | R2 K R?
0.9599 0.0386 0.998
0.9402 0.0142 0.999

Por- [ 0.0061 |0.7382 0.0048 0.994

and temperatgres tend to range from 30-60°C. The
adsorptb/e composites were then gathered from the
solution using a NdFeB magnet. After removal of toxic

~ substances, the contaminated water was analyzed
using inductively coupled plasma emission spectra
spectrophotometry (ICP). Every batch process was re-
peated three times, as well as the comparable discrep-
ancy was noticed to be less than 2%, with the final
results being the sample mean. The expulsion level was
predicted using the capacity of retrieval of heavy metal
ions in solution prior to actually and during the adsorp-
tion and the expression as follows :

q,=(C-C)/(C,) )

Where q, (%) is removal degree, C,and C_(mg/L) are
the initial and final metals concentrations in the solu-
tion, respectively. For the adsorptive investigation,
Fe,0,/Zn0 and toxic metals were immersed in the 0.1
M HCI solution and the resulting mixture was shaken
vigorously in a shakihg incubator at 30°C for 0.5 hr.
The composite feedstock was then gathered using a
NdFeB magnet and metal ion doses in the solution were
measured. Upon rinsing, Fe304/ZnO nano-composite has
been used in the succeeding adsorbent cycle. The
amount of ions desorption per unit volume of adsorp-
tive used was calculated from the respective approxi-
mation. Y

qge = (CVy/my) x 100 ei2]

Where q, was the desorption degree (%), C was the
metal ion accumulations in the desorption solution (mg/
L), V, was the volume of the desorption solution (L)

and m, was the quantity of toxic metal ions in solution
before desorption (mg).

2.4 Adsorption isotherm

The Freundlich and Langmuir models have already been
employed to investigate adsorption characteristics [16].
The Langmuir isotherm model was determined by cal-
culating the adsorption performance and offered the
adsorbent’s fairly homogeneous acceleration. This iso-
therm also implied monolayer adsorption. Equation 3
denotes the simple regression analysis of the Langmuir
model. The Freundlich arithmetic model describes both
monolayer and multilayer adsorbents. Freundlich iso-
therm model was traditionally used to identify strong

adsorption ability. Equation 4 affirms the linear func-
tion of the Freundlich model.

C./a,=1/kq, +C,q_ ~(3)
log q, = log k' + 1/n log C, w.(4)

Where C, is the equilibrium concentration of heavy
metal ions (mol/L) and q, is the corresponding value of
volume of heavy metal ions adsorption at equilibrium:
(mg/g), k is the Langmuir isotherm constant and q,is
the extreme monolayer coverage capacity (mg/g), n is
associated to adsorption capacity and k' is the
Freundlich isotherm constant (mg/g) (L/mg). Constraints
of many isotherm models are specified in table 1.

2.5 Adsorption kinetics

The rate of adsorbed heavy metal ions on the surface
of the sorbent was determined by studying the adsorp-
tion kinetics. The most popular kinetic models for mod-
elling the kinetic rates are pseudo-first order and pseudo
second order models [17]. The amount of heavy met-
als adsorbed on the surface of the sorbent at various
time intervals was also determined using these mod-
els. These models’ equations can be written as given
in equations 5 and 6.

In(g,-q,)=In q.kt ...(B)
t/qt=1/que+1/qext ...(6)

Where q_ (mg/g) is amount of heavy ions adsorption at
equilibrium condition, q, (mg/q) is heavy ions adsorp-
tion amount: at time t, K, and K represents the rate
constants of pseudo-first order and second order mod-
els, respectively. In the pseudo-first-order model, a,
and t had an exponential relationship, whereas in the
pseudo-second-order model, the relationship between
t/q, and t was linear. Table 2 lists adsorption param-
eters.
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Figure 2. UV absorption spectra of (a) fe,0,and (b) Fe O .@Zn0
nanoparticles
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Figure 4. SEM profile of Fe,0,@Zn0O nanop:

3. RESULT AND DISCUSSION
3.1 UV absorption spectra analysis

Figure 2 illustrates the UV-visible recogr.. K
of Fe,0,/ZnO nanocomposites. Once Anaic;:phis
paniculata leaf extract was infused with Zn(0AC),,
FeCl,.4H,0 and FeCl,. 5H,0, the colour change from
white to brown was observed, which was credited to
the formation of Fe,0,/Zn0 nanocomposites. The colour
variations are accompanied by the fluctuation of local-
ized surface plasmonic resonance (LSR) of Fe,0,/Zn0
nanocomposites. The broad absorption peaks were
found to be near 319 nm, indicating a substantial de-
crease of Zn(OAC), and Fe®*/Fe** into Fe,0,/Zn0

nanocomposites [18,19].

486

Figure 3. Representation of functional group in Fe,0,@Zn0

nanoparticles

VEGAJ TESCAN

Gandhigram Rural institute

3.2 Fourier transforms infrared spectroscopy analysis

Figure 3 depicts FTIR spectrum of ecofriendly synthe-

sized Fe,0,/Zn0 nanocomposites. The frequency spec-

trum bands at 3384.4/cm has been caused by O-H

stretching. The band around 2363 - 2922/cmis engen-
at- 2d by C-H stretching vibrations. The peak inside
1580 1513/cmis induced by C=0 stretching. The
peaks at 1043/cm coincide with Fe-0-Zn twisting com-
pressive motions. The squeezing variants for the emer-
gence of Fe,0,/Zn0 nanoparticles are delegated by
potent excitation frequency band at 671/cm. As a
consequence of FTIR survey, Fe +0,/Zn0 nanocompo-
sites are preserved from becomlng ascertained by the
bioactive constituents of Andrographis paniculata leaf
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-y — by stabilizing the exterior of nano-composites during

‘ synthesis process (18,191,
3.3 X-ray diffraction analysis

X-ray diffraction (XRD) analysis was used to investi-
\ gate phase and structural components of Fe,0,/Zn0
| B nanocomposites in figure 3. The cubic spinel magne-
b tite component is visible in XRD analysis of Fe,O,. with
¢ crystallography peaks at 30.20°, 35.59°, 43.22%,
y 54.04°,57.25° and 62.87°, corresponding to (220),

(311), (400), (422), (511) and (440) planes, respec-
tive]y. The XRD behaviour of FeSOA/ZnO nanocom-
posites shows all magnetite defining feature peaks as
well as crystallography peaks at 31.76°, 34.42°,
36.08°,47.53°, 56.76° and 62.80° that can be ac-
cessed to (100), (002), (101), (102), (110) and (112)
planes of the hexagonal wurtzite phase of ZnO. This
indicates that the ZnO shell was successfully formed

;/;ghout any phase transition of Fe,0, nanoparticles
l.

100.0
Diameter (nm)

Figure 6. (a) TEM profile, (b) SAED pattern analysis, (c) HR TEM profile and (d) DLS analysis
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Figure 7. (a) VSM spectia of Fe,0, and Fe 0/Zn0
nanoparticles, (b) BET isotherm graph and (c) pore width of
synthesized Fe,0,/Zn0 nanoparticles
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3.4 SEM/EDX analysis

SEM) investigation wag

Scanning electron microscopy
of Fe,0,/Zno

used to examine the architecture
nanoparticles. The outcome of the study shows that
the fabricated Fe,0,/Zn0O particles were gl?bular and
consolidated into an anisotropic material with a mean
size of 18 nm, as shown in figure 4. The powder par-
ticles were found to be somewhat clustered [21]- Fig-
ure 5 shows energy dispersive x-ray SPectrum of green
fabricated Fe,0,/Zn0 nanoparticle specimens, which
confirms the existence of Fe, Zn and O constituents.
The absence of an imperfection band in the EDX spec-
trum proves that the synthesized samples aré genuine
and also demonstrates homogenous allocation of the
individual components.

3.5 TEM/HRTEM analysis

The transmission electron microscopy (TEM) appear-
ance and selected area (electron) diffraction (SAED)
profile of Fe,0,/Zn0 nanocomposites developed using
the green approaches are shown in figure 6. The mean
particle size in figure 6a was determined to be 11 nm,
which was quite close to crystalline phase predicted
in XRD pattern using Debye Scherrer’s model. Figure
6b shows that reflection bands in SAED illustration
correspond to XRD profile, confirming crystallite size &
and anatase phase of Fe,0,/Zn0O nanoparticles [22].
The dynamic light scattering (DLS) method was used
to identify the particle sizes and average diameter of
the synthesized Fe,0,/Zn0, as seen in figure 6d. These
figures state that overall size and monodispersity in-
dex (PDL) of synthesized Fe,0,/Zn0 using Andrographis
paniculata leaf extract and derivatives were 295 and
0.31 nm, respectively and 61.44 and 0.42 nm. The
calibrated z-average and polydispersity index of the
synthesized Fe,0,/Zn0 nanocomposites show narrow
size distribution, correlating with the facts provided
either by distributor or ultraviolet - visible analysis [23].

3.6 BET isotherm spectra

- The Brunauer-Emmett-Teller (BET) surface area analy -

sis tool was used to determine actual area of produc |
nanomaterials. Barrett-Joyner-Halenda study al:o
vielded other results, such as pore diameter and avi-
a, pore. The produced Fe,0,/Zn0 nanoperticles ex-
hit “ed excellent surface area of 105 m?/g, pore size
of %0 nm and volume fraction of 0.278 cm®/g, which
wi . useful for photocatalytic activity in treatment
of contaminated (Pb(ll), Cr(lV), Cd (ll)) wastewater.
Figure 7b shows acquired adsorption-desorption iso-
therm models of the produced Fe,0,/Zn0O nanoparticles

S|
!
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3.7 Magnetic behaviour analysis

According to the field-dependent magnetic _pronGEt::;
i 7a), the magnetization interaction O

graphs (Figure oy but R eatly
Fe,0, and Fe,0,/Zn0 nanoparticie (i ter do-
sequential at lower energies and while at g ; i
mains, fragments are nearly c.onn.ected with apspatu-
magnetic field and the magnetization strateqles. ;
ration. The coercivity and remanent magnetization ocI
Fe,O, nanoparticles were measured to be 15 OezanO
0.3 emu/g, respectively, whereas those Fe,0,/Zn
nanoparticles had 7.5 Oe and 0.8 emu/g. The pres-
ence of fairly minimal co-ercivity and remanent mag-
netization indicates that these materials showed
superparamagnetic actions at ambient temperature.
Besides that, at 5 T, the maximum magnetic moment
value of Fe,0,@Zn0 nanoparticles (31.2 emu/g) was
realized to be substantially lower than that of Fe,0,
nanoparticles (35.8 emu/g). Magnetic moment has re-
vealed that the ZnO shell in Fe,0,/Zn0 nanoparticles
contributed significantly to a 12% lowering in the mag-
netic moment value of Fe,0,. As a consequence, the
excellent magnetic field responsiveness of Fe,0,/Zn0O
is sustained [24].

3.8 impact of temperature

One of the most crucial factors in absorption process
is the effect of temperature. The effect of tempera-:
ture on the ability of Fe304@ ZnO nanoparticles to
adsorb in the range of 30-60°C at room temperature is
shown in figure 8b. It is evident from figure 8b that a
rise in temperature causes a rise in the elimination of
Pb (Il), Cd (Il) and Cr (1V) from aqueous solutions. As
seen, adsorption happened quickly and equilibrium was
established after 2 hr. Due to great dispersion of
nanoparticles, the high exterior surface area and the
absence of internal diffusion constraint, this rapid ad-
sorption can be explained [25,26]. Little change in the
absorption rate after the first 10 min, which indicates
that process would eventually attain equilibrium. Fe,0,/
ZnO at 50°C was the ideal temperature for adsorption
process employing nanocomposites. As a result, all

experiments were run at 60°C to assure a perfect equi-
librium state.

3.9 Effect of adsorbent dosage

Using different doses of nanoparticles, the impact of
adsorbent dosage on adsorption capacity and removal
efficiency was studied. According to figure 8a, as the
amount of adsorbent is increased from 0.1 to 2 g/L,
the removal efficiency of Pb (Il), Cd (Il) and Cr (IV)
increases from 26.97 to 96.08%. More binding sites
are available as a result. On the other hand, as adsor-
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Table 3. Thermodynamic parameters for adsorption of Cd**, Cr**, Pb**

0 (323 K)
Heavy metals AH® (J/mol) AS® (J/mol/K) AG® (298 K) [AG®(303 K) |[AG®(313 K) AG
Cd?* -18.936 -49.274 -4.793 -4.632 -4.321
Crt+ -20.638 -54.283 -6.234 -6.123 -6.012
Pb2* -24.726 -58.324 -7.322 -7.221 -7.023

bent dosage is increased within the same range, ad-
sorption capacity reduces from 269.7 to 48.04 mg/g.
The cause of this phenomenon is that, with increased
adsorbent dosage, the number of existing ions was in-
sufficient to completely saturate the active sites. Ac-
tually, the ratio of metal to binding sites determines
adsorption capability.

3.10 Effect of pH

The primary boundary in the adsorption cycle that af-
fects metal particles and adsorbent surface charge may
be the pH of the watery arrangement [27,28]. The tests
were conducted at pH 3-14 because Pb (Il), Cd (Il)
and Cr(IV) particles start to accelerate at pH 12 [29].
As found in figure 7c, expanding pH brings about ex-
pansion of adsorption limit from 68.55 to 108.58 mg/
g. The justification for this outcome is that higher pH
lead to more deprotonation of adsorbent surface that
expands negatively charged locales, which is favoured
for electrostatic fascination between surface of ad-
sorbent and Pb (lI) Cd(ll) and Cr(IV) particles and con-
sequently builds the adsorption limit. While, lewer pH
led to all the more decidedly charged destinations,
which expands shock powers between adsorbent sur-
face and Pb (ll) Cd (ll) and Cr (IV) particles that dimin-
ishes the adsorption limit [30]. Thus, pH 10-12 was
considered for additional tests.

3.11 Adsorption thermodynamic

The thermodynamic studies revealed ¢ -

in normal free energy change AG® (J/:+

AH®° (J/mol) and entropy AS° (J/(molK)) wer

by using three various thermodynamic ar- 58
mentioned [31].

K,=4q,/C, ...(8)
AG° = -RT In K| =:(9)
In K, = (AS°/R) - (AH°/ RT) ..{10)
The findings demonstrate that as the temperature is

raised from 25-50°C, the adsorption efficiency of
Fe,0,/Zn0 nanoparticles decreased from 109.1583-

uggests that the aijsorp:
mically favourable In exc;j
ntercept can be use

AS° significantly. In
Ge value was Ko 1/
mic proper-
of

92.9709 (mg/g). This result s
tion mechanism is thermodyna .
thermic reaction. The slope vs i
to match the values of AH® and

addition, using equation 10, the In

% ined thermodyna .
T. Table 3 displays determin€ hat the adsorption

5 : A t :

ties. A negative AH® indicates 7ot o

cd (), Cr (IV) and Pb (Il) onto Feaoxznr;gazijegvalue
i i ici ture.

nanoparticles is exothermic in natu i e

tion in the
for AS® denotes a reduc 50 als0 proves he

i i Critical A
for adsorption species. : . )
component’s feasibility and intentional elect'ros(';a;clc
interactions. Similar results have been obtained tor

adsorption of Pb (Il) by nano powder/alginate compos-
ite [32].

4. CONCLUSION

In this investigation, nanocomposites with a core-shell
structure have been organized by using Fe,0,/Zn0
nanocomposites presented in two stage approach and
are used as an ideal alternative for lead, chromium and
cadmium metal ion revocation from aqueous medium.
This sorbent was characterized using various tools,

like UV-vis:- 7 EDS, FTIR, VSM, FESEM, TEM and
BET ass¢ :<sorbent was rapid and stability
was rean . -zund 2 hr. The adsorption process

can be 0% - _v-iied by a pseudo-second-order kinetic
model. The _arigmuir isotherm model fit better with
equilibrium data than Freundlich isotherm prototypes.
Even so, maximum adsorption capability was 670.67
mg/g. AG®°, AH® and AS° values were determined.
Nagative values of AG® and AH® indicate an attainable
#nd exothermic adsorption mechanism, respectively.
“ich findings suggest that Fe,0,/Zn0 nanocomposites
miht be used as an adsorbent for the elimination of
Pb ‘M), Cr (IV), Cd (Il) ions for commercial effluent.
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