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Abstract
Zero-valent iron nanoparticles (ZVIN) are widely synthesized by several methods in the last decades because it offers indisput-
able advantages to almost every area of expertise, heavy metal ions removal, environmental remediation including for the
wastewater treatment. Herein, we report for the first time, the green and eco-friendly synthesis of phytogenic ZVIN using
reproducible Catharanthus roseus (CR) flower extract for the removal of heavy metal ions including Cr(VI) by adsorption
isotherms. The synthesized stable ZVIN were characterized by UV-visible absorption spectroscopy (UV-vis), Fourier-transform
infrared (FT-IR), X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy-dispersive X-ray spectroscopy
(EDX). The FT-IR analysis reveals that the polyphenolic compounds that are present in the CR flower extract may be responsible
for the reduction and stabilization of the ZVIN. The XRD and SEM-EDX analyses confirmed the phase, composition of elements
and morphology of the ZVIN. The synthesized low-cost and non-toxic ZVIN used for the adsorption removal of Cr(VI) from
contaminated water; and the Langmuir and Freundlich adsorption isotherms are used to study the adsorption process by the
experimental equilibrium adsorption data. The maximum removal of Cr(VI) (98.28%) was observed using optimal conditions of
1.6 g/L of ZVIN concentration, 10 ppm of Cr(VI) concentration, and pH = 4.3 of the initial solution. The adsorption removal of
Cr(VI) using the synthesized ZVIN as follows pseudo-second-order kinetic equation with a corresponding correlation coefficient
of (R2 = 0.99).
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1 Introduction

Contamination of air, water, and soil by toxic heavy metal
ions is one of the serious environmental problems faced by
the world today. Heavy metals represent a group of dan-
gerous environmental pollutants and due to toxic effects on
human health in concentrations above the permissible
limits, cause widespread concerns [1]. Non-degradable
heavy metals also can accumulate in living tissues and

enter into the food chain which causes huge damage to
the biosphere in the form of various diseases and disorders
[1–5]. Among all, hexavalent chromium (Cr(VI)) is one of
the most hazardous heavy metal ions in nature. With the
industrialization, a large quantity of wastewater containing
high concentrations of Cr(VI) is released into the environ-
ment from distinct industrial activities, including iron and
steel manufacturing, electroplating, metal cleaning, preser-
vation of food, leather tanning, pigment production, and
other anthropogenic sources [2–5]. The Cr(VI) metal ion
is highly toxic to human and animal tissues because of its
potential carcinogenic, teratogenic, and mutagenic proper-
ties [5–8]. In general, Cr(VI) may be in the form of nega-
tively charged oxyanions such as dichromate (Cr2O7

−2) or
chromate (CrO4

−2) or hydrogen chromate (HCrO4
−) in so-

lutions. As highly soluble Cr(VI) is freely transferred in
aqueous environments due to repulsive electrostatic inter-
actions among anionic Cr(VI) species and negatively
charged particles of soil, it is necessary to remove Cr(VI)
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from industrial wastewater before entering into the
environment.

Several methods are investigated for the removal of
heavy metals such as filtration, ion exchange, precipita-
tion, membrane process, sedimentation, electrochemical
treatment, reverse osmosis, photocatalytic reduction, and
adsorption [9–12]. Out of these, adsorption is considered
more preferable for eliminating heavy metals due to its
unique properties like ease of operation, the simplicity of
design, insensitivity to toxic pollutants, fewer amounts of
harmful substances, and low cost [13, 14]. There are
many eco-friendly bioadsorbents, but those show poor
adsorption capacity and very slow process kinetics. But
nowadays, nanoscale zero-valent iron is widely used for
the adsorptive removal of heavy metals due to its large
specific surface area, high reactivity of surface sites,
small particle size, and strong reducibility [15, 16].

Mostly, ZVIN are synthesized by a liquid-phase re-
duction method using sodium borohydride or potassium
borohydride as reducing agents [17]. But the main dis-
advantage of this method is toxicity of borohydride
which eventually may induce environmental pollution in
the form of resulting ZVIN. Furthermore, ZVIN prepared
by this method can agglomerate quickly in clusters.
Hence, to prevent agglomeration process, it is required
to add some dispersant agents like stabilizing or capping
agents [18, 19]. If non-biodegradable dispersant agents
used in large scale, then those are treated as secondary
pollutants. Therefore, there is a clear need for novel al-
ternative method which obeys the tenets of green chem-
istry, for the preparation of ZVIN. In the process of
green chemistry, the plant extract mediated synthesis
which is economically preferable and environmentally
compatible has been proposed as a preparative method
for ZVIN [20, 21]. Naturally, plant extracts contain poly-
phenols, flavonoids, and other phytochemicals that can
act as both reducing and stabilizing agents [22, 23].
Thus, the biomolecules that are present in plant extracts
can reduce ferrous or ferric ions to zero-valent iron and
effectively prevent agglomeration of ZVIN [23, 24].

From the inspiration of several, methods were utilized
for the synthesis of ZVIN using green techniques for
avoiding toxic and high-expensive materials for the pre-
vention of environmental pollution. In this study, green,
eco-friendly and low-cost synthesis of CR flower extract
mediated and stabilized ZVIN was first time reported for
the effective adsorptive removal of Cr(VI) from the con-
taminated water. The optimization factors for Cr(VI) re-
moval from aqueous solution using CR flower extract
stabilized ZVIN under different variables namely, pH of
the aqueous solution, the concentration of ZVIN (g/L),
the dosage of ZVIN, contact time, and initial concentra-
tion of Cr(VI) were also investigated.

2 Experimental

2.1 Materials

Ferric nitrate nonahydrate (FeNO3. 9H2O, CAS Number
7782-61-8), potassium dichromate (K2Cr2O7, CAS Number
7778-50-9), lead nitrate (Pb (NO3)2, CAS Number 10099-74-
8), and ethyl alcohol (CH3CH2OH, CAS Number 64-17-5)
were purchased AR grade from Sigma Aldrich Chemicals,
India. The fresh flowers of Catharanthus roseus were collect-
ed from Osmania University, Hyderabad, India.

2.2 Collection of Catharanthus roseus flower extract

Catharanthus roseus flowers are washed twice with double
distilled water and then cut into small pieces and dried. The
CR flower extract was prepared by mixing 20 mg weight of
dried flower extract powder with 100 mL double distilled
water in a 250-mL conical flask and boiled for 5 min at
100 °C. After cooling, the solution is filtered by Whatman’s
no.1 filter paper and the filtration carried out thrice to get a
clear extract solution.

2.3 Eco-friendly preparation of ZVIN

The green and eco-friendly stable ZVIN are prepared by CR
flower extract as a reducing and stabilizing agent. In this typ-
ical synthesis, 0.01 M FeNO3×9H2O (ferric nitrate
nonahydrate) is prepared in double distilled water and mixed
with flower extract in 1:1 volume ratio. For the reduction of
Fe+3 ions as Fe0 to take place, the equal volume of CR flower
extract is added slowly to aqueous ferric nitrate solution with
constant stirring for 15 min by using magnetic stirrer and the
reaction is carried out at room temperature. During the syn-
thesis process, the formation of ZVIN indicated by the change
of color of the reaction mixture to black color due to the
phenolic content (polyphenols) of CR flower extract
interacted with the ferric ions [25]. Afterward, the reaction
mixture is centrifuged at 15,000 rpm for 15–20 min and next
to the collected precipitate is washed with 1:1 ethanol water
and double distilled water several times to remove remaining
impurities. Finally, the obtained black ZVIN precipitate is
dried at 60 °C in an oven for 24 h and stored for further
applications. The synthesis procedure of CR flower extract
stabilized ZVIN was explained graphically and shown in
Scheme 1.

2.4 Characterization techniques

UV-visible absorption analysis was carried out using UV-
3600 spectrophotometer (Shimadzu) in the range of 200–
800 nm. Scanning electron microscope (SEM) imaging anal-
ysis of the samples was conducted using a Zeiss evo18
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scanning electronmicroscopewith an equipment of EDX. The
crystallinity and phase were examined using X-ray diffraction
(XRD) analysis with a computer-controlled X-ray diffractom-
eter (Philips, X’pert pro diffractometer) and equipped with a
stepping motor and graphite crystal monochromator in the
range 2θ = 10–80°. The FT-IR spectra of the synthesized
ZVIN were analyzed by Bruker spectrophotometer in the
range of wavenumber 400–4000 cm−1.

2.5 Batch adsorption experiments for Cr(VI) removal

A series of batch adsorption experiments were tested to eval-
uate the efficiency of synthesized ZVIN for the removal of
Cr(VI) from contaminated water with the variation of ZVIN
concentration, Cr(VI) concentration, contact time, and pH of
the initial solution by adsorption using UV-vis spectroscopy at
room temperature. In this batch adsorption experiments,
30 mg of ZVIN mixed with 30 mL of potassium dichromate
solution of different concentrations (10–100 ppm) and shaken
uniformly for 2 h to carry out the adsorption studies. To ex-
amine the effect of contact time on the removal of Cr(VI),
100 mg of ZVIN is added to 250 mL of potassium dichromate
(20 ppm) and stirred for a certain period of time on a magnetic
stirrer. At certain time intervals (15, 30, 45, 60, and 120 min),
about 5 mL of the aliquot was taken from the mixture and
centrifuged to remove ZVIN. The experiments were conduct-
ed at the initial solution pH from 4.3 to 10.0 to examine the
influence of CR flower extract stabilized ZVIN concentration
and initial concentration of Cr(VI) on Cr(VI) removal efficien-
cy. The concentration of Cr(VI) remaining in the solution is
determined using spectrophotometer by measuring absor-
bance at λ = 323 nm. The reduction in the concentration of
Cr(VI) is calculated from the difference between initial and
final equilibrium concentrations. The removal efficiency is
computed from the following equation:

%of Removal ¼ c0−ceð Þ
c0

� 100 ð1Þ

where c0 and ce are total dissolved and equilibrium liquid-
phase concentrations (mg L−1), respectively.

2.6 Adsorption isotherms

Langmuir and Freundlich’s models are applied to the equilib-
rium experimental data to predict the adsorption mechanism
of Cr (VI) removal using CR flower extract stabilized ZVIN.

.

Langmuir model The important assumption of this model
is the formation of a monolayer, i.e., the adsorbed layer
contains the thickness of one molecular level [26].
Langmuir model is mainly applicable for a homogeneous
surface. In this study, all active sites are identical, ad-
sorption occurs at the definite number of localized sites,
and hence adsorption energy is uniform. Even on adja-
cent active sites also, the intermolecular interactions and
steric hindrances among adsorbed molecules are not no-
ticeable. During the sorption process, each molecule has
the same and constant enthalpies and activation energies.
On the plane of adsorbent surface, no transmigration of
adsorbed molecules takes place. The expression of
Langmuir that relates molecules adsorbed on the solid
surface to the equilibrium concentration of liquid phase
molecules which are present above the surface of sorbent
is given by the following equation:

qe ¼
Xmbce
1þ bce

ð2Þ

where qe (mg g−1) and ce (mg L−1) are the amounts
adsorbed on the surface of a unit mass of sorbent and
the concentration of adsorbate in the solution at equilib-
rium, respectively. Xm (mg g−1) is the maximal adsorp-
tion capacity and b (L mg−1) gives affinity of binding
sites (empirical constant). The Langmuir expression can
be given in the linearized form:

Scheme 1 The schematic representation of the preparation of ZVIN using CR flower extract
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ce
qe

¼ 1

Xm
ce þ 1

Xmb
ð3Þ

Freundlich model It is a two-parameter earliest model and
initially developed for animal charcoal adsorbent. The main
assumption of the Freundlich model is adsorption occuring at
the heterogeneous adsorbent surface with non-uniform distri-
bution of enthalpies of adsorption [27]. The adsorption pro-
cess is reversible, non-ideal multilayer formation takes place,
and does not limit tomonolayer sorption. The binding sites are
not identical; every site is speculated to have different bond
energies, the stronger site occupied first and the total amount
of adsorbed adsorbate is considered to be a sum of adsorbate at
all active sites. Hence, at the end of the adsorption process
obviously adsorption energy decreases. The expression for
Freundlich adsorption isotherm is as follows:

qe ¼ K f c
1=n
e ð4Þ

where, qe (mg g−1) and ce (mg L−1) are the quantity adsorbed
on the surface of a unit mass of sorbent and the concentration
of adsorbate in the solution at equilibrium, respectively. Kf

(mg g−1(L mg−1)1/n) is Freundlich constants which give the
sorption capacity and n indicates favorability of adsorption.
Here ‘n’ value gives information about the magnitude of driv-
ing force of adsorption and heterogeneity of binding sites. The
values of n between 1 and 10 (1 < n < 10) indicate favorable
adsorption [28]. To calculate the values of Freundlich con-
stants (Kf and n) are summarized in Table 1, the equation of
the linear form of Freundlich isotherm was taken as follows:

logqe ¼ logK f þ 1

n
logce ð5Þ

3 Results and discussion

3.1 UV-vis absorption analysis

To determine the formation of ZVIN using UV-vis ab-
sorption spectra was carried out from 200 to 800 nm at
room temperature (Fig. 1). The UV-vis spectral analysis

of the clear solution of CR flower extract shows strong
absorption in the region from 300 to 400 nm initially. It
reveals the information about the presence of phytochem-
icals like polyphenols, amino acids, lipids, and carbohy-
drates [29]. After mixing the clear solution of CR flower
extract to the ferric solution, the formation of a black
color colloidal solution appears immediately. In the spec-
tra of the colloidal solution, it was observed that strong
absorption peaks of flower extract at 300 to 400 nm dis-
appeared and a broad absorption peak appeared at higher
wavelengths (Fig. 1). After that, the UV-vis absorption
spectra of CR flower extract stabilized ZVIN does not
exhibit any peaks indicating the dispersed pellets of
ZVIN in aqueous solution. It revealed the formation of
polydispersed ZVIN.

Table 1 The calculated Langmuir and Freundlich adsorption
parameters for removal of Cr(VI) using ZVIN

Langmuir model Freundlich model

Xm (mg g−1) 5.8 Kf (mg g−1(L mg−1)1/n) 2.88

B (L mg−1) 0.19 n 6.6

R2 0.99 R2 0.96

Fig. 1 The UV-visible absorption spectra of flower extract, ferric solu-
tion, and ZVIN

Fig. 2 The FT-IR spectra of a CR flower extract stabilized ZVIN and b
CR flower extract

emergent mater. (2019) 2:327–335330



3.2 FT-IR analysis

FT-IR spectra of CR flower extract and ZVIN stabilized in
flower extract (Fig. 2) provide the information about forma-
tion and stabilization of iron nanoparticles by revealing the
interaction among biomolecules of flower extract and metal
ions. In the FT-IR spectral analysis of CR flower extract (Fig.
2a), it exhibited a strong absorption peak positioned at
3359 cm−1 is due to -OH and -NH stretching vibrations and
the peaks at 1641 cm−1 and 1239 cm−1 indicate the presence of
amide group [30]. Furthermore, a peak positioned at
1083 cm−1 gives the information about the presence of -OH
bending and C-O-C stretching modes. These absorption peaks
indicated the presence of polyphenols in CR flower extract
[31, 32]. In the FT-IR spectrum of the colloidal solution of
ZVIN stabilized in flower extract, it is observed that a peak
positioned at 3359 is shifted to 3361 cm−1 and peak at 1641 is
shifted to 1645 cm−1 with increasing intensity. Similarly, the
peaks at 1239, 1083, 976 cm, and 923 shifted to 1231, 1078,
972, and 918 cm−1, respectively. The complete absence of
peaks is also noticed at positions of 873 cm−1 and 680 cm−1

in ZVIN colloidal solution. The shifted peaks suggest that
amide groups in CR flower extract may be involved in the
formation of ZVIN and responsible for the reduction of Fe+3

ions as Fe0 [33, 34].

3.3 XRD analysis

The XRD analysis is carried out in the range of 2θ value from
10 to 80° to investigate the crystalline structure and crystal
size of synthesized CR flower extract stabilized ZVIN. In
the XRD pattern of ZVIN prepared by CR flower extract
(Fig. 3), the diffraction peaks at 2θ of 44.5° (4 0 0) and
62.1° (4 4 0) indicate that the sample contains preponderantly
zero-valent iron and the diffraction peak at 2θ of 35.2° (3 1 1)
is due to slight oxidation of iron [35]. In addition to the

characteristic diffraction peaks of iron nanoparticles, very
low-intensity peaks in between the 2θ values of 20–25° are
noticed due to the coating of organic matter on the surface of
ZVIN, which serves to enhance particle stability. Using peak
broadening profile of peak at the 2θ value of 44.5°, the ap-
proximate size of ZVIN is calculated by Debye-Scherer’s for-
mula:

D ¼ 0:94 λð Þ=β cosθ ð6Þ
where λ is wavelength (1.5418 Å), θ is the diffraction angle,
and β is full-width at half maximum (FWHM) of correspond-
ing peak. The calculated crystal size of synthesized ZVIN is
approximately 20–30 nm from the Debye-Scherer’s equation.

3.4 SEM and EDX analysis

To investigate the morphology, crystal growth, and approxi-
mate size of synthesized ZVIN by the SEM analysis and the
corresponding SEM image is shown in Fig. 4a. It reveals that
the ZVIN are not standalone, mostly spherical that they do not
form a chain and some are irregular in shape. They are
polydispersed with different sizes with less than 100 nm. In
the SEM image of ZVIN, the slight agglomeration was ob-
served due to the magnetic interactions among prepared

Fig. 3 The powder XRD pattern of CR flower extract stabilized ZVIN Fig. 4 a SEM and b EDX images of CR flower extract stabilized ZVIN
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nanoparticles and it shows some spherical shape of the small
size particles is present. EDX analysis provides the qualitative
as well as quantitative information about elements that may be
involved in the formation of nanoparticles and is shown in
Fig. 4b. It reveals the proportion of atomic percentages of iron
(32.17%), carbon (44.24%), and oxygen (23.59%) elements
present in the synthesized ZVIN. These results demonstrate
that phytochemicals having the antioxidant property such as
polyphenols, amino acids, reducing sugars, and nitrogenous
bases present in the flower extract are responsible for the re-
duction of metal ions in the metal salt solution [36].

3.5 Effect of factors on Cr(VI) removal

Previous reports have been shown that many parameters in-
fluence the Cr(VI) removal ability of ZVIN in triplicate times
for the optimization of parameters. In this study, the major
factors known to Affect the reactivity, including the initial
concentration of Cr(VI), contact time, pH, and ZVIN dosage
are investigated for the removal of Cr(VI) from the contami-
nated water by adsorption technique.

3.5.1 Effect of initial concentration of Cr(VI)

From the experimental data, it is noticed that the initial con-
centration of Cr(VI) interacting with ZVIN increases and the
removal efficiency decreases (Fig. 5). The percentage of re-
moval of Cr(VI) in the solutions (10 ppm, 20 ppm, 40 ppm,
60 ppm, 80 ppm, and 100 ppm) in 2 h contact time are 99.5%,
99.1%, 80.2%, 74.6%, 66.4%, and 57.2%, respectively. The
removal capacity of ZVIN is highest in Cr(VI) concentration
at 10 ppm level. These experimental results are in good agree-
ment with the previous report [37]. For a given amount of
ZVIN, there exists a fixed number of binding sites to interact
with Cr (VI) in solution and as the concentration of Cr(VI)

increases, there is no corresponding increase in the binding
sites as well as surface area of synthesized ZVIN. Therefore,
in this investigation provided that at higher concentrations of
Cr (VI), the removal efficiency of ZVIN is less.

3.5.2 Effect of contact time

Initially, the removal rate of Cr(VI) in contaminated water is
more but as the time increases, the rate of removal decreases
and stable after reaching the equilibrium state which agrees
with experimental results of the effect of initial concentration
of Cr (VI) and it was shown in Fig. 6a, b. These results clearly
revealed the dependence of the rate of removal on the initial
concentration of Cr(VI).

3.5.3 Effect of solution pH on Cr(VI) removal

The pH of the solution shows a vital role in the adsorptive
removal process of heavy metals due to the surface charge and
distribution of binding sites of adsorbent are greatly influ-
enced by the pH of the solution. Therefore, adsorption ability
of adsorbent and charge of the metal ion in the solution both
are controlled in response to pH of the medium. In this study,
the original pH of the Cr(VI) solution without adjustment is
4.3 and the influence of pH on the removal of Cr(VI) is inves-
tigated by considering the pH range from 4.3 to10.0. When
the pH is less than 4.3, it was not taken into account due to
acidic dissolution, wipe-out of ZVIN, and demolished organic
capping agents on ZVIN at low pH [38]. From the experimen-
tal data, it is observed that Cr (VI) removal efficiency of ZVIN
decreases with the increase in pH of the solution. The reason
may be explained at higher pH: (1) there is a competition
between negatively charged hydroxyl ions and Cr(VI) which
exists mainly in the form of oxyanions and (2) the oxide pas-
sivated film formed due to the decrease in iron corrosion pro-
duction, which prevents further adsorption of Cr(VI) ions.

3.5.4 Effect of dosage of ZVIN on Cr(VI) removal

The amount of ZVIN varied (0.4, 0.8, 1.2, and 1.6 g/L) to
determine the influence of dosage of ZVIN on Cr(VI) remov-
al. In this study, it is noticed that the amount of ZVIN in-
creases the rate of removal efficiency and is also increased
due to the increase in the number of binding sites expected.
However, Cr(VI) removal efficiency of ZVIN is not signifi-
cantly less at the lower dosage but the adsorption process is
much slower. At the higher dosage (1.6 g/L) of ZVIN, a rapid
adsorption takes place and the equilibrium is attained within
10min while at the lower dosage (0.4 g/L) the time required to
attain equilibrium is 120 min.

Fig. 5 Effect of the initial concentration of Cr(VI) on % of removal using
ZVIN
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3.5.5 Adsorption isotherms

The linear plots of 1/qe against 1/ce show the Langmuir ad-
sorption isotherm of Cr(VI) removal by CR flower extract
stabilized ZVIN (Fig. 7a). The slope and intercept values of
straight line give the parameters Xm and b, respectively. The
introductory information about substantive characteristics of
Langmuir adsorption isotherm is provided by a dimensionless
quantity RL (separation factor). If 0 < RL < 1, it is considered
favorable adsorption; if RL > 1, it is considered unfavorable
adsorption; if RL = 0, it is considered irreversible adsorption;
if RL = 1, it is considered linear adsorption [39]. The equation
for RL is:

RL ¼ 1

1þ bc0
ð7Þ

where b (L/mg) is the Langmuir constant and co (mg/L) is the
initial concentration of adsorbate. In Table 1, the calculated
Langmuir adsorption parameters are tabulated. RL value re-
veals the favorable adsorption of Cr(VI) on ZVIN. Based on
the value of the correlation coefficient (R2), it was clear that
the Langmuir model was well fitted to experimental data.

Figure 7 shows the Freundlich adsorption isotherm of
Cr(VI) removal by ZVIN. Freundlich constants Kf and n are
determined using slope and intercept values of the straight
line, respectively. However, from all these parameters, it was

Fig. 7 a Langmuir adsorption and b Freundlich adsorption isotherms of Cr(VI) removal using CR flower extract stabilized ZVIN

Fig. 6 a The relative change in the concentration Cr(VI). (b) Effect of contact time on the % of removal of Cr (VI) using CR flower extract stabilized
ZVIN
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concluded that the Langmuir adsorption model was well fitted
than the Freundlich adsorption model to the adsorption of
Cr(VI) which confirms homogeneous and monolayer
adsorption.

3.5.6 Adsorption kinetics

To examine the kinetics of Cr(VI) removal process by the
synthesized CR flower extract stabilized ZVIN, the adsorption
experiments were carried out at room temperature and the data
well fitted to the pseudo-second-order kinetic model which
can be expressed as:

qt ¼
k2tq2e

1þ k2tqe
ð8Þ

where qt (mg g−1) is the amount of adsorbate adsorbed at time
t (min), qe (mg g−1) is the equilibrium adsorption capacity of
sorbent, and k2 (g mg−1 min) is the second-order rate constant.
The linear form of pseudo-second-order kinetic model [40] is
considered to determine the values of k2 and qe:

t
qt

¼ 1

k2q2e
þ t

qe
ð9Þ

The values of k2 and qe calculated from the slope and in-
tercept values of the linear plot of t/qt against t (Fig. 8) are
summarized in Table 2.

4 Conclusions

In this summary, we report for the first time, the eco-friendly,
non-toxic, and low-cost ZVIN synthesized by renewable and
naturally occurring CR flower extract as both a reducing and
stabilizing agent. The synthesized ZVIN were completely

characterized by UV-vis, FT-IR, XRD, and SEM-EDX analy-
sis for investigation of their optical, structural, and morpho-
logical properties. The UV-vis and FT-IR analyses confirm
that the polyphenols and amino acids present in the flower
extract are responsible for the formation of ZVIN. The crys-
tallinity and size of the synthesized ZVIN are confirmed by
XRD and SEM analysis. The estimated average size of ZVIN
is less than 100 nm. The obtained results demonstrated that the
synthesized ZVIN are very efficient in the adsorptive removal
of Cr(VI) from contaminated water by Langmuir and
Freundlich adsorption isotherms. The Langmuir isotherm
was a well fit to the adsorption of Cr(VI) on ZVIN than the
Freundlich isotherm and the adsorption process follows
pseudo-second-order kinetics. The results of the graphs
showed that the interaction effects of pH, ZVIN concentration,
and contact time had the highest degree of influence on Cr(VI)
removal efficiency, respectively. The optimum operation con-
ditions were obtained with pH of aqueous solutions of 4.3,
ZVIN concentration 1.6 g/L, and initial concentration of
Cr(VI) is 10 ppm. In the future, this work was suggested for
the removal of other pollutants from the wastewater in indus-
trial applications.
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