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ORIGINAL STUDY

Removal of Cr(VI) from Aqueous Solution Using
Magnetic Activated Carbon Prepared from Waste
Shell of Marigold Flower Straw: Kinetics, Isotherm
and Mechanism Studies

Shanmukha Rao Metta, Uttam Kumar Sahu® *

Department of Chemistry, Gandhi Institute of Engineering and Technology University, Gunupur, Odisha-765022, India

ABSTRACT

When Cr(VI) was released from industrial waste into water bodies harms aquatic ecosystems and poses risks to human
well-being. To reduce risks, it’s crucial to lower Cr(VI) levels through the sustainable process. In order to extract Cr(VI)
from a liquid, the magnetic activated carbon adsorbent was created for the current investigation. H;PO4 was utilised as
an activating agent in the thermal procedure to prepare activated carbon from marigold flower straw for the first time.
The marigold flower straw activated carbon (MFSAC) was further decorated with Fe;O, nanoparticles (Fe30,/MFSAC)
in the reflux process. The complete analysis of the MFSAC and Fe;O,/MFSAC nanocomposite properties was carried
out utilizing X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), BET (Brunauer-Emmett-Teller) and zero-point charge (pHjgp) to get information about the morphology, functional
group, crystallinity, surface area, and surface charge respectively. At an initial concentration of 20 mg/L, a pH of 3, a
contract time of 40 minutes, and an adsorbent dose of 2 g, around 99% of Cr(VI) was eliminated. The Langmuir isotherm
showed that the Fe3;04/MFSAC nanocomposite could adsorb 8.76 mg/g. The pseudo-second-order kinetic model had the
best-fitting R? values, which were 0.99. On the surface of the Fe;0,/MFSAC nanocomposite, electrostatic attraction
and porosity adsorption were the main mechanisms for Cr(VI) adsorption. Therefore, in wastewater treatment, the
Fe;04/MFSAC nanocomposite functions as a possible adsorbent.

Keywords: Marigold flower straw, Chromium, Fe;0,4, Activated carbon, Adsorption

1. Introduction

In current century, the heavy metal pollution is
the most dangerous global environmental issues.
Chromium (Cr) is among the most dangerous pollu-
tants made of heavy metals produced by industries
such as textiles, steel manufacturing, metal finishing,
leather tanning, and electroplating. There are several
chemical types of Cr, and its oxidation states range
from O to 6; nevertheless, the greater levels of Cr
oxidation are particularly notable because of their
toxic characteristics [1]. There are only two types

of chromium that are stable enough in an aquatic
environment: trivalent and hexavalent [2]. Because
of its mobility, high solubility, oxidation potential,
tiny size, and effective mobility in biological sys-
tems (cell membranes), Cr(VI) is considered to be
more than 100 times more dangerous than Cr(III)
[2]. It is claimed that Cr(VI) possesses mutagenic and
carcinogenic properties [3]. The capacity of Cr(VI)
to solvate at various pH levels and penetrate cell
membranes, whether prokaryotic or eukaryotic, has
heightened its potential impact on DNA mutations
via the build-up of reactive oxygen species (ROS) [4].
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As a result, eliminating Cr(VI) from aqueous solution
is crucial.

Cr(VI) has been reduced or eliminated from aquatic
environments using a variety of methods, such
as electrocoagulation and precipitation [5], reverse
osmosis [6], ultrafiltration [7], adsorption [8], bio-
logical and microbial reduction [9], photocatalysis
[10], liquid membrane filtration [11], ion exchange
[12]. Adsorption is regarded as one of these tech-
niques that works well, straightforward, and as well
as a quite inexpensive method for Cr(VI) remove [13].
Additionally, adsorption can not only manage pol-
lutants while simultaneously recovering and reusing
them in industrial operations [14]. In recent days
iron oxides show great potential in order to remove
Cr(VI) and are commonly used in water purification
due to their ecological safety, affordability, and com-
paratively strong stability [15, 16]. Furthermore, the
magnetic properties of Fe3O4 nanoparticles, which
facilitate facile separation, and their straightforward
manufacturing have attracted a lot of interest [17].
However, researchers also have observed that iron
oxides have a small surface area due to their mag-
netic nature which often restricts their work to batch
experiments [18]. Therefore, to support iron oxide
nanoparticles some base materials are required which
possess high surface area.

Currently, natural polymers like chitosan [19], cel-
lulose [20], alginate [21], guar gum [22, 23], gum
Arabic [24] and activated carbon [25, 26], are uti-
lized to wastewater in order to eliminate Cr(VI). It
is possible for a complex to develop with various
metal ions thanks to these biodegradable substances.
Adding the right functional group to these com-
pounds by esterification [27], oxidation processes
[28], or crosslinking techniques [29] can improve
this characteristic. Activated carbon possesses a high
surface area, mesoporous in nature, environmentally
friendly, minimal diffusion length and ultimately can
act as a very good base materials to support iron
oxide nanoparticles [30]. Recently, agricultural waste
materials like coconut shell [25], tea waste [1], jute
fibre [17], etc. used in manufacture of activated car-
bon and have gotten very good results. Cr(VI) has
also been eliminated using single-activated carbon;
however, issues with chemical stability and reusabil-
ity have been note [31]. Therefore, it is expected
that adding Fe3O4 to activated carbon will improve
the adsorbents’ capacity to separate using an external
magnetic field from aqueous solution in addition to
strengthening their chemical stability [32, 33].

Marigold flower is widely used in India for worship,
decoration and other cultural activities, hence a tons
of flower has been generated every day and going

to dustbin without any use. Here, marigold flower
straw is used as an activating agent in a thermal pro-
cedure for making activated carbon, and then Fe3O4
nanoparticles are generated over the activated carbon
surface using the reflux method to boost the removal
efficiency. The Fe304/MFSAC composite’s adsorption
properties are completely unknown, and its suitabil-
ity for treating Cr(VI) wastewater has not yet been
assessed. Thus, the primary goals of this analysis were
to: (a) employ experimental methods to characterise
the Fe304/MFSAC composite; (b) optimise the param-
eter for maximal removal of Cr(VD); and (c) apply
kinetic and isothermal models to determine the Cr(VI)
adsorption process.

2. Materials and methods
2.1 Materials

The marigold flower straw was gathered for one
month from the dustbin of GIET University temple,
Gunupur, Rayagada, Odisha-765022, India. The
straw was washed several times before oven drying
for two days at 90 °C. The straw was then cut into
several pieces and finely ground to powder form
of mesh size 150 microns. It was put in an airtight
bottle after being cleansed with distilled water for
later usage and oven-dried for two days at 90 °C.
Phosphoric acid (H3PO4), sodium hydroxide (NaOH),
conc. hydrochloric acid (HCI) and ammonia solution
(NH,OH) were brought from Loba Chemicals, India.
Hexahydrate and tetrahydrate of iron chloride
(FeCl3.6H,0O and FeCl;.4H,0, respectively) and
potassium dichromate (K;CryO;) are purchased
from Sigma-Aldrich chemicals. The potassium
dichromate was purchased from Himedia Chemical,
Mumbai.

2.2. Preparation of activated carbon

Concentrated phosphoric acid was applied to the
produced marigold flower straw powder in a weight
ratio of 1:4 at room temperature for 24 hours. In oven
set to 120°C was used to dry the mixture for 2 days.
After that, the final product was cleaned to get rid
of any remaining residue acid using double-distilled
hot water. The material that was acquired was for-
warded to a hot air muffle furnace under nitrogen
atmosphere. At 250° C, the material activation was
complete with heating scan of 15° C/min for a time
duration 2 h. Then, the obtained activated carbon was
stored in an airtight bottle known as marigold flower
straw activated carbon (MFSACQ).
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2.3. Preparation of iron oxide decorated activated
carbon

Here, a straightforward reflux technique was used
to decorate the iron oxide nanoparticles on the MF-
SAC surface. 50 mL of double-distilled water was
mixed with 2.67 g FeCl;.4H,0 and 5.35 g FeCl3. 6H,0
were mixed in the ratio 1:2 with 50 mL double dis-
tilled water and rapidly stirred for 30 min [34]. After
that, 1 g of the MFSAC that was prepared earlier was
mixed up with the solution vigorously for 15 min.
After that, add 25 mL of 25% NH4OH to the mixture
above and stir vigorously for 90 min at 85° C in a
nitrogen atmosphere. After allowing the mixture in
the reaction to cool, hot water was used for washing
several times to remove the untreated ammonium
hydroxide up to pH 7. Finally, the magnetic compos-
ite was for 24 h at 85° C in an oven and named as
Fe304/MFSAC nanocomposite stored in a bottle for
adsorption studies.

2.4. Batch adsorption studies

A 1000 mg/L Cr(VI) stock solution was first made
by mixing 2.828 g of potassium dichromate with 1 L
of double-distilled water. The necessary concentra-
tion was attained by diluting the stock solution. To
determine the ideal percentage removal, isotherm,
and kinetics investigations, the effects of the adsor-
bent dosage (0.5 to 3g), starting concentration (10
to 80 mg/L), duration (5 to 60 min), and pH (3 to 11)
were reviewed in batch process. Here, 150 mL polylab
plastic bottles holding 50 mL of Cr(VI) solution were
used for the batch studies. The pH of the solution
was maintained using a solution of sodium hydroxide
(NaOH) and hydrochloric acid (HCI). Following ad-
sorption, the materials were magnetically separated,
and a UV-visible spectrophotometer was used to de-
tect the quantity of residual Cr(VI) at 440 nm. The
adsorbent’s adsorption capacity and the percentage of
Cr(VI) removal are calculated using Egs. (1) and (2)
[35, 361;

Co—Ce

R(%) = x 100 1)

Co—Ce
w

xV 2

qe

Where g, and R is equal to the quantity of Cr(VI) on
the composite surface (mg/g) and the rate of elimina-
tion (%); W and V stand for weight of composite (g)
and volume of Cr(VI) solution (L), respectively. The
concentrations at starting and equilibrium periods are
Co and C,, respectively, expressed in mg/L.

2.5. Characterization techniques

MFSAC and Fe304/MFSAC nanocomposite elemen-
tal composition and surface morphology were de-
tected using a scanning electron microscope (FESEM)
equipped with field emission and energy dispersive
spectra (EDX) (JSM-7800, Japan). The phases and
crystal structure of MFSAC and Fe3O4/MFSAC have
been ascertained by X-ray diffraction (XRD) pat-
tern analysis using the RIGAKU JAPAN/ULTIMA-IV
equipment, respectively. Using a Perkin Elmer RX-I
FTIR analyser, the functional groups of the MFSAC
and Fe30,4/MFSAC nanocomposite—the active bind-
ing sites were discovered. A Quantachrome surface
area analyser was utilised to ascertain the MFSAC and
Fe304/MFSAC nanocomposite’s BET surface area,
pore volume, and pore diameter. The Zeta size Nano
ZEN3690 manufactured in Malvern, UK, was used to
calculate the surface charge of Fe3O4/MFSAC. The
UV-visible spectrophotometer (UV-Shimadzu 2450)
was used to measure the amount of Cr(VI) in the
1,5-diphenylcarbazide (DPC) method.

3. Result and discussion

3.1. Characterization of the adsorbents

Fig. 1 shows the morphologies and elementals of
MFSAC and Fe304/MFSAC nanocomposite. As seen
in Fig. la, MFSAC shows a porous arrangement
consisting of plenty of micropores and macropores,
which were spread all over the surface. MFSAC has
a larger number of porous cavities which will pro-
vide an active number of binding sites and ultimately
favourable for adsorption. Fig. 1b presents that MF-
SAC has only C and O with a ratio of 66.66:33.34.
The distribution of Fe3O4 nanoparticles on MFSAC
surfaces is seen in Fig. 1c. Fe304 nanoparticles cov-
ered the entire surface area of the MFSAC, and the
small spherical aggregate of nanoparticles beautifully
covered the surface. Fig. 1d shows the elemental com-
position of Fe304/MFSAC, which showed that Fe was
present together with C and O. This confirmed that
iron oxide nanoparticles had formed on the MFSAC
surface. The Cr(VI) adsorbed Fe304/MFSAC surface
is shown in Fig. le. After adsorption, the surface
of Fe304/MFSAC was completely changed after ad-
sorption, it’s become smooth and compact. As can
be observed, the particles were widely distributed
and did not agglomerate, suggesting that their sur-
face had been adsorbed with Cr(VI) metal ions. In
Fig. 1f, Cr(VI) is seen alongside C, O, and Fe,
indicating that Cr(VI) has been adsorbed on the
Fe304/MFSAC surface.
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Fig. 1. FESEM and EDS images of MFSAC (a, b) and Fe304/MFSAC nanocomposite before (c, d) and after adsorption (e, f).

The FTIR analysis of the Fe304/MFSAC nanocom-
posite and MFSAC is displayed in Fig. 2. from
Fig. 2a, it was noted that MFSAC possesses peak
for -OH stretching vibration of several groups at
3383 cm~! [37]. The activated carbon’s C-C vibration
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was shown by the peaks at 1422 cm~!. Aromatic rings
and acids were discovered to have C=0 and C=C
peaks at 1720cm~! and 1627 cm™!, respectively
[38]. Benzene and its derivatives’ C-H bending vibra-
tions were represented by the other two peaks, which
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Fig. 2. FTIR spectra of (a) MFSAC and Fe3z0O4/MFSAC nanocomposite before (b) and (c) after Cr(VI) adsorption.

were located at 1029 cm ! and 450 cm~! [39]. After
Fe304 nanoparticles are decorated on the MFSAC
surface, the FTIR bends have been repositioned, some
lost completely, or newer ones have been created.
This indicated the interaction between functional
groups of MFSAC and Fe3O4 nanoparticles. Further-
more, a new peak that represented the Fe-O bond
formed at 525cm™! [40]. The Fes04/MFSAC FTIR
spectrum following Cr(VI) adsorption is displayed in
Fig. 2c. The peaks intensities were further decreased
and —OH vibration bends at 3337 cm~! were shifted to
3318 cm~!. A new peak was appeared at 935 cm™! for
Cr-O vibrations, the Fe304/MFSAC nanocomposite
was thought to have absorbed Cr(VI) [41].

The XRD structure of MFSAC and Fe;04/MFSAC
nanocomposite are shown in Fig. 3. The MFSAF
shows a sharp peak at 26.49° for graphitic carbon
[42]. The impurity phases of the activated carbon
boehmit were represented by the peaks at 15.28°,
17.93°, and 21.19°. The benzene rings’ carbon has
an additional peak at 42.44° [43]. However, the
activated carbon peaks vanished upon modification
with Fe304 nanoparticles, and new peaks formed
at angles of 30.07°, 35.37°, 43.15°, 53.59°, 57.17°,
and 62.62°, which are subsequently attributed to
crystal planes (220), (311), (400), (422), (511), and
(440) [30]. These indicated the presence of a cubic
spinal lattice of Fe3O4 nanoparticles. The removal

Table 1. Details BET analysis of Fe3O4/MFSAC nanocomposite.

Pore volume
(cm3/g)

0.039

BET surface
area (m2/g)

156.46

Average pore
size (nm)

3.56

Sample

Fes 04 /MFSAC

of activated carbon peaks was mostly caused by the
surface development of Fe3O, nanoparticles. This
modification revealed the successful fabrication of
the magnetic nanocomposite.

In Fig. 4, the isotherm curves for Fe304/MFSAC’s
nitrogen adsorption and desorption are displayed.
The nanocomposite displayed a type IV isotherm, as
can be shown, confirming that micro and meso pores
are present among the many pore sizes. The materi-
als’ mesoporous structure provides additional binding
sites for Cr(VI) adsorption. The BET analysis data is
detailed in Table 1. Fe304/MFSAC was discovered to
have a surface area of 156.46 m?/g, a pore diameter
of 3.56 nm, and a pore volume of 0.039 cm3/g. As a
result of the increased surface area, there are plenty
of binding sites for the adsorption of Cr(VI).

The zeta potential curve for the Fe3O4/MFSAC
nanocomposite is seen in Fig. 5. The nanocomposite
has a significantly positively charged surface at lower
pH 3, with a measured isoelectric point (pHIEP)
of 5.91. The positively charged Fe30,/MFSAC
nanocomposite surface would attract negatively
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charged Cr(VI) ions exist as HCrO4~ ions (oxidation
number + 6) at the pH range of 2 to 6 in the aquatic
environment) and be successfully extracted from the
aqueous solution.

3.2. Application for Cr(VI) removal

3.2.1. Effect of adsorbent dose

The weight of the Fe3O4/MFSAC nanocomposite
was increased from 0.5 to 3g in order to quantita-
tively eliminate Cr(VI). Fig. 6a displays the results
of the elimination of Cr(VI) that was achieved. The
Fe304/MFSAC nanocomposite’s absorption of Cr(VI)
ions increased from 45% to 99% at dosages of 0.5
to 2.0 g before stabilising. After administering 2.0¢g
of adsorbent, the linearity indicated that equilibrium
had been reached and that no more adsorption had
occurred. This indicates that the removal of Cr(VI)
was stabilised and that Cr(VI) ions had saturated
the active sites on the Fe304/MFSAC nanocomposite.
It was discovered that 2g was the ideal adsorbent
dosage for the removal of Cr(VI) ions.

3.2.2. Effect of initial concentration
In this batch research, the adsorbent dose stays
constant at 2 g, whereas the Cr(VI) ion concentrations

vary from 10 to 80 mg/L. According to Fig. 6b, the
elimination increased from 80 to 93% as the concen-
tration changed between 10 and 20 mg/L, and then,
when the concentration rose, it sharply dropped.
The existence of active spots on the surface of the
Fe304/MFSAC nanocomposite explains these find-
ings. There were sufficient adsorption sites for Cr(VI)
ions at lower starting concentrations (<20mg/L),
but as concentrations increased, the available adsorp-
tion sites became scarce and saturated, resulting in a
decreased elimination efficiency. Several researchers
utilising different kinds of adsorbents reported same
findings [44]. Therefore, 20 mg/1 was the ideal start-
ing Cr(VI) concentration.

3.2.3. Effect of contact time

In the actual real-time application, time is a
critical component. With an initial concentration
of 20mg/L and a constant adsorbent dosage of
2g, the rate of removal of Cr(VI) as a function
of contact time from 5 to 60 minutes is shown in
Fig. 6¢c. Nearly 91% of the Cr(VI) was extracted
from the mixture during the first 30 min of the
contact time with the Fe304/MFSAC nanocomposite,
according to the results shown in the figure. The
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Fig. 6. Cr(VI) removal efficiency as a function of (a) adsorbent dose, (b) initial concentration, (c) contact time and (d) pH.

elimination rate rose to 99% after 40 min and was
constant for the following 60 minutes. Because of
the large number of active sites in the Fe304/MFSAC
nanocomposite, Cr(VI) ions may be easily accessible,
resulting in fast Cr(VI) adsorption at lower times.
Initially found on the Fe304/MFSAC nanocomposite’s
surface, adsorbed Cr(VI) ions eventually dispersed
throughout the pores and achieved equilibrium.
Thus, 40 min is the optimal contact time for this
investigation.

3.2.4. Effect of pH

Using a fixed adsorbent quantity of 2 g, an initial
concentration of 20 mg/L, and a 40-min incubation
period at room temperature, pH tests were conducted
between 3 and 11 to eliminate Cr(VI). The most
Cr(VI) was removed at pH 3, and the rate of
removal of Cr(VI) decreased significantly at pH
6 (Fig. 6d). Below this pH level, the Fe304/MFSAC
nanocomposite’s surface exhibits a positive charge;
its pHIEP was 5.91 (Fig. 5). In the pH range of 2
to 6, HCrO,~ is the most common type of Cr(VI)
ions [45]. The positively charged Fe3O,/MFSAC
nanocomposite surface and the negatively charged

HCrO4~ ions were therefore electrostatically drawn
to one another. However, at higher pH values (neutral
and alkaline conditions), Cr(VI) ions take the forms of
CrO42~ and Cry0,% [46]. These negatively charged
Cr(VI) species therefore underwent electrostatic
repulsion with the negatively charged Fe3O,/MFSAC
nanocomposite surfaces. Same time under alkaline
conditions, excessive OH~ ions also compete with
Cr0O42~ and Cr,0,2~ about the adsorbent surface’s ad-
sorption sites, further decreasing the Cr(VI) removal
[47].

3.3. Adsorption kinetics

Kinetics studies analyze the adsorption rate dur-
ing the process of adsorption. It gives complete
information about the time-dependent adsorption
mechanism. In this swork, pseudo-first-order (PFO)
and pseudo-second-order (PSO) kinetics models were
used to match the Cr(VI) removal data. Physi-
cal adsorption is explained by first-order kinetics,
whereas chemical adsorption between the adsor-
bent and the adsorbate is explained by second-
order kinetics. The following equations reflect
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Fig. 7. Nonlinear kinetics for Cr(VI) removal.

the PFO and PSO nonlinear kinetics equations
[48, 491;

g = g (1 - ™) 3
_ qo’kat
%= 1+ qekzt )

Adsorption capacity at equilibrium time is denoted
by g., and adsorption capacity at time t is denoted by
g:- k1 (min~!) and k, (g/mg min) are rate constants
of PFO and PSO, respectively. The PSO Kkinetics
were suitably adjusted to the Cr(VI) removal, as
seen in Fig. 7. Table 2 displays the parameters for
the PFO and PSO kinetics models, respectively. The
PSO’s computed R? of 0.99 is much higher than
the PFO kinetic model’s R? of 0.98. This result
demonstrated that there was chemical adsorption
between the Fe304/MFSAC nanocomposite and
Cr(VD) ions [50, 51].

3.4. Adsorption isotherm

Isotherm studies examine how the adsorbate’s
molecules change the adsorbent’s surface. Adsorption

Table 2. Pseudo-first-order and pseudo-second-order kinetic
models’ parameters.

Pseudo-first-order Pseudo-second-order
qc (mg/g) ki (min~!) R?

0.492 0.113

q: (mg/g) ko (g/mg min) R?
0.982 0.572  0.240 0.991

isotherm investigations have a direct bearing on the
adsorption mechanism. This work has used Langmuir
and Freundlich’s isotherms to estimate the surface in-
teraction between Cr(VI) ions and the Fe304/MFSAC
composite. The isotherms of Langmuir provide give
information on homogenous adsorption whereas Fre-
undlich isotherms signify the heterogeneity in the
process of adsorption. In Egs. (5) and (6) [52, 53], the
nonlinear Freundlich and Langmuir isotherm equa-
tions are shown as follows;

qmbCe
e =T (5)
=115,
de = KFCel/n (6)

The variables in this case are: C. = Cr(VI) equi-
librium concentration; n = heterogeneity factor;
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Nonlinear Freundlich isotherm

50 60 70 80 920

C, (mg/L)

Fig. 8. Nonlinear isotherms for Cr(VI) removal.

Table 3. Nonlinear Langmuir and Freundlich
isotherms parameter.

Langmuir isotherm  Freundlich isotherm

qm(mg/g) 8.76 K¢ (mg/g) 1.37
b(L/mg) 0.04 n 2.63
R? 0.89 R? 0.78

Kr = Freundlich constant; g = equilibrium uptake
capacity; b = Langmuir constant; and g, = maxi-
mum uptake capacity. In Fig. 8, the nonlinear fitting
curves for the Langmuir and Freundlich isotherms
are shown. The Langmuir isotherms clearly made
the best fit to the experimental data when com-
pared to the Freundlich isotherm model. As shown
in Table 3, the coefficient of correlation (R?) for the
Freundlich model is 0.78 and for the Langmuir model
it is 0.89. The Fe30,/MFSAC composite surface’s
Cr(VI) monolayer adsorption molecules were strongly
demonstrated by this result [1]. The highest amount
of adsorption capacity of Fe304/MFSAC composite is
8.76 mg/g. Comparison studies have been done with
other materials and presented in Table 4.

Table 4. Cr(VI) adsorption capacities of different materials.

Adsorbents qm (mg/g) References
T-AlOOH/«a-Fep O3 1.79 [54]

Orange peel 7.14 [55]
Fe304-AC 8.06 [56]
Pineapple-peel-derived biochar  7.44 [57]
Fe304/MFSAC 8.76 Present study

3.5. Adsorption mechanism

This work’s adsorption mechanism was described
using FTIR and zeta potential measurements as ba-
sic techniques. From Fig. 2, the FTIR peak of OH
groups of Fe304/MFSAC nanocomposite after adsorp-
tion had been removed and new peak also appeared
at 935cm~! for Cr-O vibration. This gave evidence
that —-OH groups were playing a drastic role in
Cr(VI) adsorption. Again, the pHgp of Fe304/MFSAC
nanocomposi cmte was found to be 5.91. The posi-
tively charged Fe3O4/MFSAC nanocomposite surface
(below pH 5.91) and the negatively charged Cr(VI)
species were therefore interacting electrostatically.
Hence, Cr(VI) was adsorbed on the Fe304/MFSAC
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Electrostatic interaction

Porous Adsorption

Fig. 9. Schematic representation of Cr(VI) removal mechanism on FezO4/MFSAC nanocomposite surface.

nanocomposite surface by porous adsorption and
electrostatic force of attraction. The suggested mech-
anism of this work is presented in Fig. 9.

4. Conclusions

A successfully prepared activated carbon from the
waste marigold flower straw and Fe3O, nanoparticles
were decorated on its surface. The Fe304/MFSAC
nanocomposite production was verified by the use of
XRD, FTIR, and FESEM instruments. The surface area
of the nanocomposite is 156.46 m?/g. In the optimal
circumstances of adsorbent dose 2 g, starting concen-
tration 20 mg/L, time 40 minutes, and pH 3, 99%
of Cr(VI) was removed utilising the Fe30,/MFSAC
nanocomposite. According to the isotherm analysis,
the experimental results fit the Langmuir isotherm
model, with an R? value of 0.89. Adsorption kinetics
showed that chemical adsorption was possible using
a pseudo-second-order model. Electrostatic attraction
and porous adsorption were used to adsorb Cr(VI)
ions onto the Fe304/MFSAC nanocomposite surface.
Overall, the results showed that using activated

carbon coated with magnetic iron oxide nanoparticles
derived from waste marigold flower straw is a
potential technique for extracting from aqueous
solution of Cr(VI). This substitute adsorbent removes
chromium ions from aqueous solutions in a way
that is economical, highly effective, and ecologically
benign.
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