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INTRODUCTION

Nowadays researchers have focused on the preparation of
cadmium ferrite (CdFe,Os) because of its various applications
in many industries [1,2]. Ferrites are a class of metal oxides
that mainly consist of iron oxides. Its optical, magnetic and
electrical properties allow them to be applied in a multitude
of ways, for example, photodegradation of industrial wastes
or dyes [3], the degradation of organic pollutants through piezo-
electric catalysis [4,5], components of battery electrodes [6],
materials used in solar cell windows [7] and biological systems,
such as bioimaging [8] and magnetic resonance imaging as
well as nanomaterials with both luminescent and magnetic
properties [9], either paramagnetic or ferromagnetic.

The tetrahedral (A) and octahedral (B) sites of cadmium
ferrite nanoparticles, a representative of the general spinel ferrite
system, are filled with non-magnetic (Cd**) ions coordinated with
magnetic (Fe™) ions [10,11]. The literature provides reports
on a variety of synthetic methods for producing spinel-ferrite
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nanoparticles. Solid state reaction [12], sol-gel process [13],
combustion synthesis [ 14], sonochemical technique [ 15], electro-
chemical method [16], hydrothermal method [17], precursor
route [ 18], co-precipitation [19], microemulsions [20], reverse
micelles [21], solvothermal method [22], ball milling [23] and
microwave processing [24] are the few well-known methods.
The adsorption of organic dyes and metals from aqueous
solutions has been implemented in recent years using naturally
occurring clay minerals such as bentonite, montmorillonite,
palygorskite, kaolinite and sepiolite [25-33].

Sepiolite [Si1.MgsOs3(OH)4(H,0).-8H,0], a magnesium
phyllosilicate, consists of two tetrahedral layers of silica and
alayer of magnesium ions with octahedral coordination. Sepiolite
exhibits infinite channels with a cross-section of 0.4 nm? in
size, similar to other phyllosilicates where the octahedron
sheets are not constant [34-36]. TiO,, Fe,0s, Na,O, MgO, SiO,,
Ca0, K,O, AlL,O; and many other metals and metal oxides
are found in sepiolite clay [37]. Excellent ion exchange and
adsorption performance have been provided by this type of
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clay mineral due to its unique micromorphology and nanoscale
pores [38].

For the production of inorganic and metal-based nano-
particles, co-precipitation is a simple process with a controll-
able size distribution, high yield and an environmental friendly
solvent. Due to these advantages, it is decided to synthesize
sepiolite-supported CdFe,O4 nanocomposite by employing
hydrothermal co-precipitation method and evaluated its photo-
catalytic activity by using solar light to remove rhodamine-B
dye and also examined its hydrophobic properties.

EXPERIMENTAL

Ferric nitrate nonahydrate (Fe(NO3);-9H,0), cadmium
acetate dihydrate (Cd(CH;COOQ),-:2H,0), sodium hydroxide
and ethanol were of AR-grade purity (99% purity) and supplied
by Himedia Chemicals. Rhodamine-B dye (m.f. C2sH3N,O;Cl,
m.w.: 479.01) was supplied by Colour Chem, Pondicherry, India.
Himedia Chemicals supplied the sepiolite clay and washed
thoroughly to eliminate the impurities. Distilled water was used
throughout the experiments.

Characterization: Using a Siemens D5005 diffractometer
and CuKa (k =0.151418 nm) radiation, the X-ray diffraction
(XRD) patterns were analyzed. The diffractograms were recor-
ded with count duration of 20 s and in a 20 range between 10°
and 80°. Using a Model ULTRA-55 field emission scanning
electron microscope (FE-SEM), the morphology of nanocom-
posite was investigated. To capture images at different magnifi-
cations, samples were positioned on a gold platform inside the
scanning electron microscope. A 200 kV ultra high-resolution
transmission electron microscope (JEOL-2010) equipped with
a Leica high-resolution optical microscope was used to capture
HR-TEM images. A tiny quantity of catalyst solution was applied
to a thin layer of copper grids with holes in them covered with
carbon. The grids were checked and then allowed to air dry.
The diffuse reflectance spectra of every catalyst were recorded
using a Shimadzu UV 2450 model fitted with an integrating
sphere, with powdered BaSO, as a reference. The Perkin-Elmer
LS 55 fluorescence spectrometer was used to record the photo-
luminescence (PL) spectrum at room temperature. The surface
area of nanocomposite was ascertained using a Micromeritics
ASAP 2020 sorption analyzer. Using N, gas as adsorbate, the
samples were analyzed at 77K following a 12 h degassing period
at 423 K. The least-squares fit of the Brunauer-Emmett-Teller
(BET) multipoint technique was employed to ascertain the
specific surface area. A German made drop-shaped analyzer
(DSA) manufactured by Kruss GmbH was used to record the
contact angle in order to assessed the hydrophobicity of the
nanocomposite.

Preparation of 5 wt.% sepiolite/CdFe,O,: Both pure
CdFe,0, and CdFe,O, supported 5 wt.% sepiolite were prepared
using the hydrothermal co-precipitation technique. The first
step involved dissolution of 0.5 M of Fe(NOs);-9H,0 and 0.3 M
of Cd(CH3COO0),-2H,0 separately in 50 mL of distilled water.
After mixing the above two solutions, 10 mL of ethanol and
0.5 g of sepiolite powder were added while being stirred const-
antly containing one drop of 0.2 M NaOH. The resulting solution
was stirred at 80 °C for 5 h. The final product was cleaned with

ethanol followed by distilled water and then dried at 100 °C
for 5 h. The CdFe,O4 nanoparticles supported by sepiolite were
labelled as sepiolite/CdFe,O, following a 6 h calcination at
700 °C. Similarly, pure CdFe,O4 nanoparticles were prepared
using a method akin to this one, which did not need the use of
sepiolite powder.

Photocatalytic degradation studies: The photocatalytic
degradation were carried out in the summer from 11 a.m. to 2
p-m. under direct sunlight. A clear, 20 mm diameter borosilicate
glass tube measuring 40 cm in height served as the reaction
vessel in this experiment. The dye and sepiolite/CdFe,O, solu-
tions attained equilibrium between the adsorption and desorption
processes after 0.5 h of magnetic stirring in a dark atmosphere.
A 50 mL dye solution containing sepiolite/CdFe,O4 was conti-
nuously aerated using a pump to ensure complete mixing of
the reaction solution and to add oxygen. During illumination,
the solvent evaporation was negligible; concurrently, the initial
sample was obtained in darkness while the adsorption process
occurred. At regular intervals, a 2 mL sample was centrifuged
and diluted to 10 mL volume. The sunlight intensity was meas-
ured with the LT Lutron LX-10/A Digital Lux metre.

RESULTS AND DISCUSSION

Powder XRD studies: The PXRD pattern of 5 wt.% sepiolite/
CdFe,Oqreveals that the synthesized sample has tetrahedral
phases of CdFe,O, (JCPDS card No. 54-0964 and 22-1063)
and rhombohedral phases of o-Fe,O; (JCPDS card No. 79-
1741) [39]. In Fig. 1b, the diffraction peaks at 25.86°, 32.74°,
36.45° and 41.85° for the planes (012), (104), (002) and (113),
respectively. The 26 values observed at 32.15°,34.51°, 38.62°,
49.12°,52.32° and 62.35° correspond to the (111), (311), (200),
(024), (422) and (511) diffraction planes of CdO [40], whereas
the 26 values at 30.25°, 35.91°,37.41°, 43.13°, 55.40°, 62.17°
and 66.76° correspond to (220), (311), (222), (400), (220),
(103) and (311) planes of tetrahedral phases of CdFe,O, [41].
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Fig. 1. XRD patterns of (a) prepared CdFe,O, (b) prepared 5 wt% sepiolite/
CdFezo4
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In addition, no evidence of additional crystalline defects and
the diffraction peaks have not changed appreciably. The other
new peaks shown in Fig. 1b confirm the presence of sepiolite
clay particles. There are no visible crystallographic defects
and no additional diffraction peaks have changed significantly.
The average crystallite size of sepiolite/CdFe,Os is determined
from the Scherrer’s equation to be 24.5 nm.

FE-SEM studies: The FE-SEM images of 5 wt.% sepiolite/
CdFe,0, at different magnifications and locations are shown
in Fig. 2. The FE-SEM images of sepiolite/CdFe,O, exhibited
the sandwich-like microstructure loosely clustering together
and the average size of particles is about 50 nm. The porous
structures of randomly oriented nanocomposites can also pro-
duce nanoflakes and help the dye molecules bind to catalyst
surfaces. The particles in the sepiolite/CdFe,O4 samples have
smooth surfaces and irregular forms. Moreover, several tiny
particles are clearly visible on the surface of sepiolite clay.
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HR-TEM studies: At low-magnification, the TEM images
of sepiolite/CdFe,O. (Fig. 3a-d) revealed a large number of
regular shaped hollow spherical-like particles with a diameter
of below 50 nm, which further proves that CdFe,O, nanopart-
icles are uniformly deposited on the surface of the sepiolite clay
surface.

Diffuse reflectance spectral (DRS) studies: The funda-
mental absorption edge of tetrahedral CdFe,O, rises at 430 nm,
which is attributed to its intrinsic band gap of 2.95 eV. Fig. 4
displays the prepared CdFe,O. (Fig. 4b) and sepiolite/CdFe,O.
(Fig. 4a) diffuse reflectance spectra in the reflectance mode.
In the UV and visible spectrum, 5 wt.% CdFe,O. shows reduced
reflectance (increased absorbance) in contrast to CdFe,O, and
sepiolite/CdFe,0,. Incorporation of sepiolite loading helps
CdFe,0. to better absorb the visible range of 400 to 800 nm,
which proves that sepiolite/CdFe,O, can be used as a UV and
visible light active semiconductor photocatalyst.

m.-al
e AO0CR

R

DT e X 0w
Woeldmm

Sgre A e 300
e WON0KX

D # Moy 2033
Teme 401 %0

O # Wy 2029

Wags WX Tese Mdatd

Fig. 2. FE-SEM images of SP-CdFe,0; at (a) 1 pm (b) 2 pm and (c) 200 nm and (d) 300 nm
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Fig. 3. HR-TEM images of sepiolite/CdFe,O. (a, b) 20 nm, (c) lattice fringes at 2 nm and (d) SAED pattern of sepiolite/CdFe,O, at 5 1/nm
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Fig. 4. Diffuse reflectance spectra of (a) prepared CdFe,O,and (b) 5 wt%
sepiolite/CdFe,O4

Reflectance (%)

Photoluminescence (PL) studies: The PL spectrum of 5
wt.% sepiolite/CdFe,0, at an excitation wavelength of 315 nm
shows a sharp peak at ~430 nm, which is due to the emission
of the host nanoparticles and another broad peak between 480
to 500 nm, which might be due to defects present in the nano-
system. The PL emission is caused by the recombination of
photoinduced charge carriers and shown a significant corre-
lation between the intensity of PL emissions and photocatalytic
activity. The photoluminescence spectra of prepared CdFe,O,
(a) and 5 wt.% sepiolite/CdFe,O, (b) are shown in Fig. 5 (exi
=315 nm). In comparison to CdFe,O,, the reduced PL intensity
of 5 wt.% sepiolite/CdFe,O, indicates that the incorporation
of sepiolite clay hinders the recombination of photogenerated
electron-hole pairs.

BET surface area: Using nitrogen adsorption-desorption
isotherms, the pore structure of sepiolite/CdFe,O4 composite
sample was examined and the Barrett-Joyner-Halenda (BJH)
method was utilized to compute the pore size distribution. There
is a significant rise in the N, adsorption volume, which is found
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Fig. 5. Photoluminescence spectra of (a) prepared CdFe,O, and (b) 5 wt%
sepiolite/ CdFe,Os.

in the 0.50-0.98 P/P, range (Fig. 6). Since, the pore size is related
to the P/P, position of inflection point, this abrupt increase
can be attributed to the capillary condensation, showing strong
homogeneity of the sample and mesopore size. The pore size
distribution curve in the inset figure illustrates the average pore
radius of sepiolite/CdFe,O, as 126 A. The mesoporous structure
is thus confirmed by the pore size distribution of sepiolite/
CdFe,0, sample. The BET measurements of CdFe,O,yield a
specific surface area of 18.94 m? g”', which is greater than the
prepared sepiolite/CdFe,O,’s 36.48 m* g'.
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Fig. 6. BET surface analysis of sepiolite/CdFe,O, N, adsorption-desorption
isotherm and (inset) Pore radius distribution

Photodegradation of rhodamine-B (Rh-B) dye under solar
light

Fig. 7 illustrates the photocatalytic breakdown of Rh-B
dye under various conditions and increasing irradiation times.
Since the dye is resistant to self-photolysis, a slight (10%) drop
in dye concentration was observed in the same experiment
with sepiolite/CdFe,O. in dark. At 45 min exposure of sunlight,
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Fig. 7. Rh-B dye degradation: dye concentration = 3 x 10 M, (a) Rh-B

dye, (b) Rh-B + CdO, (c) Rh-B + sepiolite, (d) Rh-B + CdFe,0y, ()
Rh-B + 3 wt.% of sepiolite/CdFe,O, and (f) Rh-B + 5 wt.% of
sepiolite/CdFe,O4

sepiolite/CdFe,O4 cause 99% degradation of Rh-B dye. There
are no specific changes in dark (curve a) or without a catalyst
(curve b). But at 45 min, sepiolite clay (curve c), CdFe,O4 (curve
d) and 3 wt.% sepiolite/CdFe,O, (curve e) generated degrada-
tions of 37.7%, 60.2% and 78.3%, respectively. When it combined
with 5 wt.% of sepiolite/CdFe,O, the dye was completely degr-
aded (curve f).The results clearly demonstrate that the loaded
sepiolite clay is responsible for the increased photocatalytic
activity.

Photodegradation efficiency with solar light: The photo-
degradation efficiencies of sepiolite/CdFe,O, catalysts with
3,5 and 9 wt.% sepiolite were also evaluated under solar light.
Catalysts containing 5 wt.% sepiolite demonstrated the highest
degradation percentage, while higher sepiolite concentrations
resulted in decreased degradation efficiency (Table-1). There-
fore, 5 wt.% sepiolite was identified as the optimal concentration
for sepiolite/CdFe,O.. Since 5 wt.% of sepiolite/CdFe,O, was
found to be most efficient in solar light for the degradation of
Rh-B dye.

TABLE-1
EFFECT OF DIFFERENT wt.% OF SEPIOLITE/CdFe,0O,
ON THE DEGRADATION OF Rh-B DYE UNDER

SOLAR LIGHT IRRADIATION
Wt.% of sepiolite Degradation percentage of Rh-B
3 45.2
5 99.4
9 59.5

Rh-B dye concentration = 3 x 10™* M, catalyst suspended = 3 g L', pH
= 7 airflow rate = 8.1 mL s”, irradiation time = 45 min, I, = 1250
x100 = 100 Ix

Effect of solution pH: In the pH range of 3 to 11, the
impact of pH on Rh-B dye photodegradation was investigated.
AtpH 3,5,7,9 and 11, respectively, the percentages of Rh-B
degradation after 45 min of irradiation are 42.1, 58.5, 99.5,
76.6 and 63.5% (Fig. 8). As the pH attains the neutral range
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Fig. 8. Effect of solution pH on Rh-B degradation: dye concentration = 3
x 10 M, catalyst suspended = 3 g L™, airflow rate = 8.1 mL s7,
irradiation time = 45 min, Lo = 1250 x 100 £ 100 Ix

(pH 7), the degradation efficiency decreases. Thus, at pH 7,
there is elevated absorption and enhanced photocatalytic activity
in the breakdown of Rh-B dye molecules.

Effect of nanocomposite loading: The effectiveness of
sepiolite/CdFe,0, as catalyst in varying quantities is shown in
Fig. 9. Consequently, it suggests that in comparison to other
concentrations, nanocomposite with 3 g L' exhibits the highest
photodegradation under solar light energy. The amount of mole-
cules adsorbed onto the surface of nanocomposite is generally
believed to have a relationship with the efficiency of a photo-
catalyst. Lower activity over 3 g L' photocatalysis is caused
by the agglomeration of catalyst.

100

Rh-B dye degradation (%)

1 2 3 4 5

Catalyst concentration (g L_1)

Fig. 9. Effect of catalyst loading on Rh-B degradation: dye concentration
=3 x 10™* M, pH = 7, catalyst suspended = 3 g L™, airflow rate =
8.1 mL s7, irradiation time = 45 min, L. = 1250 x 100 = 100 Ix

Reusability of catalyst: Reusability studies could confirm
the strength and activity efficiency of photocatalysts. As the

Rh-B dye molecule breaks down, Fig. 10 displays the reusa-
bility result of sepiolite/CdFe,0..The catalyst was repeatedly
purified using ethanol and water after it had been filtered and
isolated from the dye solution after the degradation process
was finished. After drying at 100 °C, the catalyst was put to
further analysis. The photocatalytic activity was stable with
the Rh-B dye in solution completely decomposed during 45
min irradiation for each cycle, though a small decline (< 8%)
can be detected after four cycles.

1004
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Dye degradation (%)
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Cycle 4

Fig. 10. Reusability of sepiolite/CdFe,O4 nanocomposite on Rh-B
degradation: dye concentration = 3 x 10 M, pH = 7, catalyst
suspended = 3 g L™, airflow rate = 8.1 mL s, irradiation time = 45
min, Lo = 1250 x 100 = 100 Ix

Mechanism of degradation: As mentioned, the hetero-
structures consist of well-interacted CdO and Fe,O; nano-
particles deposited as CdFe,O, on the surface of sepiolite clay
material. Scheme-I proposes the separation and transportation
of electron-hole pairs at the interface between the CdO and
Fe,O; photocatalysts. The electron-hole pairs are produced by
photogenerated CdO. Since CdO has a higher CB position than

O, +Azo dyes

SpIo. [RIBUIN + 0D + O%H

HO' + Azo dyes
H,O

Scheme-1: Photodegradation mechanism of sepiolite/CdFe,O4
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Fe,Os;, photogenerated electrons on CdO can directly inject
into Fe,Os’s CB band. This increases the efficiency of charge
separation and lowers the likelihood of recombination, which
boosts photocatalytic activity. Loaded sepiolite clay also contains
a large number of metal and non-metal oxides in addition to
this electron transfer. Metal ions function as electron sinks to
lessen electron-hole recombination and can create sporadic
energy levels to lower band gap energy.

Contact angle measurements: The water contact angle
(WCA) reflects the surface non-wettability of prepared catalyst.
To assess the hydrophobicity of catalyst, the contact angles of
glass slides coated with TEOS, TEOS + CdFe,O4, TEOS +
sepiolite clay and TEOS + sepiolite/CdFe,O4 were measured.
Fig. 11 presents the water contact angles for these four different
coatings: TEOS + CdFe,O4 (b), TEOS + sepiolite clay (c),
with a measured angle of 108.3° for TEOS + sepiolite/CdFe,O,
(d) and 22.5° for the untreated glass slide (a). The increased
fraction of air/water contact on a rough surface can enhance
super hydrophobicity, indicating that sepiolite/CdFe,O, coating
exhibits greater hydrophobicity. Consequently, this property
transforms the catalyst into a self-cleaning material, leading
to reduced surface wettability.

120 4
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80

®(84.7)

60

® 555
40 - a/
o (22.5)

20

Contact angle (°)

T I 1 1
(a) (b) (c) (d)
Sample code

Fig. 11. Water contact angle of different samples (a) uncoated glass slide,
(b) TEOS + CdFe,O, coated glass slide, (c) TEOS + sepiolite clay
coated glass slide and (d) TEOS + sepiolite/CdFe,O4 coated glass
slide

Conclusion

The hydrothermal co-precipitation approach was used to
synthesize CdFe,O, supported by sepiolite without the use of
organic solvents or surfactants. The FE-SEM images revealed
that the synthesized sepiolite/CdFe,O, has a loosely clustered
sandwich-like microstructure, whereas the HR-TEM analysis
confirmed the presence of numerous regular-shaped, hollow
spherical particles, providing additional evidence of uniform
coating of CdFe,O, nanoparticles on the sepiolite clay surface.
The photodegradation tests demonstrated that 5 wt.% sepiolite
supported CdFe,0, is significantly more effective at degrading
rhodamine-B dye at neutral pH 7. The reduced fluorescence
intensity of sepiolite/CdFe,O, indicates decreased recombination

of electron-hole pairs. Additionally, the BET surface area of
sepiolite/CdFe;O; is higher at 36.48 m*/g, compared to 18.94 m*/g
for CdFe,O, alone. The water contact angle of 108.3° confirms
the excellent hydrophobicity of sepiolite/CdFe,Os. This research
emphasizes a new utilization of naturally occurring sepiolite in
semiconductor oxide materials for energy and environmental
applications.
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