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Abstract. Photocatalysis is a promising solution for the degradation of dyes since this substance give
a negative impact on the environment. In this study, NiosVo.sFe204 nanophotocatalyst was prepared
simultaneously using sol-gel and freeze-drying methods. After the freeze-drying process, the sample
was subjected to calcination treatment and subsequently characterized using the techniques of X-ray
Diffraction (XRD) and Scherrer calculation method, FTIR, DR spectroscopy, and TEM analysis. The
results of XRD characterization indicated that material consists of Nio.sVo.sFe2O4 spinel as a major
crystalline phase. Then, TEM analysis proved that the grain size of this spinel is in the range of
20 nm. Crystallite size calculation using Scherrer equation proved that the size is 34.06 nm, DRS
analysis indicated that bandgap energy of spinel Nio.sVo.sFe204 is suitably utilized and FTIR spectra
analysis implied that the prominent acid sites are Lewis acid. Furthermore, results of dyes
photodegradation indicated that Nio.sVo.sFe2O4 nanocatalyst is active for remazol golden yellow
degradation until 45% conversion under sunlight irradiation for 100 min.

Introduction

Remazol golden yellow is one of the dyes that is extensively used in the small and large textile
industry. The use of these dyes is due to their bright and shining color so that the appearance of
textiles becomes attractive. Because most of the dye during the coloring process is in the solution,
wastewater contains a lot of these dyes. So that if the wastewater is channeled into water bodies such
as gutters, creeks, rivers, and lakes, it will cause pollution that affects the biota system and ultimately
disturb human health. To prevent its effect, the removal of dyes from wastewater must be carried out
using scientific methods such as biological, physical and chemical methods [1]. One of the promising
chemical methods is photocatalysis.

In photocatalysis, for example, materials that are applied to degrade dyes in wastewater are TiO2
which was able to remove remazol brown dye as much as 20% [2] and was also able to degrade the
commercial azo dyes as much as 11% [3]. Another material that was used to degrade remazol golden
yellow as much as 63% is perovskite of NaNbOs [4].

In terms of spinel compounds, this substance has attracted a lot of attention because its properties
are suitable for various applications, such as optical coating or host matrix [5, 6], high-temperature
ceramic materials [7, 8], electronic devices [9, 10], magnetic materials [11, 12], pigments [13, 14],
and photocatalysis [15, 16]. In principle, the applications of these spinel compounds are governed by
peculiar properties that depend on the chemical composition and microstructure of the compound.

A kind of important spinel nanoferrite, as an example, is NiFe204 which has attracted much interest
because of its fascinating magnetic and electromagnetic properties [17], catalytic manners [18,19],
magnetic characteristics [20, 21], and conducting properties [22]. NiFe20s is a cubic ferromagnetic
oxide with a typical normal or inverse spinel structure where Ni?* ions occupy octahedral B-sites and
Fe*" ions equally or nonstoichiometric distributed between tetrahedral A-sites and octahedral B-sites
[23]. In general, nanosize NiFe2O4 ferrites have been successfully synthesized by various methods
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including sol-gel [24, 25], co-precipitation [26, 27], and other reaction methods, such as reverse
micelle [28], thermal plasma [29], and chelating agent [30].

In addition to this study, ferrite nickel spinel is doped by vanadium because vanadium can increase
photocatalytic activity as shown by V/TiO: catalyst oxidizes ethanol [31] and vanadium catalyst
doped on g-C3N4/TiO2 on the antibacterial activity [32] and vanadium oxide supported on porous
TiOz2 for phenol photodegradation [33]. Although photocatalysis can use various sources of energy
such as visible light, violet light, infrared and x-ray, in this study sunlight irradiation is chosen because
the catalyst can work directly in a polluted environment.

So that in this chance, we report the preparation and characterization of spinel
multi-components, NiosVo.sFe204, using simultaneous sol-gel and freeze-drying methods to directly
synthesize a uniform, nanostructured Nio.sVo.sFe204. In addition, the acid sites properties, crystalline
phases, morphology and grain size of final products, band-gap energy value, and catalytic activity
have been observed and reported here.

Experimental Section

Materials. Materials used in this work are pectin powder, Ni(NO3),.6H,O (Merck, 99%),
Fe(NO3)3.9H,0 (Merck, 99%), NH4VO3 (Merck, 99%), pyridine (CsHsN, J.T Baker), NH; (Merck,
99%), remazol golden yellow and pectin (domestic market), and distilled water.

Instrumentations. The instruments used for characterization were Fourier Transform Infrared
(FTIR) spectrometer (Shimadzu Prestige-21) for identifying the presence of functional groups, a
Philips X-ray Diffractometer (XRD) model PW 1710 with Cu-Ka radiation for structural
identification, Diffuse Reflectance UV-Vis Spectroscopy (Agilent Cary 60) for measuring band-gap
energy and Transmission Electron Microscopy (TEM) for identifying grain size distribution and
crystallite morphology.

Preparation of NiosVosFe:04. A stoichiometric amount of Ni (II) nitrate hydrates, ammonium
vanadates, and Fe (IIl) nitrate hydrates were dissolved in distilled water, having compositions
NiosVosFe204under magnetic stirring for 1 h, respectively, followed by mixing each solution to make
final solution weight ratio between nitrates to pectin is 3:2. Adjust the pH=11 in the above solution
by addition of ammonia, and heat it at 80 °C with continuous stirring to form a viscous gel. Dried the
gel using freeze dryer for 7 h to form the precursors’ networks and calcined at 600 °C for 3 h. Finally,
V doped Ni-ferrite nano photocatalyst as prepared.

Characterization of NiixViFe204

X-ray diffractogram analysis. X-ray powder diffraction pattern of the sample was recorded from
20 = 10° to 90° on a Philips diffractometer Model PW 1710 using Cu Ka radiation at step 0.01° per
second. The phase identification was performed using the search and match method by comparing
the x-ray pattern of the sample to those of the standards in the JCPDF using Phase Identification from
Powder Diffraction Files Window. The particle size was also determined using the Scherrer method
[34].

Acid sites analysis. After heating at 90 °C, the sample was transferred into a crucible and placed
in a vacuumed desiccator. Pyridine was transferred into another crucible and placed in the desiccator
to allow the vapor of the pyridine to contact with the sample. After 24 h, the sample was taken from
desiccator and left on open air for 2 h to expel the physically adsorbed pyridine from the sample.

Finally, the sample was analyzed using the FTIR spectroscopy. The analysis was conducted by
grinding the sample with KBr of spectroscopy grade and scanned over the wave number in the range
of 4000400 cm™' [35, 36].

TEM analysis. To evaluate the surface morphology, the samples were characterized using TEM.
The analysis was conducted on polished and thermally etched samples with different magnifications
[37].
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Band-gap energy determination. To determine the band-gap energy of the NiosVosFe2O4
sample, a certain quantity of the sample was analyzed using UV-Vis Diffuse Reflectance
Spectroscopy and scanned over the wavelength in the range of 200-800 nm [38§].

Activity tests. About 300 mL of 10 ppm remazol golden yellow solution mixed with 100 mg of
catalyst and stirred with a magnetic stirrer and then irradiated with sunlight at 12:00-13:00 with the
time interval of 0, 20, 40, 60, 80, and 100 min. Furthermore, after the time interval was reached,
20 mL samples were taken to be analyzed by UV-Vis spectroscopy at a wavelength of 407 nm. Then,
by interpolation of the absorbance of the sample to the absorbance of the standard curve of remazol
golden yellow solution with known concentration, the degradation percentage of remazol golden
yellow can be calculated.

Results and Discussion

X-ray Diffraction analysis. The X-ray diffraction analysis was carried out on the sample calcined
at 600 °C and the diffraction pattern of Nio.sVo.sFe204 together with some standards related to the
prediction phases of the sample was shown in Fig. 1a. With the aid of PCPDF-Win program, it was
found that the major phases are spinels of FeFe2O4 (PDF-19-0629), NiFe204 (PDF-44-1485), FeV204
(PDF-15-0122). Additional phases identified are NiVO3 (PDF-27-1308), V304 (PDF-34-0615), and
NiO (PDF-47-1049) as the minor phases.

Hist 1
1800 Lambda 158406 A, L-5 cyele 281 Ubzd. and Diff. Profilea
a T T T T T T
160 o
|;.~_ b -1
=)
1400 =]
-
200 = ]
o
1000
. el 4
80 NN bl B
EDD .v304 3_ LI IF II . ] I! I i ..I'i j IIII:II.III:'-I'h '|'HT‘."|l.F:“'I i -
a
+ 03 Fefedod | =
00 Ef=
i o
‘ ‘ mNiFe204 a3 | | | L | | | |
0 . . . . . : : : T : : . . : 10.0 200 0.0 400 534 0.0 00 0.0
w55 W B W B M & 0 % 60 & 0 75 8 Z-Thela, deg

Figure 1. The diffraction pattern and rietveld analysis of Nio.sVo.sFe2O4

Since the diffraction pattern of some spinel is superimposed such as NiFe:Os, FeV20s4, and
FeFe204, it can be inferred that there is a NiosVo.sFe204 structure. These normal and inverse spinels
have a cubic structure (Fd3m SG). Furthermore, Rietveld analysis which is shown in Fig. 1b proved
that there is cubic (normal and inverse spinel), and rhombohedral (Fe2O3 and V304) as the major
phases too and monoclinic of V20s as a minor phase. The Rietveld analysis data is tabulated in Table
1 below.

Table 1. Rictveld analysis result of NiosVosFe204 (%% = 1.127 and Wrp = 4.92)

Compounds Structure Cell parameters Volume Fraction
P phases a(A) b (A) c(A) (A% (%)

NiFe204 cubic 8.329 8.329 8329  577.97 48.87

Fei%jnd hexagonal 5.0303 5.0303 13.740 301.1 44.41

V20s monoclinic 7.108 3.572 6.267 159.1 6.72
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FTIR analysis. In this chance, Fourier Transform Infrared spectroscopy was used to identify the
functional group exists in the sample, primarily to observe the existence of Lewis and BrOnsted-
Lowry acid sites and the vibrations among Fe—O—Ni, Fe—O-V, and V-O-Ni bonds. The FTIR spectra
of the sample investigated is presented in Fig. 2. As can be seen in Fig. 2, in the finger-print region,
there is an absorption band representing a stretching vibration of Fe-O and bending vibration of
Ni~O and V-O at 594.06 cm™! implying the existence of Ni-O-Fe, Fe-O-V, and Ni-O-V bonds
which confirms the formation of Nio.sVo.sFe204 structure as expected [39].

In the sample investigated, the existence of the Lewis acid site is shown by the absorption band
located at 1651.66 cm™' and that of Brensted- Lowry at 1481.3 cm™' [40]. By comparing the %
absorbance of those acid sites, it can be inferred that Lewis acid site is more prominent than Brensted-
Lowry site.

Microstructure analysis. In principle, the surface characteristic plays important roles in the
application of solid material in the process. For this reason, the sample investigated in this study was
characterized using TEM technique [41] and XRD for crystallite size determination using Scherrer
calculation [34].

Characterization of the samples using TEM produced the micrographs as presented in
Figure 3. In general, there are several structural shapes identified such as cubic, hexagonal, and
monoclinic which are following the result of X-ray diffraction analysis. If focusing on spinel structure
as a major phase, it displays, the existence of Nio.sVo.sFe204 crystalline phase as a unit cell. However,
in a certain area, the presence of a bigger spinel structure (darkness shapes) can be observed, which
confirms the existence of agglomeration.

To predict the particle size, the Vernier Caliper apparatus was applied. According to this method,
the grain size can be defined as the average of the size at five different spots. Using this method, it
was found that the grain size of the sample calcined 600 °C is 19.8 nm. Then, the crystallite size was
calculated using the Scherrer method as a comparison. The formula is

kA

D=
pcosé

Where D is the crystallite size (nm), k is a constant with the value in the range of 0.9-1.0
(in this calculation, k = 0.90), A is the X-ray wavelength used, in this case, Cu-Ky = 0.15406 nm, f3 is

the broadening of diffraction line measured at half maximum intensity, %xFWHM

(in radian), and 0O is the Bragg’s angle in degree unit. From Scherrer calculation, it was found that
crystallite sizes of Nio.sVosFe204 calcined at 600 °C was 34.06 nm.
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Figure 2. FTIR Spectra of NiosVo.sFe204 spinel after Figure 3. TEM micrograph of
exposing to pyridine NiosVosFe204

Band-gap energy analysis. Data obtained from UV-Vis Diffuse Reflectance Spectroscopy was
changed using the Kubelka-Munk formula [42] and Tauc plot [43]. Then, by making a graph
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according to the equation {F(R) hv}" versus (hv) and extrapolating to the X-axis until the value of Y-
axis, {F(R) hv}? goes to zero, the bandgap energy was obtained as 2.0 eV. This value indicates that
NiosVosFe204 nanomaterial can work in the visible irradiation region as a photocatalyst.

Photodegradation remazol golden yellow. In this experiment, remazol golden yellow was
decomposed into molecules of H20, CO2, NO2, and SO: after photocatalysis under sunlight
irradiation. The percentage of degradation that was produced on the contact time under sunlight
irradiation increased and reached 45% as shown in Fig. 5 below.
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Figure 4. Bandgap energy of Nio.sVo.sFe204 Figure 5. Remazol golden yellow
calcined at 600 °C photodegradation under sunlight irradiation

Furthermore, by assuming that the rate of photodegradation is a pseudo first-order or a second
order through its kinetics equation and an indication of linearity, R-squared, which is 0.9695 and
0.9916, as shown in Fig. 6, respectively, it can be implied that this photocatalytic reaction occurred
as a second-order reaction.
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Figure 6. Linear regression of pseudo-first and second-order reaction on remazol golden yellow
photodegradation under sunlight irradiation

Summary

This current study demonstrated the potential of pectin solution as a capping agent for preparing
nano-size Nio.sVo.sFe204 material using the sol-gel method. The existence of nanoparticles in the
sample was confirmed by the results of characterization techniques applied, including XRD and TEM,
although particle agglomeration should also have existed. The sample was found to exhibit Lewis and
Bronsted-Lowry acid characteristics, with Lewis acid as the dominant site, as revealed by the FTIR
analyses. Furthermore, band-gap energy analysis indicated that the material can be work as a
photocatalyst under visible light irradiation. This is proved that Nio.sVo.sFe20O4 nanomaterial was able
to degrade remazol golden yellow in 45% conversion.
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