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ABSTRACT
Zinc Ferrite, ZnFe2Os, and Zinc Ferrite/silica gel composite, ZnFe>04/SiO4 in varying
proportions (10 wt%, 20 wt%, 30 wt% and 40 wt%) were synthesized via co-precipitation
method and characterized using X-ray Diffraction, XRD, and Scanning Electron Microscope,
SEM. The average particle size and specific surface area were determined. The X-ray
Diffraction, scanning electron microscope, average particle size and surface area revealed that
the crystalinity of the material increased with increase in the loading of the SiOz as support, with
average particle size increasing from 10 wt% ZnFe204/SiO4, 20.1 nm and 40 wt% ZnFe204/SiOg,

72.4 nm. However, the specific surface area decreased from 390 nm to negative results.
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INTRODUCTION

Zinc ferrites are a series of synthetic inorganic compounds of zinc and iron (ferrite) with the
general formula of ZnyFes;—«O4. Zinc ferrite compounds can be prepared by aging solutions of
Zn(NO:s)2, Fe(NO3)s, and triethanolamine in the presence and in the absence of hydrazine [1].

At the present, one of the most interesting and challenging issues of the science of magnetic
nanoparticles is the introduction of new electronic, optical or photochemical properties and
optimization of their magnetic properties. Zinc ferrite has attracted more attentions due to its
interesting magnetic property [2].

Zinc ferrite nanoparticles are under intense research because of their unique chemical,
mechanical and structural properties [3]. Ferrite nanoparticles have versatile application in
catalysis, electronics, photonics, sensors and fero fluids [4]. Many types of methods including
ceramic synthesis [5], co-precipitation method [6, 7], tartrate precursor method [8], have been

used to fabricate the precursor. Co-precipitation method has been intensively investigated to
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which greatly reduces the production cost [8].

In view of the facts about the application of zinc ferrite especially in the photocatalysis, therefore
a need to synthesize and characterize the zinc ferrite so also to be optimized by using support
with other semi-conductor such as silica gel.

In this research work, zinc ferrite and zinc ferrite silica get composite photocatalysts were
synthesized, characterized and then its photocatalytic activity evaluated by degradation of

methylene blue.

MATERIALS AND METHODS

Synthesis of ZnFe204 and ZnFe204/Silica gel

About 25.5 g zinc chloride and 69 g Iron chloride were made with 300 mL distilled water
separately. It was then mixed in a 2000ml conical flask with vigorous stirring at 70°C and 70 g.
300 mL of dilute sodium hydroxide was then added slowly at constant rate of adding and stirring
to the mixed solution of zinc chloride and iron chloride. The precipitate formed (Eq.1) was aged
for 24 hours, then filtered and washed thoroughly for several times with distilled water to remove
any trace of sodium hydroxide. To further remove water, the solid was vacuum filtered using

vacuum filtration pump. The solid was then calcined at 500°C for 3hrs, to yield ZnFe204 (Eq.2)

ZnCly + 2FeClz + 8BNaOH —> Zn(OH)2 + 2Fe(OH)s + 8NaCl 1)
500°C for 3hrs
Zn(OH), + 2Fe(OH)3 » ZnFexO4 + 4H20 (2)

ZnFe204 and Silica gel in various proportion (10 wt%, 20 wt%, 30 wt% and 40 wt%) was then

finally dispersed in aqueous suspension with vigorous stirring at a temperature of 50°C for 1hour
to yield ZnFe>04/SiOx.
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Fig. 1: Block diagram to obtained zinc ferrite and zinc ferrite silica gel composites photocatalysts
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Characterization of the Synthesized ZnFe204 photocatalysts and ZnFe204/SiO2 Composite
Photocatalysts

X-Ray diffraction spectroscopy

Empyrel X-Ray diffraction machine was used to examine the crystal structures of the
synthesized photocatalysts particles. It is a method of determining the arrangement of atoms
within a crystal, in which a beam X-ray strikes a crystal and diffracts into many specific
directions using a diffractometer. It provides detailed information on the crystallographic

structure and physical properties of materials and thin films.

SEM Analysis

A scanning electron microscope is a type of electron microscope that produces image of a
sample by scanning it with a focused beam of electron. The electrons interact with atoms in the
sample, producing various signals that contained information about the sample surface
topography and composition. The electron beam is generally scanned in a raster scan pattern, and

the beam’s position is combined with detected signal to produce an image [9].

Specific Surface Area Determination

The surface area was estimated using Sear’s method by agitating 1.5g of powdered sample in
100ml of diluted hydrochloric acid and 3.30g of sodium chloride was then added with a constant
stirring and the volume was made up to 150ml with de-ionized water. The solution was titrated
with 0.10N NaOH and the volume was raised from the pH of 4 to 9 and recorded. Then the
surface area of synthesized photocatalysts was estimated [10].

Decolouration of Methylene Blue Solution Using Photolysis

A 100 ml/L stock solution of methylene blue was prepared using distilled water for all the
experiments. The adsorption tests were carried out under dark condition, for the evaluation of the
adsorption-desorption equilibrium of methylene blue on the surfaces of synthesized
photocatalysts. 100 ml of solution of the methylene blue was taken from the stock solution, put
in a beaker at a room temperature in dark with stirring for three and half hours. After the first
hour of stirring, irradiation for two and half hours was provided with 500 W halogen lamp. An
aliquot of 5 ml was then withdrawn from the beaker at an interval of 10 minutes for 1 hour.
Some physicochemical parameters: biochemical oxygen demand, chemical oxygen demand,

electrical conductivity, pH, turbidity and total dissolved solids, were also carried out.
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Photocatalytic Degradation of Methylene Blue Solution

100 ml of solution of methylene blue solution was taken from the stock solution, put in a beaker;
0.1 g of photocatalysts (ZnFe.O4) was added. The suspension was kept in a dark at room
temperature with continuous stirring using magnetic stirrer. After an hour in the dark, the
suspension was then irradiated with 500 W halogen lamp. An aliquot of 5 ml was taken from the
beaker at interval of 10 minutes for 1 hour, the catalysts were filtered and then analysed using
UV-Vis Spectrophotometer to evaluate the photocatalytic degradation. Same procedure was
repeated for ZnFe»O4/SiO2 variations (10 wt%, 20 wt%, 30 wt% and 40 wt%). Some
physicochemical parameters: biochemical oxygen demand, chemical oxygen demand, electrical

conductivity, pH, turbidity and total dissolved solids were also carried out.

RESULTS AND DISCUSSION
X-RAY DIFFRACTION PATTERN OF PREPARED ZINC FERRITE AND ZINC
FERRITE SILICA GEL
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Fig. 2: XRD patterns of the prepared ZnFe>O4
The figure above shows the X-Ray Diffraction pattern of the prepared pure zinc ferrite

without the composite which was characterized by broad low peak
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Fig. 4: XRD pattern of the prepared 20 wt% ZnFe,04/SiO;
The figure above shows the X-Ray Diffraction pattern of the prepared zinc ferrite on 20 wt%
silica gel support which features sharp peaks and increase in the sharpness of the peaks.
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Fig 5: XRD pattern of the prepared 30 wt% ZnFe>04/SiO-
The figure above shows the X-Ray Diffraction pattern of the prepared zinc ferrite on 30 wt%

silica gel composites. This also features sharp peaks in which there is an increase in the sharpness

of the peaks
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Fig.6: XRD pattern of the prepared 40 wt% ZnFe;04/SiO>
The figure above shows X-Ray Diffraction pattern of the prepared zinc ferrite on a support of 40

wt% silica gel support which also features sharp peaks and evidence of the unperturbed nature of

Table 2: Average particle sizes and specific surface areas of the synthesized ZnFe.O4 and SiO>

supported ZnFe;04

1
http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 32



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Ibrahim, D., Paul, E. D., Yashim, Z. I.: Synthesis and Characterization of Zinc Ferrite and
Zinc/Silica Gel Composite Photocatalysts

Photocatalysts Average particle size Specific Surface Area
(mm) (m?/g)

ZnFe204 17.2 390

10 wt% ZnFe204/SiO2 20.1 255

20 wt% ZnFe204/SiO2 32.0 180

30 wt% ZnFe204/SiO2 57.3 79

40 wt% ZnFe204/SiO2 75.4 NA

Note: the negative volume was obtained due to the small volume of the material at the 40 wt%

Table above shows the average particle size, specific surface area of the prepared zinc ferrite,
zinc ferrite with the loading (composites) of 10, 20, 30 and 40 wt% photocatalysts.

Morphology of the synthesized zinc ferrite and zinc ferrite silica gel composite

Fig 7: SEM image of (a) pure ZnFe204and (b) ZnFe,04/SiO2 composite
The figure above shows the SEM image of the prepared pure zinc ferrite in Figure 7a and the 30

wt% zinc ferrite silica gel composite photocatalyst in Figure 7b.

1
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Fig.8: Photocatalytic degradation of MB using ZnFe,O4 and SiO2 Supported ZnFe,O4

The figure above shows the photocatalytic evaluation of the prepared zinc ferrite, 10 wt% zinc
ferrite silica gel, 20 wt% zinc ferrite silica gel, 30 wt% zinc ferrite silica gel and 40 wt% zinc
ferrite silica gel composite on degradation of methyelene blue.

The XRD pattern of the prepared ZnFe>O4 displayed in Figure 2 was characterized by broad low
intense peaks at Bragg angles (JCPDS card No 82 — 1049). The broad peaks were due to the low
crystallinity of the prepared ZnFe>O4 at 500 °C. The calcination temperature at 500 °C was
selected based on the work of [11] which established that ZnFe2O4 sintered at 500 °C exhibits the
highest photocatalysts activity. Higher sintering temperature leads to increase in the crystals size
of materials thereby decreasing their specific surface area. The XRD pattern of SiO, supported
ZnFex04 in figure 3features sharp peaks (JCPDF 75 — 1862). The sharpness of the peaks
increased in figure 4.The crystal structures of the SiO. remains unperturbed after ZnFe>Oa
loading as observed through Figures 2-4. Similar trend was reported in the work of [12]. The
average particles sizes of the synthesized ZnFe>O4 and SiO> supported ZnFe>O4 was calculated

using the Debye-Scherrer equation shown below:

kA
_Bcos (3)

Where: T is the particle size,
Als the wavelength of X- ray diffraction (Cu K o= 0.1542 nm),
K is the sharp factor (K= 0.94),
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B is the line width at half maximum height and © is the angle position of the maximum
peak [13].
From Table 1 it could be observed that the average particle size increased with increase in the
weight percentage of SiO2 supported ZnFe2O4, whereas, the surface area decreased with increase
in the average particle size. Similar trend was observed in the work of [14].
The specific surface area of the synthesized ZnFe;O4 and SiOzsuported ZnFe>Oswas measured
using the Sear’s method. As observed from the table, the specific surface area of the unsupported
ZnFe;04 is 397 m?/g while with loading at 40 wt% is 75.2 m2. It has been reported that the
surface area of the photocatalysts mostly decreases with increase in the molar ratio of the active
component on the support material [8].
Figure 7 indicates that 30 wt% ZnFe,04/SiO2 has high average particle size and the lowest
pecific surface area. Therefore its morphological characteristic was considered with the bare zinc
ferrite. This was also confirmed with the photocatalytic activity of the synthesized photocatalysts
on the decolouration of methylene blue shown in Fig 7.
The morphological characteristic of the synthesized ZnFe,O4 and 30 wt% ZnFe,04/SiO> were
investigated by SEM analysis. The SEM image of ZnFe>O4 sample displayed in fig. 6a shows
that ZnFe>O4 exhibited a compact arrangement of nanoparticles with roughly irregular shape.
Most of the particles are aggregated which make it difficult to determine the exact size and the
shape of the particle [15]. The SEM image 30wt% ZnFe>O04/SiO; presented in Fig.6b, reveals
that SiO2 exhibits a plate/disk- like shape and ZnFe;O4 is deposited on its surface. SiO2 is more
crystalline than ZnFe20a,
The photocatalytic activity of the prepared photocatalysts was evaluated using methylene blue
dye. Methylene blue is used as test molecule for evaluating the activity of series of photocatalyst.
The effect of varying ZnFe>Os loading (10, 20, 30 and 40 wt%) on SiO2 support were
investigated at an initial methylene blue concentration of 50mg/l with a photocatalyst dosage of
1.0g/l. 1t is seen in Figure8 that the percentage photocatalytic degradation of MB increases with
increase in the ZnFe>O4 loading from 10 wt% to 30 wt% due to the increase in the number of
ZnFe;04 active sites because photocatalytic degredation occurs at the active sites. However,
percentage photocatalytic degredation of methylene blue decreased when ZnFe>Os loading
increased to 40 wt%. The significant reduction of the photocatalytic activity of sample

containing 40 wt% ZnFe>O4 can be attributed to the increased agglomeration of ZnFe>O4 particle
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on SiO, thereby decreasing the rate of diffusion of photogenerated electron-hole pairs onto the
methylene blue molecules at the interface of solid photocatalyst methylene blue solution.
Retardation of the diffusion of electron-pairs decreases the extent of photocatalytic degredation
[16]. in the present work, highest photocatalytic degredation of MB was achieved with 30 wt%
ZnFe204/Si0s.

CONCLUSION

Zinc ferrite and zinc ferrite silica gel composite photocatalysts were synthesized via co-
precipitation methods and characterized using X-ray Differaction,Scaning Electron Miscroscope,
surface area determination and average particle size. The results revealed that the crystalinity of
the material increases with the loading of the support from 10 wt% to 40 wt %, while the 30 wt%
gave the best photocatalytic activity.
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