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ABSTRACT

The precursors, Fe(NO3)2.9H2O and Sr(NOs)2, were used to prepare perovskite by
coprecipitation method in distilled water using automated-shaking magnetic heater. Various
amounts (X = 0.10 M and x = 0.20 M) of the dopants, Na and K, were added as NaNO3s and
KNO3 precursors. Sodium dodecyl sulphate (SDS) was added to help in morphology control
followed by the addition of NH4OH as precipitating agent, filtered, oven-dried and annealed at
temperature of 500 °C, 700 °C and 800 °C in muffle furnace. The Na/K-doped perovskites were
characterized by Scanning electron microscopy (SEM) depicting hexagonal structure, with
energy Dispersive X-ray Spectroscopy (EDS) quantitative and qualitative contents of the
samples confirming the presence of the metals (Sr, Fe, Na, K,) in the wet chemical process. X-
ray diffractometry (XRD) was performed and 0.267 nm crystallite size was obtained. The
photocatalysis was carried out using methylene blue (MB) with K-doped sample, SrosKo.2FeOs,
showing the highest photodegradation.
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INTRODUCTION

The Perovskite structure is X"A2* VIB** X2-3 with X2 in the edge centres that could be oxygen or
nitrogen. Natural compounds with this structure are Perovskite, Loparite and the Silicate
Perovskitebridgmanite [1]. The earth’'s crust contains various types of Perovskite and the
abundant ones are MgSiOs and FeSiOz. The most common anionic part of Perovskite is oxygen
leading to ABOg, oxide Perovskite. However, halides and sulfide Perovskites are also obtainable
[2]. Among the transition metal oxides, perovskite compounds of the type Rix AxBOz-5, where R
is a rare earth metal, A is Ba, Ca, or Sr, Bis Fe, Mn, Co, or Ni, are of considerable importance,

due to their interesting electrical, magnetic, and catalytic properties [3]. In particular, the Mn and
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Fe compounds have been extensively studied as regards their magnetic and transport properties
[4].

The metallic ferrite phases, MFeQOs, can exhibit different properties depending on the type M*
used on the A-site. In particular LaFeOs is an antiferromagnetic insulator SrFeO3 is metal and
CaFeOs is a system with charge ordering Fe' FeV*™ + FeX [5], where the spin and
charge of perovskite depend on stoichiometry (the presence of oxygen vacancies in the lattice),
temperature and external pressure. The band energy and atomic interractions of
SrFeOsperovskite were investigated in the framework of the density functional theory in the
local spin density approximation using the tight-binding linear muffin-tin orbital method within
the atomic sphere approximation and the augmented spherical wave method [6]. Strontium
hexaferrite magnets are widely used in electrotechnical and radio industry, computer and
medicinal techniques owing to a favorable combination of sufficiently high magnetic properties,
chemical stability and low cost. It is well known that the coercive force of the hexaferrites
depends mainly on the crystallite size; the high coercivity can be reached when the size of
crystallites D is approximately 100 nm [7].

The basic structure of the organic-inorganic perovskites family is AMXs. It consists of corner-
sharing MX4® octahedral, where X is typically an anion: O%, CI", Br or S%, and the M atom is
generally a divalent metal that can adopt an octahedral anion coordination, such as Ge?*, Sn?*,
Pb?*, Co?", Fe?*, Cu?*, Ni?*, Mn?*, Cr?*, Pd?*, Cd?*, Eu?*, or Yb?" [8]. Perovskitesnanomaterials
have been known to possess numerous applications and uses industrially due to their interesting
and fascinating multifunctional characteristics [9]. Perovskite sample will exhibit new properties
when the particle size is reduced to the nanoscale [10]. Perovskite-type complex ferrites La-
xSrxFeO3 have attracted considerable attention because of their interesting electrical, magnetic
and catalytic properties [11].

The band gap of BFO was expanded with the addition of Y and increased with the increase of the
amount of Y. Whereas, the band gap decreased with the addition of rare earth transition metals
such as La [12]. Zhang et al. [13] investigated the influence of La doping on the crystal structure
and the photoabsorption tests revealed that doping with La had little influence on the optical
property [14]. Deterioration under reducing atmosphere is sometimes important for the catalyst

life of perovskites. Here, the variability of valence principally determines the reducibility, for
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example, LaMnOs > LaFeOs > LaCoOz. Most perovskites are basic and rather readily react with
acidic gases resulting in deactivation.

Photocatalysis was investigated on nanostructured SrFeOs using phenol dye with 450W high
pressure mercury lamp. The photocatalytic activity was greatly improved by ultrasonic radiation,
with red-shifted band edge of UV-Vis adsorption spectra than that of the samples prepared by
conventional method [15].

The effect of crystallite structure and the photocatalytic activity of BFO —doped nanoparticles
with Ba, Na and K metal ions were investigated [16]. Novel LaosBio.2Bao2Mng.1FeOs-35, with a
perovskite-like structure, was synthesized by using the citric acid sol-gel route. The powders
were all screened for photocatalytic activity against an organic dye (rhodamine B) in the visible
region of the solar spectrum and the photocatalytic activities were good particularly for powders
annealed at 900 °C [9].

MATERIALS AND METHODS

Reagents used were; Ammonium hydroxide, sodium dodecyl sulfate (NaCi2H25SQO4), sodium
nitrate (“symbolled” as M), potassium nitrate (“symbolled” as M), Strontium nitrate, Sr(NO3)2,
Iron(Il)nitrate-9.water, Fe(NO3)3.9H.0, distilled water, methylene blue (C16H1sCIN3S).
Apparatus used were: Magnet, magnetic-stirrer heater, Hotbox Oven size one (England), Muffle
Furnace of Nabertherm GmbH LH 120/14 (Germany), Analytical weighing balance of AC
Adapter DC 12V (Japan), Spectrophotometer Sherwood 254 (UK), Solar box, Thermobalance-
Perkin-Elmer (TGA 8000), Rigakuminiflex 300, pH meter of HANNA H14321 (Romania,
Europe), Topcon SM-300 SEM/EDX (India).

Table 1; The Precursor Stoichiometric parameters for Synthesis of Sr1.xMxFeO3

X (9) NaxNOz(g) KxNOs3(g) Sri-x(NOs3)2(g) Fe(NO3)3.9H20(g)

00 00 0.0 211.62=10.58 403.85=20.19
0.1 850=043 10.11=0.51 190.46=9.52  403.85=20.19
0.2 17.00=0.85 20.22=1.01 169.30=8.47  403.85=20.19

An addition of calculated stoichiometric amount of strontium nitrate, Iron (I11) nitrate-9.water,
sodium nitrate in their proportions was dissolved in distilled water as required and stirred well

before heating . Then a magnet was introduced into the solution and heated on magnetic-
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stirrer for 20-25 minutes at 90 °C that ensured thorough mixing of metals. After which 50%
sulfactant, SDS, was added and 5mins later precipitated with NH4OH in drops, filtered, washed
twice with 100 ml of distilled water and oven-dried for 14hrs at 80 °C [17].

The process was repeated using potassium doped material for the synthesis in its calculated
stoichiometric amounts. The synthesised-doped perovskites, were then annealed at 500 °C, 700

°C and 800 °C for 2 hrs in muffle furnace, each of sodium and potassium doped samples [18].

Characterization of Undoped and Na/ K-Doped Perovskites

X-Ray Diffractometry

The PXRD was done using Rigakuminiflex 300 (Cu-Ka) with a step size of 10°C/min scan rate
from 0-80°26 values. The PXRD machine, has sample introduced containing finely grounded
crystallite size determination using Scherrer’s equation, sample purity and residual strain of the

powders.

_ k
- BcosO

Scherrer’s equation: D

Where D is crystallite size, k is machine constant (0.9), A is wavelenght of CuKa (1.5406A°), B
is the full width of half maximum and 0 is half of 20.

Scanning Electron Microscopy

The SEM, (Topcon SM-300 LEO 1530) for morphology showing topographical observation of
micrographs on the synthesized powder was carried out. Powdered sample was mounted on
sputtered white epoxy resin and put in the SEM machine. The energy dispersive spectroscopy
was conducted with electron probe microanalyzer(for the qualitative) to show the weight
concentration of sample constituents and qualitative analysis by graphical representation of

sample elemental analysis.

Photocatalysis Test

The Methylene-Blue ( volume = 5.0 ml, concentration = 1.0 x 10° M) was mixed with the
sample using a magnetic stirrer at 50 rpm and degradation experiments were performed under
simulated solar light by means of a Solarbox (improvised) 3000e RH testing instrument equipped
with a Xe lamp (250 W). The UV-Vis irradiance time was varied at a uniform interval by a
Delta Ohm HD 232.0 photo-radiometer. The MB concentration was determined by UV-Vis

Spectrophotometer for every sample at interval of 20 mins for 2 hrs. The photocatalytic activity
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was then evaluated by monitoring the dye absorbance maximum at Amax = 664 nm of the dye
operating at an approximate pH 6.8. The MB degradation efficiency was calculated as:
D.E= (1-C/Co) %100 (%),

Where D.E is degradation efficiency, C and C, are the concentration values for the sample and
the control solution, respectively (estimated uncertainty = +4%) in order to determine the
concurrence of main factor, that is the light harvesting capability.

RESULTS AND DISCUSSION

Table 2: Some PXRD parameters of Na-doped synthesized material at 800 °C

2- Asym.
No. theta(deg) d(ang.) Height(counts) FWHM(deg) Factor
1 27.4639 3.245 105.11 0.349 1.0663
2 28.4845 3.131 72.04 0.3405 1.0513
3 30.4734 2.93104 101.19 0.3926 1.0751
4 33.3974  2.6808 58.14 1.0117 0.737
5 44,6585 2.02748 84.66 0.4086 0.8541
6 45.6302 1.98654 74.52 0.3942 1.0199

Table 3: Some PXRD parameters of K-doped synthesized material at 800 °C

No. 2-theta(deg) d(ang.) Height(counts) FWHM(deg) Asym. factor

1 24595 3.61663 16.21 2.0987 4.5653
2 26.2407 3.39342 43.49 0.2911 0.699
3 27.4438 3.24732 144.27 0.3517 1.3074
4 28.4064 3.13943 82.55 0.3803 0.8089
5 30.4396 2.93421 158.49 0.3363 1.011
6 33.0905 2.70495 103.53 0.3783 0.6176
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Figure 1: PXRD Result Depicting undoped (x=0) and K-doped, Sr1-xKxFeOz, (x=0.1 and 0.2)
Perovskites Annealed at 800 °C.
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Figure 2: PXRD Result Depicting Na-doped (x=0.1 and 0.2) Perovskites (SrixNaxFeOs)
Annealed at 800 °C
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Figure 3: MB Photocatalytic Degradation Promoted by Sr1.xMxFeOs (x=0.1 and 0.2) K-doped
Perovskite of Raw and Annealed at 500 °C and 800 °C activated by Simulated solarlight
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Figure 4: MB Photocatalytic Degradation Promoted by Sr1-xMxFeO3(x=0.1 and 0.2) Na-doped
Perovskite of Raw and Annealed at 500°C and 800°C activated by Simulated solarlight
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Plate 1: SEM and EDS of Na-doped with X = 0.10g annealed at 800°C
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Figure 4.9; SEM Revsht of Na-doped Syntheed Sample, Nag 51y Fe, 0, annealed at SNPC

Plate 2: SEM and EDS of Na-doped with X =0.20g annealed at 800°C
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Plate 3: SEM and EDS of K-doped with X = 0.20M annealed at 800°C
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Plate 4: SEM and EDS of K-doped with X = 0.10M annealed at 800°C
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Figured.7; SEM Result of undoped Synthsized Sample, SeFe 0, anncaled at $00°C EDS of undoped, CSFOS, StFe.0; at B00°C

Plate 5: SEM and EDS of undoped with X = 0.00M annealed at 800°C

Scan Electron Microscopy

The 50um at magnification of 1500x backscattered image detector (BSD) full of all the samples
surface hexagonal morphology in plate 1-5 by secondary electron image (SEI) were obtained
with Nadopant depicting a nonconspicuous grey pattern due to its low concentration and less
reactive nature unlike Ko.1NOsz. For every SEM obtained EDS was examined for compositional
observation and inferred a qualitative analysis of elements contained in the synthesized samples

with much purity considering the weight concentration of their constituents.

Photocatalytic Analysis

The raw control sample, Na-doped at x=0.1, was not exposed to solar light after its mixture with
the MB and has a 100% degradation efficiency regardless of its irradiation time. The K-doped
sample at x=0.2 annealed at 800 °C has the most efficient degradation pattern as temperature
increased, due to its reactiveness and higher concentration used. Very close degradation was
observed between the K-doped at x=0.2 for 500 °C and Na-doped at x=0.1 for 800 °C.
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Powdered X-Ray Diffractometry

PXRD of the perovskite peak at 27° 26 shown in fig 1-2. The sample crystallized, Sr1-xMxFeOs,
hexagonal structure was distorted and formed orthorhombic by the addition of Na*and K* has the
PXRD showed more prominent peaks of Sr and Fe at their assigned positions in all the samples.
With a very fine-powdered samples used, the peaks have some resemblance where the particle
size of K-doped was 0.258nm, 0.303nm for Na-doped and 0.239nm for the undopedperovskite.
The peak formed depended on precipitation temperature of the precursor and their temperature in
the muffle furnace.

CONCLUSION

The EDS qualitative and quantitative measurement had revealed the actual SEM micrograghical
topography of the sample. The use of MB in the photocatalysis of Sr1.xMxFeOz confirmed that K-
doped sample for x=0.2 at 800°C has most efficient degradation for all irradiation time engaged.
The PXRD results were true analysis ofcationically doped perovskite with all peaks aligned on
same position in the 26 axis between 25-50°. It was clear that for coprecipitation method the
crystallization temperature of Sr1.xMxFeOs depended upon the precipitation temperature of the
precursor and that of the MuffleFurnace. With increasing the values of X, the concentration of
unstable Fe** and/or of oxygen vacancies also in- crease, which favors the diffusion of lattice
oxygen from the bulk to surface, as charge compensators. Thus, increasing the “M” content in
the defective structure of SrixMxFeOs accounts for the unstability of the lattice in a reducing

environment.
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