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CaFeO25 samples were synthesized by solid solution, mirror furnace and Sol-gel methods. The effect of the
synthesis method on the behavior structure was investigated. Phase structures are comparatively characterized and
studied by means of X-ray powder diffraction. Experimental results have revealed that the synthesis method has a
strong influence on the structure of the studied compounds. All samples obtained by the three methods are
crystallized in the Pnma orthorhombic system. We obtained the best results in the case of the Sol-gel technique.
In the Sol-gel method, the lattice parameters obtained are a = 5.41631 A, b = 14.73899 A and ¢ = 5.58790 A. Also,
the value of the average crystallite size D = 52.03 nm and the dislocation density §=3.69x10'%cm?. Since the values
of the lattice parameters in this method were the smallest of the three methods, which exhibiting a weak shrink of
the volume compared to the solid solution and mirror furnace one. This shrinking is a natural result of the decrease
in the value of the average crystallite size and the increase of dislocation density with a reason for the inverse
relationship between them. This allows us to conclude the importance of the Sol-gel method for obtaining CaFeO2.s

nanoscale compound.
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Introduction

Recently, ABOs.s perovskite oxides have been
receiving much attention. These non-stoichiometric
oxides have become a very important fields of research
with different technological applications, such as ceramic
membranes for oxygen separation and electrodes of solid
oxide fuel cells (SOFCs), electrocatalysis, gas sensor and
wastewater treatment [1-7]. Among these ABOss
perovskite oxides, the CaFeO.s compound (& = 0.5, have
a brownmillerite structure) considered as a candidate
material for energy and environmental applications [8-11].
CaFeO,5 compound exhibit two crystal structures as a
function of the temperature, which crystallizes in the
orthorhombic structure with space group Pnma (S.G. N°
62) up to 500 °C, then change its structure to the
orthorhombic space group 12mb (S.G. N° 46) [12-16].
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Today, we know that the X-ray diffraction (XRD) is a
powerful non-destructive technique for characterizing
crystalline materials. It provides information on
structures, phases, average crystallite size and other
structural parameters, such as crystallinity, strain, and
crystal defects [17]. Consequently, the average crystallite
size has a great influence on the microstructure, and
therefore on the physical properties of the resulting
ceramics [18-21].

The aim of the present study is to compare the lattice
parameters, crystallite size and the dislocation density
determined by X-ray powder diffraction analysis in all
brownmillerite CaFeO,s powders obtained by three
synthesis methods. The first sample was synthesized by
conventional solid solution, the second one was made by
the mirror furnace based on the melting zone technique
[22-23], while the third was the sol-gel method. We focus
our study to the analysis and determination of structural
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properties, the crystallite size and the density dislocation,
which occur during the samples formation. Especially, we
will estimate the effect of preparation process in different
synthesized method on structural behavior of these
samples.

I. Materials and Methods

1.1. Synthesis methods

The CaFeO,s samples have been prepared by the
conventional solid solution, mirror furnace using melting
zone technique and sol-gel synthesis methods.

1.1.1. Solid solution method

CaFeO,5 sample was prepared in air by solid-state
reaction. Stoichiometric amounts of commercial CaCOg,
SrCOs and Fe,O3 oxides were well mixed with acetone in
agate mortar for few minutes. The mixture was annealed
at 1000 °C for 12 hours, and then the powder was
compacted in pellets, each of 1 g and 13 mm in diameter.
The pellets were heated in air in conventional furnace at
1200 °C for 24 hours. Then, the samples were quenched
in liquid nitrogen. This operation is repeated two times.
The pellets were ground to fine powder for phase
characterization. A portion of the obtained powder was
used as a starting point of the second method so-called
“mirror furnace method”.

1.1.2. Mirror furnace method

The amount of powder of CaFeO,s sample as-
prepared by solid solution method was put in a latex tube
in order to prepare the feed rod. A hydraulic pressure of
10 bars was applied to obtain a solid bar, and it was
calcined in air for 12 h at 950 °C. Afterwards, a high
temperature around 1600 °C is applied using the mirror
furnace concentrated on a relatively small spot size at the
bottom of the rod until melting. The bottom falls down as
a molten drop directly in liquid nitrogen. Each part
requires between 4 to 5 minutes in order to melt and form
a molten drop and then fall.

1.1.3. Sol-gel method

CaFeO,5 powder was prepared using a Sol-gel
synthesis  method.  Stoichiometric ~ amounts  of
Ca(NOs3)2.4H,0 and Fe(NOs3)3.9H,O were mixed in
deionized water and heated at 70°C. Citric acid was then
added as the metal ions complexing agents. The molar
ratio of total metal ions and citric acid in the solution was
1:2. To ensure complete complexation, solution pH was
adjusted to 6 by adding NH3 aqueous solution. The final
powders were obtained from the solution after water
evaporation at 120 °C to form a brown gel followed by
calcination of this gel at 600 °C for 12 hours in air. The
powder was heated in air in conventional furnace at
800 °C for 24 hours. This operation is repeated two times
in order to obtain the phase.

1.2. Characterization

1.2.1. X-ray powder diffraction measurements

Phase identification and unit cell parameter
determination are checked using powder X-ray diffraction
(XRD) at room temperature. Powder X-ray diffraction
data were recorded using a Bruker D8 Advance
diffractometer (Bragg-Brentano configuration, CuKa) in
the 26 range of 10 - 80°.
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1.2.2. EDX spectroscopy
The energy dispersive X-ray spectroscopy (EDX)
analysis was carried out for CaFeO,s sample using a
phenom (JSM-6400) scanning electron microscope
equipped with an EDX micro-analytical system, intended
for the observation of dry and conducting samples.
1.2.3. Crystallite size and dislocation density
The dislocation density (8), which represents the
amount of defects in the sample is defined as the length of
dislocation lines per unit volume of the crystal, and is
evaluated from Williamson and Smallman’s formula [24,
25]:
6=,

— &
where D is the average crystallite size.

The crystallite sizes were determined from the full-
width at half-maximum (FWHM) in radians using the
Scherrer's formula. Its mathematical equation is given as
follow [26]:
kA
- Bhkl~6059 !

D

2

where k is the shape function for which a value of 0.9 is
used, A is the wavelength of the incident X-Ray (Cu-
Ka1=1.54056 A), 0 is the diffraction angle and B is full-
width at half-maximum (FWHM) of the XRD peak. Bhii is
appreciated as the estimated correct broadening of the
sample.

I1. Results and Discussion

The results of X-ray powder diffraction at room
temperature of CaFeO.s samples prepared by Solid
Solution (SS), Mirror Furnace (MF) and Sol-Gel (SG)
methods are presented in Fig. 1.

As can be seen, no differences are observed in the
pattern for the samples prepared by the three routes. The
crystal structures of the three CaFeO.s samples were
identified as an orthorhombic brownmillerite (space group
Pnma, No. 62), in agreement with the literature data [14].
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Fig. 1.X-Ray powder diffraction pattern of CaFeO.s
samples obtained by (a) SS, (b) MF and (c) SG methods.
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Table 1
Summary of lattice parameters of CaFeO,s samples synthesized by SS, MF and SG methods.
Synthesized Space Lattice parameters (A) Volume (A%)
method group a b Cc
SS P nma 5.42193 (5) 14.75619 (12) 5.59481 (5) 447.624 (3)
MF P nma 5.42434 (11) 14.76254 (24) 5.59675 (10) 448.171 (26)
SG P nma 5.41631 (7) 14.73899 (15) 5.58790 (8) 446.087 (8)
[14] P nma 5.42580 (10) 14.76580 (30) 5.59740 (10) 448.443 (30)
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Fig. 2. Le Bail refinement of experimental XRD pattern of CaFeO;s (a) SS, (b) MF and (c) SG samples
respectively, refined at room temperature in Pnma space group.

Therefore, the lattice parameters of all samples were
refined by means of the Fullprof software [27] using Le
Bail method. All peaks of different CaFeO, s samples can
be refined on the brownmillerite structure Pnma. The
refinement results are summarized in Table 1, and the final
Le Bail plot is presented in Fig. 2a, 2b and 2c.

Comparison of the values obtained from the indexing
of X-ray powder diffraction patterns, showed that the
results match in case of samples obtained by three
methods gave slightly different results. Lattice parameters
and the unit cell volume of CaFeO, obtained by the three
methods (Table 1) are smaller than from those listed by
Shaula et al. [14], and are monotonically decreasing with
the decrease of synthesis temperature and absence of
quenching in liquid N2 step (Fig. 3). Also, we have noticed
that the results of SS and MF methods are very close
because the CaFeO,5 sample obtained by MF method is
prepared firstly by solid solution method. While, in the
XRD pattern collected from the all CaFeO, s samples, the
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(111), (131) and (151) reflections and all representative P
lattice (h+k+l=2n+1) are present, indicating a primitive
lattice.

A quantitative analysis of the precursor CaFeQO2s by
the energy dispersive X-ray spectroscopy (EDX) analysis
was used to check the chemical composition. Small
amount of the sample’s size is observed on a holey carbon
film supported by a copper grid. EDX analysis indicates a
Ca: Fe ratio of 1:1 in CaFeO,s, which is consistent with
the expected stoichiometry, within the limit of
experimental error (Table 2). The EDX spectrum confirms
the desired compounds (Fig. 4).

On the other hand, the increase of peak intensities in
the XRPD pattern of the second method which is due to
the enhancement of the crystallinity during the synthesis
process. In the general case, the growth of the grains
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Fig. 3.Variation of lattice parameters and volume lattice extracted from Le Bail refinement of X-Ray diffraction
pattern as a functionof the synthesis temperature in CaFeO2s samples.
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Fig.4. Representative EDX spectrum of the sample CaFeOgs.

Table 2
Compositions of CaFeO, 5 extracted by theoretical
calculation and EDX analysis.

Element Ca Fe O
- S —
Theoretical \(;\c,)tn)wposmon(/o 2510 | 34.97 | 39.93
Experimental sample | ) 7 | 34 63 | 41 36
composition (% wt.)

supported by the thermal energy contribution is associated
with the increasing of the temperature, which allows the
interpretation of the increasing of crystallite sizes.
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We know that the breadth of the Bragg peak is a
combination of both instrument and sample dependent
effects [28]. So, we are used LaBg standard for
instrumental broadening correction. The corrected
broadening corresponding to the diffraction peak of
CaFeO,5 was estimated by using the relation [29, 30]:

1
— (p2 _ p2 2
Bhkl - (Bmeasured Binstrument) !

The crystallite size of characteristic peaks, the average

®)
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Table 3

Average crystallites sizes D in some XRD peaks and dislocation density & for CaFeOs compound prepared by SS,
MF and SG methods.

hkl 2 theta crystallites D average | Dislocation density &
E)ealz (degree) FWHM=P (degree) si);e (nm) (nm)g (x 10'°/ cm?) !
(020) 12.0532 0.1114 71.70
(101) 22.8920 0.0862 94.03
(040) 24.1605 0.0969 83.84
(200) 32.0429 0.0825 100.19
SS (002) 33.0904 0.0773 107.16 98.18 1.04
(141) 33.5071 0.0749 110.80
(161) 43.5614 0.0735 116.42
(202) 46.6920 0.0816 106.00
(080) 49.4425 0.0936 93.46
(020) 12.0001 0.1417 56.36
(101) 22.8362 0.1131 71.66
(040) 24.0997 0.1212 67.01
(200) 31.9828 0.1018 81.16
MF (002) 33.0231 0.1023 81.00 78.01 1.64
(141) 33.4455 0.1029 80.63
(161) 43.4941 0.0942 90.82
(202) 46.6236 0.1073 80.64
(080) 49.3685 0.0942 92.84
(020) 12.0010 0.1689 47.29
(101) 22.8853 0.1181 68.65
(040) 24,1467 0.1667 48.74
(200) 32.0170 0.1256 65.82
SG (002) 33.0694 0.1515 54.71 52.03 3.69
(141) 33.5133 0.1409 58.88
(161) 43.5620 0.1853 46.16
(202) 46.7104 0.1980 43.70
(080) 49.4270 0.2547 34.34

crystallite sizes and the dislocation density for the three
samples obtained from X-ray analysis are presented in
Table 3.

We can see that the average crystallite sizes of
CaFeO,5 samples extracted from some reflections are
varied from 71.70 nm to 116.42 nm for the sample
obtained by SS method, from 56.36 to 92.84 nm for MF
method and varied from 34.34 nm to 68.65 nm for the one
obtained by SG method. Also, the average crystallite sizes
calculated by the Scherrer's formula change from 98.18
nm for SS method, 78.01 nm for MF method to 52.03 nm
for SG method. It is worth mentioning that CaFeO:s
sample prepared with the SG method can have a greater
value of full-width at half-maximum (FWHM) than the
samples prepared with both SS and MF methods
indicated the decrease of the particle sizes.

We can explain this situation to the decrease of the
dislocation density. Dislocations are considered as a
category from the most important crystal defects. This
type of defect depends upon the morphological
characteristics of the material and its crystallite size and
preparation process [31].The dislocation densities were
found to be between 1.04 x 10 and 3.69 x 10%%cm?. It is
evident that the decrease in crystallite size causes an
increase in the dislocation density.

Through the above-mentioned, we can say that the
Sol-gel technique is one of the well-established synthetic
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approaches that have potential control over the textural
and surface properties of the materials [32]. This confirms
that Sol-gel is a good method of preparation at a relatively
low temperature compared to other methods.

Conclusions

In summary, the influences of synthesis method on the
structural behaviors of CaFeOzs compounds were
investigated. The three synthesis methods studied lead to
slight differences in the cell parameters of compounds,
which is a result of the different temperature during
preparation. As the temperature increases from 1200 °C in
solid solution and to 1600 °C in mirror furnace methods,
both CaFeO,s samples yield the same lattice parameters
in the range of the error standard deviation (e.s.d.) with
average crystallite sizes of 98.18 and 78.01 nm
respectively. This increase of the average crystallite sizes
is in agreement with that the growth of the grains
supported by the thermal energy contribution is generally
associated with the increasing of the temperature and the
time of preparation. So, sol-gel process with synthesis
temperature at 800 °C gave us smaller lattice parameters,
also smaller average crystallite size of 52.03 nm, and
greater dislocation density of 3.69 x 10%%/cm? So,
decreasing the synthesis temperature applied in the 3™
sample leads to raising the dislocation density. We can
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conclude that the preparation method for CaFeO;s CERETTI (Chimie et Cristallochimie des Matériaux,
influences on the average crystallite sizes in different UMR 5253 CNRS, Université Montpellier 1I, France) for
samples and thereby in its lattice volume. For these their help.

reasons, the Sol-gel process is an excellent method for

obtaining CaFeO2 s nano-particle.
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BB MeToaiB CMHTe3y HAa MOBEAIHKY CTPYKTYpH cnoayku CaFeO: s

Ylabopamopis LEVRES, Enisepcumem Env Yeo, Env Yeo, Anicup, mahboub-mohammedsadok@univ-eloued.dz
2[Jenmp nayxoeo-mexmiunux 0ociocens gisuxo-ximiunozo ananizy Iacna, Tipasza, Anicup,

3pasku CaFeOz5 cHHTE3yBanu TBEPIOPO3UNHHIM, A3€PKAIBHAM Ta 30JIb-TeIb METOAaMu. J{0CITiIKEeHO BILTHB
METOJIiB CHHTE3y Ha IOBEAIHKY CTPYKTYpH. MeETOIOM MHOpPONIKOBOI PEHTreHIBCHKOI MU(pakiil MOpiBHAILHO
OXapaKTepH30BaHO Ta JOCITIPKEHO (a3oBi CTpyKTypu. Pesynbprati eKcriepuMeHTy MMoKa3ally, 0 METOJ CHHTE3Y
Ma€ CYTTEBHH BIUIMB Ha CTPYKTYpY MAOCTIIDKYBaHMX CIIONyK. YCi 3pa3Kd, OTpHMaHi TphOMa METOIaMH,
KPHCTaNi3yIoTh B poMOiuHiii cuctemi Pnma. Haiikparui pe3yibTaTi OTpEMaHO AJIs BUIIAJAKY 30JIb-T€lIb MeToay. Y
30IIb-TeIh METOMNi OTpHMAaHO TmapameTpu rpaTtkma =541631A, b=14,73899 A ta ¢=5,58790 A. Takox,
OTPUMAHO 3HAYEHHS CEPEAHLOro po3Mipy kpucramirtie D = 52,03 HM i rycTunm aucnokamii & = 3,69-10%/cm?.
3Ha4YeHHS TapaMeTpiB TPaTKUY bOMY METO/i OyIM HARMEHIIIMMH 3 TPHOX METOIB TABOHH AEMOHCTPYIOTH CIIA0Ky
ycanky o0’eMy TOpiBHSHO 13 TBEpIOPO3YMHHUM 1 A3epKATFHHM CHHTe30M. lle ycaaka € 3aKOHOMIpHHM
pe3yNbTaTOM 3MEHIICHHS 3HAYEHHS CEepeJHbOr0 PO3Mipy KPHCTANITIB 1 30iJbIICHHSA T'YCTHHM AWCIIOKAMii,
LIOCIIPUYHHEHE 3BOPOTHOIO 3aIEKHICTIO MiXK HUMH. Lle 103BoIIsie 3pOOUTH BUCHOBOK IPO BAXKJIMBICTH 30JIb-T€lb
METOJy [UT OTPUMAaHHS HaHOpo3MipHOi cionyku CaFeOzs.

Kiwuoi cioBa: Po3mipu kpuctanitie; IllinbHicTs AuciOKalii; HAHOYACTHHKA; 30Jb-Telib; [lopolikoBa
PeHTTeHIBChKa qudpaKis.
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