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In the present work, the authors report the results of the influence of the cobalt ions which partly substitute the Fe ions in the
LaCoxFe1-xO3, where x D 0; 0.2; 0.4; 0.6; 0.8; 1 on the structural properties. A polymeric sol-gel (Pechini) technique has been used to
prepare nano sized powders of LaCoxFe1-xO3 semiconducting oxide. Thermal decomposition of polymeric intermediate was studied
via DTA-TG analysis. The phase composition, crystal structure and morphology of the samples were studied by XRD, SEM, and
TEM. Considering the DTA-TG results, the addition of cobalt to the system led to a shift toward lower temperatures. In comparison
with LaFeO3, the intensity of LaCoxFe1-xO3 (0<x�1) peaks declined markedly, although the full widths at half maximum were far
broader. The average crystallite sizes of the final powders that were almost spherical varied from 28 to 11 nm, resulting from an
increase in the cobalt amount.

Keywords: Pechini, cobalt substitution, iron, thermal analysis

Introduction

During the past few years, several methods have been pro-
posed in synthesizing perovskite oxides by researchers. Some
of these methods based on metal oxides reaction at high tem-
perature (typically >1200�C). The trend toward the solid
oxide reaction seems to be less as it was due to the disadvan-
tages of this method, including change in stoichiometry, sec-
ond phase formation and mainly high grain growth which
means difficulty of preparing nano powder.[1–3] Hence, the
preparation of highly homogeneous and fine perovskite pow-
ders at lower temperatures through other methods, such as
nitrate molten salts process,[4] coprecipitation technique,[5]

citrate sol-gel method,[6] and glycine combustion method[7]

has attracted a great deal of interest. In some of the sol-gel
processes, using expensive metal alkoxides that make it diffi-
cult to control the condition of the process led us toward
employing the low-cost polymeric Pechini sol-gel technique
which is based on using metal salts, a hydrocarboxylic acid
which is mainly citric acid as a chelating agent and ethylene
glycol to establish esterification reaction with citric acid.[8–10]

The crystals with perovskite structure ABO3 are numer-
ous. They include the materials of A1CB5CO3, A

2CB4CO3, or
A3CB3CO3-types, where A D an alkali, alkaline earth, or a
lanthanide and B D a transition metal.[11–13] A p-type semi-
conductor LaFeO3 with an orthorhombic perovskite struc-
ture which is nontoxic with good magnetic properties and
remarkable stability in reducing and oxidizing condition
catches the fancy of many researchers.[14–16] By now, several
researchers have investigated the addition of different ele-
ments, including Ni, Mg, and Zn, on the structure and physi-
cal properties of LaFeO3.

[17–19] Consequently, new
substituted compounds and LaFeO3 have been widely used
as catalysis,[20] electrode in fuel cells,[21] negative electrode in
batteries,[22] also as a gas sensor in sensing humidity, alco-
holic, non-alcoholic, combustible and poisonous gases.[23–25]

In this study, LaCoxFe1-xO3 compounds were prepared using
Pechini method. The effects of cobalt doping with an assort-
ment of Fe/Co ratios in LaFeO3 and its structural changes
will be discussed.

Experimental

Materials

All the chemicals were analytical grade. La (NO3)3¢6H2O, Fe
(NO3)3¢9H2O, Co (NO3)2¢6H2O, citric acid (C6H8O7), and
ammonia solution were purchased from Merck. While ethyl-
ene glycol (C2H6O2) was purchased from Applichem,
Germany.
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Synthesis of Powders

LaCoxFe1-xO3 nanopowders where x D 0; 0.2; 0.4; 0.6;
0.8; 1 were prepared using of lanthanum nitrate hexahy-
drate, iron(III) nitrate nonahydrate, and cobalt(II) nitrate
hexahydrate with citric acid and ethylene glycol by
Pechini method at 750�C for 4 h. At first, a stoichiometric
amount of metal ions was weighted and then dissolved in
deionized water (30 mL). Citric acid as a chelating agent
and ethylene glycol as a polymerization with 60:40 Wt%
were added to the solution afterward, while the solution
was under continuous stirring (750 rpm). Initial pHs and
gel colors are shown in Table 1. The pH was kept con-
stant within a 6–7 range by adding an appropriate
amount of ammonia solution (5 mL). Stirring and heating
(85�C) were continued until the gel was formed. With the
aim of better removing organic materials, the samples
labeled as C0, C0.2, C0.4, C0.6, C0.8, and C1 were trans-
ferred to a larger container and dried in an oven at 130�C
over night. A small part of the as-prepared samples taken
from the C0, C0.4, C0.8, and C1 were used for thermal
analysis (DTA/TG). Dried gels were milled and then cal-
cined at 750�C for 4 h in air. Finally the samples were
ground smoothly in an agate mortar. This procedure is
shown in Figure 1.

Characterizations

With the aim of determining the thermal behavior of the sam-
ples, simultaneous thermal analysis (DTA-TG) was carried
out by using a Perkin Elmer, Pyris Diamond instrument in
the range of 25–1000�C. The rate of heating employed was
5�C /min. The sample weight used was approximately 5 mg.
Crystal structure and phase analysis were performed by X-
ray diffraction (XRD) using a Bruker D4 with Cu Ka radia-
tion. The data were collected in the 2u range of 4–65� with a
step size of 0.02�. The SEM analyses were carried out in a
VegaII TeScan scanning electron microscope. Morphology
and microstructure of the C0 and C0.8 powders were studied
using an EM-208 Philips transmission electron microscope
(TEM).

Results and Discussion

Thermal Analysis (DTA-TG)

The DTA/TG/DTG curves obtained for the C0, C0.4, C0.8

and C1 dried gels in ambient air are given in Figures 2a–d.

The progression of each sample decomposition carried out
in several steps. The DTA curve for C0 sample comprised
a small endothermic peak at 120�C and a single exothermic
peak at around 208�C corresponding to the major weight
loss which started close to 143�C and reached to a maxi-
mum at 198�C and completed at 226�C in the TG curve. It
could be attributed to the evolution of adsorbed water up
until 150�C and perhaps some residues citric acid evapo-
rated or decomposed up to 200�C.[26] In the case of C0.4,

Table 1. Composition, initial pH, and gel color of the samples

Composition LaFeO3 LaCo0.2Fe0.8O3 LaCo0.4Fe0.6O3 LaCo0.6Fe0.4O3 LaCo08Fe0.2O3 LaCoO3

Sample code C0 C0.2 C0.4 C0.6 C0.8 C1

Initial pH 0.49 0.74 0.74 0.75 0.67 0.58
Gel color cedarn light brown brown brown dark brown dark brown

Fig. 1. The powder synthesis flow chart.
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Fig. 2.DTA-TG-DTG curves for (a) C0, (b) C0.4, (c) C0.8, and (d) C1 dried gels prepared by Pechini method.

Fig. 3. X-ray diffraction patterns of LaCoxFe1-xO3 (xD 0, 0.2, 0.4, 0.6, 0.8, 1) (C0-C1) calcined at 750�C for 4 h.
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C0.8 and C1 samples, in addition to the initial DTA peak at
around 150, 155, and 170�C respectively, exothermic peaks
at around 219, 220, and 215�C were observed in these
regions which could be related to the decomposition of
organic compounds, nitrates to carbonates and La2O3 for-
mation up to 400�C. To put it in another way, this means
the bonds between metals and carboxyl groups were bro-
ken.[26,27] More heating led to the next weight loss in the
regions of approximately 226–670, 240–670, 260–725, and
295–630�C for C0, C0.4, C0.8, and C1 gels, which

corresponded to gradual changes in the DTA curves up to
the exothermic peaks at 669, 660, 590, and 570�C, respec-
tively for each sample. Changes in these intervals could be
due to the decomposition of carbonates and since there
was no immense weight loss corresponding to the peak
around 669�C, this could be attributed to the crystalliza-
tion of LaFeO3 (C0) with a total mass loss of 75.4%. The
C0.4, C0.8, and C1 samples behaved in the same way in
which formed at temperatures mentioned above and only
C0.8 showed a parabolic shape exothermic peak. The total

Fig. 4. SEMmicrographs of (a) C0, (b) C0.2, (c) C0.4, and (d) C0.8 particles after calcining at 750�C for 4 h.
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mass loss of the C0.4, C0.8, and C1 samples was 93.5%,
96.1%, and 92.1%, respectively.

X-Ray Diffractometry Studies

XRD patterns of C0 to C1 calcined for 4 h at 750�C are
shown in Figure 3. It could be observed that by increasing
the cobalt amount the peaks were much broader. Also,
the noise of the spectrums was far more intense, presum-
ably due to the small crystallite size of the samples. XRD
patterns of LaFeO3 showed an orthorhombic perovskite-
type structure (PDF, card no. 37-1493). The patterns of
samples with 0<x�0.4 were similar to that of LaCo0.4-
Fe0.6O3, which was identified to have an orthorhombic
structure (PDF, card no. 44-361). Samples with 0.4<x�1
showed the patterns similar to that of LaCoO3 (PDF,
card no. 25-1060), which had a trend from orthorhombic
to rhombohedral structure, not to mention in case of C1,
a small proportion of La2O3 was found (PDF, card no.
22-0641 and no. 05-0602).

The Scherrer formula[28] (Eq. 1) was applied to the most
intense peak of each obtained XRD spectrum in order to

determine the crystallite size of the powder:

DD kλ=Bcosu (1)

Where D is the average crystallite size in nm, K is a con-
stant, here taken as 0.89, λ is the wavelength of Cu K1, taken
as 0.15406 nm, B is the full width at half maximum (FWMH)
in radians and u is the diffracting angle. In concern with the
results obtained from XRD patterns, FWHM and the calcu-
lated crystallite size of each sample are shown in Table 2. As
can be seen, the full width at half maximum of the peaks
went up from 0.28 to 0.72�. In contrast to the FWHM, there
was a downward trend in the values of the crystallite size. It
should be noted that, there is a direct correlation between
cobalt addition and the decline in the crystallite size in which
has a profound impact upon shifting the XRD patterns posi-
tion toward larger 2u values. Also, the addition of cobalt had
a direct impact on crystal-plate distance reduction, which is
associated with a decline in the unit cell volume. The reason
is that when the Fe3C ions (0.64 A

�
) were replaced by Co2C

(0.74 A
�
) ions at the B site, the unit cell volume should be

larger, although the results are antagonistic. It stemmed from
replacement of Fe3C ions in the sublattic by Co3C ions (0.61
A
�
) generated from the oxidation of Co2C ions. In other

words, it seemed that when the position of Fe3C in the
LaFeO3 is occupied by Co2C, by formation of oxygen
vacancy or the divergence in the capacities of iron and cobalt
ions (Fe4C/Fe3C or Co3C/Co2C), the neutrality will main-
tained and lead to inhibit grain growth at high temperature
for the LaCoxFe1-xO3 composition.[29,30]

SEM and TEM Studies

SEM images of C0, C0.2, C0.4, and C0.8 powders calcined at
750�C are shown in Figure 4. The images illustrate almost

Table 2. Physical characteristics and results of X-ray diffraction
patterns

Sample code C0 C0.2 C0.4 C0.6 C0.8 C1

Final powder
color

yellow dark
brown

gray gray gray dark gray

FWHM (�) 0.28 0.50 0.58 0.59 0.66 0.72
D*(nm) 28 16 14 13 12 11
d-spacing (A

�
) 2.78 2.75 2.74 2.73 2.72 2.71

*Calculated by the Scherrer formula.

Fig. 5. TEM photomicrograph of the (a) C0 and (b) C0.8 samples.
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uniform particle size distribution which is strongly aggre-
gated. Average particle size for C0, C0.2, C0.4, and C0.8 esti-
mated 76, 75, 70, and 69 nm, respectively. Figure 5 shows
TEM photographs of C0 and C0.8 powders. The individual
powder particles were aggregates of nano crystallites that
were oval-shaped (C0) and angular (C0.8). The crystallite
size observed in TEM is nearly 80 and 70 nm, respectively.

Conclusion

The following conclusions can be drawn from present study
for AB0

xB1-xO3 perovskites (A: La, B: Fe, and B0: Co).
Firstly, the Pechini method is a very promising technique for
synthesizing nano crystalline and homogenous LaCoxFe1-xO3

mixed metal oxides at 750�C. Second, by increasing the
cobalt amount there was a considerable decrease of about
99�C in the final exothermic peak of DTA curves. Further-
more, the crystal structure depended on cobalt amount that
was orthorhombic for x �0.4. The values between 0.4 and 1
were orthorhombic toward rhombohedral at xD1. A gradual
decline in the crystallite sizes of the samples from 28 to
11 nm was obtained. SEM and TEM analysis showed some
agglomeration of particles in which played a major part in
making larger structures below 100 nm.
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