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Abstract 

Nano-structured lanthanum strontium cobalt ferrite, La0.6Sr0.4Co0.2Fe0.8O3 (LSCF), was successfully 
synthesized via co-precipitation method using metal nitrates as starting materials. Effects of 
precipitating agent and calcination temperature on the phase composition and morphology of 
synthesized powders were systematically studied using X-ray diffraction (XRD) and field emission 
scanning electron microscopy (FESEM), respectively. XRD analysis revealed that a single phase 
La0.6Sr0.4Co0.2Fe0.8O3 perovskite was obtained in the processed sample using ammonium carbonate as 
precipitating agent with a NH4

+/NO3
-molar ratio of 2 after calcination at 1000C for 1 h. The phase 

composition of products was also affected by changing pH values. Moreover, using sodium hydroxide 
as a precipitant resulted in a mixture of La0.6Sr0.4Co0.2Fe0.8O3 and cobalt ferrite (CoFe2O4) phases. 
Careless washing of the precursors can also led to the formation of mixed phase after calcination of 
final powders. Mean crystallite size of the obtained powders was not noticeably affected by varying 
calcination temperature from 900 to 1050C and remained almost the same at 10 nm, however 
increasing calcination temperature to 1100C resulted in sharp structural coarsening. FESEM studies 
demonstrate that relatively uniform particles with mean particle size of 90 nm were obtained in the 
sample processed with a NH4

+/NO3
- molar ratio of 2 after calcination at 1000C for 1 h. 

Keywords: ammonium carbonate, co-precipitation, La0.6Sr0.4Co0.2Fe0.8O3, nanoparticles, solid oxide 

fuel cell. 

 

1. Introduction 

Perovskite-type complex oxides are of great 
interest in recent years due to their fantastic 
properties and various applications [1]. The 
ability of perovskite oxide materials to show 
high ionic and electric conduction as well as 

appropriate catalytic activity in both oxidizing 
and reducing environments makes them very 
promising materials to be used in solid oxide 
fuel cells (SOFCs) as the main materials for 
anode, cathode or electrolyte components. 
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Fuel cells with the ability of directly 
converting chemical energy into electricity 
offer a clean and renewable route with high 
efficiencies for future power generation 
systems [2, 3]. 

Lanthanum strontium cobalt ferrite (LSCF), 
especially the composition La0.6Sr0.4Co0.2Fe0.8O3 
has multifunctional applications [4-6]. It is 
worth mentioning that, LSCF compounds as a 
cathode material for SOFCs shows high 
thermal and chemical stability, high mixed 
electronic-ionic conductivity and high 
compatibility with other fuel cell materials. 

Different methods of synthesis such as 
solid-state reaction, co-precipitation, citrate 
gel, sol-gel, pyrolysis, combustion, gel-casting 
and pechini method have been employed for 
preparation of La0.6Sr0.4Co0.2Fe0.8O3 powders 
[7-9]. Conventional solid-state reaction route 
requires high calcination temperatures and 
long annealing times; which often results in 
agglomerated coarse particles and subsequent 
difficulty for achieving uniform distribution of 
particles for particular applications such as 
SOFCs cathodes. While, chemical routes often 
result in almost pure phase with uniform 
distribution and high surface area without any 
subsequent grinding in comparison to solid-
state reaction routes. Among the chemical 
routes, co-precipitation is an appropriate 
method for synthesizing LSCF perovskite 
phase which can led to obtaining ultrafine 
particles with uniform distribution [10]. 
Meanwhile, the phase formation and final 
microstructure of particles are strongly 
dependent on various factors such as pH of 
solution, stirring rate, process temperature, 
washing process of precursor and calcination 
temperature [11]. It was even found that the 
rate of addition of precipitating agent could 
have a significant effect on the shape and size 
of the final powders [12]. 

Nano-sized LSCF can be of much interest 
due to the strong influence of small particle 
size on improvement of the surface area and 
catalysis kinetic, in energy conversion systems 
such as the intermediate temperature SOFCs 
[13]. Although some researchers reported the 
synthesis of LSCF by co-precipitation route, it 
seems that there is lack of enough effort for 
optimizing the synthesis procedure. Successful 

synthesis of LSCF by co-precipitation route 
was reported by Richardson et al. [7], however 
the effects of calcination temperatures on the 
phase formation of LSCF perovskite were not 
systematically investigated. 

In this study, single phase 
La0.6Sr0.4Co0.2Fe0.8O3 was successfully 
synthesized by a simple co-precipitation method. 
The effects of precipitating agent, repeatedly 
washing process of precursors and calcination 
temperature were systematically investigated. 
Specifications of selected samples were also 
compared with a commercial LSCF powder, 
with the aim of declaring that co-precipitation 
method has good ability to control the 
morphology of powders. 

2. Experimental Procedure 
Lanthanum strontium cobalt ferrite compound 
was synthesized by co-precipitation route using 
high purity analytical grade metal nitrates. In a 
typical experiment, La (NO3)3.6H2O (Merck, 
˃96%), Sr (NO3)2 (BDH, ˃99%), Co 
(NO3)2.6H2O (Merck, ˃99%) and Fe 
(NO3)3.9H2O (BDH, ˃99%) were dissolved in 
distilled water with stoichiometric ratio of 
3:2:1:4 corresponding to the 
La0.6Sr0.4Co0.2Fe0.8O3 compound. The pH of 
nitrate solutions was between 2-3, similar to the 
value reported by Toprak et al. [14]. 
Adjustment of pH was carried out by dropwise 
addition of precipitants into the above solution 
during magnetic stirring. Sodium hydroxide 
(NaOH, Merck, ˃99%) with OH-/NO3

- molar 
ratios of 1 and 2, and also ammonium 
carbonate (CH6N2O2*CH5NO3,Merck) with a 
NH4

+/NO3
- molar ratio of 2 were added to the 

nitrate solution at the rate of 3 ml/min. In order 
to study the influence of washing process of 
precursor on the phase formation of final 
products, a sample was washed just once by 
distilled water at RT, while another sample was 
washed four times by distilled water at 70C, 
followed by ethanol washing. All samples were 
dried at 80C for 18h. Dried precursors were 
then calcined at various temperatures for 1h in 
air at a heating rate of 10C/min. Figure 1 
shows a schematic diagram of synthesis 
procedure in this study. 
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Fig. 1. Schematic procedure for synthesis of LSCF powders via co-precipitation route employed in this research. 

The phase formation was studied by X-ray 
diffraction (XRD) technique at room 
temperature using Philips PW-1730 with Cu 
Kα radiation (λ=1.5406 Å) in the range of 
20≤2θ≤80 and step size of 0.02. The mean 
crystallite size of the samples was calculated 
by Scherrer equation [15]: 

.cos
kD 

 
  (1) 

where K is a constant, λ is the wave length of 
Cu Kα radiation, and β is the full width at half 
maxima of XRD peaks. The microstructure of 
the synthesized powders was observed by field 
emission scanning electron microscope 
(FESEM, TESCAN MIRA3). The mean 
particle size was calculated using MIP 
(Microstructure Image Processing) software 
measuring more than 20 particles from 
FESEM images.Commercial LSCF powder 
with similar composition was obtained from 
Fuel Cell Materials Co. (FCM, USA) for 
comparison of the specifications. 

3. Results and Discussion 

XRD patterns of synthesized powders after 

calcination at 1000C for 1 h are shown in 
Figure 2. It can be seen that both precursors co-
precipitated by NaOH with OH-/NO3

- in a molar 
ratio of 1 and 2, contain some undesired 
secondary phases after calcination treatment, 
while co-precipitated samples with ammonium 
carbonate shows pure perovskite phase, similar 
to the XRD pattern of commercial LSCF powder 
(Figs. 2a and d). The ammonium carbonate co-
precipitated powder was obtained at a pH value 
of 8.5, which is significantly lower than those of 
the other co-precipitated samples by NaOH 
which are equal to 12 and 13 (Figs. 2b and c). It 
is reported that for each particular method for 
synthesizing LSCF powder, there is an optimum 
pH range in which a high quality perovskite 
phase can be obtained [16-18]. It is worth 
mentioning that carbonates family of the 
precipitants provides higher stability of pH in 
metal nitrate solutions as well as higher 
homogeneity of solution. Furthermore, 
precipitation by sodium carbonate or ammonium 
carbonate leads to a well crystalline single phase 
powder after calcination [7, 19]. 
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Fig. 2. The XRD patterns of calcined precursors processed by (a) NH4

+/NO3
- =2 (pH=8.5) (b) OH-/NO3

-=2 (pH=13) (c) 

OH-/NO3
-=1 (pH=12), all samples calcined 1 h at 1000C and (d) commercial LSCF powder. 

As indicated in Fig. 2, regardless of the 
OH-/NO3

- ratio, by employing NaOH as a 
precipitating agent, an undesired phase was 
observed on calcined samples as a minor 
phase. According to card No. JCPDS 02-1045, 
this secondary phase is related to cobalt ferrite 
oxide (CoFe2O4) [20]. Rashad et al. [19] also 
found that co-precipitation of LSCF by NaOH 
can lead to a mixed phase product. It has been 
reported that chemical co-precipitation of 
precursors using precipitants containing 
hydroxide ions (OH-) usually consist of 
micron/submicron agglomerates of amorphous 
hydroxide or oxide-hydroxide nanoparticles 
[21]. Additionally, precipitants containing 
hydroxide ion (OH-) such as NaOH, KOH, 
NH4OH can lead to a deficiency of strontium 
in the final powders due to the slight solubility 
of strontium hydroxide [22]. Whereas, 
precipitants belonging to the carbonates family 
can yield pure perovskite phase with desired 
composition and no cation deficiency [7]. 

Figure 3 shows X-ray diffraction patterns 
for ammonium carbonate co-precipitated LSCF 
powder before and after calcination under 
various washing process. Curves designated by 
(a) and (b) are indicative of amorphous 
precursors and show some weakly crystallized 
structure of cobalt containing compounds. XRD 
patterns of calcined samples marked by (c) for 
easy washing and (d) for rigorous washing 
process revealed the remarkable effect of 
rigorous washing process on the elimination of 

undesired secondary phases. The peaks in 
Figure 3c illustrates that washing the precursors 
by water and ethanol at RT (denoted as 
“1W25C, 1Et”) was not able to remove 
undesired compounds and the XRD pattern 
shows La2O3 peaks in final product. While, four 
times washing using water at 70C followed by 
ethanol washing (denoted as “4W70C, 1Et”) 
leads to a high purity phase. This phenomenon 
could be explained by higher ability of rigorous 
washing process to remove excessive salts and 
compounds from precursor. Obtaining mixed 
phases in a co-precipitation synthesis process 
was earlier reported by Rashad et al. [19], 
where they found Ni0.5Zn0.5Fe2O4 and Fe2O3 
through precipitation by NaOH (pH˂10) after 
calcination at 1000C for 2 h. 

Figure 4 demonstrats X-ray diffraction 
patterns of powders co-precipitated by 
ammonium carbonate with a NH4

+/NO3
- ratio 

of 2 after calcining at different temperatures 
in the range of 900-1100C. XRD results 
revealed that, at calcination temperatures 
lower than 1000C some minor secondary 
phases are presented and formation of 
perovskite phase is not complete, while at a 
temperature of 1000C a single phase 
crystalline LSCF provskite is formed. Further 
increase of calcination temperatures to 
1100C also increased the crystallinity of the 
powders. 
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Fig. 3. XRD patterns of precursors (a) washed by 

“1W25C,1Et”, (b) washed by “4W70C,1Et” both 

dried for 18 h at 80C, (c) and (d) calcined precursors 

corresponding to (a) and (b) at 1000C for 1 h (e) 

commercial LSCF powder. 

 
Fig. 4. XRD patterns of calcined co-precipitated 

precursor using NH4
+/NO3

-=2 at pH=8.5 after 

calcination at different temperatures in the range of 

900-1100C. 

Temperature dependence of mean 
crystallite size forco-precipitated precursors 
with a NH4

+/NO3
- ratio of 2 after calcination at 

different temperatures is shown in Figure 5. It 
can be seen that by increasing calcination 
temperature from 900 to 1050C, the mean 
crystallite size of LSCF powders remains 
almost constant in the range of 10 to 10.5 nm. 
However, increasing the calcination 
temperature to 1100C rapidly increases the 
mean crystallite size by about 30%. The mean 
crystallite size of commercial LSCF powder 
was calculated using XRD pattern (LSCF-
FCM sample in Fig. 4) and the corresponding 
value was around 19 nm. 

 
Fig. 5. Mean crystallite size of co-precipitated 

precursor using NH4
+/NO3

-=2 after calcination at 

different temperatures in the range of 900-1100C. 

FESEM micrographs of commercial LSCF 
powder as well as synthesized powders which 
were calcined at 1000 and 1100C are presented 
in Figure 6. The presence of plate like particles 
in the commercial powder of Fig. 6a might be 
due to a final mechanical milling process on the 
powders. It can be seen that hard agglomerated 
semi-spherical nanoparticles with mean particle 
size of 90 and 130 nm were observed in LSCF-
1000 and LSCF-1100 samples, respectively. 
Increasing calcination temperature from 1000 to 
1100C led to the intensive local sintering of 
LSCF powders. Indeed each agglomerated 
particle consist of several particle (or crystallite) 
as indicated by arrows in Figure 6(b). It can 
clearly be seen in Figure 6(c) that  
agglomeration has occurred in LSCF-1100 
sample. These data show that 1100C is a high 
calcination temperature and could not be an 
appropriate temperature for obtaining fine and 
discrete LSCF particles with uniform 
distribution. Table 1 illustrates a comparison of 
mean crystallite and particle size between LSCF 
powders prepared in this work with those earlier 
reported. As indicated, by employing a solid-
state reaction process, it is difficult to obtain 
submicron particles with a uniform distribution, 
while chemical routes can lead to nano-sized 
particles. Based on the data in Table 1, 
specifications of co-precipitated powders in the 
present study are well comparable with those 
synthesized by other chemical routes. It is worth 
mentioning that, although the calcination 
temperature of the present study is relatively 
high compare to those earlier reported, the size 
and morphology of particles are comparable 
with others results. 

sever 
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Fig. 6. FESEM micrographs of (a) commercial LSCF powder and LSCF powders synthesized by co-precipitation 

route using ammonium carbonate as precipitant with NH4
+/NO3

-=2 after calcination at (b) 1000C and (c) 1100C. 

Table 1. Comparison of calcination temperature, mean crystallite and particle size of LSCF powders prepared by 

various methods 

Synthesis method of 

La0.6Sr0.4Co0.2Fe0.8O3 

(LSCF) 
Calcination temperature (C) 

Mean 

crystallite 

size (nm) 

Mean particle size (nm) 

FESEM 
Reference 

Co-precipitation 1000 10 90 Current work 

Co-precipitation 1100 13 130 Current work 

LSCF-FCM - 19 280 FCM company 

EDTA-citrate 600 14 - [16] 
Combustion 825 23 50 [8] 
Gel-casting 950 - 124 [9] 
Citrate-gel 900 - 70 [9] 

Citrate-method 850 - 100 [23] 
Co-precipitation 1000 - ˃200 [7] 

Mixed nitrate solid-state 1000 - ˃2μm [7] 
Pechini method 1000  ˃1μm [24] 
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4. Conclusion 

Nano-sized particles of La0.6Sr0.4Co0.2Fe0.8O3 
was successfully synthesized via co-
precipitation method using metal nitrates as 
starting materials and ammonium carbonate as 
precipitating agent at a relatively low pH value 
of 8.5. XRD analysis showed that applying 
rigorous washing of co-precipitated precursors 
before calcination led to enhanced purity of 
LSCF phase. A mixture of La0.6Sr0.4Co0.2Fe0.8O3 
and La2O3 was observed when precursor was 
simply washed by distilled water at RT. The 
mean crystallite size of the obtained LSCF 
powders processed by ammonium carbonate 
(NH4

+/NO3
- =2) after calcination at different 

temperatures of 900 to 1100C were calculated 
in the range of 10 to 13 nm. FESEM 
micrographs revealed uniform distribution of 
ultrafine LSCF particles with mean particle size 
of 90 nm for the powders calcined at 1000C 
for 1 h. 

Acknowledgments 

The authors would like to acknowledge the 
financial supports of University of Tehran for 
this research under grant number 29920/1/01. 
Also financial supports of Iran 
Nanotechnology Initiative Council are 
gratefully acknowledged. 

References 
[1]. M. Pena and J. Fierro, "Chemical structures 

and performance of perovskite oxides," 
Chemical Reviews, vol. 101, pp. 1981-2018, 
2001. 

[2]. B. C. Steele and A. Heinzel, "Materials for 
fuel-cell technologies," Nature, vol. 414, pp. 
345-352, 2001. 

[3]. J. Mirzababaei and S. S. Chuang, "La0. 6Sr0. 

4Co0. 2Fe0. 8O3 Perovskite: A Stable Anode 
Catalyst for Direct Methane Solid Oxide Fuel 
Cells," Catalysts, vol. 4, pp. 146-161, 2014. 

[4].  N. Q. Minh, "Solid oxide fuel cell 
technology—features and applications," Solid 
State Ionics, vol. 174, pp. 271-277, 2004. 

[5]. Y. Teraoka, H.-M. Zhuang, S. Furukawa, and 
N. Yamazoe, "Oxygen permeation through 
perovskite-type oxides," Chemistry Letters, pp. 
1743-1746, 1985. 

[6].  S. Jiang, "A comparison of O2 reduction 
reactions on porous (La, Sr) MnO3 and (La, 

Sr)(Co, Fe)O3 electrodes," Solid State Ionics, 
vol. 146, pp. 1-22, 2002. 

[7].  R. A. Richardson, J. W. Cotton, and R. M. 
Ormerod, "Influence of synthesis route on the 
properties of doped lanthanum cobaltite and its 
performance as an electrochemical reactor for 
the partial oxidation of natural gas," Dalton 
Transactions, pp. 3110-3115, 2004. 

[8].  A. Dutta, J. Mukhopadhyay, and R. N. Basu, 
"Combustion synthesis and characterization of 
LSCF-based materials as cathode of 
intermediate temperature solid oxide fuel cells," 
Journal of the European Ceramic Society, vol. 
29, pp. 2003-2011, 2009. 

[9].  L. Nie, Z. Liu, M. Liu, L. Yang, Y. Zhang, and 
M. Liu, "Enhanced Performance of La0. 6Sr0. 

4Co0. 2Fe0. 8O3− δ (LSCF) Cathodes with Graded 
Microstructure Fabricated by Tape Casting," 
Journal of Electrochemical Science and 
Technology, vol. 1, pp. 50-56, 2010. 

[10] . V. Uskoković and M. Drofenik, "Four novel 
co-precipitation procedures for the synthesis of 
lanthanum-strontium manganites," Materials & 
design, vol. 28, pp. 667-672, 2007. 

[11].  B. L. Cushing, V. L. Kolesnichenko, and C. 
J. O'Connor, "Recent advances in the liquid-
phase syntheses of inorganic nanoparticles," 
Chemical reviews, vol. 104, pp. 3893-3946, 
2004. 

[12].  Z. Junwu, S. Xiaojie, W. Yanping, W. Xin, 
Y. Xujie, and L. Lude, "Solution-Phase 
Synthesis and Characterization of Perovskite 
LaCoO3 Nanocrystals via A Co-Precipitation 
Route," Journal of Rare Earths, vol. 25, pp. 
601-604, 2007. 

[13].  A. S. Aricò, P. Bruce, B. Scrosati, J.-M. 
Tarascon, and W. Van Schalkwijk, 
"Nanostructured materials for advanced energy 
conversion and storage devices," Nature 
materials, vol. 4, pp. 366-377, 2005. 

[14].  M. S. Toprak, M. Darab, G. E. Syvertsen, 
and M. Muhammed, "Synthesis of 
nanostructured BSCF by oxalate co-
precipitation–As potential cathode material for 
solid oxide fuels cells," International journal of 
hydrogen energy, vol. 35, pp. 9448-9454, 2010. 

[15].  B. D. Cullity and S. R. Stock, Elements of 
X-ray Diffraction vol. 3: Prentice hall Upper 
Saddle River, NJ, 2001. 

[16] . W. Zhou, Z. Shao, and W. Jin, "Synthesis of 
nanocrystalline conducting composite oxides 
based on a non-ion selective combined 
complexing process for functional 



Mostafavi et al. / Vol.48, No.1, June 2015 

52 

applications," Journal of Alloys and 
Compounds, vol. 426, pp. 368-374, 2006. 

[17].  J. Yu, W. Ma, and H. Wang, "Preparation of 
perovskite-type oxides La1-XSrXFe1-YCoYO3 
using EDTA sol-gel method," Journal of Rare 
Earths, vol. 22, pp. 766-770, 2004. 

[18].  Z. Taheri, B. Ghanbari, and H. Hajibabaei, 
"Synthesis, characterization, and application of 
a new tripodal ligand for the preparation of 
LSCF (6482) perovskite," Chemical Papers, 
vol. 68, pp. 989-994, 2014. 

[19].  M. Rashad, E. Elsayed, M. Moharam, R. 
Abou-Shahba, and A. Saba, "Structure and 
magnetic properties of NixZn1-xFe2O4 
nanoparticles prepared through co-precipitation 
method," Journal of Alloys and Compounds, 
vol. 486, pp. 759-767, 2009. 

[20] . V. Pillai and D. Shah, "Synthesis of high-
coercivity cobalt ferrite particles using water-
in-oil microemulsions," Journal of Magnetism 
and Magnetic Materials, vol. 163, pp. 243-248, 
1996. 

[21].  M. Montazeri-Pour and A. Ataie, "Low 
temperature crystallization of barium ferrite 
nano-particles via co-precipitation method 
using diethylene glycol," International Journal 
of Modern Physics B, vol. 22, pp. 3144-3152, 
2008. 

[22] . Y. Zeng, Y. Lin, and S. Swartz, "Perovskite-
type ceramic membrane: synthesis, oxygen 
permeation and membrane reactor performance 
for oxidative coupling of methane," Journal of 
membrane science, vol. 150, pp. 87-98, 1998. 

[23] . X. Lou, S. Wang, Z. Liu, L. Yang, and M. 
Liu, "Improving La0.6Sr0.4Co0.2Fe0.8O3− δ 
cathode performance by infiltration of a 
Sm0.5Sr0.5CoO3− δ coating," Solid State Ionics, 
vol. 180, pp. 1285-1289, 2009. 

[24] . W.-H. Kim, H.-S. Song, J. Moon, and H.-W. 
Lee, "Intermediate temperature solid oxide fuel 
cell using (La, Sr)(Co, Fe)O3 based cathodes," 
Solid State Ionics, vol. 177, pp. 3211-3216, 
2006. 

 




