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Abstract 

A versatile one-pot auto-combustion method for the synthesis of powders of iron-doped 

strontium titanate, SrTi1-xFexO3-δ, has been developed. The synthesis is optimised by the 

combined use of EDTA and citric acid as chelating agents, and an appropriate balance 

between fuel and oxidising elements in the reaction mixture. The method produces 

immediately an almost phase-pure perovskite oxide powder, with an ultra-fine 

crystallite size of 20-40 nm, and with a low level of organic residues. Highly sinter-

active powders are obtained after calcination and ball-milling of the powders.  
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Highlights 

• Simple and fast synthesis route for SrTi1-xFexO3-δ powders 

• EDTA and citric acid are used as combined chelating agents 

• Combustion leads to formation of almost phase-pure powders 
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1. Introduction 

The non-stoichiometric perovskite oxides SrTi1-xFexO3-δ (STF) are presently 

extensively investigated. The STF materials are good mixed ionic-electronic conductors 

[1-3], while other functional properties such as stability in reducing atmospheres, creep, 

and stability in CO2-containing atmospheres can be tuned by the Ti/Fe ratio. Especially 

the compositions with high Fe concentrations exhibit fast oxygen surface exchange and 

transport kinetics, which render them as viable candidates for use as cathode for solid 

oxide fuel cells (SOFCs) [4], and as dense ceramic membrane for oxygen separation [2]. 

STF is known to form a continuous solid solution between the two end members 

SrFeO3-δ and SrTiO3 over the whole composition range 0 < x < 1 [5]. At high 

temperatures, all compositions in the series SrTi1-xFexO3-δ adopt the cubic perovskite 

structure (space group ). While the end-member SrFeO3-δ undergoes a structural 

phase transition to the ordered orthorhombic brownmillerite SrFeO2.5 phase below 

~800-900 °C [6], substitution of Ti as low as x = 0.01, is sufficient to prevent this 

transition [5].  

STF powders are typically synthesized by solid-state reaction, in which a 

stoichiometric mixture of solid reactants, e.g. carbonates, hydrates, oxalates or nitrates, 

is calcined at elevated temperature [1,7-9]. Multiple grinding and calcination steps are 

necessary to improve chemical homogeneity of the powder. The wide particle size 

distribution of the powder obtained via solid-state reaction often leads to poor sintering 

characteristics [1,8]. Intimate mixing of reactants on a molecular level on the other hand 

is a key benefit of wet synthesis methods. Examples of wet synthesis methods include 

co-precipitation [10,11], hydrothermal synthesis [12,13], solvent vaporization (spray 

drying, spray pyrolysis, and freeze drying), and combustion synthesis methods [14-16]. 

In general, these methods yield powders with higher compositional uniformity, smaller 

particle size and larger surface area than those prepared by solid-state reaction.  
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Combustion synthesis routes are inspired by the work of Pechini [15], in which 

citric acid and ethylene glycol are added to an aqueous solution of suitable metal salts or 

oxides, taken in appropriate proportions. Gelation occurs upon solvent evaporation due 

to poly-condensation of the citric acid and ethylene glycol. Immobilisation of the metal 

citrate complexes in the gel prevents precipitation of the cations, ensuring that the 

chemical homogeneity is retained in the precursor solution during drying [17]. After 

drying, the gel is fired at elevated temperature to obtain a finely dispersed powder of 

metal oxides and/or metal carbonates [18]. A phase-pure ceramic powder is obtained 

after calcination at a suitable temperature.  

Alternatively, in modified Pechini synthesis routes, different chelating or 

combined chelating agents are employed [19]. The synthesis typically consists of four 

steps: (i) formation of organometallic complexes in solution, (ii) solvent evaporation 

and gel formation, (iii) auto-combustion (pyrolysis) followed by (iv) a heat treatment of 

the obtained powder [20,21]. Among several chelating agents, ethylene-diamine-tetra-

acetic acid (EDTA) and citric acid (CA) are used most frequently [11, 20]. Due to its 

higher chelating power, a far more extensive range of cations can be chelated with 

EDTA compared to CA [22]. Possessing three carboxyl groups and one hydroxyl group, 

however, CA is the chelating agent with the stronger gelation ability [23]. The sole use 

of CA as chelating agent, however, may result in a highly exothermic, non-uniform 

combustion reaction, adversely affecting the morphology of the powder [24]. For these 

reasons CA and EDTA are often employed as combined chelating agents [20,23,25,26].  

In this work, we have developed a versatile one-pot auto-combustion route for 

the preparation of SrTi1-xFexO3-δ (STF) powders, using EDTA and citric acid as 

combined chelating agents. The synthesis is exemplified by the preparation of SrTi1-

xFexO3-δ with x = 0.3, x = 0.5 and x = 0.7 (abbreviated as STF30, STF50, and STF70, 
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respectively). Water-soluble nitrates are used as precursors for strontium and iron, while 

titanium (IV) n-propoxide dissolved in ethanol is used as precursor for titanium. 

 
2. Experimental 

Synthesis of STF powders was carried out following the scheme as depicted in 

Fig. 1. High purity (> 99%) Sr(NO3)2, Fe(NO3)3.9H2O, citric acid (CA, C6H8O7), 

ethylene-diamine-tetra-acetic acid (EDTA, C10H16N2O8), and titanium (IV) n-propoxide, 

(Ti(OC3H7)4) were purchased from Sigma-Aldrich, Inc. In beaker 1, Ti(OC3H7)4 was 

dissolved in dry ethanol in a glove box under dry N2 conditions. Beaker 2 contained a 

solution of EDTA in Q2-distilled water brought to a pH of 5.5 by the addition of 

concentrated NH4OH (30 vol%, Sigma-Aldrich, Inc.). In beaker 3, stoichiometric 

proportions of strontium and iron nitrates were dissolved in Q2-distilled water. The 

EDTA solution (beaker 2) was added to the titanium (IV) n-propoxide solution (beaker 

1) under vigorously stirring followed by the addition of the metal nitrate solution 

(beaker 3). Next, CA powder was added to beaker 1 up to a CA /total metal molar ratio 

of 1.5. In selected experiments only EDTA or CA was used as chelating agent. In all 

cases the total chelating agent : total metal molar ratio was maintained at 2.5 : 1. The pH 

of the precursor solution was re-adjusted to a value of 7 with NH4OH (30 vol%, Sigma-

Aldrich, Inc.) before splitting of the solution into smaller batches. Each batch comprised 

an amount equivalent to produce approximately 3.5 gram of powder, and was 

transferred to a tall glass beaker (2 L borosilicate 3.3). The amount of oxidizer NH4NO3 

(Sigma-Aldrich) added to the precursor solution was varied in different experiments to 

study its influence on combustion characteristics. After addition of NH4NO3, the 

precursor solution was heated on a ceramic hot plate, set to 350 °C, until a vigorously 

boiling gel was obtained. Upon further heating, a foam-like structure developed which 

eventually self-ignited. The temperature of the gel and that of the gas phase just above 

the gel during combustion were monitored using K-type thermocouples. These were 
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positioned just below and ~10 cm above the (initial) surface of the precursor solution, 

respectively, and were connected to a data logging device with a measuring frequency 

of 1 Hz. The beaker containing the precursor solution was covered with a stainless steel 

wire screen (100-mesh) to prevent undesired powder loss during combustion. The 

obtained flakes were crushed with a single zirconia ball (ø 52 mm) to obtain a raw 

powder with a high pouring density.  

The powders were heat treated in air for 12 h either at 300, 500, 700, 900, or 

1100 °C, using heating and cooling rates of 5 °C·min-1. Powder X-ray diffraction 

patterns were obtained using a Bruker D2 Phaser with Cu-Kα radiation (λ = 1.54184 Å). 

The XRD patterns were fitted by a Monte Carlo and grid search using the X’Pert 

Highscore Plus software package (PANalytical, version 3.0e). Powder samples were 

imaged using a JEOL JSM-6010LA analytical scanning electron microscope (SEM), 

operated at an acceleration voltage of 5 kV. 

Raw powders obtained from synthesis were studied by thermogravimetric 

analysis (TGA) using a Netzsch STA 449 F3 Jupiter. The measurements were 

performed on 10 mg of the sample enclosed in an α-Al2O3 crucible under a flow of 

synthetic air (70 ml·min-1 (STP)), using heating and cooling rates of 10 °C·min-1.  

To investigate the sintering activity of the powder, dilatometric measurements 

(Netzsch dilatometer 402 C) were performed on green rectangular bars in the 

temperature range 25 - 1400 °C, using heating and cooling rates of 2 °C·min-1. Prior to 

these measurements, the powders were calcined at 950 °C for 12 h in stagnant air and 

ball-milled in ethanol for 48 h. Green rectangular bars (15 × 4 × 4 mm3) were obtained 

by uniaxial pressing at 50 MPa followed by isostatic pressing at 400 MPa. 
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3. Results and discussion 

3.1 Precursor solution 

Metal nitrates are widely used as precursors in aqueous synthesis routes [27]. 

Due to its high volatility at room temperature, however, titanium nitrate is less suitable 

as precursor [28]. For this reason, titanium (IV) n-propoxide dissolved in dry ethanol 

(beaker 1) was used in this study as precursor for titanium. After addition of the content 

of beaker 2, containing the aqueous solution of the EDTA with a pH of 5.5, a white 

turbidity (due to precipitation of Ti(OH)2) appeared in the solution, disappearing within 

less than about 10 s, upon which the solution became colourless and transparent again.   

Condensation of metal alkoxydes following hydrolysis by water can occur via 

two basic processes: (i) via the formation of hydroxy-bridges between the metal centres 

(olation) or (ii) via the formation of more stable oxo-bridges (oxolation) [29]. Whether 

olation or oxolation occurs will depend strongly on the pH of the solution. In a test 

experiment, first Q2-distilled water with a pH of 11.8 was added to the solution of 

titanium (IV) propoxide in dry ethanol (beaker 1). Immediately, a white precipitate was 

formed. Next, EDTA in the form of powder was added to the solution, but the 

precipitation persisted even after stirring at 65°C for 24 h. This simple experiment 

demonstrates that it is important to control the pH of the solution in which hydrolysis 

and condensation of the titanium (IV) n-propoxide precursor occurs. 

Some precipitation was observed after the addition of the aqueous solution of 

iron and strontium nitrates (beaker 3). Addition caused a drop in the pH of the solution, 

lowering the EDTA solubility. Readjusting the pH to ~7 by adding NH4OH dissolved 

EDTA again, upon which a dark brownish solution was obtained. Unless specified 

otherwise, the CA : EDTA molar ratio during synthesis was 1.5 : 1, while the total 

chelating agent : total metal molar ratio was 2.5. After addition of CA, NH4OH was 
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again used to readjust the pH to ~7 (Fig. 1). Subsequently, the precursor solution was 

divided into smaller batches for further processing.  

 

3.2 Combustion characteristics 

 Traditionally, the constitution of a combustion reaction mixture is expressed in 

terms of the oxidizer-to-fuel ratio, ϕ, which quantity is referred to as the equivalence 

ratio [30]. This concept is however less useful when the fuel molecules contain oxidizer 

elements and/or the oxidizer molecules contain fuel elements. Combustion reactions are 

redox reactions and, hence, oxidation numbers can be used to determine which elements 

in the reactant mixture act as an oxidizer, and which act as a fuel (i.e., reductor). In this 

study, the method proposed by Jain et al. [30] was pursued by calculation of the so-

called elemental stoichiometric coefficient for a given combustion reaction mixture: 
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where  nO,i and nR,j are the number of moles of oxidizing and reducing (fuel) elements in 

the reaction mixture, respectively, whilst zi and zj are their corresponding valences. 

Under stoichiometric conditions, the total number of oxidizing elements, i.e., oxygen, 

and reducing elements, such as carbon, hydrogen, and iron, in the reaction mixture are 

balanced, i.e., ϕe = 1. In calculation, the following valences were taken: z(O) = -2, z(H) 

= 1; z(C) = 4, z(Sr) = +2; z(Ti) = +4; z(Fe) = +3; z(N) = 0. These correspond to the 

valences in the products of the combustion reaction. It was further assumed that ethanol 
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in the precursor solution was evaporated before the actual combustion reaction took 

place.  

Assuming complete combustion to CO2, H2O and N2, the overall stoichiometric 

reaction for the formation of, for example, SrTi0.5Fe0.5O3-δ (STF50) at a CA : 

EDTA ratio of 1.5 can be written as 

 

   (1.2) 

 

Hence, in this case 76.5 moles of oxidizer NH4NO3 per mole of product are required to 

achieve a stoichiometric balance of fuel and oxidizer. For a fuel-rich composition of the 

reaction mixture, O2 from the gas phase will be required to achieve complete 

combustion.  

To ensure complete combustion during synthesis of the different STF 

compositions an overstoichiometric amount of oxidizer NH4NO3 was added to the 

reaction mixture corresponding to a value for ϕe of 1.25. Gelation occurred after 

evaporation of the water, and in all cases the dried nitrate-citrate gels exhibited self-

propagating combustion. Fig. 2 shows the typical evolution of the temperature in the gel 

core and just above the gel with time during combustion synthesis of STF50. The results 

show that under the conditions of the experiment the onset of ignition occurs at a gel 

temperature of ~220 °C, while the combustion is completed within about 50 s. The 

temperature in the core and above the gel reaches as high as ~800 °C and ~1100 °C, 

respectively. The data will depend on the exact positioning of the thermocouples in the 

glass beaker and the extent of swelling of the gel, and therefore should be taken with 

some care. The combustion was found to propagate like a wave through the gel. A video 
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recording showing the auto-combustion reaction is available on-line [31]. High local 

temperatures are maintained only for a short time and may lead to incomplete 

combustion. Some non-combusted gel was indeed observed at the wall of the glass 

beaker after the combustion reaction when only EDTA was used as chelating agent, 

while the combustion was considered too violent when only CA was used as chelating 

agent.  

Fig. 3a shows TGA patterns of the as-synthesized STF50 powder or ash obtained 

from synthesis using either EDTA or CA as chelating agent or using them as combined 

chelating agents (in a ratio of CA : EDTA of 1.5). Data of mass spectroscopic analysis 

of the evolved gases in the effluent of the TGA indicates that up to ~150 °C (region A) 

mainly desorption of water and some organic species takes place, whilst the burn out of 

remaining organics occurs between 150 °C and 650 °C (region B). The temperature 

regions C, D and E are dominated by reversible oxygen non-stoichiometry changes of 

STF50 [32]. It is clear from Fig. 3a that the smallest fraction of organics in the as-

synthesized powder remains when during its synthesis CA is used as chelating agent, 

which is followed by the powder obtained from synthesis using EDTA and CA as 

combined chelating agents, and that using solely EDTA as chelating agent.  

In additional synthesis experiments, the amount NH4NO3 added to the reaction 

mixture was lowered to values for ϕe of 1 and 0.4, maintaining the CA : EDTA molar 

ratio at 1.5. The lower amount of oxidizer expectedly decreased the intensity of the 

combustion process, and led to a more incomplete combustion as quantified by 

subsequent TGA analysis of the powders obtained. As can be judged from the 

corresponding weight losses in Fig. 3b, the combustion efficiency is found to decrease 

with lowering ϕe. 

Based upon above observations, it was decided to prepare powders of the other 

STF compositions using combustion reaction mixtures having a ϕe of 1.25, while using 
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CA and EDTA as combined chelating agents (in a ratio of CA : EDTA of 1.5). 

Although the lowest organic residue in this work was found in the ash produced using 

solely CA as chelating agent, the combustion reaction with CA was considered too 

violent. TGA registered a weight loss of 8-9 % for the powder obtained from the 

synthesis using CA and EDTA as combined chelating agents (Fig. 3a). This value is 

favourably low when compared with weight losses between 22 and 50 % as reported for 

powders from combustion syntheses of related perovskites oxides [14,26,33-35]. 

 

3.3 Powder characteristics and sintering behaviour 
XRD patterns were recorded for as-synthesized STF powders before, and after 

calcination in air at different temperatures, as shown for STF50 in Fig. 4. A small peak 

at 2θ = 25° is assigned to an unknown impurity phase. It is no longer found to be 

present in the XRD pattern of the powder obtained after calcination at 700 °C. Similarly 

low calcination temperatures were required to obtain phase pure powders of STF30 and 

STF70. Indexing of the XRD patterns confirms that all STF compositions adopt the 

cubic perovskite structure with cell parameters 3.8936(8) Å, 3.8910(2) Å and 3.8831(2) 

Å for STF30, STF50 and STF70, respectively, in good agreement with literature data 

[2,36].  

Typical SEM micrographs of the ceramic powders obtained after calcination at 

different temperatures are given in Fig. 5. These show porous, agglomerated structures 

with an estimated particle size between 10 and 100 μm. The pictures clearly evidence 

densification of the grains in the temperature range between 700 and 900 °C along with 

pore coarsening.  The crystallite size, dc, of the STF powders after calcination at 

different temperatures was estimated from the (110) reflection at 2θ of about 32.3°, 

using the Scherrer equation 
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cos
kdc =  (1.3) 

 

where k (= 0.94) is the Scherrer constant, λ (= 1.54184 Å) is the wavelength of Cu-Kα 

radiation, θ is the Bragg angle, and β is the full width at half maximum of the (110) 

reflection. Corresponding results are displayed in Fig.  6. The results confirm that nano-

sized crystallites (20-40 nm) are obtained from synthesis, and that densification and 

grain growth is initiated around 800 °C. The sintering behaviour of STF was further 

examined by dilatometric measurements. Fig. 7 shows the densification behaviour for 

the three STF compositions. The results confirm that sintering starts around 800 °C, 

which is consistent with the SEM observations and the results obtained from the 

Scherrer equation. As shown in Fig. 7b, maximum sintering rates are between 1120 °C 

(STF70) and 1180 °C (STF30). These temperatures are 120-150 °C lower than those 

observed for STF powders prepared by the method of solid-state reaction [37]. For 

STF70 some swelling is observed in the final stage of the sintering process. The 

swelling is related with oxygen nonstoichiometry changes with increase of temperature, 

and is due to the building up of high pressures in sub-micron pores [38]. As this is 

beyond the scope of this research, the observation was not further investigated.   

 

4. Conclusions 

In this work, combustion synthesis has been successfully employed for the 

preparation of powders of the perovskite oxide SrTi1-xFexO3-δ (STF). This synthesis 

method represents an alternative to the solid-state reaction method conventionally used 

for the preparation of STF powders. The synthesis is optimised by the combined use of 

EDTA and citric acid as chelating agents, and an appropriate balance between fuel and 

oxidising elements in the reaction mixture. Combustion is found to produce an almost 
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phase-pure perovskite oxide powder with an ultra-fine crystallite size (20-40 nm), and 

with a low level of organic residues. Highly sinter-active powders are obtained after 

calcination and ball-milling of the powders.  

 

Acknowledgements 

This project was financially supported by the project A Green Deal in Energy Materials 

(ADEM) of the Ministry of Economic Affairs of The Netherlands (www.adem-

innovationlab.nl), and the EU FP7 project GREEN-CC (GA 608524). 

 

  

12 
 



References 

1. Molin, S., W. Lewandowska-Iwaniak, Kusz, B., Gazda, M., and Jasinski, P., 

Structural and electrical properties of Sr(Ti,Fe)O3-δ materials for SOFC 

cathodes. J. Electroceram., 2012. 28(1): p. 80-87. 

2. Schulze-Küppers, F., ten Donkelaar, S.F.P., Baumann, S., Prigorodov, P., Sohn, 

Y.J., Bouwmeester, H.J.M., Meulenberg, W.A., and Guillon, O., Structural and 

functional properties of SrTi1-xFexO3-δ for use as oxygen transport membrane. 

Sep. Purif. Technol., 2014. 

3. Jung, W.C. and Tuller, H.L., Impedance study of SrTi1−xFexO3−δ (x = 0.05 to 

0.80) mixed ionic-electronic conducting model cathode. Solid State Ionics, 2009. 

180(11–13): p. 843-847. 

4. Jung, W. and Tuller, H.L., Investigation of Cathode Behavior and Surface 

Chemistry of Model Thin Film SrTi1-xFexO3-δ Electrode. ECS Transactions, 

2009. 25(2): p. 2775-2782. 

5. Brixner, L.H., Preparation and properties of the SrTi1−xFexO3−x/2/Ox/2 system. 

Mater. Res. Bull., 1968. 3(4): p. 299-308. 

6. Grenier, J.-C., Ea, N., Pouchard, M., and Hagenmuller, P., Structural transitions 

at high temperature in Sr2Fe2O5. J. Solid State Chem., 1985. 58(2): p. 243-252. 

7. Chen, X., Luo, Q., Han, M., Tan, O.K., Tse, M.S., and Huang, H., 

Mechanochemical synthesis of nanostructured Sr(Ti1–xFex)O3–δ solid-solution 

powders and their surface photovoltage responses. J. Solid State Chem., 2012. 

189(0): p. 80-84. 

8. Sunarso, J., Baumann, S., Serra, J.M., Meulenberg, W.A., Liu, S., Lin, Y.S., and 

Diniz da Costa, J.C., Mixed ionic-electronic conducting (MIEC) ceramic-based 

membranes for oxygen separation. J. Membr. Sci., 2008. 320(1-2): p. 13-41. 

9. Ghaffari, M., Huang, H., Tan, P.Y., and Tan, O.K., Synthesis and visible light 

photocatalytic properties of SrTi1−xFexO3−δ powder for indoor decontamination. 

Powder Technol., 2012. 225(0): p. 221-226. 

10. Seyfi, B., Baghalha, M., and Kazemian, H., Modified LaCoO3 nano-perovskite 

catalysts for the environmental application of automotive CO oxidation. Chem. 

Eng. J., 2009. 148(2–3): p. 306-311. 

11. Nakayama, S., LaFeO3 perovskite-type oxide prepared by oxide-mixing, co-

precipitation and complex synthesis methods. J. Mater. Sci., 2001. 36(23): p. 

5643-5648. 

13 
 



12. Yuan, L., Huang, K., Hou, C., Feng, W., Wang, S., Zhou, C., and Feng, S., 

Hydrothermal synthesis and magnetic properties of REFe0.5Cr0.5O3 (RE = La, 

Tb, Ho, Er, Yb, Lu and Y) perovskite. New J. Chem., 2014. 38(3): p. 1168-1172. 

13. Chen, C., Cheng, J., Yu, S., Che, L., and Meng, Z., Hydrothermal synthesis of 

perovskite bismuth ferrite crystallites. J. Cryst. Growth, 2006. 291(1): p. 135-

139. 

14. Doorn, R.H.E.v., Kruidhof, H., Nijmeijer, A., Winnubst, L., and Burggraaf, A.J., 

Preparation of La0.3Sr0.7CoO3–δ perovskite by thermal decomposition of metal-

EDTA complexes. J. Mater. Sci., 1998. 8(9): p. 2109-2112. 

15. Pechini, M.P., Method of preparing lead and alkaline earth titanates and 

niobates and coating method using the same to form a capacitor, S.E. Co, 

Editor. 1967. 

16. Rosmaninho, M.G., Tristão, J.C., Moura, F.C.C., Lago, R.M., Araújo, M.H., and 

Fierro, J.L.G., Structural and surface analysis of unsupported and alumina-

supported La(Mn,Fe,Mo)O3 perovskite oxides. Analytical and Bioanalytical 

Chemistry, 2010. 396(8): p. 2785-2795. 

17. Geng, D., Shang, M., Yang, D., Zhang, Y., Cheng, Z., and Lin, J., Green/green-

yellow-emitting KSrGd(PO4)2:Ce3+, Tb3+/Mn2+ phosphors with high quantum 

efficiency for LEDs and FEDs. Dalton T., 2012. 41(46): p. 14042-14045. 

18. Huízar-Félix, A.M., Hernández, T., de la Parra, S., Ibarra, J., and Kharisov, B., 

Sol–gel based Pechini method synthesis and characterization of Sm1-xCaxFeO3 

perovskite 0.1≤x≤0.5. Powder Technol., 2012. 229(0): p. 290-293. 

19. Razpotnik, T. and Maček, J., Synthesis of nickel oxide/zirconia powders via a 

modified Pechini method. J. Eur. Ceram. Soc., 2007. 27(2–3): p. 1405-1410. 

20. Deganello, F., Marcì, G., and Deganello, G., Citrate-nitrate auto-combustion 

synthesis of perovskite-type nanopowders: A systematic approach. J. Eur. 

Ceram. Soc., 2009. 29(3): p. 439-450. 

21. Mali, A. and Ataie, A., Influence of the metal nitrates to citric acid molar ratio 

on the combustion process and phase constitution of barium hexaferrite 

particles prepared by sol–gel combustion method. Ceram. Int., 2004. 30(7): p. 

1979-1983. 

22. Zou, G.F., Zhao, J., Luo, H.M., McCleskey, T.M., Burrell, A.K., and Jia, Q.X., 

Polymer-assisted-deposition: a chemical solution route for a wide range of 

materials. Chem. Soc. Rev., 2013. 42(2): p. 439-449. 

14 
 



23. Zhou, W., Shao, Z., and Jin, W., Synthesis of nanocrystalline conducting 

composite oxides based on a non-ion selective combined complexing process for 

functional applications. J. Alloys Compd., 2006. 426(1-2): p. 368-374. 

24. Marinšek, M., Zupan, K., and Maèek, J., Ni–YSZ cermet anodes prepared by 

citrate/nitrate combustion synthesis. J. Power Sources, 2002. 106(1–2): p. 178-

188. 

25. Asadi, A.A., Behrouzifar, A., Iravaninia, M., Mohammadi, T., and Pak, A., 

Preparation and Oxygen Permeation of La0.6Sr0.4Co0.2Fe0.8O3−δ (LSCF) 

Perovskite-Type Membranes: Experimental Study and Mathematical Modeling. 

Ind. Eng. Chem. Res., 2012. 51(7): p. 3069-3080. 

26. Deganello, F., Liotta, L., Marcì, G., Fabbri, E., and Traversa, E., Strontium and 

iron-doped barium cobaltite prepared by solution combustion synthesis: 

exploring a mixed-fuel approach for tailored intermediate temperature solid 

oxide fuel cell cathode materials. Mater. Renew. Sustain. Energy, 2013. 2(1): p. 

1-14. 

27. Mukasyan, A.S., Costello, C., Sherlock, K.P., Lafarga, D., and Varma, A., 

Perovskite membranes by aqueous combustion synthesis: synthesis and 

properties. Sep. Purif. Technol., 2001. 25(1–3): p. 117-126. 

28. Amos, D.W., Baines, D.A., and Flewett, G.W., Nitration by titanium(IV)nitrate. 

Tetrahedron Lett., 1973. 14(34): p. 3191-3194. 

29. Brinker, C.J. and Scherer, G.W., Sol-gel science: the physics and chemistry of 

sol-gel processing. 1990, San Diego: Academic Press, Inc. 

30. Jain, S.R., Adiga, K.C., and Pai Verneker, V.R., A new approach to 

thermochemical calculations of condensed fuel-oxidizer mixtures. Combust. 

Flame, 1981. 40: p. 71-79. 

31. ten Donkelaar, S.F.P., Ruhl, R., Veldhuis, S.A., Nijmeijer, A., Bouwmeester, 

H.J.M., Winnubst, L., A video registration of auto-combustion synthesis 

experiments of perovskite-type oxides SrTi1-xFexO3-δ. 3TU.Datacentrum, 2015, 

doi:10.4121/uuid:86e2925a-f59e-480c-8548-4e3f9f2aea9d 

32. Steinsvik, S., Bugge, R., GjøNnes, J.O.N., Taftø, J., and Norby, T., The Defect 

Structure of SrTi1−xFexO3−y (x = 0–0.8) Investigated by Electrical Conductivity 

Measurements and Electron Energy Loss Spectroscopy (EELS). J. Phys. Chem. 

Solids, 1997. 58(6): p. 969-976. 

15 
 



33. Banerjee, A. and Bose, S., Free-Standing Lead Zirconate Titanate 

Nanoparticles:  Low-Temperature Synthesis and Densification. Chem. Mater., 

2004. 16(26): p. 5610-5615. 

34. Chu, R.Q., Xu, Z.J., Zhu, Z.G., Li, G.R., and Yin, Q.R., Synthesis of SrBi4Ti4O15 

powder and ceramic via auto-combustion of citrate–nitrate gel. Mater. Sci. 

Eng.: B, 2005. 122(2): p. 106-109. 

35. Wang, Z., Jiang, S., Li, G., Xi, M., and Li, T., Synthesis and characterization of 

Ba1−xSrxTiO3 nanopowders by citric acid gel method. Ceram. Int., 2007. 33(6): 

p. 1105-1109. 

36. Yoo, C.-Y. and Bouwmeester, H.J.M., Oxygen surface exchange kinetics of 

SrTi1−xFexO3−δ mixed conducting oxides. Phys. Chem. Chem. Phys., 2012. 14: p. 

11759-11765. 

37. ten Donkelaar, S.F.P., Schulze-Küppers, F., Baumann, S., Wolf, M.J., Nijmeijer, 

A., and Bouwmeester, H.J.M., Oxygen permeation through asymmetric mixed-

conducting membranes based on perovskite oxides SrTi1-xFexO3-δ. In 

preparation. 

38. Wiik, K., Fossdal, A., Sagdahl, L., Lein, H., Menon, M., Faaland, S., Wærnhus, 

I., Orlovskaya, N., Einarsrud, M.-A., and Grande, T., LaFeO3 and LaCoO3 

Based Perovskites: Preparation and Properties of Dense Oxygen Permeable 

Membranes, in Mixed Ionic Electronic Conducting Perovskites for Advanced 

Energy Systems, N. Orlovskaya and N. Browning, Editors. 2004, Springer 

Netherlands. p. 75-85. 

 

 

 

16 
 


	1. Introduction

