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ABSTRACT  
The Chemical Looping (CL) processes offer a solution to reduce CO2 emissions and global earth warming and 
are an alternative way to generate heat and power or to produce a CO+H2 mixture or high purity H2. The Chemical 
Looping Reforming (CLR) process combines the in-situ carbon capture with simultaneous hydrogen and/or 
synthesis gas production. In CLR a hydrocarbon is oxidized, by the lattice oxygen of an oxide, to synthesis 
gas in one reactor, while in the other reactor the reduced oxide is re-oxidized by air. Perovskite materials have 
the ability to accommodate large concentrations of vacancies in their structure and to reversibly pick up and 
deliver oxygen at high temperatures. Therefore they are ideal candidates for use as potential oxygen-carrier 
materials in the CLR process. In the present work perovskites with the general chemical formula La1-xSrxBO3 
(x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) were studied as oxygen carriers for syngas generation from 
methane by CLR. The materials were synthesized with a co-precipitation method and calcined at 1000°C. The 
calcined powders were evaluated for their redox behavior in a thermogravimetric analyzer IGA (Hiden–
Isochema). The evaluation was performed at 920°C and the samples were reduced with CH4 and reoxidized 
with O2 during successive redox cycles. The sample La0.7Sr0.3CoO3 showed the highest oxygen transfer 
capacity 8.11 wt.%, after 16 successive redox cycles. The oxygen transfer capacity of the examined samples 
decreased in the following series La0.7Sr0.3CoO3 > SrMnO3 > La0.7Sr0.3FeO3. X-ray analysis of the reduced 
La0.7Sr0.3CoO3 sample indicated the formation of lanthanum and cobalt oxides in the reduced sample after the 
16th cycle.  
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1. INTRODUCTION  
Concerns about the global climate change prompted research on lowering CO2 emissions during fossil fuel 
combustion. Increasing interest is received by the “Chemical Looping” concept (Adanez et al., 2012) which is 
based on a two-step catalytic partial oxidation process and involves oxidation of a fuel using oxygen from a solid 
oxygen-carrier instead of oxygen from air. This way the products are not diluted with N2. When the oxidation of 
the fuel is complete, the process is the “Chemical Looping Combustion” (CLC), an energy production process, 
while in the “Chemical Looping Reforming” (CLR) process less oxygen is provided to the fuel, which it is partially 
oxidized, producing synthesis gas. CLR process combines the in-situ carbon capture with simultaneous 
hydrogen and/or synthesis gas production. In the CLR process a suitable oxide catalyst is circulated between 
two reactors. In the first reactor methane is oxidized to synthesis gas by the lattice oxygen of the oxide, and in 
the second reactor, the reduced oxide is re-oxidized by air. 

 
Fig.  1. Schematic diagram of the Chemical Looping Combustion (CLC) and/or the Chemical Looping Reforming (CLR) 

process. Two interconnected fluidized-bed reactors, with circulating oxygen-carrying particles. 

Perovskite materials have the ability to accommodate large concentrations of vacancies in their structure and 
to reversibly pick up and deliver oxygen at high temperatures (Nalbandian et al., 2011, Ryden et al., 2008). 
These properties make them ideal candidates for use as potential oxygen-carrier materials in the CLR process. 
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The objective of the present work is the study of perovskites with the general chemical formula La1-xSrxBO3 

(x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) as oxygen carriers for syngas generation from methane by CLR. 
The perovskites were synthesized with a co-precipitation method and calcined at 1000°C. The calcined 
powders were evaluated for their reduction-oxidation behavior in a thermogravimetric analyzer IGA (Hiden–
Isochema) with simultaneous chemical analysis of the evolved gases by mass spectrometry. The evaluation 
was performed at constant temperature (920°C) and pressure (1050 mbar) with He as the carrier gas. The 
samples were reduced with CH4 and reoxidized with O2 during successive redox cycles. The Oxygen Transfer 
Capacity (OTC) of the perovskite materials and their stability in multiple redox cycles (16 successive cycles) 
were evaluated.  
 
2. EXPERIMENTAL  
 

2.1. Material synthesis and physicochemical characterization 
The perovskites with the general formula La1-xSrxBO3 (x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) were 
synthesized with the co-precipitation method (Haron et al., 2014). The metal precursors used were 
La(NO3)3·6H2O (Alfa Aesar, 99.9%), Sr(NO3)2 (Sigma Aldrich, 98.0%), Fe(NO3)3·9H2O, Mn(NO3)2·6H2O 
(Panreac, 98.0%) and Co(NO3)2·6H2O (Sigma Aldrich, 98.0%), while NaOH (VWR Chemicals 98.9%) was used 
as a precipitant agent. Stoichiometric amounts of the metal precursors of the corresponding metals were initially 
diluted in double deionized water and then precipitated with 2M aqueous solution of NaOH at room temperature 
with continuous magnetic stirring until the precipitate reached pH=13. The resulting solution was heated at 90°C 
for 4 hr under constant magnetic stirring. Afterwards the precipitate was filtered off and washed several times, 
dried and finally calcined at 1000°C for 6h in air. The crystal structure of the prepared samples was examined by 
X-ray diffraction (XRD). The XRD patterns were recorded with a Siemens D-500 X-ray diffractometer and the 
characteristic reflection peaks were matched with JGPDS data files and the crystalline phases were identified.  
 
2.2 Redox ability evaluation 
The calcined powder were evaluated for their reduction – oxidation ability in a thermogravimetric analyzer IGA 
(Hidden – Isochema) with simultaneous chemical analysis of the exit stream by mass spectrometry. The 
appropriate amount of the samples (70–100 mg) was placed in a quartz sample holder free hanging from the 
thermostated microbalance inside a quartz reactor. The evaluation was performed under constant temperature 
(920°C) and pressure (1050 mbar) with He as the carrier gas. The samples were reduced with methane diluted 
in helium (3 mol.%) and oxidized with oxygen diluted in helium (5 mol.%) during 16 successive redox cycles.  
 
3. RESULTS AND DISCUSSION 
 
3.1. Material synthesis and physicochemical characterization 
The perovskites with the general formula La1-xSrxBO3 (x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) that were 
synthesized with the co-precipitation method are presented in Table 1. The X-ray analysis indicated that all 
calcined samples were crystallized in mixed perovskitic structures as expected (Fig. 2). 

Table 1: Perovskites with the general formula La1-xSrxBO3 (x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) that were synthesized 

Chemical formula Code name 
Chemical 
formula 

Code name 
Chemical 
formula 

Code name 

LaFeO3 LSF00 LaMnO3 LSM00 LaCoO3 LSC00 

La0.7Sr0.3FeO3 LSF30 La0.7Sr0.3MnO3 LSM30 La0.7Sr0.3CoO3 LSC30 

La0.5Sr0.5FeO3 LSF50 La0.5Sr0.5MnO3 LSM50 La0.5Sr0.5CoO3 LSC50 

La0.3Sr0.7FeO3 LSF70 La0.3Sr0.7MnO3 LSM70 La0.3Sr0.7CoO3 LSC70 

SrFeO3 LSF100 SrMnO3 LSM100 SrCoO3 LSC100 
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Fig.  2: XRD patterns of the La1-xSrxBO3 (x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) samples after calcination at 1000°C 

 
3.2. Redox ability evaluation 
All La1-xSrxBO3 perovskites were evaluated for their redox ability at 920°C after 16 successive reduction-oxidation 
cycles and the oxygen transfer capacity (OTC) was defined as the average percentage of the weight loss per 
cycle during the reduction step. The weight variations of the LSF, LSM and LSC perovskites after 16 successive 
cycles are presented in Fig. 3a-c respectively, where the stability of the weight loss and recovery of all samples 
is evident upon reduction with CH4 and oxidation with O2. 

  

 
Fig.  3: Weight loss and recovery of the (a) LSF, (b) LSM and (c) LSC samples after 16 reduction (CH4) – oxidation (O2) 

cycles at 920°C 
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Fig. 4 presents the oxygen transfer capacity of all samples as a function of the Sr content in the crystal lattice. 
The OTC of the examined samples decreased in the following series La0.7Sr0.3CoO3 > SrMnO3 > La0.7Sr0.3FeO3 
and the LSC30 perovskite showed the highest value of 8.11 wt. % after 16 successive redox cycles. 

 
Fig.  4: Oxygen transfer capacity of the La1-xSrxBO3 (x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) samples after 16 reduction 

(CH4) – oxidation (O2) cycles at 920°C as a function of Sr content in the crystal lattice 

The sample LSF30 was analyzed with XRD, which indicated the formation of Fe and La(OH)3 at the reduced 
sample, while the reoxidized sample returns to its original state after 16.5 cycles (Fig. 5). Respectively, the XRD 
analysis of the reduced LSC30 showed the formation of lanthanum and cobalt oxides after the 16th cycle (Fig. 6).  

 
Fig.  5: XRD patterns of the LSF30 sample after 

calcination, reduction and reoxidation 

 
Fig.  6: XRD patterns of the LSC30 sample after 

calcination, reduction and reoxidation 
 
4. CONCLUSIONS 
The perovskites with the general chemical formula La1-xSrxBO3 (x=0, 0.3, 0.5, 0.7, 1 and B=Fe, Mn and Co) were 
synthesized with the co-precipitation method and the XRD analysis indicated the formation of the expected 
structures. The evaluation of the redox ability illustrated the stability of the weight loss and recovery of all samples 
after 16 successive reduction with CH4 – oxidation with O2 cycles at 920°C. The samples LSF30, LSM100 and 
LSC30 obtained the maximum values of oxygen transfer capacity, with the La0.7Sr0.3CoO3 perovskite showing 
the highest OTC=8.11 wt.% after 16 successive redox cycles. The XRD analysis of the reduced samples after 
the redox ability evaluation showed the formation of oxides of the corresponding metals, while the reoxidized 
samples return to their original state after 16.5 redox cycles.  
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