
mESC-IS 2021,   5th  Int. Symposium on Materials for Energy Storage and Conversion                              Akyaka, Mugla  
   

Improved hydrogen production by the substitution of LaMnO3 based perovskite 
oxides for thermochemical water splitting 

 
Çağla Ünal 1 and Berke Pişkin* 

1Mugla Sıtkı Kocman University, Engineering Faculty, Metallurgical and Materials Engineering Department, Mugla, Turkey   
 
Hydrogen has a very high energy density based on mass despite 

of the lightest element in the periodic table. Pure hydrogen 

produced from water or various organic compounds does not 

contain toxicity, is environmentally friendly, and is abundant in 

nature. The high energy efficiency of hydrogen depends on the 

production process and can be produced by thermochemical, 

electrolytic, photolytic, and biological methods. Although 

thermochemical methods using solar energy for hydrogen 

production show variable values, it is inexhaustible, free and 

does not produce carbon dioxide emissions [1]. In this study, the 

thermochemical water splitting which is solar-based for 

hydrogen production was carried out. Reactant material is 

reduced at a high temperature, creating oxygen vacancies in the 

oxygen lattices to produce oxygen. The reduced material is then 

oxidized with water to produce pure hydrogen at a lower 

temperature. The important thing here is that the recycled 

reactant material is thermally, thermodynamically, and 

structurally stable in redox reactions to provide high efficiency in 

hydrogen production. Moreover, if there is any phase 

transformation taking place during redox reactions, it has an 

adverse effect on the kinetic values of these reactions resulting 

decrease in cyclability [2]. And if the material exhibits the 

desired properties, a large amount of oxygen vacancies can be 

accommodated in its structure and fuel productivity increases. 

Perovskite materials with their low activation energy, high 

catalytic activity and high electron transfer kinetics have been 

used to obtain high oxygen off-stoichiometry, high reduction 

extent and finally to get high pure hydrogen yield at lower 

temperatures.  The general formula of perovskite is ABO3, where 

the A cation is an alkali earth metal or lanthanides with a higher 

radius, and the B cation is a transition metal with a lower radius, 

and O is the oxygen anion. The 12-fold coordination of the A 

cation and the 6-fold coordination of B indicates that the 

perovskite structure is stabilized in the cubic form. To increase 

hydrogen efficiency, various elements can be substituted in the A 

and B cations. In this study, Y and Al elements were substituted 

for the widely used LaMnO3. Compared to La2+, the use of 

smaller ion radii of Y3+ in the A-site reduces grain size and 

promotes the lattice distortions increase. Thus, the oxygen 

removal from the structure increases. Substituting Al3+ in the B-

site causes stronger atomic bonds yielding smaller unit cell 

volume and increasing stability [3]. Thus, Al3+ substitution has a 

positive effect on the reaction kinetics and the re-oxidation 

efficiencies although the decrease in Mn content reduces the 

redox capacity. In this work, it is aimed to achieve higher oxygen 

off-stoichiometry range. This will cause an increase in the 

reduction extent while also decreasing the reduction temperature 

in hydrogen production. 

 

La1-xYxMn1-yAly (x, y = 0.2-0.8) (LYMA) perovskites were 

synthesized by the Pechini method. The precursors are 

La(NO3)3.6H2O, Y(NO3)3.6H2O, Mn(NO3)2.4H2O, 

Al(NO3)3.9H2O, citric acid, and ammonia. First, metal nitrate salt 

compounds were dissolved in deionized water according to their 

stoichiometric ratios, respectively. After stirring this solution for 

a few minutes, citric acid was added to the metal cation at a ratio 

of 1:1.5. Then, the necessary amount of ammonia was added to 

ensure the appropriate pH value and the solution was left in the 

magnetic stirrer until it became gel (approximately two hours). 

Then, the gel solution was left in the dryer at 250°C overnight 

and calcined at 900°C, 1100°C and 1300°C for 6 hours, 

separately.  

XRD was used to identify the different phases of the prepared 

perovskites, Figure 1. SEM images were observed to examine the 

surface characteristics and morphology of the material. BET was 

used to evaluate the specific surface area.  

LYMA8264, LYMA6464, LYMA4664, and LYMA2864 

perovskite oxides were synthesized to determine the effect of Y3+ 

and Al3+ substitution on hydrogen production.  
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Figure 1. XRD pattern of LYMA8264 perovskite oxides after 

calcination at 900°C, 1100°C, and 1300°C for 6 hrs. 
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