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OBTAINING A COMPLEX OXIDE WITH THE PEROVSKITE STRUCTURE 
LaCoO3 IN THE PRESENCE OF ORGANIC REDUCING AGENTS

Massalimova Bakytgul Kabykenovna ― Professor at the Department of Chemistry and Chemical 
Technology, M.Kozybayev North Kazakhstan University
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Abstract. The work is based on the preparation of perovskite structure catalysts in 
the presence of organic reducing agents (monosaccharides). Currently, perovskite-like 
complex oxides are considered promising catalysts for the Fischer-Tropsch synthesis due 
to their activity, stability, selectivity, and low cost. Catalyst samples were obtained by 
hydrothermal coprecipitation in the presence of a soft template. Because, soft templates 
have broad prospects for use in the synthesis of nanomaterials due to their ease of use and 
the absence of the need for special removal of the template. A physicochemical analysis 
of the obtained catalyst samples was carried out, the results of which showed that the 
catalyst samples have a perovskite structure and all reflections belong to LaCoO3, and 
the 36.9° reflection belongs to Co3O4. In addition, the practical results obtained from 
the chemical analysis of the sample showed that they are consistent with theoretical 
calculations. As a result of thermal analysis, it was shown that in the precursor sample 
at a temperature of 500-610°C, the destruction of residual hydroxyl groups occurs, 
the decomposition of the precursor phase is completed, and the necessary perovskite 
LaCoO3 phase is formed. In conclusion, it was shown that Co-containing catalysts 
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synthesized by co-precipitation in the presence of organic monosaccharides under mild 
hydrothermal conditions have a perovskite structure.

Key words: Perovskite catalyst, monosaccharides
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ОРГАНИКАЛЫҚ ТОТЫҚТЫРҒЫШТАР ҚАТЫСЫНДА ПЕРОВСКИТ 
ҚҰРЫЛЫМДЫ КҮРДЕЛІ ОКСИД LaCoO3  АЛУ

Аннотация. Жұмыс органикалық тотықтырғыштар (моносахаридтер) 
қатысында күрделі перовскит құрылымды катализаторларды алуға негізделген. 
Қазіргі уақытта перовскит тәрізді күрделі оксидтер Фишер-Тропш синтезінің 
перспективалы катализаторы болып саналады, себебі олардың белсенділігі, 
тұрақтылығы, талғамдылығы және құнының төмен болуы. Катализатор 
сынамалары гидротермальды жағдайда, жұмсақ темплаттың қатысында 
бірге тұндыру әдісімен алынды. Себебі, жұмсақ темплатты қолданудың 
қарапайымдылығына және темплатты үлгіден арнайы жоюдың қажеттілігінің 
болмауына байланысты перовскит құрылымды материалдарды синтездеуде 
қолданудың кең перспективаларына ие.  Алынған катализатор үлгілеріне физико-
химиялық талдау жасалды. Талдау нәтижелері катализатор үлгілері перовскиттік 
құрылымға ие екенін және РФТ нәтижелеріндегі барлық рефлекстер LaCoO3-ке 
жататындығын, ал  36,9° рефлексі - Co3O4 тиісті екендігін көрсетті. Сонымен қатар 
үлгіні химиялық талдау кезінде де алынған практиқалық нәтижелер, теориялық 
есептеулермен сәйкес екендігін көрсетті. Термиялық талдау нәтижесінде 
прекурсорлық үлгіде 500–610°С температурада қалдық гидроксил топтарының 
жойылуы жүретіндігін, прекурсорлық фазаның ыдырауы аяқталып және 
қажетті LaCoO3 перовскит фазасы түзілетіндігін көрсетті. Қорыта келе жұмсақ 
гидротермалды жағдайда органикалық моносахаридтердің қатысында бірге 
тұндыру әдісімен синтезделіп алынған Со-құрамдас катализаторлар перовскиттік 
құрылымға ие екендігін көрсетті.

Түйін сөздер: Перовскит құрылымды катализатор, моносахаридтер
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ПОЛУЧЕНИЕ СЛОЖНОГО ОКСИДА СО СТРУКТУРОЙ ПЕРОВСКИТА 
LACOO3 В ПРИ СУТСТВИИ ОРГАНИЧЕСКИХ ВОССТАНОВИТЕЛЕЙ

Аннотация. Работа основана на получении катализаторов перовскитной 
структуры в присутствии органических востоновителей (моносахаридов). В 
настоящее время перовскитоподобные сложные оксиды считаются перспективными 
катализаторами синтеза Фишера-Тропша из-за их активности, стабильности, 
селективности и низкой стоимости. Образцы катализаторов получали методом 
гидротермального соосаждения в присутствии мягкого темплата. Потому что 
мягкие темплаты имеют широкие перспективы для применения в синтезе 
наноматериалов из-за простоты их использования и отсутствия необходимости 
в специальном удалении темплата. Проведен физико-химический анализ 
полученных образцов катализатора, результаты которого показали, что образцы 
катализатора имеют структуру перовскита и все рефлексы принадлежат LaCoO3, 
а рефлекс 36,9° принадлежит Co3O4. Кроме того, практические результаты, 
полученные при химическом анализе образца, показали, что они согласуются 
с теоретическими расчетами. В результате термического анализа показано, 
что в образце прекурсора при температуре 500-610°С происходит разрушение 
остаточных гидроксильных групп, завершается распад фазы прекурсора и 
образуется необходимая фаза перовскита LaCoO3. В заключение показано, 
что Со-содержащие катализаторы, синтезированные методом соосаждения в 
присутствии органических моносахаридов в мягких гидротермальных условиях, 
имеют структуру перовскита.

Ключевые слова: перовскитный катализатор, моносахариды

Introduction
Complex oxides with the LaMeO3 perovskite structure are among the most popular 

catalysts in liquid-phase oxidation processes due to their high activity in oxidation 
reactions and stability in aggressive media (Sadykov et al., 2000). Therefore, a lot 
of research are currently underway to study the possibility of using perovskite-like 
oxides in catalytic oxidation processes (Zhang et.al., 2013). The catalytic versatility of 
perovskite-like oxides is due to their high stability at high temperatures and aggressive 
media, as well as the stabilization of transition metal cations at unusual oxidation states, 
as well as the high oxygen mobility in the perovskite structure. That is why the study 
and properties of the composition and use perovskite catalysts in the Fischer-Tropsch 
synthesis becomes an urgent task.

Perovskite-like complex oxides obtained by various methods showed significant 
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catalytic activity in many reactions: (Falcon et al., 2001; Lee et al., 2001; Rivas et 
al., 2006). In these reactions, the catalytic properties of perovskites depend on the 
phase and surface composition, structural defects, and the mobility of surface and bulk 
oxygen. In this regard, of great interest is the study of composite catalysts with a special 
microstructure, consisting of various perovskite-like phases.

Materials and basic methods
In this work, the goal was to obtain Co-containing catalysts with a perovskite type 

structure by hydrothermal coprecipitation in the presence of a soft template. Because, 
soft templates have broad prospects for use in the synthesis of nanomaterials due to their 
ease of use and the absence of the need for special removal of the template (Rivas et al., 
2006). On the other hand, the operation of the soft template is based on the properties 
of the micelle, which forms the boundary between the surfactant and the deposited 
substance in the solvent medium. The most common representatives of soft templates 
are surfactants, polymers, and monosaccharides. In these work used organic reducing 
agents based on soft templates, D-glucose, D-fructose, D-galactose

Discussion
Samples were prepared using soft templates: D-glucose (LCO-Glucose), D-fructose 

(LCO-Fructose) and D-galactose (LCO-Galactose). To do this, 0.03 mol of lanthanum 
nitrate and 0.04 mol of cobalt nitrate were dissolved in 40 ml of water, then 0.027 mol 
of the monosaccharide was added to the salt solution. Separately, 60 ml of 4 M sodium 
hydroxide solution was prepared in a polypropylene beaker. Next, the salt solution with 
a soft template was added dropwise to the sodium hydroxide solution. Then, 15 ml of 
5.4 M nitric acid was added dropwise to the solution in the beaker, and the resulting 
suspension was stirred on a magnetic stirrer for 2 hours. A polypropylene beaker with 
a gel-like mixture was tightly closed with a lid and placed in an oven at 100°C for 24 
hours. At the end of the synthesis, the brown suspension was washed with 2 liters of hot 
water on a filter and dried under an infrared lamp. The resulting powders were calcined 
in a muffle furnace at a temperature of 3000C for 3 hours, then at a temperature of 7000C 
for 4 hours (Massalimova et.al., 2022).

]. The catalyst products formed as a result of calcination were finely ground on a 
porcelain bowl. The heat treatment program was chosen based on the results of thermal 
analysis, which showed that soft organic templates and their residues decompose at a 
temperature of about 360°C.

The chemical analysis of the cation composition of the samples was carried out by 
atomic emission spectroscopy (AES) on a Perkin Elmer Optima 4300 DV instrument.

Thermal analysis (TS) of dry samples was carried out in air and in a flow of a mixture 
of argon and hydrogen of 40 ml/min at a heating rate of 10 deg/min to determine the heat 
treatment temperature. The study was carried out on a Netzsch STA-409 thermograph.

 The phase composition of the samples was determined by X-ray phase analysis on 
a D-8 diffractometer (Bruker) by scanning 0.050-point intervals in the 2θ angle range 
from 20° to 80° using Cu-Kα radiation.

The studies were carried out by scanning with a step of 0.02–0.05 deg 2θ and a 
simultaneous accumulation time of 5 s at points, the accuracy of measuring the angle Δθ 
= 0.01 ÷ 0.020, the interfacial distance Δd ~ 10–3 Å.
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According to XRD data (Fig. 1), the obtained samples contain predominantly the 
LaCoO3 perovskite phase (JCDD PDF2 00-025-1060) with a small admixture of the 
Co3O4 phase (JCDD PDF2 00-009-0418).

 

Fig. 1. Diffractograms of samples after heat treatment at 700°C.

Table 1 presents the chemical and phase composition of the catalyst samples. The 
results of elemental analysis show that the amount of cobalt and lanthanum in the 
calcined samples does not differ significantly from the theoretically calculated one. 
Therefore, the difference between the theoretical and experimental composition of the 
catalysts can be explained with losses in catalyst preparation.

Table 1. The chemical and phase composition of the samples
Chemical composition, % w Phase composition, % w

La Co LaCoO3 Co3O4

LCO-Glucose 42.9 37.2 74,6 25,4
LCO-Galactose 43.0 32.9 79,2 20,8
LCO-Fructose 43.4 34.0 78,3 21,7

The heat treatment program was chosen based on the results of thermal analysis, 
which showed that soft organic templates and their residues decompose at a temperature 
of about 360°C. For this reason, the first stage of heat treatment was modified to avoid 
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severe burning of the sample. On fig. 2 shows the thermal analysis curves of the new 
precursor obtained in the presence of soft templates when heated to 900°C.

A    

Fig. 2. Thermal (DTA/TG) analysis of samples (in air). A) LCO-Glucose, B) LCO-Fructose

Thermal analysis of co-deposition samples in air is shown in Fig. 2. The main 
difference between the models lies in the diversity of organic template destruction in 
the case of hydrothermal synthesis.

At the stage up to 200°C, adsorbed and weakly bound water is destroyed; at 250°C, 
part of the lanthanum cations passes into the LaOHCO3 phase; At a temperature of 500–
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610°С, the destruction of residual hydroxyl groups occurs, the decomposition of the 
precursor phase is completed, and the necessary perovskite phase LaCoO3 is formed.

The formation of a surface film of lanthanum oxycarbonate La2O2CO3 is a 
characteristic phenomenon of the synthesis of lanthanum-containing perovskites 
in the presence of CO2 or carbonates in the solid phase in the gas phase. This is due 
to the presence of thermodynamically stable phases LaOHCO3 up to 520°С and 
La2O2CO3 up to 900°С than La(OH)3/LaOOH and La2O3, respectively. In this case, the 
thermodynamically more favorable perovskite phase LaCoO3 is formed in the bulk of 
the sample particles. The minimum thermal effect is observed in the sample obtained 
using fructose, which is explained by the small surface area and the small amount of the 
La2O2CO3 phase. This layer is formed during the decomposition of the LaOHCO3 phase 
at 510°C, which is most likely formed in the starting compound during synthesis. In the 
results of thermal analysis of samples obtained using glucose and fructose, there is no 
stage of dehydration to Co(OH)2 oxide, and at temperatures of 300–400°C, a significant 
weight loss is observed. During synthesis, the presence of an excess of NO3– anions in 
the solution should have ensured the complete destruction of the templates, but this did 
not happen, which may be due to the strong binding of the template and its oxidation 
products to metal cations. In addition, the spatial structure of the initial template and its 
oxidation products can affect the arrangement of lanthanum and cobalt cations in the 
precursor compound, as well as the textural characteristics of the synthesized samples. 
The difference in temperature effects on glucose and fructose may be due to a short-term 
violation of the homogenization of lanthanum and cobalt cations due to the difference 
in precipitation in the precursor compounds, which leads to the formation of two phases 
containing individual cobalt and lanthanum.

It should be noted that the obligatory condition for the formation of the perovskite 
structure during the heat treatment of the precursor is the homogenization of the 
precursor compounds. For this reason, as shown in the work, the preparation of 
perovskites by precipitation of cations together with carbonates does not provide a 
uniform distribution of cations in the initial compound. As a result of heat treatment of 
the obtained precursor compound, a mixture of phases of perovskite LaCoO3, lanthanum 
oxide La2O3, lanthanum oxocarbonate La2O2CO3, and cobalt oxide Co3O4 is formed. In 
the case of a sample based on fructose, the assumption of the formation of two mixed 
phases with cobalt and lanthanum, which is not visible in other samples, is confirmed 
by the observation of the thermal effect of the decomposition of lanthanum carbonate 
in this sample. Also, the formation of the perovskite structure in this sample requires 
the highest temperature, ~580°C, which is associated with high energy consumption for 
rearrangement of the crystal structure. On the contrary, no splitting of the homophase 
is observed in the sample based on glucose: the formation of the LaCoO3 perovskite 
structure is completed in one stage at a temperature of 550°C:

12LaOOH + 4Co3O4 + O2 → 12LaCoO3 + 6H2O.                                     (1)
For a sample based on fructose, two stages of formation of the perovskite structure 

are observed. In addition, the second effect is associated with two processes:
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2LaOOH → La2O3 + H2O [10],                                           (2)
6La2O3 + 4Co3O4 +O2 → 12LaCoO3.                                   (3)
Conclusion
The analysis results showed that the catalyst samples have a perovskite structure and 

all reflections belong to LaCoO3, and the 36.9° reflection belongs to Co3O4. In addition, 
the practical results obtained from the chemical analysis of the sample showed that they 
are consistent with theoretical calculations. As a result of thermal analysis, it was shown 
that in the precursor sample at a temperature of 500-610°C, the destruction of residual 
hydroxyl groups occurs, the decomposition of the precursor phase is completed, and 
the necessary phase of LaCoO3 perovskite is formed. In conclusion, it was shown that 
Co-containing catalysts synthesized by co-precipitation in the presence of organic 
monosaccharides under mild hydrothermal conditions have a perovskite structure.
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	Заключение
	В результате сравнительного количественного анализа состава пяти видов растений рода Atraphaxis (Atraphaxis virgata, Atraphaxis pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis pungens) в зависимости от места произрастания и периода ...
	Методом газожидкостной хроматографии было обнаружено по количественному содержанию 20 аминокислот, из которых 8 являются незаменимыми (треонин, валин, метионин, изолейцин, лейцин, фенилаланин, лизин, триптофан). Среди идентифицированных аминокислот бо...
	Массовою долю протеиногенных аминокислот в растительном сырье Atraphaxis (A.virgata, A. pyrifolia) анализировали на капиллярном электрофорезе, было обнаружено по количественному содержанию 13 аминокислот, из которых 7 являются незаменимыми (валин, лей...
	Результаты количественного исследования жирных кислот свидетельствуют об относительно высоком содержании, олеиновой, линолевой и пальмитиновой кислоты (C18:1, С18:2 и С16:0) в надземной части растений Atraphaxis, произрастающих в разных регионах Казах...
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