
ISSN 2518-1491 (Online), 
ISSN 2224-5286 (Print)

ҚАЗАҚСТАН РЕСПУБЛИКАСЫ
ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫНЫҢ

Д.В. Сокольский атындағы 
«Жанармай, катализ және электрохимия институты» АҚ

Х А Б А Р Л А Р Ы

 
 
 

SERIES 
CHEMISTRY AND TECHNOLOGY

2 (451)
 APRIL  – JUNE  2022

PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK

ИЗВЕСТИЯ
НАЦИОНАЛЬНОЙ АКАДЕМИИ НАУК 
РЕСПУБЛИКИ КАЗАХСТАН
АО «Институт топлива, катализа и
электрохимии им. Д.В. Сокольского»

N E W S
OF THE ACADEMY OF SCIENCES 

OF THE REPUBLIC OF KAZAKHSTAN 
JSC «D.V. Sokolsky institute of fuel, 

catalysis and electrochemistry» 



2

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

NAS RK is pleased to announce that News of NAS RK. Series of chemistry 
and technologies scientific journal has been accepted for indexing in the 
Emerging Sources Citation Index, a new edition of Web of Science. Content 
in this index is under consideration by Clarivate Analytics to be accepted in 
the Science Citation Index Expanded, the Social Sciences Citation Index, 
and the Arts & Humanities Citation Index. The quality and depth of content 
Web of Science offers to researchers, authors, publishers, and institutions 
sets it apart from other research databases. The inclusion of News of NAS 
RK. Series of chemistry and technologies in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential 
content of chemical sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА 
Хабарлары. Химия және технология сериясы» ғылыми журналының Web 
of Science-тің жаңаланған нұсқасы Emerging Sources Citation Index-me 
индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index 
Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation 
lndex-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен 
сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия және технология сериясы 
Emerging Sources Citation lndex-ке енуі біздің қоғамдастық үшін ең өзекті 
және беделді химиялық ғылымдар бойынша контентке адалдығымызды 
білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. Серия 
химии и технологий» был принят для индексирования в Emerging Sources 
Citation Index, обновленной версии Web of Science Содержание в этом 
индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Socia1 Sciences Citation Index и the Arts & Humanities 
Citation Index. Web of Science предлагает качество в глубину контента 
для исследователей, авторов, издателей и учреждений. Включение 
Известия HAH PK в Emerging Sources Citation Index демонстрирует нашу 
приверженность к наиболее актуальному и влиятельному контенту по 
химическим наукам для нашего сообщества.
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SYNTHESIS AND STUDY   OF STRUCTURAL, TEXTURAL AND 
MORPHOLOGICAL FEATURES OF CATALYSTS FOR STEAM 
REFORMING OF ETHANOLBASED ON PEROVSKITE -LIKE 

FERRITES

Abstract. Oxides of the perovskite structure have been known for a long time 
and are widely used in catalysis due to a unique set of physicochemical properties. 
Nowadays, there are a large number of perovskite-type oxide compounds, which 
have a wide range of applications including catalysis in many reactions due to 
their nanostructure, hypersensitivity and stability in real operation conditions 

In this study, influence of the preparation methods on the structural, textural 
and morphological properties of the catalyst’s precursors have been investigated. 
Perovskites LnFe0.7Ni0.3O3(Ln= Pr, La) were synthesized by the methods of 
Pechini (polymerized precursors method) and sol-gel method using mesoporous 
silica KIT-6 as a template. The prepared catalysts precursors were characterized 
by N2 adsorption/desorption isotherms (BET), X-ray diffraction (XRD) and 
transmission electron microscopy (TEM) techniques. The N2 adsorption/
desorption isotherms results showed that perovskites prepared by the sol-
gel method have a maximum specific surface areas compared withcatalysts 
synthesized by the Pechini method. XRD patterns of catalysts confirmed 
thatPrFe0.7Ni0.3O3catalysts have a perovskite structure with a small admixture of 
PrO2phase,while  diffraction patterns of two LаFe0.7Ni0.3O3samples correspond 
to the perovskiteorthorhombic structure.HR TEM results for samples prepared 

https://doi.org/10.32014/2021.2518-1491.60
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by Pechinimethod showed spatially uniform cations distribution in the particles 
which is typical for perovskites prepared via this route.In samples obtained by 
sol-gel method, a high concentration of silica was detected, which may affect 
their  catalytic properties.

Key words: perovskite, bulk catalyst, biomass, Pechini method, sol-gel method.
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ЭТАНОЛДЫҢ БУ АЙНАЛЫМЫНА ҚАЖЕТТІ ПЕРОВСКИТ 
ҚҰРЫЛЫМДЫ ФЕРРИТТЕР НЕГІЗІНДЕГІ КАТАЛИЗАТОРЛАРДЫ 

СИНТЕЗДЕУ ЖӘНЕ ҚҰРЫЛЫМДЫҚ, ТЕКСТУРАЛЫҚ, 
МОРФОЛОГИЯЛЫҚ ҚАСИЕТТЕРІН ЗЕРТТЕУ

Аннотация. Перовскит құрылымды оксидтер бұрыннан белгілі және 
физика-химиялық қасиеттерінің ерекше жиынтығына байланысты ката
лизде кеңінен қолданылады. Қазіргі таңда, перовскит типті оксидтер қосы
лыстарының саны көп болғандықтан, олардың қолданылу аясы кең, физико-
химиялық қасиеттеріне және наноқұрылымды, сезімталдығының жоға
рылығына, тұрақтылығының ұзақтығы сияқты қабілеттеріне байланысты 
көптеген реакцияларда катализатор ретінде кеңінен қолданылады.

Бұл жұмыста  перовскит тәрізді ферриттерге негізделген катализатор
лардың құрылымдық, текстуралық және морфологиялық қасиеттеріне 
синтездеу әдістерінің  әсері зерттелді. Жалпы формуласы LnFe0.7Ni0.3O3 
(Ln= Pr, La) болатын Пекини (полимерленген прекурсорлар әдісі) және 
темплант ретінде KIT-6 мезопорлы кремнеземді қолдана отырып золь-
гель әдістерімен синтезделді. Катализаторлар N2 изотермиялық адсорбция/
десорбция изотермалары (БЭT),рентген фазалық РФА және трансмиссиялық 
электронды микроскоп (ТЭМ) әдістерімен зерттелді. Зерттеу нәтижелері 
зол гель әдісімен алынған перовскиттердің Пекини әдісімен синтезделген 
катализаторлармен салыстырғанда меншіктік  бетінің жоғары болатынын 
көрсетті. PrFe0.7Ni0.3O3 катализатор үлгілерінің дифроктаграммасында  
PrO2 фазасының аз қоспасы бар, перовскит құрылымды екенін растады, 
ал LаFe0.7Ni0.3O3 құрамды екі үлгінің дифракциялық үлгісі перовскиттің 
орторомбиялық құрылымына сәйкес келеді. ПЭМ нәтижелері Пекини 
әдісімен алынған  үлгілерде перовскиттердің катиондық құрамы кеңіс
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тіктік біртекті таралғаның көрсетті, бұл Пекини әдісімен  алған перов
скиттерге тән. золь- гел әдісімен алынған үлгілерде кремнеземнің жоғары 
концентрациясы анықталды, бұл Pr құрамындағы перовскиттердің ката
литикалық қасиеттеріне әсер етуі мүмкін.

Түйін сөздер: Перовскит, массивті катализатор, биомасса, Пекини әдісі, 
Золь-гел әдісі.
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СИНТЕЗ И ИЗУЧЕНИЕ СТРУКТУРНЫХ, ТЕКСТУРНЫХ, 
МОРФОЛОГИЧЕСКИХ СВОЙСТВ КАТАЛИЗАТОРОВ НА 

ОСНОВЕ ПЕРОВСКИТОПОДОБНЫХ ФЕРРИТОВ ДЛЯ 
ПАРОВОГО РИФОРМИНГА ЭТАНОЛА

Аннотация. Оксиды перовскитовой структуры известны давно и широко 
используются в катализе благодаря уникальному набору физико-химических 
свойств. В настоящее время, поскольку существует большое количество со-
единений оксидов перовскитового типа, ониимеют широкий спектр приме-
нения, широко используются в качестве катализаторов вомногих реакциях 
из-за их физико-химических свойств и наноструктурированных, повышен-
ной чувствительности, таких способностей, как длительность стабильности. 

В данной работе исследовано влияние способов приготовления нас
труктурно-текстурные и морфологические свойств предшественников 
катализатора. Перовскиты с общей формулой LnFe0,7Ni0,3O3 (Ln=Pr, La) были 
синтезированы методами Пекини (метод полимеризованных прекурсоров) 
и золь-гель методом с использованием мезопористого кремнезема КIТ-6 
в качестве темплата. Приготовленные предшественники катализаторов 
были охарактеризованы методами изотерм адсорбции/десорбции N2 
(БЭТ), рентгеновской дифракцией (РФА)и просвечивающей электронной 
микроскопии (ПЭМ). Результаты изотерм адсорбции/десорбции N2показали, 
что перовскиты, полученные золь-гель методом, имеют максимальную 
удельную поверхность по сравнению с катализаторами, синтезированными 
методом Пекини. Дифрактограммы катализаторов подтвердили, что ката
лизаторы PrFe0.7Ni0.3O3 имеют перовскитную структуру с небольшой при
месью фазы PrO2 для Pr содержащих образцов, а дифрактограмма двух 

mailto:massalimova15@mail.ru


151

Volume 2, Number 451 (2022) 

образцов состава LаFe0.7Ni0.3O3соответствует орторомбической структуре 
перовскита. Результатов ПЭМ ВР с элементным анализом для образцов,  
приготовленных методом Пекини, показали, что их катионный состав 
пространственно однороден, что типично для перовскитов, синтезирован
ные данным методом. В образцах, полученных золь-гель методом, обна
ружена высокая концентрация кремнезема, что может влиять на ката
литические свойства перовскитов.

Ключевые слова: Перовскит, массивный катализатор, биомасса, метод 
Пекини, золь-гель метод.

Introduction. Nowadays, energy crisis and environmental problems are two 
difficult problems in current world. Hydrogen energy attracts much attention 
because it is a clean, abundantly available and high energy content source. (S. 
Ogo, 2020 a: 199) Hydrogen can be produced from different resources, such 
as natural gas, coal, methane, and so on. Among the sources, ethanol is a good 
candidate for several reasons (Atta, 2016 a: 108): easily stored, safely handled, 
non-toxic, renewable and easily steam reformed intohydrogen-rich mixture. 
The active catalysts for ethanol steam reforming (ESR) are usually based on 
supported noble (Pt, Ru, Rh, Pd) [(González, 2013: 38.; Huang, 2018).] and 
transition metals (Ni, Co) (Phung L., 2015: 77.; Menegazzo, 2017). The main 
problem of ESR, especially in the case of Ni-containing catalysts, is their coking 
leading to deactivation (Alejandra, 2019: 8). The use of perovskite-like oxides 
ABO3 as catalysts is an attractive approach to minimize the coke deposition on 
catalysts. Oxides, such as perovskite, include many mixed oxides in which metal 
cations satisfying the conditions of electron neutralization (total charge +6) and 
certain stereo ratios can be used as A and B cations.

“A” cations usually have ionic radii close to that of oxygen and can be rare (La, 
Pr, Sm, Ce), alkaline earth (Ca, Mg, Ba, Sr) or alkaline (Na, K) metals. Cations in 
the “B” position should have a much smaller ionic radius, and in this case many 
transition metals (Naurzkulova, 2021: 19) (Fe, Ni, Co, Cu, Ti, Cr, Ru, Mn, etc.) 
can be used. Bulk catalysts based on Ni-doped ferrites of rare-earth metals of 
the perovskite structure provide a high activity and coking stability in reactions 
of biomass conversioninto synthesis gas (Sadykov, 2013: 2; Royer, 2014).

Thus, in our work we have synthesizedcatalysts based on perovskite-like 
ferrites for ESRand studiedinfluence of the preparation methodsand the chemical 
composition onthe structural, textural and morphologyfeatures (Taran, 2013: 26).

Research materials and methods. Catalysts preparation. Perovskites 
with the general formula LnFe0.7Ni0.3O3(Ln= Pr, La) were synthesized by the 
polymerized precursors method (Pechini) and sol-gel method using mesoporous 
silica KIT-6 as a template.
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The Pechinimethod (Patent 3 330 697, 1967) was performed using metal 
(Me) nitrates, citric acid (CA), ethylene glycol (EG) and ethylenediamine (ED) 
as reagents. The actual molar masses of nitrates were determined by thermal 
analysis. Ethylene glycol and citric acid were used as complexing agents. The 
reagents were used in molar ratios CA:EG:Σν (metals) = 3,75:11,25:1. Citric 
acid was dissolved in ethylene glycol with intensive stirring and weak heating 
(60-800С). With intensive stirring, the required amount of metal nitrate crystal 
ohydrates was added to the solution cooled to room temperature. They were kept 
stirring for the required time (~ 2 hours) until they entered a state of complete 
homogenization. The resulting mixture was evaporated under stirring until a 
thick polymer was obtained, heated in a muffle furnace to a temperature of 700 
or 900 ° C for 5 hours.

In the proceduresof perovskites preparationby the sol-gel method (Livage, 
1998: 41) 6 g of mesoporous silicon oxide KIT-6 (Tuysuz, 2009: 109) was 
dispersed in 60 ml of distilled water during 1 hour. In a separate bowl, 23.5 g 
of citric acid with 40 ml of ethanol at a temperature of 60°C was stirred until 
dissolved. Then necessary amount of crystalline metal salts were added and 
stirred until dissolved. Then two liquids were mixed and continuously stirred 
at 750C until a thick gel was formed. The ready gel was dried at a temperature 
of 900C for 12 hours and the solid substance was crushed. After grinding, the 
resulting powder was heated to 5000C for 2 hours, and then heated at 7000C for 
4 hours. Then, the main amount of KIT-6 silica was removed from the sample 
by dissolving it in 500 ml of 7% NaOH solution at 75°C for 15 min. Then the 
sample was filtered, washed on a paper filter with 8 L of distilled water at a 
temperature of 80°C, and dried at 90°C for 30 minutes under an infrared lamp.

Characterization of the catalysts. The specific pore volume of all samples 
was determined by the Brunauer-Emmet-Teller (BET) method using an 
automated volumetric Sorbi-M adsorption unit.

Diffraction patternswere obtained using a Bruker Advance D8 diffractometer 
with CuKαradiation (1.5418 Å). Scanning was performed in the range of 
angles 100-850 (2θ) with a scanning step of 0.050 (2θ). The diffractograms 
were processed using the EVA program included in the diffractometer software 
package identification of the obtained phasesand quantitative calculations were 
received using the ICDD radiographic data file.

High-angle annular dark-field scanning transmission electron microscopy 
(HAADF-STEM) and high-resolution transmission electron microscopy 
(HRTEM) images of as-prepared samples were obtained with a JEM-2200FS 
transmission electron microscope (JEOL Ltd., Japan, accelerationvoltage 
200 kV, lattice resolution 1 Å) equipped with a Cs-corrector and an EDX 
spectrometer (JEOL Ltd., Japan). The minimum spot diameter for the step-by-
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step line or mapping elemental EDX analysis was ~1 nm with a step of about 1.5 
nm. Identification of the obtained phases and quantitative calculations were done 
using the ICDD database 

Results. Textural and structural features. To analyze the composition and 
structure of synthesized perovskite catalysts and prepare samples for physico-
chemical researches, samples were placed in a mold on a CARVER laboratory 
press and brought into the pellet form.

The true and bulk density of the received pellets was measured. The true 
density was calculated according to the formulas ρ=

 
The true and bulk density of the received pellets was measured. The true density 
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The true and bulk density of the received pellets was measured. The true density 

was calculated according to the formulas ρ=m
V  and the bulk density according to the 

formulas: 
ρ= mair

mair–mwater 
whereρ- bulk density of samples;mair -mass of air;mwater whereρ- bulk density of samples;-mass of ; -mass of water.

All samples in the form of pellets were measured at a catalyst fraction of 
0.25-0.5 mm.

Table 1. Specific surface area and bulk, true density of samples
Name Synthesis method Ssp., m

2/g ρbul., g/cm3 ρtru., g/cm3

PrFe0.7Ni0.3O3 Pechini 11 1.482 6.31
LaFe0.7Ni0.3O3 Pechini 18 1.631 6.208
PrFe0.7Ni0.3O3 Sol-gel 109 1.304 4.720
LaFe0.7Ni0.3O3 Sol-gel 114.5 1.316 5.677

From the results presented in the Table 1, it can be seen that the perovskite-
containing catalyst LaFe0.7Ni0.3O3prepared by the sol-gel method showed a 
maximum specific surface area of 114.5 m2/g.The catalysts of the perovskite 
structure synthesized by the Pechini method havemuch lower specific surface 
areas  11 m2/g and 18 m2/g, which is typical for bulk perovskites of a variety of 
compositions [10].

The XRD patterns of samples are shown in Figure 1.

 
Figure 1. Diffractionpatterns of  LaFe0.7Ni0.3O3samples.  
Black line-sol sol-gel method, red line -Pechini method 

The diffraction pattern of both LaFe0.7Ni0.3O3samples corresponds to the 
perovskite orthorhombic Pnmastructure [PDF 01-088-0639]. In Figure 1, the phase is 
marked with a bar diagram. The sample is single-phase, no extraneous phases have 
been identified.  

 
Figure 2. Diffraction patterns of PrFe0.7Ni0.3O3samples.   

Black line-sol-gel method, red line - Pechini method., blue stroke - PrO2 

 
In the patterns of PrFe0.7Ni0.3O3samples, in addition to the main orthorhombic 

(Pnma) perovskitephase of  PrFe0.7Ni0.3O3, a blurred reflex of 28.4° 2θ is observed, 
corresponding to the strongest reflex of the cubic phase PrO2-δ (Fm-3m) [PDF 03-065-
0325].The parameters of crystal lattices of perovskite phases and praseodymium 
oxide were refined for the studied samples. The sizes of coherent scattering regions 
(D) are calculated (Table 2). 

Table2. Parameters of crystal lattices of perovskite phases (a, b, c, Å), 
praseodymium oxide (a, Å) and coherent scattering regions dimensions (nm). 
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Figure 1. Diffractionpatterns of  LaFe0.7Ni0.3O3samples. 
Black line-sol sol-gel method, red line -Pechini method
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The diffraction pattern of both LaFe0.7Ni0.3O3samples corresponds to the 
perovskite orthorhombic Pnmastructure [PDF 01-088-0639]. In Figure 1, the 
phase is marked with a bar diagram. The sample is single-phase, no extraneous 
phases have been identified. 

 
Figure 1. Diffractionpatterns of  LaFe0.7Ni0.3O3samples.  
Black line-sol sol-gel method, red line -Pechini method 

The diffraction pattern of both LaFe0.7Ni0.3O3samples corresponds to the 
perovskite orthorhombic Pnmastructure [PDF 01-088-0639]. In Figure 1, the phase is 
marked with a bar diagram. The sample is single-phase, no extraneous phases have 
been identified.  

 
Figure 2. Diffraction patterns of PrFe0.7Ni0.3O3samples.   

Black line-sol-gel method, red line - Pechini method., blue stroke - PrO2 

 
In the patterns of PrFe0.7Ni0.3O3samples, in addition to the main orthorhombic 

(Pnma) perovskitephase of  PrFe0.7Ni0.3O3, a blurred reflex of 28.4° 2θ is observed, 
corresponding to the strongest reflex of the cubic phase PrO2-δ (Fm-3m) [PDF 03-065-
0325].The parameters of crystal lattices of perovskite phases and praseodymium 
oxide were refined for the studied samples. The sizes of coherent scattering regions 
(D) are calculated (Table 2). 

Table2. Parameters of crystal lattices of perovskite phases (a, b, c, Å), 
praseodymium oxide (a, Å) and coherent scattering regions dimensions (nm). 
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Figure 2. Diffraction patterns of PrFe0.7Ni0.3O3samples.  
Black line-sol-gel method, red line - Pechini method., blue stroke - PrO2

In the patterns of PrFe0.7Ni0.3O3samples, in addition to the main orthorhombic 
(Pnma) perovskitephase of  PrFe0.7Ni0.3O3, a blurred reflex of 28.4° 2θ is 
observed, corresponding to the strongest reflex of the cubic phase PrO2-δ (Fm-3m) 
[PDF 03-065-0325].The parameters of crystal lattices of perovskite phases and 
praseodymium oxide were refined for the studied samples. The sizes of coherent 
scattering regions (D) are calculated (Table 2).

Table2. Parameters of crystal lattices of perovskite phases (a, b, c, Å), 
praseodymium oxide (a, Å) and coherent scattering regions dimensions (nm).

Samples Synthesismethod a,Å b, Å   c,Å D,nm a, Å PrO2-δ D,nm PrO2-δ

LaFe0.7Ni0.3O3-δ sol-gel 5.511(1) 7.810(3) 5.541(4) 48.3 - -
LaFe0.7Ni0.3O3-δ Pechini 5.510(0) 7.805(8) 5.541(4) 48.9 - -
PrFe0.7Ni0.3O3-δ sol-gel 5.539(2) 7.759(1) 5.473(8) 49.7 5.39                11.5
PrFe0.7Ni0.3O3-δ Pechini 5.538(7) 7.758(3) 5.475(3) 47.4 5.42                  8.5   

HR TEMfor samples prepared by Pechini route. As follows from Fig. 3 
for both samples primary particles with sizes ~ 50 nm are rather well crystallized 
and stacked into aggregates which agrees with XRD data. Contrast variation 
observed in nanoparticles is due to strains or some local variation of the 
oxygen content in the lattice. According to the EDX data in Table3 the cationic 
composition of perovskites is spatially uniform which is typical for perovskites 
prepared by Pechini route.
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1

Samples Synthesismethod a,Å b, Å    c,Å D,nm a, Å 
PrO2-δ 

D,nm 
PrO2-δ 

LaFe0.7Ni0.3O3-δ sol-gel 5.511(1) 7.810(3) 5.541(4) 48.3 - - 
LaFe0.7Ni0.3O3-δ Pechini 5.510(0) 7.805(8) 5.541(4) 48.9 - - 
PrFe0.7Ni0.3O3-δ sol-gel 5.539(2) 7.759(1) 5.473(8) 49.7 5.39                 11.5 
PrFe0.7Ni0.3O3-δ Pechini 5.538(7) 7.758(3) 5.475(3) 47.4 5.42                   8.5    

 
HR TEMfor samples prepared by Pechini route. As follows from Fig. 3 for 

both samples primary particles with sizes ~ 50 nm are rather well crystallized and 
stacked into aggregates which agrees with XRD data. Contrast variation observed in 
nanoparticles is due to strains or some local variation of the oxygen content in the 
lattice. According to the EDX data in Table3 the cationic composition of perovskites 
is spatially uniform which is typical for perovskites prepared by Pechini route. 
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Figure 3. HRTEM (a, b) and STEM (b) images of LaFe0.7Ni0.3O31(a.b.c) and PrFe0.7Ni0.3O32(a.b.c) 

sample prepared by Pechini route. 
Table 3. EDX analysis of  the spatial variation of the elemental compositions  of LaFe0.7Ni0.3O3 and   

PrFe0.7Ni0.3O3  samples prepared by Pechini route. 1-5 –numbers of analysis zones. 

 
Element 

Atomic%  
LaFe0.7Ni0.3O3 

1 2 3 4 5 
Fe 38.61 39.43 38.57 40.02 40.46 
Ni 17.88 17.93 18.51 17.55 17.27 
La 43.5 42.64 42.92 42.42 42.27 

PrFe0.7Ni0.3O3 
Fe 36,.5 36.29 36.46 36.6 35.82 
Ni 15.79 16.12 16.26 16.29 17.15 

2

Samples Synthesismethod a,Å b, Å    c,Å D,nm a, Å 
PrO2-δ 

D,nm 
PrO2-δ 
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PrFe0.7Ni0.3O3-δ Pechini 5.538(7) 7.758(3) 5.475(3) 47.4 5.42                   8.5    
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Table 3. EDX analysis of  the spatial variation of the elemental compositions  
of LaFe0.7Ni0.3O3 and   PrFe0.7Ni0.3O3  samples prepared by Pechini route. 1-5 –

numbers of analysis zones.

Element

Atomic% 
LaFe0.7Ni0.3O3

1 2 3 4 5
Fe 38.61 39.43 38.57 40.02 40.46
Ni 17.88 17.93 18.51 17.55 17.27
La 43.5 42.64 42.92 42.42 42.27

PrFe0.7Ni0.3O3

Fe 36,.5 36.29 36.46 36.6 35.82
Ni 15.79 16.12 16.26 16.29 17.15
Pr 47.46 47.59 47.28 47.11 47.03

HR TEM for samples prepared by sol-gel route with template. For 
these samples the structure of the primary particles is apparently much more 
disordered (Figs. 4(1b) and 4(2b). They are stacked into aggregates of different 
size and porosity (Figs. 4 (1,2) (a,b)). As follows from EDX data (Table 4) 
spatial variation of elements concentrations is very strong, including remaining 
Si cations not removed by alkaline etching. Silica concentration is the highest 
for Pr-containing perovskite.  Apparently, these features could affect catalytic 
properties of perovskites, so alkaline etching procedure is to be further optimized. 
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Figure 4. STEM (a) and HRTEM (b, c) images of LaFe0.7Ni0.3O3/SiO21(a.b.c) and 
PrFe0.7Ni0.3O3/SiO2 2(a.b.c)   samples prepared by sol-gel route with KIT-6 template.

Table 4. EDX analysis of the spatial variation of the elemental compositions 
of PrFe0.7Ni0.3O3 and PrFe0.7Ni0.3O3 samples prepared by sol-gel route with  KIT-

6 template.  1-4 –numbers of analysis zones.

Element

Atomic% 
LaFe0.7Ni0.3O3

1 2 3 4
Si 6.47 15.75 3.24 15.75
Fe 37.37 32.66 37.81 32.66
Ni 15.92 14.27 16.07 14.27
La 40.24 37.32 42.88 37.32

PrFe0.7Ni0.3O3

Si 12.59 10.39 29.54 25.77
Fe 31.42 32.7 29.45 27.7
Ni 12.41 12.6 9.17 11.16
Pr 43.58 44.32 31.84 35.38

Conclusion. Perovskite catalysts precursors were synthesized by the method 
of Pechini and sol-gel method using mesoporous silica KIT-6 as a temp
late. The influence of the chemical composition and synthesis methods on 
the structural, textural and morphologicalproperties of catalysts were studied 
by X-ray diffraction, Brunauer-Emmet-Teller (BET), HR TEMmethods.
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PerovskitesLnFe0.7Ni0.3O3(Ln= Pr, La) obtained by sol-gel method presented a 
higherspecific surface areathan Pechinimethod. In heterogeneous catalysis, the 
value of the specific surface of the catalyst is important. However, HR TEM 
imagesand EDX analysis of samples prepared bysol-gelusing mesoporous silica 
KIT-6 as a templateshowed a high concentration of silica, which may have a 
negative affect on the catalytic properties of perovskites. Therefore, the method 
of obtaining perovskites by the sol-gel using mesoporous silica KIT-6 as a 
template method should be optimized.
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ПАМЯТИ  УЧЕНЫХ 

ПАМЯТИ 
ЛЕПЕСОВА КАМБАРА 
КАЗЫМОВИЧА

Безвременно ушел из жизни известный ученый-электрохимик, 
кандидат химических наук, профессор Лепесов Камбар Казымович. 
Большая часть его научной деятельности прошла в стенах Института 
органического катализа и электрохимии им. Д.В. Сокольского.

Камбар Казымович  родился в 1947 г. в Актюбинской области. В 1971 г., 
после окончания инженерно-физико-химического факультета Московского 
химико-технологческом института им. Д.И. Менделеева, поступил в 
аспирантуру Института органического катализа и электрохимии АН 
КазССР по специальности «теоретическая электрохимия». В 1975 г. 
защитил кандидатскую диссертацию по теме «Исследование кинетики и 
механизма ионизации висмута, меди и индия на вращающемся дисковом 
электроде с кольцом». С 1974 по 1987 г.г. работал в ИОКЭ АН КазССР 
в должности младшего, затем старшего научного сотрудника. С 1987 по 
2007 г.г. – заведующий лабораторией защиты металлов от коррозии ИОКЭ 
им. Д.В. Сокольского (в 2001 г. переименована в лабораторию прикладной 
электрохимии и коррозии).       

Результаты исследований К.К. Лепесова в области электрохимии металлов, 
полученные методом дискового электрода с кольцом, классической и 
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нестационарной вольтамперметрии, позволили выявить  основные законо
мерности образования промежуточных продуктов – ионов металлов низшей 
валентности в процессах разряда-ионизации поливалентных металлов и 
установить протекание стадийных электродных реакций с участием ионов 
металлов промежуточной и необычной валентности в химических реакциях 
диспропорционирования и репропорционирования, комплексообразования 
в зависимости от природы металла и анионов раствора, активности воды в 
электролите.

Им впервые было показано и обосновано применение метода дискового 
электрода с кольцом для исследования комплексообразования ионов 
металлов промежуточной и высшей валентности в растворах.

К.К. Лепесов являлся высококвалифицированным специалистом в 
области исследования кинетики и механизма электрохимических и кор
розионных процессов металлов и разработки методов защиты от кор
розии. Он был ответственным исполнителем программы «Разработать 
композиционные ферритные антикоррозионные материалы на основе про
дукции и вторичных ресурсов предприятий Казахстана» 2003-2005 г.г., 
инновационной программы «Организация опытного производства импорт
замещающих средств электрохимической защиты стальных конструкций 
от коррозии» 2003-2005 г.г., ряда хоздоговорных работ по коррозии.

По результатам исследований разработаны антикоррозионные составы 
лакокрасочных материалов с различными добавками, повышающие кор
розионную стойкость покрытий в водно-солевых и кислых средах, которые 
нашли применение при защите водоводов в различных регионах.

Лепесов К.К. – автор более 300 научных публикаций, 1 монографии и 28 
патентов на изобретения. Среди его учеников 8 кандидатов наук и 1 PhD.

Прирожденный талант исследователя в сочетании с неисчерпаемой 
творческой энергией и глубокой эрудицией определили его большой вклад 
в развитие химической науки. 

Он всегда останется для нас талантливым ученым, мудрым учителем и 
хорошим другом.

Коллектив АО «Институт топлива, катализа и электрохимии 
им. Д.В. Сокольского» выражает глубокое соболезнование 
родным и близким.  
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