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

«ҚАЗАҚСТАН РЕСПУБЛИКАСЫ
 ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫ» РҚБ 

Х А Б А Р Л А Р Ы

 
 
 

SERIES 
CHEMISTRY AND TECHNOLOGY

3 (460)

JULY – SEPTEMBER  2024

PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

 

ALMATY, NAS RK

ИЗВЕСТИЯ
РОО «НАЦИОНАЛЬНОЙ 
АКАДЕМИИ НАУК РЕСПУБЛИКИ 
КАЗАХСТАН» 

N E W S
OF THE ACADEMY OF SCIENCES

OF THE REPUBLIC OF
KAZAKHSTAN 



2

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Бас редактор: 
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан Республикасы Ұлттық ғылым академиясының президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан) H = 4

Редакция алқасы:
ӘДЕКЕНОВ Серғазы Мыңжасарұлы (бас редактордың орынбасары), химия ғылымдарының 

докторы, профессор, ҚР ҰҒА академигі, «Фитохимия» Халықаралық ғылыми-өндірістік холдингінің 
директоры (Қарағанды, Қазақстан) H = 11

АГАБЕКОВ Владимир Енокович (бас редактордың орынбасары), химия ғылымдарының 
докторы, профессор, Беларусь ҰҒА академигі, Жаңа материалдар химиясы институтының құрметті 
директоры (Минск, Беларусь) H = 13

СТРНАД Мирослав, профессор, Чехия ғылым академиясының Эксперименттік ботаника 
институтының зертхана меңгерушісі (Оломоуц, Чехия) H = 66

БҮРКІТБАЕВ Мұхамбетқали, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
әл-Фараби атындағы ҚазҰУ-дың бірінші проректоры (Алматы, Қазақстан) H = 11

ХОХМАНН Джудит, Сегед университетінің Фармацевтика факультетінің Фармакогнозия 
кафедрасының меңгерушісі, Жаратылыстану ғылымдарының пәнаралық орталығының директоры 
(Сегед, Венгрия) H = 38

РОСС Самир, PhD докторы, Миссисипи университетінің Өсімдік өнімдерін ғылыми зерттеу 
ұлттық орталығы, Фармация мектебінің профессоры (Оксфорд, АҚШ) H = 35

ХУТОРЯНСКИЙ Виталий, философия докторы (PhD, фармацевт), Рединг университетінің 
профессоры (Рединг, Англия) H = 40

ТЕЛТАЕВ Бағдат Бұрханбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 
корреспондент-мүшесі, Қазақстан Республикасы Индустрия және инфрақұрылымдық даму 
министрлігі (Алматы, Қазақстан) H = 13

ФАРУК Асана Дар, Хамдар аль-Маджида Шығыс медицина колледжінің профессоры, Хамдард 
университетінің Шығыс медицина факультеті (Карачи, Пәкістан) H = 21

ФАЗЫЛОВ Серік Драхметұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
Органикалық синтез және көмір химиясы институты директорының ғылыми жұмыстар жөніндегі 
орынбасары (Қарағанды, Қазақстан) H = 6

ЖОРОБЕКОВА Шарипа Жоробекқызы, химия ғылымдарының докторы, профессор, 
Қырғызстан ҰҒА академигі, ҚР ҰҒА Химия және химиялық технология институты (Бішкек, 
Қырғызстан) H = 4

ХАЛИКОВ Джурабай Халикович, химия ғылымдарының докторы, профессор, Тәжікстан ҒА 
академигі, В.И. Никитин атындағы Химия институты (Душанбе, Тәжікстан) H = 6

ФАРЗАЛИЕВ Вагиф Меджидоглы, химия ғылымдарының докторы, профессор, ҰҒА академигі 
(Баку, Әзірбайжан) H = 13

ГАРЕЛИК Хемда, философия докторы (PhD, химия), Халықаралық таза және қолданбалы 
химия одағының Химия және қоршаған орта бөлімінің президенті (Лондон, Англия) H = 15

«ҚР ҰҒА Хабарлары. Химия және технология сериясы»
ISSN 2518-1491 (Online), 
ISSN 2224-5286 (Print)
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.).Қазақстан  
Республикасының  Ақпарат  және  қоғамдық  даму  министрлiгiнің  Ақпарат  комитетінде 29.07.2020 ж. берілген 
№ KZ66VPY00025419 мерзімдік басылым тіркеуіне қойылу туралы куәлік.
Тақырыптық бағыты: органикалық химия, бейорганикалық химия, катализ, электрохимия және коррозия, 
фармацевтикалық химия және технологиялар.
Мерзімділігі: жылына 4 рет. 
Тиражы: 300 дана.
Редакцияның мекен-жайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Қазақстан Республикасының Ұлттық ғылым академиясы РҚБ, 2024

Редакцияның мекенжайы: 050100, Алматы қ., Қонаев к-сі, 142, «Д.В. Сокольский атындағы отын, катализ 
және электрохимия институты» АҚ, каб. 310, тел. 291-62-80, факс 291-57-22, e-mаil:orgcat@nursat.kz 



3

Volume 3, Number 460 (2024) 

Главный редактор:
ЖУРИНОВ Мурат Журинович, доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО «Институт 
топлива, катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан) H = 4

Редакционная коллегия:
АДЕКЕНОВ  Сергазы Мынжасарович  (заместитель главного редактора), доктор химических 

наук, профессор, академик НАН РК, директор Международного научно-производственного холдинга 
«Фитохимия» (Караганда, Казахстан) H = 11

АГАБЕКОВ В ладимир Енокович (заместитель главного редактора), доктор химических 
наук, профессор, академик НАН Беларуси,  почетный директор Института химии новых материалов 
(Минск, Беларусь) H = 13

СТРНАД Мирослав, профессор, заведующий лабораторией института Экспериментальной 
ботаники Чешской академии наук (Оломоуц, Чехия) H = 66

БУРКИТБАЕВ  Мухамбеткали, доктор химических наук, профессор, академик НАН РК,  
Первый проректор КазНУ имени аль-Фараби (Алматы, Казахстан) H = 11

ХОХМАНН Джудит, заведующий кафедрой Фармакогнозии Фармацевтического факультета 
Университета Сегеда, директор Междисциплинарного центра естественных наук (Сегед, Венгрия) 
H = 38

РОСС Самир, доктор PhD, профессор Школы Фармации национального центра научных 
исследований растительных продуктов Университета Миссисипи (Оксфорд, США) H = 35

ХУТОРЯНСКИЙ Виталий, доктор философии (Ph.D, фармацевт), профессор Университета 
Рединга (Рединг, Англия) H = 40

ТЕЛЬТАЕВ Багдат Бурханбайулы, доктор технических наук, профессор, член-корреспондент 
НАН РК, Министерство Индустрии и инфраструктурного развития Республики Казахстан (Алматы, 
Казахстан) H = 13

ФАРУК Асана Дар, профессор колледжа Восточной медицины Хамдарда аль-Маджида, 
факультет Восточной медицины университета Хамдарда (Карачи, Пакистан) H = 21

ФАЗЫЛОВ Серик Драхметович, доктор химических наук, профессор, академик НАН РК, 
заместитель директора по научной работе Института органического синтеза и углехимии (Караганда, 
Казахстан) H = 6

ЖОРОБЕКОВА Шарипа Жоробековна, доктор химических наук, профессор, академик НАН 
Кыргызстана, Институт химии и химической технологии НАН КР (Бишкек, Кыргызстан) H = 4

ХАЛИКОВ Джурабай  Халикович, доктор химических наук, профессор, академик АН 
Таджикистана,  Институт химии имени В.И. Никитина АН РТ (Душанбе, Таджикистан) H = 6

ФАРЗАЛИЕВ Вагиф Меджид оглы, доктор химических наук, профессор, академик НАНА 
(Баку, Азербайджан) H = 13

ГАРЕЛИК Хемда, доктор философии (Ph.D, химия), президент Отдела химии и окружающей 
среды Международного союза чистой и прикладной химии (Лондон, Англия)  H = 15

«Известия НАН РК. Серия химии и технологий». 
ISSN 2518-1491 (Online), 
ISSN 2224-5286 (Print)
Собственник: Республиканское общественное объединение «Национальная академия наук  Республики 
Казахстан» (г. Алматы).
Свидетельство о постановке на учет периодического печатного издания в Комитете информации Министерства 
информации и общественного развития Республики Казахстан № KZ66VPY00025419, выданное 29.07.2020 г.
Тематическая направленность: органическая химия, неорганическая химия, катализ, электрохимия и коррозия,  
фармацевтическая химия и технологии.
Периодичность: 4 раз в год. 
Тираж: 300 экземпляров.
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, оф. 219, тел.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© РОО Национальная академия наук Республики Казахстан, 2024

Адрес редакции: 050100, г. Алматы, ул. Кунаева, 142, АО «Институт топлива, катализа и электрохимии                    
им. Д.В. Сокольского», каб. 310, тел. 291-62-80, факс 291-57-22, e-mаil:orgcat@nursat.kz 



4

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

Editor in chief:
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president 

of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after 
D.V. Sokolsky (Almaty, Kazakhstan) H = 4

Editorial board:
ADEKENOV Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor, 

academician of NAS RK, director of the international Scientific and production holding «Phytochemistry» 
(Karaganda, Kazakhstan) H = 11

AGABEKOV Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor, 
academician of NAS of Belarus, honorary director of the Institute of Chemistry of new materials (Minsk, 
Belarus) H = 13

STRNAD Miroslav, head of the laboratory of the institute of Experimental Botany of the Czech 
academy of sciences, professor (Olomouc, Czech Republic) H = 66

BURKITBAYEV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, first 
vice-rector of al-Farabi KazNU (Almaty, Kazakhstan) H = 11

HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, university of 
Szeged, director of the interdisciplinary center for Life sciences (Szeged, ungary) H = 38

ROSS Samir, Ph.D, professor, school of Pharmacy, national center for scientific research of Herbal 
Products, University of Mississippi (Oxford, USA) H = 35

KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading, 
England) H = 40

TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding 
member of NAS RK, ministry of Industry and infrastructure development of the Republic of Kazakhstan 
(Almaty, Kazakhstan) H = 13

PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine. faculty of Oriental 
medicine, Hamdard university (Karachi, Pakistan) H = 21

FAZYLOV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy 
director for institute of Organic synthesis and coal chemistry (Karaganda, Kazakhstan) H = 6

ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of 
Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H = 4

KHALIKOV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of 
sciences of tajikistan, institute of Chemistry named after V.I. Nikitin AS RT (Tajikistan) H = 6

FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan 
(Azerbaijan) H = 13

GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of 
the International Union of Pure and Applied Chemistry (London, England) H = 15

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology.
ISSN 2518-1491 (Online), 
ISSN 2224-5286 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the 
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ66VPY00025419,
issued 29.07.2020. 
Thematic scope: organic chemistry, inorganic chemistry, catalysis, electrochemistry and corrosion, pharmaceutical 
chemistry and technology.
Periodicity: 4 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219,  Almaty, 050010, tel. 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2024

Editorial address: JSC «D.V. Sokolsky institute of fuel, catalysis and electrochemistry», 142, Kunayev str., of. 310, 
Almaty, 050100, tel. 291-62-80, fax 291-57-22, e-mаil: orgcat@nursat.kz



137

Volume 3, Number 460 (2024) 

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 
SERIES CHEMISTRY AND TECHNOLOGY 
ISSN 2224–5286 
Volume 3. Number 460 (2024), 137–146
https://doi.org/10.32014/2024.2518-1491.242

IRSTI   54.057                                            

M.M. Mataev1, A.M. Madiyarova1*, G.S. Patrin2, M.R. Abdraimova1, 
M.A. Nurbekova1, 2024.

1Kazakh State Women`s Teacher Training University, Almaty, Kazakhstan;
2Siberian Federal University, Krasnoyarsk, Russia.

*e-mail: madiyarova.altynai@mail.ru 

SYNTHESIS AND PHYSICO-CHEMICAL PROPERTIES OF A NEW 
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Abstract: The article discusses the synthesis of new complex ferrite, radiographic 
and electron microscopic studies. The phase of complex ferrites was synthesized by 
the method of high-temperature sol-gel synthesis. For the first time, the structure of 
CrKFe2O5 Composite ferrite was studied by X-ray phase analysis and scanning electron 
microscope methods, the syngony type, elementary cell parameters, radiographic and 
pycnometric densities, and elemental analysis were determined. A comparative analysis 
of the relationship between the parameters of the Crystal cell of primary substances 
and the parameters of the obtained complex ferrite Crystal cell was carried out. Micro-
samples were taken from different parts of the crystallite obtained through a scanning 
electron microscope, the elemental composition of the crystals was analyzed, and the 
general type of layer of the complex ferrite surface was demonstrated. As a result, the 
fact that the compound consists of a single phase, the clarity of its construction was 
determined by the topography and chemical composition of the compound. As a result, 
it was found that the newly synthesized complex ferrite corresponds to the Formula 
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CrKFe2O5. The particle size of the compounds formed is large (between 200 μm, 20.0 
μm, 5.00 μm and 2.00 μm).

Keywords: Sol-gel method; ferrites; syngony; radiography; pycnometric density; 
elementary cell parameters.
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золь – гель синтез әдісі арқылы күрделі ферриттердің  фазасы синтезделді. 
Алғаш рет CrKFe2O5  құрамды ферритінің құрылысын рентгендік фазалық 
талдау және сканерлеуші электронды микроскоп әдістерімен зерттеліп, сингония 
типі, элементар ұяшық параметрлері, рентгенографиялық және пикнометрлік 
тығыздықтары, элементтік талдаулары анықталды. Бастапқы заттардың 
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Сканерлеуші электронды микроскоп арқылы алынған кристалиттің әр түрлі 
бөліктерінен микросынамалар алынып,  кристалдардың элементтік құрамына 
талдау жасалынды, күрделі ферриттің беттік қабатының жалпы түрі көрсетілді. 
Нәтижесінде қосылыстың бір фазадан тұратындығы, құрылысының айқындылығы 
топография мен қосылыстың химиялық құрамымен анықталды.  Нәтижесінде 
жаңа синтезделініп алынған күрделі ферриттің CrKFe2O5 формуласына сәйкес 
келетіні анықталды. Түзілген қосылыстардың бөлшектері үлкен өлшемге  ие (200 
μm, 20.0 μm, 5.00 μm және 2.00 μm аралығында).
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Аннотация. В статье рассматривается синтез нового сложного феррита, 
рентгенографическое и электронно-микроскопическое исследование. Методом 
высокотемпературного золь-гелевого синтеза была синтезирована фаза сложных 
ферритов. Впервые конструкция феррита, содержащего CrKFe2O5, была 
исследована методами рентгенофазного анализа и сканирующего электронного 
микроскопа, были выявлены сингонический тип, параметры элементарных 
ячеек, рентгенографические и пикнометрические плотности, элементный 
анализ. Проведен сравнительный анализ взаимосвязи исходных веществ между 
параметрами кристаллической ячейки и параметрами полученного сложного 
феррита. Из различных частей кристалита, полученных с помощью сканирующего 
электронного микроскопа, были извлечены микрообразцы, проведен анализ 
элементного состава кристаллов, показан общий вид поверхностного слоя 
сложного феррита. В результате определялось, что соединение состоит из одной 
фазы, четкость строения определялась топографией и химическим составом 
соединения.  В результате было обнаружено, что новый синтезированный сложный 
феррит соответствует формуле CrKFe2O5. Частицы образующихся соединений 
имеют большие размеры (от 200 μm, 20.0 μm, 5.00 μm и 2.00 μm). 

Ключевые слова: ферриты, сингония, рентгенография, пикнометрическая 
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Introduction
Ferrites are inexpensive magnetic materials that are often used to open up completely 

new applications in scientific research, especially in Electrical Engineering. The recent 
use of Ferrite cores is due to the peculiarity of reducing eddy currents with increasing 
resistance. Methods of preparation, heat treatment and substitution can affect the 
properties of ferrites (Valenzuela, 2012). Of all magnetic materials, ferrites are the most 
useful, since, in addition to their magnetic properties, they are good electrical insulators 
(Mataev, et al., 2024). Spinel ferrites (MFe2O4) are unique materials with ferromagnetic 
and semiconductor characteristics and can be considered as magnetic semiconductors 
(Soufi, et al., 2021). Due to their unique and adaptable properties, spinel ferrites have 
attracted great interest from researchers around the World (Aravind et al., 2014). In 
recent years, ferromagnetism has been discovered-materials containing magnetic and 
electrical circuits that are widely used in the field of spin electronics (Mataev, et al., 2024).

Magnetic nanoparticles (MNPS) have been intensively studied because they have 
antithetical physical properties compared to their macro and volumetric counterparts 
(Gandhad et al., 2019; Tran et al., 2010; Arruebo et al., 2007). The design of new 
materials for the production of magnetic, electrical, electronic, microwave and 
biomedical devices has stimulated the scientific and technological community to study 
the structural and chemical properties of multicomponent inorganic nanostructures. To 
modify the physical and chemical properties of materials, various synthesis methods are 
used to obtain the necessary material characteristics suitable for specific applications 
(Chakradhari, et al., 2019). These include high-capacity batteries, electrochromic 
displays and wastewater treatment, low-magnetization Ferro fluids, intercalation 
electrodes in rechargeable batteries, and strong oxidizers (Viret, et al., 2012; Batu, et 
al., 2012). For nanoscale magnetic particles, new electrical and magnetic behavior is 
observed compared to the main counterparts (Kaewmanee, et al., 2019). These ferrites 
can be synthesized by various methods, namely the ceramic method (Patil, et al., 2015; 
Kulkarni, et al., 2019), the sol-gel method (Sharifi et al., 2012), the microwave method 
(Molakeri, et al., 2017), the combustion method (Patan, et al., 2014), the hydrothermal 
method (Aydin, et al., 2019), the oxalate method co-deposition method (Shedam, et al., 
2016).

The main goals of this work were the synthesis, physical description and assessment 
of potential in magnetic hyperthermia of potassium ferrite particles by the sol – gel 
method. Since this ferrite is a non-toxic metal, it can be expected to provide greater 
biocompatibility than the ferrites described earlier, as this is one of the main reasons for 
studying this material.

Experimental
The sol-gel method was used as an effective method for the synthesis of a new 

composite ferrite with a complex mixed composition. To determine the composition of 
new complex mixed ferrite obtained by the sol-gel method, an X-ray phase study was 
carried out, and a study was carried out with a scanning electron microscope to conduct 
quantitative and qualitative analysis.
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As a primary raw material, the grades Chromium (III) oxide (“chemically pure”), 
Iron (III) oxide (“chemically pure”) and potassium conbanate (“chemically pure”) in 
the form of grade powder were used as primary raw materials.primary raw materials.
brand. The use of citric acid and glycerin as cleaning agents has a positive eff ect on 
the formation of a homogeneous phase of samples. Stoichiometric amounts of oxides 
were crushed and mixed in Agate kilts until a homogeneous mixture was obtained.  The 
raw materials obtained by stoichiometric calculation were measured with the highest 
accuracy in the analytical balance-0.0001 grams, mixed, ground on an agate sieve, 
placed in a Crucible and fi red in a coupling furnace at a temperature of 1100ºc.

The resulting dried gel was poured into the muffl  er cover for 10 hours at a temperature 
of 600 ° C until a black powder was obtained. Finally, the resulting powder was given 
in stages for 7 hours at a temperature of 700-1100oC in air.

The pycnometric density of ferrites was determined by the method (Mataev, et al., 
2014). Toluene and distilled water were used in the same way as in diff erent liquids. 
The density of composite materials was measured 5 times and the average values were 
calculated.

Result and discussion
X - ray phase analysis
Radiophase analysis (RFT) was performed on the MiniFlex/600 (Rigaku) 

diff ractometer. Analysis using a sika beam (U=30 KV, J=10 MA, rotation speed 1000 
pulses per second, time constant t=5 sec., 2θ with an angle interval between 5 and 900) 
was carried out on a fi ltrated Minifl ex 600 RIGAKU.

During X-ray control of the synthesized mixed ferrite, it was observed that the 
amorphous state of the samples decreased, the crystallization process was completed, 
and the kinetics of the sol-gel reaction was low. In addition, from the diff ractogram 
shown in Figure 1 below, it was proved that the samples went from an amorphous state 
to a full polycrystalline state and an independent phase was fully formed.

Figure 1 - X-ray diff ractogram of the complex ferrite CrKFe2O5. Insert: phase ratio diagram.
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According to Scherrer’s formula, the average size of crystallites can be written as 
follows:

                                                                 (1)
where
    d - average size of crystals;
 K - dimensionless particle shape coefficient (Scherrer constant);
 λ - is the wavelength of X-ray radiation;
 β - half-height reflex width (2θ in radians and units)
 θ - diffraction angle (Bragg angle)
Below are the results of radiographic analysis of the studied complex ferrite 

diffractogram calculated by the Rietveld method.

Table 1 - Symmetry type and unit cell parameters of CrKFe2O5

Sample CrKFe2O5

Space group 62 : Pnma, orthorhombic
Z 4
Parameter cell (Å)
a = 7,663 (3)
b = 5,925 (3)
c = 10,400 (6)
V(A^3) 472,3 (4)
Α 90
Β 90
Γ 90
According to Scherrer's formula, the average size of crystallites is 45.6 μm
X-ray density (g/cm3) 2,702
Pycnometric density (g/cm3)* 2,700

A new complex mixed ferrite synthesized by X-ray phase analysis has the number 
z = 4 units, CrKFe2O5 is crystallized in a wall-oriented cubic cell, and the space group 
forms 62:Pnma. Cell parameters a = 7.663 (3), b = 5.925 (3), c = 10.400 (6). Through the 
X-ray wavelength of Ferrite, it was shown that the average size of crystallites according 
to Scherrer’s formula is 45.6 microns, which corresponds to the image obtained in a 
scanning electron microscope, and the correctness of the results was confirmed by the 
correspondence of X-ray and pycnometric density values in X-ray studies.

Scanning electron microscope
With the help of a scanning electron microscope (SEM) (TM4000), a study was 

carried out to study the spectrum, quantitative and qualitative analysis of the distribution 
of the element, the percentage content of emenets.

The scanning electron microscope (SEM) is designed to obtain an enlarged image 
of an object by scanning it with an electron beam directed at it and recording the signal 
generated by the interaction of electrons with the detector. The small diameter of the 
probe, even at low accelerated voltages and high currents, allows elemental analysis of 



143

Volume 3, Number 460 (2024) 

samples with dimensions of the analyzed area of several tens of nanometers. The beam 
current detector is located in the column of the microscope below the aperture of the 
objective lens, so the beam current can be monitored at any time during analysis.

To study the surface morphology of new complex mixed ferrite samples synthesized 
by the sol-gel method, a study was carried out using an electron microscope that scans 
the microstructures of the light image of electrical diffraction. The electron micrographs 
obtained in the imaging electron microscope of the compound are presented in Figures 
2 a), b), c), d).

a)
b)

c)
d)

Figure 2 - Three different micrometer measurements of the new mixed complex ferrite CrKFe2O5.

The above images show the results of micrographs taken at magnification of 200 
μm, 20.0 μm, 5.00 μm and 2.00 μm, and also show the overall picture of the complex 
ferrite surface layer.As as a result, the compound consists of a single phase, the clarity 
of its structure was determined by the topography and chemical composition of the 
compound.
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Figure 3 - MAP of the distribution of elements in the composition of the new mixed complex ferrite 
CrKFe2O5 (order of the elements Cr, Fe, K, O and color on the MAP).

Based on the map of the distribution of elements, the solution of the nature of 
crystallization, the chemical composition with microstructure and the distribution areas 
of chromium, iron, potassium, oxygen atoms were studied. As a result of the study 
of the quantitative composition of elements, it can be concluded that iron, chromium, 
potassium metals, oxygen atoms are distributed in regions of 2 μm (Figure 3). In an 
imaging electron microscope, nanoscale measurements of solids in powder form can be 
obtained.

Figure 4 -  Spectrum samples of the CrKFe2O5 compound.
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A study was carried out using a scanning electron microscope to study the spectrum 
of distribution of the element, quantitative and qualitative analysis, and the percentage 
content of emenets. Spectral samples of the synthesized new mixed ferrite complex and 
the results of elemental analysis are shown in Figure 4.

4. Conclusions
Summing up the results of the study, a new mixed complex ferrite containing 

CrKFe2O5 was synthesized for the first time by the Sol-gel method. To determine the 
new complex mixed ferrite content obtained, an X-ray phase study was carried out, and 
a scanning electron microscope was examined for quantitative and qualitative analysis.

For the first time, syngonic types and parameters of complex mixed ferritic elementary 
cells synthesized by X-ray phase analysis were determined. CrKFe2O5 (orthorhombic, 
a=7.663 (3), b= 5.925 (3), c=10.400 (6) Å, Z=4, pX-ray.= 2.702 g/cm3, ppycn.=2.700 g/
cm3); X-ray study results showed that the synthesized compound is polycrystalline. The 
accuracy of crystallochemical data is confirmed by a satisfactory correspondence of  
X-ray and pycnometric densities.

With the help of a scanning electron microscope, micro-samples were taken 
from different parts of CrKFe2O5-type crystallites, the elemental composition of the 
crystals was analyzed, and the general type of complex layer of the ferrite surface 
was demonstrated. As a result, the compound consists of a single phase, the clarity 
of its structure was determined by the topography and chemical composition of the 
compound. As a result of measurements carried out in scanning electron microscopy, 
it was found that the newly synthesized complex ferrites correspond to the Formula 
CrKFe2O5. The particles of the formed compounds have a large size (between 200 µm, 
20.0 µm, 5.00 µm and 2.00 µm). The results of the elemental analysis were presented 
in the form of a table.
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