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В данной работе проведен направленный синтез феррита меди (CuFe2O4) методом 

соосаждения из растворов избытком щелочи при температуре 373 К. Методами скани-

рующей электронной микроскопии и рентгенофазового анализа исследована кристалли-

ческая структура и морфология поверхности феррита меди. Проведено отнесение харак-

теристических пиков дифрактограмм в соответствии с базой данных JCPDS. Показано, 

что феррит меди (II) кристаллизуется в структуре кубической шпинели. Приведены мик-

рофотографии синтезированных образцов данного феррита при разном увеличении. Уста-

новлено, что частицы феррита меди (II) состоят из конгломератов кристаллов с различ-

ным размером отдельных зерен. На приведенных микрофотографиях видно, что наблюда-

ется небольшой разброс по размерам. Средний размер частиц находится в диапазоне 100-

200 нм. С помощью дифференциального сканирующего калориметра динамического теп-

лового потока получена температурная зависимость удельной теплоемкости образцов 

феррита меди в диапазоне температур 273 - 373 К. С использованием оригинальной мик-

рокалориметрической установки в интервале температур 288 – 346 К и при изменении 

индукции магнитного поля от 0 до 1,0 Тл получены термодинамические характеристики 

- магнитокалорический эффект (МКЭ) и изменение энтропии (ΔS) в процессе намагничи-

вания феррита меди (II). Было установлено, что величина МКЭ растет с увеличением 

индукции магнитного поля и уменьшается с ростом температуры. Было обнаружено, 

что температурные зависимости магнитокалорического эффекта и удельной теплоем-

кости имеют экстремальный характер. В области комнатных температур (308-315 К) 

наблюдается максимум магнитокалорического эффекта и минимум удельной теплоемко-

сти. Подобное, ранее не известное, аномальное поведение магнитотепловых свойств фер-

рита меди II обнаружено впервые. 

Ключевые слова: феррит меди, рентгенофазовый анализ, электронная микроскопия, магнетокалори-
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In this work, we carried out the directed synthesis of copper ferrite (CuFe2O4) by co-pre-

cipitation from solutions with an excess of alkali at a temperature of 373 К. The methods of scan-

ning electron microscopy and X-ray phase analysis were used to study the crystal structure and 

surface morphology of copper ferrite. The ratio of the characteristic peaks of the diffractogram was 

carried out in accordance with the JCPDS database. It is shown that copper (II) ferrite crystallizes 

in the structure of the cubic spinel. Microphotographs of the synthesized copper ferrite samples at 

different magnifications are given. It is established that ferrite particles consist of conglomerates 

of crystals with different sizes of individual grains. Their small scatter in size is observed. The av-

erage particle size is in the range of 100-200 nm. Using a dynamic heat flux differential scanning 

calorimeter, the temperature dependence of the heat capacity of copper ferrite samples was ob-

tained in the temperature range of 273–373 K. Using an original microcalorimetric setup in the 

temperature range of 288–346 K and with a change in the magnetic field induction from 0 to 1.0 T, 

thermodynamic characteristics were obtained - the magnetocaloric effect (MCE) and the change in 

entropy (ΔS) during the magnetization of copper (II) ferrite. It was found that with an increase in 

the magnitude of the magnetic field, the magnitude of the MCE increases and decreases with in-

creasing temperature. It was found that the temperature dependences of the magnetocaloric effect 

and specific heat have an extreme character. In the region of room temperatures (308–315 K), a 

maximum of the magnetocaloric effect and a minimum of the specific heat are observed. This pre-

viously unknown anomalous behavior of the magneto-thermal properties of copper II ferrite was 

discovered for the first time. 

Key words: copper ferrite, X-ray phase analysis, electron microscopy, magnetocaloric effect, specific 

heat capacity, magnetic field 

 
 

Ferrites are a combination of iron oxides Fe2O3 

with oxides of other transition metals, including cop-

per, zinc, cobalt, nickel, manganese, magnesium. They 

constitute a special group of magnetically ordered mate-

rials in which there are crystallographically and magneti-

cally nonequivalent sublattices, the presence of which de-

termines the magnetic properties of ferrimagnets, which 

differ from the properties of ferro- and antiferromagnets. 

Compounds of oxides of transition elements 

have high chemical resistance and relatively low cost. 

This leads to their widespread use as magnetic materi-

als in electronics, radio engineering and computer 

technology, since they combine high magnetic suscep-

tibility with semiconductor or dielectric properties. 

Spinels based on copper (II) ferrite are magnetic mate-

rials [1, 2] they are used as catalysts, electrodes, gas 

sensitive sensors [3, 4]. 

Currently, active studies of the magnetocaloric 

effect (MCE) on various magnetically ordered sub-

stances are underway [5-7]. The essence of this phe-

nomenon lies in the adiabatic temperature change in 

the sample when the external magnetic field changes as 

a result of the redistribution of internal energy between 

the system of magnetic atoms and the crystal lattice. 

The study of the magnetocaloric properties of 

magnets is very important for solving the fundamental 

problems of magnetism, which are associated with the 

possibility of obtaining information about magnetic 

transitions in magnetic materials and about the mag-

netic state of matter. The MCE is accompanied by a 

change in such quantities as entropy, heat capacity and 

thermal conductivity [8]. 
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From the point of view of the study and appli-

cation of magnetothermal properties, magnets with 

magnetic phase transitions in the region of room tem-

peratures are promising. Magnetic transitions are ac-

companied by a magnetocaloric effect and heat capac-

ity anomalies. These substances include various com-

pounds of ferrites [9-11]. 

Previously, we conducted a study of the ad-

sorption capacity, elemental composition of copper 

ferrite, carried out its dispersion analysis, and deter-

mined the specific surface of this ferrite [12, 13]. In 

this work, we continue studying the properties of 

CuF2O4 by magnetocaloric methods. 

EXPERIMENTAL PART 

The synthesis of highly dispersed copper fer-

rite was carried out by chemical condensation in a ther-

mostated vessel for an hour at a temperature of 370 K. 

A dark brown CuF2O4 precipitate was obtained by co-

precipitation from aqueous solutions of (Cu2+) and 

(Fe3+) ions with an excess of KOH solution. The pre-

cipitate was decanted into a magnetic field and dried 

under vacuum for five hours. Dry powder particles re-

acted to the action of a magnetic field [14]. 

The phase composition of obtained structures 

was analyzed by X-ray diffraction (X-ray diffractome-

ter D2 Advance, Brucker, CuKα source). 
Morphological studies of the nanostructured 

sample were carried out using a Quattro S scanning 

electron microscope (Thermo Fisher Scientific, Czech 

Republic). 

The heat capacity of the samples was measured 

on a dynamic heat flux differential scanning calorime-

ter DSC 204 F1 Phoenix (Netzsch, Germany). The heat 

capacity measurement error was 1.5%. The tempera-

ture range of scanning in accordance with microcalori-

metric studies was chosen from 273 to 373 К. 

The microcalorimetric method was used to 

study the MCE of copper ferrite using an original mi-

crocalorimeter [15, 16]. A sample of copper ferrite in 

the form of an aqueous suspension was placed in a mi-

crocalorimetric cell with an isothermal shell. The cell 

was located between the poles of an electromagnet. 

The magnetic field induction in the gap varied from 0 

to 1 T. The sensitivity of the setup was 2.10-5 K. The 

error in measuring the MCE did not exceed 2%. To check 

the reliability of the calorimeter, calibration was carried 

out using metallic gadolinium (98% chemical purity). 

The magnetocaloric effect ΔTMCE was deter-

mined from the heat balance equation (1): 

QMCE = m(M)СР(M) ΔTMCE,  (1) 

where QMCE is the amount of heat released when a mag-

netic field is applied to a magnet under isothermal con-

ditions; m(M), Cp(M) – mass, specific heat capacity of 

copper ferrite. 

The amount of heat QMCE, which is released as 

a result of the magnetocaloric effect, was determined 

calorimetrically according to equation (2), comparing 

QMCE with the Joule heat (QJ) introduced into the cal-

orimeter as a result of calibration by electric current: 

QMCE = QJ (ΔT/ΔTJ),     (2) 

where QJ is the amount of Joule heat introduced into 

the calorimeter during calibration by electric current, 

ΔTJ is the change in temperature of the calorimetric 

system as a result of the injected Joule heat, ΔT is the 

change in temperature of the calorimeter system as a 

result of the MCE. 

The entropy change ΔS under the action of a 

magnetic field on a magnetic sample was calculated us-

ing the equation (3): 

ΔS = - Сp(M) ΔT MCE/T,     (3) 

where T is the absolute temperature, Cp(M) is the spe-

cific heat capacity of copper ferrite. 

RESULTS AND DISCUSSION 

Fig. 1 show micrographs of the synthesized 

copper ferrite samples at different magnifications. It 

can be seen from the photographs that the nanoparticles 

consist of conglomerates of crystals with different 

sizes of individual grains; there is a small scatter in 

size. The dried powder consists of aggregated quasi-

spherical particles with a rough surface. Comparative 

morphological analysis of particle projections on all 

obtained micrographs showed that the average particle 

fine size is in the range of 100-200 nm. 

When analyzing the diffraction patterns, it was 

found that the peaks 2θ = 18.5, 35.6, 38.8, 43.0, 62.2 

(Fig. 2), in accordance with the JCPDS database (77-

0010), refer to single-phase crystalline copper ferrite 

and confirms the presence of reflections of the cubic 

spinel. The data obtained in our work correspond to the 

data for CuF2O4 [17]. 

Among the ferrites of transition metals, 

CuFe2O4 is the only one that is ferromagnetic of room 

temperature [17, 18].  

It was previously established that the presence 

of a λ-point at 663 K corresponds to the transition from 

cubic to tetragonal. The peak at about 743 K is that as-

sociated with the magnetic transition of this material 

[19, 20]. 

When analyzing experimental data, the tem-

perature dependence of the specific heat capacity (Fig. 3) 
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has a continuous character. The dependence is a 

monotonically increasing function of temperature 

with increasing slope, which is typical for this kind 

of spinels. In the temperature range from 283 to 

373 K, the specific heat capacity varies from 0.665 

to 0.762 J/g·K. Attention is drawn to a small mini-

mum in the region of 313 K. These changes in the 

heat capacity are reflected in the temperature de-

pendence of the MCE.  

When studying the temperature depend-

ences of polycrystalline copper ferrite for all ther-

modynamic characteristics ∆TMCE and ∆SM (Fig.4, 

5), there is a decrease in thermodynamic values 

with increasing temperature. However, in the region of 

313 K, a sharp maximum was found on all temperature 

dependences of the thermodynamic quantities. With an 

increase in the magnetic field induction (B) from 0 to 

1.0 T, the maximum value of ∆TMCE increases and 

reaches a value of 0.035K. 

 

 
а 

 
b 

Fig. 1. Micrographs of the synthesized copper ferrite sample at 

various magnifications. Scale: a -X300; б-X1 

Рис. 1. Микрофотографии синтезированного образца феррита 

меди при различном увеличении. Масштаб: a – Х300; б – Х1 

 

Fig. 2. X-ray pattern of copper ferrite 

Рис. 2. Рентгенограмма феррита меди 

 

 
Fig. 3. Temperature dependence of the specific heat capacity of 

copper ferrite 

Рис. 3. Температурная зависимость удельной теплоемкости 

феррита меди 

 

 
Fig. 4. Temperature dependence of the magnetocaloric effect 

(∆TMCE) in magnetic fields with induction (B): 1- 0.2; 2- 0.4; 

3- 0.6; 4- 0.8; 5- 1.0 T 

Рис. 4. Температурная зависимость магнитокалорического 

эффекта (∆ТМCЭ) в магнитных полях с индукцией (В): 1- 0,2; 

2- 0,4; 3- 0,6; 4- 0,8; 5- 1,0 T 
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Fig. 5. Temperature dependence of entropy change (∆SM) in vari-

ous magnetic fields with induction (B): 1- 0.2; 2- 0.4; 3- 0.6;  

4- 0.8; 5- 1.0 T 

Рис. 5. Температурная зависимость изменения энтропии 

(∆SM) в различных магнитных полях с индукцией (В): 1- 0,2; 

2- 0,4; 3- 0,6; 4- 0,8; 5- 1,0 T 
 

A similar anomalous behavior in the region of 

313 K is also observed in the temperature dependence 

of the heat capacity. Apparently, the detected anomaly 

of thermodynamic characteristics is associated with 

changes occurring in the crystal lattice of copper ferrite 

and requires additional studies.  

CONCLUSION 

In this work, copper ferrite was synthesized by 

co-precipitation from aqueous solutions of Cu2+ and 

Fe3+ ions with an excess of KOH. The crystal structure 

was studied by X-ray phase analysis and the chemical 

composition of copper ferrite samples was established. 

Using scanning electron spectroscopy, the surface 

morphology of CuFe2O4 crystallites was studied. The 

particle size is in the range of 100-200 nm. The heat 

capacity of copper ferrite samples was determined by 

differential scanning calorimetry. In the temperature 

range from 283 to 373 K, the specific heat capacity 

varies from 0.665 to 0.762 J/g·K. The magnetoca-

loric effect and the change in the entropy of the sam-

ples were determined by the microcalorimetric method 

on the original installation in the temperature range of 

288-346 K and in a magnetic field of 0-1.0 T. Based on 

the temperature dependences of the MCE, changes in 

entropy and heat capacity, an anomalous behavior of 

copper ferrite in the region of 313 K was found. On the 

temperature dependences of the MCE and ∆S at 313 K, 

maxima are observed, and on the temperature depend-

ence of the specific heat, a minimum of values. With 

an increase in the magnetic field induction, the maxima 

increase. The detected anomaly of thermodynamic 

characteristics is associated with changes occurring in 

the crystal lattice of copper ferrite and requires addi-

tional studies. 
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