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On the Curie temperature determination of nickel-zinc ferrites 

 

Martin Šoka, Rastislav Dosoudil, Mariana Ušáková, Miroslav Beck 

 

In this work, we carried out the determination of the Curie temperature of nickel-zinc ferrites. We conducted a thorough 

review of the available methods for its determination. From the methods considered, we selected the determination based  

on inflection points and on the intersection of two tangents. The resulting comparison of the obtained results showed that the 

latter method generally leads to higher values, differing by several degrees Celsius. 
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1 Introduction 

Nowadays, the increasing demand for a higher 

standard of living for an ever-growing number of 

people necessitates development in many areas of hu-

man activity. This trend is accompanied by techno-

logical progress and the need for new, more powerful 

technologies and effective materials that find appli-

cations across various industries. Among these 

materials are magnetic materials which are becoming 

increasingly integrated into our daily lives. From this 

perspective, ferrites with a cubic spinel structure are 

highly effective materials for a wide range of industrial 

and technological applications. 

Their unique and versatile properties – such as high 

resistivity, higher saturation magnetization and per-

meability, low dielectric loss, and minimal eddy 

currents – enable their potential use in electronics, 

chemical engineering, environmental, and automotive 

industries [1]. Due to their soft magnetic properties  

[2, 3], Ni-Zn spinel ferrites are used as multifunctional 

materials in various applications, including microwave 

electronic devices [4], magnetic recording media [5], 

magneto-optical devices [6], gas sensors [7], humidity 

sensors [8], and lithium-ion batteries [9]. Nanosized 

ferrites also find applications in medicine, serving as 

contrast agents in magnetic resonance imaging (MRI), 

in targeted drug delivery, and in magnetic hyperthermia 

[10, 11]. 

Spinel ferrites with the formula MFe2O4, where M is 

typically a divalent metal ion (such as Ni2+, Zn2+, Mn2+, 

Co2+), are characterized by a face-centered cubic lattice 

structure in which the cations are distributed across 

tetrahedral (A) and octahedral (B) sublattices. The 

differing nature and ionic radii of the constituent ele-

ments lead to preferential occupancy of these sites, 

which significantly influences the magnetic properties 

of the ferrites [12]. Substituting even small amounts of 

metal ions with rare earth ions RE3+ can alter the 

structure and enhance the magnetic, electrical, 

dielectric, and optical properties of ferrite materials. 

This change may be due to the presence of 4f-3d bonds 

formed by rare earth ions in the octahedral (B) sites 

which notably affect the magnetocrystalline anisotropy 

in spinel ferrites. Since RE3+ ions replacing Fe3+ ions 

have larger ionic radii, the substitution causes internal 

stresses and deformation within the crystal lattice.  

As a result, only a limited amount of RE3+ ions can be 

incorporated into the lattice. Beyond this solubility 

limit, the excess RE3+ ions tend to accumulate at grain 

boundaries, inhibiting grain growth [13]. 

In our previous studies, we examined the influence 

of substituting different types and amounts of rare earth 

ions on the structural, electromagnetic, and microwave 

properties of Ni-Zn ferrites [14, 15]. Based on this 

knowledge, even a small amount of RE ion substitution 

can induce changes in the structure and magnetic 

behavior of spinel ferrites. One particularly sensitive 

parameter affected by these structural modifications is 

the Curie temperature TC, which is also known as the 

transition temperature at which the ferromagnetic 

materials or ferrimagnetic materials (ferrites) subject 

a transition from an ordered magnetic phase (T < TC) to 

a disordered paramagnetic phase (T > TC). TC is a peer-

less property of each ferromagnet (or ferrite) that yields 

a second-order phase transition in a zero magnetic field 
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and depends on the material itself only. The value  

of this critical temperature needs to be known so that  

in practical use of material there is no loss of magneti-

zation at temperatures exceeding the TC.  

 

2 Related works 

Determining the TC is not unambiguous, different 

procedures are used, which may not give the same 

result. When plotting graphical dependencies, there are 

also several methods, where the temperature is on the 

horizontal axis, and the dependent variable on the 

vertical axis (such as magnetic susceptibility χ, satu-

ration magnetization Ms, magnetic permeability μ or 

another measured physical quantity) [16]. Absolute but 

also relative values of the dependent variable are used. 

However, it is certain that the TC is in the temperature 

range where a sharp change in the characteristic occurs. 

This sharp change is represented by at least one order 

of magnitude decrease in the dependent variable. It 

should be noted that the mentioned concepts of TC 

determination may also be utilized in ferroelectric 

materials (or multiferroic with ferroelectric parts) only 

the dependent variable is different (e.g., dielectric 

susceptibility χe, saturation polarization Ps, dielectric 

permittivity ε, etc.) [17, 18]. 

In the following description, the criterion for 

determining the TC will be a physical phenomenon,  

a measurement method of the temperature dependence 

of the monitored parameter, and the subsequent 

numerical method of determination. 

 

2.1 Determination of TC by means 

      of galvano-magnetic effects [19, 24]  

a) Determination of the TC from the maximum of the 

temperature coefficient of electrical resistance 

( )01/ (d / d )R R T . 

b) Determination of the TC from the extreme of the 

negative galvanomagnetic effect (caused by the 

para-process)   ̶ ( )/
n

R R . 

In this case the critical temperature of a material is 

determined by identifying the temperature at which the 

electrical resistance drops to zero, which occurs at the 

maximum of the temperature coefficient of resistance, 

where the resistance-temperature curve shows a steep 

decline. This approach is especially suitable for 

magnetic materials exhibiting also semiconducting 

properties (according to the value of electrical 

conductivity). Note that when the galvanomagnetic 

effects are measured, the extremum values of these 

effects occur only if spontaneous magnetization is large 

enough. 

2.2 Determination of the TC by Mössbauer 

      spectroscopy and neutron scattering [19] 

Mössbauer spectroscopy and neutron scattering 

belong to markedly more accurate ways how to deter-

mine TC. In the case of the Mössbauer method, it is 

known that at TC a hyperfine magnetic nuclear field 

disappears. In the case of neutron scattering, magnetic 

scattering iso-thermal experiments enable monitoring 

of the break-down of the long-range magnetic arrange-

ment at TC. However, none of the two approaches 

mentioned is used to determine TC routinely because of 

the requirements upon the measurement apparatus and 

probably also because of a considerably high cost of 

such examinations. 

 

2.3 Determination of TC from temperature 

      dependence of selected magnetic parameters [19]  

a) Determination of the TC from the fall of the tempe-

rature dependence of saturation magnetization 

( )sM T , or from the minimum of sd / dM T . 

In the past, some scientists proposed a method 

leading to finding precise values of TC from the 

measurements of magnetization. This method is also 

known as the Arrott technique [20, 21] and it is very 

convenient to compute TC because it utilizes experi-

mental data for supporting a fit based on the thermo-

dynamic theory. The technique utilizes Landau’s 

expansion of the thermodynamic potential V into  

a series of magnetization powers with convenient para-

meters 

 2 41 1
2 40V aM bM HM= + + + −  (1) 

In the case of equilibrium condition / 0t  = , 

and in terms of the reduced temperature τ = T/TC and 

magnetization σ = M/Ms, Eqn. (1) is changed to 

H = a σ + b σ3 + … . Parameters a, b, … which are 

considered as functions of reduced temperature are 

expanded in the Taylor series about the TC, i.e., about 

τ = 1. Parameter a can be determined from isothermal 

field dependences of magnetization and since a = 0 at 

TC, this can be used to find out the Curie point. The 

method outperforms the external aspects such as 

temperature and applied magnetic field effects. This 

method is convenient for applications where magneto-

caloric properties of magnetic materials can be utilized. 

It should be noted that the procedure of determining 

the spontaneous magnetization Ms by linear extra-

polation of the M(H) curves to zero field cannot be used 

near the TC since in this region the M(H) curves are 

extremely nonlinear and therefore determining TC from 

the M(T) dependence appears to be somewhat compli-

cated in some cases. 
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b) Determination of the TC from the disappearance of 

initial magnetic permeability μi or susceptibility χ 

[19, 22, 23]. 

To our knowledge, determination of TC from the 

initial permeability temperature dependence is the least 

accurate way due to the existence of such phenomenon 

as the paraprocess (even in low fields). In the vicinity 

of TC, magnetostriction and magnetic anisotropy are 

poor, which may reduce displacements and rotations of 

spins. 

 

c) Some authors made efforts in order to find out the 

TC by means of remanent magnetization Mr and the 

coercive force Hc temperature dependences [19]. 

However, the mentioned approaches fall to the 

ground as the value of any of these quantities may 

be nonzero even over TC as a result of non-

disappearance of spontaneous magnetization. 

 

2.4 Determination of TC from temperature  

      dependence of other non-magnetic parameters 

      [19, 25, 26] 

a) Determination of the TC from the isothermal heat 

capacity measurements Cheat(T) in zero and nonzero 

magnetic fields; the peak of the specific heat is 

observed at TC [19]. Since the extreme of specific 

heat (or heat capacity) may be very wide, the 

finding out of TC can also be hard using this 

approach. 

 

b) A technique of temperature gradient appreciation for 

rapid finding out the TC based on thermal con-

ductivity and diffusivity as functions of temperature 

[26] 

The required temperature TC is obtained by means 

of an inverse numerical method, giving the temperature 

dependent thermal diffusivity with another variation in 

slope at TC. The gradient of the steady temperature 

profile adjusts according to the local thermal conduc-

tivity and changes suddenly at TC. The high-resolution 

finding out of the temperature dependent thermal 

properties allows the identification of TC by two 

independent evaluations during a single experimental 

run, solely relying on data of thermal conductivity and 

thermal diffusivity. The obtained TC agrees well with 

values presented in the literature obtained using other 

methods. 

 

 

 

 

c) TC may be determined precisely also by means of 

the magnetocaloric effect. In this case, TC can be 

approximated to the temperature at which the 

change of magnetic entropy has its extreme value, 

Tpeak. However, both TC and Tpeak do not necessarily 

coincide, and the deviation depends on the applied 

magnetic field [25]. 

 

2.5 Numerical techniques for TC determination 

a) Determination of the TC using inflection points [29] 

The inflection point is the point at which the shape 

of the curve changes. The curve changes from a con-

cave part to a convex part, or vice versa. So, using this 

method, the TC corresponds to the point on the graph of 

the magnetic susceptibility versus temperature depen-

dence, where the concave shape of the curve changes to 

a convex shape. To calculate the inflection points, it is 

necessary to construct a graph of the magnetic 

susceptibility versus temperature and find a suitable 

function of the graph (which sufficiently describes the 

measured course). The inflection point of the magnetic 

susceptibility versus temperature dependence curve is 

considered to be the TC. However, it is necessary to add 

that several inflection points may appear on the curve 

over the entire temperature range. The increased 

number of inflection points may be caused by inaccu-

racies in the measurement, or by the approximation of 

the curve. The curve can be approximated by an nth 

degree polynomial. Only the inflection point that is 

located in the temperature interval of a sharp decrease 

in magnetic susceptibility is considered the TC. 

 

b) Determining the TC using the intersection of two 

tangents [27]  

In this procedure, we will use a part of the graph of 

the dependence of magnetic susceptibility on tempe-

rature, and we are only interested in the part of the 

graph that is located around the sharp decrease in 

magnetic susceptibility. We will use this part to 

determine the TC. This procedure uses two tangents to 

the graph. The first tangent is located in the temperature 

region just below the TC. In this temperature region 

near the TC, we observe a steep linear decrease in 

magnetic susceptibility with temperature. The second 

tangent is located in the temperature region just above 

the TC. In this region, we can also observe a slight 

linear decrease in magnetic susceptibility with 

increasing temperature. These two regions are 

connected by the so-called knee of the curve. We 

consider the TC to be the intersection of these two 

tangents, which is located in the lower knee of the 

characteristic. 
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c) Determining the TC using the maximum flexure of 

the curve [28]  

In this approach, it is necessary to fit the measured 

data to a function (for example, a fourth-order poly-

nomial) that describes the given course of magnetic 

susceptibility versus temperature with sufficient accu-

racy, so we need to construct a graph of the temperature 

dependence of magnetic susceptibility (similar to the 

inflection point method). Then, we look for the 

maximum curvature of the given function, which we 

consider to be the desired TC. To determine this maxi-

mum curvature, it is necessary to calculate the first 

derivative of the function, and then the second 

derivative of the function. It is the second derivative 

that will help us determine the maximum curvature of 

the given function, and therefore the TC of the given 

sample. If we create a graph where the second deriva-

tive of magnetic susceptibility (or magnetization) is on 

the y-axis and the temperature of the material is on the 

x-axis, then the peak of this curve indicates the TC. 

 

3 Results and discussion 

3.1 Determination of TC by means of inflection points 

To determine the TC using inflection points, we used 

data from our previous study [14]. In that study, we 

analyzed the effect of changing the stoichiometry of 

Ni-Zn ferrites through partial substitution of Fe³⁺ ions 

with Eu³⁺, Gd³⁺ and La³⁺ ions on selected structural and 

magnetic properties, with a total sample size of fifteen. 

For each ferrite sample, we constructed a graph of the 

temperature dependence of magnetic susceptibility 

χ(T). We extracted the part of the graph where a sharp 

change (decrease) in magnetic susceptibility occurs, 

since the TC is located in this region of the graph (see 

example in Fig. 1). By applying a suitable approxima-

tion – a fourth-degree polynomial, which sufficiently 

accurately describes the measured dependence – we 

determined the inflection points. From the resulting 

inflection points, we selected the one located in the 

steep decrease of the curve. Each sample has exactly 

one second-order phase transition, and thus exactly  

one TC. 

 

 

Fig. 1. Section of the magnetic susceptibility 

temperature dependence 

 

3.2 Determination of the TC by means  

      of the intersection of two tangents 

To determine the TC using the intersection of two 

tangents, we employed the same data as in the method 

of inflection points. For each sample, we again 

constructed a χ(T). We extracted the part of the graph 

where a sharp change in magnetic susceptibility occurs 

(as in the use of inflection points), see example in 

Fig. 2. In this procedure, it is necessary to construct two 

tangents to the graph. One tangent is drawn in the 

temperature region below the TC, and the other tangent 

is drawn in the temperature region above the TC. The 

intersection of these tangents is considered to be the TC. 

 

 

Fig. 2. Section of magnetic susceptibility temperature 

dependence with tangents indicated 
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3.3 Comparison of the obtained results 

Table 1 presents the obtained TC values for all sam-

ples. The TC determined using the method based on the 

intersection of two tangents is higher by several 

degrees Celsius compared to the method employing 

inflection points. Nevertheless, both methods provide 

important information, namely that the TC increases 

with the rising number of additives. 

 

Table 1. TC (°C) of Ni0.42Zn0.58MexFe2-xO4 ferrites 

x 

inflection‑point  

method 

tangent‑intersection 

method 

Eu3+ Gd3+ La3+ Eu3+ Gd3+ La3+ 

0 186.28 186.28 186.82 198.72 198.72 198.72 

0.01 191.56 199.66 194.17 204.87 206.31 200.85 

0.02 197.26 209.61 195.48 211.13 216.45 200.82 

0.04 209.84 216.24 197.05 219.91 225.48 201.82 

0.06 219.40 226.85 200.16 229.26 234.80 206.23 

 

4 Conclusion 

In this work, we determined the Curie temperature 

of nickel-zinc ferrites. We carried out an extensive 

review of the methods used. From these, we selected 

the inflection‑point method and the tangent‑intersection 

method. Our results show that the tangent‑intersection 

method consistently yields Curie temperature values 

higher by several degrees Celsius than those obtained 

by the inflection‑point method. The extracted value of 

the Curie temperature therefore depends on the type of 

method chosen. 

 

Acknowledgment 

This study was supported by the Scientific Grant 

Agency of the Slovak Republic (VEGA), under project 

no. 1/0041/24. 

 

References 

[1] B. B. Patil, “A review: Influence of divalent, trivalent, rare 

earth and additives ions on Ni–Cu–Zn ferrites,” Journal of the 

Indian Chemical Society , vol. 100, no. 1, pp. 100811, 2023. 

[2] S. Dlamini, A. Nhlapo and T. Moyo, “Remarkable structural 

and magnetic properties of nickel-zinc spinel ferrites 

synthesized by refluxing method,” Next Materials, vol. 8, 

100602, 2025. 

[3] G. Rana, P. Dhiman, A. Kumar, N. Vo Dai-Viet, G. Sharma, 

S. Sharma and Mu. Naushad, “Chemical Engineering 

Research and Design,” vol. 175, pp. 182-208, 2021. 

[4] S. J. Salih and W. M. Mahmood, “Review on magnetic spinel 

ferrite (MFe2O4) nanoparticles: From synthesis to 

application,” Heliyon, vol. 9, no. 6, e16601, 2023.  

[5] B. Ghosh, S. Kumar, A. Poddar, C. Mazumdar, S. Banerjee, 

V. R. Reddy and A. Gupta, “Spin glasslike behavior and 

magnetic enhancement in nanosized Ni–Zn ferrite system,” 

Journal of Applied Physics, vol. 108, no. 3, 034307, 2010. 

[6] D. Nobahar and J. Barvestani, “Tunable magneto-optical 

Faraday and polar Kerr rotations in a plasma-ferrite 

metamaterial,” Scientific Reports, vol. 15, 8132, 2025. 

[7] A. Šutka and K. A. Gross, “Spinel ferrite oxide semiconductor 

gas sensors,” Sensors and Actuators B: Chemical, vol. 222, 

pp. 95-105, 2016. 

[8] V. Manikandan, S. Sikarwarb, B. C. Yadav, S. Vigneselvan, 

R.S. Mane and J. Chandrasekaran, “Ultra-sensitive behaviour 

of ruthenium-doped nickel ferrite thin film humidity sensor,” 

Journal of Experimental Nanoscience, vol. 16, no. 1, pp. 43-

50, 2021. 

[9] J. Wang, G. Yang, L. Wanga and W. Yan, “Synthesis of one-

dimensional NiFe2O4 nanostructures: tunable morphology and 

high-performance anode materials for Li ion batteries,” 

Journal of Materials Chemistry A, vol. 4, no. 22, pp. 8620-

8629, 2016. 

[10] Y. Chen, H. Sun, Y. Li, X. Han, Y. Yang, Z. Chen, X. Zhao, 

Y. Qian, X. Liu, F. Zhou, J. Bai and Y. Qiao, “Magnetic 

nanomaterials for hyperthermia-based therapy and controlled 

drug delivery,” Bioactive Materials, vol. 53, pp. 591-629, 

2025. 

[11] H. Ghayour, M. Abdellahi, N. Ozada, S. Jabbrzare and  

A. Khandan, “Hyperthermia application of zinc doped nickel 

ferrite nanoparticles,” Journal of Physics and Chemistry of 

Solids, vol. 111, pp. 464-472, 2017. 

[12] C. Wang, B. Zou, Y. Wu, Z. Lu, Z. Li, D. Xie and M. Liu,  

“Study of iron ion distribution in rare earth (La, Pr, Sm, Dy) 

doped nickel-zinc spinel ferrites through Mössbauer 

spectroscopy,“ Physics Letters A, vol. 506, 129476, 2024. 

[13] S. M. Kabbur, S. D. Waghmare, D. Y. Nadargi, S. D. Sartale, 

R. C. Kambale, U. R. Ghodake and S. S. Suryavanshi, 

“Magnetic interactions and electrical properties of Tb3+ 

substituted NiCuZn ferrites,” Journal of Magnetism and 

Magnetic Materials, vol. 473, no. 1, pp. 99-108, 2019.  

[14] M. Šoka, M. Ušáková, E. Ušák, R. Dosoudil and J. Lokaj, 

“Magnetic Properties Analysis of Rare-Earth Substituted 

Nickel Zinc Ferrites,” IEEE Transactions on Magnetics, vol. 

50, no. 4, 2800304, 2014. 

[15] M. Ušáková, E. Ušák, E. Ďurišová, R. Dosoudil, E. Dobročka 

and M. Šoka, “Polymer composites with magnetically active 

Eu-substituted NiZn ferrite fillers,” Materials Today 

Chemistry, vol. 38, 102056, 2024. 

[16] R. Valenzuela, “Magnetic Ceramics,” Cambridge University 

Press, ISBN 9780511600296, 2009. 

[17] S. Lanfredia, D.H.M. Genovaa, I.A.O. Britob, A. R. F. Limac 

and M. A. L. Nobre, “Structural characterization and Curie 

temperature determination of a sodium strontium niobate 

ferroelectric nanostructured powder,” Journal of Solid State 

Chemistry, vol. 184, no. 5, pp. 990–1000, 2011. 

[18] A. N. Hapishah, M. N. Hamidon and M. M. Syazwan, “Con-

venient method for Curie temperature determination in 

holmium and yttrium manganite based on capacitance value,” 

Results in Physics, vol. 15, 102665, 2019. 

[19] V. I. Zvereva, R. R. Gimaeva, A. M. Tishina, Ya. Mudryk,  

K. A. Gschneidner Jr. and V. K. Pecharsky, “The role of 

demagnetization factor in determining the ‘true’ value of the 

Curie temperature,” Journal of Magnetism and Magnetic 

Materials, vol. 323, no. 20, pp. 2453–2457, 2011 

[20] R. L. Hadimani, Y. Melikhov, J. E. Snyder and D. C. Jiles, 

“Determination of Curie temperature by Arrott plot technique 

in Gd5(SixGe1−x)4 for x>0.575,” Journal of Magnetism and 

Magnetic Materials, vol. 320, no. 20, pp. e696-e698, 2008.  

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Raul%20Valenzuela&eventCode=SE-AU


Journal of Electrical Engineering, Vol 76, No. 6, 2025                                                                  545 

 

[21] A. Arrott, “Criterion for Ferromagnetism from Observations 

of Magnetic Isotherms,” Physical Review, vol. 108, no. 6, pp. 

1394-1396, 1957. 

[22] Đ. Drobac, “On the determination of the Curie temperature 

from AC susceptibility measurement,” Journal of Magnetism 

and Magnetic Materials, vol. 183, no.1-2, pp. 71-74, 1998. 

[23] U. Bovensiepen, C. Rüdt, P. Poulopoulos and K. Baberschke, 

“AC-susceptibility of Ni/W(1 1 0) ultrathin magnetic films: 

determination of the Curie temperature and critical behavior,” 

Journal of Magnetism and Magnetic Materials, vol. 231, no. 

1, pp. 65-73, 2001. 

[24] A. Kwiatkowski, M. Gryglas-Borysiewicz, P. Juszyński,  

J. Przybytek, M. Sawicki, J. Sadowski, D. Wasik and M. Baj, 

“Galvanomagnetic methods of Curie temperature determi-

nation in (Ga,Mn)As,” Journal of Magnetism and Magnetic 

Materials, vol. 467, pp. 120-128, 2018. 

[25] A. F. Manchón-Gordón, L. M. Moreno-Ramírez, J. J. Ipus,  

J. S. Blázquez, C.F. Conde, V. Franco and A. Conde, “A pro-

cedure to obtain the parameters of Curie temperature 

distribution from thermomagnetic and magnetocaloric data,” 

Journal of Non-Crystalline Solids, vol. 520, 119460, 2019. 

 

 

[26] S. Wilhelmy, A. Zimare, Q. Zhang, M. Rettenmayr and  

S. Lippmann, “Measurement of the Curie temperature based 

on temperature dependent thermal properties,” International 

Communications in Heat and Mass Transfer, vol. 124, 

105239, 2021. 

[27] A. L. Goncharov, I. S. Chulkov, Kh. M. Kozyrev,  

A. V. Shcherbakov and V.K. Dragunov, “Determination of 

the Curie temperature of structural alloys by analyzing the 

electrical characteristics of wires,” Journal of Magnetism and 

Magnetic Materials, vol. 589, 171560, 2024. 

[28] E. Petrovský and A. Kapička, “On determination of the Curie 

point from thermomagnetic curves,” Journal of Geophysical 

Research, vol. 111, B12S27, 2006 

[29] M. Beck: Determining the phase transition temperature of 

magnetic materials, Bachelor’s Thesis, Slovak University of 

Technology in Bratislava, ISBN FEI-104418-120688, 2025 

 

 

Received 15 September 2025 

__________________________________ 


