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Abstract: In this study, we analyzed the magneto-heating properties of NiFe2O4 nanoparticles, coated with a 

SiO2 shell for hyperthermia applications. The NiFe2O4 nanoparticles were synthesized and coated with SiO2 by 

chemical route and water in oil techniques, respectively. The size of core particles is ~5.6±0.1 nm and the 

thicknesses of the SiO2 layers around the core change from 0 nm to 14.1±0.1 nm by increasing the amount of 

tetraethyl orthosilicate from 0 ml to 2.5 mL during the synthesis process. The magnetic anisotropies, obtained 

from magnetic susceptibility measurements have the same behavior with the specific heat absorption ratio of 

the samples. 

Keywords: Magnetic materials, nanostructures, chemical synthesis, magnetic properties. 

Hipertermi Uygulamaları İçin NiFe2O4 ve NiFe2O4@SiO2 

Nanoparçacıklarının Manyetik Anizotropi Etkinliği 

Özet: Bu çalışmada, hipertermi uygulamaları için SiO2 ile kaplanmış NiFe2O4 nanoparçacıklarının magnetik-

ısıtma özellikleri analiz edildi. NiFe2O4 nanoparçacıkları kimyasal yöntemle sentezlenerek, mikroemülsiyon 

tekniğiyle SiO2 ile kaplandı. Çekirdek parçacıklarının boyutu 5.6 ± 0.1 nm'dir. Kaplama sürecinde çekirdek 

çevresindeki SiO2 tabakasının kalınlıkları tetraetil ortosilikat miktarı 0 mL'den 2.5 mL'ye arttırılarak 0 nm'den 

14.1 ± 0.1 nm'ye kadar değiştirilmiştir. Manyetik duyarlılık ölçümlerinden elde edilen manyetik anizotropi 

değerleri, spesifik ısı emme katsayıları ile benzer davranışlar göstermiştir. 

Anahtar Kelimeler: Manyetik malzemeler, nanoyapılar, kimyasal sentez, manyetik özellikler. 

 

1. INTRODUCTION 

The origins of magnetic behavior in ferrites lie in 

the interactions of two different sublattices. For the 

last few decades, the enhancement of the ability to 

miniaturize ferrites to nano size enables their 

primary use in biotechnology. Nanosized ferrites’ 

controllable magnetic anisotropy strength, 

sufficiently high magnetic moments, chemical 

stability, and low toxicity and other properties 

which make them suitable for specific 

technological and biomedical applications [1-5]. 

Understanding and controlling the magnetic 

behavior of ferrites can increase their potential use 

in information storage, sensors, catalyst, water 

decontamination, adsorbents, enzyme supports, 

targeted drug delivery, tissue engineering, local 

hyperthermia, ferrofluids and contrast agents in 

nuclear magnetic resonance imaging. Furthermore, 

nowadays, iron based oxides have found increasing 

interest in biomedical applications such as 
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magnetic resonance imaging (MRI), hyperthermia, 

cellular therapy, tissue repair, drug delivery, 

magnetoception, biological nanosensors due to 

their unique characteristics [6-12]. Biomedical 

applications of ferrite nanoparticles in magneto-

hyperthermia are widely investigated due to their 

ability to increase the temperature of body tissue to 

eradicate cancer cells by heating. In general, for 

successful application, the size of ferrite particles 

should decrease to single domain size and then the 

particles are monodispersed in a magnetic fluid that 

allows a controllable ejection on the cancer tumors 

[13]. Monodisperse nanoparticles cause an equal 

amount of heating over the tumor region under the 

applied AC magnetic field [13, 14].  

The magneto-heating process is mainly affected by 

superparamagnetic sized and monodispersed 

magnetic particles due to the reasons as follows: 

1. The mechanism of magneto-heating becomes 

dependent on Neel relaxation instead of 

Brownian relaxation below the single domain 

size region [15]. In that case, the magnetic 

anisotropy value determines the effectiveness of 

each relaxation type. While the Neel relaxation 

is effective above a threshold value (in the 

superparamagnetic state), an increase in 

anisotropy causes the Brownian relaxation to 

become dominant so that the heat originating 

through the Brownian rotation can thus improve 

the SAR (Specific Heat Absorption Ratio) value 

[16]. 

2. A controllable temperature increase can be only 

managed by homogeny and narrow size 

distribution [17]. Furthermore, the controllable 

intended magneto-heating with narrow size 

distribution lets us use a few magnetic particles 

so that we decrease the possibility of toxicity for 

the organism [2, 18, 19].  

3. The decrease of particle size also causes a 

decrease in Curie temperature (Tc) close to the 

room temperature; thus, the low Tc value also 

protects the organism from overheating. Above 

the Tc, the particles display paramagnetic 

behavior and the AC magnetic field cannot 

cause an increase in the temperature in the 

paramagnetic state. This restriction protects the 

healthy tissues from the damage of high 

temperatures [19-22].  

The properties of low toxicity, suitable 

magnetization, and simple fabrication make the 

ferrite particles particularly appropriate for 

hyperthermia treatment [23]. However, studies 

show that surface modifications cause insufficient 

bio-coherence [24]. Thus, magnetic nanoparticles 

were coated by bio-coherent materials such as Au 

and Pt; however, the increase in temperature 

observed was lower than expected because these 

metals also act as a magnetic shield [22]. Polymers 

are also used as a biocompatible material on 

magnetic nanoparticles in hyperthermia 

applications; however, the temperature increase 

can remove polymers from the ferrite surface, 

resulting in toxicity. [25].  

Similarly, highly toxic nature of magnetic 

nanoparticles, deriving from the surface reactivity 

of magnetic nanoparticles, also constrains their use 

in biological applications [26]. As a preventive, 

magnetic nanoparticles are coated with a 

nonmagnetic shell, thus declining surface 

reactivity, in order to adapt to vivo applications 

[27, 28]. SiO2 is the one such widely used coating 

material due to its stability to many chemicals [28, 

29] and temperature variations [30]. In addition, 

SiO2 can perform neither nor oxidation reactions 

with the core material [31]. As a consequence of 

these attributes, SiO2 is known as a bio-compatible 

material in vivo organisms. 

In our study, the properties of Ni-Ferrite 

nanoparticles were analyzed before and after SiO2 

coating. However, coating with SiO2 should cause 

a change in the magneto-heating mechanism as 

well as the effective anisotropy of Ni-ferrite 

nanoparticles. DC magnetization and AC magnetic 

susceptibility measurements of the nanoparticles 

were employed to investigate the microscopic 

relaxation and hysteresis. Mechanisms (including 

relevant parameters such as the amplitude of 

alternating magnetic field, particle size 

distribution, anisotropy constant, saturation 

magnetization, surface treatment, the 

concentrations of particles) responsible for heat 
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dissipation in the FM (Ferromagnetic) and SPM 

(Superparamagnetic) nanoparticles. Magneto-

thermal experiments were done to investigate the 

magnetic media dependent specific absorption rate 

(SAR) in the AC magnetic field. 

2. EXPERIMENTAL 

The chemical route employed is the technique of 

synthesizing first developed by Caruntu et. al. [32-

34]. The only deviation from Caruntu et. al’s 

methodology was that Ar gas flow was used in our 

work instead of N2 for removal of the evaporating 

or releasing gases from the vial (with a rate of 60 

cc/min) and for cooling (with a rate of 20 cc/min), 

the top of the Schlenk flask.  NiFe2O4/SiO2 core–

shell structure were formed by using Lee et. al’s 

technique [35]. 

NiCl2•6H2O (98 %) salt was combined with 

FeCl3•6H2O (97 %), DEG (99 %), oleic acid (OA) 

(95 %), sodium hydroxide (NaOH) (97%) for 

synthesizing NiFe2O4 nanoparticles and washed 

with ethanol (99.5 %), methanol (99 %) and 

toluene (99.8 %), respectively. Synthesized 

nanoparticles were precipitated in a centrifuge with 

a speed of 4000 rpm for 20 min and then washed 

carefully twice in methanol and ethanol. The 

precipitation processes were repeated in a toluene 

solution with an 8000 rpm centrifuge speed. The 

resulting nanoparticles were then air-dried. 

According to work by Murai et. al., centrifuging 

alone is not sufficient to remove the oleic acid from 

the surface of ferrites [36]. It is emphasized that 

after centrifuging in a toluene solution for several 

times, the oleic acid thicknesses around the ferrites 

are between 1.0 nm and 1.2 nm [36]. Thus, the 

synthesized NiFe2O4 nanoparticles are defined as 

NiFe2O4 nanoparticles in oleic acid. Finally, the 

nanoparticles in oleic acid were coated with SiO2 

using the technique of water in oil microemulsion 

with a base catalysis of tetraethyl orthosilicate 

(TEOS). During the coating process, Igepal CO-

520 was used as a surfactant [35]. 

The thermal treatment of synthesized particles, in 

oleic acid and coated with SiO2, was monitored 

with differential thermal and thermogravimetric 

analysis (DT-TGA) employing a TG/DTA6300 

model analyzer under oxygen or nitrogen flow at 

40 mL/min with α-Al2O3 reference container. The 

heating rate was 10 oC/min from the temperature of 

30 oC to 800 oC.  

The crystal structures of synthesized particles were 

analyzed using XRD patterns, recorded in the 2θ 

range of 10o and 100o using a CoKα radiation with 

an EQUINOX 1000 X-ray diffractometer. The 

particle sizes were determined using a JEOL 2010-

F model transmission electron microscopy (TEM) 

with a field emission gun operated at 200 keV.  

Magnetization and AC susceptibility 

measurements were performed with a Quantum 

Design Physical Property Measurement System 

(PPMS) magnetometer. The magnetization versus 

temperature variations (T)  was obtained using the 

standard zero field cooled (ZFC) and field cooled 

(FC) procedures in the temperature range of 5-

300K with an applied field of 500 Oe. The 

magnetization versus field variations (H)  

measured at 5 K and 300 K temperatures in the 

field of ± 3 T. The AC susceptibility measurements 

were carried out in the frequency range of 10 Hz - 

10k Hz as a function of temperature in the range of 

5 to 300 K operating at AC amplitudes of 10 Oe to 

obtain AC susceptibility variations (T) for the real 

(’) parts. 

Magneto-thermal characterization has been 

performed in a homemade setup using power 

generator, fiber optic thermometer, and data 

acquisition system. It was possible to raise the 

temperature of the sample to 50 oC by supplying an 

AC magnetic field of 6.4 kA/m at 303 kHz with the 

setup. Biological limitations should be taken into 

consideration when employing the AC field and 

frequencies, which should be less than the 

multiplication of the field 18 kA/m and frequency 

100 kHz [37-39]. The results of the magneto-

thermal measurements were used to calculate 

Specific Absorption Rate (SAR) values. 

3. RESULT AND DISCUSSIONS 

The structural analysis of the particles was 

obtained using the XRD patterns shown in Figure 

1a. The peaks are in accordance with the ICDD 
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cards of NiFe2O4, having pdf # 00-023-1119. No 

additional peak is realized. Furthermore, the size 

distributions of the particles are obtained by the 

TEM figures. Only the TEM figure (Figure 1b) for 

NiFe2O4@SiO2 nanoparticles synthesized in 1.5 ml 

TEOS is shown; size distribution is shown in 

Figure 1c. The size analyses were extended by 

fitting the size frequencies to the lognormal 

distribution function (1) as shown in Figure1c.  

              (1) 

In this equation D, Do and D represent particle 

size, average particle size and standard deviation, 

respectively. As depicted in Figure 1b, the 

thickness of SiO2 over the ferrite nanoparticles is 

homogeneously distributed through all particles. 

The average particle size of NiFe2O4 is 5.6 nm and 

the SiO2 layer thickness over the core particles is 

changed from 0 nm to 14.10.1 nm changing the 

amount of TEOS used in syntheses. The 1.5 mL 

TEOS enabled ferrites to be covered with SiO2 in a 

thickness of 13.60.1 nm as seen in Figure 1b. 

 

Figure 1. (a) XRD patterns of synthesized NiFe2O4 nanoparticles and (b) TEM figures of SiO2 coated NiFe2O4 (The particle size 

frequencies are shown in right inset (c)). 

 

The thermal stabilities of oleic acid and SiO2 coated 

particles were analyzed using DT-TGA measurements. 

The DT-TGA measurement of pure oleic acid was taken 

in order to make a comparison with the SiO2 coated  

 

 

 

 

 

 

 

particles as shown in Figure 2a. DT-TGA results are 

shown in Figure 2b, 2c, and 2d. for oleic acid and SiO2 

coated samples. 
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Figure 2. The DT-TGA curves of (a) oleic acid, (b) NiFe2O4 particles in oleic acid, (c) and (d) NiFe2O4 @ SiO2. The figures in 

between (a)-(c) were taken under N2 and (d) under O2 gas flows. 

Five different mass losses rates are observed in the 

TGA spectra taken under N2 flow for NiFe2O4 

nanoparticles in oleic acid. The first mass loss is 

observed in the temperature interval of 30 °C and 

200 °C at around 3.25 % - 3.50 % due to the 

evaporation of water, methanol, and ethanol [31]. 

Because of the evaporation of diethyl glycol (DEG) 

(Tevaporation  244 °C), the other mass loss (1.5 %) 

is observed between 236 and 250 °C. The mass loss 

at around 300-500°C (20 % - 22 %) and 290 – 315 

°C (4 % - 5 %) originates from loosening the first 

and seconds of weakly bonded functional groups 

(COOH) around the nanoparticles, respectively 

[40-42]. The second order mass loss is also 

observed at 276 °C as seen in a DT-TGA spectra of 

pure oleic acid under N2 (figure 2a) gas flows. 

Moreover, the first order loss, shown in Figures 2b, 

originates from the breaking of strongly bonded 

oleic acids and ferrite nanoparticles as mentioned 

in various studies [40-42]. The first order loss is 

observed at 379.7 °C. The last mass loss is formed 

between 500 °C and 800 °C. This loss is observed 

in two steps. The first step, mass loss at around 

517°C for NiFe2O4 nano ferrites, correlates to the 

phase transitions of iron atoms in the lattice [41-

43]. The phase transitions occur in the 

thermodynamically more stable phases, FeO and 

-Fe, and during the transition, oxygen atoms 

should release [41-43]. The second step, mass loss 

at around 570°C for NiFe2O4 nano ferrites, 

originates from the evaporation CO, CO2 and H2O 

gases from the sample. These gases, after reaching 

sufficient energy, form unbonding and releasing 

oxygen atoms from C and H atoms in oleic acid.  

The mass loss for SiO2 coated samples is around 5 

% in the temperature range of 30°C - 200°C 

because of the evaporation of water, methanol 

(Tevaporation=64.7°C), and the other chemicals. In 

addition, the mass losses are observed in 

temperature ranges of 420°C and 440°C for N2 
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flow and in temperature ranges of 265°C - 320°C 

for O2 flow. These losses originate from 

evaporation of oleic acid (Tevaporation =360°C) and 

Igepal CO-520 (Tevaporation = 200-300°C), which 

was used during the SiO2 coating. The phase 

transitions of Fe atoms due to a mass loss of around 

1.5 – 2 % are observed in the temperature range of 

540°C and 550°C under N2 flow and in the 

temperature range of 535°C and 550°C under O2 

flow for SiO2 coated samples. This ratio is lower 

than it is uncoated NiFe2O4 nano ferrites. The phase 

transitions were observed at around 540°C – 550°C 

as seen in Figure 2. 

Magnetization versus field ((H)) curves were 

obtained at 5 K and 300 K as shown in figure 3. 

The measured magnetic saturation values, 32.2±0.2 

emu/g (300 K) and 41.5±0.2 emu/g (5 K) of 

NiFe2O4 particles, are lower than that of the bulk 

value, 56 emu/g at 300K [44,45]. This anomalous 

magnetic behavior was correlated with the absence 

or presence of antiphase domain boundary 

structural defects. This antiphase boundary 

structural defects create high angle 

antiferromagnetic bonds that reduce the 

magnetization in crystalline magnetite 

nanoparticles [46]. Moreover, the zero coercivity 

values at 300 K in s (H) curves, shown in Figure 

3a, assign superparamagnetic states, which mean 

thermal energy became dominant over magnetic 

energy. In addition, the similar results are also 

obtained for particles coated with SiO2. 

Superparamagnetic behavior at room temperature 

of coated NiFe2O4 nanoparticles is plotted at the 

inset of Figure 3a and Figure 3b. A small impact of 

the coating by the SiO2 layer is obtained at 

cryogenic temperatures. These are a 1 K shift in 

blocking temperature (TB) to high temperature 

from 11.3±0.5 K to 12.3±0.5 K as seen in Figure 3 

and an increase in coercivity values from 115 Oe to 

122 Oe by SiO2 coating. The DC measurements, 

although not giving direct information on the 

magneto-thermal character, do reveal that the size 

of particles is in the single domain range, which is 

suitable for the hysteresis losses to be used in 

hyperthermia applications. However, the high 

anisotropy of the particles designates the efficient 

size ranges for hysteresis losses [47].  

 

Figure 3. Magnetization versus temperature curves of NiFe2O4@SiO2 and NiFe2O4 nanoparticles taken under 100 Oe. The insets 

show the magnetization versus magnetic fields at 5 K and 300K. 
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Thus, the magneto-thermal treatment is highly 

sensitive to crystal size and magnetic anisotropy 

change [48]. In addition, the blocking temperature 

in the cryogenic temperatures assigns Neel 

relaxations to be effective during the magneto-

thermal treatments [49]. Furthermore, the decrease 

in particle size causes an increase in the magnetic 

anisotropy of the particles. The increase of 

anisotropy is one of the main sources of a 

significant amount of magneto-heat energy. 

However, the DC magnetization measurements do 

not give direct information about the magnetic 

anisotropy of the particles. 

The magnetic anisotropies of particles are obtained 

by AC magnetic susceptibility analyses taken from 

10 Hz to 10 kHz frequencies shown in Figure 4. 

The analyses were done for both NiFe2O4@SiO2 

and NiFe2O4 nanoparticles by using Vogel-Fulcher 

law. The results show that the magnetic 

nanoparticles as slightly interacting [50]. The 

magnetic relaxation in Vogel–Fulcher law occurs 

within the Néel mechanism and is defined by the 

equation of (2).  

𝑇𝐵 ln (
𝜏

𝜏0
) =

𝐾𝐸𝑓𝑓𝑉

𝑘𝐵
+ 𝑇0 ln (

𝜏

𝜏0
)                                 (2) 

, 0, kB, KeffV and TB are assigned to the relaxation 

time, the characteristic relaxation time, the 

Boltzmann constant, the anisotropy energy 

(Ea=KeffV), and blocking temperature, 

respectively. The AC susceptibility curves are fit to 

TM ln(/0) versus ln(/0) lines and the slope is 

used to calculate the Vogel-Fulcher temperature 

(T0) and anisotropy energies (Ea) [51]. The 

calculations were done using different relaxation 

time (0) values, 10-9, 10-10, 10-11 and 10-12 s, to find 

the best approximations. The best fit for NiFe2O4 

nanoparticles was obtained for 0 =10-9 s as shown 

in Figure 4, and the effective magnetic anisotropy 

calculations are also demonstrated in Table 1. 

 

Figure 4. (a) AC susceptibility curves of NiFe2O4 particles, (b) AC susceptibility curves of NiFe2O4 @SiO2 particles and (c) 

fitting the AC susceptibility curves of NiFe2O4 @SiO2 particles to the Vogel-Fulcher law. (Experimental data are shown by the 

dots and the linear fit shown by the lines). (Reproduced from Ref. [52]). 
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The Vogel-Fulcher law was also used for SiO2 

coated NiFe2O4 nanoparticles. The AC 

susceptibilities and a linear fit to the Vogel-Fulcher 

law are shown in Figure 4a-4b and Figure 4c, 

respectively. The values were also calculated for 0 

= 10-9 s. The T0 values, which were obtained from 

the slopes of the TM ln(/0) versus the ln(/0) 

lines, were put on the Table 1. The highest T0 is 

observed for the uncoated sample and, the increase 

of SiO2 thickness causes a decrease in T0. The 

decrease in T0 assigns the decrease of interparticle 

interaction with SiO2. On the other hand, the 

effective anisotropy (Keff) values were obtained 

from the intercept point on the TM ln(/0) axis. The 

results reveal the decrease of anisotropy with the 

increase of SiO2 thickness which is attributed to the 

increase of the distance between the cores 

(NiFe2O4) of adjacent particles. The effective 

magnetic anisotropy values for each particle were 

also given in Table 1. The results were taken from 

our previous study for NiFe2O4 particles [52]. The 

anisotropy of the nanoparticles increases for the 

amount of  0.10 ml TEOS used in synthesis. The 

increase in effective anisotropy is the consequence 

of removing the oleic acid from the surface, an 

action that makes the particles closer to one other 

and that causes a change in effective anisotropy 

[53].  An exponential decrease follows in the 

effective anisotropy by further increasing the 

amount of TEOS.  

 

Table 1. Calculated specific heat absorption ratios, the Vogel-Fulcher temperatures (T0) and the effective anisotropy values. 
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0.0 4.7 - 654.8 - 1.9 0.0075 2.40.2 9.0±0.4 16.4 

1.7 4.4 5.5 - 998.2 2.9 0.0039 3.70.2 8.4±0.2 30.5 

7.9 4.4 15.4 - 998.2 2.8 0.0037 3.50.2 5.2±0.4 29.1 

9.0 4.4 35.2 - 998.2 2.8 0.0032 3.10.2 3.3±0.1 28.5 

10.9 3.6 55.8 - 998.2 2.7 0.0028 3.30.2 3.2±0.4 26.4 

13.6 3.2 66.2 - 998.2 2.7 0.0027 3.60.2 2.2±0.3 25.9 

14.1 2.3 72.0 - 998.2 2.6 0.0017 3.20.2 1.7±0.1 25.7 

The analyses via AC susceptibility curves give 

specific information on effective anisotropies of all 

particles, NiFe2O4 in oleic acid and 

NiFe2O4@SiO2. The results prove that ferrite 

nanoparticles’ surface interaction between SiO2 

and the distance between the cores of the particles 

is the main parameter for effective magnetic 

anisotropy.  

The hyperthermia analyses were done with SAR 

measurements. The magneto-heat measurements of 

uncoated NiFe2O4 and NiFe2O4@SiO2 

nanoparticles were taken by making nanofluid in 1 

ml hexane and in 1 ml water media, respectively. 

The theoretical (SARTheo.) and experimental 

(SARExp.) results were shown in Table 1. The 

theoretical SAR values were analyzed using the 

combinations of Brownian and Neel 

approximations as shown in a previous study [17]. 

While the hydrodynamic radius leads to an increase 

in the Brownian relaxation time dependent heat 

dissipation [54], the Neel relaxation dependent heat 

dissipation is associated with the changes in the 

direction of magnetic moments [55]. Therefore, 

both relaxations produce a magnetic response to an 

alternating magnetic field [54]. Thus, although our 
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samples have the effect of Brownian relaxation, the 

Brownian relaxation cannot be the main source for 

magneto-heating in this work. Because the 

particles are in a superparamagnetic state, the 

magnetic response of Ni-Ferrite nanoparticles 

obeys the Neel type relaxation. Therefore, 

intraparticle magnetic moments should be 

dominant in the magneto heat effect in these 

particles. The  SAR is calculated with the equation 

3 [17].  

𝑆𝐴𝑅 =
∑ 𝑐𝑖𝑚𝑖𝑖

𝑚𝑚𝑎𝑔
|𝑑(∆𝑇)/𝑑𝑡|𝑡→0                                     (3) 

ci, mi, 𝑚𝑚𝑎𝑔 and T(t) are used to indicate the heat 

capacity of the ith particle, the mass of the ith 

particle, the mass of the magnetic particle and 

temperature increments, respectively. The 

increment of the temperature is defined by 

Equation 4.  

∆𝑇 = 𝑎(1 − 𝑒−𝑏𝑡)                                                            (4) 

where a and b are saturation temperature value(s) 

and relaxation time(s), respectively.  

In the linear region, where t0,  |𝑑(∆𝑇)/𝑑𝑡|𝑡→0 is 

equal to a·b.  

The SARExp. values were calculated by using the  

∆𝑇 versus time curves as seen in Figure 5. 

 

Figure 5. Time versus Magneto-heat measurements and the fits to the magneto-heat measurements for NiFe2O4@SiO2 

nanoparticles.  

The calculations were done for the heat capacity 

values 2046 J/(kg K), 703 J/(kg K), 830 J/(kg K), 

4181.8 J/(kg K), and 2260 J/(kg K) of oleic acid, 

SiO2, NiFe2O4, water and hexane, respectively. In 

addition, specific density and viscosity of water 

and hexane are taken as 998.2071 kg/m3 and 1.002 

mPs, and as 654.8 kg/m3 and 0.294 mPs, 

respectively. The uncoated particles have the 

lowest effective anisotropy as well as the lowest 

SAR value. The coatings with SiO2 cause an 

increase in values, effective anisotropy, and the 

SAR. The increase of SiO2 thickness causes a 

specific enhancement in SAR values while the 

effective anisotropy increases. The result shows 

that the change at SAR and effective anisotropy 

values are coherent to each other. In contrary, the 

SAR values are not correlated with the enhanced 

interactions of cores of particles. The smallest SAR 

value was obtained at the minimum distance 

between the adjacent particles, and coating with 

SiO2 causes an increase at SAR values, as shown in 

Table 1. 
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5.CONCLUSION 

In this study, monodisperse NiFe2O4 ferrite 

nanoparticles in oleic acid and at SiO2 matrix were 

synthesized via a chemical route. The thermal 

stability of NiFe2O4 nanoparticles was determined 

up to 540°C – 550°C by covering ferrites with 

SiO2. Furthermore, the ferrites at SiO2 were 

isolated from their environments during the phase 

transitions of ferrites in oleic acid, depending on 

gas flow atmosphere. The particles behaved 

superparamagnetic at room temperature. 

Accordingly, we have found a specific relation 

between effective anisotropy and SAR values. The 

results show that the coating with SiO2 increases 

the suitability of NiFe2O4 nanoparticles to the 

hyperthermia applications by decreasing magnetic 

interactions with enhanced SiO2 thicknesses.  
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