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The chemical formula Li0.5Fe2.5O4 of lithium ferrite prepared by two different chemical 

methods mentioned as low temperature solid state reaction (LTSSR) and modified 

combustion method (MCM). The samples showed nanoparticle scale with spinal structure. 

The magnetic analyses have done by the vibrating sample magnetometer VSM device, and 

both samples have the same magnetic properties represented by the magnetic saturation, 

remanence magnetization, and coercive magnetic field. The shape of hysteresis loop 

showed a soft ferrite and its area decreased with temperature increasing. On the other 

hand, the magnetic susceptibility decreased with increasing temperature for both samples 

of ferrite Li0.5Fe2.5O4 prepared. The sample of LTSSR exhibited a magnetic moment of 

about 0.410
-3 

JT
-1

 at applied magnetic field 50 kOe which is approaching the same for the 

sample prepared by MCM method.       
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1. Introduction 
 

Ferrite becomes one of the interested magnetic materials that applied in wide range of 

frequencies, its structure is a switching key to the electric, magnetic properties and supporting an 

important role in technological applications. A ferrite has three phases, one of them is a cubic 

spinel structure with the general formula MO.Fe2O3 such as (M=Mn
+2

, Fe
+2

, Co
+2

, Ni
+2

, Cu
+2

, Zn
+2

, 

Mg
+2

), the second one is a hexagonal ferrite with the formula MO.6Fe2O3  (M=Ba
+2

, Ca
+2

, Sr
+2

), 

and the last one is a garnet formula 2M2O3.5Fe2O3, M is a cation of rare earth element with (+3) 

valence like Y [1]. The lithium ferrite LiFe5O8 is a cubic spinel structure [2]. It is belong to a soft 

ferrite material at a Curie temperature in a range (620°C) [3], a square hysteresis loop and high 

saturation magnetization. For this reason, it was designed for microwave devices and memory core 

applications. Lithium ferrite is an inverse spinel structure, which exists in two crystalline shapes; 

ordered α-Li0.5Fe2.5O4, and disordered β-Li0.5 Fe2.5O4 [4,5]. The β-phase has a tetrahedral site 

occupied by Fe
+3

 and randomly distributed over the octahedral sites. The α-phase with a space 

group P4132/P4332 called an order spinel phase. It had octahedral and tetrahedral sites occupied by 

Fe
+3 

ions in a primitive unit cell, and the octahedral positions occupied by Li
+1

 ions [6]. The -

LiFe5O8 has Fd3m space group as disordered phase, it was obtained via the quenching from 

temperatures higher than (800 °C) to room temperature. Ordered phase of lithium ferrite obtained 

at slow cooling temperature at about 750 °C [7]. The different preparation methods used to prepare 

ferrite, such as low temperature solid state reaction (LTSSR) and modified combustion method 
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(MCM). They supported many important parameters on magnetic properties [8, 9-12]. A Wide 

application of such kind of spinel ferrites with high frequency zone operating and Snoek limitation 

with tight band width [13-15]. The reports of ferrite nanoparticles are a suitable to a new 

biomedical technologies like high-density magnetic storage, magnetic transport for drug delivery, 

and high resolution of magnetic resonance imaging. The ferrite nanoparticles exhibited abnormal 

magnetic behavior that is unfamiliar a bulk material mentioned by a single domain property, 

superparamagnetic, and low magnetized [16,17]. The superparamagnetic is a unique and important 

feature in the ferrite nanoparticles. The Li-ferrite nanoparticles investigated previously [8], they 

showed the presence of pure phase of Li-ferrite prepared by two different methods, and both 

procedure showed a fine particle of about (46-77 nm). The unusual magnetic behavior at the low 

magnetic field called as negative magnetization [18-20]. This paper dealing with the explanation 

more information about the effect of preparation methods and temperature on the behavior of Li-

Ferrite nanoparticle 

 

 

2. Experiment procedure 
 

The synthesis of Li-ferrite powder had been done by two chemical procedures as 

mentioned before [8]. These chemical methods produced stoichiometry magnetic compounds. 

They considered a source of Fe
+3

 ions because the presence of chlorine in all starting materials, 

such that LiCl.H2O, NiCl2.6H2O, FeCl3. The second method was also the origin of Fe
+3

 ions 

because it was coming from lithium nitrate and iron (III) nitrate, and the last was a source of Fe
+3

 

ions. Then both samples were prepared without Fe
+2

 ions. The vibrating sample magnetometer 

VSM had been applied to analyze the magnetic properties. The applied model was PPMS VSM 

Option Release 1.3.6, the quantum design PPMS exhibited in laboratory equipment: an open 

architecture, variable temperature designed for different measurements. A sample environment is 

bearing a magnetic field nearly (±16 tesla) and temperature (1.9-400 K). The main operation of 

VSM device is the oscillating a sample in the region of detection coil and a synchronized voltage 

induced. The oscillation head directed vertically to gradiometer pickup coil. The accurate site and 

vibration intensity controlled by VSM motor through optical linear cipher signal that is read back 

again during a linear transport. The magnification of induced voltage that is detecting in a VSM 

unit. The VSM unit uses the cipher signal as a source to a synchronized detection. The 

interpretation of a cipher signals produced by VSM linear motor transport is related to in-phase 

and quadrature-phase signals and the magnified voltage created in a pickup coil. The decoding 

signals are appeared on the VSM software through the CAN bus. This is the main operation of 

VSM unit  

 

 

3. Results and discussion 
 

A structural phase of Li-ferrite with the particle size range (46-77 nm), and the presence of 

spinel cubic phase at lattice parameter (a=8.328 Å), space group Fd/3m discussed previously [8]. 

The simulation of XRD-pattern was the key to understand the presence of octahedrons and 

tetrahedrons within the spinel unit cell. This simulation had been done by using suitable software 

called Endeavour. The output data of this simulation is shown in Fig.1. The position of atom in a 

spinel structure depends on structure simulation, as mentioned in Table 1. It well known; the good 

ferrite is related to the concentration of tetrahedral shape that is must be a twice of octahedral 

shape.  

The magnetic field behavior of lithium ferrite was analyzed at (5 K) for both samples 

prepared by different methods. The prepared sample by LTSSR undergoes to magnetic field (50 

kOe), producing saturation of magnetization of about (4.763B). The magnetic hysteresis loop 

showed the value of coercive magnetic field of about (1.727 Oe), producing remanence 

magnetization at (3B). There is a soft hysteresis loop like S-shape with small coercive field, as 

shown in Fig. 2a. Whereas the hysteresis loop of the sample prepared by MCM method, as shown 

in Fig. 2b, the loop shape is widen than before at the same applied field with saturation of 
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magnetization of about (2.4B). It is well known that the magnetic moments take the maximum 

value as the saturation magnetization goes to maximum. In general, both samples are soft ferrite 

with the sharp hysteresis loop approaching the same parameter. The magnetic saturation occurs 

due to the arrangement of magnetic moments the molecules in the structure of principle material. 

The alignment of magnetic moment is making each molecule act as a tiny magnet within the 

material.  the increasing of magnetic field strength (H) tends to increase a quantity of molecular 

magnets more and more reaching to a perfect alignment exhibited a maximum flux density. 

Normally, the increasing of magnetic field strength is happened through the exceeding of electrical 

current flowing through the coil. 

 

 
 

Fig. 1. The simulated unit cell of spinel cubic ferrite. 
 

 

Table 1. The position of atoms in the spinel structure. 

 

Atom 

type  

x/a y/b z/c 

Li
+1 

0 0 0 

Fe
+3 

0.43420 0.06320 0.18680 

O
-2 

0.0692 0.0692 0.0692 

 

 

The prepared sample of LTSSR showed a maximum magnetic moment of about (0.4 emu) 

or (0.410
-3 

JT
-1

) at applied magnetic field (50 kOe), as shown in Fig.3. When the temperature 

increased to 300 K and the applied magnetic field to (90 kOe) is making a balance in magnetic 

moments at the same saturation value. That is right because the increasing of magnetic field is the 

role to save the concentration of tetrahedral and octahedral per unit cell. It is clear that the amount 

of coercive magnetic field at (90 kOe) is nearly twice of (50 kOe) because of high temperature at 

300 K. That is true, because increasing the temperature required increase a coercive magnetic field 

to remain the ferrite phase. That is agreement with Rinkevich et al [21], they were studied 

magnetic properties based on ferrite-spinel nanoparticles investigated in temperature range (2-300 

K). It is important to remain the tetrahedral and octahedral structure with the same density within 

the unit cell. As a result of that, the increasing of hysteresis loop area at 300 K tends to make 

higher magnetic moments of about (0.43 emu). This is a proving to presence of big hysteresis loop 

at (300 K) and (90 kOe) applied magnetic field.  The reason for the remanence magnetization is 

related to tiny molecular magnets those are completely oriented and the fixed direction of the 

original magnetized field is a function to a sort of memory.  

On the other hand, the effect of different temperature (5,100, and 300 K) and applied 

magnetic field 50 kOe on the hysteresis loop for the MCM sample is shown in Fig. 4. It is well 

defined as the temperature increase the area of the loop decrease and the amount of magnetic 

moments decreased. The high coercive magnetic field is appeared in the hysteresis loop at (5 K) 

and then decreased as the temperature increased. That is return to high concentration of magnetic 

moments at low temperature and this concentration will be decreased as the temperature increase 

with the same applied magnetic field applied. It had been known the shape of the loops is a 
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function to a soft magnetization but with different area comparing to a loop at (5 K). It is clear that 

the ferrite material is starting to change toward the paramagnetic material as the temperature 

increase at (300 K). Then the ferrite material at room temperature has lower magnetization than 

the low temperature (5 K). Then the ability of Li-ferrite material to save the energy is low, i.e. the 

Li-ferrite is more beneficial to save the information at low temperature but it is still useful at room 

temperature before the critical temperature to paramagnetic phase. 

 

    
(a)                                                                          (b) 

Fig. 2. Magnetization vs magnetic field for Li0.5Fe2.5O4 at 5 K in the sample prepared by  

(a) LTSSR method (b) MCM method. 
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Fig. 3. Magnetic moments vs magnetic field for Li0.5Fe2.5O4 at 5, and 300 K for LTSSR-sample. 

 

 

 
 

Fig. 4. Magnetization vs magnetic field for Li0.5Fe2.5O4 at different temperature of the two samples. 
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The hysteresis loops (M–H) of lithium ferrite NPs, as shown in Fig. 4, under a field-cooled 

(FC) state with an applied field of 500 Oe and various temperatures making a clear coercivity. The 

inset of above figure showed more details on expanded hysteresis loops near the origin. Then that 

the hysteresis loops showed “kink or wasp-waisted” property for various temperatures (5,100K), 

while at 300 K the “wasp-waist” behavior is ignorable. This behavior commonly imputed to the 

spins canting or disordering at the surface of the nanoparticles that are difficult to stratify along the 

field direction, this will lead to obtained nanoparticles with an unsaturated magnetization at low 

temperatures. Many researches have been recorded this loops behavior for magnetic spins at low 

temperatures (0-100 K) by effect of applied field. The reorientations of spin are responsible for M-

H loop affected, which can interpret by definition a domain wall motion and the potential wells 

created through the directional order of magnetic moments [22], then a consequent tend to change 

the magnetic behavior of the sample. In addition to appearance the oxidation layer of a soft 

magnetized may causing this behavior [23]. This property is attributed to a mixture of grain 

boundaries and different combination of magnetic compounds having various magnetic behavior. 

The susceptibility parameter is the key to define the ferrite behavior, then the molar 

susceptibility and mass susceptibility for both samples as shown in Fig. 5a,b respectively. It is 

clear that both figures have the same value of susceptibility in the range of (30-32). This is another 

proof to show there is no difference in the results by changing the preparation method. The 

decreasing in susceptibility as the temperature increased is true because there is a decreasing of 

tetrahedral with respect to octahedral per unit cell. This is the key to destroy the ferrite phase by 

reducing the magnetization in Li-ferrite. So, there is a sharp decreasing in the susceptibility with 

the temperature before transferring to paramagnetic phase. In the same way, the relation of inverse 

of molar susceptibility with temperature is a role to save the ferrite behavior before transferring to 

paramagnetic phase, as shown in Fig. 6 a,b for both ferrite prepared by two methods. That is 

agreement with Saezpuche et al [24].      
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           (a)                                                                              (b) 

Fig. 5. Field-cooled FC and zero-field-cooled ZFC susceptibilities for Li0.5Fe2.5O4 at 500 Oe of the sample 

prepared by (a) LTSSR method and (b) MCM method. 

 

 

This behavior caused by interchange a coupling between a ferromagnetic sub-lattice, the 

interchange coupling between dissemble antiferromagnetic sub-lattices, interchange a coupling 

through ferromagnetic/dissemble antiferromagnetic and paramagnetic sub-lattices, inequivalent of 

spin and orbital moments, and interstitial coupling between ferromagnetic and antiferromagnetic 

phases [18-20]. 

The magnetic behavior of two samples lithium ferrite NPs those mentioned by LTSSR and 

MCM methods, zero field cooled (ZFC) and field cooled (FC) magnetization curves were obtained 

in the temperature range (5-300 K) at a constant magnetic field 500 Oe. The ZFC and FC 

magnetization curves at the applied magnetic field (500 Oe) were shown in Fig. 5a,b respectively. 

The susceptibility parameter (χ) decreased from the maximum value about (31.5 emu mol
-1

) with 

increasing temperature until it reach to the lower value about (29.2 emu mol
-1

) at (300 K). Then 
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increase the susceptibility value with decreasing of temperature until reach to (30.9 emu mol
-1

) at 

about (150 K) and then decreasing to (30.1 emu.mol
-1

) at about (5 K).  

For individual nanoparticle, ZFC magnetic curve showed increasing as a function of 

temperature due to a limited thermal fluctuation may causes the alignment magnetization towards 

the applied field direction. At a certain temperature called a blocking temperature TB, the thermal 

energy is more than the anisotropy energy that tend to the random thermal fluctuations, the last one 

is the reason to decrease a magnetization decreases as temperature increased. The particle size 

distribution is producing a broad peak observation instead of a sharp peak near TB. The FC curve 

showed a continuous decreasing of magnetization as a function of temperature raising. In this case, 

the magnetization must be directed along the magnetic field, so that the exceeding in a thermal 

fluctuation at high temperature tend to reduce the component of magnetization along the direction 

of H 

The irreversibility in ZFC and FC curves occurred at (155 K) and (165 K) [25,26]. This 

peak point is known as the blocking temperature (Tb); after peak point the magnetization tends to 

fall rapidly. The sudden decrease in the magnetization of ZFC after Tb is attributed to spin glass 

behavior of strongly-interacting particles in a magnetic system [27]. This suggested that the 

increasing in cooling field the ZFC-FC cycles becomes broader, and Tb and Tirr shift towards lower 

temperatures. This behavior typically identifies the super-Paramagnetism below Tirr and strong 

dipolar interactions among the particles [28].  
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Fig. 6. Inverse of molar susceptibility vs temperature for Li0.5Fe2.5O4 at 500 Oe for  

the sample prepared (a) LTSSR method (b) MCM method. 

 

 
4. Conclusions 
 

The magnetic behavior of Li0.5Fe2.5O4 nanoparticles of ferrite-spinel structure had been 

studied in details. The hysteresis loop curve for two samples prepared by different method LTSTR, 

and MCM methods were obtained and show same behavior. It can be concluded that the magnetic 

phase introduced is ordered ferrimagnetic with soft case and partially it had superparamagnetic 

properties. The presence of nano-sized particles in the size (46-77 nm), which cause the 

superparamagnetic properties. The coercive magnetic field of nanoparticle is increasing sharply as 

the temperature increased. The area of hysteresis loop showed the inverse behavior with 

temperature increase that means the amount of energy storage is decreased also. The reducing of 

hysteresis is a function toward the paramagnetic behavior. This is another proof of soft ferrite 

presented of nanoparticles Li-ferrite. The relation between magnetization and temperature under 

Zero-field-cooled ZFC and field-cooled FC modes were obtained.  
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