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In this research, perovskite-spinel nanocomposites (of the synthsiesed formula (x)(Cuo.3Mn0.7Fe2O4)- (1-

x)(La0.9o Bi0.10 FeO3); 0 ≤ x ≤ 1, were prepared using the auto-combustion method.  The fundamental 

phases of orthorhombic for (La0.9oBi0.10FeO3(LBFO) and the cubic phases for 

Cuo.3Mn0.7Fe2O4(CMFO) were demonstrated utilizing X-Ray Diffractometry (XRD) analysis.. High-

resolution transmission electron microscopy (HRTEM) images reveal nearly spherical nanoparticles for 

the parents compositions and agglomeratation for nanocomposites. Magnetic hysteresis loops 

demonstrate ferromagnetic (FM) behavior for the spinel compound and nanocomposite, where LBFO 

possesses G-type antiferromagnetic (AFM). Competition between FM and AFM phases leads to 

enhancement in magnetic parameters such as saturation magnetization (Ms), remnant magnetization 

(Mr) and coercivity (Hc). The magnetic properties at low temperatures show a decrease in the 

magnetization and coercivity with increasing the temperature while the magnetic exchange bias HEB 

increased until T=200 K and then, decreased.   

The intergranular magnetostatics interactions have promoted along the LBFO and CMFO 

nanocomposites interfaces which play a decisive role in strain energy, exchange energy, and magnetic 

anisotropy. 
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Introduction 

Assembly of different substances is one of 

scientific approaches for material science 

development to obtain new desirable physical 

characterizations. This can be utilized in several 

industrial applications that use modified materials 

with advanced specifications. Nanocomposites of 

metal oxide are developed to create novel materials 

with high performance as well as improvement of 

their properties and behavior [1-8]. Composite 

interfaces play the main role in the improving 

functionality of materials and modulating its 

effective properties [9]. The properties of new 

composites result from the interaction of their 

component phases along the grains boundaries 

interfaces which enhance the key role of interfacial 

reaction [10]. Several phenomena occur at the 

interface has been reported in previous researches, 

i.e. rearrangement of chemical bonding [11]; spin-

charge and orbital reconstruction [12]; 

modifications to the electronic structure [13]. The 

incorporation of spinel and perovskite seems to be 

very promising for making spinel- perovskite 

systems with multiferroic or multifunctional 

properties [14].  

One of the great interests also is the perovskite–

spinel interface in complex oxide based magnetic 

tunnel junctions [10]. A perovskite structure of 

LaFeO3 (LFO) nanocomposites was marked by 

significant properties, hence, it was employed in 
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applications of superlattices [15, 16].   

Additionally, the combination of perovskite 

structure with a spinel system has produced an 

amazing property and revealing anomalous 

phenomena.. 

 It is also known that the LFO is a member of the 

rare earth orthoferrite family. It has an 

orthorhombic perovskite structure (space group: 

Pnma). This exhibits a phase transition from 

orthorhombic to rhombohedral at T = 1260 K [17]. 

In addition, LFO possesses G-type 

antiferromagnetism ordering arises as a result of 

indirect exchange interaction between Fe
3+

 ions 

through O
2-

 ions [18, 19]. The R3c in 

rhombohedral symmetry allows the presence of the 

weak ferromagnetic moment due to spin canting 

configuration [20-24]. Lanthanum orthoferrite 

(LaFeO3) is recognized high value of Néel 

temperature (TN ~1013 K) as compared with the 

antiferromagnetic material [25, 26]. Otherwise, 

Spinel ferrite, MFe2O4(M = Cu
2+

,
 
Co

2+
, Ni

2+
, Fe

2+
, 

Zn
2+

 etc) nanocrystals has attracted much attention 

due to their distinctive properties [27-30]. Some of 

the main distinguishing features of the spinel 

ferrites are the high permeability, high electrical 

resistivity, and low eddy current at high-frequency 

electromagnetic wave transmission.  These 

properties make them convenient for different 

technological applications such as 

telecommunication and microwave devices, 

magnetic fluids, high-density magnetic storage, 

drug delivery, and gas sensors. CuFe2O4 is one of 

the famous soft ferrimagnetic insulators with an 

inverse spinel structure, which exists in tetragonal 

and cubic structures. Tetragonal structures of those 

compounds are stabilized at room temperature. 

They transform into cubic structure at a 

temperature within 633 K or higher due to Jahn–

Teller distortion. The distortion affected the 

magnetic properties, where the cubic structure is 

characterized by the presence of a large magnetic 

moment than that of the tetragonal one. This is 

because cubic structure has more cupric ions 

(Cu
2+

) at tetrahedral sites as compared to that in 

the case of tetragonal structure [31,32].  In a 

previous work by the author, the two systems La1-

xBixFeO3 (LBFO) and Mn1-xCuxFe2O4 (CMFO) 

were synthesized by auto combustion method[33]. 

The magnetic properties demonstrated that the 

concentration La0.9Bi0.1FeO3 and Mn0.7Cu0.3Fe2O4 

have the maximum value of magnetization. In this 

work, perovskite-spinel nanocomposites were 

synthesized for enhancement the multiferroicity 

property for CMFO and LBFO materials. On the 

other hand, the perovskite-spinel interface effect 

was investigated.  

 

Experimental Work 

 Preparation of Samples 

The parent compounds of the nanocomposites 

namely, La0.90Bi0.10Fe2O3 (LBFO) and 

Cuo.3Mn0.7Fe2O4 (CMFO) were prepared using the 

sol-gel auto-combustion method as reported earlier 

[33-35]. The nanocomposites (NCs) were prepared 

from the LBFO and CMFO in four different 

weight ratios according to the formula:  (x)CMFO-

(1-x)LBFO, where x = 0, 0.2, 0.4, 0.6, 0.8 and 1. 

To prepare the nanocomposites, the assigned 

weight per gram of the two components were 

mixed together and ground for 3h to allow good 

mechanical mixing and finally annealed at 400
o
C 

for further 2 h with a heating/cooling rate of 5 
o
C/min. 

  

Characterization  

Structural characterization of NCs was carried out 

using a Bruker D8 Advance X-ray diffractometer 

(XRD) with Cu Kα radiation (λ = 1.5418 Å).  The 

microstructure and morphology of the 

nanoparticles were studied using a JEOL-2100 

high-resolution transmission electron microscope 

(HRTEM). Magnetic measurements were carried 

out at room temperature using a vibrating sample 

magnetometer (VSM; Lake Shore -7410-USA) 

with a maximum magnetic field of 20 kG. 

 

Results and Discussion 

Microstructure analysis  

Figure (1) shows the XRD patterns of (x) CMFO - 

(1-x) LBFO (x= 0.0, 0.2, 0.4, 0.6, 0.8 and 1) at 

room temperature. It could be seen that the 

composite formula to incorporate the spinel ferrite 

and the orthoferrite structures has greatly affected 

each other.  At x =0, the spinel structure is absent  

,but all orthoferrite peaks  of LBFO composition 

have been displayed in the XRD pattern. All peaks 

for x=0 in XRD, show a pure phase orthorhombic 

structure with space group (Pbnm) as indexed with 

ICCD card No.74-2203.  On the other hand, at 

x=1, the orthoferrite disappeared completely. 

Therefore, formation of the single phase for 

crystalline spinel (CMFO) has confirmed the 

formation of cubic structure (ICDD card No. 77-

0010) in which it confirmed the cubic structure. 
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All diffracted peaks of the nanocomposites shown 

in Figure(1) are identified as due to different 

crystal planes of orthorhombic structure LBFO 

(JCPDS card no. 74-2203) and cubic spinel CMFO 

(JCPDS card no. 77-0010) phases.  As predictable, 

with increasing CMFO weight ratio, the diffraction 

peaks of CMFO increased in strength gradually. 

Hence, it was observed that the diffraction peaks 

intensities of the two parents agree well with the 

change of their respective ratios in the 

nanocomposites. 
The crystallite size of the two parents LFBO and CMFO 

were evaluated according to the broadening X-ray line 

of the maximum intensity peak utilizing the Scherrer’s 

formula: D=0.89cos [36, 37]. Where  is the X-ray 

wavelength (0.15406 nm for Cuk); is the Bragg’s, D 

is the crystallite size and β is the full width broadening 

at half maximum (FWHM) in radians of the diffraction 

peak. The crystallite size was 23 and 15 nm for LBFO 

and CMFO, respectively. However, the small shift 

occurring in the peaks of some samples does not 

indicate that the main structures of synthesized 

nanocomposites have changed. This behavior 

might occur as a result of increasing the spinel 

concentration on the expense of concentration of 

the orthoferrite structure.  

The morphological features and particle sizes 

distribution of compositions (x = 0.0, 1.0, 0.4 and 

0.8) have been examined using HR-TEM 

measurements, as shown in Figure 2. The two 

plain compositions have displayed nearly spherical 

nanoparticles with an average particle sizes of 28 

nm for LBFO and 17 nm for CMFO, these values 

have agreed with those calculated from XRD 

analysis.. Moreover, the electronic diffraction sub-

images have shown a good crystallinity nature for 

the two parent’s compositions.  

The HR-TEM images for compositions x=0.4, and 

0.8 have revealed an agglomerated nanoparticle 

and polygons geometric shapes. This observation 

may be due to the physical interaction along the 

interfacial boundaries between ferromagnetism 

nanoparticle and antiferromagnetism nanoparticles. 

 

Magnetic properties   

Figure 3 depicts the magnetic hysteresis loops 

curves of CMFO(x)-LBFO(1-x) (x= 0.0, 0.2, 0.4, 0.6, 

0.8 and 1) utilizing a vibration sample 

magnetometer (VSM) instrument with applying 

magnetic field intensity ±20 kG at room 

temperature. 

Furthermore, Table 1 records the results of 

magnetic parameters of prepared nanocomposites 

such as coercivity Hc, remnant magnetization Mr, 

saturation magnetization Ms, magnetic anisotropy 

energy, and squareness ratio R.  

The inset graphs in Figure 3 focus on the behavior 

curve of M-H with regard to small values of the 

magnetic field. Obviously, the M-H curve of 

LBFO (x=0) have exhibited a weak ferromagnetic 

property with very small remnant magnetization 

Mr (0.265 emu/g). 

In fact, pure LBFO has the kind of G-type AFM 

with canted Fe
3+

 spins [38-40]. The weak 

ferromagnetism is due to the fractional alignment 

of the canted Fe
3+

 spins. Moreover, magnetic 

hysteresis  curve of CMFO shows a high saturation 

magnetization Ms (37.96 emu/g). Therefore, the 

nature of the magnetic ordering plays a main role 

in ferrimagnetic behavior for CMFO as expected. 

Non zero values of squareness ratio R for 

(x)CMFO-(1-x)LBFO NCs have  demonstrated the 

existence of intergranular magnetostatic 

interactions between the LBFO and CMFO along 

the interfacial grains’ boundaries. In addition, 

based on Vegard's law approximation, the quantity 

of 

of intergranular magnetostatics interactions of the 

prepared nanocomposites could calculated by 

equation (1)[41, 42]., 

Mcal = (1 - x)MLBFO + (x) MCMFO 

 Where Mcal is calculated values of Mr, M LBFO and 

M CMFO are the measured values of Mr of the 

LBFO and CMFO pure phases, respectively. The 

measured and calculated values of Mr are  listed in 

Table1. It is noted that the measured values of Mr 

for nanocomposites are lower than the calculated 

ones excepted at (x=0.4). This indicates that the 

spin alignment at the interfacial grain boundaries 

interfaces for the CMFO (x) - LBFO (1-x) 

nanocomposites have been modified as compared 

to their individual pure phases. The magnetically 

coupled interactions at the interface of 

nanocomposites play a decisive role in strain 

energy, exchange energy, and magnetic anisotropy.  

The origin of these magnetic interactions near the 

interface of two various magnetic substances, 

when they are nearby to each other, has been 

theoretically well investigated in the literature [43-

46]. The saturation magnetization Ms of the NCs 

increases linearly with increasing (CMFO) content 

as shown in Figure(4). This is attributed to the high 

magnetic moment of CMFO phase. The coercivity 

(Hc ) increases with CMFO content reaching a 

maximum value at x=0.4 and then, decreases.  
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Additionally, the anomalous behavior could be 

observed at the composition (x=0.4), in which Hc 

value is higher than the values of other 

concentrations. Furthermore, the exchange bias 

differs completely from the above and below 

concentrations which urge the author to conduct 

further studies. 

 Hence, the magnetic exchange interaction occurs 

at this concentration between ferromagnetic and 

antiferromagnetic. Otherwise, the  anisotropic 

magnetic energy (area erg/g) and squareness ratio 

(R) have augmented  with increasing (CMFO) 

content as shown in Table (1). This results in 

reorientation tilting, that gave a rise to the 

distortion, which is due to the existence of two 

different magnetic orders (antiferromagnetism and 

ferrimagnetism) [47].  

Figure (5) shows the variation of the magnetic 

hysteresis loop of NCs sample with x=0.4 at 

different absolute temperatures (100, 150, 200, 

250, 300 K). The inset graph of the middle region 

of the hysteresis loop curves  vary  with the testing 

temperature variations .This behavior  assures the 

exchange bias in the midpoint of the magnetic field 

axis.  

The data of Ms, Mr, Hc are summarized  in Table 

(2). The drastically reduced in the saturation 

magnetization Ms and coercivity Hc with 

increasing temperature are shown in Figure (6). It 

is worth to mention that whenever the temperature 

increases, more thermal energy is provided and the 

spins of individual electrons that gain a higher 

energy states resulting in random directions and 

less alignment with their neighbors. This 

phenomenon leads to reducing the total 

magnetization. Furthermore, a small field is 

required to reduce the remnant magnetization to be 

zero value which leads to a decrease in the 

coercivity HC values [48,49]. [48,49].  

The phenomenon of exchange bias (EB) is 

associated with the magnetic exchange anisotropy 

to control the relation between ferromagnetic and 

antiferromagnetic FM/AFM substances at the 

interface of them,  indicating a shift of hysteresis 

loop along the magnetic field axis [50,51]. The 

existence of EB in any material is due to the co-

existence of magnetic coupling between 

antiferromagnetic and ferromagnetic orders [52, 

53]. A  different testing temperatures, the values of 

the exchange bias field (HEB) are  calculated from 

the horizontal displacement in the midpoint at  the 

hysteresis loop of the specific concentration 

(x=0.4).  Table 2 shows the change in values of 

HEB at different temperatures, where the value of 

HEB rapidly increases from 100 K up to 200 K and 

then quickly decreases again from 200 up to 300 

K.. One possible explication is the EB 

phenomenon is emerging from the synthesized 

nanometric systems, where the uncompensated 

surface spins favor the AFM coupling and the core 

of particle favor FM coupling. This causes a 

creation of natural AFM/FM interfacial boundaries 

interfaces and leads to EB effect [54,55].  

Exchange bias commonly takes place in 

multilayers or bilayers of magnetic nanostructures 

when an antiferromagnetic material with hard 

magnetization characteristic causes a shift in the 

soft magnetization hysteresis loop curve of a 

ferromagnetic material [56-58].  

This implies that the sample of x=0.4 may be 

considered a multilayers magnetic system which 

has internal magnetic exchange interaction 

between interfacial boundaries interfaces of 

AFM/FM. Lastly, the EB plays an important role 

and effectiveness in many electronic applications 

such as ultrahigh-density magnetic recording, giant 

magnetoresistance, and spin valve devices [59-61]. 

 

Conclusion 

The perovskite and spinel nanocomposites were 

successfully prepared using the sol-gel auto-

combustion method.  XRD patterns confirmed a 

single phase for the parents LBFO and CMFO. 

The nanocomposite perovskite-spinel phase has 

XRD peaks that vary in intensity depending on the 

variation of their respective weight ratios in the 

nanocomposites.  HRTEM images demonstrated 

nanostructure for LBFO and CMFO with a particle 

size of 28 for LBFO and 17 nm respectively. The 

electron diffraction showed a good crystallinity for 

the two parents and NCs. The perovskite–spinel 

interfaces has impacted the magnetic behavior 

of the (x)CMFO-(1-x) LBFO bulk composites 

and this behavior has been confirmed by M–H 

curves.. An enhancement in the magnetization, 

coercivity and squareness ratio was observed with 

CMFO content in composite systems. The 

magnetic properties show a decrease in 

magnetization and coercivity with increasing the 

temperature while the magnetic exchange bias HEB 

was increased until T=200 K and then, decreased.  
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Table (1): The values of saturation magnetization (Ms), remnant magnetization (Mr), coercicvty (Hc), exchange bias field 

(HEB), squareness ratio (R) and calculated remnant magnetization (MrCal) at room temperature for the 

nanocomposition (x)CMFO-(1-x)LBFO  

 

 

 

Table (2): The magnetic parameters for the nanocomposition (x)CMFO-(1-x)LBFO. 

for x=0.4 at different temperature 

 
T (K) Ms (emu/g) Mr (emu/g) Hc (G) HEB (G) 

100 21.162 6.81 415 4.3 

150 20.371 5.52 344 5.21 

200 19.304 4.34 295 22.4 

250 18.290 3.77 255 16.28 

300 17.272 2.92 218 4.76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (1):  X-ray diffraction (XRD) patterns of (x)CMFO-(1-x)LBFO (x = 0.0, 0.2, 0.4, 0.6 and 1.0) at room temperature 

 
 

Conc. x 
Ms 

emu/g 

Mr 

emu/g 

Hc  

(G) 

HEB 

(G) 
R 

Area 

erg/g 
MrCal 

emu/g 

0 3.37 0.27 68 -14.6 0.08 698 -----  

0.2 8.41 1.83 125 -3.45 0.22 3175 2.23 

0.4 17.39 4.38 149 3.76 0.25 9177 4.19 

0.6 23.82 5.92 134 -2.38 0.25 11020 6.15 

0.8 31.5 7.96 140 3.43 0.26 15610 8.11 

1 37.96 10.07 145 -3.94 0.27 18900 ----  
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Figure (2): HRTEM images and electron diffraction patterns of nanocomposite 

(x)CMFO-(1-x)LBFO. 

 
 
 
 
 
 
 
 
 
 
 
 
 
        

 

 

 

 

 

 

 

 
Figure (3): Magnetic hysteresis loops of (x)CMFO-(1-x)LBFO (x= 0.0, 0.2, 0.4, 0.6,0.8 and 1.0) at room temperature.    

Inset: The middle region of the (VSM) of all concentrations 
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Figure (4): Variation of saturation magnetization (Ms) and coercivity (Hc) of (x)CMFO-(1-x)LBFO with CMFO content  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Magnetic hysteresis loops of x = 0.4 at different temperatures 

Inset: The middle region of the (VSM) of all temperatures 
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Figure (6): Variation of saturation magnetization (MS) and coercivity (HC) for x=0.4 at different temperatures 
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