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A B S T R A C T   

Multiferroic composites offer a keen interest to researchers because of their huge compositional range, structural 
flexibility, and their suitability for multifunctional devices. In this regard, we present a series of triphasic 
perovskite/spinel composites with general formula 0.8[(1–x)SrCoO2.29+ xCr2FeO4] + 0.2 Pb(Zr0.58Ti0.42)O3 (x 
= 0.0, 0.33, 0.66 and 1.0) by sol–gel auto-combustion and solid-state approach. The presence of individual 
crystalline phases of SrCoO2.29, Cr2FeO4, and Pb(Zr0.58Ti0.42)O3 was verified using diffraction data. Morpho
logical investigations demonstrate a homogenous distribution of particles with considerable porosity and particle 
size in the range of 250–450 nm. The presence and variation of constituent elements in the composition ac
cording to their stoichiometric formula were confirmed using energy dispersive X-ray analysis. The energy 
storage capability was mapped by analyzing the P–E hysteresis loops which gave the measure of saturation and 
remanent polarizations. These polarizations led to determining the recoverable energy density and energy loss 
density which highlighted the capacity of these materials for energy storage devices. The increasing magnetic 
response of the composites with increasing Cr2FeO4 contents highlight the indication of improvement in 
magnetoelectric coupling. In addition, the detection of magnetic field-induced polarization revealed the potential 
of these materials for magnetic sensors, energy storage, and multistate devices.   

1. Introduction 

Advancement in the electronic industry is coupled with the discovery 
of smart functional materials which provides a unique opportunity to 
develop novel components of devices capable to sense environmental 
changes such as humidity, temperature, electric and magnetic fields. 
Recently, ferroelectric and ferromagnetic materials have been utilized 
separately in various practical fields however, the combination of these 
mutually exclusive ferroic orders give birth to a new class of materials 
called magnetoelectric materials [1–3]. Magnetoelectric (ME) coupling 
in multiferroic materials opens a wide range of possibilities for creating 
ultra-fast, low-power, and miniaturized novel devices including energy 
harvesters, sensors, spintronic, and data storage devices [2,3]. Because 
of the intrinsic incompatibility of ferroelectricity and ferromagnetism, 
single-phase multiferroics are very rare in nature [4]. In single-phase 
multiferroics, the ME coupling is weak and exists below room 

temperature (RT) [5,6]. Hence, the key problem in the development of 
multiferroics lies in combined ferroelectric and magnetic orders with 
enhanced coupling between them particularly regarding ambient tem
peratures [7]. Thus, to achieve a substantial ME coupling in single-phase 
materials, various studies have been conducted in the past. Therefore, 
multiferroic composites have vast room available where the ME 
coupling can be enhanced through strain mediation between ferroelec
tric and ferromagnetic phases and can improve the operating tempera
ture domain which is essential for practical appliances [8–10]. When a 
magnetic field is applied to the composites, it changes the particle’s 
shape due to magnetostriction, which passes into the ferroelectric phase. 
This magnetostriction induces voltage by generating some extra charges 
owing to the piezoelectric action in the composites [3,11,12]. The 
interfacial strain that exists between the different phases has a sub
stantial effect on the performance and functionality of the multiferroic 
composites. A lot of research is currently underway to find materials 
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with a strong ME effect at ambient temperature [4,11,13]. 
Perovskite-spinel composites have received a lot of attention because 

of the strain coupling caused by their lattice discrepancy at the bound
ary. In these composites, the perovskite-phase acts as a piezoelectric and 
the spinel phase as a magnetostrictive phase [3,11]. Several studies have 
been conducted in the recent past where different spinel ferro/ferri
magnetic materials (CoFe2O4, BiFeO3, MnFe2O4, and NiFe2O4), were 
mixed with perovskite ferroelectric materials (PbZrO3, PbTiO3, and 
BaTiO3), to boost their multiferroic properties [11,14–16]. As compared 
to bi-phase composites, triphasic composites received more attention 
because the addition of a third component generated a high value of 
dielectric constant, especially at the nanoscale [17]. 

Researchers across the globe devoted a lot of attention to the bi- 
phase and triphasic composites of CoFe2O4, CuFe2O4, and CrFe2O4 
with BiFeO3 (BFO), Pb(Zr0.58Ti0.42)O3, and BaTiO3 to enhance the 
multiferroic characteristics using various chemical routes. For instance, 
Kumar et al. used the sol–gel method to prepare spinel-perovskite 
composites of CFO and BFO to analyze ME characteristics. The detec
tion of ME signals was confirmed by magnetocapacitance in the pre
pared samples [13]. In addition, the fabrication of triphasic 
ME-composites was published by Jadhav et al., and effectively exhibi
ted the increase in ME coupling caused by the increase in magnetization 
[18]. Besides these, Moharana et al. synthesized BFO-based triphasic 
polymer composite in the form of thin film which demonstrated low 
dielectric loss with a high value of dielectric constant (i.e., 69) [19]. 
Furthermore, Umair et al. synthesized triphasic composites comprising 
BiFeO3, Fe3O4, and Cr2O3 using a sol–gel auto-combustion approach and 
noticed a remarkable improvement in ME coupling [20]. Recently, 
considerable work is devoted to improving the ME coupling of triphasic 
composites in bulk and thin film form. Spinel-perovskite composites in 
bulk form offer a higher degree of freedom than thin films, allowing 
them to couple ferroelectric and ferromagnetic phases more strongly at 
the nanoscale which leads to enhancing the ME effect [14]. 

Here we synthesized a triphasic composite consisting of chromium 
ferrite Cr2FeO4 (CFO), CoSrO3 (CSO), and lead zirconate titanate Pb 
(Zr0.58Ti0.42)O3 (PZT). In this composite, CFO with spinel structure and 
Fd-3m space-group is a ferrimagnetic material having a lattice constant 
of 8.378 Å, and magnetic moment of 5.6 μB, which is greater than the 
magnetic moment of FO i.e., 4.0 μB [21]. It is revealed by an analytical 
study of the cation distribution of Cr2FeO4 that it has Fe2+ and Cr3+ at 
the octahedral site and Fe3+ at the tetrahedral site [22]. Across the 
visible wavelength range, Cr2FeO4 is photoconductive which also makes 

this material attractive for photoelectrochemical applications [23]. 
After Cr2FeO4, the second most important component is strontium co
balt oxide, SrCoO2.29 (SCO) which has been employed in functional 
devices such as electrochemical catalysts and solid fuel cells [24,25]. 
The SCO has a cubic perovskite structure with a lattice constant of 3.840 
Å and Curie temperature (TC) 305 K. PZT has rhombohedral crystal 
structure with space group R3c and lattice parameters 4.070 Å. It has 
excellent piezoelectric properties because of its high spontaneous po
larization (Ps) 26.79 μC/cm2 and Curie temperature (Tc) 508 K and can 
be used for micro-electromechanical systems (MEMS), vibration damp
ing and microfluidic device applications [26]. In its ground state, SCO 
has a hole in the O-2p orbital, making it a negative charge transfer en
ergy material [27]. Afterward, PZT, a piezoceramic material, was added 
to the 0.8[(1–x)SCO + xCFO] composite to boost up its dielectric 
characteristics without reducing the system’s multiferroic features. The 
above materials are chemically and mechanically stable, with minimal 
toxicity, which is essential for commercial applications without 
compromising environmental safety. Thus in this study, we synthesized 
an eco-friendly triphasic composite 0.8[(1–x)SCO + xCFO] + 0.2PZT, 
where x = 0.0, 0.33, 0.66, 1.0, through sol–gel auto-combustion tech
nique, and thoroughly investigated the structural, morphological, 
ferroelectric and ME characteristics. Furthermore, the suitability of 
these composites for energy storage and multifunctional devices has also 
been elaborated. 

2. Experimental procedures 

In this paper, the perovskite/spinel triphasic composites of the form 
0.8[(1–x) SrCoO2.29 + xCr2FeO4] + 0.2PZT with x = 0.0, 0.33, 0.66 and 
1.0 were prepared through a simple sol–gel followed by auto- 
combustion and ball-milling route. Initially, the sol–gel auto- 
combustion approach was used to synthesize pure SrCoO2.29 and 
Cr2FeO4 samples. The stoichiometric quantities of metal nitrates like 
strontium nitrate [Sr(NO3)2; purity ≥98%], cobalt nitrate [Co 
(NO3)2.6H2O; purity ≥98%], chromium nitrate Cr(NO3)3.9H2O; purity 
≥98%] and iron nitrate [Fe(NO3)3.9H2O; purity ≥98%] were utilized as 
precursors. The schematic diagram of the synthesis of composites is 
shown in Fig. 1. Urea [CH4N2O] and glycine [C2H5NO2] have been 
employed as fuel agents by adjusting their ratio with precursors as 2:1. 
The solutions of all precursors and fuel agents were mixed and placed on 
the hotplate at 100 ◦C for 2 h with continuous stirring. Just after the gel 
was formed, the temperature was gradually increased to 240 ◦C to 

Fig. 1. Pictorial representation of synthesis summary of tri-phase composites.  
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trigger the auto-combustion process. Using a mortar and pestle, the re
sidual ash was ground into fine powder. By following the same scheme 
pure SrCoO2.29 and Cr2FeO4 were calcined for 3 h in a muffle furnace at 
600 ◦C. 

By following the solid-state technique, the PZT was synthesized by 
combining lead oxide (PbO), zirconium oxide (ZrO2), and titanium oxide 
(TiO2) in a stoichiometric ratio. All these oxides were mixed for 6–7 h in 
a ball milling chamber at 25 Hz followed by calcination at 1300 ◦C 
which resulted in the formation of PZT powder. To prepare the final 
product, already synthesized SrCoO2.29, Cr2FeO4, and PZT were further 
mixed for 2 h at 25 Hz in a ball milling chamber. This mixture was 
pressed into cylindrical pellets with 7 mm diameter and 1 mm thickness 
and sintered for 1 h at 400 ◦C to eliminate the residual gases. 

To investigate the crystal structure of the synthesized samples, 
Bruker D8 advanced X-ray diffractometer was used and diffracted pat
terns were recorded in the 2θ range of 15–80◦. Whereas the morpho
logical study, Nova NanoSEM 450 recorded the images at 50,000 
magnifications. Energy dispersive X-ray spectroscopy was employed to 
detect and compute the weight percentage of various elements in the 
triphasic composites. The ME coupling along with the ferroelectric 
feature is mapped by the precision multiferroic tester of Radiant Tech
nology Ins. (USA). 

3. Results and discussion 

Fig. 2 (a) shows the indexed XRD patterns of the composites in the 2θ 
range of 15–80◦. The indexing method described by B.D. Cullity was 
implemented to index the diffracted patterns [28]. The magnified view 
of XRD patterns in the 2θ range of 30–34◦ is shown in Fig. 2 (b). The 
indexing of the diffraction peaks of SCO through the analytical method 
exposed that the peaks at 22.71◦, 32.28◦, 39.91◦, 45.74◦, 57.06◦, and 
67.08◦ 2θ values correspond to the planes (100), (110), (111), (200), 
(211) and (220), respectively, were matched with ICSD reference no. 
039–1083 which confirmed the formation of the cubic perovskite 
structure of SCO [24]. The peaks belonging to the perovskite phase of 
SCO are distinguished by making them with an asterisk sign (*). The unit 
cell of SCO is shown in Fig. 2(c). In addition, the peaks located at 2θ 

values of 30.09◦, 35.51◦, 57.08◦, 62.59◦, and 71.11◦ are marked with 
miller indices (220), (311), (511), (440), and (620) and were recognized 
by matching with ICSD reference no. 01-089-2618 which confirmed the 
presence of cubic spinel structure of Cr2FeO4. The peaks belonging to the 
spinel structure of Cr2FeO4 are marked with a diamond symbol (◆) and 
the arrangement of atoms in the unit cell is presented in Fig. 2(e). There 
were still some unrecognized peaks that appeared at 2θ values of 21.82◦, 
30.95◦, 31.15◦, 38.35◦, and 50.21◦ which belong to the diffracted planes 
(100), (110), (11 0), (111), and (21 0) and identified by comparing with 
ICSD reference no. 01-073-2022 and this confirmed the presence of 
rhombohedral structure of Pb(Zr0.58Ti0.42)O3. The peaks of PZT are 
represented by the symbol (♥) and its unit cell representation is shown in 
Fig. 2(d). The peaks associated with Cr2FeO4 were not detected in the 
first sample, x = 0, indicating the formation of a two-phase composite. 
For the composition, x = 0.33, peaks matching the Cr2FeO4 phase began 
to develop, demonstrating the existence of triphasic composites. It has 
been observed that increasing the content of Cr2FeO4 caused a decrease 
in the intensity of peaks belonging to SCO whereas the intensity of peaks 
associated with CFO increased which is following the relative percent
age of various constituents in the material. The lattice constant and 
crystallite size were computed using the following relations and are 
mentioned in Table 1 [28]. 

a=
λ

2 Sin θ

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
h2 + k2 + l2

√
(1)  

Crystallite Size=
0.9λ

β Sin θ
(2)  

Where a is lattice constant, (hkl) are miller indices, λ (Cu Kα ~ 1.5404 Å) 
and θ is the wavelength of incident radiation, and Bragg’s angle, 
respectively, β is full width at half maximum. 

The FESEM images of the prepared composites, 0.8[(1–x)SCO +
xCFO] + 0.2PZT (x = 0, 0.33, 0.66, 1.0) are captured at 50,000 × and 
are presented in Fig. 3 (a, b, c, d). These images provide a clear picture of 
the shape and size of particles, their distribution, and surface texture. 
For x = 0.0, the particles of bi-phase composites have vast variations in 
size and particle distribution. The size of particles was measured by 
ImageJ software. It has been observed that most of the particles were in 
the range of 250–460 nm for x = 0.0. As the CFO is introduced, it 
reduced the particle size. As the contents of CFO are increased to 0.33, 
the size of particles is decreased with the increase in particle distribu
tion. In this composition, the average particle size was noticed as 250 
nm. The grains of two types were found in the composites: bigger grains 
of SCO–CFO composites that were manufactured using the sol–gel 
combustion route, and smaller but denser grains of PZT atoms that were 
directly mixed into 0.8[(1–x)SCO + xCFO] composites. The agglomer
ation of tiny grains is responsible for the increase in grain size. For x =
0.66, the agglomeration between particles increased which caused an 
increase in particle size, however, when SCO is completely replaced with 
CFO, it significantly reduced the particle’s segregation which leads to 
the reduction in particle size. In this case, the average particle size is 
noticed as 300 nm. In addition, this composition also has maximum 
porosity represented by black spaces. The grey area represents the dis
tribution of grains. 

For the confirmation of the atomic ratio of constituent elements in 
the composites, the EDX analysis was performed. Fig. 4(a) presents the 
energy dispersive X-ray spectra of all compositions [29] while Fig. 4(b) 

Fig. 2. (a) XRD patterns in 2θ range of 15–80◦, and (b) magnified version in 2θ 
range of 30–34◦ of tri-phase composites, (c) unit cell of SrCoO2.29, (d) unit cell 
of PbZr0.58Ti0.42O3 and (e) unit cell of Cr2FeO4. 

Table 1 
The calculated values of lattice constant and crystallite size of SCO, CFO and 
PZT.  

Material Lattice parameter (Å) Crystallite Size (nm) 

SrCoO2.29 3.840 43.59 
PZT 4.070 40.82 
Cr2FeO4 8.378 60.33  
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illustrates the peak’s small energy range. For x = 0.0, all elements of SCO 
and PZT were identified in di-phase composites. As the CFO is intro
duced, the peaks associated with Co and Fe were also identified, and the 
intensity of peaks belonging to Fe and Co also improved. In addition to 
all these elements, the peak corresponding to C is also acknowledged 
which appeared in the samples due to the organic stitching tape that was 
utilized to hold the specimen. Peaks of Fe and Cr grow when CFO con
centration rises, and the maximum intensity of Fe peaks is seen at x =
1.0. The calculated weight % of all the elements is given in Table 2. To 
distinguish the particles belonging to different phases present in the 
triphase composites, a cross sectional SEM image was captured with its 
corresponding elemental mapping and represent images of different 
elements are presented in Fig. 5. It is obvious from these images that the 
grains of PZT are agglomerated, as evident from the images shown in the 
right bottom part of Fig. 5, whereas the grains of SrCoO2.29 and Cr2FeO4 
are relatively smaller in size and distributed over relatively larger areas 
of the sample. Thus, the presence of grains related to all phases of the 

composites is evidence of formation of triphase composites. 
The ferroelectric behavior is any material can easily be probed 

through its PE hysteresis loops [30]. The P–E loops of all samples at RT 
in the field strength of ±100 kV are presented in Fig. 6(a). It is evident 
from these loops that polarization increased with the increasing strength 
of the electric field which highlighted the linear ferroelectric nature of 
these triphasic composites. It has been observed that polarization 
initially increased and after getting a maximum value it slightly 
decreased. The values of maximum polarization (Pmax), remanent po
larization (Pr), and coercive field have been noted from these PE loops 
and enlisted in Table 3. The value of Pmax increased with increasing CFO 
contents and the highest value of Pmax and Pr are noticed as 1.53 × 10 − 4 

μC/cm2 and 8.42 × 10− 5 μC/cm2, respectively for x = 1.0. The variation 
of ferroelectric parameters with varying concentrations of CFO is pre
sented in Fig. 6(b). 

To compute the energy storage density, uni-polar P–E loops are 
illustrated in Fig. 6(c) at a different concentration whereas Fig. 6(d) 

Fig. 3. FESEM images of 0.8[(1-x)SrCoO2.29+xCr2FeO4]+0.2PZT for x = (a) 0.0, (b) 0.33, (c) 0.66 and (d) 1.0, at 50,000x  

Fig. 4. (a) EDX spectra of 0.8[(1-x)SrCoO2.29+ xCr2FeO4] + 0.2PZT (x = 0.0, 0.33, 0.66 and 1.0), and (b) magnified view of lower energy range.  

Table 2 
Percentage of elements (by weight) in 0.8[(1-x)SCO + x CFO] + 0.2 PZT (x = 0.0, 0.33, 0.66 and 1.0) composites.  

Sample No. Substitutional Contents Weight (%) 

Sr Co O Cr Fe Pb Zr Ti 

1 x = 0.0 24.84 55.99 9.39 – – 8.20 – 1.57 
2 x = 0.33 22.43 21.27 27.19 4.86 10.51 9.98 2.57 1.19 
3 x = 0.66 10.6 8.80 25.75 13.12 27.72 9.87 2.72 1.42 
4 x = 1.0 – – 28.36 19.44 38.70 9.48 2.90 1.12  
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shows the charge-discharge curves for x = 1.0 at different fields 
strength. These curves help to quantify the recoverable energy density 
(WR) and energy loss density (WL) [31]. The area occupied by P–E loops 
enumerates the WL whereas the area trapped by the discharge region 
and polarization axis gives measures the value of WR. The values of WR, 
WL, and η can be derived from the calculated values of Pmax, Pr, and Ec 
using the following expressions [32]: 

WR =

∫ Pm

Pr

Edp (3)  

Where E is the highest applied field, Pm and Pr are the maximum and 
remanence polarizations. The total energy density (WT) and WL are 
calculated as: 

WT =
1
2

PmaxE (4) 

Fig. 5. Elemental mapping of 0.8[(1-x)SrCoO2.29+ xCr2FeO4] + 0.2PZT (x = 0.66) composite.  

Fig. 6. (a) Polarization versus electric field loops, (b) variation of Pm and Pr with substitution contents, (c) charge-discharge curves for all compositions and (d) 
charge-discharge curves for x = 1.0 at different field strength. 

Table 3 
The calculated values of Pm, Pr, Ec, WR and WL of 0.8[(1-x)SCO + x CFO] + 0.2 
PZT (x = 0.0, 0.33, 0.66 and 1.0) composites.  

Contents Pm (μC/ 
cm2) 

Pr (μC/ 
cm2) 

Ec (kV/ 
cm) 

WR (mJ/ 
cm3) 

WL (mJ/ 
cm3) 

x = 0.0 1.10 × 10 
− 4 

6.09 ×
10− 5 

44.35 10.88 ×
10− 4 

13.51 ×
10− 4 

x = 0.33 1.25 × 10 
− 4 

6.78 ×
10− 5 

44.37 12.68 ×
10− 4 

15.05 ×
10− 4 

x = 0.66 1.51 × 10 
− 4 

8.13 ×
10− 5 

44.38 15.46 ×
10− 4 

18.04 ×
10− 4 

x = 1.0 1.53 × 10 
− 4 

8.42 ×
10− 5 

44.17 15.26 ×
10− 4 

18.69 ×
10− 4  

Fig. 7. (a) Variation of recoverable energy density (WR) and energy loss density (WL) and (b) energy storage efficiency as a function of substitution contents (x).  
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WL =WT − WR (5) 

Table 3 shows the computed values of WR and WL, and the variation 
of WR and WL w.r.t. substitution contents is drawn in Fig. 7(a). The 
maximum values of WR and WL are found for x = 0.66 and x = 1.0, 
respectively, as shown in Table 3. 

The efficiency of the composites can be calculated using Eq. (6) and 
the calculated value is presented in Fig. 7(b). 

% η= WR

WR + WL
× 100 (6)  

Where η is the efficiency of energy storage. 
The ME-coupling effect is a subtle and complex term that explains the 

induction of electric polarization by a magnetic field and vice versa. It is 
attributed to the interphase interaction between electric and magnetic 
phases caused by the elastic contact via strain [33,34]. The underlying 
phenomenon in this exotic concept of magnetoelectric coupling is 
piezoelectricity and magnetostriction. The application of electric field 
modifies the orientation of electric dipoles which induces a strain in 
ferroelectric material which modifies the interface such that the adja
cent ferromagnetic phase perceives that strain and reorients its magnetic 
dipole moments through magnetostriction. This whole interplay is 
quantified through a single parameter called the ME coupling coefficient 
[35]. Fig. 8 presents the ME-coupling effect of the synthesized samples 
0.8[(1–x)SCO + xCFO] + 0.2PZT (x = 0.0, 0.33, 0.66, 1.0). It has been 
demonstrated that polarization varies linearly with the applied magnetic 
field. The polarity, direction, and strength of the magnetic field, all had a 
substantial influence on the ME effect. As a result of this linear 

relationship between P and magnetic field, the prepared composites 
demonstrate the existence of a notable signal of the ME-coupling coef
ficient. Because of the significant ME coupling effect, these composites 
are a good choice for multifunctional devices like MERAMs and mag
netic field sensors. 

To investigate the magnetic response of these composites, the MH 
loops are plotted in the range of ±kOe at RT as shown in Fig. 9(a) where 
it is evident that the parent composition comprising 80% SCO and 20% 
PZT exhibited with small magnetization which did not meet its satura
tion level in the provided strength of field and shown as inset. The 
maximum value of magnetization observed for this composition was 
1.138 emu/g at 15 kOe which reduced with the decrease in strength of 
applied magnetic field and reached to 0.022 emu/g when applied 
magnetic field was 0 kOe. When 33% CFO was introduced in the com
posite, the value of magnetization increased and became saturated. The 
value of saturation magnetization (Ms), remanent magnetization (Mr) 
and coercive field (Hc) were noticed as 8.763 emu/g, 2.556 emu/g and 
632 Oe, respectively for x = 0.33. The value of Ms, Mr and Hc were 
further increased with the increase in CFO contents. The maximum 
values of these parameters were recorded for 0.8CFO+0.2PZT compo
sition. The theoretical investigations exhibited the magnetic moment of 
SCO to be 2.253, 2.254 and 3.882 μB using GGA, GGA + SOC and GGA +
SOC + U [36]. In another study, Hoffmann et al., showed that the 
magnetic moment of oxygen deficient and defect free SrCoO3− δ lies in 
the range of 2.60–3.19 μB [37], whereas the magnetic moment of CFO 
was reported as 5.6 μB [21]. Thus increasing values of Ms, Mr are 
attributed to the larger value of magnetic moment for CFO as compared 
to SCO and variation of these parameters with composition is presented 
in Fig. 9(b) and calculated values in Table 4. This increasing value of 
magnetization lead to enhance the ME coupling which is required for the 
advanced multifunctional devices. 

4. Conclusion 

Here we synthesized a series of triphasic composites 0.8[(1–x) 
SrCoO2.29+ xCr2FeO4] + 0.2PZT (x = 0.0, 0.33, 0.66, 1.0) using sol–gel 
auto-combustion and solid-state method. The analysis of XRD patterns 
demonstrated the fabrication of composites comprised of three 

Fig. 8. Polarization versus applied magnetic field for 0.8[(1-x)SrCoO2.29+

xCr2FeO4] + 0.2PZT (x = 0.0, 0.33, 0.66 and 1.0) composites. 

Fig. 9. (a) Magnetization versus magnetic field loops and (b) saturation magnetization, remanent magnetization and coercive field of 0.8[(1-x)SrCoO2.29+

xCr2FeO4] + 0.2PZT (x = 0.0, 0.33, 0.66 and 1.0) composites. 

Table 4 
Calculated values of saturation magnetization (Ms), remanent magnetization 
(Mr) and coercive field (Hc) of 0.8[(1-x)SCO + x CFO] + 0.2 PZT (x = 0.0, 0.33, 
0.66 and 1.0) composites.  

Contents Ms (emu/g) Mr (emu/g) Hc (Oe) 

x = 0.0 1.138 0.022 155 
x = 0.33 8.763 2.556 632 
x = 0.66 14.869 4.845 679 
x = 1.0 29.029 9.560 690  
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crystalline phases with no impurity. The observations of FESEM images 
revealed that the addition of Cr2FeO4 homogenized the particle distri
bution with the reduction of average grain size from 350 nm to 250 nm. 
The calculation of the weight percent of all constituent elements ac
cording to their stoichiometric formula was confirmed from EDX anal
ysis. A distinctive ferroelectric behavior has been seen in the composites, 
with Pm reaching a maximum value of 1.53 × 10 − 4 μC/cm2 for the x =
1.0 specimen. The value of Pr is also increased with the Cr2FeO4 sub
stitution, and the highest value of Pr was noticed for x = 1.0 i.e., 8.42 ×
10− 5 μC/cm2. The value of WR is also enhanced by increasing the sub
stitution contents. The significant ME response for all specimens 
revealed that these composites are suitable for the manufacture of 
multifunctional devices. Magnetic properties of these tri-phase com
posites revealed that the value of Ms increased from 1.138 to 29.029 
emu/g, Mr 0.022–9.560 emu/g and Hc from 155 to 690 Oe which 
highlighted the importance of incorporating the magnetic component in 
the composite and its applicability for futuristic multifunctional devices. 
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