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Table 3. Effective ionic radii (A) adopted in the present study [30].

La* Sr* Mn* Mn* (HS) Fe* (HS) Fe*(HS)
1.032 1.18 0.53 0.645 0.645 0.78
The values selected for 6-fold coordination. HS: high spin.

A representative TEM micrograph of the SFO-40 wt % LSMO composite is shown in Figure 2.
This micrograph shows that the grain shapes of LSMO have a round shape, whereas SFO grains have
unique hexagonal facets. It is believed that the darker particles are LSMO and the brighter hexagonal
facet particles are of SFO, as LSMO contains heavier elements such as La and Sr than SFO. The grain
size of LSMO is very different from that of SFO, and grains are in close contact where smaller LSMO
particles have grown on the surface of the relatively large SFO plates in the composite. This
observation is in confirmation to the earlier reports on LSMO-SFO prepared via solid-state reaction
[31,32]. This proximity of LSMO and SFO particles could facilitate effective exchange-coupling
between hard and soft phases, as discussed below.

Figure 2. TEM micrograph of the SFO-40 wt % LSMO composite.

Figure 3 shows the RT hysteresis loops of (100-x) SFO-x wt % LSMO calcined at 950 °C. The
hysteresis loops show the characteristic behavior of hard magnets with a high coercive field (Hc). The
LSMO hysteresis loop corresponds to the soft magnet with Ms ~ 52.42 emu/g, Mr ~ 8.72 emu/g, and
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Hc ~ 52 Oe, while SFO displays a characteristic loop of a hard magnet with Ms ~ 59.66 emu/g, Mr ~
33.37 emu/g, and Hc ~ 3.63 kOe. For all soft-phase content, hysteresis loops of the composite system
are smooth and without any kink, indicating effective interphase exchange-coupling between phases,
which results in cooperative magnetization switching of the two phases. If these phases were not
exchange-coupled properly, then the demagnetization loops would show a superimposition of two
loops corresponding to the hard and soft phases. Often a kink is observed in the demagnetizing loops,
signifying the presence of decoupled phases in the composite [12,14,33].
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Figure 3. Room temperature hysteresis loop of the (100-x) SFO-x wt % LSMO composite.

The magnetic parameters, saturation magnetization Ms, coercivity Hc, and the Mr/Ms
squareness ratio extracted from hysteresis loops are given in Table 4. With the increase in LSMO
content, the Ms value of the composite was observed to decrease. The hard-soft composite with 40 wt
% LSMO shows a 41.5% decrease in Ms (~34.93 emu/g) and a 6.6% increase in the Mr/Ms (~0.6) value,
as compared to that of SrFei2O19 (Ms ~ 59.6 emu/g, Mr/Ms ~ 0.56). In accordance with the theoretical
calculation of the remanence, Mr, the dependence on the soft phase content [34], the Mr/Ms value of
the SFO-LSMO composite showed a moderate increase in value with the increase in the soft phase
content, as shown in Figure 4. Since the anisotropy field of the soft magnetic phase is small, the
magnetizations in soft grains rotate out of the easy axis easily and align parallel to the easy directions
of the neighboring hard magnetic grains owing to the contribution of intergrain exchange-coupling.
As a result, Mr increases with the increase of the soft phase content. This result further corroborates
the claim for the presence of exchange-coupling between hard-soft phases in the present composite.
As per the Stoner-Wohlfarth prediction [35], in a non-interacting ensemble of single-domain grains
with uniaxial magnetocrystalline anisotropy and isotropic distribution of easy axes, Mr/Ms = 0.5.
However, if neighboring grains are coupled through exchange interaction, interfacial magnetic
moments of the soft grains are aligned parallel to the magnetic moments of the hard ones resulting
in Mr > 0.5 Ms. In a two-phase system, the remanence enhancement owing to exchange interaction
between hard-soft phases is highly effective. As compared to pure SrFei2O19, a 6.6% enhancement in
Mr/Ms value was observed in the present composite with x = 40 wt %. It is important to point out
that, for an isotropic magnet with a 10 nm homogenous grain size, the theoretically predicted value
of Mr/Ms ~0.72 [36]. Thus, the high value of Mr/Ms ~ 0.6 obtained for 40 wt % LSMO show a moderate
exchange-coupling between hard-soft phases in the composite. However, an increase in M: of
isotropic powders can also respond to other effects, such as magnetic alignment, which is not
evaluated in this work. The observed enhancement in Mr/Ms in the present composite was observed



