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ABSTRACT
Sr4Fe6O13 phases were prepared by employing nanoplatelets of α-Fe2O3 with 
appreciable magnetic properties. This is novel work based on the synthesis 
strategy of Sr4Fe6O13, where we have employed both the hydrothermal synthesis 
and subsequent annealing, followed by solid-state mixing. We have employed 
hydrothermal synthesis, and subsequent annealing of powders resulted in the 
formation of α-Fe2O3 with platelet morphology, with average particle sizes of 
81(2) nm. These platelets were mixed with SrCO3 and annealed at three different 
temperatures of 900 °C, 1000 °C, and 1100 °C. This synthesis strategy resulted in 
the highest coercivity of 343 kA/m at 1000 °C. An appreciable saturation mag-
netization of 21 Am2/kg was obtained for the powders annealed at 1100 °C. The 
Rietveld modeling of the powder diffraction patterns of Sr4Fe6O13 annealed at 
different temperatures showed the presence of impurity phases in all the three 
temperatures; however, the powder annealed at 1100 °C showed highest amount 
of Sr4Fe6O13 with 87%. The results confirm that there is influence of SrFe12O19 on 
the formation of Sr4Fe6O13 phase.

1 Introduction

The SrO–Fe2O3 is considered to be a pseudo binary 
phase which consists of lot of intermediary phases. 
In this system, we have layered perovskite struc-
ture based on Sr4Fe6O13 compounds [1]. The crystal 

structure of Sr4Fe6O13 was prepared for the first time 
by Kanamaru et al. [2]. It was also shown by Yoshiasa 
et al. that a stable phase of about 42 mol % Fe2O3 is 
required in order to obtain Sr4Fe6O13 [3]. This perovs-
kite-related material has earned a lot of attention as 
possible candidate for oxygen separation membranes 
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[4]. Its precise crystal structure description led to the 
detection of structural incommensurability [5]. This 
phase was also reinvestigated for the Sr-rich part of 
the SrO–Fe2O3 system by Fossdal et al. [6]. A Sr–Fe–O 
system includes many types of perovskites and 
perovskite derivatives of widely varied crystalline 
and magnetic features [7]. The basic building block 
involved in the construction of Sr4Fe6O13 has a perovs-
kite and its derivatives. There are also non-perovskite 
layers which are present in the structure because of 
the O2− non stoichiometry, and due to this reason, the 
structure is often represented as Sr4Fe6O13-δ[8–12]. 
These mixed conducting oxides have high oxygen 
conductivity and electronic conductivity because they 
hold great promise for industrial use as oxygen sepa-
ration membrane from selective oxidation of hydrocar-
bons and electrodes in solid oxide fuel cells[13].

The common synthesis route followed in order to 
obtain Sr4Fe6O13 is a solid-state sintering route. Apart 
from this, Rossel et al. had reported the thin film depo-
sition of Sr4Fe6O13 on substrates like SrTiO3 [13]. Azab 
et al. had reported the synthesis of Sr4Fe6O13 employ-
ing citrate auto-combustion method [8]. They had 
investigated the particles for their morphology, mag-
netic, and dielectric properties. This study is relevant 
to the present study in terms of the magnetic proper-
ties, where they obtained a maximum coercivity, HC 
of 336 kA/m, and saturation magnetization MS of 22.8 
Am2/kg. Apart from this, they had also investigated 
the particles at different temperatures. Hongliang Luo 
had reported the synthesis of Sr4Fe6O13 employing a 
traditional solid-state milling process, where oxides 
were ball-milled and followed by sintering the par-
ticles at 1100 °C/2 h [14]. However, they had investi-
gated only the microwave absorption properties of the 
particles. The X-ray diffraction pattern of the powders 
relatively displayed a pure phase of Sr4Fe6O13 and is 
comparable to the present study. Another study from 
Min Feng Lu et al. reported the reduction of Sr4Fe6O13 
to Sr4Fe6O12 with an average oxidation state of Fe2.667+ 
[15]. The synthesis of Sr4Fe6O12 involved the topotactic 
reduction, which resulted in a unique pair of edge-
linked Fe2.5+O4 tetrahedra at 300 K. The Sr4Fe6O13 parti-
cles were synthesized by solid-state synthesis and sub-
sequently reduced to Sr4Fe6O12. Shanshan Jiang et al. 
had synthesized Sr4Fe6O13 using the ethylenediami-
netetraacetic acid (EDTA)–citrate complex route [16]. 
The particles were annealed at 1050 °C/2 h and studied 
for their structural stability through in situ X-ray dif-
fraction from room temperature to 1050 °C with 10 °C/

min. The exploitation of the morphology of precursors 
has been previously reported in the case of SrFe12O19 
magnets [17–21]. The reports were largely based on 
employing the non-ferromagnetic precursors for mak-
ing SrFe12O19 magnets. The major advantage of this 
method was to exploit the non-interacting grains of 
precursors while converting to the hexaferrite phase. 
Another major advantage of this method was that the 
conversion was possible at relatively lower annealing 
temperature. Along these lines, the present study aims 
to make Sr4Fe6O13 particles with higher coercivity HC 
and respectable saturation magnetization MS employ-
ing non-ferromagnetic precursors, which in this case 
are the platelets of hematite nanoparticles. However, 
it has to be noted that Sr4Fe6O13 is antiferromagnetic in 
nature [22]. We have employed a combination of both 
solid-state and hydrothermal synthesis routes to make 
Sr4Fe6O13 particles. This type of combination of two 
synthesis routes has not been performed in the litera-
ture. The basic purpose of adapting the hydrothermal 
synthesis method in this particular work was to obtain 
the platelets of hematite nanoparticles. We also want 
to observe the influence of the morphology of hematite 
(α-Fe2O3) nanoparticles on making the final strontium 
ferrite (Sr4Fe6O13). All the previous reports mentioned 
in the manuscript were concentrating on solid-state 
methods to obtain; however, in the present work, we 
concentrated more on the influence of the morphol-
ogy of these hematite platelets in obtaining perovs-
kite-based strontium ferrite. Initially, we have made 
platelets of hematite nanoparticles in the presence of 
a cationic surfactant called Cetyltrimethylammonium 
bromide (CTAB) and then added SrCO3, which were 
subsequently annealed at 900, 1000, and 1100 °C/1 h. 
We have employed X-ray diffraction along with Riet-
veld analysis to understand the structure of Sr4Fe6O13 
particles. The evolution of magnetic properties at dif-
ferent temperatures has also been investigated in the 
present work. Figure 1 represents the three important 
processes involved in making Sr4Fe6O13 phase.

2 �Experimental section

2.1 �Preparation of α‑Fe2O3, hematite 
nanoparticles

The hematite nanoparticles were prepared by a 
combination of hydrothermal synthesis and subse-
quent annealing of resultant powders at 700 °C/2 h. 
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Initially, a 1 M solution of Fe(NO3)3.9H2O was pre-
pared, and toward it, an 8.0 M solution of NaOH was 
added dropwise under constant magnetic stirring, 
causing a transparent red solution to form a gel-like 
compound. The [OH−]/[NO3

−] ratio was 1.11. A cati-
onic surfactant, Cetyl trimethyl ammonium bromide 
(CTAB) with 1 wt. % was added to the solution. Then, 
toward the end, the precursor gel was transferred to a 
175 ml autoclave and placed inside an oven for 15 h at 
200 °C. The resultant was washed several times with 
deionized water to remove impurities. The resultant 
solution was dried at 80 °C overnight in an oven and 
then ground to obtain powders. The details of it are 
discussed further in Sect. 3.

2.2 �Preparation of Sr4Fe6O13 particles

The α-Fe2O3, hematite nanoparticles were mixed 
together with SrCO3 to obtain Sr4Fe6O13. The ratio of 
Fe/Sr was adjusted to 3 by the addition of SrCO3 to get 
1 g of the mixture of SrCO3 and α-Fe2O3. The resultant 
mixture was annealed at 900 °C, 1000 °C, and 1100 °C 
for 1 h.

2.3 �Characterization

2.3.1 �Thermogravimetry and differential scanning 
calorimetry

Thermogravimetry and differential scanning calorime-
try of the as-prepared powders were performed using 

the NETZCH DSC 404 F1 Pegasus instrument. 10 mg 
of the powders was loaded into an alumina crucible, 
and data were recorded from 80 °C to 650 °C at a heat-
ing rate of 5 °C/min.

2.3.2 �Powder X‑ray diffraction

The diffraction patterns of the hematite nanoparticles 
annealed at 700 °C and strontium ferrite Sr4Fe6O13 
were collected using a Rigaku Smart Lab diffractom-
eter, Rigaku Japan equipped with a Co source and a D/
teX Ultra detector. Rietveld refinements were carried 
out in Fullprof [23] on all the powder X-ray diffrac-
tion (PXRD) patterns using the Thomas-Cox-Hastings 
pseudo-Voigt function to describe the peak profile of 
the diffraction pattern. We have refined the zero-point 
correction, scale factor, and lattice constants. The Lor-
entzian anisotropic crystallite size parameter Y was 
refined for both α-Fe2O3 and Sr4Fe6O13. The preferred 
orientation Sz was not refined for both α-Fe2O3 and 
Sr4Fe6O13 phases. The instrumental peak broadening 
was obtained by measuring a NIST LaB6 660B stand-
ard under identical instrument conditions.

2.3.3 �Transmission electron microscopy

Transmission electron microscopy and elemental anal-
ysis were recorded on an FEI TALOS F200A (200 kV) 

Fig. 1   Schematic representing the overall process involved in making Sr4Fe6O13 phase
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(S)TEM microscope for the α-Fe2O3, which was made 
at 700 °C, and Sr4Fe6O13 particles annealed at 1100 °C.

2.3.4 �Magnetic properties

The magnetic properties of the powder samples were 
measured with a Quantum Design, Physical Property 
Measurement System equipped with a vibrating sam-
ple magnetometer (VSM).

3 �Results

3.1 �Thermogravimetric analysis 
and differential scanning calorimetry 
analysis

The thermogravimetry analysis (TGA) along with dif-
ferential scanning calorimetry (DSC) curves of the as-
prepared hydrothermally synthesized powders and 
dried at 80 °C is shown in Fig. 2. The TGA curve shows 
a weight loss between 100 °C and 150 °C. This may 
be attributed to the removal of the surface water mol-
ecules. The next major weight loss is observed between 
200 °C and 300 °C. This may be attributed to two rea-
sons. The first one may be due to the decomposition 
of CTAB [24], and the second may be due to phase 
transition to hematite as this is also accompanied by 
the endothermic peak in the DSC curve as seen from 
Fig. 2. The annealing temperature of the as-prepared 
hydrothermal powders was decided to be 700 °C/2 h 

because the main aim was to obtain platelet morphol-
ogy of the powders which would be subjected to con-
version to Sr4Fe6O13 with the addition of SrCO3.

3.2 �X‑ray diffraction analysis of hematite 
nanoparticles

The powder diffraction pattern and corresponding 
Rietveld refinement for the hematite is shown in Fig. 3 
revealing a phase-pure sample. The hematite phase 
crystallized in the rhombohedral structure with R-3C 
space group. The lattice parameters extracted from 
refinement of the sample were a = b = 5.03458(2) Å, 
c = 13.74592(6) Å. The crystallite size extracted from 
X-ray diffraction patterns was found to be 63 nm. It 
has to be noted that the as-prepared hydrothermal 
synthesized powder was annealed at 700 °C/2 h. The 
morphology of the hematite nanoparticles corre-
sponds to platelet morphology which is further dis-
cussed in Sect. 3.4.

3.3 �X‑ray diffraction analysis Sr4Fe6O13 
nanoparticles annealed at 900 °C, 1000 °C, 
and 1100 °C

For further processing the Sr4Fe6O13 structure, the 
hematite α-Fe2O3 was mixed with SrCO3 and sub-
jected to annealing at 900 °C, 1000 °C and 1100 °C 
for an hour. The Rietveld refined X-ray diffraction 

Fig. 2   Thermogravimetry analysis and differential scanning cal-
orimetry plot for the as-prepared hydrothermal synthesized mix-
ture containing both hematite and goethite nanoparticles

Fig. 3   The X-ray diffraction pattern and Rietveld refinement 
of hematite nanoparticles along with the Bragg reflections at 
700 °C/2 h
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patterns of the annealed Sr4Fe6O13 nanoparticles are 
shown in Fig. 4. The X-ray diffraction pattern showed 
the presence of the impurity phase of Strontium 
hexaferrite (SrFe12O19). The weight fractions of the 
phases extracted from the refinement of the samples 
annealed at three different temperatures are shown 
in Fig. 4. The highest purity of the sample was found 
at 1100  °C with 87.17% of Sr4Fe6O13; however for 
1000 °C, the highest amount of SrFe12O19 was found 
with 30.33%. There is a previous report on the synthe-
sis temperature for Sr4Fe6O13, which has been 1100 °C 
[1, 4–8, 14, 25–27]. The same synthesis temperature 
has been employed in the present work where we get 
the highest purity samples at 1100 °C. The synthesis 
temperature also influences the magnetic properties 
of the samples. This is further discussed in Sect. 3.5. 
The lattice parameters extracted from the refinement 
of the samples are shown in Table 2. The annealing 
process of the hematite and strontium mixture con-
verts to Sr4Fe6O13. The rhombohedral structure of 
α-Fe2O3 transforms  into the orthorhombic structure of 
Sr4Fe6O13. The lattice constants for Sr4Fe6O13 annealed 

at different temperatures are shown in Table 2. It is to 
be noted that the lattice constant a and b varies largely 
for the powders annealed at 900, 1000, and 1100 °C. 
The b-axis is considered to be the long axis in the case 
of the Sr4Fe6O13 structure. The values extracted from 
the Rietveld refinement, along with the volume and 
Wyckoff positions for Sr4Fe6O13 and SrFe12O19, are dis-
played in Table 1(a) and (b). The details regarding the 
structure and conversion are discussed in the discus-
sion section.

3.4 �Transmission electron micrographs 
of hematite and perovskite strontium 
ferrite

The Transmission electron micrograph of the hematite 
α-Fe2O3 with particle size distribution and perovskite-
type Sr4Fe6O13 is shown in Fig. 5(a) - (f). The α-Fe2O3 
nanoparticles show the presence of irregular platelet-
like morphology with broad particle size distribution 
revealing the approximate particle size to be 81(2) nm. 
The strontium precursor is then added to the hema-
tite mixture by mechanical mixture, and the resultant 
mixture was subjected to annealing at different tem-
peratures of 900, 1000, and 1100 °C. There is abnor-
mal aggregation of Sr2+ ions observed in the elemental 
mapping that may be attributed to the inhomogeneous 
distribution while grinding the SrCO3 to the α-Fe2O3 
nanoparticles.

3.5 �Magnetic properties of Sr4Fe6O13 annealed 
at 900 °C, 1000 °C, and 1100 °C

Figure 6(a) depicts the magnetic hysteresis loops of 
samples made from hematite (α-Fe2O3) precursors and 
SrCO3 at different annealing temperatures of 900 °C, 
1000 °C, and 1100 °C. Table 2 represents the details 
about the magnetic properties such as the saturation 
magnetization, (MS), remanent magnetization (MR), 
and coercivity, (HC) of the samples. The description 
of the variation of each magnetic property has been 
discussed in detail below.

3.5.1 �Saturation magnetization, MS

The perovskite Sr4Fe6O13 is an inherently antiferro-
magnetic in nature as has been reported elsewhere [22]. 
From the hysteresis loop, it can be confirmed that the 
samples show ferromagnetic nature. This may be partly 

Fig. 4   a–c X-ray diffraction pattern and Rietveld refine-
ment of the powder samples annealed at 900  °C, 1000  °C, and 
1100 °C/1 h. The black lines represent the Rietveld model (Ycal), 
while blue, green, and violet circles represent the observed 
X-ray diffraction pattern (Yobs). The weight fractions of samples 
extracted from Rietveld refinement are also indicated in the figure
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attributed to the fact that there is presence of impurity 
phase of SrFe12O19. This is concluded from the X-ray dif-
fraction studies as well. The sample annealed at 1000 °C 
shows the presence of maximum impurity phase of 30% 
of SrFe12O19. The highest saturation magnetization MS 
was seen at 1100 °C. This may be partly attributed to 
the presence of SrFe12O19. However, Azab et al. have 
reported a maximum MS of 22.2 Am2/kg which is closer 
to the report of the present work [8]. They had annealed 
the sample at 1100 °C/3 h. The magnetic moment of 

SrFe12O19 arises from the different sublattices of Fe. 
There are five different sublattices of Fe mainly octa-
hedral (2a, 4f2, 12 k), bipyramidal (2b), and tetrahedral 
(4f1). The easy axis of strontium hexaferrite is consid-
ered to be along the c-axis. As already discussed in the 
introduction section, Sr4Fe6O13 has a construction of a 
perovskite or its derivatives. It consists of dual slabs of 
FeO in FeO4/FeO5 polygon. The double-layer polyhe-
dra are highly distorted with the geometry of the four 
coordinated sites described alternatively as distorted 

Table 1   (a) & (b) Space group and atomic positions and vol-
ume of two phases employed in the refinement of X-ray dif-
fraction pattern comprising perovskite-based Strontium ferrite 

(Sr4Fe6O13) structure along with the impurity phase of hexagonal 
strontium ferrite (SrFe12O19)

Crystal System Orthorhombic

Space group Iba2
Atom Parameters x/a y/b z/c
Sr 1 0.36480 0.34320 0.00200
Sr 2 0.38050 0.16260 0.00000
Fe 1 0.12470 0.04010 0.04300
Fe 2 0.11410 0.45630 0.08000
Fe 3 0.12000 0.24420 −0.00400
O1 0.14100 0.13500 −0.03000
O2 0.12600 0.36500 −0.02000
O3 −0.00800 0.24200 0.24000
O4 0.25100 0.25000 0.26000
O5 0.21100 0.03900 0.38000
O6 0.41100 0.03900 −0.07000
O7 0.50000 0.50000 −0.19000
χ2 18
Rwp 24.9
Volume, V (Å3) 1173.8(5)

Crystal System Hexagonal

Space group P63/mmc
Atom Parameters x/a y/b z/c
Sr 1 0.33333 0.66667 0.75000
Fe 1 0.00000 0.00000 0.00000
Fe 2 0.00000 0.00000 0.25805
Fe 3 0.33333 0.66667 0.02785
Fe 4 0.33333 0.66667 0.19053
Fe 5 0.16833 0.33670 −0.10969
O1 0.00000 0.00000 0.15160
O2 0.33333 0.66667 −0.05520
O3 0.18280 0.36560 0.25000
O4 0.15630 0.31260 0.05240
O5 0.50510 0.01020 0.15100
Volume, V (Å3) 688.5 (4)
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Fig. 5   a, b Transmission electron micrograph of the α-Fe2O3 nanoplatelets & c particle size distribution of hematite d–f the HAADF 
image of sample annealed at 1100 °C/1 h

Fig. 6   Hysteresis of 
annealed powder samples of 
Sr4Fe6O13. The maximum HC 
of the sample is observed at 
1000 °C although there is not 
much difference between the 
HC of 900 °C and 1000 °C 
sample however the satura-
tion magnetization MS is seen 
to have large variation. The 
details of the variation can be 
found in Sect. 3.3

Table 2   Lattice constants and magnetic properties extracted from the X-ray diffraction and hysteresis of the nanoparticles

Annealing tem-
perature

Lattice Constants of Sr4Fe6O13 Saturation Magnetiza-
tion, MS (Am2/kg)

Remanence Magnetiza-
tion, MR (Am2/kg)

Coercivity, 
HC (kA/m)a (Å) b (Å) c (Å)

900 °C 10.923(2) 19.239(2) 5.527(3) 9.32 4.66 330
1000 °C 11.085(3) 19.018(3) 5.562(2) 17.71 9.04 342
1100 °C 11.102(3) 18.966(3) 5.573(2) 21.31 11.62 252



	 J Mater Sci: Mater Electron (2025) 36:18931893 Page 8 of 10

tetrahedral. As far Sr4Fe6O13 is concerned, it consists of 
three different sublattices of Fe ions. It is reported that 
the structure is antiferromagnetic in nature [22]. The 
hysteresis at 900 °C and 1000 °C displays domain wall 
motion, while at 1100 °C displays nucleation wall pin-
ning motion [28].

3.5.2 �Coercivity, HC

The HC of the sample annealed at 900, 1000, and 1100 °C 
is shown in Fig. 4(b). The coercivity HC of 900 and 
1000 °C samples is almost comparable, while there is 
a sharp decrease in the case of 1100 °C. This may be 
attributed to the decrease of coercivity with increasing 
annealing temperature, which is usually seen in the 
case of nanoparticles due to the transition from single 
domain region to multiple domain region. However, 
in the present report, we have obtained higher values 
of coercivity HC when compared with previous report 
of Azab et al. [8]. This study reports better coercivity 
values when compared with the previously reported 
values [8, 29].

4 �Discussion

The present work sheds light on the synthesis of 
Sr4Fe6O13 perovskite structure with the help of hema-
tite platelets. There are several synthesis routes for the 
preparation of this perovskite structure reported in the 
literature as discussed earlier; however, this is the first 
time where the hydrothermally synthesized platelets of 
α-Fe2O3 have been employed to prepare the Sr4Fe6O13 
nanoparticles. The powders of hematite were then 
mixed with a Strontium source of SrCO3 in excess. The 
resultant mixture was then annealed at high tempera-
tures of 900, 1000, and 1100 °C for one hour. We were 
able to successfully make the perovskite structure of 
Sr4Fe6O13 as the results from the X-ray diffraction have 
already been discussed. The important part of under-
standing the conversion of Sr–Fe2O3 to Sr4Fe6O13 is to 
closely analyze the structure of both. They are explained 
in the next sections.

4.1 �Correlation between hematite (α‑Fe2O3) 
and perovskite‑based strontium ferrite 
(Sr4Fe6O13)

There are various reports available on the rhombohe-
dral structure of hematite. The usual morphology of 

hematite is in the form of platelets as reported in this 
work. As far as the correlation is concerned, Langhof 
et al. have reported the influence of Fe-rich phase 
as part of the SrO–Fe2O3 structural system [7]. They 
have reported the existence of Sr4Fe6O13 along with 
M-Type strontium hexaferrite SrFe12O19 at T > 1150 °C. 
They have observed the existence of Sr4Fe6O13 along 
with the perovskite structure of SrFeO3 above 1150 °C 
until 1250 °C. However, in the present work, we have 
reported the existence of Sr4Fe6O13 along with the 
M-Type hexaferrite SrFe12O19 at 1100 °C, taking into 
account the error in the furnaces we have employed 
in annealing the powders compared with that of the 
literature. It has to be noted that we have not included 
the influence of oxygen vacancies in the present work. 
The structure is usually reported as Sr4Fe6O13-δ; how-
ever, we have not reported the existence of δ in the 
present work as we do not have enough characteristic 
evidence to report the same. However, in the present 
report, we have shed light on the lower synthesis tem-
perature of Sr4Fe6O13 as the annealing temperature 
employed in the present report ranges from 900 °C to 
1100 °C. According to Fossdal et al., calcinating the 
powders below 775 °C resulted in the formation of 
SrFeO3 and SrFe12O19. The Sr4Fe6O13 was only formed 
while calcinating the powders above 775 °C [6]. They 
also report the stability of Sr4Fe6O13 in the context of 
Fe2O3 concentration. The Sr4Fe6O13 is found to be sta-
ble between 775 °C and 1150 °C which was depicted 
with the help of the phase diagram reported by Fos-
sdal et al. The above comparison was performed in the 
context of calcination temperature and the concentra-
tion of Sr4Fe6O13; however, there should be a compari-
son based on the structure.

In the present work, the synthesis of hematite is 
performed by employing hydrothermal synthesis in 
the presence of a cationic surfactant known as cetyl tri-
methyl ammonium bromide (CTAB). The as-prepared 
powders were subjected to calcination at 700 °C/2 h to 
complete the phase transition in order to obtain the 
morphology of platelets of hematite. Figure 7 shows 
the comparison of the structures that are discussed 
in the present manuscript. As shown in the figure, 
the hematite crystallizes in the space group of R-3C 
with rhombohedral symmetry with a long C axis, 
while perovskite-based Sr4Fe6O13 crystallizes in the 
orthorhombic structure with the Iba2 space group. 
The number of atoms in a conventional unit cell of 
Sr4Fe6O13 is 16:24:52 with (Sr:Fe:O). The structure 
is built up of alternating layers of perovskite-type 
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octahedra with mixed FeO4/FeO5 polyhedra with a 
long axis along b. The structure of hematite consists 
only of octahedral coordination of Fe3+ ions. Mathias 
et al. had made an attempt to compare the structures 
of α-Fe2O3 and SrFe12O19 [21]. They have explained the 
transformation from goethite to hematite to strontium 
hexaferrite reaction in the form of topotactic pseudo-
morphic phase transition. With the present results it is 
not possible to conclude a similar topotactic pseudo-
morphic phase transition for hematite to strontium fer-
rite. It has to be noted that controlling the impurities 
is difficult while making Sr4Fe6O13 samples. The main 
aim of the present work was to show that the plate-
lets of hematite can be employed to make Sr4Fe6O13. 
We speculate that there is a contribution of impurity 
phase of SrFe12O19 toward the magnetic properties at 
1000 °C. However, we are in the process of improv-
ing the phase purity of Sr4Fe6O13 and would include 
it in our next work. Bardal et al. have reported about 
the presence of SrFe12O19 while preparing La-doped 
Sr4Fe6O13 samples [30].

5 �Conclusion

We were able to demonstrate for the first time a 
new strategy to make Sr4Fe6O13 from platelets of 
α-Fe2O3. The platelets of α-Fe2O3 were prepared by 
hydrothermal synthesis technique in the presence of 
cationic surfactant and followed by annealing of the 
powders at 700 °C/2 h. The resultant precursor pow-
ders were mixed with SrCO3 and annealed at 900 °C, 

1000 °C, and 1100 °C. The Rietveld refinement of the 
X-ray powder diffraction reveals the presence of the 
Sr4Fe6O13 highest at 1100 °C. However, the coerciv-
ity of the powder was found to be highest at 1000 °C 
with 343 kA/m mainly because of the presence of 
SrFe12O19 impurity phase. A respectable saturation 
magnetization MS for Sr4Fe6O13 was seen at 1100 °C 
with 21 Am2/kg enhancing the ferromagnetic nature. 
The partial contribution of MS may be attributed to 
the presence of SrFe12O19 in the phase. The synthe-
sis strategy of making Sr4Fe6O13 will pave the way 
in the future to make this structure with maximum 
purity for oxide interfaces in oxide heterojunctions 
to accommodate charge transfer, non-linear optics, 
and exchange.
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