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Abstract: Barium M-hexaferrite (BaFe120O19) as an absorber of microwaves has been
synthesized by coprecipitation method and its effect on changes in temperature and
dopant substitution. Basic materials used in the synthesis of BaCO3, FeCl3.6H>O and
nickel metal. This study used a variation of calcination temperature of 80 ° C, 400 ° C,
600 ° C and 800 ° C for 4 hours with a variety of dopants 0; 0.4; 0.7 and 0.9. The results
indicate that the formation of single phase and uniform distribution on M-barium
hexaferrite (BaFe12xNixO19) at 800 ° C calcination temperature and variations in
dopant x = 0.7. The elements of barium is spread very evenly matched with the
concentration of each element in the compound BaFel2-xNixO19. The addition of the
dopant concentration can increase the value of conductivity that is in the range of 10-
6 to 10 with a coercivity value at x = 0.7 and calcination temperature of 800 ° C at
0.05 T and magnetization value of 2.25 emu /g.
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Introduction

The development of materials as microwave
absorbers used as Radar Absorbing Material (RAM)
which can absorb radar waves (Radio Detection and
Ranging) (Susilawati et al., 2023). The material can be in
the form of iron sand which can be utilized in high-tech
applications. Microwave absorbers consist of two
components, dielectric absorbers and magnetic
absorberss (Syamsir, 2012).

One of the materials that are widely developed at
this time is magnetic material which can be seen from its
very complicated structure because the material can be
characterized in various criteria including physical
properties in the form of electrical, magnetic and optical
properties (Hossain et al, 2022). Ferromagnetic
nanocrystal material is a material that has been widely
studied in recent years. The material that is often used is
the ferrite group, one of which is hexagonal ferrite oxide
(Dhiman et al., 2021).

Barium Hexaferrite has a stoichiometry with a
stable hexagonal structure which is a ferromagnetic
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oxide with dielectric and magnetic properties that are
widely used in RF (Radio Frequency) and microwave
applications. Barium Hexaferrite (BaM) is grouped into
six types based on its chemical formula and crystal
structure, namely M (BaFe12O19), Y (BaMexFe1202), W
(BaMezFe16027), Z (Ba3M82F624O41), X (Ba2M62F€‘2sO46)
and U (BasMexFe3Og0) (Verma & Jasrotia, 2023). M, Y,
W, Z, X, and U indicate the type of barium hexaferrite
which is determined by the amount of iron and oxygen
ions in the compound. While Me indicates a variable that
can be replaced with Zn, Ti, Co, Ga, Al ions, and other
metal cations of almost the same size according to the
desired properties.

The electrical and magnetic properties of barium
substitution Hexaferrite are highly dependent on the
synthesis conditions due to the imbalance of charge
distribution in the multivalent cation substitution
process (Rajenimbalkar et al., 2024). The magnetic
material barium M-hexaferrite (BaM) has a large
anisotropic crystal and a resonance location that can be
modified over a wide frequency range through ion
substitution in hexaferrite and is soft with a relatively
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large permeability and has a high saturation magnetic
polarization and consists of strong anisotropic uniaxial
crystals, high Curie temperature and large coercive field
(Bartolomé et al., 2011).

With the presence of a very large coercive field, the
anisotropic properties of the material increase so that its
absorption properties become weaker, thus reducing the
anisotropic properties, doping is required (Solizoda et
al., 2024). Doping in this study in the formation of
BaFe12019 is Ni by varying the calcination temperature
and doping used to produce BaFe12..NixO1.

Method

The basic material of barium carbonate (BaCOs) is
dissolved with HCl and FeCls is dissolved with water.
After that, the results of the two solutions are mixed and
added with doping material in the form of pure nickel
elements in liquid form with 20000 ppm which is then
reacted with NH4OH to make the mixture into a
precipitate. The process of reacting these materials is
called the coprecipitation method, which is one of the
inorganic compound synthesis methods based on the
precipitation of more than one substance together when
passing the saturation point. In the formation of barium
ferrite substitution BaFe12..NiiO19, using variations of x
=0; 0.4; 0.7; and 0.9 at sintering temperatures of 32°C,
400°C, 600°C and 800°C (Susilawati et al., 2015).

Schematically, the research procedure process is
shown in Figure 1 below:

BaCs FeCl:

ﬁ_/

| Each one is dissolved |

Mixed to obtain sediment

The material is filtered with
filter paper

The material was calcined
for 4 hours with varying
temperatures

Materials were
characterized by XRD,
FTIR, LCR and VSh

Data analvsiz and

MNickel

Figure 1. Process Flow of Barium M-hexaferrite BaFei,.
«NixO19 Synthesis by Corprecipitation Method
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Result and Discussion

Result

Changes in calcination temperature and
concentration of variable x show a tendency for color
changes in the synthesized powder along with
increasing temperature and dopant ions as shown in
Figure 2.

(@) (b) (© (d)
(a) (b) (© (d)

Figure 2. The effect of calcination temperature and variable x
on the color change of BaFe»xNiO19 powder

Based on Figure 2, it is obtained that at the same
calcination temperature by increasing the concentration
of dopant ions, the color of the powder changes to
blackish brown. At temperatures above 800°C, there is a
tendency to be blackish brown, indicating that all the
H>O and HCI elements are 100% gone (Susilawati et al.,
2015). This indicates that in the heating process, the basic
material BaCOs dissolved with HCl undergoes a perfect
process. Meanwhile, with the same concentration of
dopant ions and increasing calcination temperature, the
color of the powder obtained is increasingly blackish
brown (Sangwong et al., 2019).

Table 1. Peak XRD Results

2-theta(deg) Phase Name Chemical
Formula
24.22(2) Unknow Unknow
27.9302 Barium Iron Oxide (2,2,0) BasFeOs
28.5287 Unknow Unknow
31.6708 Nickel Oxide (1,0,0) Ni 33402
31.9202 Barium Iron Oxide (0,2,2)  BasFeOs Nij 33402
’ Nickel Oxide (0,0,2)
33.238(7) Barium Iron Oxide (1,2,2) BasFeOs
35.687(7) Unknow Unknow
49.528(14) Barium Iron Oxide (2,4,1) BasFeOs
62.49(2) Barium Iron Oxide (1,1,5) BasFeOs
XRD Analysis

Barium M-hexaferrite powder at variation x = 0.4
with calcination temperature of 800°C to form
BaFe116Nio4O19 was tested with XRD to determine the
substitution of Ni dopant. XRD used in testing this
sample used wavelength 1,541862 A with Rigaku
SmartLab brand which was tested at LIPI Fisika Serpong
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Tangerang Selatan. Given the atomic radius is almost the
same so it cannot change the structure of the basic
material, but only causes a slight shift in the peak
position of the diffraction pattern (angle 20). The effect
of substitution is very small as shown in Figure 3.
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Figure 3. XRD pattern x=0.4 and temperature 800 °C
(BaFe11,6Nio,4O19)

Based on Figure 3 and Table 1, the X-ray diffraction
pattern with the addition of nickel dopant concentration
of 0.4 shows a peak at an angle of 31.6708 deg containing
a foreign phase after the addition of nickel oxide and at
an angle of 31.9202 deg there is a peak containing barium
iron nickel oxide. The addition of dopant concentration
results in foreign peaks which are compounds of the
dopant (Mulyawan et al., 2021).

A more stable diffraction pattern occurs after the
decomposition of the phase transformation at a
temperature of 840 °C with a concentration of x = 0.4 so
that a fairly stable single phase is formed (Solizoda et al.,
2024). The barium M-hexaferite phase is formed at high
temperatures (T = 500 °C) and a single phase is formed,
namely the hematite phase (Ramlan & Puspita, 2023). In
addition, barium M-hexaferite will form at a
temperature of 975 °C with a doping concentration of
less than x = 0.8.

FTIR Analysis

To determine the occurrence of the doping process
of Ni dopant on the crystal bond structure, Fourier
Transform Infrared Spectroscopy (FTIR) analysis was
used. The results of the analysis using FTIR on BaFei».
xNixO19 are shown in Figures 4 and 5.

Based on Figure 4, it was found that at the doping
variation x = 0.7, there is a significant peak shift with the
increasing calcination temperature. At the wavenumber
1000 cm! - 1500 cm?, at the same concentration, there
will be an increasing number of peaks with the rising
calcination temperature, which are the absorption peaks
of the base material indicating changes in bonding.
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Meanwhile, at the wavenumber 3400 cm-, it is the
absorption of -OH where the higher the calcination
temperature, the weaker the absorption becomes. This is
because HoO decreases as the calcination temperature
increases.

§
i
i
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i
i
H

Figure 4. Absorption Pattern of BaFe;>Ni«O19 in response to
changes in calcination temperature at x = 0.7
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Figure 5. Absorption pattern of BaFe;2xNi«O19 in response to
changes in dopant ion concentration at T = 800 °C

Based on Figure 5, it is obtained that at wave
numbers below 600 cm-!, with the increase in calcination
temperature, the peaks tend to shift to the left. This
indicates that at those wavenumbers, the metal FeO is
present in the barium M-hexaferite or hematite phase. At
a calcination temperature of T = 800 °C, a significant
peak shift occurs with increasing dopant concentration
compared to other calcination temperatures. At the
wavenumber 1000 cm? - 1500 cm? at the same
calcination temperature, there will be an increasing
number of peaks with the rising dopant concentration,
which are the absorption peaks of the base material.
Meanwhile, at the wavenumber 3400 cm-, it
corresponds to the absorption of -OH, where the higher
the concentration of dopant ions, the weaker the
absorption becomes.

The characteristic of vibrations lower than 600 cm-?,
which are the bonds between oxygen atoms and metal
ions (M-O), and their peaks increasingly found in the
range of 800 - 1500 cm indicate the absorption peaks of
the BaCOs; base material, while the absorption in the
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range of 2151.35 - 2923.88 cm! represents OH absorption
(Kubisiak et al., 2025). The absorption of OH falls within
the range of 3640 cm™ and the range of 600 - 1650 cm,
showing increasingly prominent peaks that indicate the
absorption of the base material (Temuujin et al., 2004).
The vibrational characteristics at 450 cm™ and 570 cm™!
are the characteristics of the Fe-O bond, which are
characteristic of Ba ferrite (Ting & Wu, 2010).

April 2025, Volume 1, Issue 1, 29-35

Figure 6. SEM photo of BaFe;>NixO19 at x=0.9 and T = 800 °C
with magnification (a) 2000 and (b) 5000

SEM Analysis

To determine the distribution of elements contained
in barium M-hexaferrite (BaFe12xNixO19), an SEM-EDX
tool was used. The characteristic data of the sample with
Scanning Electron Microscopy (SEM) is obtained as
shown in Figure 6.

Figure 6. SEM photo of BaFe12xNixO19 at x=0.9 and
T =800°C with magnification (a) 2000 and (b) 5000 Based
on Figure 6, the size of the powder is still difficult to
determine because the powder is agglomerated and the
range that can be clearly observed is still limited, as the
particle dimensions of the powder have reached the
nano scale. The increase in the size of the powder
particles is in line with the increase in the variable
concentration of dopant ions and the calcination
temperature (Oliveira et al., 2023).

©

(d)
Figure 7. Distribution of Elements in BaFe12xNixO19 at x=0.9 and T = 800 °C (a) Ba (b) Fe (c) Ni and (d) O

The EDX elemental results of barium M-hexaferite
(BaFe12.xNiO19) show that the composition of barium M-
hexaferite contains the main elements Fe, Ba, C, O, and
Ni. This is based on the observation of color backscatter
as shown in Figure 7.

In Figure 7, it shows that the distribution of barium
element content is very uniform according to the
concentration of each element in the BaFel2-xNixO19
compound. This is consistent with the dispersion being

(@)

uniform according to the magnitude of the components
present in BaM it self (Wang et al., 2022).

TEM Analysis

TEM analysis was used to qualitatively identify the
dimensions of barium M-hexaferrite powder particles.
The obtained TEM results are shown in the following
Figure 8.

Figure 8. TEM photo at x = 0.7 with T = 800 °C

Based on Figure 8, it is clearly shown that the
particle structure of BaM undergoes changes with the
addition of dopant ions. At high temperatures and high
doping concentrations, a structure with a hexagonal

shape will be formed (Peng et al., 2021). This is clearly
seen in image 8 (a) which shows a particle size
distribution similar to the crystal size with the smallest
size reaching 20 nm, so it can be said that this material is
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classified as a nanomaterial as shown in image 8 (b) with
an order of about 5 nm.

Meanwhile, the distance between particles is clearly
visible in Figure 8 (c), indicating that the particle size has
reached the nano scale.

LCR Analysis

Measurement with an LCR meter of temperature
variation with a constant concentration of x = 0.7 yielded
results as shown in Figure 9.

1 2 3

Figure 9. Resistivity Graph of Barium M-Hexaferrite
(BaFeu.xNiwa)
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Table 3. Conductivity values

Concentration X=0 X=0.74000C X=0.7 800 0C
Resistivity 3.19E+05 6.10E+03 7.37E+02
Diameter 1.17 1.174 1.17
Area 1.07 1.08 1.07
Thickness 3.94 3.3 3.14
Conductivity 1.01E-06 6.33E-05 5.51E-04
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Figure 10. Conductivity Values of Barium M-Hexaferrite
(BaFE12_XNiX019)

From Table 3, it can be concluded that the higher the
concentration of dopant ions, the higher the
conductivity value. This conductivity is in the range of
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10-6 to 10-4 (Figure 10). With the addition of dopant ions,
the conductivity value increases (Godara et al., 2022).
VSM Analysis

The results of the synthesis of barium M-hexaferite
were characterized for their magnetic properties using a
vibrating sample magnetometer (VSM) available at the
Center for Advanced Material Science and Technology
BATAN. The measurement results are in the form of a
hysteresis curve showing the magnitude of
magnetization (M) and coercivity (H) as shown in Figure
11.

Based on the literature, undoped barium M-
hexaferrite (x = 0) has a coercivity value of 0.0782 T and
a magnetization value of 0.02 emu/gram. The
characteristics of BaM have a coercivity value of 0.0005
T and a magnetization value of 0.02 emu/gram (Munib
etal., 2016).

Ni-07

, M {emu/gram)
F-5

Momaen m-E atlk
no

-8

18
T

H{1
Figure 11. Hysteresis Curve at Calcination Temperature
800 °Catx=0.7

From Figure 11, it shows that the hysteresis curve
of the barium M-hexaferrite sample with a dopant ion
concentration of x = 0.7 and a calcination temperature of
800 °C has a coercivity value of 005 T and a
magnetization value of 2.25 emu/gram. This is larger
compared to without doping (x = 0). The best radar-
absorbing material is found at low coercivity and high
magnetization values, which are around 0.1104 T and 29
emu/gram at x = 0.4 (Agustianto & Widyastuti, 2014). If
it has a coercivity value of 0.0506 T and a magnetization
value of 14.782 emu/ gram at x = 0.3 (Silvia et al., 2013).

Meanwhile, based on the heating duration, it was
found that the coercivity value was 0.0082 T and the
magnetization value was 0.55 emu/gram after 4 hours
of heating (Sholihah & Zainuri, 2012). The higher the
calcination temperature used, the higher the coercivity
and magnetization values. At T < 800 °C, the coercivity
value is below 0.025 T and the magnetization is below
0.53 emu/ gram. This indicates that in this study, with a
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calcination temperature of T > 800 °C, the coercivity
value obtained was 0.05 T and the magnetization was
2.25 emu/ gram.

Conclusion

Based on the results and discussion, the M-
hexaferrite barium powder has been successfully
synthesized using the coprecipitation method with a
diffraction pattern that is quite stable due to the presence
of dopants at a temperature of 800 °C for 4 hours at x =
0.7, indicating the formation of a single phase. The
elements of barium are evenly distributed according to
the concentration of each element in the BaFe12«NixO19
compound.
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