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Yttrium-substituted M-type barium hexaferrite was successfully synthesized using
the solid-state reaction method. X-ray diffraction (XRD) confirms that all various
samples have a single phase (for x = 0,0 and 0,1), have increased trend for crystal
size (from 56,99 to 59,34 nm), cell volume (from 697,9161 to 701,2375 A), and
lattice parameter (a = 5,8948 to 5.9024 and ¢ = 23,1918 to 23,2422) caused by ion
substitution increased. SEM-EDX figure shows that the particle shape of yttrium
doped barium hexaferrite is hexagonal, and there is a growth in particle size as the
amount of doping increases from 1.050 to 1.202 pm and also the amount of Y**
ion doping increases, the number of Fe atoms decreases and the number of Y
atoms increases. The materials were characterized using a Vector Network
Analyzer (VNA), which shows minimum reflection loss of x = 0.1 reaches -7,34
dB in the X-band for a thickness of 1.5 mm, better sample variation when
compared to other sample variations.

Keywords: Yttrium-Substituted M-Type Barium Hexaferrite, Crystal Structure,
Solid-State Reaction Method, Morphology, Reflection Loss.
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Barium heksaferrit tipe-M yang disubstitusi Yttrium berhasil disintesis dengan
metode solid-state reaction. X-Ray Diffraction (XRD) mengkonfirmasi bahwa
semua sampel yang berbeda memiliki fasa tunggal (untuk x = 0,0 dan 0,1),
memiliki tren peningkatan ukuran kristal (dari 56,99 menjadi 59,34 nm), volume
sel (dari 697,9161 menjadi 701,2375 A), dan parameter Kisi (a = 5,8948 menjadi
5,9024 dan ¢ = 23,1918 menjadi 23,2422) yang disebabkan oleh peningkatan
substitusi ion. Hasil SEM-EDX menunjukkan bahwa bentuk partikel barium
heksaferrit yang didoping yttrium berbentuk heksagonal dan terjadi pertumbuhan
ukuran partikel seiring dengan bertambahnya jumlah doping dari 1,050 menjadi
1,202 pm dan juga bertambahnya jumlah doping ion Y*, jumlah atom Fe
berkurang dan jumlah atom Y bertambah. Material dikarakterisasi dengan
menggunakan Vector Network Analyzer (VNA), menunjukkan bahwa reflection
loss minimum x = 0,1 mencapai - 7,34 dB pada pita-X untuk ketebalan 1,5 mm,
merupakan variasi sampel yang lebih baik jika dibandingkan dengan variasi
sampel lainnya.

Kata kunci: Barium Heksaferit Tipe-M disubstitusi Yttrium, Struktur Kiristal,
Metode Solid-State Reaction, Morfologi, Reflection Loss
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1. Introduction

Nowadays, technological progress is growing rapidly and unstoppable. The evidence of technological
advancement that we can feel is the speed of the internet network, radar systems, improved communication
devices, and most importantly, the use of wireless electronic and telecommunications devices [1], [2].
Widespread use of wireless technologies and telecommunication devices at higher frequencies caused
interference and electromagnetics (EM) pollution. The advancement of EM wave-absorbing materials is
urgently needed to solve this problem [1]. Microwave absorption materials (MAMs) have attracted a lot of
attention from technologists and scientists due to their application as electromagnetic (EM) shielding.
Many researchers desired to fabricate absorbing properties with excellent characteristics, such as thinness,
lightweight, wide bandwidth absorption, and strong absorption. MAM's complex permittivity and
permeability are crucial to microwave absorption materials (MAM's) development [3], [4], [5].

Among numerous candidates, hexagonal ferrites as a magnetic material have high potential as an EM
absorber. Hexagonal ferrites, prevalent referred to as hexaferrites, known as permanent magnetic [6], [7]
has wide applications, such as high-frequency transformers [8], communication devices [9], memory
storage applications [10], recording media [11], and microwave absorber [12]. The hexaferrites pervade into
six series, namely U type (BasA2FessOe0), Z type (BasAzFe2sOa41), Y type (Ba:AsxFen02), W type
(BaAzFe1s027), X Type (BaAzFes046) and M type (BaFe12019), where "A™ can be inserted with the
elements of Sr, Co, Ni or Zn [13], [14].

Barium hexaferrite is a ceramic material with a hexagonal crystal structure that can be used at a much
higher frequency than other types of ferrites [14], [15], [16]. Barium hexaferrite has hard magnetic
properties such as splendiferous chemical stability, resistivity of corrosion, large magneto anisotropy, high
Curie temperature, high saturation magnetization, and high coercivity. It is also cheap to produce [17], [18],
[19], [20], [21]. Some studies have synthesized BaFei2xYxO1s materials (x = 0,0; 0,3; 0,5; 0,7; and 0,9)
hexaferrites by citrate precursor method. They found out that the total absorption effectiveness of
electromagnetic interference (EMI) is -80.07 dB in the X-band range, notably at a yttrium variation x = 0.7,
reveal able to absorb as far as -98.08 dB at a frequency range of 10 GHz. Barium hexaferrite-substituted
yttrium exhibits the optimum ability to shield electromagnetic waves. The many techniques of synthesis to
prepare M-type hexaferrite so far include co-precipitation [22], [23], spray pyrolysis [24], sol-gel method
[25], sol-gel auto combustion [26], hydrothermal synthesis [27], glass crystallization [28], microemulsion
[29], and solid-state reaction [30], [31] Solid-state reaction is a classic method of mixing materials in the
form of solids without using a solvent medium. Solid-state reaction has a simple process, does not require
many precursors, is economical, and is easy to perform on an industrial scale [32].

In this paper, we have prepared BaFe;,,Y,O19 (X = 0,0; 0,1; 0,3) and synthesized it using the solid-state
reaction method. Therefore, we investigated the effect of substituted ions on the structure, phase,
morphology, permittivity, permeability, and reflection loss from BaFei2xYxOxs.

2. Materials and Methods

In order to prepare the sample, all analytical grades reagents chemicals such as Iron (111) Oxide (Fe20s)
(96%), Yttrium oxide (Y20s) (99.99%) were purchased from Sigma Aldrich, and Barium Carbonate
(BaCOs) (99%) were purchased from Merck Germany.

The raw materials were weighed in stoichiometric proportion and then mixed and ground in an agate
mortar for about one hour. Then, at the second stage, the ground powder was pressed into tablets using a
round steel die of 30 mm diameter with a pressure of 4 tons and afterward pre-sintered in alumina crucibles
for six h at 800 °C. The pre-sintered sample was reground in an agate mortar for about 0.5 h. Thereafter, the
pre-sintered powder samples were sintered at 1200 °C for three hours. The fine sample subsequently was
reground until it passed 200 mesh. Then, the sample will be characterized using X-ray diffraction (XRD -
type SmartLab-Rigaku), Scanning Electron Microscope — Energy Dispersive X-Ray (SEM-EDX — type
JEOL JSM-IT200), and Vector Network Analytical (VNA — type Advantest type R3770 300 kHz - 20
GHz).

3. Results and Discussion
3.1. X-Ray Diffraction (XRD) Analysis

XRD patterns in Fig.1 show the result of barium hexaferrite-substituted yttrium. The diffraction peaks
were confirmed to the barium hexaferrite standard pattern of the ICDD Pattern No. 01-084-0757. There are
eleven diffraction peaks identified: 22.95° (006), 30.27° (110), 32.14° (017), 34.05° (114), 37.02° (023),
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40.25° (025), 42.35° (026), 54.97° (127), 56.50° (0211), 62.96° (220), 67.24° (2014), 72.49° (317).

@ ey B (O - —
|—Y=0.0 '

“

220
~ 20
- 437

Intensity (a.u.)
E
Intensity (a.u.)

l ll A JL 1 Ak
10 2'0 ) 3'0 ' 40 ' 50 ) 60 ' 7‘0 810 90 33.0 : 3:;2 33I.4 : 3:;.6 31;.8 v 34'.0 3412 34'.4 34..6 34',.8 7 35.0
20 (Degree) 20 (Degree)
Figure 1. (a) XRD graph non and substituted samples of barium hexaferrite-substituted yttrium (b) magnified
view of Bragg peak position (1 1 4) of barium hexaferrite-substituted yttrium.

Based on the figure, all samples display a well-defined single-phase hexagonal crystal structure.
However, in the sample with x = 0.3, a small peak corresponding to a-Fe;0s is detected between the (0 1 7)
and (1 1 4) peaks, indicating some imperfections in crystallization. The prominent diffraction peak pattern
can be categorized into various (hkl) indices of the same BaFe1.<YxO19 compound, which ideally exhibits
the hexagonal structure characteristic of pure barium hexaferrite (as described by the P63/mmc space
group). Figure 1(b) provides a closer look at the higher peaks in the diffractograms of barium hexaferrite-
substituted yttrium, highlighting a shift in the XRD peak (1 1 4) as the yttrium content increases.
Additionally, there is a reduction at peak (1 0 1) with higher doping levels of Barium Hexaferrite. This
change is attributed to the larger ionic radius of Y** (0.9 A) compared to Fe** (0.64 A), which influences
the crystal structure of barium hexaferrite.

Table 1. Peak analysis parameter of yttrium doped M-Type hexaferrite

Composition  a(A) c(A) FWHM cla Crystalline V (A
(x) size (D)
(nm)
0.0 5.8948 23.1918 0.1458 3.934 56.99 697.9161
0.1 5.8968 23.2122 0.1411 3.936 58.59 699.0041
0.3 5.9024 23.2422 0.1400 3.937 59.34 701.2375

The analysis of the peak parameters in Table 1 shows that the lattice constant experiences minimal
variation, whereas the lattice constant c tends to trend substantially with higher levels of yttrium doping.
Yttrium ion substitution caused the crystal size to increase with the increase of Y*" doping (from 56.99 to
59.34 nm) due to the longwise length and crystal lengthwise. As a result, there is a growth expansion along
the a- and c-axes. With yttrium doping, the mean average crystal size increases from 50.07 nm to 53.71 nm.
Ratio parameter (c/a) is used to measure the structural type crystal of a sample; if the value of the lattice
parameter ratio was less than 3.98, the materials were reflected to have an M-type hexagonal
magnetoplumbite [33]. As the amount of yttrium increases, the narrowing of the observed X-ray scattering peak
point increases crystal size. It can be seen in the Debye-Scherrer formula given in Equation (1)

kA
b= B cosB (1)

Where D is crystalline size, A is the wavelength of the x-ray, £ is the value Full Width at Half Maximum
(FWHM), k is the form factor of the crystal (0.9), 8 is diffraction angle [34].

The alteration in the distance between planes results from substituting Y** ions for Fe** ions at the crystal
cell. This substitution is challenging because Y*" ions have a bigger ionic radii (0.9 A) compared to Fe** ions
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(0.64 A). Consequently, there tends to be a higher concentration of Y** ions at the grain boundaries. Figure
1(a) illustrates how these Y*" ions affect the intensity of the a-Fe,O5; phase as the yttrium concentration
increases (specifically at x = 0.3). For effective substitution to occur, it is important that the valences and
ionic radii of the two substances are compatible.

3.2. Microstructure Analysis

Image SEM of pure barium type-M and Yttrium-substituted hexaferrite materials with x = 0.0, 0.1, 0.3
are illustrated in Figure 2 (a-c). Micrographs show significant variations in grain size. The grain size
distribution histogram is represented in Fig. 2 (d-e). The SEM micrographs reveal that the grain sizes for
composition x = 0.0 range from 0.734 um to 1.564 um, with a median size of 1.050 um. For composition x =
0.1, the grain sizes vary from a minimum of 0.734 pm to a maximum of 1.755 pum, resulting in an average
particle size of 1.101 um. In the case of composition x = 0.3, the grains have an average size of 1.202 pm,
with sizes ranging from 0.885 um to 1.77 um. The hexagonal-shaped crystalline grains of ceramic magnet
are observed in the SEM images. All samples exhibit well-defined shapes, boundaries, and homogeneity.
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Figure 2. (a-c) SEM micrographs of barium hexaferrite-substituted yttrium (x = 0.0, 0.1, 0.3) (d-f) exposed
grain size distribution of barium hexaferrite-substituted yttrium 0(x = 0.0, 0.1, 0.3) (g-i) EDX spectrum and
mass % of yttrium substituted barium hexagonal ferrites.

When the material was sintered at 1200°C for 3 hours, oxygen was present. This oxygen availability
results in the restriction of grain formation, with average grains being the small result. Even though it can be
seen that there is a grain size increases when yttrium was substituted, according to the result of a decrease in
oxygen vacancies, which can be seen in Table 2. The morphological study results confirm the material's M-
type hexaferrite properties.

Figure 2 (g-i) yttrium was the simple one substituted element detected in all samples, which was inserted as
the substituted element to proclaim the virginity of materials. Table 2 lists the percentage changes in elements
in each sample. The proportion of yttrium detected through EDX rises with higher levels of Y doping.
Concurrently, the amount of iron decreases as yttrium replaces it in a linear fashion. This observation reflects
a strong alignment between the actual material and the theoretical design, thereby confirming the formation of
M-type hexaferrite.
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Table 2. The composition analysis of barium hexaferrite-substituted yttrium

Element (wt%)

X Composition -
Ba Fe Y ] All
0.0 BaFe,;,044 14.59 60.15 0.0 25.25 100
0.1 BaFe,; Y0 14.57 59.61 0.83 24.98 100
0.3 BaFe,; ;Y309 14.48 57.86 2.27 25.38 100

3.3. Microwave Absorption

Figure 3 shows a graph representing the reflection loss (RL) of BFYO ceramics (1.5 mm thickness)
within 8-12 GHz. As Y* increases, the RL of BFYO ceramics experiences a very small shift for the
minimum RL value. (from 11.32 to 11.7 GHz). For pure BaFe1,019, the -5 dB RL bandwidth (below -5dB,
> 68.4% microwave absorption) of 11.24-11.78 GHz and a minimum reflection loss (RL) of -5.72 dB
(73.99% microwave absorption) is obtained at 11.7 GHz. For BaFei17Y03019 the -5 dB RL bandwidth of
10.68-11.34 GHz and a minimum reflection loss (RL) of -6.26 dB (76.96% microwave absorption) is
obtained at 11.32 GHz. The best absorption is obtained on BaFe11.9Y 01019 ceramics with a minimum RL of
-7.34 dB at 11.32 GHz and -5 dB RL bandwidth at 10.2 - 12 GHz. However, in BaFe119Y01019 Ceramics,
there are 2 RL valleys, namely -7.34 dB at 11.32 GHz (81.51% microwave absorption) and -6.46 dB
(77.40% microwave absorption) at 11.72 GHz. BaFe119Y0.1019 ceramic shows the strongest microwave
absorption capability at the X-band with 81.51% microwave absorption.
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Figure 3. Reflection loss (RL) of barium hexaferrite-substituted yttrium

4. Conclusion.

The yttrium-doped barium hexaferrite BaFe1..xYxO19 Was successfully synthesized by the solid-state reaction
method using agate mortar. The single phase and hexagonal structure of the crystal were confirmed by XRD
results. The XRD analysis results also exhibit an increase in crystalline size and lattice parameters as the
amount of Y ions increases. The SEM image of yttrium doped M-type hexaferrite shows a hexagonal
structure, and there is an increasing trend in average grain size with higher doped ion concentrations. Yttrium
doped barium hexaferrite material exhibits the finest microwave absorption at yttrium ion variation x = 0.1,
showing the highest reflection loss of -7.34 dB in the frequency range of 11.32 GHz with an absorption
percentage of 81.51%. Barium hexaferrite-substituted yttrium was successfully synthesized by the solid-state
reaction, showing the applicability of the material as an efficient microwave shielding method to reduce
electromagnetic wave pollution, even with a simple synthesis method.
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