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Abstract. Synthesis and characterization of (Ba,Sr)qsFe;,Zn,Ti,O9 M-type hexaferrite was
conducted by using mechanochemical process. The composition of Zn-Ti ion in (Ba,Sr)ysFe,.
Zn,Ti,O19 M-type hexaferrite were varied as x = 0.0, 0.2, 0.6, and 1.0. The sample was
characterized by using X-rays diffractometer (XRD), scanning electron microscope (SEM),
vibrating sample magnetometer (VSM), and vector network analyzer (VNA). The XRD
patterns were further analyzed by Rietveld analysis program. The Rietveld analysis result
indicated that the substitution of Zn-Ti ions led to the expansion of the hexagonal lattice
parameter and unit cell volume (V,,;), while the atomic density decreased with increasing of
the Zn-Ti ion. The VSM measurement exhibited that the substitution of the Zn-Ti ions caused
the change in magnetic properties behavior such as intrinsic magnetic coercivity (H),
remanence (M;) and saturation (M;) magnetization. The value of H, dropped significantly with
the substitution of Zn-Ti ions, and then continued to decrease with the addition of Zn-Ti ions
content for x = 0.6, and x = 1.0. SEM observation revealed that all the particles showed nearly
hexagonal platelet shape, with the particle size distribution at most in the range between 200 —
600 nm. The variation of the reflection loss versus frequency was measured by using VNA in
(Ba,Sr) sFe ,4(ZnTi),O;9 hexaferrite for x= 0.0 — 1.0. The optimum reflection loss (RL) was
found to be —48 dB at 14 GHz in (Ba,Sr)q sFe;; (ZnTi),0,9 hexaferrite for x = 0.2.

Keywords: (Ba,Sr)ysFe;;Zn,Ti,O19, M-type hexaferrite, Zn-Ti ions substitution, magnetic
property, reflection loss.

1. Introduction

Barium hexaferrite is one of M-type hexaferrites. Barium hexaferrite has a large saturation
magnetization, high coercivity, high Curie temperature, large uniaxial magnetic crystalline anisotropy,
and excellent chemical stability. Therefore, Barium hexaferrite is promising candidates for the
development of microwave absorbing materials [1-3]. Barium hexaferrite has significantly large
crystalline anisotropy due to their low crystal symmetry, as it is compared with the cubic symmetry of
spinel or garnet ferrites. Therefore, the resonance frequency can reach as high as GHz [4-6].
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Furthermore, the location of resonance can be modified over a wide frequency range by the
substitution of ions in Barium hexaferrite.

Many reports are available for the synthesis and characterization of the barium hexaferrite
substituted with various cations like Sr, Pb, La for Ba and Mn-Ti, Co-Ti, Ni-Cr for Fe [7-11]. These
studies revealed that the structural, magnetic, and microwave absorbing properties of barium
hexaferrite are strongly influenced by the substitution of multivalent cations. Therefore, this research
focused on the effect of the ions substitution on the structure, magnetic and absorbing behavior in
(Ba,Sr) sFe(122x(ZnTi)Oy9 (for x = 0.0, 0.2, 0.6, 1.0) hexaferrite. The main objectives are to fabricate
(Ba,Sr)osFe(12:20(ZnT1)Oy9 (for x = 0.0, 0.2, 0.6, 1.0) using the mechanochemical method and
investigate the influence of Zn-T1i ions doping concentration in composites on the structural, magnetic
and microwave absorbing performance.

The synthesis was done through a mechanochemical process. The obtained materials then
characterized by using X-ray diffractometer (XRD), scanning electron microscope (SEM), and
vibrating sample magnetometer (VSM) to study the samples’ microstructure, and magnetic properties.
The characterization of reflection and transmission of microwave were carried out by using the Vector
Network Analyzer (VNA, ADVANTEST R3770) with a frequency ranged from 7 to 15 GHz.

2. Experimental Method

As starting materials of titanium dioxide (TiO,), zinc oxide (ZnQ,), hematite (a-Fe,O;), barium
carbonate (BaCQOs), and strontium carbonate (SrCOs) were used. A series of (Ba,Sr)gsFe;;..Zn,Ti,O19
samples with x = 0.0, 0.2, 0.6, and 1.0 were synthesized with a mechanochemical method using
HEM, Certi-prep 8000 mixer [12,13]. The prepared for doped samples were mixed together in a
stainless steel vial. The ground mixing of each sample was performed for 5 hours. The ball and sample
weight ratio was 10 : 1. Furthermore, the sample was dried in an oven at 80 °C, and followed by
sintering at 1000 °C for 5 hours.

The crystalline structure was determined by using X-ray diffractometer (XRD, Philips Pan-
analytical Empyrean) using Cu-Ka radiation (A = 15.405 nm) in the range of 20 —70° of 26. The XRD
data was analyzed by using general structure analysis system (GSAS) program [14]. The morphology
of the sample was characterized by using a scanning electron microscope (SEM, JEOL-JSM 6510).
The magnetic measurements were carried out with a vibrating sample magnetometer (VSM, Oxford
1.2T) at a room temperature. The reflection loss of the absorber was measured by using microwave
Network Analyzer (ADVANTEST R3770) in the frequency range of 7— 15 GHz.

3. Result and Discussion

3.1 Structure Properties

Figure 1 shows the XRD patterns of Fe,O; and (Ba,Sr)qsFe,..Zn, Ti,09 (x = 0.0, 0.2, 0.6, and 1.0).
Based on Figure 1(a) and 1(b), (Ba,Sr)ysFe ,xZn,Ti;O;9 without and with Zn and Ti doping for x =
0.2 were identified to be single phase. The diffraction peaks of M-type BaFe,019 hexaferrite phase in
Figure 1 are marked by “+”. However, with the addition of Zn-Ti ions doping for x = 0.6 and 1.0, the
figure shows the broadened diffraction peaks corresponding to Fe,O; hematite phase (signed by “ e ”
see Figure 1(c) and 1(d).
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Figure 1. XRD pattern of Fe,0; (a), (Ba,Sr)ysFe;,Zn,Ti,O19 powder for (b) x = 0.0, (c) x = 0.2, (d)
x = 0.6, and (e) x = 1.0 after heat treated at 1000 °C for 5 h.

Figure 2 shows SEM pictures of (Ba,Sr)ysFe;;.Zn,Ti,O19 powder (x = 0.0, 0.2, 0.6, and 1.0)
prepared by mechanochemical method after sintering at 1000 °C for 5 h in the air atmosphere. From
Figures 2 for all SEM images, it can be seen that the particle inside the sample was grown with
relatively uniform shape. In Figure 2(a), the particles were nearly spherical-like shape. The particle
size distribution was almost evenly and smaller than 600 nm. In Figure 2(b), 2(c), and 2(d), it is seen

that the particle showed nearly platelet shape. However, it is clear that the particle size was smaller
below 1000 nm.
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Figure 2. The morphology of (Ba,Sr)ysFe,.<Zn,Ti,O19 powder for (a) x = 0.0, (b) 0.2, (c) 0.6, and
(d) 1.0.

Figure 3 shows the refinement result of XRD pattern of (Ba,Sr)osFe,..Zn,Ti,O9 samples without
and with Zn-Ti doping for x = 0.0, 0.2, 0.6, and 1.0. The refinement result produced a very good
quality of fitting with R factor and goodness of fit value * (chi-squared) was less than 1.2, as shown in
Table 1. From Figure 3, the plus symbol (+) of red line represents the observation, while the green line
is the calculation. Miller index is signed by bar symbol (I) and the difference between observation and
calculation is represented by purple line symbol (-). Based on Figure 3(a), and 3(b), it can be seen that
(Ba,Sr)gsFerZn,Ti,Oy9 (for x = 0.0, and x = 0.2) were identified to be single phase hexagonal
structure, indicating the doping elements had been substituted into the structure successfully. The
diffraction pattern produced in accordance with JCPDS # 84-1531 and the space group was P6;/mmc.

A little change has been found in Figure 2(b) and 2(c) which show the peak broadening and
corresponding to the impurities phase, which may be due to the difference in the molarities of the
precursor. The content of impurities phase was obtained from the analysis by using GSAS program is
listed in Table 1. Based on the Table 1, about 70% and 60% phase purities were achieved with
substitution of Zn-Ti ions for x = 0.6 and x = 1.0 respectively. Earlier studies reported that the
impurities such as Fe,O; phase begin to dissolve at the temperature greater than 1000 °C. It helps
aggregation of the particles and grains growth significantly during sintering process [1,12].
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Figure 3. The refinement XRD pattern of (Ba,Sr)sFe1,.<Zn,Ti,O19 powder for (a) x = 0.0, (b) x = 0.2,
(c) x=10.6, and (d) x = 1.0.

Table 1. Phase quantification after Rietveld analysis on the XRD patterns of
(Ba,Sr)osFe12,Zn, TixOy9

Comp. “x”  (Ba,Sr)osFeq229(ZnTi)\Oy9 Phase (%)
Hexaferrite (Ba,Sr)osFe2019 Fe,0;
0.0 (Ba,sr)o.sFelzolg 100.00 0.00
0.2 (Ba,Sr)o‘sFellﬁ(ZnTi)g‘zOlg 100.00 0.00
0.6 (Ba,Sr)o‘sFelo's(ZnTi)g‘ﬁolg 77.00 23.00
1.0 (Ba,Sr)g.sFeyq o(ZnTi); 4010 67.00 33.00

Variation of lattice parameters (a, c), volume cell and atomic density as a function of Zn-Ti content
is shown in Figure 4. It appears that the value of a and c are slightly increased with increasing the Zn-
Ti contents as indicated by Figure 4a. The effect of Zn-Ti ions doping also led to increase the unit cell
volume (V,.;) is quite significant, especially for x = 1.0, while the atomic density decreases as depicted
in Figure 4(b). It indicated that the regular structure became slightly elongated along a-axis and c-axis.
As a result, the dopant ions changed both of the lattice parameters, cell volume, and atomic density.

The atomic substitution of Fe*"/Fe’" by Zn**/Ti*" has a significant impact on the lattice parameters.
Energy perturbation and lattice distortion were expected when Fe*'/Fe’” were replaced by Zn*"/Ti*"
ions due to the difference in their atomic radii and their orbitals. This condition caused the anisotropy
energy to change, and thus the magnetic behavior changed particularly coercivity which decreased
with Zn/Ti doping, as shown in Figure 5. The observed variation depended on the difference in the
ionic radii of the metal ions Zn = 0.74 A, Ti = 0.68 A compare to Fe = 0.645 A.
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Figure 4. The plot of (a) lattice parameter (a,c), and (b) V..; and atomic density as a function of

composition of Zn-Ti.

3.2 Magnetic Properties

Figure 5 represents the sequences hysteresis loop behavior of (Ba,Sr)qsFe».(ZnTi),O,9 powder with
variation of Zn-Ti ions doping for x = 0.0, 0.2, 0.6, and 1.0. The characteristic magnetic parameters
are listed in Table 2. The variations of M, M,, and H, values of (Ba,Sr)o sFe;,.(ZnTi),O19 are shown
in Figure 5(b), 5(c), and 5(d). It is seen that the substitution of the Zn-Ti ions caused decrease
significantly in intrinsic coercivity, H; and little affected to saturation magnetization, Ms at low
substitution. Based on Table 2, H, was observed to be 4.0 kOe in the unsubstituted sample. A small
amount of Zn-Ti ions doping (for x = 0.2) did not significantly affect the structure but had a great
influence on magnetic properties. The M; value remained almost constant, but H, rapidly decreased
from 4.00 kOe to 2.35 kOe. As x continued to increase to x = 1.0, the value of M, and Hc decreased to
74 emu/g, and H. to 1.00 kOe, respectively. Magnetic remanent, M, also decreased with the increase of
ions substitution. The decrease in M, was due to the net alignment of grain magnetization caused by
weak inter-grain exchange interactions. The high value of H, in undoped sample was due to uniaxial
magnetocrystalline anisotropy along c-axis. C-axis is very sensitive to magnetic properties and
anisotropy of Ba-hexaferrite and is responsible for coercivity. Thus, the increase in c-axis with the
addition of “x” alters the distance between magnet ions, so that the exchange interaction varies which
in turn changes the magnetic properties.
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Figure 5. Room temperature hysteresis loop of (Ba,Sr)ysFe(2.2x) (ZnT1)s0,9 powder sample
for (a) x =0.0, (b) x =0.2, (¢) x= 0.6, and (d) x=1.0.

Table 2 Magnetic properties of (Ba,Sr)osFe;»Zn,Ti,O9 as a function of Zn-Ti substitution

level x.
Comp. (Ba,Sr)o.sFe(lz_ZX)(ZnTi)xOlg Hci emu.g'l
“x” Hexaferrite (kQOe) M, M,
0.0 (Ba,Sr)sFes010 4.00 88.20 53.50
0.2 (Ba,Sr)o.sFelL6(ZnTi)0.2019 2.35 88.20 50.10
0.6 (Ba,sr)o'sFelo's(ZnTi)o.ﬁolg 1.60 87.60 45.30
1.0 (Ba,Sr)g.sFe 0 o(ZnTi); 0o 1.10 74.70 34.90

3.3 Absorption Characteristics

Figure 6 (a-d) shows the variation of the reflection loss versus frequency, observed in (Ba,Sr)qsFe;,.
«(ZnT1),0y9 hexaferrite (for x = 0.0, 0.2, 0.6 and 1.0) at a thickness of 2 mm and in the frequency
range of 7-15 GHz. The minimum value of the reflection loss exhibited a peak at approximately —10
dB at a frequency of 7 GHz for x = 0.0 (undoped) sample. For x = 0.2 (Figure 6b), the reflection loss
exhibited two peaks at approximately —44 dB at a frequency of 8 GHz and -48 dB at 14 GHz, with a
bandwidth of 0.5 GHz. For x = 0.6 (Figure 6¢), the reflection loss also exhibited two peaks at
approximately —22 dB and -26 dB at 8 GHz and 14.5 GHz. With the addition of Zn-Ti substitutions
for x = 1.0 (Fig. 6d), the reflection loss exhibited three peaks approximately at -32 dB at 8 GHz, -34
dB at 11 GHz and -44 dB at 14 GHz.

The optimum reflection loss was found to be —48 dB at a frequency of 14 GHz in
(Ba,Sr)gsFe16(ZnTi)y,019 hexaferrite for x = 0.2 (Figure 6b). The Zn-Ti substitution to Fe site
affected to domain wall pinning and the change of magnetic anisotropy, so that the damping of domain
turning and domain wall displacement increases, thus leading to the resonance enhancement and
resonance frequency-position shift [6,9,15]. However, an excessive amount of ions doping may result
in weak microwave absorption, due to the increase in electric resistivity. As a result, a suitable amount
of Zn-Ti doping is required to improve the microwave absorption of M-type barium hexaferrite.
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Figure 6. The absorption characteristics of the (Ba,Sr)o sFe».«(ZnTi),O,9 hexaferrite for x at
(a) 0.0, (b) 0.2, (c) 0.6, and (d) x =1.0.

4. Conclusion

M-type hexaferrite of (Ba,Sr)ysFe Zn,Ti,O9 (for x = 0.0, 0.2, 0.4, 0.6, 1.0) has been synthesized
through mechanochemical process. The structural, magnetic and absorption properties of the
synthesized composition were studied by using XRD, SEM, VSM and VNA. The refinement of XRD
pattern results showed that the M-type hexaferrite for x = 0.0 and x = 0.2 are single phase. The phase
purity decreased with the increase of Zn-Ti concentration for x = 0.6 and x = 1.0. The effect of the Zn-
Ti ions substitution led changes in the structural and magnetic properties. The lattice parameter
increased became elongated along @ and c-axis with the doping of Zn-Ti, and also led to increase the
unit cell volume (V,.;). The magnetic properties behaviors such as magnetic coercivity, remanent and
saturation magnetization led to decrease, as the addition of Zn-Ti substitution. The Effect doping of
Zn-Ti could enhance the impedance matching and microwave attenuation, which the optimum
reflection loss was found to be —48 dB at 14 GHz in (Ba,Sr)ysFe;; (ZnTi)y,0;9 for x = 0.2.
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