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Abstract

The overall aim of this study is to establish the inter-relationships between key
processing parameters, phase formations, microstructures, mechanical properties and magnetic
properties of the novel ceramic in hydroxyapatite system for biomaterial applications. First,
barium hexaferrite, strontium hexaferrite and hydroxyapatite powders were prepared. After that,
all samples will be fabricated by using the mixed-oxide method via a combination between
hydroxyapatite-+barium hexaferrite and hydroxyapatite+strontium hexaferrite, shaping and
sintering at 1100-1300 °C for 2 h. The sintered samples were characterized phase formation,
microstructure, mechanical and magnetic properties by using X-ray diffraction (XRD), scanning
electron microscopy (SEM), universal testing and VSM measurements, respectively. It can be
seen that that XRD patterns for all samples showed a combination between hydroxyapatite and
magnetic phases. Moreover, it should be noted that the overall microstructure of composites are
totally different due to densification mechanism and amount of barium hexaferrite and strontium
hexaferrite. SEM micrographs pointed out a heterogeneous microstructure with different grain
size distribution. Compressive and bending strength of all samples tend to increasing with barium
hexaferrite and strontium hexaferrite increase. However, there are no significant. The same results
show in Vicker’s hardness because barium hexaferrite and strontium hexaferrite are not the
materials has high hardness. For magnetic properties, the coexistence of barium hexaferrite and
strontium hexaferrite phases reveal magnetic hysteresis loops, showing the change from

diamagnetic to ferromagnetic behavior.

Key words: hexaferrite magnetic, hydroxyapatite, magnetic properties, mechanic properties, composite
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Abstract. The Zn®' and Zr* -doped barium hexaferrite according to the stoichiometric formation
BaFegs.ov ayZnOry and BaFeqaguipZnOe with x = 0, 0.1, 0.3 and 0.5 were prepared by
conventional method using ball milling technique. These powders were calcined at various
temperatures from 1000 °C to 1200 °C for 2 h. The structural, morphology and magnetic properties
were carried out by X-ray diffraction (XRD), scanning electron microscopy (SEM) and vibrating
sample magnetometer (VSM), respectively. The XRD confirmed the formation of main phase
magneplumbite and the crystalline structure of samples is still hexagonal. Pure and dopes barium
hexaferrite shows only single phase. The lattice parameter a and ¢ increased with the Zn’" and Zr"
jon content increasing, The SEM results showed that the particles of pure BaFe ;09 were regular
hexagonal while doped-samples showed spherical shape. After Fe'' is partly substituted with 7n',
the magnetic parameters like coercivity and saturation magnetization are decreased. On the other
hand, with increasing Zr* ions. the coercive force and saturation magnetization are slightly
increased. The behavior of magnetic properties of materials is explained by the combined effect of
the coherent rotation of the magnetic domains and the replacements of Fe' by Zn®" and Zr"" ions in
the tetrahedral and octahedral sites.

Introduction
Barium hexaferrite (BaFe;;0,5 or BaM) has a complex hexagonal unit cell and belonging to the
magnetoplumbite structure [1], are of the type AY01+6B," 03 [2]. Materials of this type have a
strong uniaxial magnetic direction, making as permanent magnets. Barium hexaferrite, in the single
crystal and ceramic form, has a wide range of applications; computer data storage, magnetic
recording media and microwave applications [3.4]. because of its relatively high Curie temperature,
high coercive force and high magnetic anisotropy field as well as an excellent chemical stability and
corrosion resistivity [5]. Moreover, the last decade. this material has been studied for the results of
the diamagnetic and paramagnetic dopants in the host lattice for magnetic devices [6-9]. The non-
ma}{;nﬂic ions, when replace Fe** ions, occupy different sites and disturb the magnetic moment of
Fe* ions and therefore exhibit various kinds of magnetic structures. The magnetic and electrical
properties of barium hexaferrite are strongly dependent on the synthesis conditions and the site
occupation of the substituted cations among five different Fe'' sublattices, namely. tetrahedral (4f,),
trigonal bipyramidal (2b) and octahedral (12k, 2a and 4f3) of hexagonal structure [9].

In some earlier studies, Fe'' jon has been replaced by only one cation of La, Es, 8i. Bi and
Al [10-14] and two cations of Zn-Co [6], La-Co [7] and Zn-Ti [15]. In all cases of doping, small
concentrations were used. According to the literature survey, non-magnetic Zn' and Zr''
substituted BaFe 200 has not been studied. In order to understand the role of non-magnetic Zn*
and Zr"" in the BaFe;0yo. an investigation was done in the present paper. The purpose of this paper
i to report a detailed structural and magnetic study of Zn”" and Zr"" doped BaFe,01s.

Experimental

BaFeﬂg_;;, ,'3”7,11‘{0” and Bﬂyﬁuz_[qx m;Z.r,gO;g (.X = 0, 0], 0.3 and 05) referred as BaM, Zn0.1,
Zn0.3. Zn0.5, Z10.1, Zr0.3 and Zr0.5, respectively, were prepared through conventional ceramic
route. The powders of BaCOjs, Zn0, ZrO, and Fe;03 with 99.99% purity were mixed together in
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stoichiometric ratio via ball milling technique for 24 h in ethanol. They were dried and calcined at
various temperatures 1o produce proper powders in an electronically controlled furnace.

The phase present were identified from the characteristic peaks observed by N-ray
diffractometer using Cu K, radiation. The lattice parameters, volume of unit cell and theoretical
density were calculated from the d-spacing and miller indice (hkl).The particle morphology were
observed by scanning electron microscope (SEM). The magnetic properties of the samples were
measured at room temperature using a vibrating sample magnetometer (VSM) in a maximum
applied field of 8 kOe. From the obtained hysteresis loops, the saturation magnetization (M),
remnant magnetization (M,) and coercivity (Hc) were determined.

Results and Discussion

Figs. 1(a) and (b) show the XRD patterns for all the synthesized powders of Zn®" and 71",
respectively. All the peaks matched with the standard pattern (JCPDS file no. 84-0757), confirming
the formation of a single hexagonal phase. The peaks of the host material as well as the substituted
ferrites appear at the same position. The lattice parameter a and ¢, cell volume (V) and theoretical
density are calculated using the following equation [16]:

IV =0.8666a"c (Eq. 1)
L_4+hkl') I Ea2)
d. '3 at ot
M _u
N7 (Eq3)

Where 7 is the number of formula units in a unit cell, M is the molecular weight and Ny is the
Avogador’s number. The all parameters are summarized in Table 1. The lattice parameter a, for all
powders with 7n*" and Zr"" doping, is slightly less than that of BaM. The lattice parameter ¢, for
Zn0.1 and Zn0.3 powders, is less than that of BaM whereas ¢ for Zn0.5 and all 7r" doped samples
is slightly higher than that of BaM. The little change in the lattice constant due to the substitution in
attributed to different ionic radii of Zn®" (0.74 A) and Zr*" (0.84 A) as compared to that of Fe*
(0.67 A). The values of cell volume, for doped samples increase in concentration of the doped ions.
Though Zn”" and Zr'" ions are replacing Fe'" jons, Zr" substitution seems to have a pronounced
effect on the increase in ¢ and V. The theoretical density increases with the increase in concentration
of Zn** and Zr'" ions, which is due to the higher molecular weight of doped samples as compared to
BaM. as the value of theoretical density directly depends on the molecular weight of the sample
(Eq. 3). The SEM images of BaM, Zn0.5 and Zr0.5 samples calcined at 1100 °C for 2 h are shown
in Figs. 2(a)-(c). The hexagonal platelet-like shape particles with smooth surfaces can be observed
in BaM powders. It was found that the formed hexagonal-shape particles are homogencously
distributed in diameter size range of 0.75-1 um and 0.3 pm of thickness. However, when adding
dopants, particles tend to become spherical in shape and diameter size of 0.37-0.6 um and 0.5-0.7
um for Zn0.5 and Zr0.5, respectively. The smallest size is observed for Zn0.5 sample.
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Fig. 1 XRD patterns of (a) BaFeq.qwapZn.Oys and (b) BaFeqa i apZr Oy samples.
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Fig. 2 SEM micrographs of (a) BaM. (b) Zn0.5 and (¢) Zr0.5

Table 1 Calculated data of crystallography parameters of samples.

Sample a(A) ¢ (A) ale VA)  p(kg/im’)
BaM 5.872 23,064 3.928 688.691 5,359
Zn(.] 5,864 22,968 3917 683,957 5.399
Zn0.3 5.864 22.968 3.917 683,957 5,405
Zn0.5 5,868 23.106 3.938 689,006 5372
VAN 5.860 23.202 3.959 689,983 5.391
.3 5.860 23.202 3.999 689.983 5417
Zr0.5 5.860 23.064 3.936 688.691 5473

The M-H loops at room temperature for all the synthesized powders are shown in Figs. 3(a) and (b)
and the magnetic parameters have been summarized in Table 2. For BaM powders, M, and M,
values are slightly less than those report by V.V. Soman [17]. On the other hand, /1. value is more
than that report. It is observed that as the external field / increases, the magnetization also increases
till a constant value is reached. BaM has H, = 2.7 kOe and is classified as a hard magnetic material,
For all doped powders, the magnetization curves are almost saturated and it shows large coercive
field. The M. value varies from 29 to 39.5 emu/g and this seems to be lower than the value of BaM.
The behavior of these properties can be explained on the basis of the occupation of doped cation at
the different sites in the hexagonal structure of the ferrite, Fe' ion occupies 12k, 2a (both with spin
up) and 4f; (spin down) in octahedral coordination, 2b (spin up) in bipyramidal coordination and 4f;
(spin down) in tetrahedral coordination. As Zn’" and Zr*" both are none magnetic ions, they cannot
add to the magnetization of the samples. These behaviors are the same with V.V. Soman’s report
[17]. Moreover, it is known that Fe'' ions at the 2a and 4f) sites give positive contribution to the
magnetocrystalline anisotropy constant. When Zn®* ions replace Fe'" jons at 2a site, there is also
another notable change in the quadrupole splitting at 4f) site. It is reported that the quadrupole
splitting decreases on 4f) and as a result the magnetocrystalline anisotropy constant also decreases,
which is responsible for the decrease in coercivity of the Zn®" doped samples.
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On the other hand, adding Zr' gives a different result from Zn®" doping. Increasing 7"
concentration the magnetic properties increase. It is known that the magnetization is strong function
of chemistry and density of materials. It is expected that the increase in theoretical density of all
7r*" doped samples as shown in Table | resulted in a increasing in magnetization [18]. Another
possible explanation, when 7r"" jons replace Fe’* ions at the 4f; site with spin down, then the total
number of unpaired electrons with upward spin is increased. causing the magnetization of the
samples to increase [19].

Viagnetbistion, M jesuig)

e T T

Magwetie Fiekd, 1 100) Magnet

Fig. 3 M-H hysteresis loops of (a) BaFeq.003)/n,04 and (b) BaFeq oy 2,019 powders.

Table 2 Magnetic properties of samples.
Sample M, (emu/g) M, (emu/g) H(kOe)

BaM 39.58 35.52 2.713
Zn0.1 37.44 26.64 2.29
Zn0.3 33101 29.64 2
/Zn0.5 31.82 25.11 2.70
Zx0.1 27.93 23.59 2.84
/7103 35.08 31.65 3.12
710.5 39.13 33.71 3.26

Conclusion

The structural and magnetic properties in BaM doped with 70" and 7r"" have been studied. All the
samples were found to have single phase M-type structure in the form of hexagonal platelet. This
observation is supported by XRD and SEM techniques. The M, M, and H, decrease with the
increase in Zn”* content whercas these values of Zr'" doped powders increases. This behavior is due
to the combination effect of two independent factors: the limitation of the rotation of the magnetic
domain and the unequal replacement of Fe** by Zn®" and Zr*" ions in octahedral sites. From results,
it |§ conﬁm:eé that the magnetic properties of BaM are very much affected by the substitution of
Zn’ and Zr'"
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