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Properties of barium ferrite powder,
prepared using a flux additive Na,O
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Within ceramic technology using sodium as a flux component by precipitation from the melt obtained microfine powder of
hexagonal barium ferrite. Defined functional magnetic parameters: the coercive force, and a constant effective magnetic anisotropy
field and the maximum magnetic energy. The level of the received parameters corresponding to the requirements of the hard magnetic

powder materials.
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B pamkax kepamidHOi TexHOJOTril 3 BUKOpUCTaHHAM Na,O B AKOCTi OHOIO 3 KOMIIOHEHTIB (DIIFOCY METOIOM OCA/KCHHS 3
pO3IuIaBy, OTPUMAHO MiKPOJICIIEpCHUH MOPOIIOK TeKcaroHaabHOTro (eputy Gapiro. BusnadeHo ¢yHKIiOHAIBHI MAarHITHI TApaMeTpH:
KOCPIMTHBHA CHJIAa, KOHCTAaHTa 1 TIoJie e()eKTHBHOI MArHiTHOI aHi30Tpomii Ta MakCHMaJbHA MarHiTHa eHepris. PiBeHb OTpUMaHUX
rmapaMeTpiB BiANOBIAa€ BUMOTaM, 10 Tpe IBISIOTHCS 10 MarHITOTBEPAUX MOPOIIKOBUX MaTepialiB.

Ki1ro4oBi cji0Ba: MarHiTHi BIaCTUBOCTI, KOEPLUTHBHA CHJIA, 3AJIUIIKOBA HAMArHIYEeHICTh, OAHOJOMEHH] YaCTUHKH.

B pamkax kepaMH4eCKOH TEXHOIOIMH € UCTIOMb30BaHHeM Na,O B KaueCTBE O/JHOTO M3 KOMIIOHCHTOB ()III0Ca METOIOM OCaXICHHS
13 pacIIaBa, MOIy4YeH MUKPOANCIIEPCHEIH MOPOIIOK TeKcaroHaAIbHOTo (eppura Gapus. OnpeneneHs! GyHKINOHATBHBIE MATHUTHBIS
rapaMeTphl: KO3PIUTUBHAS CHJIA, KOHCTaHTA ¥ 1oje () (EeKTUBHOI MarHUTHOM aHM30TPOIMU M MAaKCHMaJIbHasi MaTHUTHASI SHEPTHS.
YpoBeHb MOIY4EHHBIX TAPAMETPOB COOTBETCTBYET TPEOOBAHMAM, IPEABABIIEMBIM K MATHUTOTBEP/IBIM OPOIIKOBBIM MaTepHaIaM.

KonroueBble ciioBa: MarHUTHBIE CBOMCTBA, KOOPIIUTHBHAS CHIIA, OCTATOUHAs HAMArHUUEHHOCTb, OJJHOJIOMEHHBIE YaCTUIIBI

Introduction

One way to control the magnetic properties of the ferrite
powders is to use of additives, containing as paramagnetic
so diamagnetic ions. This supplements can play a role of
“providers” of replacement of ions, that is, to change the
original chemical composition of ferrite, and can regulate
the morphological parameters of the particle, which is also
affected, in one way or another, on the magnetic parameters
of the powder as a whole.

This issue is devoted to a series of papers [1-5].

In [1], we measured the coercive force H_ of the
hexagonal barium ferrite BaFe ,0,,, belonging to the class
of hardmagnetic materials and finding a wide application
in various spheres of human activity: technology, ecology,
medicine. As a substitute Fe ions used ions Al, Cr, In
and combinations of ions ZnGe, ZnV, ZnNb, ZnTa. The
substitution for ions of Al, Cr, In leads to an increase
in coercive force, which is interpreted as the result of
increasing the critical single domain size and magnetic
anisotropy field. In the case of other specified substitutions
coercive force is decreased due to the decrease of the
anisotropy field. In [2] studied the effect of the introduction

of a number of additives in the form of oxides, in the initial
and intermediate stages of sintering, on the coercive force
and residual magnetization pre-prepared barium ferrite
powder of stoichiometric composition. It is shown that the
addition of SiO, and Al O, increased coercive force and
maximum magnetic energy (BH)_ ., unlike TiO,, MgO,
NiO and SnO,, which have a negative impact. In [3] were
used oxides of iron obtained from the iron pyrite and is
initially containing impurities. The presence of impurities
affect the rate of synthesis and magnetic properties of the
final product: the additive CuO, ZnO and CaCO, increases
the rate of synthesis, but has little effect on the value
(BH), . while the impurities MnO, SiO,, AL,O, slowed
synthesis and lowered (BH)__ .

Impact additive Na,0O presented in the literature
insufficient [4, 5]. In [4] it shows that the addition of Na,O
after firing in amounts up to 0.15% resulted in a significant
increase in the coercive force and maximum magnetic
energy. In [5] during the growth of crystals BaFe ,0 , from
solution in the system Fe,O,-BaCO,-Na,CO, were received
large crystals (up to 6 mm) of high quality.

The aim of this work was to obtain barium ferrite
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powder within the ceramic technology using Na,O as one
of the components of the flux and the investigation of final
product properties.

Preparation of the barium ferrite powder
For barium ferrite powder preparation used method of
precipitation from a melt in accordance with which to a
mixture of ferrite-forming components a flux is added. As
ferrite forming-components used BaCO, and y-Fe,O,. The
reaction was held at relatively high temperature (1100°C)
in accordance with the equation
BaCO,+6Fe,0,= BaFe ,0 ,+CO,1 (1)
in the presence of a flux, the main component of which
was water-soluble BaCl, - 2H,O. As a modifying addition
unused carbide sodium
Na,CO,—Na 0+ CO,1.
Na,O content in the flux is ~ 1%.
In studying the specific effects of small particles and
thus superfine powders, of paramount importance is the
size factor.
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Fig.1. An electron micrograph of the powder particles
and their size distribution.

Fig. 1 is an electron micrograph of the powder
particles and their size distribution. The particles have a
characteristic hexagonal shape. The average value of the
diameter <d> = 1,2 pum, that is the condition for single-
domain particles of barium ferrite d<I1,4 pm [6]. Thus 85%
of the particles have a size in the range of (0.5-1.5) um,
which gives rise to an homogeneity of the resulting powder.

Magnetic properties
Magnetic measurements were performed at T =300 K
in the induction type magnetometer. Functional magnetic
parameters of fine ferrite materials have been identified
as a result of the research processes of magnetization and
demagnetization. The studies were conducted on a pre-
demagnetized non-oriented powder samples with packing
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factor of 0.4. Figure 2 shows the principal magnetization
curve and the limit hysteresis loop of the sample. In
the magnetization curve is observed characteristic of
powder samples unsaturation of magnetization in fields
exceeding the field of magnetocrystalline anisotropy of
makroanalogue (17.8 kOe). The value ofhigh-field magnetic
susceptibility y =7 - 10* - G - cm® g' - E! is in the range
given in the literature for high-distersive ferrite systems
(1-10-G-cm? g!- E') [ 7,8]. The value of the magnetization
in the anisotropy field makroanalogue is 18% lower
for makroanalogue that explains the “canted” magnetic
structure of the structurally defective near-surface region of
small particles [9]. Measurement of principal magnetization
curve and limit hysteresis loop allowed to determine such
fundamental parameters as coercive force H, constant
K<™ and field H " of effective magnetic anisotropy, the
maximum magnetic energy (BH) . Experimental value
H, = 4 kOe is approximately two times smaller for this of
maroanalogue but is correlated with the data of reference
[10] for magnetically powder materials.

T T T
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H*107, Oe BH*10°, G*Oe
Fig.2. Principle magnetization curve and the limit
hysteresis loop of the sample.

To determine the magnetic anisotropy constant and
the field of used the “area method” [11], according to which
the area bounded by the demagnetization curve in the first
quadrant and straight, extrapolating high-field port of the
magnetization curve of I(H) to the field H = 0 (Fig. 2,

2 .
shaded area ) equals EK 4" The resulting value K¢ = 1,4

- 10° - erg cm?. Effective magnetic anisotropy field of the
test powder as a system of randomly oriented single-
g 2K7
domain one-axis particles Haﬂ == =8.8-10° Oe.
N

If there is no interaction between the particles [12] the

coercive force for such a system

HC = 0.48H§ﬂ =4.2 KkOe - a value close to the

experimentally obtained.
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Fig.3. Demagnetization curve and magnetic energy is

calculated according to her.

The maximum magnetic energy (BH), - parameter
characterizing the density of magnetic energy stored in
the magnetic material during magnetization is determined
from the dependence of BH=f(B) in the second quadrant,
Fig. 3. For the test powder (BH) _=0,79-10° G - E 10°,
which corresponds to the upper limit of the range of values
of this characteristic for the untextured powder of barium
ferrite without additives [10].

Conclusions

1. The proposed technology has provided high quality
of the resulting powder in terms of morphology and particle
size distribution in the micrometer range.

2. This constant effective magnetic
anisotropy KT in order of magnitude equal to the value for
macroanalogue.

3. The value of the coercive force H, determined
directly from the limit of the hysteresis loop, close to that
calculated from the relation between H_and the anisotropy
field HeT is valid for non-interacting particle systems.

4. The value of the maximum magnetic energy (BH)__
to the powder under study corresponds to the top value of
this characteristic for the barium ferrite powders modified
without fluxing agents.
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