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Abstract
Development of metallic magnetic materials for recording media

Transmission, storage and utilization of information play a vital role in the modern world.
Thus the author aimed at developing materials for magnetic recording media, which supported the
audiovisual, communication and information areas and any advancement is expected to bring
considerable progress. The author developed a technique to produce Fe203 powder for magnetic
recording, by utilizing the knowledge acquired in magnetic material synthesis through the
preparation of ferrite, crystal growth techniques through the synthesis of ZnO crystals and
inhibition of sintering in pigments. And also, the experience gained in handling gas, heat,
construction and operation, and other core techniques required for the development of magnetic
recording media such as, product design, development requisites, mass production and product
evaluation.

The magnetic recording density is increasing by approximately 2dB per year. This is being
realized through the shortening of the wavelength, which was made possible only through the
enhancement in the properties of the magnetic material such as coercivity (Hc) and remanence
(B:) rather than the recording width. The H. increased by 10 fold from 250 to 2500 Oe and B: by
4.5 fold from 1000 to 4500 G when the recording material was switched over from v -Fe20s to the
recently developed alloy of Co. In addition to the basic requirements such as high output and low
noise, many other properties such as reliability, stability, long-term storage and matching with
hardware are essential. One of the important factors affecting the magnetic properties of the
recording materials is their magnetocrystalline anisotropy. Though the origin of magnetic

anisotropy are shape and crystallinity of the material, shape anisotropy is being utilized in the




cases of vy -Fe203 and metal powders by making the grains acicular in shape. In the future, if the
size of the magnetic grains is to be reduced to attain high recording density, retaining the shape
could be difficult and so the shape anisotropy. And also, the crystalline anisotropy could become
very sensitive to temperature and affect the practical application of the magnetic material. Though
metallic magnetic recording material has the intrinsic advantages of high saturation
magnetization (o) and coercivity (He) depending on their magnetic constituents over the oxide
counterpart, reactivity and dispersability during preparation and durability and degradation
during practical use are considered detrimental. After reviewing the advantages and
disadvantages of each processes, the author concluded that the synthesis of magnetic recording
material using FeOOH as the starting material was superior to others when mass production, and
shape control are considered.

Aging time during the neutralization process significantly affect the morphology of the goethite
(FeOOH). As the aging time becomes longer, particles become finer. Consequently, the surface area
of the powder and the branching of the crystal increases. When the morphology of the goethite is
monitored during neutralization, we could find that hexagonal plate-like iron hydroxide is formed
initially. Then, when the iron hydroxide is further oxidized, the formation of goethite begins near
the edges of the plate and branches off at an angle of 60 degree. Finely dispersed hydroxide
particles could be obtained by reverse neutralization within a short time under supersaturated
condition. Metal particles with excellent switching field distribution (SFD) and OR were produced
by reducing the above material. If the neutralization temperature is higher, the number of
branches increase and the SFD, SQx and OR of the powder deteriorates. Al doped goethite could be
produced by adding Al during neutralization of the solution with pH not less than 12. Compared
with goethite, the lattice constant of the Al doped goethite was smaller and suggested that the Al is
substituted for Fe in goethite.

Al doped goethite has a higher decomposition temperature than the Al-free goethite. Since the
Al doped goethite retains its shape and inhibits sintering, it exhibited good dispersible and
orientation properties. However, the non-magnetic layer thickness increases with increasing
concentration of Al and leads to the decrease in saturation magnetization. Furthermore, excessive
addition of Al causes pores in the particles and consequently the coercivity is reduced. Al doped
powder that withstands degradation consists of metal particles with pores and different crystal
orientation, surrounded by spinel structured oxide layer containing Al and Fe that acts as oxygen
barrier and Al, Fe composite oxide layer that inhibits sintering.

For higher recording density, development of ultrafine metal powder with high Hc and B: is
indispensable. Ultrafine metal powders synthesized using the conventional process exhibited low
He, and os. In addition, they were unstable in oxidizing atmosphere and possess low durability.
These problems were solved by making the particles acicular in shape, alloying with Fe-Co and
doping with Y to inhibit sintering. Even particles that were 0.1 u m in length could be made
acicular in shape, dispersible and possess orientation property by doping with Y and Al. Fe-Co
alloying improved the magnetic properties such as, He, o0 s and durability. Furthermore, the
addition of Co prevented the coarsening of the erystals and high output and low noise was realized.
However, when the length of the major axis was less than 0.1 ¢ m, the coercivity dropped

drastically. Especially, when the axial ratio of the particle becomes less than 5, particles with He



less than 2 kOe increased remarkably. To obtain ultrafine particles, the axial ratio of the iron
hydroxide that undergoes reduction has to be decreased. As a consequence, it is necessary to take
steps to prevent them from sintering. In the improved metal powder, the oxide layer has become a
few nanometers thick; number of pores reduced and the particles became almost single crystal.
The concentration of Co was found to increase from the surface to center of the particle. It is
believed that most of Y accompanied Al and remained at the surface of the particle forming Fe, Co
complex oxide. Improved metal powder particles could be synthesized with He greater than 2 kOe.
However the H. decreased, when the particles diameter was reduced further. Although the
saturation magnetization, ¢ s was improved, it is still less than the bulk value of 240 emu/g and
there is hope for further improvement. .

Fet-FePt particle with diameters ranging between 7 and 10 nm was synthesized reacting iron
and platinum acetylacetonate at 300 °C by using the polyol process. However, remarkable
improvement of He could not be observed, as the particles were polycrystalline in nature. Thus, the
synthesis of FePt particles using H2PtCls as nucleating agent and carboxylic acid as complex agent
facilitated the formation of single crystal FePt nanoparticle with enhanced magnetic properties.
fet-FePt nanoparticles with optimum magnetic properties was obtained by the addition of 1 at.%
H2PtCls and 5 equivalent of Calboxylic acid. The Fe:Pt ratio was 52.5:47.5.

In the beginning, 230 nm size metal powders were realized for practical use by researchers.
Although it was mentioned in the literature that the magnetic properties deteriorates when the
particle size becomes less than 100 nm, 45 nm metal powder was realized with better magnetic
properties. The Hc was increased from 1.5 to 2.5 kOe, and os, or and A os were also improved
or maintained. The success in the development of excellent metal powders depended on the design
of the original composition, process, equipment, estimation and control. The metal powder
developed was very simple in composition with the elements of e, Al, Ni and O compared with the
conventional metal powder, which was composed of about 10 elements. In order to achieve
improved properties with simple composition, the physico-chemical factors such as, equipment and
control were important. For example, an original equipment (plant) that could supply Hz, maintain
low H20 content that facilitated increased reaction rate by quickly removing H20 during reduction
was developed. Though the improvement in He was maintained even with the reduction in particle
size, the magnetization continued to decrease as surface area and the volumetric ratio between the
non-magnetic and magnetic phases increased. And also, the anisotropy decreased with the
lowering of the melting point. Furthermore, improvement is necessary in reducing non-magnetic
and superparamagnetic fraction. As many high potential materials are to be identified, there are
possibilities for a breakthrough in magnetic recording material. Although FePt is not a new
material, it has become a potential material for recording application with the advances in polyol

process.
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