1 ALLOY FOR SOFT MAGNETI C LAYER | N PERPENDI CULAR
MAGNETI C RECORDI NG MEDI UM TECHNI CAL FI ELD 5[ 0001]
The present invention relates to an alloy for a soft
magneti c | ayer in a perpendicul ar magnetic recording
medi um excel I ent in saturation nagnetic flux density,
anor phousness, and atnospheric corrosion resistance.
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Eval uation of the atnospheric corrosion resistance 25A
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i5 Fe: an amount satisfying 0.25 to 0.65 of Fe/(Fe+Co) ratio, which
is an atomic ratio of Fe and Fe+Co;
Zr+Hf: 6 to 11 at%;
Nb+Ta: O to 2 at%:;
Al and/or Cr: 0 to 5 at%,; and
20 the balance Co and unavoidable impuyrities
DETAILED DESCRIPTION OF THE INVENTION
L0009]
The alloy for the soft magnetic layer of the perpendicular
magnetic recording medium according to the present invention
25  comprises an Fe-Co based alloy. The Fe-Co based alloy comprises
Fe in an amount satisfying 0.25 to 0.65 of Fe/(Fe+Co) ratio, which is
an atomic ratio of Fe and Fe+Co; Zr4-Hf In an amount of 6 to 11 at%;
Nb+4+Ta in an amount of 0 to 2 at%: Al and/or Crin an amount of 0 to
5 at%; and the balance Co and unavoidabie impurities.
30 [0010]
Hereinafter, reasons for limiting the component composition
according to the present invention will be described.
The alloy according to the present invention contains Fe in an
amount such that the Fe/(Fe+Co) ratio is 0.25 to 0.65 (atomic ratio},
35 preferably 0.30 to 0.50. The Fe/(Fe+Co) ratio is a parameter which
heavily affects the saturation magnetic flux density, amorphousness
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and atmospheric corrosion resistance. If the Fe/(Fe+Co} ratio
exceeds 0.65, the atmospheric corrosion resistance decreases. If
the Fe/(Fe+Ce) ratio is small, not only the saturation magnetic flux
density decreases but the amorphousness also deteriorates. 1If the
ratio is 0.20 or more and less than 0.25, the amorphousness is low.
If the ratio is less than 0.20, the saturation magnetic flux density is
low. Although Japanese Patent Laid-Open Publication No.
2006-112504 describes that the saturation magnetic flux density
becomes low if the Fe/(Fe+Co) ratio is less than 0.20, it is one of the
characteristics of the present invention to have further found that the
amorphousness also decreases in the range of .20 or more and less
than 0.25. In addition, although the amount of Fe in the total alloy
is not particularly limited as long as the above-mentioned ratio is
satisfied, it is preferably 23 to 50 at%, more preferably 25 to 40 at%.
[0011]

The alloy according to the present invention contains Zr+Hf in
an amount of 6 to 11 at%, preferably 7 to 9 at%. Zr and Hf belong
to the same group in the periodic table, and have similar phase
diagrams with Co or Fe while exhibiting similar behaviors in the alioy
of the present invention. It is therefore possible to consider the
amounts of Zr and Hf in total of Zr+HE.  Amorphous materials can be
obtained by the addition of an appropriate amount of any of the
amorphous formation-enhancing elements described in Japanese
Patent Laid-Open Publication No. 2005-320627 and Japanese Patent
Laid-Open Publication No. 2006-112504, However, since these
clements are all non-magnetic elements, the saturation magnetic
flux density decreases with the increase of the amount to be added.
Therefore, it becomes very important to be able to efficiently
enhance the amorphous formation with a less amount to be added.
[0012]

Accordingly, as a result of detalled investigation about these
amorphous formation-enhancing elements, it has been evidently
found that Zr and Hf have far higher enhancing effect for the
amorphous  formation  compared  with  other  amorphous
formation-enhancing elements (B, Ti, V, Nb, and Ta) described in
Japanese Patent Laid-Open Publication No. 2005-320627 and
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Japanese Patent Laid-Open Publication No. 2006-112504, That is,
since the amount to be added for the amorphous formation can be
fowered, it is consequently possible to prevent the decrease of
saturation magnetic flux density. Thus, it is the most important
feature of the present invention to have found that the effective
amorphous formation is realized by the addition of Zr and Hf with no
or a trace amount of less efficient Ti, V, Nb, and Ta.

{0013]

As will he described later, although the effect of B for the
amorphous formation is inferior to that of Zr and Hf, it is effective
when added simultaneously with Zr and Hf, since decrease in the
saturation magnetic flux density is small when a certain amount of B
is added. Note that, if the amount of Zr+Hf is less than & at%, the
effect of amorphous formation is not sufficient. The addition of
Zr+Hf more than 11 at% no longer increases the effect of amorphous
formation and acts only for lowering the saturation magnetic fiux
density.

[0014]

The alloy according to the present invention contains Nb+Ta in
an amount of 2 at% or less. Nb and Ta helong to the same group in
the periodic table, and have similar phase diagrams with Co or Fe
while exhibiting similar behaviors in the alioy of the presentinvention.
It is therefore possible to consider the amounts of Nb and Ta in total
of Nb+Ta.  Although Nb and Ta are amorphous formation-enhancing
elements as mentioned above, their amorphous formation effect is
small compared with that of Zr and Hf. Therefore, a large amount of
Nb and Ta should be added in order to attain the same
amorphousness as attained with the addition of Zr and Hf, resulting
in a large decrease in the saturation magnetic flux density.
Therefore, it is required to limit the amount of Nb+Ta to 2 at% or less.
Prefaerably, Nb and Ta are not added.

[6015]

The alloy according to the present invention contains Al and/or
Crin an amount of O to 5 at%, preferably 0.5 to 3 at% in total.
Although Al and Cr are the elements that improve atmospheric
corrosion resistance, they lower the saturation magnetic flux density



10

15

20

25

\]

6 faor 0O0COar t (9LLCOCDO- O0CFS.O
NOC X.10 Rl IL. C) CO0O OCDLI ro76 0
9CUIt. .... CODN 000U O coTzZzoDO

1Y) IDC 76 .0 co CDCD 03 G0 (9 0 co 0- 0 If)
C
0

at the same time. Note that, the addition of Al and Cr more than 5
at% excessively lowers the saturation magnetic flux density.
Although B is an amorphous formation-enhancing element and can
replace Zr and Hf in a double amount, a large amount of B should be
added to attain sufficient amorphousness compared with Zr and Hf,
However, decrease in the saturation magnetic flux density is smalier
than Zr and Hf, if the similar amount is added. Therefore, it is very
effective if B is added simultaneously with Zr and Hf.

[0016]

According to a preferred embodiment of the present inventicn,
in the above-mentioned alloy for the soft magnetic layer, a part of Zr
and/or Hf can be replaced by B, such that the amount of B to replace
Zr and/or Hf is double in at% of the total amount of Zr and Hf to be
replaced and that the total amount of Zr and Hf after replacement is
4 at% or more. That is, the present inventors have found that the
hardness of the alloy of the present invention also increases by the
addition of B. This is also one of the features of the present
invention. This feature can meet the requirement to increase the
hardness of the soft magnetic layer in order to prevent flaws on the
disc for the perpendicular magnetic recording medium which has
recently become a problem. Since it has been confirmed that
increasing the amount of Zr, Hf, Nb and Ta provides little effect on the
increase of hardness, the addition of B is considered to play a vital
role in increasing the hardness. Note that the total amount of Zr+Hf
should be replaced by B in a double amount (for example, Zr+Hf is
replaced by 28, as 90(50Co50Fe)62r4B and 88(50Co50Fe)y4Zr3B for
92(50Co50Fe)87s), It was found that 2 at% of B is almost
equivalent to 1 at% of Zr or Hf in terms of decrease in saturation
magnetic flux density., However, if the total amount of Zr+Hf after
the replacement by B is less than 4 at%, the saturation magnetic flux
density and the corrosion resistance deteriorate.

EXAMPLES
10017
Hereinafter, the present invention will be more specifically
described with reference to examples,
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A soft magnetic layer of a perpendicular magnetic recording
medium is usually ebtained by sputtering a sputtering target matearial
with the same composition as the layer and forming a fitm on a glass
substrate or the like. In this process the thin film formed by
sputtering has been quenched. In contrast, in the prasent invention,
a quenched ribbon prepared through a single-roll liquid quenching
apparatus Is used as a specimen for Fxamples and Comparative
Examples. Thisis to evaluate the influence of the components of the
thin fitm actually formed by sputtering and quenching on various
properties, In a simple manner using a liquid quenched ribbon,
[0018]

Preparation of the specimens

Thirty grams each of the raw materials weighed for the

component composition shown in Table 1 and Table 2 were prepared.

The materials were arc melted in a water-cooled copper hearth with
a diameter of about 10 x 40 mm in reduced pressure Ar to prepare
the raw material for the quenched ribbon. Specifically, a single roll
method was adopted and the raw material was set in a silica tube
with a diameter of 15 mm to perform tapping under the following
conditions.

Tapping nozzle diameter: 1 mm

Environment pressure: 61 kPa

Atomization differential pressure: 69 kPa

Rotation speed of the copper roll {diameter 300 mm): 3000 rpm

Gap between the copper roll and the tapping nozzle: 0.3 mm

The temperature at which each raw material melted down was
taken as the tapping temperature.  Using the quenched ribbons thus
prepared as the specimens, the following evaluations were
conducted.
[0019]
Evaluation of the saturation magnetic flux density

The saturation magnetic flux density was measured using a V&M
apparatus  (vibrating sample magnetometer) with an  applied
magnetic field of 15 kOe.  The weight of the specimens was about 15
mg.
[0020]
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Evaluation of the amorphousness

Usually, when an X-ray diffraction pattern of an amorphous
material is measured, a diffraction pealk is not observed and a halo
pattern specific to the amorphous material is observed. In addition,
if the material is not completely amorphous, although a diffraction
peak is observed, the peak height is lower and the half width (width
at the half height of the diffraction peak) is broader compared with a
crystalline  material. The half width correlates with the
amorphousness of the material and there is a feature that, higher the
amorphousness, broader the diffraction peak and larger the haif
width.

{0021]

Accordingly, the amorphousness was evaluated in the following
manner. A specimen was adhered on a glass plate with a
doubte-faced adhesive tape, and a diffraction pattern was obtained
with an X-ray diffraction apparatus. In this case, the specimen was
adhered on the glass plate so that the surface of the guenched ribbon
in contact with the copper rolt was the surface to be measurad. The
X-ray source was Cu-ka ray and the measurement was performed at
a scan speed of 4°/min. The amorphousness was evaluated by
measuring the half width of the main peak through an image analysis
of the diffraction pattern.

[0022]
Evaluation of the atmospheric corrosion resistance

A specimen was adhered on a glass plate with a double-faced
adhesive tape, and the sait spray test was performed using 5% NaCl
at 35°C for 16 hours. The evaluation criteria were based on the
appearance after the test as follows.

Good: Slightly rusted

Fair: Rusted in some parts

Poor: Rusted on the whole surface
[O023]

Evaluation of the hardness

A specimen was longitudinally embedded in a resin and polished.

The Vickers hardness (HV) was then measured with a micro Vickers

hardness tester. The measuring load was 50 g and the evaluation
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Criteria of the total balance

5 The specimen which exhibited a saturation magnetic flux density
less than 1.40, a half width less than 0.6, and/or rust on the whole
surface was ranked as poor in the total batance.

The specimens were ranked as “excellent”, “good” or “fair” in

order of superiority in the total balance of three characteristics, i.e.,

10 saturation magnetic flux density, half width and atmospheric
corrosion resistance,
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As shown in Table 1, No. 1 to 23 are present invention examples
while No. 24 to 38 are comparative examples, In Table 2, No. 1 to 8
are present invention examples while No. 9 and 10 are comparative
examples.

[0027]

in comparative examples No. 24 to 26 shown in Table 1, the
saturation magnetic flux density is decreased while the
amorphousness is deteriorated due to low Fe/(Fe+Co) values. In
comparative example No. 27, the atmospheric corrosion resistance is
poor due to a high Fe/(Fe+Co) value. In comparative example No.
28, the amorphousness and the atmospheric corrosion resistance are
poor due to a low Zr content. In comparative example No. 29, the
saturation magnetic flux density is decreased while the total balance
is poor due to a high Zr content,

[0028]

In comparative example No. 30, the saturation magnetic fiux
density is decreased while the total balance is poor due to a high sum
of 7r and Hf. In comparative example No. 31, the saturation
magnetic flux density is decreased while the total balance is poor due
to a high Al content.  In comparative example No. 32, the saturation
magnetic flux density is decreased while the total balance is poor due
to a high Cr content. In comparative example No. 33 and 34, the
atmospheric corrosion resistance while the total balance are poor
since Ti and V are contained,

[0029]

In comparative exampie No. 35, the atmospheric corrosion
resistance is insufficient due to a high Nb content. In comparative
example No. 36, the atmospheric corrosion resistance is insufficient
due to a high Ta content. In comparative example No. 37, the
saturation magnetic flux density is decreased while the total balance
is poor, since the B content does not satisfy the condition that B
should replace Zr in a double amount. In comparative example No,
38, the saturation magnetic flux density is decreased while the
atmospheric corrosion resistance is poor since the sum of Zr+Hf is
less than 4 at%. In contrast, it is realized that present invention
examples No. 1 to 23 have excellent properties since they all satisfy
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the conditions of the present invention.
[0030]

In Table 2, No. 1 to 8 are present invention examples while No.
9 and 10 are comparative examples. In comparative examples No.
9 and 10, the atmospheric corrosion resistance and the hardness are
insufficient while the total balance is poor due to a high content of Nb
and Ta. Incontrast, itis realized that present invention examples No.
1 to 8 have excellent properties since they all satisfy the conditions of
the present invention.

[0031]

As mentioned above, according to the present invention, a soft
magnetic alloy for the perpendicular magnetic recording medium
excellent in saturation magnetic flux density, amorphousness and
atmospheric corrosion resistance, as well as their halance, is
provided by determining the range in which the excellent balance of
the properties is exhibited in the soft magnetic layer of the
perpendicular magnetic recording medium and by adding an
appropriate amount of Al/Cr as needed to enable an improvement in
the atmospheric corrosion resistance without deteriorating the
saturation magnetic flux density and amorphousness.
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1., No. 1 to 23 are present invention exanples while

No. 24 to 38 are conparative exanples. In Table 2, No.

1 to 8 are present inventicanieanples while No. 9 and

1.0 are conparative exanples. 5 [0027] In

conpar ati ve npl es No. 24 to 26 shown in Table
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amoiﬁ% %t% %Fﬁaﬁcgeﬁs p%%?gguggt% 3% Sg @?§§ontent In
conparative exanple No. 33 and 34, the at nospheric
corrosion resistance while the total bal ance are poor
since Ti and V are contai ned, 25 [0029] In
conparative exanple No. 35, the atnospheric corrosion
resistance is insufficient due to a high Nb content.
In conparative exanple No. 36, the atnospheric
corrosion resistance is insufficient due to a high Ta
content. In conparative exanple No. 37, the 30
saturation magnetic flux density is decreased while
the total balance is poor, since the 13 content does
not satisfy the condition that B should replace Zr in
a doubl e anbunt. In conparative exanple No. 38, the
saturation magnetic flux density is decreased while
t he at nospheric corrosion resistance is poor since the
sumof Zr + Hf 35less than 4 at% In contrast, it is
realized that present invention exanples No. 1 to 23
have excellent properties since they all satisfy the
conditions of the present invention. [0030] In
Table 2, No. 1 to 8 are present invention exanples
while No. 9 and 10 are conparative exanples. In
conmparative exanples No. 5 9 and 10, the atnospheric
corrosion resistance and the hardness are insufficient
while the total balance is poor due to a high content
of Nb and Ta. In contrast, it is realized that present
i nvention exanples No. 1. to 8 have excellent
properties since they all satisfy the conditions of
the present invention. 10 [0031] As menti oned
above, according to the present invention, a soft
magnetic alloy for the perpendi cul ar nagnetic
recordi ng nmedi um excellent in saturation magnetic flux
density, anorphousness and at nospheric corrosion
resi stance, as well as their balance, is 15 provided
by determ ning the range in which the excellent
bal ance of the properties is exhibited in the soft
magneti c | ayer of the perpendicul ar magnetic recording
medi um and by adding an appropriate amount of Al/Cr as
needed to enabl e an inprovenent in the atnospheric
corrosion resistance without deteriorating the 20
saturation magnetic flux density and anor phousness.



