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(57) ABSTRACT

Provided are a magnetic recording medium, in which a
magnetic layer includes ferromagnetic hexagonal ferrite
powder, a binding agent, and an oxide abrasive, an intensity
ratio Int(110)/Int(114) obtained by an X-ray diffraction
analysis of the magnetic layer by using an In-Plane method
is 0.5 to 4.0, a vertical squareness ratio of the magnetic
recording medium is 0.65 to 1.00, a coefficient of friction
measured regarding a base portion of a surface of the
magnetic layer is equal to or smaller than 0.30, and an
average particle diameter of the oxide abrasive obtained
from a secondary ion image obtained by irradiating the
surface of the magnetic layer with a focused ion beam is 0.04
um to 0.08 um, and a magnetic recording and reproducing
device including this magnetic recording medium.
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MAGNETIC RECORDING MEDIUM AND
MAGNETIC RECORDING AND
REPRODUCING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C
119 to Japanese Patent Application No. 2017-191665 filed
on Sep. 29, 2017 and Japanese Patent Application No.
2018-170192 filed on Sep. 12, 2018. Each of the above
applications is hereby expressly incorporated by reference,
in its entirety, into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a magnetic record-
ing medium and a magnetic recording and reproducing
device.

2. Description of the Related Art

[0003] The recording and/or reproducing of information
with respect to a magnetic recording medium is generally
performed by bringing a surface of a magnetic recording
medium (surface of magnetic layer) into contact with a
magnetic head (hereinafter, also referred to as a “head”) and
sliding.

[0004] One performance required from the magnetic
recording medium is to exhibit excellent electromagnetic
conversion characteristics in a case of reproducing informa-
tion recorded on the magnetic recording medium.

[0005] Meanwhile, in a case where chipping of a repro-
ducing element of the head occurs due to the sliding between
the surface of the magnetic layer and the head (hereinafter,
also referred to as “head element chipping”), a distance
between the surface of the magnetic layer and the reproduc-
ing element increases and spacing loss which is a reason of
a deterioration of electromagnetic conversion characteristics
may occur. As the countermeasure for preventing the occur-
rence of this spacing loss, a technology of providing a
protective layer on the head has been proposed in the related
art (for example, see JP2005-92967A).

SUMMARY OF THE INVENTION

[0006] However, data recorded on various recording
media such as a magnetic recording medium is called hot
data, warm data, and cold data depending on access fre-
quencies (reproducing frequencies). The access frequencies
decrease in the order of hot data, warm data, and cold data,
and it is general that the cold data is stored as being recorded
on a recording medium for a long period of time which is
longer than 10 years (for example, several tens of years).
The recording and storing of the cold data as described
above is referred to as “archive”. The data amount of the
cold data recorded and stored on a magnetic recording
medium increases in accordance with a dramatic increase in
information contents and digitization of various information
in recent years, and accordingly, a magnetic recording and
reproducing system suitable for the archive is gaining atten-
tion.

[0007] In such a circumstance, a green tape test (GTT) is
performed as a test for a magnetic recording and reproduc-
ing device (generally referred to as a “drive”). In the GTT,
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a particular use aspect for archive, in which cold data having
a low access frequency is reproducing, is assumed, and a
plurality of (for example, several hundreds of) new (unused)
magnetic recording media are slid with respect to one head
while changing the magnetic recording media. Meanwhile,
in a head durability test in the related art, a use aspect with
a high access frequency compared to the archive purpose has
been assumed, and accordingly, one magnetic recording
medium is normally repeatedly slid on the same magnetic
head, without changing the magnetic recording medium to a
new product. In such a durability test in the related art, a
surface of a magnetic layer is worn while repeating the
sliding, and thus, the head element chipping gradually
becomes to hardly occur. With respect to this, in the GTT,
the same head is repeatedly slid on a plurality of new
magnetic recording media by changing the magnetic record-
ing medium slid on the head to a new product, and thus, the
head is in a severe condition where the chipping signifi-
cantly easily occurs, compared to the durability test in the
related art. In order to prevent such head element chipping
in the GTT, the countermeasure on the head side and the
countermeasure on the magnetic recording medium side
have been considered. For example, as the countermeasure
on the head side, an increase in thickness of a protective
layer of the head has been considered, but an increase in
thickness of the protective layer of the head causes an
increase in distance between the surface of the magnetic
layer and the reproducing element of the head, and this may
cause spacing loss. With respect to this, in a case where the
countermeasure on the magnetic recording medium side for
preventing the head element chipping in the GTT can be
found, a magnetic recording medium with such a counter-
measure may be a magnetic recording medium suitable for
a recording medium for archive, in which head element
chipping hardly occurs in a use aspect for archive.

[0008] Therefore, an aspect of the invention provides for
a magnetic recording medium suitable for a recording
medium for archive capable of exhibiting excellent electro-
magnetic conversion characteristics, specifically, a magnetic
recording medium capable of exhibiting excellent electro-
magnetic conversion characteristics and preventing occur-
rence of head element chipping in a green tape test (GTT).

[0009] According to an aspect of the invention, there is
provided a magnetic recording medium comprising: a non-
magnetic support; and a magnetic layer including a ferro-
magnetic powder and a binding agent, in which the ferro-
magnetic powder is a ferromagnetic hexagonal ferrite
powder, the magnetic layer includes an oxide abrasive, an
intensity ratio (Int(110)/Int(114); hereinatter, also referred to
as “X-ray diffraction (XRD) intensity ratio) of a peak
intensity Int(110) of a diffraction peak of a (110) plane with
respect to a peak intensity Int(114) of a diffraction peak of
a (114) plane of a hexagonal ferrite crystal structure obtained
by an X-ray diffraction analysis of the magnetic layer by
using an In-Plane method is 0.5 to 4.0, a vertical squareness
ratio of the magnetic recording medium is 0.65 to 1.00, a
coeflicient of friction measured regarding a base portion of
a surface of the magnetic layer is equal to or smaller than
0.30, and an average particle diameter of the oxide abrasive
obtained from a secondary ion image obtained by irradiating
the surface of the magnetic layer with a focused ion beam
(FIB) (hereinafter, also referred to as a “FIB abrasive
diameter”) is 0.04 um to 0.08 pm.
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[0010] In one aspect, the vertical squareness ratio may be
0.65 to 0.90.
[0011] In one aspect, the coefficient of friction measured

regarding the base portion of the surface of the magnetic
layer is 0.15 to 0.30.

[0012] In one aspect, the oxide abrasive may be an alu-
mina powder.
[0013] Inone aspect, the magnetic recording medium may

further comprise a non-magnetic layer including a non-
magnetic powder and a binding agent between the non-
magnetic support and the magnetic layer.

[0014] Inone aspect, the magnetic recording medium may
further comprise a back coating layer including a non-
magnetic powder and a binding agent on a surface of the
non-magnetic support opposite to a surface provided with
the magnetic layer.

[0015] Inone aspect, the magnetic recording medium may
be a magnetic tape.

[0016] According to another aspect of the invention, there
is provided a magnetic recording and reproducing device
comprising: the magnetic recording medium; and a magnetic
head.

[0017] In one aspect, the magnetic head may be a mag-
netic head including magnetoresistive (MR) element.
[0018] According to one aspect of the invention, it is
possible to provide a magnetic recording medium suitable
for archive use, which is capable of exhibiting excellent
electromagnetic conversion characteristics and preventing
occurrence of head element chipping in a green tape test
(GTT), and a magnetic recording and reproducing device
including this magnetic recording medium.

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0019] Magnetic Recording Medium
[0020] One aspect of the invention relates to a magnetic

recording medium including: a non-magnetic support; and a
magnetic layer including a ferromagnetic powder and a
binding agent, in which the ferromagnetic powder is a
ferromagnetic hexagonal ferrite powder, the magnetic layer
includes an oxide abrasive, an intensity ratio (Int(110)/Int
(114)) of a peak intensity Int(110) of a diffraction peak of a
(110) plane with respect to a peak intensity Int(114) of a
diffraction peak of a (114) plane of a hexagonal ferrite
crystal structure obtained by an X-ray diffraction analysis of
the magnetic layer by using an In-Plane method is 0.5 to 4.0,
a vertical squareness ratio of the magnetic recording
medium is 0.65 to 1.00, a coeflicient of friction measured
regarding a base portion of a surface of the magnetic layer
is equal to or smaller than 0.30, and an average particle
diameter of the oxide abrasive obtained from a secondary
ion image obtained by irradiating the surface of the magnetic
layer with a focused ion beam (FIB abrasive diameter) is
0.04 um to 0.08 pm.

[0021] In the invention and the specification, the “surface
of the magnetic layer” is identical to the surface of the
magnetic recording medium on the magnetic layer side. In
the invention and the specification, the “ferromagnetic hex-
agonal ferrite powder” means an aggregate of a plurality of
ferromagnetic hexagonal ferrite particles. The ferromagnetic
hexagonal ferrite particles are ferromagnetic particles hav-
ing a hexagonal ferrite crystal structure. Hereinafter, par-
ticles (ferromagnetic hexagonal ferrite particles) configuring
the ferromagnetic hexagonal ferrite powder are also referred
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to as “hexagonal ferrite particles” or simply “particles”. The
“aggregate” not only includes an aspect in which particles
configuring the aggregate are directly in contact with each
other, but also includes an aspect in which a binding agent
or an additive is interposed between the particles. The points
described above are also applied to various powders such as
non-magnetic powder of the invention and the specification,
in the same manner.

[0022] In the invention and the specification, the “oxide
abrasive” means a non-magnetic oxide powder having Mohs
hardness exceeding 8.

[0023] In the invention and the specification, the descrip-
tion regarding directions and angles (for example, vertical,
orthogonal, parallel, and the like) includes a range of errors
allowed in the technical field of the invention, unless oth-
erwise noted. For example, the range of errors means a range
of less than +£10° from an exact angle, and is preferably
within +5° and more preferably within +3° from an exact
angle.

[0024] A surmise of the inventors regarding the magnetic
recording medium is as follows.

[0025] The inventors have thought that the vertical square-
ness ratio of the magnetic recording medium and the XRD
intensity ratio set to be in the ranges described above mainly
contribute to the magnetic recording medium to exhibit
excellent electromagnetic conversion characteristics, spe-
cifically to reproduce information recorded on the magnetic
recording medium at a high signal-to-noise-ratio (SNR).
This point will be further described hereinafter.

[0026] The magnetic recording medium includes the fer-
romagnetic hexagonal ferrite powder in the magnetic layer.
The inventors have surmised that the ferromagnetic hexago-
nal ferrite powder included in the magnetic layer includes
particles which affect magnetic properties of the ferromag-
netic hexagonal ferrite powder (aggregate of particles)
(hereinafter, also referred to as “former particles”) and
particles which are considered not to affect or slightly affects
the magnetic properties thereof (hereinafter, also referred to
as “latter particles™). It is considered that the latter particles
are, for example, fine particles generated due to partial
chipping of particles due to a dispersion process performed
at the time of preparing a magnetic layer forming compo-
sition.

[0027] The inventors have thought that, in the particles
included in the ferromagnetic hexagonal ferrite powder
included in the magnetic layer, the former particles are
particles causing the diffraction peak in the X-ray diffraction
analysis using the In-Plane method, and since the latter
particles are fine, the latter particles do not cause the
diffraction peak or hardly affect the diffraction peak. Accord-
ingly, it is surmised that it is possible to control a presence
state of the particles affecting the magnetic properties of the
ferromagnetic hexagonal ferrite powder present in the mag-
netic layer, based on the intensity of the diffraction peak
caused by the X-ray diffraction analysis of the magnetic
layer using the In-Plane method. The inventors have sur-
mised that the XRD intensity ratio which will be described
later in detail is an index regarding this point.

[0028] Meanwhile, the vertical squareness ratio is a ratio
of residual magnetization with respect to saturation magne-
tization measured in a direction vertical to the surface of the
magnetic layer and this value decreases, as a value of the
residual magnetization decreases. It is surmised that, since
the latter particles are fine and hardly hold magnetization, as
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a large amount of the latter particles is included in the
magnetic layer, the vertical squareness ratio tends to
decrease. Accordingly, the inventors have thought that the
vertical squareness ratio may be an index for the amount of
the latter particles (fine particles) present in the magnetic
layer. In addition, the inventors have thought that, as the
amount of such fine particles present in the magnetic layer
is small, the magnetic properties of the ferromagnetic hex-
agonal ferrite powder are improved.

[0029] In addition, the inventors have surmised that it is
possible to improve electromagnetic conversion character-
istics, by setting the vertical squareness ratio of the magnetic
recording medium and the XRD intensity ratio to be in the
ranges described above, by decreasing the amount of latter
particles (fine particles) present in the magnetic layer and
controlling the state of the former particles present in the
magnetic layer.

[0030] Further, the inventors have thought that, the coef-
ficient of friction measured regarding the base portion of the
surface of the magnetic layer and the FIB abrasive diameter
in the magnetic recording medium set to be in the respective
ranges described above mainly contribute to prevention of
occurrence of the head element chipping in the GTT. This
point will be further described hereinafter.

[0031] The “base portion” of the invention and the speci-
fication is a portion of the surface of the magnetic layer of
the magnetic recording medium specified by the following
method.

[0032] A surface on which volume of a protruded com-
ponent and volume of a recess component in a visual field
measured by an atomic force microscope (AFM) are iden-
tical to each other is determined as a reference surface. A
projection having a height equal to or greater than 15 nm
from the reference surface is defined as a projection. A
portion in which the number of such projections is zero, that
is, a portion of the surface of the magnetic layer of the
magnetic recording medium in which a projection having a
height equal to or greater than 15 nm from the reference
surface is not detected is specified as the base portion.
[0033] A coefficient of friction measured regarding the
base portion is a value measured by the following method.
[0034] In the base portion (measured part: length of a
magnetic tape in a longitudinal direction of 10 um or length
of'a magnetic disk in a radius direction of 10 um), a diamond
spherical indenter having a radius of 1 um is allowed to
reciprocate once with a load of 100 uN and a speed of 1
um/sec to measure a frictional force (horizontal force) and a
normal force. The frictional force and the normal force
measured here are an arithmetical mean of respective values
obtained by continuously measuring frictional forces and
normal forces during the one reciprocating operation. The
measurement described above can be performed with TI-950
type TRIBOINDENTER manufactured by Hysitron, Inc. A
value of a coeflicient of friction p is calculated from an
arithmetical mean of the frictional forces and an arithmetical
mean of the normal forces measured as described above. The
coeflicient of friction is a value measured by an equation of
F=uN, from the frictional force (horizontal force) F (unit:
newton (N)) and the normal force N (unit: newton (N)). The
measurement and the calculation of the value of the coef-
ficient of friction p are performed at three portions of the
base portion randomly selected from the surface of the
magnetic layer of the magnetic recording medium, and an
arithmetical mean of the three measured values obtained is
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set as a coefficient of friction measured regarding the base
portion. Hereinafter, the coefficient of friction measured
regarding the base portion is also referred to as a “base
friction”.

[0035] In recent years, a technology of including a non-
magnetic powder such as an oxide abrasive in the magnetic
layer of the magnetic recording medium is widely per-
formed. Such a non-magnetic powder is generally protruded
from the surface of the magnetic layer and to form projec-
tions, and thereby exhibiting various functions. In general,
the coefficient of friction measured regarding the magnetic
recording medium is a coefficient of friction measured in a
region including such projections. With respect to this, the
base friction is measured in a portion of the surface of the
magnetic layer of the magnetic recording medium in which
a projection having a height equal to or greater than 15 nm
from the reference surface is not detected, that is, the base
portion, as described above. It is considered that this base
portion has a low frequency of a contact with the head in a
case where the surface of the magnetic layer and the head
slide on each other. However, it is thought that, a high
coeflicient of friction of the base portion which is in contact
with the head, even in a case of a low frequency, disturbs
smooth sliding between the base portion and the head. It is
thought that unsmooth sliding between the base portion and
head may cause chipping of the head element due to the
sliding with the surface of the magnetic layer in GTT. With
respect to this, it is surmised that, the base friction in the
magnetic recording medium equal to or smaller than 0.30
contributes to the smooth sliding between the base portion
and the head, thereby contributing to prevention of the
occurrence of the head element chipping in GTT.

[0036] In the invention and the specification, the FIB
abrasive diameter is a value obtained by the following
method.

[0037] (1) Obtaining Secondary Ion Image

[0038] A secondary ion image of a region, having a size of
25 umx25 pum, of the surface of the magnetic layer of the
magnetic recording medium which is a target for obtaining
the FIB abrasive diameter is obtained by a focused ion beam
device. As the focused ion beam device, MI4050 manufac-
tured by Hitachi High-Technologies Corporation can be
used.

[0039] Beam irradiation conditions of the focused ion
beam device in a case of obtaining the secondary ion image
are set so that an acceleration voltage is 30 kV, a current
value is 133 pA (picoampere), a beam size is 30 nm, and a
brightness is 50%. A coating process with respect to a
surface of a magnetic layer before the imaging is not
performed. A secondary ion (SI) signal is detected by a
secondary ion detector and a secondary ion image is cap-
tured. Conditions for capturing a secondary ion image are
determined by the following method. ACB (auto contrast
brightness) is carried out at three spots on a non-imaged
region of the surface of the magnetic layer (i.e., ACB is
carried out three times) to stabilize a color of the image.
Then, the contrast reference value and the brightness refer-
ence value are determined. The brightness reference value as
determined in the above ACB and the contrast value which
is lowered by 1% from the contrast reference value as
determined in the above ACB are determined as the condi-
tions for capturing a secondary ion image. A non-imaged
region of the surface of the magnetic layer is selected, and
a secondary ion image is captured under the conditions for
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capturing as determined above. A portion for displaying a
size and the like (micron bar, cross mark, and the like) is
removed from the captured image, and a secondary ion
image having the pixel number of 2,000 pixelx2,000 pixel is
obtained. For specific examples of the imaging conditions,
examples which will be described later can be referred to.
[0040] (2) Calculation of FIB Abrasive Diameter

[0041] The secondary ion image obtained in (1) is put into
image processing software, and a binarization process is
performed by the following procedure. As the image analy-
sis software, Imagel which is free software can be used, for
example.

[0042] A tone of the secondary ion image obtained in (1)
is changed to 8 bit. Regarding threshold values for the
binarization process, a lower limit value is set as 250
gradations, an upper limit value is set as 255 gradations, and
the binarization process is executed by these two threshold
values. After the binarization process, a noise component
removal process is performed by the image analysis soft-
ware. The noise component removal process can be carried
out, for example, by the following method. On the image
analysis software, Imagel, a noise cut process Despeckle is
selected, and Size 4.0-Infinity is set on AnalyzeParticle to
remove noise components.

[0043] Each white-shining portion in the binarization pro-
cess image obtained as described above is determined as an
oxide abrasive, and the number of white-shining portions is
obtained by the image analysis software, and the area of the
white-shining portion is obtained. An equivalent circle
diameter of each portion is obtained from the area of the
white-shining portion obtained here. Specifically, an equiva-
lent circle diameter L is calculated from the obtained area A
by (A/m)"(V2)x2=L.

[0044] The above step is performed four times at different
portions (25 umx25 um) of the surface of the magnetic layer
of the magnetic recording medium which is a target for
obtaining the FIB abrasive diameter, and the FIB abrasive
diameter is calculated from the obtained results by an
expression; FIB abrasive diameter=2(Li)/2i. 2i is a total
number of the white-shining portions observed in the bina-
rization process image obtained by performing the above
step four times. 2(Li) is a total of the equivalent circle
diameters L. obtained regarding the white-shining portions
observed in the binarization process image obtained by
performing the above step four times. Regarding the white-
shining portion, only a part of the portion may be included
in the binarization process image. In such a case, i and
2(L1) are obtained without including the part.

[0045] The FIB abrasive diameter is a value which can be
an index of a presence state of an oxide abrasive in the
magnetic layer, and is obtained from the secondary ion
image obtained by irradiating the surface of the magnetic
layer with a focused ion beam (FIB). This secondary ion
image is generated by capturing secondary ion generated
from the surface of the magnetic layer irradiated with the
FIB. Meanwhile, as an observation method of the presence
state of the abrasive in the magnetic layer, a method using
a scanning electron microscope (SEM) has been proposed in
the related art. By the SEM, the surface of the magnetic layer
is irradiated with an electron beam and secondary electrons
emitted from the surface of the magnetic layer are captured
to generate an image (SEM image). Even in a case where the
same magnetic layer is observed, a size of the oxide abrasive
obtained from the secondary ion image and a size of the
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oxide abrasive obtained from the SEM image are different
from each other due to a difference of such image generation
principle. As a result of intensive studies of the inventors, a
presence state of the oxide abrasive in the magnetic layer is
controlled so that the FIB abrasive diameter becomes 0.04
um to 0.08 um, by setting the FIB abrasive diameter
obtained from the secondary ion image by the method
described above as a new index of the presence state of the
oxide abrasive in the magnetic layer. The inventors have
thought that the controlling of the presence state of the oxide
abrasive in the magnetic layer as described above also
contributes to prevention of chipping of the head element
due to the sliding on the surface of the magnetic layer in the
GTT.

[0046] The inventors have surmised that, as described
above, excellent electromagnetic conversion characteristics
exhibited by the magnetic recording medium mainly con-
tributes to the setting of the XRD intensity ratio and the
vertical squareness ratio to be in the ranges described above,
and the prevention of the occurrence of the head element
chipping in the GTT mainly contributes to the setting of the
base friction and the FIB abrasive diameter to be in the
ranges described above. However, the invention is not
limited to the surmise described above.

[0047] Hereinafter, the magnetic recording medium will
be further described in detail.

[0048] XRD Intensity Ratio

[0049] The magnetic recording medium includes ferro-
magnetic hexagonal ferrite powder in the magnetic layer.
The XRD intensity ratio is obtained by the X-ray diffraction
analysis of the magnetic layer including the ferromagnetic
hexagonal ferrite powder by using the In-Plane method.
Hereinafter, the X-ray diffraction analysis performed by
using the In-Plane method is also referred to as “In-Plane
XRD”. The In-Plane XRD is performed by irradiating the
surface of the magnetic layer with the X-ray by using a thin
film X-ray diffraction device under the following conditions.
The magnetic recording medium is widely divided into a
tape-shaped magnetic recording medium (magnetic tape)
and a disk-shaped magnetic recording medium (magnetic
disk). A measurement direction is a longitudinal direction of
the magnetic tape and a radius direction of the magnetic
disk.

[0050] Cu ray source used (output of 45 kV, 200 mA)
[0051] Scan conditions: 0.05 degree/step, 0.1 degree/min
in a range of 20 to 40 degrees

[0052] Optical system used: parallel optical system
[0053] Measurement method: 26, scan (X-ray incidence
angle of 0.25°)

[0054] The values of the conditions are set values of the

thin film X-ray diffraction device. As the thin film X-ray
diffraction device, a well-known device can be used. As an
example of the thin film X-ray diffraction device, Smart Lab
manufactured by Rigaku Corporation. A sample to be sub-
jected to the In-Plane XRD analysis is a medium sample cut
out from the magnetic recording medium which is a mea-
surement target, and the size and the shape thereof are not
limited, as long as the diffraction peak which will be
described later can be confirmed.

[0055] As a method of the X-ray diffraction analysis, thin
film X-ray diffraction and powder X-ray diffraction are used.
In the powder X-ray diffraction, the X-ray diffraction of the
powder sample is measured, whereas, according to the thin
film X-ray diffraction, the X-ray diffraction of a layer or the
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like formed on a substrate can be measured. The thin film
X-ray diffraction is classified into the In-Plane method and
an Out-Of-Plane method. The X-ray incidence angle at the
time of the measurement is 5.00° to 90.00° in a case of the
Out-Of-Plane method, and is generally 0.20° to 0.50° in a
case of the In-Plane method. In the In-Plane XRD of the
invention and the specification, the X-ray incidence angle is
0.25° as described above. In the In-Plane method, the X-ray
incidence angle is smaller than that in the Out-Of-Plane
method, and thus, a depth of penetration of the X-ray is
shallow. Accordingly, according to the X-ray diffraction
analysis by using the In-Plane method (In-Plane XRD), it is
possible to perform the X-ray diffraction analysis of a
surface portion of a measurement target sample. Regarding
the magnetic recording medium sample, according to the
In-Plane XRD, it is possible to perform the X-ray diffraction
analysis of the magnetic layer. The XRD intensity ratio is an
intensity ratio (Int(110)/Int(114)) of a peak intensity Int(110)
of a diffraction peak of a (110) plane with respect to a peak
intensity Int(114) of a diffraction peak of a (114) plane of a
hexagonal ferrite crystal structure, in X-ray diffraction spec-
tra obtained by the In-Plane XRD. The term Int is used as
abbreviation of intensity. In the X-ray diffraction spectra
obtained by In-Plane XRD (vertical axis: intensity, horizon-
tal axis: diffraction angle 26, (degree)), the diffraction peak
of the (114) plane is a peak at which the 26, is detected at
33 to 36 degrees, and the diffraction peak of the (110) plane
is a peak at which the 26, is detected at 29 to 32 degrees.

[0056] Among the diffraction plane, the (114) plane hav-
ing a hexagonal ferrite crystal structure is positioned close to
particles of the ferromagnetic hexagonal ferrite powder
(hexagonal ferrite particles) in an easy-magnetization axial
direction (¢ axis direction). In addition the (110) plane
having a hexagonal ferrite crystal structure is positioned in
a direction orthogonal to the easy-magnetization axial direc-
tion.

[0057] The inventors have surmised that, in the X-ray
diffraction spectra obtained by the In-Plane XRD, as the
intensity ratio (Int(110)/Int(114); XRD intensity ratio) of the
peak intensity Int(110) of the diffraction peak of a (110)
plane with respect to the peak intensity Int(114) of the
diffraction peak of the (114) plane of a hexagonal ferrite
crystal structure increases, a large number of the former
particles present in a state where a direction orthogonal to
the easy-magnetization axial direction is closer to a parallel
state with respect to the surface of the magnetic layer is
present in the magnetic layer, and as the XRD intensity ratio
decreases, a small amount of the former particles present in
such a state is present in the magnetic layer. It is thought that
a state where the XRD intensity ratio is 0.5 to 4.0 means a
state where the former particles are suitably aligned in the
magnetic layer. The inventors have surmised that this con-
tributes to the improvement of electromagnetic conversion
characteristics.

[0058] The XRD intensity ratio is preferably equal to or
smaller than 3.5 and more preferably equal to or smaller than
3.0, from a viewpoint of further improving electromagnetic
conversion characteristics. From the same viewpoint, the
XRD intensity ratio is preferably equal to or greater than 0.7
and more preferably equal to or greater than 1.0. The XRD
intensity ratio can be, for example, controlled in accordance
with process conditions of an alignment process performed
in a manufacturing step of the magnetic recording medium.
As the alignment process, the homeotropic alignment pro-
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cess is preferably performed. The homeotropic alignment
process can be preferably performed by applying a magnetic
field vertically to the surface of a coating layer of a magnetic
layer forming composition in a wet state (undried state). As
the alignment conditions are reinforced, the value of the
XRD intensity ratio tends to increase. As the process con-
ditions of the alignment process, magnetic field strength of
the alignment process is used. The process conditions of the
alignment process are not particularly limited. The process
conditions of the alignment process may be set so as that the
XRD intensity ratio of 0.5 to 4.0 can be realized. As an
example, the magnetic field strength of the homeotropic
alignment process can be 0.10 to 0.80 T or 0.10 to 0.60 T.
As dispersibility of the ferromagnetic hexagonal ferrite
powder in the magnetic layer forming composition
increases, the value of the XRD intensity ratio tends to
increase by the homeotropic alignment process.

[0059]

[0060] The vertical squareness ratio is a squareness ratio
measured regarding a magnetic recording medium in a
vertical direction. The “vertical direction” described regard-
ing the squareness ratio is a direction orthogonal to the
surface of the magnetic layer. For example, in a case where
the magnetic recording medium is a tape-shaped magnetic
recording medium, that is, a magnetic tape, the vertical
direction is a direction orthogonal to a longitudinal direction
of the magnetic tape. The vertical squareness ratio is mea-
sured by using a vibrating sample magnetometer. Specifi-
cally, the vertical squareness ratio of the invention and the
specification is a value obtained by sweeping an external
magnetic field in the magnetic recording medium at a
measurement temperature of 23° C.x1° C. in the vibrating
sample magnetometer, under conditions of a maximum
external magnetic field of 1194 kA/m (15 kOe) and a scan
speed of 4.8 kA/m/sec (60 Oe/sec), and is a value after
diamagnetic field correction. The measurement value is
obtained as a value obtained by subtracting magnetization of
a sample probe of the vibrating sample magnetometer as
background noise.

[0061] The vertical squareness ratio of the magnetic
recording medium is equal to or greater than 0.65. The
inventors have surmised that the vertical squareness ratio of
the magnetic recording medium is an index for the presence
amount of the latter particles (fine particles) described
above. It is thought that, in the magnetic layer in which the
vertical squareness ratio of the magnetic recording medium
is equal to or greater than 0.65, the presence amount of such
fine particles is small. The inventors have surmised that this
contributes to the improvement of electromagnetic conver-
sion characteristics. From a viewpoint of further improving
electromagnetic conversion characteristics, the vertical
squareness ratio is preferably equal to or greater than 0.70,
more preferably equal to or greater than 0.73, and even more
preferably equal to or greater than 0.75. In addition, in
principle, a maximum value of the squareness ratio is 1.00.
Accordingly, the vertical squareness ratio of the magnetic
tape is equal to or smaller than 1.00. The vertical squareness
ratio may be, for example, equal to or smaller than 0.95,
equal to or smaller than 0.90, equal to or smaller than 0.87,
or equal to or smaller than 0.85. However, it is thought that,
a great value of the vertical squareness ratio is preferable,
from a viewpoint of decreasing the amount of the fine latter
particles in the magnetic layer and improving electromag-

Vertical Squareness Ratio
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netic conversion characteristics. Therefore, the vertical
squareness ratio may be greater than the value exemplified
above.

[0062] The inventors have considered that, in order to set
the vertical squareness ratio to be equal to or greater than
0.65, it is preferable to prevent occurrence of fine particles
due to partial chipping of the particles in a preparation step
of the magnetic layer forming composition. Specific means
for preventing the occurrence of chipping will be described
later.

[0063] Base Friction

[0064] The coefficient of friction (base friction) measured
regarding the base portion of the surface of the magnetic
layer of the magnetic recording medium is equal to or
smaller than 0.30, is preferably equal to or smaller than 0.28
and more preferably equal to or smaller than 0.26, from a
viewpoint of further preventing the occurrence of the head
element chipping in GTT. The base friction can be, for
example, equal to or greater than 0.10, equal to or greater
than 0.15, or equal to or greater than 0.20. However, from a
viewpoint of preventing the occurrence of the head element
chipping in GTT, a low base friction is preferable, and thus,
the base friction may be smaller than the values described
above.

[0065] In the measurement method of the base friction
described above, the reason why a projection having a height
equal to or greater than 15 nm from the reference surface is
defined as a projection is because, normally, a projection
recognized as a projection present on the surface of the
magnetic layer is mainly a projection having a height equal
to or greater than 15 nm from the reference surface. Such a
projection is, for example, formed of non-magnetic powder
such as an oxide abrasive on the surface of the magnetic
layer. With respect to this, it is considered that more micro-
scopic ruggedness than ruggedness formed by such a pro-
jection is present on the surface of the magnetic layer. It is
surmised that it is possible to adjust the base friction by
controlling a shape of the microscopic ruggedness. As a
method for realizing the adjustment described above, a
method of using two or more kinds of ferromagnetic hex-
agonal ferrite powders having different average particle
sizes as the ferromagnetic hexagonal ferrite powder is used.
More specifically, it is thought that, the microscopic rug-
gedness can be formed on the base portion, in a case where
the ferromagnetic hexagonal ferrite powder having a greater
average particle size becomes a protruded component, and it
is possible to increase a percentage of the protruded com-
ponent present on the base portion by increasing a mixing
percentage of the ferromagnetic hexagonal ferrite powder
having a greater average particle size (or, conversely, to
decrease a percentage of protruded component present on
the base portion by decreasing the mixing percentage). Such
a method will be described later more specifically.

[0066] As another method, a method of forming a mag-
netic layer with other non-magnetic powder having a greater
average particle size than that of ferromagnetic hexagonal
ferrite powder, in addition to non-magnetic powder such as
an oxide abrasive which can form a projection having a
height equal to or greater than 15 nm from the reference
surface on the surface of the magnetic layer. More specifi-
cally, it is thought that, the microscopic ruggedness can be
formed on the base portion, in a case where the other
non-magnetic powder becomes a protruded component, and
it is possible to increase a percentage of the protruded
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component present on the base portion by increasing a
mixing percentage of the non-magnetic powder (or, con-
versely, to decrease a percentage of protruded component
present on the base portion by decreasing the mixing per-
centage). Such a method will be described later more
specifically.

[0067] In addition, it is also possible to adjust the base
friction by combining the two kinds of methods.

[0068] However, the adjustment methods are merely
examples, and it is possible to realize a base friction equal
to or smaller than 0.30 by any method capable of adjusting
the base friction, and such an aspect is also included in the
invention.

[0069] FIB Abrasive Diameter

[0070] The FIB abrasive diameter obtained from the sec-
ondary ion image obtained by irradiating the surface of the
magnetic layer of the magnetic recording medium with the
FIB is 0.04 um to 0.08 um. It is thought that the FIB abrasive
diameter set to be equal to or smaller than 0.08 contributes
to the prevention of the chipping of the head element due to
the oxide abrasive in the GTT. In addition, it is surmised that
the FIB abrasive diameter set to be equal to or greater than
0.04 um contributes to the removal of a component derived
from the magnetic layer attached to the head due to the
sliding with the surface of the magnetic layer in the GTT. It
is thought that this contributes to prevention of the chipping
of the element of the head due to the sliding between the
surface of the magnetic layer and the head, in a state where
the component derived from the magnetic layer is attached
to the head in the GTT. From a viewpoint of further
preventing the occurrence of the head element chipping in
the GTT, the FIB abrasive diameter is preferably equal to or
greater than 0.05 pm and more preferably equal to or greater
than 0.06 pm. In addition, from the same viewpoint, the FIB
abrasive diameter is preferably equal to or smaller than 0.07
pm. A specific aspect of means for adjusting the FIB
abrasive diameter will be described later.

[0071] Hereinafter, the magnetic recording medium will
be described more specifically.

[0072] Magnetic Layer
[0073] Ferromagnetic Hexagonal Ferrite Powder
[0074] The magnetic layer of the magnetic recording

medium includes ferromagnetic hexagonal ferrite powder as
ferromagnetic powder. Regarding the ferromagnetic hex-
agonal ferrite powder, a magnetoplumbite type (also referred
to as an “M type”), a W type, a Y type, and a Z type are
known as the crystal structure of the hexagonal ferrite. The
ferromagnetic hexagonal ferrite powder included in the
magnetic layer may have any crystal structure. In addition,
an iron atom and a divalent metal atom are included in the
crystal structure of the hexagonal ferrite, as constituent
atoms. The divalent metal atom is a metal atom which may
become divalent cations as ions, and examples thereof
include a barium atom, a strontium atom, an alkali earth
metal atom such as calcium atom, and a lead atom. For
example, the hexagonal ferrite including a barium atom as
the divalent metal atom is a barium ferrite, and the hexago-
nal ferrite including a strontium atom is a strontium ferrite.
In addition, the hexagonal ferrite may be a mixed crystal of
two or more hexagonal ferrites. As an example of the mixed
crystal, a mixed crystal of the barium ferrite and the stron-
tium ferrite can be used.

[0075] As described above, as a method of adjusting the
base friction, a method of forming a magnetic layer with two
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or more kinds of ferromagnetic hexagonal ferrite powders
having different average particle sizes as ferromagnetic
hexagonal ferrite powder is used. In this case, it is preferable
that the ferromagnetic powder having a smaller average
particle size is used as ferromagnetic hexagonal ferrite
powder used with the largest proportion, among the two or
more kinds of ferromagnetic hexagonal ferrite powder, from
a viewpoint of improving recording density of the magnetic
recording medium. From this viewpoint, in a case where two
or more kinds of ferromagnetic hexagonal ferrite powders
having different average particle sizes are included in the
magnetic layer, it is preferable that the ferromagnetic hex-
agonal ferrite powder having an average particle size equal
to or smaller than 50 nm is preferably used as the ferro-
magnetic hexagonal ferrite powder with the largest propor-
tion based on mass. On the other hand, it is preferable that
an average particle size of the ferromagnetic hexagonal
ferrite powder with the largest proportion is equal to or
greater than 10 nm, from a viewpoint of stability of mag-
netization. In a case of using one kind of ferromagnetic
hexagonal ferrite powder without using two or more kinds of
ferromagnetic hexagonal ferrite powders having different
average particle sizes, the average particle size of the
ferromagnetic hexagonal ferrite powder is preferably 10 nm
to 50 nm, due to the reasons described above.

[0076] With respect to this, it is preferable that the ferro-
magnetic hexagonal ferrite powder used with the ferromag-
netic hexagonal ferrite powder with the largest proportion
preferably has a greater average particle size than that of the
ferromagnetic hexagonal ferrite powder with the largest
proportion. This may be because the base friction can be
decreased due to the protruded component formed of the
ferromagnetic hexagonal ferrite powder having a great aver-
age particle size on the base portion. From this viewpoint, a
difference between an average particle size of the ferromag-
netic hexagonal ferrite powder with the largest proportion
and an average particle size of the ferromagnetic hexagonal
ferrite powder used therewith, acquired as “(latter average
particle size)-(former average particle size)” is preferably
10 to 80 nm, more preferably 10 to 50 nm, and even more
preferably 10 to 40 nm. As the ferromagnetic hexagonal
ferrite powder used with the ferromagnetic hexagonal ferrite
powder with the largest proportion, it is also possible to use
two or more kinds of ferromagnetic hexagonal ferrite pow-
ders having different average particle sizes. In this case, it is
preferable that an average particle size of at least one of
ferromagnetic hexagonal ferrite powder of the two or more
kinds of ferromagnetic hexagonal ferrite powders satisfies
the difference described above, it is more preferable that
average particle sizes of more kinds of ferromagnetic hex-
agonal ferrite powders satisfy the difference described
above, and it is even more preferable that average particle
sizes of all of the ferromagnetic hexagonal ferrite powders
satisfy the difference described above, with respect to the
average particle size of the ferromagnetic hexagonal ferrite
powder used with the largest proportion.

[0077] Regarding two or more kinds of ferromagnetic
hexagonal ferrite powders having different average particle
sizes, from a viewpoint of controlling base friction, a mixing
ratio of the ferromagnetic hexagonal ferrite powder with the
largest proportion to the other ferromagnetic powder (in a
case of using two or more kinds of ferromagnetic hexagonal
ferrite powders having different average particle sizes as
other ferromagnetic hexagonal ferrite powder, the total
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thereof), is preferably 90.0:10.0 (former:latter) to 99.9:0.1
and more preferably 95.0:5.0 to 99.5:0.5 based on mass.

[0078] Here, the ferromagnetic hexagonal ferrite powders
having different average particle sizes indicate the total or a
part of a batch of the ferromagnetic hexagonal ferrite pow-
ders having different average particle sizes. In a case where
particle size distribution based on the number or volume of
the ferromagnetic hexagonal ferrite powder included in the
magnetic layer of the magnetic recording medium formed
with the ferromagnetic hexagonal ferrite powders having
different average particle sizes as described above is mea-
sured by a well-known measurement method such as a
dynamic light scattering method or a laser diffraction
method, an average particle size or a maximum peak in the
vicinity thereof of the ferromagnetic hexagonal ferrite pow-
der used with the largest proportion can be normally con-
firmed in a particle size distribution curve obtained by the
measurement. In addition, an average particle size or a peak
in the vicinity thereof of each ferromagnetic hexagonal
ferrite powder may be confirmed. Accordingly, in a case
where the particle size distribution of the ferromagnetic
hexagonal ferrite powder included in the magnetic layer of
the magnetic recording medium formed by using ferromag-
netic hexagonal ferrite powder having an average particle
size of 10 to 50 nm with the largest proportion, for example,
is measured, the maximum peak can be generally confirmed
in a range of the particle size of 10 to 50 nm in the particle
size distribution curve.

[0079] A part of the other ferromagnetic hexagonal ferrite
powders described above may be substituted with other
non-magnetic powder which will be described later.

[0080] In the invention and the specification, average
particle sizes of various powder such as the ferromagnetic
hexagonal ferrite powder and the like are values measured
by the following method with a transmission electron micro-
scope, unless otherwise noted.

[0081] The powder is imaged at a magnification ratio of
100,000 with a transmission electron microscope, the image
is printed on printing paper so that the total magnification of
500,000 to obtain an image of particles configuring the
powder. A target particle is selected from the obtained image
of particles, an outline of the particle is traced with a
digitizer, and a size of the particle (primary particle) is
measured. The primary particle is an independent particle
which is not aggregated.

[0082] The measurement described above is performed
regarding 500 particles randomly extracted. An arithmetical
mean of the particle size of 500 particles obtained as
described above is an average particle size of the powder. As
the transmission electron microscope, a transmission elec-
tron microscope H-9000 manufactured by Hitachi, Ltd. can
be used, for example. In addition, the measurement of the
particle size can be performed by well-known image analy-
sis software, for example, image analysis software KS-400
manufactured by Carl Zeiss.

[0083] In the invention and the specification, the average
particle size of the ferromagnetic hexagonal ferrite powder
and other powder is an average particle size obtained by the
method described above, unless otherwise noted. The aver-
age particle size shown in examples which will be described
later is a value measured by using transmission electron
microscope H-9000 manufactured by Hitachi, Ltd. as the
transmission electron microscope, and image analysis soft-
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ware KS-400 manufactured by Carl Zeiss as the image
analysis software, unless otherwise noted.

[0084] As a method of collecting a sample powder from
the magnetic tape in order to measure the particle size, a
method disclosed in a paragraph of 0015 of JP2011-
048878A can be used, for example.

[0085] In the invention and the specification, unless oth-
erwise noted,
[0086] (1) in a case where the shape of the particle

observed in the particle image described above is a needle
shape, a fusiform shape, or a columnar shape (here, a height
is greater than a maximum long diameter of a bottom
surface), the size (article size) of the particles configuring
the powder is shown as a length of a long axis configuring
the particle, that is, a long axis length,

[0087] (2) in a case where the shape of the particle is a
planar shape or a columnar shape (here, a thickness or a
height is smaller than a maximum long diameter of a plate
surface or a bottom surface), the particle size is shown as a
maximum long diameter of the plate surface or the bottom
surface, and

[0088] (3) in a case where the shape of the particle is a
sphere shape, a polyhedron shape, or an unspecified shape,
and the long axis configuring the particles cannot be speci-
fied from the shape, the particle size is shown as an
equivalent circle diameter. The equivalent circle diameter is
a value obtained by a circle projection method.

[0089] In addition, regarding an average acicular ratio of
the powder, a length of a short axis, that is, a short axis
length of the particles is measured in the measurement
described above, a value of (long axis length/short axis
length) of each particle is obtained, and an arithmetical mean
of the values obtained regarding 500 particles is calculated.
Here, unless otherwise noted, in a case of (1), the short axis
length as the definition of the particle size is a length of a
short axis configuring the particle, in a case of (2), the short
axis length is a thickness or a height, and in a case of (3), the
long axis and the short axis are not distinguished, thus, the
value of (long axis length/short axis length) is assumed as 1,
for convenience.

[0090] In addition, unless otherwise noted, in a case where
the shape of the particle is specified, for example, in a case
of definition of the particle size (1), the average particle size
is an average long axis length, and in a case of the definition
(2), the average particle size is an average plate diameter. In
a case of the definition (3), the average particle size is an
average diameter (also referred to as an average particle
diameter).

[0091] The shape of the particle configuring the ferromag-
netic hexagonal ferrite powder is obtained by tracing an
outline of the particle (primary particle) with a digitizer in
the image of the particle obtained by using the transmission
electron microscope as described above. Regarding the
shape of the particle configuring the ferromagnetic hexago-
nal ferrite powder, a “planar shape” is a shape having two
plate surfaces facing each other. Meanwhile, among the
shapes of the particles not having such a plate surface, a
shape having distinguished long axis and short axis is an
“elliptical shape”. The long axis is determined as an axis
(linear line) having the longest length of the particle. In
contrast, the short axis is determined as an axis having the
longest length of the particle in a linear line orthogonal to the
long axis. A shape not having distinguished long axis and
short axis, that is, a shape in which the length of the long axis
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is the same as the length of the short axis is a “sphere shape”.
From the shapes, a shape in which the long axis and the short
axis are hardly specified, is called an undefined shape. The
imaging with a transmission electron microscope for speci-
fying the shapes of the particles is performed without
performing the alignment process with respect to the imag-
ing target powder. The shape of the raw material powder
used for the preparation of the magnetic layer forming
composition and the ferromagnetic hexagonal ferrite powder
included in the magnetic layer may be any one of the planar
shape, the elliptical shape, the sphere shape, and the unde-
fined shape.

[0092] For details of the ferromagnetic hexagonal ferrite
powder, descriptions disclosed in paragraphs 0134 to 0136
of JP2011-216149A can be referred to, for example.
[0093] The content (filling percentage) of the ferromag-
netic hexagonal ferrite powder of the magnetic layer is
preferably 50% to 90% by mass and more preferably 60% to
90% by mass. The components other than the ferromagnetic
hexagonal ferrite powder of the magnetic layer are at least
a binding agent and an oxide abrasive, and one or more kinds
of additives can be randomly included. A high filling per-
centage of the ferromagnetic hexagonal ferrite powder of the
magnetic layer is preferable, from a viewpoint of improving
recording density.

[0094] Binding Agent and Curing Agent

[0095] The magnetic recording medium includes a bind-
ing agent in the magnetic layer. The binding agent is one or
more kinds of resin. The resin may be a homopolymer or a
copolymer. As the binding agent included in the magnetic
layer, a resin selected from a polyurethane resin, a polyester
resin, a polyamide resin, a vinyl chloride resin, an acrylic
resin obtained by copolymerizing styrene, acrylonitrile, or
methyl methacrylate, a cellulose resin such as nitrocellulose,
an epoxy resin, a phenoxy resin, and a polyvinylalkylal resin
such as polyvinyl acetal or polyvinyl butyral can be used
alone or a plurality of resins can be mixed with each other
to be used. Among these, a polyurethane resin, an acrylic
resin, a cellulose resin, and a vinyl chloride resin are
preferable. These resins can be used as the binding agent
even in the non-magnetic layer and/or a back coating layer
which will be described later. For the binding agent
described above, description disclosed in paragraphs 0029 to
0031 of JP2010-24113A can be referred to. An average
molecular weight of the resin used as the binding agent can
be, for example, 10,000 to 200,000 as a weight-average
molecular weight. The weight-average molecular weight in
the invention and the specification is a value obtained by
performing polystyrene conversion of a value measured by
gel permeation chromatography (GPC), unless otherwise
noted. As the measurement conditions, the following con-
ditions can be used. The weight-average molecular weight
shown in examples which will be described later is a value
obtained by performing polystyrene conversion of a value
measured under the following measurement conditions.

[0096] GPC device: HLC-8120 (manufactured by Tosoh
Corporation)
[0097] Column: TSK gel Multipore HXLL-M (manufac-

tured by Tosoh Corporation, 7.8 mmID (inner diameter)x
30.0 cm)

[0098] Eluent: Tetrahydrofuran (THF)

[0099] In addition, a curing agent can also be used
together with the resin which can be used as the binding
agent, in a case of forming the magnetic layer. As the curing
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agent, in one aspect, a thermosetting compound which is a
compound in which a curing reaction (crosslinking reaction)
proceeds due to heating can be used, and in another aspect,
a photocurable compound in which a curing reaction (cross-
linking reaction) proceeds due to light irradiation can be
used. At least a part of the curing agent is included in the
magnetic layer in a state of being reacted (crosslinked) with
other components such as the binding agent, by proceeding
the curing reaction in the manufacturing step of the magnetic
recording medium. The preferred curing agent is a thermo-
setting compound, polyisocyanate is suitable. For details of
the polyisocyanate, descriptions disclosed in paragraphs
0124 and 0125 of JP2011-216149A can be referred to, for
example. The amount of the curing agent added and used can
be, for example, 0 to 80.0 parts by mass with respect to 100.0
parts by mass of the binding agent in the magnetic layer
forming composition, and is preferably 50.0 to 80.0 parts by
mass, from a viewpoint of improvement of hardness of the
magnetic layer.

[0100] Oxide Abrasive

[0101] The magnetic recording medium includes an oxide
abrasive in the magnetic layer. The oxide abrasive is a
non-magnetic oxide powder having Mohs hardness exceed-
ing 8 and is preferably a non-magnetic oxide powder having
Mohs hardness equal to or greater than 9. A maximum value
of Mohs hardness is 10. The oxide abrasive may be an
inorganic oxide powder and an organic oxide powder, and is
preferably an inorganic oxide powder. Specifically,
examples of the abrasive include powders of alumina
(AL, Oy,), titanium oxide (Ti0,), cerium oxide (CeO,), and
zirconium oxide (Zr0,), and alumina powder is preferable
among these. Mohs hardness of alumina is approximately 9.
For alumina powder, a description disclosed in a paragraph
0021 of JP2013-229090A can also be referred to. In addi-
tion, as an index of a particle size of the oxide abrasive, a
specific surface area can be used. It is thought that, as the
specific surface area is great, the particle size of the primary
particles of the particles configuring the oxide abrasive is
small. As the oxide abrasive, an oxide abrasive in which a
specific surface area measured by a Brunauer-Emmett-Teller
(BET) method (hereinafter, referred to as a “BET specific
surface area”) is equal to or greater than 14 m¥/g, is
preferably used. In addition, from a viewpoint of dispers-
ibility, an oxide abrasive having a BET specific surface area
equal to or smaller than 40 m?*/g is preferably used. The
content of the oxide abrasive in the magnetic layer is
preferably 1.0 to 20.0 parts by mass and more preferably 1.0
to 10.0 parts by mass with respect to 100.0 parts by mass of
the ferromagnetic hexagonal ferrite powder.

[0102] Additives

[0103] The magnetic layer includes ferromagnetic hex-
agonal ferrite powder, a binding agent and an oxide abrasive,
and may further include one or more kinds of additives, if
necessary. As the additives, the curing agent described above
is used as an example. In addition, examples of the additive
which can be included in the magnetic layer include a
non-magnetic powder other than the oxide abrasive, a lubri-
cant, a dispersing agent, a dispersing assistant, an antibac-
terial agent, an antistatic agent, and an antioxidant. As the
additives, a commercially available product can be suitably
selected or manufactured by a well-known method accord-
ing to the desired properties, and any amount thereof can be
used. For example, for the lubricant, a description disclosed
in paragraphs 0030 to 0033, 0035, and 0036 of JP2016-
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126817A can be referred to. The lubricant may be included
in the non-magnetic layer. For the lubricant which can be
included in the non-magnetic layer, a description disclosed
in paragraphs 0030, 0031, 0034, 0035, and 0036 of JP2016-
126817A can be referred to. For the dispersing agent, a
description disclosed in paragraphs 0061 and 0071 of
JP2012-133837A can be referred to. The dispersing agent
may be included in the non-magnetic layer. For the dispers-
ing agent which can be included in the non-magnetic layer,
a description disclosed in a paragraph 0061 of JP2012-
133837A can be referred to.

[0104] In addition, as the dispersing agent, a dispersing
agent for increasing dispersibility of the oxide abrasive can
be used. As a compound which can function as such a
dispersing agent, an aromatic hydrocarbon compound
including a phenolic hydroxyl group can be used. The
“phenolic hydroxyl group” is a hydroxyl group directly
bonded to an aromatic ring. The aromatic ring included in
the aromatic hydrocarbon compound may be a monocycle,
may have a polycyclic structure, or may be a condensed ring.
From a viewpoint of improving dispersibility of the abra-
sive, an aromatic hydrocarbon compound including a ben-
zene ring or a naphthalene ring is preferable. In addition, the
aromatic hydrocarbon compound may include a substituent
other than the phenolic hydroxyl group. Examples of the
substituent other than the phenolic hydroxyl group include a
halogen atom, an alkyl group, an alkoxy group, an amino
group, an acyl group, a nitro group, a nitroso group, and a
hydroxyalkyl group, and a halogen atom, an alkyl group, an
alkoxy group, an amino group, and a hydroxyalkyl group are
preferable. The number of phenolic hydroxyl groups
included in one molecule of the aromatic hydrocarbon
compound may be one, two, three, or greater.

[0105] As a preferable aspect of the aromatic hydrocarbon
compound including the phenolic hydroxyl group, a com-
pound represented by General Formula 100 can be used.

General Formula 100
Xl 08 Xl 01

X107 XIOZ

X106 X103

XIOS X104

[0106] [In General Formula 100, two of X'°! to X'°® are
hydroxyl groups and the other six thereof each indepen-
dently represent a hydrogen atom or a substituent. |

[0107] In the compound represented by General Formula
100, substituent positions of the two hydroxyl groups (phe-
nolic hydroxyl groups) are not particularly limited.

[0108] In the compound represented by General Formula
100, two of X*°! to X'°® are hydroxyl groups (phenolic
hydroxyl groups) and the other six thereof each indepen-
dently represent a hydrogen atom or a substituent. In addi-
tion, among X'°* to X*°%, all of the part other than the two
hydroxyl groups may be a hydrogen atom or a part or all
thereof may be a substituent. As the substituent, the sub-
stituent described above can be used. As the substituent
other than the two hydroxyl groups, one or more phenolic
hydroxyl groups may be included. From a viewpoint of
improving dispersibility of the abrasive, it is preferable that
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the substituent other than the two hydroxyl groups of X'°*
to X'°® is not a phenolic hydroxyl group. That is, the
compound represented by General Formula 100 is prefer-
ably dihydroxynaphthalene or a derivative thereof, and more
preferably 2,3-dihydroxynaphthalene or a derivative thereof.
Examples of the preferable substituent represented by X*°*
to X'°® include a halogen atom (for example, a chlorine
atom or a bromine atom), an amino group, an alkyl group
having 1 to 6 (preferably 1 to 4) carbon atoms, a methoxy
group, an ethoxy group, an acyl group, a nitro group, a
nitroso group, and a —CH,OH group.

[0109] In addition, for the dispersing agent for increasing
dispersibility of the oxide abrasive, a description disclosed
in paragraphs 0024 to 0028 of JP2014-179149A can be
referred to.

[0110] The used amount of the dispersing agent for
increasing dispersibility of the oxide abrasive can be, for
example, 0.5 to 20.0 parts by mass and is preferably 1.0 to
10.0 parts by mass with respect to 100.0 parts by mass of the
abrasive in a case of preparing a magnetic layer forming
composition (preferably, in a case of preparing an abrasive
solution as will be described later).

[0111] As the dispersing agent, a well-known dispersing
agent for increasing dispersibility of ferromagnetic hexago-
nal ferrite powder such as a carboxyl group-containing
compound or a nitrogen-containing compound can also be
used. For example, the nitrogen-containing compound may
primary amine represented by NH,R, secondary amine
represented by NHR,, or tertiary amine represented by NR.
As described above, R indicates any structure configuring
the nitrogen-containing compound and a plurality of R may
be the same as each other or different from each other. The
nitrogen-containing compound may be a compound (poly-
mer) having a plurality of repeating structures in a molecule.
It is thought that a nitrogen-containing portion of the nitro-
gen-containing compound functioning as an adsorption por-
tion to the surface of the particles of the ferromagnetic
hexagonal ferrite powder is a reason for the nitrogen-
containing compound to function as the dispersing agent. As
the carboxyl group-containing compound, for example, fatty
acid of oleic acid can be used. Regarding the carboxyl
group-containing compound, it is thought that a carboxyl
group functioning as an adsorption portion to the surface of
the particles of the ferromagnetic hexagonal ferrite powder
is a reason for the carboxyl group-containing compound to
function as the dispersing agent. It is also preferable to use
the carboxyl group-containing compound and the nitrogen-
containing compound in combination. The amount of these
dispersing agents used can be suitably set.

[0112] As the non-magnetic powder other than the oxide
abrasive included in the magnetic layer, non-magnetic pow-
der which can contribute to formation of projections on the
surface of the magnetic layer to control of friction properties
(hereinafter, also referred to as a “projection formation
agent”). As the projection formation agent, various non-
magnetic powders generally used as the projection forma-
tion agent in the magnetic layer can be used. These may be
powder of inorganic substance (inorganic powder) or pow-
der of organic substance (organic powder). In one aspect,
from a viewpoint of homogenization of friction properties,
particle size distribution of the projection formation agent is
not polydispersion having a plurality of peaks in the distri-
bution and is preferably monodisperse showing a single
peak. From a viewpoint of availability of monodisperse
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particles, the projection formation agent is preferably inor-
ganic powder. Examples of the inorganic powder include
powder of metal oxide, metal carbonate, metal sulfate, metal
nitride, metal carbide, and metal sulfide. The particles con-
figuring the projection formation agent (non-magnetic pow-
der other than the oxide abrasive) are preferably colloid
particles and more preferably inorganic oxide colloid par-
ticles. In addition, from a viewpoint of availability of
monodisperse particles, the inorganic oxide configuring the
inorganic oxide colloid particles are preferably silicon diox-
ide (silica). The inorganic oxide colloid particles are more
preferably colloidal silica (silica colloid particles). In the
invention and the specification, the “colloid particles” are
particles which are not precipitated and dispersed to gener-
ate a colloidal dispersion, in a case where 1 g of the particles
is added to 100 mL of at least one organic solvent of methyl
ethyl ketone, cyclohexanone, toluene, or ethyl acetate, or a
mixed solvent including two or more kinds of the solvent
described above at a random mixing ratio. In another aspect,
the projection formation agent is preferably carbon black.
An average particle size of the projection formation agent
can be, for example, 30 to 300 nm and is preferably 40 to
200 nm. In addition, from a viewpoint that the projection
formation agent exhibits the functions thereof in more
excellent manner, the content of the projection formation
agent in the magnetic layer is preferably 1.0 to 4.0 parts by
mass and more preferably 1.5 to 3.5 parts by mass with
respect to 100.0 parts by mass of the ferromagnetic hexago-
nal ferrite powder.

[0113] As described above, in order to control the base
friction to be equal to or smaller than 0.30, other non-
magnetic powders can also be used in addition to the oxide
abrasive and the projection formation agent described
above. For such non-magnetic powder, various non-mag-
netic powders normally used in the non-magnetic layer can
be used. Specifically, the non-magnetic layer is as described
later. As more preferred non-magnetic powder, red oxide can
be used. The Mohs hardness of red oxide is approximately
6.

[0114] It is preferable that the other non-magnetic powder
described above has an average particle size greater than that
of the ferromagnetic hexagonal ferrite powder, in the same
manner as the ferromagnetic hexagonal ferrite powder used
with the ferromagnetic hexagonal ferrite powder included
with the largest proportion described above. This is because
the base friction may decrease due to the protruded compo-
nent formed of the other non-magnetic powder on the base
portion. From a viewpoint, difference between an average
particle size of the ferromagnetic hexagonal ferrite powder
and an average particle size of the other non-magnetic
powder used therewith, acquired as “(latter average particle
size)—(former average particle size)” is preferably 10 to 80
nm and more preferably 10 to 50 nm. In a case of using two
or more kinds of ferromagnetic hexagonal ferrite powders
having different average particle sizes as the ferromagnetic
hexagonal ferrite powder, the ferromagnetic hexagonal fer-
rite powder used for calculating a difference between the
average particle size thereof and the average particle size of
the other non-magnetic hexagonal ferrite powder is a ferro-
magnetic hexagonal ferrite powder with the largest propor-
tion among two or more kinds of ferromagnetic hexagonal
ferrite powders based on mass. As the other non-magnetic
powder, it is also possible to use two or more kinds of
non-magnetic powders having different average particle
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sizes. In this case, it is preferable that an average particle
size of at least one of non-magnetic powder of the two or
more of non-magnetic powders satisfies the difference
described above, it is more preferable that average particle
sizes of more kinds of non-magnetic powders satisfy the
difference described above, and it is even more preferable
that average particle sizes of all of the non-magnetic pow-
ders satisfy the difference described above, with respect to
the average particle size of the ferromagnetic hexagonal
ferrite powder.

[0115] From a viewpoint of controlling base friction, a
mixing ratio of the ferromagnetic hexagonal ferrite powder
to the other non-magnetic powder (in a case of using two or
more kinds of non-magnetic powders having different aver-
age particle sizes as other non-magnetic powder, the total
thereof), is preferably 90.0:10.0 (former:latter) to 99.9:0.1
and more preferably 95.0:5.0 to 99.5:0.5 based on mass.
[0116] The magnetic layer described above can be pro-
vided on the surface of the non-magnetic support directly or
indirectly through the non-magnetic layer.

[0117] Non-Magnetic Layer
[0118] Next, the non-magnetic layer will be described.
[0119] The magnetic recording medium may include a

magnetic layer directly on a surface of a non-magnetic
support, or may include a non-magnetic layer including a
non-magnetic powder and a binding agent between the
non-magnetic support and the magnetic layer. The non-
magnetic powder included in the non-magnetic layer may be
inorganic powder or organic powder. In addition, carbon
black and the like can be used. Examples of the inorganic
powder include powder of metal, metal oxide, metal car-
bonate, metal sulfate, metal nitride, metal carbide, and metal
sulfide. These non-magnetic powder can be purchased as a
commercially available product or can be manufactured by
a well-known method. For details thereof, descriptions dis-
closed in paragraphs 0036 to 0039 of JP2010-24113 A can be
referred to. A content (filling percentage) of the non-mag-
netic powder in the non-magnetic layer is preferably 50% to
90% by mass and more preferably 60% to 90% by mass.
[0120] In regards to other details of a binding agent or
additives of the non-magnetic layer, the well-known tech-
nology regarding the non-magnetic layer can be applied. In
addition, in regards to the type and the content of the binding
agent, and the type and the content of the additive, for
example, the well-known technology regarding the magnetic
layer can be applied.

[0121] In the invention and the specification, the non-
magnetic layer also includes a substantially non-magnetic
layer including a small amount of ferromagnetic powder as
impurities or intentionally, together with the non-magnetic
powder. Here, the substantially non-magnetic layer is a layer
having a residual magnetic flux density equal to or smaller
than 10 mT, a layer having coercivity equal to or smaller
than 7.96 kA/m(100 Oe), or a layer having a residual
magnetic flux density equal to or smaller than 10 mT and
coercivity equal to or smaller than 7.96 kA/m(100 Oe). It is
preferable that the non-magnetic layer does not have a
residual magnetic flux density and coercivity.

[0122] Non-Magnetic Support

[0123] Next, the non-magnetic support (hereinafter, also
simply referred to as a “support”) will be described.
[0124] As the non-magnetic support, well-known compo-
nents such as polyethylene terephthalate, polyethylene naph-
thalate, polyamide, polyamide imide, aromatic polyamide
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subjected to biaxial stretching are used. Among these, poly-
ethylene terephthalate, polyethylene naphthalate, and poly-
amide are preferable. Corona discharge, plasma treatment,
easy-bonding treatment, or heat treatment may be performed
with respect to these supports in advance.

[0125] Back Coating Layer

[0126] The magnetic recording medium can also include a
back coating layer including non-magnetic powder and a
binding agent on a surface of the non-magnetic support
opposite to the surface provided with the magnetic layer.
The back coating layer preferably includes any one or both
of carbon black and inorganic powder. For the binding agent
included in the back coating layer and various additives
which can be randomly included therein, a well-known
technology regarding the back coating layer can be applied,
and a well-known technology regarding the process of the
magnetic layer and/or the non-magnetic layer can also be
applied. For example, for the back coating layer, descrip-
tions disclosed in paragraphs 0018 to 0020 of JP2006-
331625A and page 4, line 65, to page 5, line 38, of U.S. Pat.
No. 7,029,774 can be referred to.

[0127] Various Thicknesses

[0128] Thicknesses of the non-magnetic support and each
layer of the magnetic recording medium will be described
below.

[0129] A thickness of the non-magnetic support is, for
example, 3.0 to 80.0 um, preferably 3.0 to 50.0 pm, and
more preferably 3.0 to 10.0 pm.

[0130] A thickness of the magnetic layer can be optimized
according to a saturation magnetization amount of a mag-
netic head used, a head gap length, a recording signal band,
and the like. The thickness of the magnetic layer is generally
10 nm to 100 nm, preferably 20 to 90 nm, and more
preferably 30 to 70 nm, from a viewpoint of realization of
high-density recording. The magnetic layer may be at least
one layer, or the magnetic layer can be separated to two or
more layers having different magnetic properties, and a
configuration regarding a well-known multilayered mag-
netic layer can be applied. A thickness of the magnetic layer
which is separated into two or more layers is a total
thickness of the layers.

[0131] A thickness of the non-magnetic layer is, for
example, equal to or greater than 50 nm, preferably equal to
or greater than 70 nm, and more preferably equal to or
greater than 100 nm. Meanwhile, the thickness of the
non-magnetic layer is preferably equal to or smaller than
800 nm and more preferably equal to or smaller than 500
nm.

[0132] A thickness of the back coating layer is preferably
equal to or smaller than 0.9 pm and more preferably 0.1 to
0.7 pm.

[0133] The thicknesses of various layers of the magnetic
recording medium and the non-magnetic support can be
acquired by a well-known film thickness measurement
method. As an example, a cross section of the magnetic
recording medium in a thickness direction is, for example,
exposed by a well-known method of ion beams or micro-
tome, and the exposed cross section is observed with an
electron microscope such as a scanning electron microscope
or a transmission electron microscope. In the cross section
observation, various thicknesses can be acquired as a thick-
ness acquired at one portion of the cross section in the
thickness direction, or an arithmetical mean of thicknesses
acquired at a plurality of portions of two or more portions,
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for example, two portions which are randomly extracted. In
addition, the thickness of each layer may be acquired as a
designed thickness calculated according to the manufactur-
ing conditions.

[0134] Manufacturing Step
[0135] Preparation of Each Layer Forming Composition
[0136] Steps of preparing the composition for forming the

magnetic layer, the non-magnetic layer, or the back coating
layer generally include at least a kneading step, a dispersing
step, and a mixing step provided before and after these steps,
if necessary. Each step may be divided into two or more
stages. The components used in the preparation of each layer
forming composition may be added at an initial stage or in
a middle stage of each step. As the solvent, one kind or two
or more kinds of various solvents generally used for manu-
facturing a coating type magnetic recording medium can be
used. For the solvent, a description disclosed in a paragraph
0153 of JP2011-216149A can be referred to, for example. In
addition, each component may be separately added in two or
more steps. For example, the binding agent may be sepa-
rately added in the kneading step, the dispersing step, and a
mixing step for adjusting a viscosity after the dispersion. In
order to manufacture the magnetic recording medium, a
well-known manufacturing technology of the related art can
be used in various steps. In the kneading step, an open
kneader, a continuous kneader, a pressure kneader, or a
kneader having a strong kneading force such as an extruder
is preferably used. For details of these kneading processes,
descriptions disclosed in JP1989-106338A (JP-HO1-
106338A) and JP1989-79274A (JP-HO1-79274A) can be
referred to. As a disperser, a well-known disperser can be
used. The filtering may be performed by a well-known
method in any stage for preparing each layer forming
composition. The filtering can be performed by using a filter,
for example. As the filter used in the filtering, a filter having
a hole diameter of 0.01 to 3 um (for example, filter made of
glass fiber or filter made of polypropylene) can be used, for
example.

[0137] As described above, in one aspect, regarding the
control of the base friction, a magnetic recording medium
can be manufactured by using two or more kinds of ferro-
magnetic hexagonal ferrite powders having different aver-
age particle sizes. That is, the magnetic layer can be formed
with first ferromagnetic hexagonal ferrite powder, and one
or more kinds of ferromagnetic hexagonal ferrite powder
having an average particle size greater than that of the first
ferromagnetic hexagonal ferrite powder, as ferromagnetic
hexagonal ferrite powder. As preferred aspects of a forming
method of such a magnetic layer, aspects of the following (1)
to (3) can be used. A combination of two or more aspects
described below is a more preferred aspect of the forming
method of the magnetic layer. The first ferromagnetic hex-
agonal ferrite powder is one kind of ferromagnetic hexago-
nal ferrite powder among the two or more kinds of ferro-
magnetic hexagonal ferrite powders and is preferably
ferromagnetic hexagonal ferrite powder with the largest
proportion described above based on mass.

[0138] (1) An average particle size of the first ferromag-
netic hexagonal ferrite powder is 10 to 80 nm.

[0139] (2) A difference between an average particle size of
the ferromagnetic hexagonal ferrite powder having an aver-
age particle size greater than that of the first ferromagnetic
hexagonal ferrite powder, and the average particle size of the
first ferromagnetic hexagonal ferrite powder is 10 to 50 nm.
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[0140] (3) A mixing ratio of the first ferromagnetic hex-
agonal ferrite powder to the ferromagnetic hexagonal ferrite
powder having an average particle size greater than that of
the first ferromagnetic hexagonal ferrite powder is 90.0:10.0
(former:latter) to 99.9:0.1 based on mass.

[0141] In another aspect, a magnetic recording medium
can also be manufactured by using non-magnetic powder
other than the oxide abrasive and the projection formation
agent, as the non-magnetic powder of the magnetic layer.
That is, the magnetic layer can be formed with the other
non-magnetic powder. As preferred aspects of a forming
method of such a magnetic layer, aspects of the following (4)
to (6) can be used. A combination of two or more aspects
described below is a more preferred aspect of the forming
method of a magnetic layer.

[0142] (4) An average particle size of the other non-
magnetic powder is greater than an average particle size of
the ferromagnetic hexagonal ferrite powder.

[0143] (5) A difference between the average particle size
of the ferromagnetic hexagonal ferrite powder and the
average particle size of the other non-magnetic powder is 10
to 80 nm.

[0144] (6) A mixing ratio of the ferromagnetic hexagonal
ferrite powder to the other non-magnetic powder is 90.0:
10.0 (former:latter) to 99.9:0.1 based on mass.

[0145] The value of the FIB abrasive diameter tends to
decrease, as the oxide abrasive is present in a finer state in
the magnetic layer. As means for causing the oxide abrasive
to be present in a finer state in the magnetic layer, a
dispersing agent capable of increasing dispersibility of the
oxide abrasive can be used, as described above. In addition,
in order to cause the oxide abrasive to be present in a finer
state in the magnetic layer, it is preferable that an abrasive
having a small particle size is used, aggregation of the
abrasive is prevented, and uneven distribution is prevented
to disperse the abrasive in the magnetic layer evenly. As
means for this, a method of reinforcing dispersion condi-
tions of the oxide abrasive in a case of preparing the
magnetic layer forming composition is used. For example,
dispersing the oxide abrasive separately from the ferromag-
netic hexagonal ferrite powder is one aspect of the rein-
forcement of the dispersion conditions. The separate disper-
sion is specifically a method of preparing a magnetic layer
fanning composition through a step of mixing an abrasive
solution including an oxide abrasive and a solvent (here,
ferromagnetic hexagonal ferrite powder is not substantially
included) with a magnetic liquid including the ferromagnetic
hexagonal ferrite powder, a solvent, and a binding agent. By
performing the mixing after dispersing the oxide abrasive
separately from the ferromagnetic hexagonal ferrite powder,
it is possible to increase dispersibility of the oxide abrasive
in the magnetic layer forming composition. The expression
“ferromagnetic powder is not substantially included” means
that the ferromagnetic hexagonal ferrite powder is not added
as a constituent element of the abrasive solution, and a small
amount of the ferromagnetic hexagonal ferrite powder
mixed as impurities without any intention is allowed. In
addition to the separate dispersion or with the separate
dispersion, means such as the dispersion process performed
for a long period of time, the use of dispersion medium
having a small size (for example, a decrease in diameter of
dispersion beads in the beads dispersion), a high degree of
filling of the dispersion medium in the disperser can be
randomly combined to reinforce the dispersion conditions.
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For the disperser and the dispersion medium, a commer-
cially available product can be used. In addition, a centrifu-
gal separation process of the abrasive solution contributes to
the oxide abrasive present in the magnetic layer in a finer
state, by removing particles having a size greater than an
average particle size and/or aggregated particles from the
particles configuring the oxide abrasive. The centrifugal
separation process can be performed by a commercially
available centrifugal separator. In addition, the filtering of
the abrasive solution performed by using a filter or the like
is preferable for removing a coarse aggregate of the aggre-
gated particles configuring the oxide abrasive. The removal
of'such coarse aggregate can contribute to the oxide abrasive
present in the magnetic layer in a finer state. For example,
the filtering by using a filter having a smaller hole diameter
can contribute to the oxide abrasive present in the magnetic
layer in a finer state. In addition, by adjusting various
process conditions (for example, stirring conditions, disper-
sion process conditions, filtering conditions, and the like)
after mixing the abrasive solution with the component for
preparing the magnetic layer forming composition such as
the ferromagnetic hexagonal ferrite powder or the like, it is
possible to increase dispersibility of the oxide abrasive in the
magnetic layer forming composition. This can also contrib-
ute to the oxide abrasive present in the magnetic layer in a
finer state. However, in a case where the oxide abrasive is
present in the magnetic layer in an extremely finer state, the
FIB abrasive diameter may be smaller than 0.04 um, and
therefore, it is preferable that various conditions for prepar-
ing the abrasive solution are adjusted so as to realize the FIB
abrasive diameter of 0.04 um to 0.08 pm.

[0146] Regarding the dispersion process of the magnetic
layer forming composition, as described above, it is prefer-
able to prevent the occurrence of chipping. In order for this,
it is preferable to perform the dispersion process of the
ferromagnetic hexagonal ferrite powder by a dispersion
process having two stages, in which a coarse aggregate of
the ferromagnetic hexagonal ferrite powder is crushed by the
dispersion process in a first stage, and the dispersion process
in a second stage, in which a collision energy applied to
particles of the ferromagnetic hexagonal ferrite powder due
to collision with the dispersion beads is smaller than that in
the first dispersion process, is performed, in the step of
preparing the magnetic layer forming composition. Accord-
ing to such a dispersion process, it is possible to improve
dispersibility of the ferromagnetic hexagonal ferrite powder
and prevent the occurrence of chipping.

[0147] As a preferred aspect of the dispersion process
having two stages, a dispersion process including a first
stage of obtaining a dispersion liquid by performing the
dispersion process of the ferromagnetic hexagonal ferrite
powder, the binding agent, and the solvent under the pres-
ence of first dispersion beads, and a second stage of per-
forming the dispersion process of the dispersion liquid
obtained in the first stage under the presence of second
dispersion beads having smaller bead diameter and density
than those of the first dispersion beads can be used. Here-
inafter, the dispersion process of the preferred aspect
described above will be further described.

[0148] In order to increase the dispersibility of the ferro-
magnetic hexagonal ferrite powder, the first stage and the
second stage are preferably performed as the dispersion
process before mixing the ferromagnetic hexagonal ferrite
powder and other powder components. For example, the first
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stage and the second stage are preferably performed as a
dispersion process of a solution (magnetic liquid) including
ferromagnetic hexagonal ferrite powder, a binding agent, a
solvent, and randomly added additives, before mixing the
oxide abrasive (preferably before mixing the oxide abrasive
and the projection formation agent described above).
[0149] A bead diameter of the second dispersion bead is
preferably equal to or smaller than 1/100 and more prefer-
ably equal to or smaller than 1/500 of a bead diameter of the
first dispersion bead. The bead diameter of the second
dispersion bead can be, for example, equal to or greater than
1/10,000 of the bead diameter of the first dispersion bead.
However, there is no limitation to this range. The bead
diameter of the second dispersion bead is, for example,
preferably 80 to 1,000 nm. Meanwhile, the bead diameter of
the first dispersion bead can be, for example, 0.2 to 1.0 mm.
[0150] The bead diameter of the invention and the speci-
fication is a value measured by the same method as the
measurement method of the average particle size of the
powder described above.

[0151] The second stage is preferably performed under the
conditions in which the amount of the second dispersion
beads is equal to or greater than 10 times of the amount of
the ferromagnetic hexagonal ferrite powder, and is more
preferably performed under the conditions in which the
amount of the second dispersion beads is 10 times to 30
times of the amount of the ferromagnetic hexagonal ferrite
powder, based on mass.

[0152] Meanwhile, the amount of the dispersion beads in
the first stage is preferably in the range described above.
[0153] The second dispersion beads are beads having
lower density than that of the first dispersion beads. The
“density” is obtained by dividing the mass (unit: g) of the
dispersion beads by volume (unit: cm®). The measurement is
performed by the Archimedes method. The density of the
second dispersion beads is preferably equal to or lower than
3.7 g/em® and more preferably equal to or lower than 3.5
g/cm®. The density of the second dispersion beads may be,
for example, equal to or higher than 2.0 g/cm® or may be
lower than 2.0 g/cm®. As the preferred second dispersion
beads from a viewpoint of density, diamond beads, silicon
carbide beads, or silicon nitride beads can be used, and as
preferred second dispersion beads from a viewpoint of
density and hardness, diamond beads can be used.

[0154] Meanwhile, as the first dispersion beads, dispersion
beads having density exceeding 3.7 g/cm’® are preferable,
dispersion beads having density equal to or higher than 3.8
g/cm® are more preferable, and dispersion beads having
density equal to or higher than 4.0 g/cm® are even more
preferable. The density of the first dispersion beads may be,
for example, equal to or smaller than 7.0 g/cm’® or may
exceed 7.0 g/cm®. As the first dispersion beads, zirconia
beads or alumina beads are preferably used, and zirconia
beads are more preferably used.

[0155] The dispersion time is not particularly limited and
may be set in accordance with the kind of a disperser used.
[0156] Coating Step

[0157] The magnetic layer can be formed by directly
applying the magnetic layer forming composition onto the
surface of the non-magnetic support or performing multi-
layer coating of the magnetic layer forming composition
with the non-magnetic layer forming composition in order or
at the same time. The back coating layer can be formed by
applying the back coating layer forming composition to the
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surface side of the non-magnetic support opposite to a
surface side provided with the magnetic layer (or to be
provided with the magnetic layer). For details of the coating
for forming each layer, a description disclosed in a para-
graph 0066 of JP2010-231843 A can be referred to.

[0158] Other Steps

[0159] For details of various other steps for manufacturing
the magnetic recording medium, descriptions disclosed in
paragraphs 0067 to 0070 of JP2010-231843A can be
referred to. It is preferable that the coating layer of the
magnetic layer forming composition is subjected to an
alignment process, while the coating layer is wet (not dried).
For the alignment process, various well-known technologies
such as a description disclosed in a paragraph 0067 of
JP2010-231843A can be used. As described above, it is
preferable to perform the homeotropic alignment process as
the alignment process, from a viewpoint of controlling the
XRD intensity ratio. Regarding the alignment process, the
above description can also be referred to.

[0160] As described above, it is possible to obtain the
magnetic recording medium according to one aspect of the
invention. However, the manufacturing method described
above is merely an example, values of the XRD intensity
ratio, the vertical squareness ratio, the base friction, and the
FIB abrasive diameter can be controlled to be in respective
ranges described above by any means capable of adjusting
the values thereof, and such an aspect is also included in the
invention.

[0161] The magnetic recording medium according to one
aspect of the invention can be a tape-shaped magnetic
recording medium (magnetic tape) or can also be a disk-
shaped magnetic recording medium (magnetic disk). For
example, the magnetic tape is normally accommodated in a
magnetic tape cartridge and the magnetic tape cartridge is
mounted in a magnetic recording and reproducing device. A
servo pattern can also be formed in the magnetic tape by a
well-known method, in order to allow head tracking servo to
be performed in the magnetic recording and reproducing
device.

[0162] Magnetic Recording and Reproducing Device
[0163] One aspect of the invention relates to a magnetic
recording and reproducing device including the magnetic
recording medium and a magnetic head.

[0164] In the invention and the specification, the “mag-
netic recording and reproducing device” means a device
capable of performing at least one of the recording of
information on the magnetic recording medium or the repro-
ducing of information recorded on the magnetic recording
medium. Such a device is generally called a drive. The
magnetic head included in the magnetic recording and
reproducing device can be a recording head capable of
performing the recording of information on the magnetic
recording medium, or can be a reproducing head capable of
performing the reproducing of information recorded on the
magnetic recording medium. In addition, in one aspect, the
magnetic recording and reproducing device can include both
of a recording head and a reproducing head as separate
magnetic heads. In another aspect, the magnetic head
included in the magnetic recording and reproducing device
can also have a configuration of including both of a record-
ing element and a reproducing element in one magnetic
head. In addition, the magnetic head which performs the
recording of information and/or the reproducing of infor-
mation may include a servo pattern reading element. Alter-
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natively, as a head other than the magnetic head which
performs the recording of information and/or the reproduc-
ing of information, a magnetic head (servo head) including
a servo pattern reading element may be included in the
magnetic recording and reproducing device.

[0165] In the magnetic recording and reproducing device,
the recording of information on the magnetic recording
medium and the reproducing of information recorded on the
magnetic recording medium can be performed by bringing
the surface of the magnetic layer of the magnetic recording
medium into contact with the magnetic head and sliding.
The magnetic recording and reproducing device may include
the magnetic recording medium according to one aspect of
the invention and well-known technologies can be applied
for other configurations.

[0166] The magnetic recording medium according to one
aspect of the invention can exhibit excellent electromagnetic
conversion characteristics in the magnetic recording and
reproducing device. That is, in the magnetic recording and
reproducing device, the information recorded on the mag-
netic recording medium according to one aspect of the
invention can be reproduced at a high SNR. In addition, in
the magnetic recording and reproducing device, the GTT can
be performed while changing the magnetic recording
medium with a new product. In this GTT, according to the
magnetic recording medium according to one aspect of the
invention, it is possible to prevent occurrence of the head
element chipping. The element for preventing the occur-
rence of the head element chipping can be one or more
elements selected from the group consisting of a reproduc-
ing element, recording element, and a servo pattern reading
element, and two or more elements can also be used. The
reproducing element is preferably a magnetoresistive (MR)
element capable of reading information recorded on the
magnetic recording medium with excellent sensitivity. In
addition, the MR element is also preferable as the servo
pattern reading element. As a head (MR head) including the
MR element as the reproducing element and/or the servo
pattern reading element, various well-known MR heads can
be used.

EXAMPLES

[0167] Hereinafter, the invention will be described with
reference to examples. However, the invention is not limited
to aspects shown in the examples. “Parts” and “%” in the
following description mean “parts by mass” and “% by
mass”, unless otherwise noted. In addition, steps and evalu-
ations described below are performed in an environment of
an atmosphere temperature of 23° C.£1° C., unless other-
wise noted. Further, “eq” described below is an equivalent
which is a unit which cannot be converted into the SI unit
system.

Example 1
[0168] A list of each layer forming composition is shown
below.
[0169] Preparation of Abrasive Solution
[0170] The amount of 2,3-dihydroxynaphthalene (manu-

factured by Tokyo Chemical Industry Co., Ltd.) shown in
condition C of Table 1, 31.3 parts of a 32% solution (solvent
is a mixed solvent of methyl ethyl ketone and toluene) of a
polyester polyurethane resin having a SO;Na group as a
polar group (UR-4800 (amount of a polar group: 80 meq/kg)
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manufactured by Toyobo Co., Ltd.), and 570.0 parts of a
mixed solution of methyl ethyl ketone and cyclohexanone
(mass ratio of 1:1) as a solvent were mixed in 100.0 parts of
an oxide abrasive (alumina powder) shown in condition C of
Table 1, and dispersed in the presence of zirconia beads
(bead diameter: 0.1 mm) by a paint shaker for a period of
time shown in condition C of Table 1 (bead dispersion time).
After the dispersion, the centrifugal separation process of a
dispersion liquid obtained by separating the dispersion lig-
uid from the beads by mesh was performed. The centrifugal
separation process was performed by using CS150GXL
manufactured by Hitachi, [td. (rotor used is S100AT6
manufactured by Hitachi, Ltd.) as a centrifugal separator at
a rotation per minute (rpm) shown in the condition C of
Table 1, for a period of time (centrifugal separation time)
shown in the condition C of Table 1. After that, the filtering
was performed by using a filter having a hole diameter
shown in the condition C of Table 1, and an alumina
dispersion (abrasive solution) was obtained.

[0171] Preparation of Magnetic Layer Forming Composi-
tion

[0172] Magnetic Liquid

[0173] Plate-shaped ferromagnetic hexagonal ferrite pow-

der (M-type barium ferrite): 100.0 parts
[0174] Two kinds of ferromagnetic hexagonal ferrite pow-
ders below are used

[0175] Ferromagnetic hexagonal ferrite powder (1)
[0176] Average particle size and amount used: see Table
2
[0177] Ferromagnetic hexagonal ferrite powder (2)
[0178] Average particle size and amount used: see Table
2
[0179] Oleic acid: 2.0 parts

[0180] A wvinyl chloride copolymer (MR-104 manufac-
tured by Zeon Corporation): 10.0 parts

[0181] SO;Na group-containing polyurethane resin: 4.0
parts
[0182] (Weight-average molecular weight: 70,000,

SO;Na group: 0.07 meq/g)

[0183] An amine-based polymer (DISPERBYK-102
manufactured by BYK Additives & Instruments): 6.0
parts

[0184] Methyl ethyl ketone: 150.0 parts

[0185] Cyclohexanone: 150.0 parts

[0186] Abrasive Solution

[0187] Abrasive solution described above: 6.0 parts

[0188] Projection Formation Agent Liquid (Silica Sol)

[0189] Colloidal silica: 2.0 parts
[0190] (Average particle size: 80 nm)

[0191] Methyl ethyl ketone: 8.0 parts

[0192] Other components

[0193] Stearic acid: 3.0 parts

[0194] Stearic acid amide: 0.3 parts

[0195] Butyl stearate: 6.0 parts

[0196] Methyl ethyl ketone: 110.0 parts

[0197] Cyclohexanone: 110.0 parts

[0198] Polyisocyanate (CORONATE (registered trade-

mark) L manufactured by Tosoh Corporation): 3.0 parts
[0199] Preparation Method
[0200] A dispersion liquid A was prepared by dispersing
(first stage) various components of the magnetic liquid with
a batch type vertical sand mill by using zirconia beads
having a bead diameter of 0.5 mm (first dispersion beads,
density of 6.0 g/cm®) for 24 hours, and then performing
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filtering with a filter having a hole diameter of 0.5 um. The
used amount of zirconia beads was 10 times of the amount
of the ferromagnetic hexagonal ferrite powder based on
mass.

[0201] After that, a dispersion liquid (dispersion liquid B)
was prepared by dispersing (second stage) dispersion liquid
A with a batch type vertical sand mill by using diamond
beads having a bead diameter shown in Table 2 (second
dispersion beads, density of 3.5 g/cm?) for a period of time
shown in Table 2, and then separating diamond beads by
using a centrifugal separator. The magnetic liquid is the
dispersion liquid B obtained as described above.

[0202] The magnetic liquid, the abrasive solution, the
projection formation agent liquid, and the other components
were introduced in a dissolver stirrer and stirred at a cir-
cumferential speed of 10 m/sec for a period of time shown
in the condition C of Table 1 (stirring time). After that, a
ultrasonic dispersion process was performed at a flow rate of
7.5 kg/min with a flow type ultrasonic disperser for a period
of time shown in the condition C of Table 1 (ultrasonic
dispersion time), and filtering with a filter having a hole
diameter shown in the condition C of Table 1 was performed
for the number of times shown in the condition C of Table
1, thereby preparing the magnetic layer forming composi-
tion.

[0203] Preparation of Non-Magnetic Layer Forming Com-
position
[0204] A non-magnetic layer forming composition was

prepared by dispersing various components of the non-
magnetic layer forming composition with a batch type
vertical sand mill by using zirconia beads having a bead
diameter of 0.1 mm for 24 hours, and then performing
filtering with a filter having a hole diameter of 0.5 pum.

[0205] Non-magnetic inorganic powder: a-iron oxide:
100.0 parts
[0206] (Average particle size: 10 nm, BET specific

surface area: 75 m*/g)

[0207] Carbon black: 25.0 parts
[0208] (Average particle size: 20 nm)

[0209] A SO,Na group-containing polyurethane resin:
18.0 parts
[0210] (Weight-average molecular weight: 70,000, con-

tent of SO,Na group: 0.2 meq/g)

[0211] Stearic acid: 1.0 parts

[0212] Cyclohexanone: 300.0 parts

[0213] Methyl ethyl ketone: 300.0 parts

[0214] Preparation of Back Coating Layer Forming Com-
position

[0215] Components among various components of the

back coating layer forming composition except a lubricant
(stearic acid and butyl stearate), polyisocyanate, and 200.0
parts of cyclohexanone were kneaded and diluted by an open
kneader, and subjected to a dispersion process of 12 passes,
with a transverse beads mill disperser and zirconia beads
having a bead diameter of 1 mm, by setting a bead filling
percentage as 80 volume %, a circumferential speed of rotor
distal end as 10 m/sec, and a retention time for 1 pass as 2
minutes. After that, the remaining components were added
and stirred with a dissolver, the obtained dispersion liquid
was filtered with a filter having a hole diameter of 1 pm and
a back coating layer forming composition was prepared.
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[0216] Non-magnetic inorganic powder: a-iron oxide:
80.0 parts
[0217] (Average particle size: 0.15 um, BET specific

surface area: 52 m?/g)

[0218] Carbon black: 20.0 parts
[0219] (Average particle size: 20 nm)
[0220] A vinyl chloride copolymer: 13.0 parts
[0221] A sulfonic acid salt group-containing polyurethane

resin: 6.0 parts

[0222] Phenylphosphonic acid: 3.0 parts

[0223] Cyclohexanone: 155.0 parts

[0224] Methyl ethyl ketone: 155.0 parts

[0225] Stearic acid: 3.0 parts

[0226] Butyl stearate: 3.0 parts

[0227] Polyisocyanate: 5.0 parts

[0228] Cyclohexanone: 200.0 parts

[0229] Manufacturing of Magnetic Tape

[0230] The non-magnetic layer forming composition pre-

pared as described above was applied to a surface of a
support made of polyethylene naphthalate having a thick-
ness of 5.0 um so that the thickness after the drying becomes
100 nm and was dried to form a non-magnetic layer. The
magnetic layer forming composition prepared as described
above was applied onto the surface of the formed non-
magnetic layer so that the thickness after the drying becomes
70 um and a coating layer was formed. A homeotropic
alignment process was performed by applying a magnetic
field having a strength shown in Table 2 in a vertical
direction with respect to the surface of the coating layer,
while the coating layer of the magnetic layer forming
composition is wet (not dried). After that, the coating layer
was dried.

[0231] After that, the back coating layer forming compo-
sition prepared as described above was applied to the surface
of the support opposite to the surface where the non-
magnetic layer and the magnetic layer were formed, so that
the thickness after the drying becomes 0.4 um, and was
dried. A calender process (surface smoothing treatment) was
performed with respect to the tape obtained as described
above by a calender configured of only a metal roll, at a
speed of 100 m/min, linear pressure of 300 kg/cm (294
kN/m), and by using a calender roll at a surface temperature
of 90° C., and then, a heat treatment was performed in the
environment of the atmosphere temperature of 70° C. for 36
hours. After the heat treatment, the slitting was performed to
have a width of %% inches (0.0127 meters), and a servo
pattern was formed on the magnetic layer by a commercially
available servo writer.

[0232] By doing so, a magnetic tape of Example 1 was
obtained.

[0233] Examples 2 to 9 and Comparative Examples 1 to
13

[0234] A magnetic tape was manufactured in the same

manner as in Example 1, except that various items shown in
Table 1 and Table 2 were changed as shown in each table.
[0235] All of the oxide abrasive shown in Table 1 are
alumina powder.

[0236] In Table 2, in the comparative examples in which
“none” is shown in a column of the dispersion beads and a
column of the time, the magnetic layer forming composition
was prepared without performing the second stage in the
magnetic liquid dispersion process.

[0237] In Table 2, in the examples in which “none” is
shown in a column of the homeotropic alignment process
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magnetic field strength, the magnetic layer was formed
without performing the alignment process.

The amount of the ferromagnetic hexagonal ferrite powder
shown in Table 2 is content of each ferromagnetic hexagonal
ferrite powder based on mass with respect to 100.0 parts by
mass of a total of the ferromagnetic hexagonal ferrite
powder. An average particle size of the ferromagnetic hex-
agonal ferrite powder shown in Table 2 is a value obtained
by collecting the necessary amount from a batch of the
powder used in the preparation of the magnetic tape and
measuring an average particle size by the method described
above. The ferromagnetic hexagonal ferrite powder after
measuring the average particle size was used in the prepa-
ration of a magnetic liquid for preparing the magnetic tape.

[0238] Evaluation of Physical Properties of Magnetic Tape
[0239] (1) XRD Intensity Ratio

[0240] A tape sample was cut out from the manufactured
magnetic tape.

[0241] Regarding the cut-out tape sample, the surface of

the magnetic layer was irradiated with X-ray by using a thin
film X-ray diffraction device (Smart Lab manufactured by
Rigaku Corporation), and the In-Plane XRD was performed
by the method described above.

[0242] The peak intensity Int(114) of the diffraction peak
of the (114) plane and the peak intensity Int(110) of the
diffraction peak of a (110) plane of a hexagonal ferrite
crystal structure were obtained from the X-ray diffraction
spectra obtained by the In-Plane XRD, and the XRD inten-
sity ratio (Int(110)/Int(114)) was calculated.

[0243] (2) Vertical Squareness Ratio

[0244] A vertical squareness ratio of each manufactured
magnetic tape was obtained by the method described above
using a vibrating sample magnetometer (manufactured by
Toei Industry Co., Ltd.).

[0245] (3) Base Friction

[0246] First, marking was performed on a measurement
surface with a laser marker in advance, and an atomic force
microscope (AFM) image of a portion separated from the
mark by a certain distance (approximately 100 um) was
observed. The observation was performed regarding an area
of a visual field of 7 pmx7 pum. At this time, marking was
performed on the ARM by changing a cantilever to a hard
material (single crystal silicon), so as to easily capture a
scanning electron microscope (SEM) image of the same
portion as will be described later. All of projections having
a height equal to or greater than 15 nm from the reference
surface were extracted from the AFM image observed as
described above. A portion in which it is determined that
projections were not present, was specified as a base portion,
and the base friction was measured with TI-950 type Tri-
bolndenter manufactured by Hysitron, Inc. by the method
described above.

[0247] An SEM image of the same portion as the portion
observed with the AFM image was observed to obtain a
component map, and it was confirmed that the extracted
projections having a height equal to or greater than 15 nm
from the reference surface were projections formed of
alumina or colloidal silica. In the examples and the com-
parative examples, in the component map obtained with the
SEM, alumina and colloidal silica were not confirmed in the
base portion. Here, the component analysis was performed
with the SEM, but the component analysis is not limited to
being performed with the SEM, and can be performed by a
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well-known method such as energy dispersive X-ray spec-
trometry (EDS) or auger electron spectroscopy (AES).
[0248] (4) FIB Abrasive Diameter

[0249] The FIB abrasive diameter of each manufactured
magnetic tape was obtained by the following method.
[0250] As a focused ion beam device, MI4050 manufac-
tured by Hitachi High-Technologies Corporation was used,
and the image analysis software, Image] which is free
software was used.

[0251] (i) Acquiring of Secondary Ion Image

[0252] The surface of the back coating layer of the sample
for measurement cut out from each manufactured magnetic
tape was bonded to an adhesive layer of a commercially
available carbon double-sided tape for SEM measurement
(double-sided tape in which a carbon film is formed on a
base material formed of aluminum). An adhesive layer of
this double-sided tape on a surface opposite to the surface
bonded to the surface of the back coating layer was bonded
to a sample table of the focused ion beam device. By doing
s0, the sample for measurement was disposed on the sample
table of the focused ion beam device so that the surface of
the magnetic layer faces upwards.

[0253] Without performing the coating process before the
imaging, the beam setting of the focused ion beam device
was set so that an acceleration voltage is 30 kV, a current
value is 133 pA, a beam size is 30 nm, and a brightness is
50%, and an SI signal was detected by a secondary ion
detector. ACB was carried out at three spots on a non-
imaged region of the surface of the magnetic layer to
stabilize a color of the image. Then, the contrast reference
value and the brightness reference value were determined.
The brightness reference value as determined in the above
ACB and the contrast value which was lowered by 1% from
the contrast reference value as determined in the above ACB
were determined as the conditions for capturing a secondary
ion image. A non-imaged region of the surface of the
magnetic layer was selected and imaging was performed
under the conditions for capturing as determined above and
at a pixel distance of 25.0 (nm/pixel). As an image capturing
method, PhotoScan Dotx4_Dwell Time 15 usec (capturing
time: 1 min), and a capturing size was set as 25 pmx25 pm.
By doing so, a secondary ion image of a region of the surface
of the magnetic layer having a size of 25 pmx25 pm was
obtained. After the scanning, the obtained secondary ion
image was stored as a file format, JPEG, by ExportImage, by
clicking mouse right button on the captured screen. The
pixel number of the image which was 2,000 pixelx2,100
pixel was confirmed, the cross mark and the micron bar on
the captured image were deleted, and an image of 2,000
pixelx2,000 pixel was obtained.

[0254] (ii) Calculation of FIB Abrasive Diameter

[0255] The image data of the secondary ion image
obtained in (i) was dragged and dropped in ImagelJ which is
the image analysis software.

[0256] A tone of the image data was changed to 8 bit by
using the image analysis software. Specifically, Image of the
operation menu of the image analysis software was clicked
and 8 bit of Type was selected.

[0257] For the binarization process, 250 gradations was
selected as a lower limit value, 255 gradations was selected
as an upper limit value, and the binarization process was
executed by these two threshold values. Specifically, on the
operation menu of the image analysis software, Image was
clicked, Threshold of Adjust was selected, the lower limit
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value was selected as 250, the upper limit value was selected
as 255, and then, apply was selected. Regarding the obtained
image, Process of the operation menu of the image analysis
software was clicked, Despeckle of Noise was selected, and
Size 4.0-Infinity was set on AnalyzeParticle to remove noise
components.

[0258] Regarding the binarization process image obtained
as described above, AnalyzeParticle was selected from the
operation menu of the image analysis software, and the
number and Area (unit: Pixel) of white-shining portions on
the image were obtained. The area of each white-shining
portion on the image was obtained by converting Area (unit:
Pixel) into the area by the image analysis software. Specifi-
cally, 1 pixel of the image obtained under the imaging
conditions corresponded to 0.0125 um, and accordingly, the
area A [um?] was calculated by an expression, area A=Area
pixelx0.012572. By using the area calculated as described
above, an equivalent circle diameter L of each white-shining
portion was obtained by an expression, equivalent circle
diameter L=(A/m)"(V2)x2=L.

[0259] The above step was performed four times at dif-
ferent portions (25 umx25 pum) of the surface of the mag-
netic layer of the sample for measurement, and the FIB
abrasive diameter was calculated from the obtained result by
an expression, FIB abrasive diameter=2(L1)/Zi.

[0260] Evaluation of Electromagnetic Conversion Char-
acteristics (SNR)

[0261] The electromagnetic conversion characteristics of
each manufactured magnetic tape were measured with a reel
tester having a width of %% inches (0.0127 meters) to which
a head was fixed, by the following method. The following
recording and reproducing were performed by sliding the
surface of the magnetic layer of the magnetic tape and the
head.

[0262] A running speed of the magnetic tape (magnetic
head/magnetic tape relative speed) was set as 4 m/sec. As a
recording head, a metal-in-gap (MIG) head (gap length of
0.15 um, track width of 1.0 um) was used, and a recording
current was set as an optimal recording current of each
magnetic tape. As a reproducing head, a giant-magnetore-
sistive (GMR) head having an element thickness of 15 nm,
a shield interval of 0.1 um, and a lead width of 0.5 um was
used. A signal was recorded at linear recording density (300
kfci) and a reproducing signal was measured with a spec-
trum analyzer manufactured by Shibasoku Co., Ltd. A ratio
of an output value of a carrier signal and integral noise over
whole spectral range was set as an SNR. For the SNR
measurement, a part of a signal which is sufficiently stabi-
lized after running of the magnetic tape was used. The SNR
was shown in Table 2 as a relative value in a case where the
SNR of Comparative Example 1 was set as 0.0 dB. The unit
kfci is a unit of linear recording density (cannot be converted
into the unit SI).

[0263] Head Element Chipping Amount in GTT

[0264] A magnetic head (MR head) used in a tape drive of
TS 1140 manufactured by IBM was attached to a reel tester,
the magnetic tape having a length of 1000 m of 1 reel was
caused to run for 200 passes, by setting a running speed
(magnetic head/magnetic tape relative speed) as 4 m/sec
while sliding the surface of the magnetic layer and the MR
head.

[0265] The same running of 200 passes was repeated by
replacing the magnetic tape with a new product (1,000 reels
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of the magnetic tape were used), and the chipping amount of
the MR element of the MR head was measured by the
following method.

[0266] A carbon film was vapor-deposited on the surface
of the MR head including a surface slid on the surface
magnetic layer by using a vacuum deposition device (JEE-
4X manufactured by JEOL), and a platinum film was formed
by sputtering on this carbon film by using an ion sputtering
device (E-1030 manufactured by Hitachi High-Technologies
Corporation. After that, a cross section parallel to the sliding
direction of the magnetic tape in a case of running, was
exposed from the MR head by using A FIB-SEM combined
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machine, Helios 400S manufactured by MRFEI, and a
sample for cross section observation (piece having a thick-
ness of 100 nm) was cut out so that the MR element was
included in the cross section. A distance in a vertical
direction between the sliding surface of the surface of the
magnetic layer and the top of the MR element was obtained
by using a TEM image obtained by observing the sample for
cross section observation using a transmission electron
microscope (TEM) (Titan 80-300 manufactured by FBI) at
an acceleration voltage of 300 kV. A difference between the
obtained distance and a distance obtained by the same
method regarding unused MR head was shown as the head
element chipping amount in GTT in Table 2.

TABLE 1
Conditions B C D E F
Preparation of Oxide abrasive product name Hit80 Hit80 Hit80 Hit100 Hit70 Hit80
abrasive solution (manufactured by Sumitomo Chemical
Co., Ltd.)
Oxide abrasive BET specific surface 30 30 40 20 30
area (m?/g)
Content of abrasive solution dispersing 3.0 parts 0 part 3.0 parts 3.0 parts 3.0 parts 3.0 parts
agent (2,3-dihydroxynaphthalene)
Beads dispersion time 5 min 60 min 60 min 180 min 60 min 180 min
Centrifugal separation Rotation rate None 3500 rpm 3500 rpm 3500 rpm 5500 rpm 3500 rpm
Centrifugal None 4 min 4 min 4 min 4 min 4 min
separation time
Filter hole diameter 0.5 pm 0.3 pm 0.3 pm 0.3 pm 0.3 pm 0.3 pm
Preparation of Stirring time 30 min 60 min 360 min 360 min 180 min 360 min
magnetic layer Ultrasonic dispersion time 0.5 min 60 min 60 min 60 min 60 min 60 min
forming composition Filter hole diameter 0.5 pm 0.3 pm 0.3 pm 0.3 pm 0.3 pm 0.3 pm
Number of times of filter process 2 3 3 2 3

TABLE 2

Magnetic liquid dispersion process second stage

Dispersion beads

Ferromagnetic hexagonal Ferromagnetic hexagonal
ferrite powder (1) ferrite powder (2)

Used amount (mass of beads
with respect to mass of

Homeotropic
alignment process

Average Amount Average Amount Bead ferromagnetic hexagonal magnetic field

particle size used particle size used Kind diameter  ferrite powders (1) and (2)) Time strength
Comparative 22 nm 100% — — None None None None None
Example 1
Comparative 22 nm 100% — — None None None None None
Example 2
Comparative 22 nm 100% — — None None None None None
Example 3
Comparative 22 nm 100% — — None None None None None
Example 4
Comparative 22 nm 100% — — Diamond 500 nm 10 times 1h 0.15T
Example 5
Comparative 22 nm 100% — — Diamond 500 nm 10 times 1h 0.15T
Example 6
Comparative 22 nm 100% — — Diamond 500 nm 10 times 1h 0.15T
Example 7
Comparative 22 nm 100% — — Diamond 500 nm 10 times 1h 0.15T
Example 8
Comparative 22 nm 99.0% 60 nm 1.0% None None None None None
Example 9
Comparative 22 nm 99.0% 60 nm 1.0% None None None None 0.15T
Example 10
Comparative 22 nm 99.0% 60 nm 1.0% None None None None 0.30T
Example 11
Comparative 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 1.00T
Example 12
Comparative 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h None

Example 13
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TABLE 2-continued
Example 1 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 0.15T
Example 2 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 0.20T
Example 3 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 0.30T
Example 4 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 0.50T
Example 5 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 20 times 1h 0.15T
Example 6 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 0.30T
Example 7 22 nm 99.0% 60 nm 1.0%  Diamond 500 nm 10 times 1h 0.30T
Example 8 22 nm 98.8% 60 nm 1.2%  Diamond 500 nm 10 times 1h 0.30T
Example 9 22 nm 98.5% 60 nm 1.5%  Diamond 500 nm 10 times 1h 0.30T
Preparation
condition of
abrasive
solution and Head element
magnetic layer chipping
forming Base  XRD intensity ratio Vertical FIB abrasive SNR amount in GTT
composition  friction  Int(110)/Int(114) squareness ratio diameter (dB) (nm)
Comparative A 0.45 0.2 0.55 0.16 pm 0.0 10.0
Example 1
Comparative B 0.45 0.2 0.55 0.11 pm 1.1 7.0
Example 2
Comparative C 0.45 0.2 0.55 0.06 pm 2.0 4.1
Example 3
Comparative D 0.45 0.2 0.55 0.03 pm 2.9 5.9
Example 4
Comparative C 0.45 0.5 0.70 0.06 pm 5.1 4.0
Example 5
Comparative A 0.30 0.5 0.70 0.16 pm 3.0 9.1
Example 6
Comparative B 0.30 0.5 0.70 0.11 pm 4.0 6.0
Example 7
Comparative D 0.30 0.5 0.70 0.03 pm 5.9 7.9
Example 8
Comparative C 0.30 0.3 0.56 0.06 pm 2.1 0.0
Example 9
Comparative C 0.30 3.8 0.62 0.06 pm 2.0 0.0
Example 10
Comparative C 0.30 5.0 0.76 0.06 pm 2.1 0.0
Example 11
Comparative C 0.30 6.2 0.88 0.06 pm 2.0 0.0
Example 12
Comparative C 0.30 0.3 0.65 0.06 pm 2.0 0.0
Example 13
Example 1 C 0.30 0.5 0.69 0.06 um 5.1 0.0
Example 2 C 0.30 1.5 0.75 0.06 um 5.0 0.0
Example 3 C 0.30 2.4 0.81 0.06 um 5.1 0.0
Example 4 C 0.30 4.0 0.85 0.06 um 5.0 0.0
Example 5 C 0.30 0.7 0.83 0.06 um 5.1 0.0
Example 6 E 0.30 2.4 0.81 0.08 um 5.5 0.0
Example 7 F 0.30 2.4 0.81 0.04 ym 5.5 0.0
Example 8 C 0.25 2.4 0.81 0.06 um 5.0 0.0
Example 9 C 0.22 2.4 0.81 0.06 um 5.0 0.0
[0267] From the results shown in Table 2, it is possible to [0268] One aspect of the invention is effective in a tech-

confirm that, in Examples 1 to 9 in which the XRD intensity
ratio of the magnetic tape, the vertical squareness ratio, the
base friction, and the FIB abrasive diameter are in the ranges
described above, the reproduction can be performed at a
high SNR (that is, excellent electromagnetic conversion
characteristics can be exhibited) and the occurrence of the
head element chipping in GTT is prevented. It is thought
that, in Comparative Example 6 and Comparative Example
7, a reason of a decrease in SNR compared to that in
Examples 1 to 9, is due to an increase in distance between
the surface of the magnetic layer and the reproducing
element and the occurrence of spacing loss, due to the coarse
surface of the magnetic layer, caused by the oxide abrasive
present in the magnetic layer in a state where the FIB
abrasive diameter significantly exceeds 0.08 pm.

nical field of a magnetic recording medium used as a
recording medium for archive.
What is claimed is:
1. A magnetic recording medium comprising:
a non-magnetic support; and
a magnetic layer including a ferromagnetic powder and a
binding agent,
wherein the ferromagnetic powder is a ferromagnetic
hexagonal ferrite powder,
the magnetic layer includes an oxide abrasive,
an intensity ratio Int(110)/Int(114) of a peak intensity
Int(110) of a diffraction peak of a (110) plane with
respect to a peak intensity Int(114) of a diffraction peak
of a (114) plane of a hexagonal ferrite crystal structure
obtained by an X-ray diffraction analysis of the mag-
netic layer by using an In-Plane method is 0.5 to 4.0,
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a vertical squareness ratio of the magnetic recording
medium is 0.65 to 1.00,

a coefficient of friction measured regarding a base portion
of a surface of the magnetic layer is equal to or smaller
than 0.30, and

an average particle diameter of the oxide abrasive
obtained from a secondary ion image obtained by
irradiating the surface of the magnetic layer with a
focused ion beam is 0.04 um to 0.08 pm.

2. The magnetic recording medium according to claim 1,

wherein the vertical squareness ratio is 0.65 to 0.90.

3. The magnetic recording medium according to claim 1,

wherein the coefficient of friction measured regarding the
base portion of the surface of the magnetic layer is 0.15
to 0.30.

4. The magnetic recording medium according to claim 1,

wherein the oxide abrasive is an alumina powder.

5. The magnetic recording medium according to claim 1,

further comprising:

a non-magnetic layer including a non-magnetic powder
and a binding agent between the non-magnetic support
and the magnetic layer.

6. The magnetic recording medium according to claim 1,

further comprising:

a back coating layer including a non-magnetic powder
and a binding agent on a surface of the non-magnetic
support opposite to a surface provided with the mag-
netic layer.

7. The magnetic recording medium according to claim 1,

which is a magnetic tape.

8. A magnetic recording and reproducing device compris-

ing:

a magnetic recording medium; and

a magnetic head,

wherein the magnetic recording medium is a magnetic
recording medium comprising:

a non-magnetic support; and

a magnetic layer including a ferromagnetic powder and a
binding agent,

wherein the ferromagnetic powder is a ferromagnetic
hexagonal ferrite powder,

the magnetic layer includes an oxide abrasive,

an intensity ratio Int(110)/Int(114) of a peak intensity
Int(110) of a diffraction peak of a (110) plane with
respect to a peak intensity Int(114) of a diffraction peak
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of a (114) plane of a hexagonal ferrite crystal structure
obtained by an X-ray diffraction analysis of the mag-
netic layer by using an In-Plane method is 0.5 to 4.0,

a vertical squareness ratio of the magnetic recording
medium is 0.65 to 1.00,

a coeflicient of friction measured regarding a base portion
of a surface of the magnetic layer is equal to or smaller
than 0.30, and

an average particle diameter of the oxide abrasive
obtained from a secondary ion image obtained by
irradiating the surface of the magnetic layer with a
focused ion beam is 0.04 um to 0.08 um.

9. The magnetic recording and reproducing device

according to claim 8,
wherein the magnetic head is a magnetic head including
magnetoresistive element.
10. The magnetic recording and reproducing device
according to claim 8,

wherein the vertical squareness ratio is 0.65 to 0.90.

11. The magnetic recording and reproducing device
according to claim 8,
wherein the coefficient of friction measured regarding the
base portion of the surface of the magnetic layer is 0.15
to 0.30.
12. The magnetic recording and reproducing device
according to claim 8,

wherein the oxide abrasive is an alumina powder.

13. The magnetic recording and reproducing device
according to claim 8,

wherein the magnetic recording medium comprises a
non-magnetic layer including a non-magnetic powder
and a binding agent between the non-magnetic support
and the magnetic layer.

14. The magnetic recording and reproducing device

according to claim 8,

wherein the magnetic recording medium comprises a back
coating layer including a non-magnetic powder and a
binding agent on a surface of the non-magnetic support
opposite to a surface provided with the magnetic layer.

15. The magnetic recording and reproducing device

according to claim 8,

wherein the magnetic recording medium is a magnetic

tape.



