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DESCRIPTION
Title of Invention
LUBRICANT FOR MAGNETIC RECORDING MEDIUM, AND MAGNETIC
RECORDING MEDIUM

Technical Field
The present invention relates to a lubricant for a magnetic recording

medium, and a magnetic recording medium using the lubricant.

Background Art

In recent years, it is desired to transmit, process, and store a large volume of
information because of development of a highly sophisticated information society.

It is said that the data volume generated per year around the world is 1 zettabyte
(1,000,000,000 times 1 TB). As recording media for storing the large volume of
data, magnetic recording media (e.g., magnetic tapes and magnetic disks), in each of
which a magnetic layer is formed on or above a non-magnetic support, have
attracted attentions. Since magnetic recording media can store a large volume of
data, and can record and reproduce at high speed compared to optical disks, further
development of performances of the magnetic recording media has been desired.

In order to improve a recording capacity and processing speed of a magnetic
recording medium, for example, a magnetic disk, it is necessary to convert
recording-reproducing magnetic fields into electrical signals. To this end, a
floating amount of a magnetic head, which is a gap between the head and a disk,
needs to be reduced. When the floating amount of the magnetic head is reduced,
on the other hand, a friction force between the magnetic helat and the disk increases
to abrade each other, which lowers reliability of the magnetic disk. Therefore, a

lubricant layer including a lubricant is generally formed on the magnetic layer. In
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order to realize high reliability of a magnetic disk, it is important to design a
lubricant that can maintain excellent lubricity even when the disk is repeatedly
slid.

Properties desired for a lubricant of a magnetic recording medium include
being a liquid in a wide temperature range, low vapor pressure, high thermal
stability, high oxidation stability, low surface tension, and excellent friction
properties. As a chemical structure satisfying the above-described properties,
perfluoropolyether (PFPE) having a polar group at a terminal has been used (see,
for example, NPL 1).

Other than that, ionic liquid-based lubricants each having a
perfluoropolyether structure have been proposed for the purpose of improving
thermal stability, friction properties, etc., (see, for example, PTLs 1 to 4).

However, a further reduction in a thickness of a lubricant layer is desired
along with an increase in recording density of a magnetic recording medium, which
is expected in the future. A lubricant that can be applied for such a thin-film

lubricant layer has not yet been obtained.
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Summary of Invention
Technical Problem

The present invention aims to solve the above-described various problems
existing in the art, and to achieve the following object. Specifically, the present
invention has an object to provide a lubricant for a magnetic recording medium,
which has excellent thermal stability and friction properties, even when a lubricant
layer having a small thickness is formed, and to provide a magnetic recording

medium using the lubricant.

Solution to Problem

Means for solving the above-described problems are as follows.
<1>  Alubricant for a magnetic recording medium, including:
an ionic liquid including a Bronsted acid and a Bronsted base that is primary amine
as constituents of the ionic liquid,
wherein the Bronsted acid includes a fluorine-containing chain,
wherein the Bronsted base includes a fluorine-containing chain that is a
perfluoroalkyl chain or a perfluoropolyether chain,
wherein the fluorine-containing chain in the Bronsted acid is a perfluoropolyether
chain or the fluorine-containing chain in the Bronsted base is the
perfluoropolyether chain, or the fluorine-containing chain in the Bronsted acid is
the perfluoropolyether chain and the fluorine-containing chain in the Bronsted base
is the perfluoropolyether chain, and
wherein a number average molecular weight of the fluorine-containing chain in the
Bronsted acid is 1,500 or less.
<2>  The lubricant for a magnetic recording medium according to <1>,
wherein the number average molecular weight of the fluorine-containing chain in

the Bronsted acid is 500 or less.



10

15

20

25

<3>  The lubricant for a mégnetic recording medium according to <1> or <2>,
wherein the Bronsted acid is sulfonic acid including the fluorine-containing chain or
sulfonyl imide including the fluorine-containing chain, and

wherein the Bronsted base is primary amine including the perfluoropolyether chain.
<4>  The lubricant for a magnetic recording medium according to any one of <1>
to <3>,

wherein a coefficient of dynamic friction of the lubricant is 0.30 or less.

<6> A magnetic recording medium including:

a non-magnetic support;

a magnetic layer on or above the non-magnetic support; and

the lubricant for a magnetic recording medium according to any one of <1> to <4>,

on or above the magnetic layer.

Advantageous Effects of Invention

According to the present invention, the above-described various problems
existing in the art can be solvent, and a lubricant for a magnetic recording medium,
which has excellent thermal stability and friction properties, even when a lubricant
layer having a small thickness is formed, and a magnetic recording medium using

the lubricant can be provided.

Brief Description of Drawings

FIG. 1 is a cross-sectional view illustrating one example of a hard disk
according to one embodiment of the present invention.

FIG. 2 is a cross-sectional view illustrating one example of a magnetic tape

according to one embodiment of the present invention.

Description of Embodiments
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(Lubricant for magnetic recording medium)

Alubricant for a magnetic recording medium of the present invention
includes an ionic liquid, and may further include other components according to the
necessity.
<Ionic liquid>

The ionic liquid includes a Bronsted acid and a Bronsted base as
constituents of the ionic liquid. Specifically, the ionic liquid is formed of a Bronsted
acid and a Bronsted base.

The present inventors have diligently conducted researches in order to
provide a lubricant for a magnetic recording medium, which has excellent thermal
stability and friction properties, even when a lubricant layer having a small
thickness is formed. As a result, the present inventors have found that a lubricant
for a magnetic recording medium, which has excellent thermal stability and friction
properties, can be obtained even when a lubricant layer having a small thickness is
formed, when an ionic liquid included in the lubricant for a magnetic recording
medium includes a Bronsted acid and a Bronsted base as constituents of the ionic
liquid and satisfies the following structures 1 to 5.

Structure 1: The Bronsted acid includes a fluorine-containing chain.

Structure 2: The Bronsted base is primary amine.

Structure 3 The Bronsted base includes a fluorine-containing chain that is a
perfluoroalkyl chain or a perfluoropolyether chain.

Structure 4: The ionic liquid satisfies either or both of that the fluorine-containing
chain in the Bronsted acid is a perfluoropolyether chain and that the fluorine-
containing chain in the Bronsted base is the perfluoropolyether chain.

Structure 5: A number average molecular weight of the fluorine-containing chain in
the Bronsted acid is 1,500 or less.

<<Bronsted acid>>
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The Bronsted acid includes a fluorine-containing chain. The fluorine-
containing chain does not include a hydrogen atom.

Examples of the fluorine-containing chain include fluorine atoms,
perfluorinated hydrocarbon chains, and perfluoropolyether chains.

Examples of the perfluorinated hydrocarbon chains include perfluoroalkyl
chains, and perfluoroalkylene chains.

In the case where the number of fluorine atoms in one chain of the Bronsted
acid is 1, the fluorine-containing chain is composed of only the fluorine atom. In
the case where the number of fluorine atoms in one chain of the Bronsted acid is 1,
specifically, the fluorine atom is the fluorine-containing chain.

The fluorine-containing chain is preferably a fluorine-containing chain
represented by General Formula (I-1) below in terms of solubility and friction

properties.

F\CCFQX/

In General Formula (I-1) above, x is an integer of 0 to 21. The lower limit

General Formula (I-1)

of x is preferably 1 and more preferably 2. The upper limit of x is preferably 20,
more preferably 11, and particularly preferably 10. Examples of a range of the x
include the following ranges.

* An integer of 0 to 21

* An integer of 0 to 20

*An integer of 0 to 11

*An integer of 0 to 10

*An integer of 1 to 21

*An integer of 1 to 20

*An integer of 1 to 11

*An integer of 1 to 10
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*An integer of 2 to 21
*An integer of 2 to 20
*An integer of 2 to 11
*An integer of 2 to 10

In the case where x is 0, a fluorine-containing chain represented by General
Formula (I-1) above is a fluorine atom. In the case where x is 1 or greater, a
fluorine-containing chain represented by General Formula (I-1) above is a
perfluoroalkyl chain.

The perfluoropolyether chain is preferably a fluorine-containing chain
represented by General Formula (I-2) below in view of solubility and friction
properties.

F,C o_ _CF,
’ fCFj{ “CF, }\o/
m

n
General Formula (I-2)

In General Formula (I-2) above, m is an integer of 1 to 10 and preferably an
integer of 1 to 6; and n is an integer of 2 to 10 and preferably 2 to 6.

Examples of the Bronsted acid include carboxylic acid, sulfonic acid, and
sulfonyl imide.

The carboxylic acid may be monocarboxylic acid or polyvalent carboxylic
acid, but the carboxylic acid is preferably monocarboxylic acid.

The sulfonic acid may be monosulfonic acid or polyvalent sulfonic acid, but
the sulfonic acid is preferably monosulfonic acid.

In the case where the Bronsted acid is monocarboxylic acid, the Bronsted
acid preferably includes a carboxyl group (a carboxylic acid group, ~COOH) at one
terminal.

In the case where the Bronsted acid is monosulfonic acid group, the
Bronsted acid preferably include a sulfo group (a sulfonic acid group, —~SOsH) at one

terminal.



The Bronsted acid is preferably represented by any of General Formula (I-A)

to General Formula (I'F) below in view of thermal resistance.

F\CCFQ/éCHZDVSow
X

F\CCFZ’)/QC%)?COOH
x |

General Formula (I-A)

General Formula (I-B)

F.C o_ _CF, CF 0 SO,H
3 fCF% \CFZ >n\0/ 2\// g NPt

2
m

General Formula (I-C)

F,C X /CF2>\ _CF,
fcr: CFy 707 "SCOOH

2
m
General Formula (I-D)
i
CF O
ACFo)_ {7
X1 \
NH
F S/
o~
or) 10
X
10 General Formula (I-E)
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In General Formula (I-A) and General Formula (I-B) above, x is an integer
of 0 to 21; and y is an integer of 0 to 6 and preferably an integer of 0 to 2.
Examples of x in General Formula (I-A) and General Formula (I-B) above are the
same as the examples of x in General Formula (I-1).

In General Formula (I-C) and General Formula (I-D), m is an integer of 1 to
10 and preferably an integer of 1 to 6; and n is an integer of 2 to 10 and preferably
an integer of 2 to 6.

In General Formula (I-E), x1 and x2 are each independently an integer of 0
to 20. For example, examples of x1 and x2 include examples of x in General
Formula (I-1) above.

In General Formula (I'F) above, x3 is an integer of 1 to 20 and preferably an
integer of 1 to 10.

In General Formula (I-A) and General Formula (I-B) above, the —(CHz)y—
chain includes a hydrogen atom bonded to a carbon atom, and therefore the
—(CHg)y— chain is not included in the perfluoroalkyl chain. Specifically, the
—(CHg2)y— chain is not part of the perfluoroalkyl chain.

In General Formula (I-C) above, the ~-CH2OCH2CH2CHz— chain includes a
hydrogen atom bonded to a carbon atom, and therefore the —CH20CH2CH2CHa—~
chain is not included in the perfluoropolyether chain. Specifically, the
—CH20CH2CH2CH2— chain is not part of the perfluoropolyether chain.

In the case where x1 and x2 are 0 in General Formula (I-E) above, each of

fluorine atoms bonded to S independently constitutes a fluorine-containing chain.
9
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A number average molecular weight (Mn) of the fluorine-containing chain in
the Bronsted acid is 1,500 or less, preferably 500 or less, and more preferably 200 to
500.

For example, the number average molecular weight can be determined by
19F-NMR (Fluorine Nuclear Magnetic Resonance).
<<Bronsted base>>

The Bronsted base includes a fluorine-containing chain that is a
perfluoroalkyl chain or a perfluoropolyether chain. The fluorine-containing chain
does not include a hydrogen atom.

The perfluoroalkyl chain is preferably a fluorine-containing chain
represented by General Formula (II-1) below in view of solubility and friction

properties.

F‘"’CTCFQX/‘

In General Formula (II-1) above, x is an integer of 1 to 20 and preferably an

General Formula (II-1)

integer of 1 to 10.

The perfluoropolyether chain is preferably a fluorine-containing chain
represented by General Formula (II-2) below in view of solubility and friction
properties.

F.C 0. _CF,
° fcaﬁ”{ “CF, }\o/
m

n
General Formula (I-2)

In General Formula (II-2) above, m is an integer of 1 to 10 and preferably an
integer of 1 to 6; and n is an integer of 2 to 10 and preferably an integer of 2 to 6.

The Bronsted base is primary amine.

The Bronsted base is preferably monoamine.

The Bronsted base is preferably represented by any of General Formula (II-

A) to General Formula (IT-B) below in view of thermal resistance.
10
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F.C 0 CF, CF 0
’ fCFﬁ/( “CF, }n\o/ TN,
m

General Formula (II-B)

General Formula (II-A)

In General Formula (II-A) above, x is an integer of 1 to 20 and preferably an
integer of 1 to 10; and y is an integer of 0 to 6 and preferably an integer of 0 to 4.

In General Formula (II-B) above, m is an integer of 1 to 10 and preferably
an integer of 1 to 6; and n is an integer of 2 to 10 and preferably an integer of 2 to 6.

In General Formula (II-A) above, the —(CHz)y— chain includes a hydrogen
atom bonded to a carbon atom, and therefore the —(CHz)y— chain is not included in
the perfluoroalkyl chain. Specifically, the —(CHz)y— chain is not part of the
perfluoroalkyl chain.

In General Formula (II-B) above, the —-CHsOCH2CHz— chain includes a
hydrogen atom bonded to a carbon atom, and therefore the ~CH20CH2CHgz~ chain
is not included in the perfluoropolyether chain. Specifically, the ~-CH2OCH2CHa—
chain is not part of the perfluoropolyether chain.

It is preferred that in the ionic liquid, the Bronsted acid be sulfonic acid
including the fluorine-containing chain or sulfonyl imide including the fluorine-
containing chain, and the Bronsted base be primary amine including the |
perfluoropolyether chain, because both thermal stability and friction properties
become more excellent.

The ionic liquid is preferably represented by any of General Formula (1) to

-General Formula (4) below, and more preferably represented by any of General

Formula (3) and General Formula (5) below.
11
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General Formula (1)

F,C o_ CF CF,_ o SO,
3 \GCF% CF; ) 07 AN TN
m

HaN%CHZ)y(CFj s
X

General Formula (2)

EC 0O /CF2>\ CF, 0
? (\orﬁ’( AT G A
m

F
os's/g CHZ);{CF,:)X

General Formula (3)

F.C o /CF2>\ _CF, . +[CH CF
fCFﬁ:ﬂ( CF2 . O ~CO0 HSN «Q 2y CF?’X 3

General Formula (4)
F.C 0] CFQ CF 0O / x1
’ foaﬁ”{ “CF, )n\o/ TSNS, N
m

10 General Formula (5)
In General Formula (1) to General Formula (5) above, m is an integer of 1 to
10 and preferably an integer of 1 to 6; and n is an integer of 2 to 10 and preferably
an integer of 2 to 6.

In General Formula (2) and General Formula (4) above, x is an integer of 1
12
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to 20 and preferably an integer of 1 to 10; and y is an integer of 0 to 6 and
preferably an integer of O to 4.

In General Formula (3), x is an integer of 0 to 21 and preferably an integer
of 1 to 10; and y is an integer of 0 to 6 and preferably an integer of 0 to 4. For
example, examples of x in General Formula (3) above are the same as examples of x
in General Formula (I-1) above.

In General Formula (5) above, x1 and x2 are each independently an integer
of 0 to 20 and preferably an integer of 1 to 10. For example, examples of x1 and x2
include examples of x in General Formula (I-1) above.

The lubricant for a magnetic recording medium preferably has a coefficient
of dynamic friction that is 0.30 or less. The coefficient of dynamic friction is a
coefficient of dynamic friction when an average thickness of the lubricant layer is 10
A, and is measured by the following test.

-“Test-

A friction coefficient against the number of sliding motions is measured
using a sample under the following test conditions.
[Test conditions]

By means of an automatic friction measuring device (manufacturer: Kyowa
Interface Science Co., Ltd., type: Triboster TS-501), a measurement is performed
under the conditions that a point contact (3 mm-steel ball) is used, a weight is 15 g,
a speed is 1.7 mm/sec, a distance is 20 mm, and a repeating time is 100 times.
<QOther components>

Examples of the above-mentioned other components include known
lubricants, extreme-pressure agents, anti-rust agents, and solvents.
<<Known lubricant>>

As the lubricant, the ionic liquid may be used alone, but the ionic liquid may

be used in combination with a lubricant known in the art. Examples of the known
13
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lubricant include long-chain carboxylic acids, long-chain carboxylic acid esters,
perfluoroalkyl carboxylic acid esters, carboxylic acid perfluoroalkyl esters,
perfluoroalkyl carboxylic acid perfluoroalkyl esters, and perfluoropolyether
derivatives.
<<Extreme-pressure agent>>

In order to maintain a lubrication effect under severe conditions, the
lubricant for a magnetic recording medium may be used in combination with an
extreme-pressure agent at a blending ratio of about 30:70 to about 70:30 based on a
mass ratio. The extreme-pressure agent reacts with a metal surface to form a
reaction product coating film due to friction heat generated when a metal contact is
partially formed in in a boundary lubrication region, to thereby perform a function
of preventing friction and abrasion. As the extreme-pressure agent, for example,
any of a phosphorous-based extreme-pressure agent, a sulfur-based extreme-
pressure agent, a halogen-based extreme-pressure agent, an organic metal-based
extreme-pressure agent, or a complex-based extreme-pressure agent can be used.
<<Anti-rust agent>>

The anti-rust agent is not particularly limited as long as the anti-rust agent
is an anti-rust agent that can be generally used for this type of a magnetic recording
medium. Examples of the anti-rust agent include phenols, naphthols, quinones,
heterocyclic compounds each including a nitrogen atom, heterocyclic compounds
each including an oxygen atom, and heterocyclic compounds each including a sulfur
atom. Moreover, the anti-rust agent may be used by blending with a lubricant.
Alternatively, the anti-rust agent may be deposited by dividing into 2 or more
layers, for example, by forming a magnetic layer on a non-magnetic support, coating
the upper part of the magnetic layer with an anti-rust agent layer, followed by
coating with a lubricant layer.

<<Solvent>>
14
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Examples of the solvent include organic solvents. Examples of the organic
solvents include fluorine-based solvents and alcohol-based solvents. Examples of
the alcohol-based solvents include isopropyl alcohol (IPA) and ethanol. These may
be used alone or in combination.

(Magnetic recording medium)

A magnetic recording medium of the present invention include a non-
magnetic support, a magnetic layer, and the lubricant for a magnetic recording
medium of the present invention, and may further include other members according
to the necessity.

The magnetic layer is formed on or above the non-magnetic support.
Specifically, the magnetic layer is arranged on or above the non-magnetic support.

The lubricant for a magnetic recording medium is formed on or above the
magnetic layer. Specifically, the lubricant for a magnetic recording medium is
arranged on or above the magnetic layer.

The lubricant can be applied for a so-called metal thin film magnetic
recording medium, in which a magnetic layer is formed on a surface of a non-
magnetic support by a method, such as vapor deposition and sputtering. Moreover,
the lubricant can be also applied for a magnetic recording medium having a
structure where an undercoat layer is disposed between a non-magnetic support
and a magnetic layer. Examples of such a magnetic recording medium include
magnetic disks and magnetic tapes.

FIG. 1 is a cross-sectional view illustrating one example of a hard disk.

The hard disk has a structure where a substrate 11, an undercoat layer 12, a
magnetic layer 13, a protective carbon layer 14, and a lubricant layer 15 are
sequentially laminated.

Moreover, FI1G. 2 is a cross-sectional view illustrating one example of a

magnetic tape. The magnetic tape has a structure where a back-coating layer 25, a
15
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substrate 21, a magnetic layer 22, a protective carbon layer 23, and a lubricant
layer 24 are sequentially laminated.

In the magnetic disk illustrated in FIG. 1, the substrate 11 and the
undercoat layer 12 are corresponded to a non-magnetic support. In the magnetic
tape illustrated in FIG. 2, the substrate 21 corresponds to a non-magnetic support.
When a substrate having rigidity, such as an Al alloy plate and a glass plate, is used
as a non-magnetic support, a surface of the substrate may be hardened by forming
an oxide film formed by anodizing, or a Ni—P coating on the surface of the substrate.

Each of the magnetic layers 18 and 22 is formed as a continuous film by a
method, such as plating, sputtering, vacuum deposition, and plasma CVD.
Examples of the magnetic layers 13 and 22 include: longitudinal magnetic recording
metal magnetic films formed of metals (e.g., Fe, Co, and Ni), Co—Ni-based alloys,
Co—Pt-based alloys, Co—Ni—Pt-based alloys, Fe—Co-based alloys, Fe—Ni-based
alloys, Fe—Co—Ni-based alloys, Fe—Ni—B-based alloys, Fe—Co—B-based alloys, or
Fe—Co—Ni—B-based alloys; and perpendicular magnetic recording metal magnetic
thin films, such as Co—Cr-based alloy thin films, and Co—O-based thin films.

In the case where a longitudinal magnetic recording metal magnetic thin
film is formed, particularly, a non-magnetic material, such as Bi, Sbh, Pb, Sn, Ga, In,
Ge, Si, and T, is formed as a base layer 12 on a non-magnetic support in advance,
and a metal magnetic material is deposited through vapor deposition or sputtering
in a perpendicular direction to diffuse the non-magnetic material into the magnetic
metal thin film, to thereby improve a coercive force as well as eliminating
orientation to assure in-plane isotropy.

Moreover, a hard protective layer, such as a carbon film, a diamond-like
carbon film, a chromium oxide film, and SiO: film, may be formed on a surface of
the magnetic layer 13 or 22.

Examples of a method for making such a metal film magnetic recording
16
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medium retain the lubricant for a magnetic recording medium include a method for
top-coating a surface of the magnetic layer 13 or 22, or a surface of the protective
layer 14 or 23 with the lubricant, as illustrated in FIGs. 1 and 2. A coating amount
of the lubricant is preferably from 0.1 mg/m2 to 100 mg/m?2, more preferably from 0.5
mg/m?2 to 30 mg/m2, and particularly preferably from 0.5 mg/m2 to 20 mg/m2.

As illustrated in FIG. 2, moreover, a metal thin film magnetic tape may
optionally have a back-coating layer 25, other than a metal magnetic thin film,
which is the magnetic layer 22.

The back-coating layer 25 is formed by adding a carbon-based powder for
imparting conductivity, or an inorganic pigment for controlling a surface roughness
to a resin binder, and applying the resin binder mixture.

As another embodiment, moreover, the lubricant can be applied for a so-
called coating-type magnetic recording medium, in which a magnetic coating film is
formed as a magnetic layer by applying a magnetic coating material onto a surface
of a non-magnetic support. In the coating-type magnetic recording medium, the
non-magnetic support, a magnetic powder constituting the magnetic coating film,
and the resin binder for use can be selected from any of those known in the art.

Examples of the non-magnetic support include: polymer supports formed by
polymer materials, represented by polyesters, polyolefins, cellulose derivatives,
vinyl-based resins, polyimides, polyamides, polycarbonates, etc.; metal substrates
formed of aluminium alloys, titanium alloys, etc.; ceramic substrates formed of
alumina glass, etc.; and glass substrates. Moreover, a shape of the non-magnetic
support is not particularly limited, and may be any form, such as a tape shape, a
sheet shape, and a drum shape. Moreover, the non-magnetic support may be
subjected to a surface treatment by which fine irregularities are formed, in order to
control the surface texture of the non-magnetic support.

Examples of the magnetic powder include: ferromagnetic iron oxide-based
17
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particles, such as y-Feg03, and cobalt-coated y-FesOs; ferromagnetic chromium
dioxide-based particles; ferromagnetic metal-based particles formed of a metal, such
as Fe, Co, and Ni, or an alloy containing any of the above-listed metals; and
hexagonal ferrite particles in the form of hexagonal plates.

Examples of the resin binder include: polymers, such as vinyl chloride, vinyl
acetate, vinyl alcohol, vinylidene chloride, acrylic acid ester, methacrylic acid ester,
styrene, butadiene, and acrylonitrile; copolymers combining two or more selected
from the above-listed polymers; polyurethane resins; polyester resins; and epoxy
resins. In order to improve dispersibility of the magnetic powder, a hydrophilic
polar group, such as a carboxylic acid group, a carboxyl group, and a phosphoric
acid group, may be introduced into any of the above-listed binders.

Other than the magnetic powder and the resin binder, additives, such as a
dispersing agent, an abrasive, an antistatic agent, and an anti-rust agent, may be
added to the magnetic coating film.

As a method for making the coating-type magnetic recording medium retain
the lubricant for a magnetic recording medium, there are a method where the
lubricant is internally added to the magnetic layer constituting the magnetic
coating film formed on the non-magnetic support, a method where the lubricant is
applied on a surface of the magnetic layer as top coating, and a combination of the
above-listed methods. In the case where the lubricant for a magnetic recording
medium is internally added into the magnetic coating film, the lubricant is added in
an amount of from 0.2 parts by mass to 20 parts by mass relative to 100 parts by
mass of the resin binder.

In the case where a surface of the magnetic layer is top-coated with the
lubricant for a magnetic recording medium, moreover, a coating amount of the
lubricant is preferably from 0.1 mg/m?2 to 100 mg/m2, and more preferably from 0.5

mg/m2 to 20 mg/m2. As a deposition method in the case where the lubricant for a
18



10

15

20

25

magnetic recording medium is applied as top coating, the ionic liquid is dissolved in
a solvent, and the obtained solution may be applied or sprayed, or a magnetic
recording medium may be dipped in the solution.'

The solvent is preferably a fluorine-based solvent. Examples of the
fluorine-based solvent include hydrofluoro ethers [e.g., CsF7OCHs, C4FsOCHs,
C4F90CzHs, CoF5CF(OCH3)CsFr, and CsHzFiol.

The fluorine-based solvent may be a commercial product. Examples of the
commercial product include: Novec™ 7000, 7100, 7200, 7300, and 71IPA available
from 3M Company; and Vertrel XF and X-P10 available from Du Pont-Mitsui
Fluorochemicals Company, Ltd.

Use of the lubricant for a magnetic recording medium of the present
invention can exhibit excellent a lubrication effect to reduce a friction coefficient
and can obtain high thermal stability even when a lubricant layer having a small
thickness is formed. Moreover, the lubrication effect is not impaired even under
severe conditions, such as high temperatures, low temperatures, high humidity, and
low humidity.

Accordingly, a magnetic recording medium, to which the lubricant for a
magnetic recording medium is applied, exhibits excellent running performances,
antifriction properties, durability, etc., owing to a lubrication effect, even when a
lubricant layer having a small thickness is formed, and moreover can improve

thermal stability.

Examples

Specific examples of the present invention are explained below. In
Examples, ionic liquids were synthesized and solubility of the ionic liquids to a
fluorine-based solvent were measured. Moreover, thermal decomposition

temperatures of the ionic liquids were measured. Moreover, lubricants each
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including the ionic liquid were produced, and friction coefficients of the lubricants
were measured. Note that, the present invention is not limited to Examples below.
(Example 1)
<Synthesis of PFTEG amine-PFTEG sulfonic acid salt>
<<Step 1-1>>

A flask equipped with a stirrer, a thermometer, and a cooling tube was
charged with 21.9 g (40.0 mmol) of fluorinated triethylene glycol monobutyl ether
(PFTEG-OH) (manufacturer: FluoroChem) and 18.9 g (80.0 mmol) of 2-
chloroethyltosylate (manufacturer: Tokyo Chemical Industry Co., Ltd.), followed by
adding 40 g of m-xylenehexafluoride (manufacturer: Wako Pure Chemical
Industries, Ltd.) as a solvent. The resultant was stirred at room temperature.
During stirring, 11.1 g (80.3 mmol) of potassium carbonate (manufacturer: Wako
Pure Chemical Industries, Ltd.) and 1.1 g of a 40% tetrabuytylammonium
hydroxide aqueous solution (manufacturer: Tokyo Chemical Industry Co., Ltd.) were
added, and the resultant was heated and stirred for 15 hours at 80°C. To the
reaction solution, water and Novec 7100 {manufacturer: Sumitomo 3M Limited)
were added, the resultant was partitioned and extracted, and the Novec layer was
concentrated by an evaporator, to thereby obtain 38.3 g of a chloroethylated PFTEG
solution of a colorless transparent liquid.

The scheme of the reaction above is presented below.
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<<Step 1-2>>

A flask equipped with a stirrer, a thermometer, and a cooling tube was
charged with 37.3 g of the chloroethylated PFTEG solution synthesized in Step 1-1,
28.37 g (153 mmol) of potassium phthalimide (manufacturer: Tokyo Chemical
Industry Co., Ltd.), 0.3 g of sodium iodide (manufacturer: Wako Pure Chemical
Industries, Ltd.), and 1.68 g (6.3 mmol) of 18-crown-6-ether (manufacturer: Aldrich),
followed by adding 118 g of DMF (N,N-dimethylformamide, manufacturer: KANTO
CHEMICAL CO., INC.) as a solvent. The resultant was stirred for 13 hours at
80°C. After concentrating the reaction solution by an evaporator, the resultant
was partitioned and extracted in a water/Novec 7100 system to take an organic
layer out. The organic layer was further washed twice with a 0.2 M sodium
hydroxide aqueous solution, and the obtained organic layer was dried with
magnesium sulfate. After removing the magnesium sulfate through filtration, the
resultant was concentrated by an evaporator, followed by drying under the reduced
pressure, to thereby obtain a phthalimide product at a yield of 90% (including Step
1-1).

The scheme of the reaction above is presented below.
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A structure of the synthesized phthalimide product was confirmed by H-
NMR (in deuterated chloroform), FT-IR, and GC-MS.

As a result of H-NMR (in deuterated chloroform), peaks derived from an
aromatic ring in phthalimide and from a hydrocarbon chain were confirmed, since
the peak positions § were 7.8 ppm, 7.7 ppm, and 3.9 ppm-3.7 ppm, and the match of
the integration ratio was confirmed.

It could be confirmed from FT-IR that a peak derived from a carbonyl group
in the phthalimide side was generated at 1,711 cm™ and 1,774 cm'!, and the
synthesis of the phthalimide product was confirmed.
<<Step 1-3>>

A flask equipped with a stirrer, a Y-shaped tube, a thermometer, and a
cooling tube was charged with 24.5 g (84 mmol) of the phthalimide product
synthesized in Step 1-2, 54 g (1.08 mol) of hydrazine hydrate (manufacturer: Wako
Pure Chemical Industries, Litd.), and 110 mL of ethanol. Thereafter, the resultant
was stirred for 14 hours with performing reflux (70°C or higher). To the obtained
liquid, Novec 7100 was added. The resultant was partitioned and washed 3 times
using a 1 mol/L sodium hydroxide aqueous solution. After dehydrating the
obtained Novec layer with sodium sulfate, filtration was performed to obtain a

solution of a target. After filtering the obtained solution with a membrane filter
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formed of polypropylene (PP) having a pore diameter of 0.2 pm, the resultant was
concentrated to thereby obtain 23.4 g of an amino product (PFTEG amine).

The scheme of the reaction above is presented below.

0

HzN—NHz Hzo

FoCs CF 0 N
~ 2 - PN .
O( CFZ %CFZ O/\/ o) Ethanol, reflux, 14h

FoCs CF 0 NH
~ok “cFy %CFQ/\O/\/ ‘

The disappearance of the peak derived from PFTEG phthalimide was
confirmed by GC-MS analysis, and it was found that the obtained amine was a
solution including Novec 7100 (11% by mass) and PFTEG-OH (8% by mass).

It was confirmed by FT-IR that the peaks derived from the carbonyl group in
the phthalimide site presented at 1,711 cm™ and 1,774 cm'! were completely
disappeared, and a peak derived from NH of amine was generated at around 3,600
cm! to around 3,100 ecm'l. Therefore, the synthesis of the amino product was
confirmed.
<<Step 2-1>>

A three-necked flask equipped with a stirrer, a thermometer, a reflux
condenser, and a dropping funnel was charged with 90 g of tertiary butanol
(manufacturer: KANTO CHEMICAL CO., INC.) and 7.42 g (66.3 mmol) of
potassium tertiary butoxide (manufacturer: Tokyo Chemical Industry Co., Ltd.).
With stirring the resultant mixture at room temperature, 29.9 g (65 mmol) of
PFTEG-OH was gradually added by dripping from the dropping funnel. Even after
the dripping, the resultant was stirred at room temperature. One hour after the
dripping, 8.08 g (66.2 mmol) of 1,3-propanesultone (manufacturer: Tokyo Chemical

Industry Co., Ltd.) and 10 g of tertiary butanol were gradually added by dripping,
23



and the resultant mixture was stirred for 4 hours after the dripping with

maintaining the liquid temperature to 65°C. The obtained reaction solution was
concentrated, to thereby obtain a crude product of PFTEG sulfonic acid at a yield of
98%.

5 The scheme of the reaction above is presented below.

FoCa CF, _O 1. tBUOK, +BUOH, 1h .
pd -
\o’f “CF, %CFZ/\OH QW

2, (S\o , +-BuOH, 65°C, 4h
FoC4 CF 0
2\ i /\/\
~ok CF, a;on/\o SOK

<<Step 2-2>>
In a flask equipped with a stirrer, 7 g of the crude product of PFTEG
sulfonic acid obtained in Step 2-1 was dissolved in 60 g of water. To the solution,
10 40 g of concentrated hydrochloric acid and 100 g of Novec 7200 (manufacturer:
Sumitomo 8M Limited) were added, followed by taking the Novec layer out. The
Novec layer was concentrated by an evaporator to thereby obtain PFTEG sulfonic
acid at a yield of 64%.

The scheme of the reaction above is presented below.

FoCa CF, 0
\0’6 \CF; %CFZ/\O/\/\SoaK HC!, H,0, Novec 7200

FsC4 CF, _O
-
Sk e oty Nor ™S N0

2

15

The structure of the synthesized PFTEG sulfonic acid was confirmed by H-

NMR (in deuterated methanol). The positions of peaks H-NMR (CD3;0D) § were
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3.9 ppm, 3.7 ppm, 2.9 ppm, and 2.1 ppm {(q, y, 8, and e relative to a PFTEG chain),
and the integration ratio was also matched with a calculated value. Therefore, the
synthesis of PFTEG sulfonic acid was confirmed.
<<Step 3>>

A flask equipped with a stirrer and a cooling tube was charged with 10.552 g
(12.8 mmol) of an about 69% solution of PFTEG amine synthesized in the same
manner as in Step 1-3, 8.936 g (13.33 mmol) of PFTEG sulfonic acid synthesized in
the same manner as in Step 2-2, and 50 g of Novec 7100 serving as a solvent, and
the resultant was stirred for 3 hours at room temperature. After concentrating the
obtained solution by an evaporator, refining was performed through decantation
using various solvents (water, ether, acetone, and hexane). The washing was
regarded as being completed when small amounts of the washing liquid and a
solution of a target were deposited on pH testing paper and the pH was determined
as 7. After the washing the target was dried under the reduced pressure, to
thereby obtain pale yellow PFTEG amine-PFTEG sulfonic acid salt (the following

structural formula) at a yield of 44%.
FaCa CF, O NH" . PRe _CF, C4Fg
\0’6 “CF, sz\CFZ/\O/\\// o;s/ \\///\\O/\CFZ \GCFz ‘Oa:

(Example 2)
<Synthesis of 1H,1H,2H,2H-perfluorodecylamine-PFTEG sulfonic acid salt>

A recovery flask was charged with 4.36 g (6.5 mmol) of PFTEG sulfonic acid
synthesized in the same manner as in Step 2-2 of Example 1, 3.61 g (7.8 mmol) of
1H,1H,2H,2H-perfluorodecylamine (manufacturer: Apollo Scientific), and 50 g of
Novec 7200. Thereafter, a stirrer and a cooling tube were attached to the flask,
and the resultant mixture was stirred for 2 hours at room temperature.
Thereafter, the resultant was concentrated by an evaporator, and refining was

performed through decantation with ether and hexane. The solids precipitated by
25



10

15

20

25

the washing were collected through filtration, followed by drying under the reduced
pressure, to thereby obtain 7.06 g of pale yellow 1H,1H,2H,2H-perfluorodecylamine-

PFTEG sulfonic acid salt (the following structural formula) at a yield of 96%.
FoCa CF, O H.N+ CF
~N ~ e /\ /\/\ - 3
ok CF, %CFZ o SO; \/\(CF;):

(Example 3)
<Synthesis of PFTEG amine-perfluorobutanesulfonic acid salt>

A flask equipped with a cooling tube was charged with 6.68 g (7.80 mmol) of
an about 69% solution of PEFTEG amine synthesized in the same manner as in Step
1-3 of Example 1 and 2.39 g (7.97 mmol) of perfluorobutane sulfonic acid
(manufacturer: Tokyo Chemical Industry Co., Ltd.), followed by adding 15 g of
Novec 7100 as a solvent. The resultant was stirred for 2 hours at room
temperature. Thereafter, the resultant was concentrated by an evaporator, and the
resultant was refined through decantation with a mixed solution of ether:hexane
[1:1 (mass ratio)], and water. Since the pH of the washing liquid and the solution
of the target were confirmed to be 7 with pH testing paper after the washing, the
solution of the target was dried under the reduced pressure, to thereby obtain pale
yellow PFTEG amine-perfluorobutane sulfonic acid salt (the following structural
formula) at a yield of 68%.

FoC4 CF, o NH3" CF CF
e 3 2 12
~ok ~CF, %CFZ/\O/\\/ -

7 Sery TcR,

038
(Example 4)
<Synthesis of 1H,1H,2H,2H-perfluorodecylamine-perfluoro-3,6,9-trioxatridecanoic
acid salt>

A flask equipped with a cooling tube was charged with 6.94 g (15 mmol) of
1H,1H,2H,2H-perfluorodecylamine (manufacturer: Apollo Scientific) and 5.64 g

(7.97 mmol) of perfluoro-3,6,9-trioxatridecanoic acid (manufacturer: Synquest),
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followed by adding 15 g of Novec 7100 as a solvent. The resultant was stirred for 2
hours at room temperature. Thereafter, the resultant was concentrated by an
evaporator, and the resultant was refined through decantation with a mixed
solution of ether‘hexane [1:1 (mass ratio)], and hexane. Since the pH of the
washing liquid and the solution of the target were confirmed to be 7 with pH testing
paper after the washing, the solution of the target was dried under the reduced
pressure, to thereby obtain brown 1H,1H,2H,2H-perfluorodecylamine-perfluoro-

3,6,9-trioxatridecanoic acid salt (the following structural formula) at a yield of 99%.

(Example 5)
<Synthesis of PFTEG amine-bis(perfluorobutanesulfonyl)imidic acid salt>

A flask equipped with a cooling tube was charged with 6.68 g (7.80 mmol) of
an about 69% solution of PFTEG amine synthesized in the same manner as in Step
1-3 of Example 1 and 4.63 g (7.97 mmol) of bis(perfluorobutanesulfonyl)imide
(manufacturer: Wako Pure Chemical Industries, Ltd.), followed by adding 100 g of
Novec 7100 as a solvent. The resultant was stirred for 2 hours at room
temperature. Thereafter, the resultant was concentrated by an evaporator, and the
resultant was refined through decantation with a mixed solution of ether:hexane
[1:1 (mass ratio)] and water.  Since the pH of the washing liquid and the solution
of the target were confirmed to be 7 with pH testing paper after the washing, the
solution of the target was dried under the reduced pressure, to thereby obtain pale
yellow PFTEG amine-bis(perfluorobutanesulfonyl)imide salt (the following

structural formula) at a yield of 85%.
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(Comparative Example 1)
<Synthesis of octylamine-PFTEG sulfonic acid salt>

A flask equipped with a cooling tube was charged with 8.35 g (5.00 mmol) of
PFTEG sulfonic acid synthesized in the same manner as in Step 2-2 of Example 1
and 0.67 g (5.15 mmol) of octylamine (manufacturer: Wako Pure Chemical
Industries, Ltd.), followed by adding 35 g of Novec 7200. The resultant was stirred
for 2 hours at room temperature. Thereafter, the resultant was concentrated by an
evaporator, and the resultant was refined through decantation with hexane. Since
the pH of the washing liquid and the solution of the target were confirmed to be 7
with pH testing paper after the washing, the solution of the target was dried under
the reduced pressure, to thereby obtain white PFTEG amine-perfluorobutane

sulfonic acid salt (the following structure) at a yield of 58%.

(Comparative Example 2)
<Synthesis of 1H,1H,2H,2H-perfluorodecylamine-perfluorobutane sulfonic acid
salt>

A flask equipped with a cooling tube was charged with 6.94 g (15 mmol) of
1H,1H,2H,2H-perfluorodecylamine (manufacturer: Apollo Scientific) and 3.6 g (12
mmol) of perfluorobutane sulfonic acid (manufacturer: Tokyo Chemical Industry
Co., Litd.), followed by adding 200 g of a mixed solvent of hexane:ethanol:Novec 7200

[1:1:1 (mass ratio)]. The resultant was stirred for 4 hours at room temperature.
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Thereafter, the resultant was concentrated by an evaporator, and the resultant was
refined through decantation 3 times with a mixed solution of hexane:ethanol [10:1
(mass ratio)], and hexane. Thereafter, the solution of the target was dried under
the reduced pressure, to thereby obtain brown 1H,1H,2H,2H-perfluorodecylamine-
perfluorobutane sulfonic acid salt (the following structural formula) at a yield of
83%.
F,C7 CF?\CFICFZ\SO - HaNJ{V\CCF; o
3 7

(Comparative Example 3)
<Synthesis of octadecylamine-perfluoroheptanoic acid salt>

A flask equipped with a cooling tube was charged with 4.8. g (18 mmol) of
octadecylamine (manufacturer: Wako Pure Chemical Industries, Ltd.) and 5.5 g (15
mmol) of perfluoroheptanoic acid (manufacturer: Tokyo Chemical Industry Co.,
Ltd.), followed by adding 200 g of a mixed solvent of hexane:ethanol [1:1 (mass
ratio)] as a solvent. The resultant was stirred for 4 hours at room temperature.
Thereafter, the resultant was concentrated by an evaporator, and recrystallization
was performed using a mixed solvent of hexane:ethanol [8:2 (mass ratio)].
Thereafter, vacuum filtration and drying under the reduced pressure were
performed to thereby obtain white octadecylamine-perfluorobutane sulfonic acid

salt (the following structural formula) at a yield of 75%.

0O

F,C _ HsN
3 \(‘CF‘{)J\O

8

CH,

(Comparative Example 4)
<PFPE diol having molecular weight of about 2,000>
Fomblin Z-Dol (manufacturer: Solvay Specialty Polymers, the following

structural formula) (molecular weight: about 2,000) was used.
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<Evaluation>

The following evaluations were performed using the ionic liquids obtained in
Examples 1 to 5 and Comparative Examples 1 to 3. The results are presented in
Table 1-1 and Table 1-2.
<<Measurement of thermal decomposition temperature>>

A weight reduction relative to a temperature was measured by means of TG-
DTA (manufacturer: Seiko Instruments Inc., Type: EXSTARG000), and the 5%
weight reduction temperature was determined as a thermal decomposition
temperature. As measuring conditions, the heating speed was 10 °C/min and the
air flow rate was 200 mL/min.
<<Solubility to fluorine-based solvent>>

Various fluorine-based solvents were each added in a manner that a
concentration was to be 1% by mass, and the resultant was stirred with
maintaining the temperature at 25°C. The solubility was evaluated based on the
following evaluation criteria.
[Evaluation criterial
1: The ionic liquid was dissolved in the fluorine-based solvent, and no precipitation
was generated even after leaving the solution to stand.
2: The ionic liquid was insoluble to the fluorine-based solvent, or was partially
dissolved but precipitation was generated when the solution was left to stand.
<<F'riction properties>>
-Production of lubricant-coated hard disk-

A magnetic disk having a cross-sectional structure as illustrated in FIG. 1
was produced. A lubricant solution used for dip coating was prepared by using

each of solvents presented in Table 1-1 and Table 1-2, and dissolving each of the
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Iubricants in the solvent. In the case where the lubricant solution was clouded, the
lubricant solution was filtered using a syringe filter (0.2 pm). .

The dip coating was performed by pulling out the magnetic disk from a glass
container charged with the lubricant solution at the speed of 50 mm/min.

The dip concentration condition of each lubricant was systematically
changed to determine dependency of a film thickness to the dip concentration. The
film thickness was measured by means of ellipsometry (type: M-2000,
manufacturer: J.A. Woollam Co., Ltd.). The average thickness of the lubricant
layer formed by adjusting the dip concentration of each lubricant was adjusted to be
10 A.

-‘Test-

A friction coefficient against the number of sliding motions was measured
using the produced sample under the following test conditions, to thereby evaluate
friction properties.

[Test conditions]

The measurement was performed by means of an automatic friction
measuring device (manufacturer: Kyowa Interface Science Co., Ltd., type: Triboster
TS-501) under the conditions that a point contac;t (3 mm-steel ball) was used, a
weight was 15 g, a speed was 1.7 mm/sec, a distance was 20 mm, and a repeating
time was 100 times.
<<Comprehensive Evaluation>>

The results of the evaluations above were ranked as presented below, and
moreover, a comprehensive evaluation was performed according to the evaluation
criteria below.

[Ranking 1: thermal decomposition temperature]
1: 300°C or higher

II: 150°C or higher but lower than 300°C
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[Ranking 2: friction properties]

I The friction coefficient when the number of the sliding motions was 100 times was
less than 0.20.

II: The friction coefficient when the number of the sliding motions was 100 times
was 0.20 or greater but 0.30 or less.

I1I: The friction coefficient when the number of the sliding motions was 100 times
was greater than 0.30.

[Evaluation criterial

I: The results were two I in Ranking 1 and Ranking 2, and the result of the
solubility to the fluorine-based solvent was 1 with all of the solvents.

II: The results were one I and one II, or two II in Ranking 1 and Ranking 2, and the
result of the solubility to the fluorine-based solvent was 1 with all of the solvents.
III: The results inélude one or two II] in Ranking 1 and Ranking 2, and/or the result

of the solubility to the fluorine-based solvent was 2 with at least one of the solvents.
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Table 1-1

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Perfluoro
PFTEG PFTEQ Butane PFTEG. Bis(perfluorobutane
.. sulfonic . carboxylic ..
sulfonic acid : sulfonic : sulfonylimide
acid . acid
acid
Acid Structure monoanion | monoanion { monoanion | monoanion monoanion
Number average
molecular weight of | -, 500 200 500 440
fluorine-containing
chain
PFTEG Perfluoro PFTEG Perfluoro PFTEG
Base amine decylamine amine decylamine amine
Structure monocation | monocation | monocation | monocation monocation
Thermal decomposition (5%
weight reduction) temperature 246 254 302 169 291
0
Novec 7100 1 1 1 1 1
Solubility to | Novec 7200 1 1 1 1 1
fluorine-based
solvent Novec 7300 1 1 1 1 1
Vertrel XF 1 1 1 1 1
Dip solvent Vertrel XF | Vertrel XF | Vertrel XF | Vertrel XF Vertrel XF
Flé;tion 1 0.18 0.15 0.18 0.16 0.16
coefficient {q1; 32
Sliding| 0.26 0.16 0.18 0.17 0.17
time
100 0.28 0.16 0.19 0.18 0.17
Comprehensive evaluation I II I I II

33




Table 1-2

Comp. Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 4
Perfluoro Perfluoro
PFTEG butane hevtansic PFPE
sulfonic acid| sulfonic pLa diol (Z-DoD
\ acid
acid
Acid Structure monoanion | monoanion | monoanion -
Number average
molecular weight of | 200 400 2,000
fluorine-containing
chain
Octylamine Perﬂuo?o Stegryl
Base decylamine amine
Structure monocation | monocation | monocation
Thermal decomposition (5%
weight reduction) temperature 276 308 204 179
(°C)
Novec 7100 1 2 2 1
Solubility to  |Novec 7200 1 2 2 1
fluorine-based
solvent Novec 7300 1 2 2 1
Vertrel XF 1 2 2 1
Dip solvent EtOH/ EtOH/ BtOH/ Vertrel XF
Hexane Hexane Hexane
Fr;gltion 1 0.18 0.25 0.56 0.29
coefficient |q1: 45
Sliding 50 0.44 0.31 0.53 0.63
tune
100 0.55 0.40 0.33 0.53
Comprehensive evaluation III I I III

Each of the fluorine-based solvents in Table 1-1 and Table 1-2 is as follows.
Novec™ 7100: hydrofluoroether (C4F9OCHs), available from 3M Company
Novec™ 7200: hydrofluoroether (C4FoOC2Hs), available from 3M Company
Novec™ 7300: hydrofluoroether {C2FsCF(OCH3)CsF7], available from 3M Company

Vertrel XF: CsHoF19, available from Du Pont-Mitsui Fluorochemicals Company,

Ltd.

Since the lubricants of Comparative Examples 1 to 3 were not soluble in a

fluorine-based solvent, an ethanol/hexane mixed solvent (ethanol/hexane = 3/7

(mass ratio)) was used as a solvent.
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Looking at the friction coefficients of Examples 1 to 5, the friction
coefficients were maintained 0.30 or lower even when the number of sliding motions
was 100 times.

In Comparative Examples 1 to 4, on the other hand, the friction coefficients
were greater than 0.30 when the number of sliding motions was 50 times or greater.

Example 3 was more excellent in terms of both thermal stability and the

friction coefficient.

Industrial Applicability

Since the lubricant for a magnetic recording medium of the present
invention has excellent thermal stability and friction properties even when a
thickness of a lubricant layer formed is thin, the lubricant can be suitably used for a

magnetic recording medium of high recording density.

Reference Signs List
11 substrate
12 undercoat layer
13 magnetic layer
14 protective carbon layer
15 lubricant layer
21 substrate
22 magnetic layer
23 protective carbon layer
24 lubricant layer

25 back-coating layer
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CLAIMS
1. A lubricant for a magnetic recording medium, comprising:
an ionic liquid including a Bronsted acid and a Bronsted base that is primary amine
as constituents of the ionic liquid,
wherein the Bronsted acid includes a fluorine-containing chain,
wherein the Bronsted base includes a fluorine-containing chain that is a
perfluoroalkyl chain or a perfluoropolyether chain,
wherein the fluorine-containing chain in the Bronsted acid is a perfluoropolyether
chain or the fluorine-containing chain in the Bronsted base is the
perfluoropolyether chain, or the fluorine-containing chain in the Bronsted acid is
the perfluoropolyether chain and the fluorine-containing chain in the Bronsted base
is the perfluoropolyether chain, and
wherein a number average molecular weight of the fluorine-containing chain in the
Bronsted acid is 1,500 or less.
2. The lubricant for a magnetic recording medium according to claim 1,
wherein the number average molecular weight of the fluorine-containing chain in
the Bronsted acid is 500 or less.
3. The lubricant for a magnetic recording medium according to claim 1 or 2,
wherein the Bronsted acid is sulfonic acid including the fluorine-containing chain or
sulfonyl imide including the fluorine-containing chain, and
wherein the Bronsted base is primary amine including the perfluoropolyether chain.
4, The lubricant for a magnetic recording medium according to any one of
claims 1 to 3,
wherein a coefficient of dynamic friction of the lubricant is 0.30 or less.
5. A magnetic recording medium comprising:
a non-magnetic support;

a magnetic layer on or above the non-magnetic support; and
36



the lubricant for a magnetic recording medium according to any one of claims 1 to 4,

on or above the magnetic layer.
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