A method for refining lubricant for use on a magnetic recording medium Technical field of the
invention 5 The present invention relates to-a method for refining lubricant for use on a magnetic
recording medium, to lubricant that is refined by the method, and a magnetic recording medium that
uses the lubricant. 10 Background of the invention A recording medium is commonly used in a fixed
magnetic recording medium device as a data recording medium of a computer. Such a fixed
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The present invention relates to a method for refining lubricant

for use on a magnetic recording medium, to lubricant that is refined

by the method, and a magnetic recording medium that uses the

lubricant.

10 Background of the invention

A recording medium is commonly used in a fixed magnetic

recording medium device as a data recording medium of a computer.

Such a fixed magnetic recording medium device comprises a driving

mechanism for a magnetic recording medium, a driving mechanism

15 for a magnetic head, a stopping mechanism for a magnetic head, a

data transfer and control mechanism, and one or more magnetic

recording media mounted on the device. Significant tendencies in the

development of the fixed magnetic recording medium in recent years

are high recording density, large capacity, and high data transfer

20 speed.

In a conventional fixed magnetic recording medium device, a

magnetic head floats when the magnetic recording medium is

rotating, and the magnetic head contacts with the surface of the



and stop) scheme, and is commonly used in a usual recording device. When the magnetic recording
medium begins to rotate and stops in 5 this scheme, the head slides and rubs with the surface of the
magnetic recording medium. To protect the magnetic layer from this friction, a protective layer is
laminated; and to improve surface lubrication performance, a lubricating film is laminated. 10 Rotating
speed of a medium is increasing from about 5,400 rpm (revolutions per minute) to the range between
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magnetic recording medium. To protect the magnetic layer from this
friction, a protective layer is laminated; and to improve surface

lubrication performance, a lubricating film is laminated.

10 Rotating speed of a medium is increasing from about 5,400 rpm
(revolutions per minute) to the range between 7,200 to 15,000 rpm,
recently. As a result, a spin migration phenomenon is growing
significantly, in which the lubricant on the medium surface moves
towards outer periphery due to centrifugal force and scatters.

15 Thickness increase of the lubricant in the peripheral region due to the
spin migration causes a problem of sticking. Higher speed of rotation
gives rise to heating, which causes evaporation of the lubricant. The
evaporation of the lubricant decreases thickness of the lubricant,
which may cause wear of the protective layer. A head crash may

20  happen in the worst case.

In order to suppress the spin migration, the lubricant film is
necessarily formed with uniform thickness and with stability on the

surface of the protective layer, and high adhesiveness and strong



the adhesiveness and bonding strength, a perfluoropolyether 5 lubricant having an end group of
hydroxyl group or piperonyl group is used. The examples of such lubricant are "Fomblin Z DOL" and
"AM3001", which are commercially available from Ausimont K. K., Tokyo, Japan. Most of the
perfluoropolyether lubricant used at present has a number average molecular weight in the range
between 10 1,000 and 10,000. If the molecular weight is too low, lubricating performance and heat
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“AM3001”, which are commercially available from Ausimont K. K.,
Tokyo, Japan. Most of the perfluoropolyether lubricant used at
present has a number average molecular weight in the range between
10 1,000 and 10,000. If the molecular weight is too low, lubricating
performance and heat resistance degrades; if the molecular weight is
too high, adhesion tens to occur. However, these lubricants
deteriorate durability to the spin migration at the high rotating speed
in the range between 7,200 to 15,000 rpm, although the adhesiveness
15 and bonding strength of the lubricant are enough at the rotating

speed of about 5,400 rpm that is employed at present.

Accordingly, development is being made for the material having
a functional group with strong polarity that is introduced into a
20  perfluoropolyether lubricant in order to enhance adhesiveness and
bonding. Japanese Unexamined Patent Application Publication Nos.
H11-172268 and 2001-6155, for example, disclose that introduction of
an amine end group significantly enhances bonding strength.

Synthesis of these end-group-modified materials, however, requires



5 Commercially available lubricant "Fomblin Z tetraol" from Ausimont K. K., Tokyo, Japan is a
perfluoropolyether having a molecular structure in which two hydroxyl groups are introduced at each
of the both ends. The lubricant is superior to "Fomblin Z DOL" from the viewpoint of the adhesiveness
and bonding strength with the 10 protective layer. The lubricant is known to contain a coexisting
lubricant that has a structure including only one hydroxyl group at the end group The structure
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Ausimont K. K., Tokyo, Japan is a perfluoropolyether having a
molecular structure in which two hydroxyl groups are introduced at
each of the both ends. The lubricant is superior to “Fomblin Z DOL”
from the viewpoint of the adhesiveness and bonding strength with the

10 protective layer. The lubricant is known to contain a coexisting
lubricant that has a structure including only one hydroxyl group at
the end group. The structure including only one hydroxyl group at
the end group is nothing but the structure of “Fomblin Z DOL”. The
coexistence of this lubricant component causes deterioration of

15 adhesiveness and bonding strength from the expected performance.

Ionic impurities contained in lubricant cause corrosion on a
magnetic recording medium. The ionic impurities induce dissolution
of cobalt used in a magnetic layer. The cobalt ions act as a catalyst

20 and dissolve perfluoropolyether lubricant molecules. Therefore, the
ionic impurities are to be eliminated as thoroughly as possible.
However, since the lubricant inevitably contains ionic impurities that
are used in the synthesis process of the perfluoropolyether lubricant,

the lonic impurities must be removed before they are applied to a



temperature and high humidity of about 80C and 80% RH, for example, the lubricant is required to
have high adhesiveness and strong bonding with a protective layer. The methods disclosed in
Japanese Unexamined Patent Application Publication Nos. H11 10 172268 and 2001-6155 are
insufficient in view of required time and costs. In addition, a perfluoropolyether lubricant contains
remaining ions that are used in the synthesis process of the perfluoropolyether. 15 The ionic
impurities must b ég{goved baflor cl:ﬁm%(ta(i%%on a magnetic recording medium. Accordingly, an object of

the presentrirr}\e}& ion'is Scp%vm% dor refining a perfluoropolyether lubricant that has high 20

adhesiveness and strong bonding with a protective layer, in order to provide a magnetic recording
medium that exhibits excellent lubricating performance and long term stability even under high
he magnetic recording medium used in a fixed
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temperature and high humidity of about 80°C and 80% RH, for

example, the lubricant is required to have high adhesiveness and

strong bonding with a protective layer. The methods disclosed in

Japanese Unexamined Patent Application Publication Nos. H11-

10 172268 and 2001-6155 are insufficient in view of required time and

costs.

In addition, a perfluoropolyether lubricant contains remaining
ions that are used in the synthesis process of the perfluoropolyether.
15 The ionic impurities must be removed before coating on a magnetic

recording medium.

Accordingly, an object of the present invention is to provide a
method for refining a perfluoropolyether lubricant that has high
20 adhesiveness and strong bonding with a protective layer, in order to
provide a magnetic recording medium that exhibits excellent
lubricating performance and long term stability even under high
rotating speed and high temperature environment of the magnetic

recording medium used in a fixed magnetic recording device.



The first aspect of the invention is a method for refining a io lubricant that contains at least two types
of compounds having different polarity. The method comprises steps of putting the lubricant into a
pressure vessel in which pressure and temperature are set at certain values; removing the compound
with weaker polarity dissolved in an extracting medium of supercritical carbon 15 dioxide fluid that is
flowing at a specified rate through the pressure vessel held at a specified temperature and pressure;
and one of the two steps of recovering the target compound dissolved in the extracting medium that
is flowing through the pressure vessel held under a state at the specified pressure and at a
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Means to solve the problem
The first aspect of the invention is a method for refining a

10 lubricant that contains at least two types of compounds having
different polarity. The method comprises steps of putting the
lubricant into a pressure vessel in which pressure and temperature
are set at certain values; removing the compound with weaker
polarity dissolved in an extracting medium of supercritical carbon

15 dioxide fluid that is flowing at a specified rate through the pressure
vessel held at a specified temperature and pressure; and one of the
two steps of recovering the target compound dissolved in the
extracting medium that is flowing through the pressure vessel held
under a state at the specified pressure and at a temperature lower

20 than the specified temperature, and recovering the target compound
dissolved in the extracting medium that is flowing through the
pressure vessel held under a state at the specified temperature and at
a pressure higher than the specified pressure. Preferably, the

specified temperature is in the range from 31°C to 100°C and the



Advantageously, the method of the invention comprises a step of 10 removing the lubricant B
represented by formula (2) and the step of recovering the lubricant A represented by formula (1);
lubricant A, formula (1): HO-CH2-CH(OH)-CH2-O-CH2-CF2-(O-C2F4)p-(0-CF2)q-O-CF2-CH2-0-
CH2-CH(OH)-CH2-OH 15 lubricant B, formula (2): HO-CH2- CF2-(O-C2F4)p-(0O-CF2)g-O-CF2-CH2-
OH, where p and q are positive integers. The second aspect of the present invention is a lubricant for
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5 the state at 60°C and 15 MPa, and the recovering step is conducted
under a state at 60°C and 20 MPa or a state exhibiting equivalent

dissolving ability to the state at 60°C and 20 MPa.

Advantageously, the method of the invention comprises a step of
10 removing the lubricant B represented by formula (2) and the step of
recovering the lubricant A represented by formula (1);
lubricant A, formula (1):
HO-CH2-CH(OH)-CH2-O-CHz-CF2-(0-C2F4)p-(0-CF2)q-O-CF3-CH2-O-
CH2-CH(OH)-CH,-OH
15 lubricant B, formula (2):
HO-CHz- CF2-(0-C2F4)p-(0-CF2)q-O-CFo-CHs- OH,

where p and q are positive integers.

The second aspect of the present invention is a lubricant for use
20 on a magnetic recording medium being refined by the above-described
method, in which ionic impurities are removed from the lubricant and
the lubricant is sorted based on end group structure of the
perfluoropolyether molecule of the lubricant. The lubricant is

preferably a mixture of the lubricant A having a molecular structure



10 The present invention will be described in detail in the following. The first aspect of the invention is
a method for refining a lubricant that contains at least a compound having two hydroxyl groups in
each of the two end groups of the lubricant molecule and a 15 compound having one hydroxyl group in
each of the two end groups of the lubricant molecule. The method of the first aspect obtains a target
lubricant by sorting the lubricant molecules based on polarity of the end groups. The method uses an
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used is supercritical carbon dioxide fluid regulated at a temperature to from 31C to 100C and a

pressure from 7'4}"1\45 %}tlolr?’(? .'Is\lﬂs%%cAtﬂoetx the present invention is a magnetic recording

medium using the refined lubricant as described above.

Aspects of embodiments of the invention

10 The present invention will be described in detail in the following.

The first aspect of the invention is a method for refining a
lubricant that contains at least a compound having two hydroxyl
groups in each of the two end groups of the lubricant molecule and a

15 compound having one hydroxyl group in each of the two end groups of
the lubricant molecule. The method of the first aspect obtains a
target lubricant by sorting the lubricant molecules based on polarity
of the end groups. The method uses an extracting fluid of the
supercritical carbon dioxide and is based on the fact that solubility of

20 a polar component into the supercritical carbon dioxide fluid is low at

a relatively low pressure or at a relatively high temperature.

This method needs a vessel having a feed port and a vent port for

the supercritical carbon dioxide fluid and equipment to control



pouring a lubricant material into the pressure vessel, the extracting medium of supercritical carbon
dioxide fluid is passed through the pressure vessel at a predetermined flow rate. The extraction
process is conducted while the supercritical carbon dioxide fluid is held in a 15 state in which
dissolving ability is low, that is, pressure is relatively low and temperature is relatively high, more
specifically, in a state that exhibits dissolving ability for the lubricant equivalent to the ability at 60C
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this method&%%%g%%ctfglj&&ej grppggr,aéu%u automatic pressure regulator valve:

SCF Bpg manufactured by JASCO Corporation, Tokyo, Japan, and a
column oven used in usual chromatography. An extracting medium
used is supercritical carbon dioxide fluid regulated at a temperature
10 from 31°C to 100°C and a pressure from 7.4 MPa to 30 MPa. After
pouring a lubricant material into the pressure vessel, the extracting
medium of supercritical carbon dioxide fluid is passed through the
pressure vessel at a predetermined flow rate. The extraction process
1s conducted while the supercritical carbon dioxide fluid is held in a
15 state in which dissolving ability is low, that is, pressure is relatively
low and temperature is relatively high, more specifically, in a state
that exhibits dissolving ability for the lubricant equivalent to the
ability at 60°C and 15 MPa, for example. This process extracts a
component having low molecular weight and a component having end
20 groups of weak polarity, and those components are removed in this
stage. Then, the extracting medium is flown at a predetermined rate.
At this time, the supercritical carbon dioxide is held in a state in
which dissolving ability is high, that is, the temperature is lowered

while the pressure in the pressure vessel is unchanged, or the



range from 31C to 100C and in the pressure range form 7.4 MPa to 30 MPa. In this range, the carbon
dioxide is held in a supercritical state. The temperature range from 40C to 100C is preferable. At the
temperatures lower than 40C, slight change of pressure makes 15 large variation of the dissolving
ability of the supercritical carbon dioxide fluid, which makes process control difficult. On the other
hand, at the temperatures higher than 100C, only by raising the pressure much, the dissolving ability
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unextracted in the vessel consists of a component with very strong

polarity and a component with high molecular weight.

10 The refining in this method may be conducted in the temperature
range from 31°C to 100°C and in the pressure range form 7.4 MPa to
30 MPa. In this range, the carbon dioxide is held in a supercritical
state. The temperature range from 40°C to 100°C is preferable. At
the temperatures lower than 40°C, slight change of pressure makes

15 large variation of the dissolving ability of the supercritical carbon
dioxide fluid, which makes process control difficult. On the other
hand, at the temperatures higher than 100°C, only by raising the
pressure much, the dissolving ability of the supercritical carbon
dioxide fluid varies, which makes process control time consuming.

20  The pressure condition is a secondary one that is determined by the
decided temperature. The most preferable conditions are: the
removing process is conducted under the 60°C, 15 MPa condition, and

the recovering process is conducted under the 60°C, 20 MPa condition.

10



provides a lubricant that contains 0 to 10 molar percent of lubricant B with respect to the mixture of
the lubricants A and B. The second aspect of the invention is a lubricant for use on a 15 magnetic
recording medium refined by the above-described method. In particular, the lubricant of the invention
includes enhanced concentration of high polarity component by sorting the perfluoropolyether
molecule of the lubricant based on end group structure. lonic impurities are removed from the
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of the igver(ﬁqe?ﬂ(f fﬁ%qqgg%EngﬁQg{%ng a molecular structure represented by the

equation (2). Refining the “Fomblin Z tetraol” according to the
invented method allows to remove the lubricant B with weak polarity
and having only one hydroxyl group at each of the both ends and to
recover the lubricant A with strong polarity and having two hydroxyl
10 groups at each of the both ends as a target lubricant. The method
provides a lubricant that contains 0 to 10 molar percent of lubricant

B with respect to the mixture of the lubricants A and B.

The second aspect of the invention is a lubricant for use on a
15 magnetic recording medium refined by the above-described method.
In particular, the lubricant of the invention includes enhanced
concentration of high polarity component by sorting the
perfluoropolyether molecule of the lubricant based on end group
structure. Ionic impurities are removed from the lubricant of the

20 1nvention.

The lubricant of the invention is refined to become a composition
having the end group structure with higher polarity. Thus,

adhesiveness and bonding strength with the protective layer are

11



15 medium that is fabricated by sequentially depositing a nonmagnetic metal underlayer, a magnetic
layer, and a protective layer on a substrate. Each of the underlayer, the magnetic layer, and the
protective layer can be deposited by a sputtering method or a CVD method. The lubricant can be
applied by a known dip-coating method. 20 The sputtering method, the CVD method, and the
dip-coating method may be conducted using generally used equipment. Materials for use in a

ting method may dusing generally used equipment. or use
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magnetic Iagghtﬁ)&c?ﬁa% Co, Cr, Ta, or Pt; and a nitrogen-added amorphous carbon (a-C:N)
protective layer; and 5 a diamond-like carbon (DLC) protective layer. For enhancing adhesiveness with
the protective layer, heating or UV irradiation may be conducted before or after lubricant application.
An additive, for example, a cyclophosphazene compound, may be 1o added to the lubricant. Because

the lubricant accg%t?sﬂ?fcpfﬁfﬁb%\{g tim&zﬂﬂi&ssg @gﬁgg@ﬁé\%%?%s%ﬁ ?qugnding with
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the lubricant is held during long term use by restraint of the

decomposition. The ionic impurities that may be contained in the

original lubricant include Na*, K+, Cl;, SO4%, and HSOy.

10 The third aspect of the invention is a magnetic recording medium

using a refined lubricant described above.

A magnetic recording medium of the invention 1s produced by
laminating a lubricant of the invention on a magnetic recording
15 medium that is fabricated by sequentially depositing a nonmagnetic
metal underlayer, a magnetic layer, and a protective layer on a
substrate. Each of the underlayer, the magnetic layer, and the
protective layer can be deposited by a sputtering method or a CVD
method. The lubricant can be applied by a known dip-coating method.
20
The sputtering method, the CVD method, and the dip-coating

method may be conducted using generally used equipment.
Materials for use in a magnetic recording medium of the

12



minute since evaporation of lubricant by heating is little. Examples 20 The present invention will be
described more in detail with reference to some preferred embodiments. Example 1 Forty gram of
"Fomblin Z tetraol" (hereinafter simply referred to 13 as Z-tetraol) supplied from Ausimont K. K.,
Tokyo, Japan, is poured into a thick-walled stainless steel vessel with inner diameter of 20 mm and
length of 250 mm having an inlet and an outlet, and supercritical carbon dioxide fluid was flown at a

flow rate of.1 iter./ minute. Then t Id,at 60C re was varied
with time. §é18\é$§?%éﬁatlg§éhué§esés%egé é@&%%%%ﬁ%@v%%egﬁgg gg %br%grgeé%tsgg%ﬁgt%%-’lo were
obtained, as_shown4n Table 1, In this example of ogiments, t ed ipment includes a liquid
pump for fe%gi#gasgpl)érsgrllﬁc%}lggr I'o{jlng 0 igg?élegﬁﬁg%?gﬁlg-ggta r%g%ygc u(?gg%@{% o Corporation,
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7-35-+5-+5 88
5 a diamond-like carbon (DLC) protective layer.

For enhancing adhesiveness with the protective layer, heating or
UV irradiation may be conducted before or after lubricant application.
An additive, for example, a cyclophosphazene compound, may be

10 added to the lubricant.

Because the lubricant according to the present invention exhibits
high adhesiveness and strong bonding with the protective layer and
shows stability in long term use, a magnetic recording medium using

15  the lubricant hardly brings about spin migration even under the
condition of high rotating speed. Wear of the protective layer is

minute since evaporation of lubricant by heating is little.
Examples
20 The present invention will be described more in detail with

reference to some preferred embodiments.

Example 1

Forty gram of “Fomblin Z tetraol” (hereinafter simply referred to

13



60-2 14.0 20 4.12 60-3 15.0 20 5.38 60-4 16.0 20 7.27 60-5 17.0 20 6.40 60-6 18.0 20 4.31 60-7
19.0-320.0 10-310 3.01 60-8 22.0-324.0-326.0 10-35-35 2.25 60-9 28.0-330.0 10-320 2.25 60 - 10
residue --- 1.03 total 39.53 14 Example 2 Forty gram of the lubricant Z-tetraol was poured into a thick-
wall stainless steel vessel having an inlet and an outlet with inner diameter of 20 mm and length of
250 mm, and supercritical carbon 5 dioxide was flown at a flow rate of 10 ml/min. Then, the
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10'0'11'0'>ﬁ%18"a§i351é§?g?;%>0?'§%0 mm having an inlet and an outlet, and
supercritical carbon dioxide fluid was flown at a flow rate of 10 m
5 liter / minute. Then the temperature was held at 60°C and the
pressure was varied with time. Separating at each pressure steps,
the following extracted components 60-1 to 60-10 were obtained, as
shown in Table 1. In this example of embodiments, the used
equipment includes a liquid pump for feeding supercritical carbon
10 dioxide fluid, SCF-Get manufactured by JASCO Corporation, Tokyo,
Japan, a full automatic pressure regulator valve, SCF-Bpg
manufactured by JASCO Corporation, Tokyo, Japan, and a column

oven used in a usual chromatography.

15 Table 1 Extracted weight of Z-tetraol at 60°C

component | pressure [MPal | time [min] | weight [g]
60-1 10.0—»11.0—-11.5— |7T—>5—5—5 3.51
12.0—-12.5—13.0 |—>5—20

60 - 2 14.0 20 4.12
60 -3 15.0 20 5.38
60 -4 16.0 20 7.27
60-5 17.0 20 6.40
60 -6 18.0 20 4.31
60 -7 19.0—20.0 10—-10 3.01
60 -8 22.0—-24.0—-26.0 [10—5—5 2.25
60-9 28.0—30.0 10—-20 2.25
60 - 10 residue 1.03

total 39.53
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13.0-'14.0-> 15.0- 16.0-'17.0->18.0 5 100--2 19.0 20 2.31 100--3 20.0 20 3.32 100--4 21.0 20 4.24
100--522.0 20 6.27 100--6 23.0 20 7.32 100--7 24.0 20 6.80 100--8 25.0 20 3.41 100--9 26.0 20
1.76 100--10 27.0->30.0 3-20 1.45 100--11 residue --- 0.71 total 38.36 15 1. Testing of solubility into
a solvent Each component extracted in Example 1 and Example 2 was tested on solubility into a
solvent that is generally used in a lubricant coating process, having chemical formula C5FioH2 and
the trade ngme. %ﬁ XF available from Mitsui-Dupont fluoro-chemical Co., Ltd. Each Extracted
component an&1 éﬁsolvent were mixed so that the concentratlon of the component is 1 weight

percen, SOl g SRR D B SRR A0 SO S s R
wall stainless steel vessel having an inlet and an outlet with inner
diameter of 20 mm and length of 250 mm, and supercritical carbon

5 dioxide was flown at a flow rate of 10 ml/min. Then, the temperature
was held at 100°C and the pressure was varied with time.
Separating at each pressure steps, the following extracted
components 100-1 to 100-11 were obtained, as shown in Table 2. In
this example of embodiments, the used equipment is the same as the

10 one used in Example 1.

Table 2 Extracted weight of Z-tetraol at 100°C

component pressure [MPal] time [min] | weight [g]
100--1 10.0—-11.0—-12.0—» |5—5—5—b5— 0.78
13.0—-14.0—-15.0— |5—5—>5—b5—

16.0—17.0—18.0 5

100--2 19.0 20 2.31
100--3 20.0 20 3.32
100--4 21.0 20 4.24
100--5 22.0 20 6.27
100--6 23.0 20 7.32
100--7 24.0 20 ' 6.80
100--8 25.0 20 3.41
100--9 26.0 20 1.76
100--10 |27.0—-30.0 3—20 1.45
100--11 |residue 0.71

total 38.36

15



components 60-9, 60-10, 100-10, and 100-11. All other extracted components were dissolved
including from 60-1 to 60-8 and from 100 1 to 100-9. 15 2. NMR measurement Molar compositions of
lubricant A and lubricant B were measured for the components 60-1 to 60-10 by means of F19-NMR.
The results are shown in Table 3. 20 16 Table 3 Mixing ratio of lubricants for the components extracted
at 60C. component lubricant A lubricant B 60--1 63 37 60--2 70 30 60--3 82 18 60--4 87 13 60--5 94

6 60--6 95 '13 GO.TZa &891% gf)sgl{ﬁ%ﬂtg%n% C’)LOaO é)oﬁ%ﬂ.p 100 O The structure of the lubricant B was

more contained i the

10

15

20

Each component extracted in Example 1 and Example 2 was
tested on solubility into a solvent that is generally used in a lubricant
coating process, having chemical formula CsFioHz and the trade name
Vertrel XF, available from Mitsui-Dupont fluoro-chemical Co., Ltd.
Each Extracted component and the solvent were mixed so that the
concentration of the component is 1 weight percent. Solubility was

confirmed by visual observation.

A slight amount of unsolved precipitate was observed in an

unrefined lubricant material. Precipitate was also observed in

components 60-9, 60-10, 100-10, and 100-11. All other extracted

components were dissolved including from 60-1 to 60-8 and from 100-

1 to 100-9.

2. NMR measurement

Molar compositions of lubricant A and lubricant B were
measured for the components 60-1 to 60-10 by means of F19-NMR.

The results are shown in Table 3.
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5 components extracted at lower pressures. Content of lubricant A can be increased by removing the
components extracted at lower pressure. Dissolving ability of the supercritical carbon dioxide fluid for
a polar component is known to decrease in conditions of temperature pressure at which the density of
the supercritical carbon dioxide fluid to is low. The lubricant B exhibits weaker polarity because it has
fewer hydroxyl groups per molecule as compared with the lubricant A. Therefore, the lubricant B was
predominanly gigsglved iniq ghe; suneterficat FaaD.dioxtde, 14t Bl IRyGI RN PESS R dg Under
the same pressure condition, the density of the “supercritical carbon dioxide tluid decreases at higher
t'emperatur%sﬁ é§0 hen extraction process is conducted at 100C in place of 60C, the dissolving
ability of the tluid for a polar component is lower at the same pressure. Therefore, it is understood that
higher pressure is generally required to dissolve the same amount of lubricant at 100C 5 than at 60'C
3. Measurement of ionic impurities Several microgram of unrefined material and each of the extracted
component Iy Te aroppgd] to on a surface of a magnetic recording
ARG

medium uncSAEARAMHHri ai‘tﬁﬁ étﬁté X e ot on the surface was measured by means
of TOF-SIMS. The results alle give ¥ Table 4. The G@nerical values in the Table are the detected
quantity that is n@@bdr of cdunts 63 37

60--2 70 30

60--3 82 18

60--4 87 13

60--5 94 6

60--6 95 5

60--7 100 0

60--8 100 0

60--9 100 0

60--10 100 0

The structure of the lubricant B was more contained in the
5 components extracted at lower pressures. Content of lubricant A can

be increased by removing the components extracted at lower pressure.
Dissolving ability of the supercritical carbon dioxide fluid for a polar
component is known to decrease in conditions of temperature
pressure at which the density of the supercritical carbon dioxide fluid

10 is low. The lubricant B exhibits weaker polarity because it has fewer
hydroxyl groups per molecule as compared with the lubricant A.
Therefore, the lubricant B was predominantly dissolved into the

supercritical carbon dioxide fluid at relatively low pressure.

15 Under the same pressure condition, the density of the

supercritical carbon dioxide fluid decreases at higher temperatures.

17



per unit time in the TOF-SIMS. 15 The results show that cations are frequently detected in the
component extracted at higher pressures and the residue after extraction. HCO3 and HS04 are
frequently detected in the residue. Chromiums are detected in the component extracted at high
pressure 20 side and also in the low pressure extraction components 60-1, 2, 3 and 100-1, 2, 3, 4. In
the 60-1, 2, 3 and 100-1, 2, 3, 4, CF2C1 was at the same time detected. But, the CF2CI was not
detected in the high pressure extraction components and the residue. lonic impurities, which are
componentY\ienagKtER6APBoRFRECSIINE SypdyictedsabNQ0nG inanleseiol 6Onsardtare and
high pressure state, or do not dissolve in the fluid at a pressure of up to 30 MPa leaving in a residue.
Consequendys#alaring akhibityoot the flvad domponedar crmponenivis ogeerenivithene residue
in a refinement using 5 supercritical carbon dioxide fluid as an extraction medium. Chromium was
detected in $aums gstess vampohbeteefarecit Bunudsrstwesdpbeddnighe pieessianadsorm of
ions. The reason is that CF2C1 was detected by close observation of fragments of the 10 TOF-SIMS,
which may Relfterallyitegeireditd disisolws the sapoatasroumy ehtupsigrait ar100 i{place
of -CH20H in the lubricant B. 15

5 than at 60°C

3. Measurement of ionic impurities

Several microgram of unrefined material and each of the
extracted components 60-1 to 60-10 and 100-1 to 100-11 were dropped
10 on a surface of a magnetic recording medium uncoated with lubricant.
Quantity of each kind of ions on the surface was measured by meéns
of TOF-SIMS. The results are given in Table 4. The numerical
values in the Table are the detected quantity that is number of counts
per unit time in the TOF-SIMS.
5
The results show that cations are frequently detected in the
component extracted at higher pressures and the residue after
extraction. HCO3z and HSO4 are frequently detected in the residue.
Chromiums are detected in the component extracted at high pressure
20 side and also in the low pressure extraction components 60-1, 2, 3 and
100-1, 2, 3, 4. In the 60-1, 2, 3 and 100-1, 2, 3, 4, CF2Cl was at the
same time detected. But, the CF2Cl was not detected in the high
pressure extraction components and the residue. Ionic impurities,

which are components with fairly strong polarity, either slightly

18



20 19 Table 4 Number of counts for each type of ions detected by means of TOF-SIMS component
cation anion K Na CI HCO3 HSO4 unrefined 45684 925 1793 57 462 60--1 304 56 3110 11 20 60--2
22042 2040339 603171201381519 604 13614289324 605214 24144 14 36 60--6 425 22
259 4 34 60--7 1211 51 193 9 21 60--8 6154 190 264 7 42 60--9 7157 333 519 15 74 60--10 107611
3269 2236 115 353 100--1 7261 215 5399 15 79 100--2 736 40 3544 5 18 100--3 350 16 2624 4 17

100--4 433 32 2154 7 25 100--5 552 20 937 2 23 100--6 531 15 340 4 27 100--7 349 7 263 0 25
dissolves in a relatively low temperature and high pressure state, or

do not dissolve in the fluid at a pressure of up to 30 MPa leaving in a
residue. Consequently, it can be understood that those components
may be removed together with the residue in a refinement using

5 supercritical carbon dioxide fluid as an extraction medium.

Chromium was detected in low pressure components, as well.
But, they are supposed not to present in the form of ions. The reason
is that CF2oCl was detected by close observation of fragments of the
10 TOF-SIMS, which may indicate that the extracted molecules are
impurities having end group of - CF2Cl in place of -CH20H in the

lubricant B.

15

20
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100--8 837 19 261 5 25 100--9 1563 28 204 6 21 100--10 4574 69 455 12 40 100--11 102855 4584
2060 161 452 4. Bonded ratio in a lubricant film and loss by heating 5 A nonmagnetic substrate of
aluminum - magnesium alloy was prepared. After forming a nonmagnetic layer by plating Ni-P by
means of electroless plating, the surface was polished. Nearly concentric circular grooves were made
having a surface roughness Ra 20 of 0.8 nm by means of texturing using diamond slurry. After
cleaning the substrate, a nonmagnetic metal underlayer of chromium was formed in a commonly
used sputtelindp kpgaratus. Nmsgqaemﬁ/caumégrf@ﬁbem tymeinhions, deteataddm and a
protective layer of 5 nitrogen-added amorphous carbon (a-C:N) having thickness of 8 nm were formed
by a CVD megausTofs vd Ml employed as a common medium. Each of the common media
was coated with unrefined Z-tetraol or each of the extracted components 60-1 to 60-9. The coating
was conducted by dipping method using a solution 10 including 0.06 wt% of the extracted lubricant in
the solvent of Vertrel XE. Speed of pulling-up was controlled between 0.5 and 3 mm/s so as to adjust

the thicknesgofipoiubritant filmatooh4 nm. Thickhess of the lubnicamt film was meagured on the
produced samples by means offET-IR metied. Then, mpbile|cqpEenent of fhe (yprigant film was
unrefined 45684 925 1793 57 462
60--1 304 56 3110 11 20
60--2 220 42 2040 3 39
60--3 171 20 1381 5 19
60--4 136 14 289 3 24
60--5 214 24 144 14 36
60--6 425 22 259 4 34
60--7 1211 51 193 9 21
60--8 6154 190 264 7 42
60--9 7157 333 519 15 74
60--10 107611 3269 2236 115 353
100--1 7261 215 5399 15 79
100--2 736 40 3544 5 18
100--3 350 16 2624 4 17
100--4 433 32 2154 7 25
100--5 552 20 937 2 23
100--6 531 15 340 4 27
100--7 349 7 263 0 25
100--8 837 19 261 5 25
100--9 1563 28 204 6 21
100--10 4574 69 455 12 40
100--11 102855 | 4584 2060 161 452

4. Bonded ratio in a lubricant film and loss by heating

5 A nonmagnetic substrate of aluminum - magnesium alloy was
prepared. After forming a nonmagnetic layer by plating Ni-P by
means of electroless plating, the surface was polished. Nearly

concentric circular grooves were made having a surface roughness Ra

20



15 removed using fluorine-containing solvent. The thickness of the left component of the lubricant film
was measured as bonded component of the lubricant film. Bonded ratio of the lubricant film is defined
by the thickness of the bonded component of the lubricant film divided by the total thickness of the
lubricant film. 20 Each magnetic recording medium was heated at 140C for 60 minutes, and the film
thickness was measured after the heating to obtain a loss by heating. Those values are given in Table
5. 21 The components that include relatively large quantity of the lubricant B exhibited low bonded

ratio, and thef Kbfdaanhip ernscof tewguagiysngaipmendsstutisasaiftmedes ning
heating showed similar tendency. 5 Table 5 Bonded ratio on a magnetic recording medium and loss
by heating ¢dvapsabat bateled raon iossgnetizatng tab)umdp nlapsnaf ahac08uB0WaSL .5 -0.74
60--2 33.3 -0.54 60--3 32.5-0.30 60--4 37.0-0.28
formed in a commonly used sputtering apparatus. Subsequently, a
magnetic layer containing Co, Cr, Ta, and Pt and a protective layer of
5 nitrogen-added amorphous carbon (a-C:N) having thickness of 8 nm
were formed by a CVD method. This medium was employed as a
common medium. Kach of the common media was coated with
unrefined Z-tetraol or each of the extracted components 60-1 to 60-9.
The coating was conducted by dipping method using a solution
10 including 0.06 wt% of the extracted lubricant in the solvent of Vertrel
XF. Speed of pulling-up was controlled between 0.5 and 3 mm/s so as
to adjust the thickness of the lubricant film to 2.4 nm. Thickness of
the lubricant film was measured on the produced samples by means
of FT-IR method. Then, mobile component of the lubricant film was
15 removed using fluorine-containing solvent. The thickness of the left
component of the lubricant film was measured as bonded component
of the lubricant film. Bonded ratio of the lubricant film is defined by
the thickness of the bonded component of the lubricant film divided
by the total thickneés of the lubricant film.
20
Each magnetic recording medium was heated at 140°C for 60

minutes, and the film thickness was measured after the heating to

obtain a loss by heating. Those values are given in Table 5.
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60--542.6 -0.24 60--6 46.9 -0.26 60--7 50.6 -0.23 60--8 54.1 -0.10 60--9 53.5-0.04 Example 3 10
Forty gram of the lubricant Z-tetraol was poured into a thick- wall stainless steel vessel having an inlet
and an outlet with inner diameter of 20 mm and length of 250 mm, and supercritical carbon dioxide
fluid was flown at a flow rate of 10 mL/min. The component dissolved in the fluid at 60C and 15 MPa
during 60 minutes was 15 removed. From the left residue, the component dissolved in the fluid at 60C
and 20 MPa flown at the flow rate of 10 mL/min_for 40 22 minutes was recovered to obtain 20 g of a
material for lubrichhe aomipEantsc ind dnalustr pelativelind vrge gatant tyapipide was used.
5 Molar composition of the lubricant A and B in the obtained lubricant was measured by means of
NMR and rdsibeieank: B ez hikitedlew hendedcratindiagdhébehondad saacant film 2.4 nm
thick was produced using this lubricant. Bonded ratio and loss by 10 heating were measured resulting
in bonded ranexsg aised A th@|qssan§zlm§aﬂﬁ@bed.ubrwﬂa@txﬁn@@r%aeadqn&‘&reo}@prbyent on
the

heating showed similar tendency.

5
Table 5 Bonded ratio on a magnetic recording medium and loss
by heating
i component | bonded ratio | loss by heating
(%) (nm)
unrefined 40.4 -0.51
60--1 31.5 -0.74
60--2 33.3 -0.54
60--3 32.5 -0.30
60--4 37.0 -0.28
60--5 42.6 -0.24
60--6 46.9 -0.26
60--7 50.6 -0.23
60--8 54.1 -0.10
60--9 53.5 -0.04
Example 3
10 Forty gram of the lubricant Z-tetraol was poured into a thick-

wall stainless steel vessel having an inlet and an outlet with inner
diameter of 20 mm and length of 250 mm, and supercritical carbon
dioxide fluid was flown at a flow rate of 10 mIL/min. The component
dissolved in the fluid at 60°C and 15 MPa during 60 minutes was

15 removed. From the left residue, the component dissolved in the fluid

at 60°C and 20 MPa flown at the flow rate of 10 mI./min for 40
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completed magnetic recording medium was measured by means of TOF-SIMS. All of Na, K, Cl,
HCO3, and HSO4 decreased to less than 10% with respect to those of a magnetic recording medium
using 15 unrefined lubricant. Advantageous Effect of the invention As described so far, by employing a
lubricant in which a bonded ratio is enhanced, a loss by heating is suppressed, and ionic 20 impurities
are decreased, a magnetic recording medium can be provided that exhibits excellent lubricating
performance and stability during long term use under a circumstance of hié%l rotating speed and
accompanidt igH esnipastRe QY eve fhigrelibatrotil g piaditna teslakde nAubmieartagnetic
recording device. 23 What is claimed is: 1. A method to refine a lubricant including a compound A
having a perfluoropolyether molecular structure that has two hydroxyl groups at each 5 of two ends of
compound A, and a compound B having the perfluoropolyether molecular structure that has one
hydroxyl group al Badhioiiwe mrplkeot &) themendhcobiiniong PrRethdihe lubricant into
a pressure vessel set at a predetermined pressure and at a predetermined temperature; 10 removing
the compouEdBmpEploWa‘@S @tﬂﬁdr-ising: flowing an extracting medium of a supercritical carbon
dioxide fluid at a predetermined rate through the pressure vessel,
5
Molar composition of the lubricant A and B in the obtained

lubricant was measured by means of NMR and resulted in A: 91%

and B: 9%. A magnetic recording medium having a lubricant film 2.4

nm thick was produced using this lubricant. Bonded ratio and loss by

10 heating were measured resulting in bonded ratio of 45% and the loss

by heating of 0.25 nm. Quantity of each kind of ions present on the

completed magnetic recording medium was measured by means of

TOF-SIMS. All of Na, K, Cl, HCO3, and HSO4 decreased to less than

10% with respect to those of a magnetic recording medium using

15 unrefined lubricant.

Advantageous Effect of the invention
As described so far, by employing a lubricant in which a bonded
ratio is enhanced, a loss by heating is suppressed, and ionic
20 impurities are decreased, a magnetic recording medium can be
provided that exhibits excellent lubricating performance and stability
during long term use under a circumstance of high rotating speed and
accompanied high temperature of the magnetic recording medium

mounted on a fixed magnetic recording device.
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holding the pressure vessel at the predetermined temperature and the predetermined pressure, 15
dissolving the compound B in the supercritical carbon dioxide fluid, and removing the dissolved
compound B from the pressure vessel; and recovering the compound A by a process comprising:
lowing the extracting medium of the supercritical carbon dioxide fluid 20 through the pressure vessel,
holding the pressure vessel at the predetermined pressure and at a temperature lower than the
predetermined temperature, dissolving the compound A in the extracting medium, and recovering the
dissolved compound A from the pressure vessel. 25 2. The method to refine a lubricant as recited in
claim 1, wherein the 24 predetermined temperature is in a range from 31'C to 100 C and the
predetermi ﬁf%ress re |s | arange from 7.4 MPa to 30 MPa. 3. The method to refine a lubricant as
recited in c e Sg predetermined temperature is in a range from 40'C to 100°'C. 4. The
method to refine a Iubrlcant as recited in claim 1, wherein the compound A is a lubricant A
represented by formula (1) and the compound B is a lubricant B represented by formula (2); 1o

HO-CH2-CH(QY) ifiethedC e - Gzn®© -8 2R pic @t FiR) gl 0dig - GH2 ePapHan@H O H R Aife Okl
perfluoropolyether molecular structure that has two hydroxyl groups at each
5 of two ends of compound A, and a compound B having the
perfluoropolyether molecular structure that has one hydroxyl group at each
of two ends of compound B, the method comprising:
placing the lubricant into a pressure vessel set at a predetermined
pressure and at a predetermined temperature;

10 removing the compound B by a process comprising: flowing an
extracting medium of a supercritical carbon dioxide fluid at a predetermined
rate through the pressure vessel,

holding the pressure vessel at the predetermined temperature and the
predetermined pressure,

15 dissolving the compound B in the supercritical carbon dioxide fluid,
and

removing the dissolved compound B from the pressure vessel, and
recovering the compound A by a process comprising;

lowing the extracting medium of the supercritical carbon dioxide fluid

20 through the pressure vessel,

holding the pressure vessel at the predetermined pressure and at a
temperature lower than the predetermined temperature,

dissolving the compound A in the extracting medium, and

recovering the dissolved compound A from the pressure vessel.

25

2. The method to refine a lubricant as recited in claim 1, wherein the
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lubricant A, formula (1): HO-CH2- CF2-(O-C2F4)p-(0-CF2)q-O-CF2-CHz- OH, where p and g are
positive integers. 15 lubricant B, formula (2): 5. A method to refine a lubricant including a compound A
having a perfluoropolyether molecular structure that has two hydroxyl groups at each of two ends of
compound A, and a compound B having the 20 perfluoropolyether molecular structure that has one
hydroxyl group at each of two ends of compound B, the method comprising: placing the lubricant into
a pressure vessel set at a predetermined pressure and at a predetermined temperature; removing the
compound B by a process comprising: 25 flowing an extracting medium of a supercritical carbon
dioxide fluid at a predetermined rate through the pressure vessel, 25 holding the pressure vessel at

the predetermiped temperature and at the predetermined pressure, digsQlving the gompound B in the
supercriticBIEAHSABIIS e FERIPSHATE orkiRl thd ARSBIEREbN G B p@z@urﬁ%esseu
and recovering the compound A by a process comprising- flowing the extracting medium of the
supercriticgrggg%ﬁr&wé)ﬁ(feqﬁﬁﬁsﬁﬁo{?gﬁltﬁer 6%%%8%%@%&28 m Eﬁg&c"ure vessel at the
predetermined temperature and at a

3. The method to refine a lubricant as recited in claim 2, wherein the

5 predetermined temperature is in a range from 40°C to 100°C.

4. The method to refine a lubricant as recited in claim 1, wherein the
compound A is a lubricant A represented by formula (1) and the compound
B is a lubricant B represented by formula (2);

10 HO-CH,-CH(OH)-CH,-O-CH,-CF,-(O-C,F ,)p-(O-CF,)q-O-CF,-CH,-O-CH,-
CH(OH)-CH,-OH
lubricant A, formula (1):
HO-CHj;- CF,-(O-C,F,)p-(0O-CF,)q-O-CF,-CH,- OH,
where p and q are positive integers.

15 lubricant B, formula (2):

5. A method to refine a lubricant including a compound A having a
perfluoropolyether molecular structure that has two hydroxyl groups at each
of two ends of compound A, and a compound B having the
20 perfluoropolyether molecular structure that has one hydroxyl group at each
of two ends of compound B, the method comprising:
placing the lubricant into a pressure vessel set at a predetermined
pressure and at a predetermined temperature;
removing the compound B by a process comprising:
25 flowing an extracting medium of a supercritical carbon dioxide fluid at

a predetermined rate through the pressure vessel,
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10 pressure higher than the predetermined pressure, dissolving the compound A in the supercritical
carbon dioxide fluid, and recovering the dissolved compound A from the pressure vessel. 15 6. The
method to refine a lubricant as recited in claim 5, wherein the predetermined temperature is in a range
from 31'C to 100'C and the predetermined pressure is in a range from 7.4 MPa to 30 MPa. 7. The
method to refine a lubricant as recited in claim 6, wherein the 20 predetermined temperature is in a
range from 40'C to 100'C. 8. The method to refine a lubricant as recited in claim 5, wherein the
removing of the compound B comprises removing a component that is dissolved in the supercritical
carbon dioxide fluid under a state at 60C and 25 15 Mpa. 26 9. The method to refine a lubricant as
recited in claim 5, wherein the recovering of the ound A comgprises recovering a comppnent that
s dissaved in E QHIBEA NP EETR o T B A P a R, BT T
method to fﬁ@']?réd‘é’?éﬁ?ﬁhéa i 'i%’claim 5, wherein the compound A is a lubricant A
represented by formula (1) and the compound B is a lubricant B represented by formula (2),

HO-CH2-CH(OH i3s3l airHR € EBHDQRd) B (- (23 g1iCFRICH 2O U2 din LdE©H)-Shit OH

and

5 removing the dissolved compound B from the pressure vessel; and

recovering the compound A by a process comprising;:

flowing the extracting medium of the supercritical carbon dioxide fluid
through the pressure vessel,

holding the pressure vessel at the predetermined temperature and at a

10 pressure higher than the predetermined pressure,

dissolving the compound A in the supercritical carbon dioxide fluid,

and

recovering the dissolved compound A from the pressure vessel.

15 6. The method to refine a lubricant as recited in claim 5, wherein the
predetermined temperature is in a range from 31°C to 100°C and the

predetermined pressure is in a range from 7.4 MPa to 30 MPa.

7. The method to refine a lubricant as recited in claim 6, wherein the

20 predetermined temperature is in a range from 40°C to 100°C.

8. The method to refine a lubricant as recited in claim 5, wherein the
removing of the compound B comprises removing a component that is
dissolved in the supercritical carbon dioxide fluid under a state at 60°C and

25 15 Mpa.
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lubricant A, formula (1): HO-CH2- CF2-(O-C2F4)p-(0O-CF2)q-O-CF2-CHZ- OH, lubricant B, formula
(2): where p and g are positive integers. 15 11. The method to refine a lubricant as recited in claim 5,
wherein the lubricant is a mixture of a lubricant A having a molecular structure represented by a
formula (1) and a lubricant B having a molecular structure represented by a formula (2), the mixture
comprising the lubricant B in an 20 amount from zero to 10 molar percent with respect a molar amount
of the mixture of the lubricants A and B,
HO-CHZ-CH(OH)-CHZ-O-CHZ-CF2-(0O-C2F4)p-(0O-CF2)g-O-CF2-CHZ-O-CH2- CH(OH)-CH2-OH
lubricant A, formula (1): 25 HO-CHZ- CF2-(O- C2F4)p (O-CF2)g-O-CF2-CHZ- OH, lubricant A, formula

comprising) & Ao SURP Aot SHETS o HRBH R e o I AP R Be gh%% froxy

groups at M.% c d h
molecularZ“%r%tcs:"[{;tzé v[?g;tgfrele% Xy gro%% ac;(‘)gg?}%#{\:vo engs%}gﬁg)n%ptgﬁ eln% ¥
lubricant isdReAIeRY in the supercritical carbon dioxide fluid under a state at 60 C and
20 MPa.
5

10. The method to refine a lubricant as recited in claim 5, wherein the
compound A is a lubricant A represented by formula (1) and the compound
B is a lubricant B represented by formula (2), |
HO-CH,-CH(OH)-CH,-O-CH,-CF,-(0O-C,F 9)p-(O-CF,)q-O-CF,-CH,-O-CH,-
10 CH(OH)-CH,-OH
lubricant A, formula (1):
HO-CH,;- CF,-(O-C,F)p-(O-CF,)q-O-CF,-CH,- OH,
lubricant B, formula (2):
where p and q are positive integers.
15
11. The method to refine a lubricant as recited in claim 5, wherein the
lubricant is a mixture of a lubricant A having a molecular structure
represented by a formula (1) and a lubricant B having a molecular structure
represented by a formula (2), the mixture comprising the lubricant B in an
20 amount from zero to 10 molar percent with respect a molar amount of the
mixture of the lubricants A and B,
HO-CH,-CH(OH)-CH,-O-CH,-CF,-(0-C,F4)p-(O-CF,)q-O-CF,-CH,-O-CH,-
CH(OH)-CH,-OH
lubricant A, formula (1):
25 HO-CH,- CF,-(0O-C,F4)p-(O-CF,)q-O-CF,-CH,- OH,

lubricant A, formula (2):
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placing the lubricant into a pressure vessel set at a predetermined 10 pressure and a predetermined
temperature, removing the compound B by a process comprising: flowing an extracting medium of a
supercritical carbon dioxide fluid at a predetermined rate through the pressure vessel, holding the
pressure vessel at the predetermined temperature and at 15 the predetermined pressure, dissolving
the compound B in the supercritical carbon dioxide fluid, and removing the dissolved compound B
from the pressure vessel, and recovering the compound A by a process comprising: 20 flowing the
extracting medium of the supercritical carbon dioxide fluid through the pressure vessel, holding the
pressure vessel at the predetermined pressure and at a temperature lower than the predetermined
temperature, dissolving,the compound A.in the supercritical carbon dioxide fluid, 25 and recovering
the dissolv%{jh ?nB Q%P?H%I%Y&%F%&‘Féésel. 28 13. The lubricant of the magnetic recording
medium as recited in claim 12, wherein the lubricant is a mixture of a lubricant A having a molecular
structure represented by a formula (1) and a lubricant B having a molecular structure represented by a

formula (2)1 2heAnlixbrie satpfiaimp degadtivicesbbdBrig anetinoomt dexmpmasorig: 10 molar percent with
respect a molar amount
a compound A comprising a perfluoropolyether molecular structure
5 having two hydroxyl groups at each of two ends of compound A; and
a compound B comprising the perfluoropolyether molecular structure
having one hydroxyl group at each of two ends of compound B, wherein the
lubricant is refined by
placing the lubricant into a pressure vessel set at a predetermined
10 pressure and a predetermined temperature,
removing the compound B by a process comprising:
flowing an extracting medium of a supercritical carbon dioxide fluid at
a predetermined rate through the pressure vessel,
holding the pressure vessel at the predetermined temperature and at
15  the predetermined pressure,
dissolving the compound B in the supercritical carbon dioxide fluid,
and
removing the dissolved compound B from the pressure vessel, and
recovering the compound A by a process comprising:
20 flowing the extracting medium of the supercritical carbon dioxide fluid
through the pressure vessel,
holding the pressure vessel at the predetermined pressure and at a
temperature lower than the predetermined temperature,
dissolving the compound A in the supercritical carbon dioxide fluid,
25 and

recovering the dissolved compound A from the pressure vessel.
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of the mixture of the lubricants A and B:
HO-CH2-CH(OH)-CH2-0O-CH2-CF2-(0-C2F4)p-(0-CF2)g-O-CF2-CH2-O-CH2- CH(OH)-CH2-OH

lubricant A, formula (1): to HO-CH2- CF2-(O-C2F4)p-(0O-CF2)q-O-CF2-CH2- OH,

(2): where p and q are positive integers. 14. A magnetic recording medium using a lubricant, the
lubricant 15 comprising: a compound A comprising a perfluoropolyether molecular structure having
two hydroxyl groups at each of two ends of compound A; and a compound B comprising the
perfluoropolyether molecular structure having one hydroxyl group at each of two ends of compound B,
wherein the 20 lubricant is refined by placing the lubricant into a pressure vessel set at a
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structure represented by a formula (1) and a lubricant B having a molecular
structure represented by a formula (2), the mixture comprising the lubricant
B in an amount from zero to 10 molar percent with respect a molar amount
of the mixture of the lubricants A and B:
HO-CH,-CH(OH)-CH,-O-CH,-CF,-(O-C,F )p-(O-CF,)q-O-CF,-CH,-O-CH,-
CH(OH)-CH,-OH

lubricant A, formula (1):

HO-CHj;- CF,-(O-C,Fy)p-(0O-CF,)q-O-CF,-CH,- OH,

lubricant B, formula (2):

where p and q are positive integers.

14. A magnetic recording medium using a lubricant, the lubricant
comprising;

a compound A comprising a perfluoropolyether molecular structure
having two hydroxyl groups at each of two ends of compound A; and

a compound B comprising the perfluoropolyether molecular structure
having one hydroxyl group at each of two ends of compound B, wherein the
lubricant is refined by

placing the lubricant into a pressure vessel set at a predetermined
pressure and at a predetermined temperature,

| removing the compound B by a process comprising:

flowing an extracting medium of a supercritical carbon dioxide fluid at

a predetermined rate through the pressure vessel,

holding the pressure vessel at the predetermined temperature and at

29
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removing the dissolved compound B from the pressure vessel, and 5 recovering the compound A by a
process comprising: flowing the extracting medium of the supercritical carbon dioxide fluid through the
pressure vessel, holding the pressure vessel at the predetermined pressure and at a temperature
lower than the predetermined temperature, 10 dissolving the compound A in the supercritical carbon
dioxide fluid, and recovering the dissolved compound A from the pressure vessel. 15. The magnetic
recording medium as recited in claim 14, wherein the 15 lubricant is a mixture of a lubricant A having a
molecular structure represented by a formula (1) and a lubricant B having a molecular structure
represented by a formula (2), the mixture comprising the lubricant B in an amount from zero to 10
molar percent with respect a molar amount of the mixture of the lubricants A and B: 20
Ho-CH2-@@?@%&%@%&6@2F@p-(0-cFz)q-o-cFz-CHz-o-CHz- CH(OH)-CHZ-OH

lubricant A, form s(éaix'd{-?gc'ﬁﬁé 7 '8?1'5143"{9'@F@ﬁ%ﬁ%ﬁi@ﬂ%ﬁﬁoﬁ“@ﬁ@?&@zﬂ‘Bﬁ’H?'a

(2): 25 where p and q are positive integers. 30 16. A lubricant of a magnetic recording medium,
comprisinggadompound A comprising a perfluoropolyether molecular structure

removing the dissolved compound B from the pressure vessel, and
5 recovering the compound A by a process comprising:

flowing the extracting medium of the supercritical carbon dioxide fluid
through the pressure vessel,

holding the pressure vessel at the predetermined pressure and at a
temperature lower than the predetermined temperature,

10 dissolving the compound A in the supercritical carbon dioxide fluid,

and

recovering the dissolved compound A from the pressure vessel.

15. The magnetic recording medium as recited in claim 14, wherein the
15 lubricant is a mixture of a lubricant A having a molecular structure
represented by a formula (1) and a lubricant B having a molecular structure
represented by a formula (2), the mixture comprising the lubricant B in an
amount from zero to 10 molar percent with respect a molar amount of the
mixture of the lubricants A and B:
20 HO—CHz-CH(OH)-CHz-O-CHz-CFZ-(O-C2F4)p-(O-CFz)q-O-CFz-CHz-O-CHg-
CH(OH)-CH,-OH
lubricant A, formula (1):
HO-CHj;- CF,-(O-C,F )p-(O-CF,)q-O-CF,-CH,- OH,
lubricant B, formula (2):

25 where p and q are positive integers.
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having two hydroxyl groups at each of two ends of compound A; and a compound B comprising the
perfluoropolyether molecular structure 5 having one hydroxyl group at each of two ends of compound
B, wherein the lubricant is refined by placing the lubricant into a pressure vessel set at a
predetermined pressure and at a predetermined temperature, removing the compound B by a process
comprising: 10 flowing an extracting medium of a supercritical carbon dioxide fluid at a predetermined
rate through the pressure vessel, holding the pressure vessel at the predetermined temperature and at
the predetermined pressure, dissolving the compound B in the supercritical carbon dioxide fluid, 15
and removing the dissolved compound B from the pressure vessel, and recovering the compound A

trough tha Brasa et O R E R S S LR R R R ETIEE 20 temperature and
edim. and oo/ e g e the
magnetic rhawigdiggwediydmsydogrotipshiraddh Gbtwiteeridsteflobrepotind Mixtne of a lubricant
A having a molecular structure represented by a formula (1) and a lubricant B having a molecular 31
a compound B comprising the perfluoropolyether molecular structure
5 having one hydroxyl group at each of two ends of compound B, wherein the
lubricant is refined by
placing the lubricant into a pressure vessel set at a predetermined
pressure and at a predetermined temperature,
removing the compound B by a process comprising:
10 flowing an extracting medium of a supercritical carbon dioxide fluid at
a predetermined rate through the pressure vessel,
holding the pressure vessel at the predetermined temperature and at
the predetermined pressure,
dissolving the compound B in the supercritical carbon dioxide fluid,
15 and
removing the dissolved compound B from the pressure vessel, and
recovering the compound A by a process comprising:
flowing the extracting medium of the supercritical carbon dioxide fluid
through the pressure vessel, holding the pressure vessel at the predetermined
20 temperature and at a pressure higher than the predetermined pressure
dissolving the compound A in the extracting medium, and recovering

the dissolved compound A from the pressure vessel.
17. The lubricant of the magnetic recording medium as recited in claim 16,

25 wherein the lubricant is a mixture of a lubricant A having a molecular

structure represented by a formula (1) and a lubricant B having a molecular
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structure represented by a formula (2), the mixture comprising the lubricant B in an amount from zero
to 10 molar percent with respect a molar amount of the mixture of the lubricants A and B:
HO-CH2-CH(OH)-CH2-O-CHZ-CF2-(O-C2F4)p-(0-CF2)g-O-CF2-CHZ-O-CH2- 5 CH(OH)-CH2-OH
lubricant A, formula (1): HO-CH2- CF2-(O-C2F4)p-(0O-CF2)q-O-CF2-CH2- OH, lubricant B, formula
(2): where p and g are positive integers. 10 18. The lubricant of the magnetic recording medium as
recited in claim 16, wherein the predetermined temperature is in a range from 31 Cto 100 C and the
predetermined pressure is in a range from 7.4 MPa to 30 MPa. 15 19. The lubricant of the magnetic
recording medium as recited in claim 18, wherein the predetermined temperature is in a range from

40'C to 10Q,C. 20. A netic re ing [ g, a lubricant, the lubricant cc ising; 20 a
com poundsﬁrggﬁ‘)lgrelsfrgg %egéﬁ%fr%?o ye@é&rﬁ@e&%&r@t u%%&%@ﬁ%v&gﬁﬂg&l%ggﬁ 3}1 J%%aﬁteach
of two endB i CaMPaAYIIN T FRIR FERP BN BRI peectie ROt ‘?Iré’%é@tﬁ‘?ﬁiﬁﬁﬁ%fﬁbﬁﬂ{d“re
having one hydroxyl group at each of two ends of compound B, wherein the lubricant is refined by 25
placing thedfithieamtiktiore pfetdsedeibersattseAana@drBdetermined pressure and at a predetermined
t t
e 0-CH,-CH(OH)-CH,-O-CH,-CF,-(0-C,F)p-(0-CF,)q-O-CF,-CH,-O-CH,-
5 CH(OH)-CH,-OH

lubricant A, formula (1):

HO-CHz- CFz-(O-C2F4)p-(o'CFz)q'O-CFz-CHz- OH,

lubricant B, formula (2):

where p and q are positive integers.

10
18. The lubricant of the magnetic recording medium as recited in claim 16,

wherein the predetermined temperature is in a range from 31°C to 100°C

and the predetermined pressure is in a range from 7.4 MPa to 30 MPa.

15 19. The lubricant of the magnetic recording medium as recited in claim 18,

wherein the predetermined temperature is in a range from 40°C to 100°C.

20. A magnetic recording medium using a lubricant, the lubricant
comprising:

20 a compound A comprising a perfluoropolyether molecular structure
having two hydroxyl groups at each of two ends of compound A; and

a compound B comprising the perfluoropolyether molecular structure

having one hydroxyl group at each of two ends of compound B, wherein the
lubricant is refined by

25 placing the lubricant into a pressure vessel set at a predetermined

pressure and at a predetermined temperature,
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32 removing the compound B by a process comprising: flowing an extracting medium of a supercritical
carbon dioxide fluid at a predetermined rate through the pressure vessel, holding the pressure vessel
at the predetermined temperature and at 5 the predetermined pressure, dissolving the compound B in
the supercritical carbon dioxide fluid, and removing the dissolved compound B from the pressure
vessel, and recovering the compound A by a process comprising: to flowing the extracting medium of
the supercritical carbon dioxide fluid through the pressure vessel, holding the pressure vessel held at
the predetermined temperature and at a pressure higher than the predetermined pressure, dissolving
the compound A in the supercritical carbon dioxide fluid, 15 and recovering the dissolved compound A

from the pressur 8&%86 tﬁl’é‘lec\ g?ﬂf(ﬁg O? &fgbéitéggrc%%ggi claim 20, wherein the

lubricant is a mixturé of a [&brican avrng am ucture rep 3sented by a formula (1) and

s b AP e s g D o ST,
the lubricaatpredett Bnited kit thioreh e P rIdTutE 24685€17F4) p-(0-CF2)g-O-CF2-CHz-O-CH2-
holding the pressure vessel at the predetermined temperature and at
5 the predetermined pressure,
dissolving the compound B in the supercritical carbon dioxide fluid,
and
removing the dissolved compound B from the pressure vessel, and
recovering the compound A by a process comprising;:
10 flowing the extracting medium of the supercritical carbon dioxide fluid
through the pressure vessel,
holding the pressure vessel held at the predetermined temperature and
at a pressure higher than the predetermined pressure,
dissolving the compound A in the supercritical carbon dioxide fluid,

15 and

recovering the dissolved compound A from the pressure vessel.

21. The magnetic recording medium as recited in claim 20, wherein the

lubricant is a mixture of a lubricant A having a molecular structure
20 represented by a formula (1) and a lubricant B having a molecular structure

represented by a formula (2), the mixture comprising the lubricant B in an

amount from zero to 10 molar percent with respect a molar amount of the

mixture of the lubricants A and B:

HO-CH,-CH(OH)-CH,-O-CH,-CF,-(O-C,F,)p-(O-CF,)q-O-CF,-CH,-O-CH,-
25 CH(OH)-CH,-OH

lubricant A, formula (1):
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25 CH(OH)-CH2-OH lubricant A, formula (1): 33 HO-CH 2- CF2-(0-C2F4)p-(0-CF2)g-O-CF2-CHZ-
OH, lubricant B, formula (2): where p and q are positive integers. 5 22. The magnetic recording
medium as recited in claim 20, wherein the predetermined temperature is in a range from 31'C to 100
C and the predetermined pressure is in a range from 7.4 MPa to 30 MPa. 23. The magnetic recording
medium as recited in claim 22, wherein the 10 predetermined temperature is in a range from 40'C to
100T. 34

HO-CHg- CFz-(O-C2F4)p-(o-CFz)q-O-CFz-CHz- OH,
lubricant B, formula (2):

where p and q are positive integers.

5 22. The magnetic recording medium as recited in claim 20, wherein the
predetermined temperature is in a range from 31°C to 100°C and the

predetermined pressure is in a range from 7.4 MPa to 30 MPa.

23. The magnetic recording medium as recited in claim 22, wherein the

10 predetermined temperature is in a range from 40°C to 100°C.
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