23 MAR 2" Method for refining lubricant for a magnetic recording medium Technical field of the
/'rhvention The present invention relates to a method for refining lubricant 5 for a magnetic recording
~ medium, lubricant refined by the method, and a magnetic recording medium using f}g lubricant.
Background of the invention Recording media such as fixed magnetic recording mé MAR MBLsed as
general-purpose data recording media in computers. A magnetic recording apparatus containing fixed
magnetic recording media comprises a driving mechanism for the magnetic recording media, a

driving mechanigffidghadnaaneticipaag: BiseRBINgt THchanismg fos the raeepain beath @Nera data

transfer mechanism as 15 well as one or more magnetic recording media. In recent years, the
magnetic recording media are showing significant progress in increasing recording density, capacity,
and data transfer rate. Conventional fixed magnetic recording apparatus employs the 20 contact start

and stop (CPgeRysenl fieldiel fHBagnedn tasarding
The present invention relates to a method for refining lubricant
5 for a magnetic recording medium, lubricant refined by the method,

and a magnetic recording medium using the lubricant.

Background of the invention
Recording media such as fixed magnetic recording media are
10 used as general-purpose data recording media in computers. A
magnetic recording apparatus containing fixed magnetic recording
media comprises a driving mechanism for the magnetic recording
media, a driving mechanism for a magnetic head, a stopping
mechanism for the magnetic head, and a data transfer mechanism as
15 well as one or more magnetic recording media. In recent years, the
magnetic recording media are showing significant progress in

increasing recording density, capacity, and data transfer rate.

Conventional fixed magnetic recording apparatus employs the
20 contact start and stop (CSS) system, in which a magnetic recording
head floats while the magnetic recording medium is rotating and the
magnetic head becomes in contact with the surface of the magnetic
recording medium when the motor for driving rotation of the

magnetic recording medium stops. In this system, the magnetic head



head floats while the magnetic recording medium is rotating and the magnetic head becomes in
contact with the surface of the magnetic recording medium when the motor for driving rotation of the
magnetic recording medium stops. In this system, the magnetic head 1 2 3 MAR ZO??]S%S the
surface of the magnetic recording medium at the time of start and stop of rotation of the 5&5&0
recording medium, and friction occurs between the magnetic recording medium and the magnetic
head. In order to protect the magnetic layer from the 5 friction, a protective layer is provided, and a

lubricant laye{ e PFIYIERE OUFTRIY S IUEHEIOMLIE HETRASIRALRN I @I RHATPERE 9 muagnetic

recording medium of a magnetic recording apparatus has increased from traditional 5,400 10 rpm to a

speed in a 4G4 B9 669D Pﬁ’%%ﬂb@ﬂbﬁﬁfbrﬁﬁg&ﬁ%‘W@H_Bﬁiﬁig"_ﬁ?@ﬂiﬁ&frﬁr‘&ﬂﬁmenon has
bec_ome 5|gn|f!cant, in which lubricant on t_he surface of a magnetic recording medium moves to a
peripheral 1591 Y@ers BRrEWe MeHEMWERERic recording medium and the

magnetic head. In order to protect the magnetic layer from the

5 friction, a protective layer is provided, and a lubricant layer is

provided to improve lubricity on the surface.

Recently, rotating speed of a magnetic recording medium of a
magnetic recording apparatus has increased from traditional 5,400
10 rpm to a speed in a range from 7,200 to 15,000 rpm. As a result, a
spin migration or spin off phenomenon has become significant, in
which lubricant on the surface of a magnetic recording medium
moves to a peripheral region or scatters from the medium surface.
Furthermore, the heat generated at high rotating speed evaporates

15 the lubricant and raises a problem of loss of the lubricant mass.

The thickness growth of the lubricant layer in the peripheral
region of the magnetic recording medium induced by the spin
migration causes adhesion obstruction. The evaporation of the

20 lubricant is liable to cause wear of the protective layer because of the
decrease of the lubricant layer thickness. In the worst case, head

crash occurs.

A lubricant layer of a magnetic recording medium needs to be



Furthermore, the heat generated at high rotating speed evaporates 15 the lubricant and raises a
problem of loss of the lubricant mass. The thickness growth of the lubricant layer in the peripheral
region of the magnetic recording medium induced by the spin migration causes adhesion obstruction.
The evaporation of the 20 lubricant is liable to cause wear of the protective layer bed AuNAR 2066
decrease of the lubricant layer thickness. In the worst case, head crash occurs. A lubricant layer of a
magnetic recording medium needs to be 2 2 2 MAR zoos stably formed in a uniform thickness on a

protective Iygbtrfeaaid YA iR RALIIIOR H1BIBRAISHN 20E00NNGR"Ro

required at the interface between the lubricant layer and the protective layer. To enhance the

el aal R e e g
the trade nagigaiHfPaP¥hE Bitbrface between the lubricant layer and the
protective layer. To enhance the adhesiveness, perfluoropolyether
5 lubricant having a terminal group of a hydroxyl group or a piperonyl
group is used. These types of lubricant are available, for example,
from Ausimont KK under the trade names of Fomblin Z DOL,
Fomblin Z tetraol, and AM3001. Most of the presently used
perfluoropolyether lubricant is prone to exhibit poor heat resistance
10 in a very low molecular weight range and high statical friction in a
very high molecular weight range. Consequently, lubricant now used

has a number average molecular weight (Mn) in the range from 1,000

to 10,000, more specifically, from 2,000 to 4,000.

15 The above-described kinds of lubricant perform well in the range
of present rotating speed of a magnetic recording medium. However,
at higher rotating speed, there remains fear about durability against

a phenomenon like spin migration.

20 Japanese Unexamined Patent Application Publication No. 2001-
229524 discloses use of lubricant that has high molecular weight and
narrow distribution of molecular weight. Such lubricant eliminated
the problem accompanied by conventional lubricant having high

molecular weight and increased adhesiveness with a protective layer,



Fomblin Z tetraol, and AM3001. Most of the presently used perfluoropolyether lubricant is prone to
exhibit poor heat resistance 10 in a very low molecular weight range and high statical friction in a very
high molecular weight range. Consequently, lubricant now used has a humber avegaoge molecular
weight (Mn) in the range from 1,000 to 10,000, more specifically, from 2,000 to 4,000. PR 7206
above-described kinds of lubricant perform well in the range of present rotating speed of a magnetic
recording medium. However, at higher rotating speed, there remains fear about durability against a

phenomenqﬁﬂmﬁwgmﬁﬁigggqﬁg% Qﬁ%%i@%%ﬁﬂt Application Publication No. 2001-

229524 discloses use of lubricant that has high molecular weight and narrow distribution of molecular
weight. Such lubricant eliminated the problem accompanied by conventional lubricant having high
molecular weight and increased adhesiveness with a protective layer, 3 2 3 MAR 2006 improving

durability againsygpf MYMRIBPicant having high molecular weight was used in the
Publication, minimized flying height of a magnetic head in these days
5 raises a problem by an effect of the lubricant molecules. Namely, the
size of the lubricant molecules has some effect on the flight of the
magnetic head in a circumstance of a minimized distance between the
magnetic head and the magnetic recording medium. Accordingly, if
the durability against the spin migration is similar, lubricant with
10 lower molecular weight is preferable as long as heat resistance is

secured.

As described above, lubricant needs improvement in view of
molecular weight, durability against spin migration, and heat

15 resistance.

Besides the above problems, commercially available lubricant
contains impurities, which needs to be eliminated. For example,
commercially available perfluoropolyether lubricant contains

20 impurities of perfluoropolyether having a terminal group such as
CF2Cl, CF3, or CF:H. These terminal groups exhibit weaker polarity
as compared with a hydroxyl group and a piperonyl group, which are
the terminal groups intrinsic to perfluoropolyether lubricant. If the

content of those impurities is large, adhesion and binding with a



While a lubricant having high molecular weight was used in the Publication, minimized flying height of
a magnetic head in these days 5 raises a problem by an effect of the lubricant molecules. Namely, the
size of the lubricant molecules has some effect on the flight of the magnetic head ipn a circumstance of
a minimized distance between the magnetic head and the magnetic recording me£@nﬂﬁﬂ:wﬁjingly, if
the durability against the spin migration is similar, lubricant with 10 lower molecular weight is

preferable as long as heat resistance is secured. As described above, lubricant needs improvement in

view of m BeWeiaTa feiRbliyRahS it D roEsieR et e Rl ded ReisiRase HEsRIdes Bie

above problems, commercially available lubricant contains impurities, which needs to be eliminated.

For examplg, epRYHEEcially-apigiiehie AEHYOIPRRY BB LIHDHFADS tMT@ R ® BFRWIHRE Hies is

perfluoropolyether having a terminal group such as CF2C1, CF3, or CF2H. These terminal groups
exhibit weayg&&qiaéay as compared with a hydroxyl group and a piperonyl group, which are

5 Japanese Unexamined Patent Application Publication No. H5-

20673 discloses a method for refining lubricant, in which a technique
is performed for refinement to control molecular weight by means of a
gel permeation chromatography (GPC) method. Japanese
Unexamined Patent Application Publication No. H11-199882

10 discloses a technique for refinement by controlling molecular weight
of lubricant using an organic solvent. A method for refining lubricant
using an organic solvent tends to predominantly eliminate highly
polar and low molecular weight components. Consequently, the
lubricant refined by the method possibly exhibits increased

15 proportion of the perfluoropolyether having terminal group of CFzCl,
CFs3, or CF2H that shows low solubility in an organic solvent.
Japanese Unexamined Patent Application Publication No. 2001-
164279 discloses a refinement method to increase proportion of
molecules having the terminal groups that are intrinsic to

20 perfluoropolyether lubricant by applying supercritical fluid
chromatography (SFC). While the reference states that the method is
less expensive than a method using an organic solvent and performs
higher productivity than a GPC method, problems may arise in the

cost and durability of a packing column in the SFC method when the



the terminal groups intrinsic to perfluoropolyether lubricant. If the content of those impurities is large,
adhesion and binding with a 4 2 3 MAR 2006 protective layer cannot be improved even if molecular
weight is large. Therefore, a refinement method to eliminate this kind of impurities is required. 5
Japanese Unexamined Patent Application Publication No. H5- 20673 discloses a %atwfaﬂ%fining
lubricant, in which a technique is performed for refinement to control molecular weight by means of a
gel permeation chromatography (GPC) method. Japanese Unexamined Patent Application

Publication{ygsH 3920884 A O aiecinsssea schBobeB sgfrement by controlling molecular weight

of lubricant using an organic solvent. A method for refining lubricant using an organic solvent tends to
predominantly eliminate highly polar and low molecular weight components. Consequently, the
lubricant refined by the method possibly exhibits increased 15 proportion of the perfluoropolyether

having terminal groupRéf£F&Srhmercially available lubricant also includes ionic
impurities as well as the above-described perfluoropolyether of weak
5 polarity. The ionic impurities included in lubricant existing on a
recording medium causes corrosion, which induces dissolution of ions
of metallic element such as cobalt used in a magnetic layer. The
cobalt ions catalyze decomposition of perfluoropolyether molecules
used in the lubricant. Therefore, the ionic impurities are desired to

10 be eliminated to the possible minimum quantity.

Thus, the ionic impurities that have entered into
perfluoropolyether in its synthesis process are required to be
eliminated.

15
Problem to be solved by the invention

An object of the present invention is to provide a method for
refining lubricant that exhibits excellent lubrication performance and
high stability in long term use, and applicable to a magnetic

20 recording medium. Another object of the present invention is to
provide lubricant that exhibits excellent lubrication performance and
high stability in long term use by means of such method for
refinement. Still another object of the present invention is to provide

a magnetic recording medium that exhibits excellent lubrication



CF3, or CF2H that shows low solubility in an organic solvent. Japanese Unexamined Patent
Application Publication No. 2001- 164279 discloses a refinement method to increase proportion of
molecules having the terminal groups that are intrinsic to 20 perfluoropolyether lubricant by applying
supercritical fluid chromatography (SFC). While the reference states that the meth®d iMAR <206
expensive than a method using an organic solvent and performs higher productivity than a GPC
method, problems may arise in the cost and durability of a packing column in the SFC method when

the 5 2 3 MAG AP ASS URAPAIBRS AINIESS HRSRmEsiBion Fuelhss Efglly available

lubricant also includes ionic impurities as well as the above-described peﬁ?uoropolyether of weak 5
polarity. The, jppipRurities included in lubricant existing on a recording medium causes corrosion,
which induces dissolution of ions of metallic element such as cobalt used in a magnetic layer. The
cobalt ions catalyze decomposition of perfluoropolyether molecules

Means to solve the problem
5 The above objects are achieved by the present invention as

described below.

The first invention is a method for refining perfluoropolyether
lubricant by means of supercritical extraction method using carbon
10 dioxide in a supercritical fluid state (called as “supercritical carbon

dioxide” in this specification).

The first mode of this first invention is a method for refining
lubricant containing a compound having perfluoropolyether structure
15 by means of supercritical extraction, wherein the lubricant is
contacted with extracting medium of supercritical carbon dioxide
under a predetermined condition in a pressure vessel to remove ionic
impurities from the lubricant. This mode of the refinement method is
conducted under a predetermined condition at such temperature and
20 pressure that the density of the supercritical carbon dioxide is not
larger than the density at the temperature of 60°C and the pressure
of 20 MPa. The density in the boundary state is about 0.7 g/cms3.
The ionic impurities in this mode of refinement method can be

sodium ions, potassium ions, chloride ions, HCOs ions, HSOy ions, or



used in the lubricant. Therefore, the ionic impurities are desired to 10 be eliminated to the possible
minimum quantity. Thus, the ionic impurities that have entered into perfluoropolyether in its synthesis
process are required to be eliminated. 15 Problem to be solved by the invention An?ﬂﬁéﬁow
present invention is to provide a method for refining lubricant that exhibits excellent [
performance and high stability in long term use, and applicable to a magnetic 20 recording medium.
Another object of the present invention is to provide lubricant that exhibits excellent lubrication
performancg, #ig-faqp skability in long term use by means of such method for refinement. Still another
object of the present invention is to provide a magnetic recording medium that exhibits excellent
lubrication 6 2 3 MAR 2006 performance and high stability in long term use applying such

The second mode of this first invention is a method for refining
lubricant containing a compound having perfluoropolyether structure
5 by means of supercritical extraction, wherein the lubricant is

contacted with extracting medium of supercritical carbon dioxide
under a predetermined condition in a pressure vessel to remove
perfluoropolyether compounds having a terminal group of weak
polarity out of the components of the perfluoropolyether lubricant.

10 This mode of the refinement method is conducted under a
predetermined condition at such temperature and pressure that the
density of the supercritical carbon dioxide is not larger than the
density at the temperature of 60°C and the pressure of 16 MPa. The
density in the boundary state is about 0.6 g/cm3. The

15 perfluoropolyether compounds having a terminal group of weak
polarity in this second mode of refinement method of the invention

have a terminal group of weak polarity such as CFs, CF:H, or CFsCl.

Third mode of this first invention is a method for refining
20 lubricant containing a compound having perfluoropolyether structure
by means of supercritical extraction, wherein the lubricant is
contacted with extracting medium of supercritical carbon dioxide
under a first condition in a pressure vessel to remove

perfluoropolyether compounds having a terminal group of weak



lubricant. Means to solve the problem 5 The above objects are achieved by the present invention as
described below. The first invention is a method for refining perfluoropolyether lubricant by means of
supercritical extraction method using carbon 10 dioxide in a supercritical fluid stategécaal %am
"supercritical carbon dioxide" in this specification). The first mode of this first invention is hod for
refining lubricant containing a compound having perfluoropolyether structure 15 by means of
supercritical extraction, wherein the lubricant is contacted with extracting medium of supercritical

carbon diojgea ideba peEtRBBRLRARIAD 4T BREeBRHuSEBpIdREEIRCIbEi dRRY e from

the lubricant. This mode of the refinement method is conducted under a predetermined condition at

o ey Wemmenioy Vet lemepelvone: daigeng o
state is abi#t P/ 8/6MBrminal group of weak polarity have been removed is
contacted with extracting medium of supercritical carbon dioxide
5 ‘under a second condition in the pressure vessel to remove ionic
impurities and to extract and recover refined perfluoropolyether
lubricant. In this mode of this invention, the first condition is a
combination of a temperature and a pressure at which a density of
the supercritical carbon dioxide is not larger than the density of
10 temperature of 60°C and the pressure of 16 MPa (the density is about
0.6 g/cm3) and the second condition is a combination of a temperature
and a pressure at which a density of the supercritical carbon dioxide
is not larger than the density at the temperature of 60°C and the
pressure of 20 MPa (the density is about 0.7 g/cm3). In this mode of
15 the invention, the perfluoropolyether compound having a terminal
group of weak polarity has a terminal group of weak polarity such as
CFs, CFqH, or CF2Cl, and the ionic impurities can be sodium ions,

potassium ions, chloride ions, HCOs3 ions, HSO4 ions, or sulfuric ions.
20 The second invention is a perfluoropolyether lubricant that is
refined by the method for refining lubricant of above-described first

1nvention.

The third invention is a magnetic recording medium comprising



The ionic impurities in this mode of refinement method can be sodium ions, potassium ions, chloride
lons, HCO3 ions, HSO4 ions, or 7 2 3 MAR 2006 sulfuric ions. The second mode of this first invention
is a method for refining lubricant containing a compound having perfluoropolyethe&%rw by
means of supercritical extraction, wherein the lubricant is contacted with extracting meti

supercritical carbon dioxide under a predetermined condition in a pressure vessel to remove
perfluoropolyether compounds having a terminal group of weak polarity out of the components of the
perfluorongiyihRblUtaRtuHIERMMORC AR HRARGEL TSR RANTHFIEE, WHE 2

predetermined condition at such temperature and pressure that the density of the supercritical carbon

dioxide is nejiaigariban o ARV A DedamARIATIe RHAIRAMALPLRIERIE MPa. The

density in the boundary state is about 0.6 g/cm3. The 15 perfluoropolyether compounds having a
terminal grgup8EWRAK wherein the lubricant layer is composed of the above-

described perfluoropolyether lubricant of the second invention.

5
Brief description of drawings
Fig. 1 is a schematic cross sectional view of a magnetic recording
medium according to the present invention.
Fig. 2 is a graph showing SFC extraction of the lubricant AM65-2.
10

Aspects of embodiments of the present invention

The present invention will be described below. The first
invention is described first. The first invention is a method for
refining perfluoropolyether lubricant by means of supercritical

156 extraction using supercritical carbon dioxide.

Superecritical fluid continuously varies from a quite dilute low
density state to a liquid-like high density state with slight change of
temperature and pressure. Since dissolving ability of supercritical

20 fluid depends on this density, the dissolving ability can be freely

varied by controlling temperature and pressure.

The refinement method of the invention can be conducted in the

temperature range from 31°C to 100°C. While the pressure of 7.4

10



polarity in this second mode of refinement method of the invention have a terminal group of weak
polarity such as CF3, CF2H, or CF3C1. Third mode of this first invention is a method for refining 20
lubricant containing a compound having perfluoropolyether structure by means of supercritical
extraction, wherein the lubricant is contacted with extracting medium of supercriticgl gdﬁéﬁrﬂm@xide
under a first condition in a pressure vessel to remove perfluoropolyether compounds having a terminal
group of weak 8 2 3 MAR 2006 polarity out of the components of the perfluoropolyether lubricant, and

then, the IurieantdremNbiempeThiOARIIIRIICE SAMRORSITIIMION FFMinph@oumel weakpolarity

have been removed is contacted with extracting medium of supercritical carbon dioxide 5 under a
second corgliiep BOIPIPESRFa Hesadldosememetihe diRynRS 8t o SdidsbanWideMer refined

perfluoropolyether lubricant. In this mode of this invention, the first condition is a combination of a
temperaturgA8d-a RRSSEER-BoHNHb IR d in a supercritical state.
Particularly favorable temperature range in the invention is from
5 40°C to 100°C. At a temperature below 40°C, small variation of

pressure greatly changes dissolving ability of the supercritical carbon
dioxide, resulting in difficulty in control. At a temperature over
100°C, large variation of pressure is necessary for varying dissolving
ability of the supercritical carbon dioxide, taking much time for

10 control. The above-specified temperature and pressure range
corresponds to the range of about 0.4 g/cm3 to about 0.9 g/cm? of the
density of the supercritical carbon dioxide. In the present invention,
the dissolving ability can be freely changed in the range
corresponding to the above-described temperature and pressure range

15 by controlling these parameters. Consequently, a state of the
supercritical carbon dioxide having a desired density, which
corresponds to desired dissolving ability, can be generated by
controlling temperature and pressure. Perfluoropolyether lubricant
1s contacted with this supercritical carbon dioxide to extract a desired

20 lubricant component, in the present invention. Refinement of
lubricant in the present invention can be performed based on
differences in molecular weight or functional groups of the
perfluoropolyether, or small difference in the properties, e.g., polarity,

of compounds or ions contained in the lubricant.

11



the supercritical carbon dioxide is not larger than the density of 10 temperature of 60C and the
pressure of 16 MPa (the density is about 0.6 g/cm3) and the second condition is a combination of a
temperature and a pressure at which a density of the supercritical carbon d|0X|de }%za than
the density at the temperature of 60C and the pressure of 20 MPa (the density is about %m:&). In
this mode of 15 the invention, the perfluoropolyether compound having a terminal group of weak
polarity has a terminal group of weak polarity such as CF3, CF2H, or CF2C1, and the ionic impurities

can be sodium igsti RPRSHHET ks Glalie [pRss G Rnat IdPhiAbe GlsdBiffe@ingp The

second invention is a perfluoropolyether lubricant that is refined by the method for refining lubricant of

above-desgriard festordenting. Tie-thioneniorird Iagnstihieed: d@ﬂ)m@ﬁ@%csmprising 923

MAR 2106 nonmagnetlc underlayer magnetic layer, protectlve layer, an lubricant layer that are
sequentiallydamifai@heiiatRadsifponent to be extracted, as described below.

5 The first mode of this invention will be described first. The first
mode of this invention is a method for refining perfluoropolyether

lubricant removing ionic impurities from the lubricant.

Tonic impurities, when contained in the lubricant, decompose the
10 lubricant, raising a problem in long term stability.
Accordingly, long term stability of the lubricant is secured by
removing ionic impurities and preventing the lubricant from
decomposing. The removal of ionic impurities from lubricant is
performed by extraction using supercritical carbon dioxide at a

15 density not larger than a predetermined upper limit.

Ionic impurities that can be removed by a method of the
invention include metallic ions, for example sodium ions and
potassium ions, and inorganic ions, for example, chloride ions, HCO3

20 ions, HSO4 ions, and sulfuric ions. In addition, organic ions, for
example, ammonium ions, oxalic 1ons, and formic ions, can be

removed as well in the present invention.

Specific description of the first mode is given below.

12



substrate, wherein the lubricant layer is composed of the above- described perfluoropolyether lubricant
of the second invention. 5 Brief description of drawings Fig. 1 is a schematic cross sectional view of a
magnetic recording medium according to the present invention. Fig. 2 is a graph shg\girwﬁ%ﬁﬁ
extraction of the lubricant AM65-2. 10 Aspects of embodiments of the present invention The present
invention will be described below. The first invention is described first. The first invention is a method
for refining perfluoropolyether lubricant by means of supercritical 15 extraction using supercritical

carbon dioxide. Gyperitsak{iELCRIENHOYBORTSS Farhd AYtp SiTadPpaRpeithaiate to a

liquid-like high density state with slight change of temperature and pressure. Since dissolving ability of
supercritica| Q-flruhfape e am b AL PR iR ARBNC AR RE B B e gtbRcaRtrolling
temperature and pressure.

is contacted with extracting medium of supercritical carbon dioxide

under a predetermined condition in a pressure vessel to remove ionic

5 1mpurities from the lubricant. More specifically, this mode of

refinement method comprises the following steps.

(a) A step of introducing perfluoropolyether lubricant into a pressure
vessel,

10 (b) a step of contacting the lubricant with supercritical carbon dioxide
under a predetermined condition in the pressure vessel to extract a
perfluoropolyether compounds, and
(c) a step of recovering the perfluoropolyether compounds obtained in
the step (b).

15

This mode is described below following these steps.

The method of the present invention is a supercritical extraction
method using an extraction medium of supercritical carbon dioxide.
This method is based on the fact that the solubility of a polar

20 component in supercritical carbon dioxide can be suppressed to a low

level in a certain condition.

Step (a)

Raw material of perfluoropolyether lubricant is introduced into a

13



The refinement method of the invention can be conducted in the temperature range from 31C to 100C.

While the pressure of 7.4 10 2 3 MAR 2006 MPa is sufficient, the method can be performed in the

pressure range up to 30 MPa for the above-mentioned temperature range. Within t%i? r\%ﬁe carbon
n

dioxide is held in a supercritical state. Particularly favorable temperature range in th

igWﬁs from

5 40C to 100C. At a temperature below 40C, small variation of pressure greatly changes dissolving
ability of the supercritical carbon dioxide, resulting in difficulty in control. At a temperature over 100C,
large variafigia 9§ Qiessiggdsnecessary for varying dissolving ability of the supercritical carbon
dioxide, taking much time for 10 control. The above-specified temperature and pressure range
corresponds to the range of about 0.4 g/cm3 to about 0.9 g/cm3 of the density of the supercritical
carbon dioxide. In the present invention, the dissolving ability can be freely changed in the range

corresponding tTHE pRGHPENIBEEdERNRIBHTSA  RBERY P RFYhrough which an

10

15

20

extracting medium of supercritical carbon dioxide is introduced, an
outlet part through which the medium and extracted substance are
taken out, and a control part that controls the temperature and
pressure in the vessel at a desired value. A vessel and a device that
meet the above requirements include, for example, a stainless steel
vessel with thick wall having inlet and outlet ports, a pump for
circulating supercritical carbon dioxide, for example, SCF-Get
manufactured by JASCO Corporation, a full automatic pressure
regulator valve, for example, SCF-Bpg manufactured by JASCO
Corporation, and a column oven used in common chromatogram.
Capacity of the pressure vessel may be selected corresponding to the

lubricant to be refined, and is not limited to any special value.

Lubricant that can be treated with in a refinement method of the
present invention is perfluoropolyether lubricant having a polar
group, for example, a piperonyl group, a hydroxyl group, a carboxyl
group, an ester group, an amino group, or a cyclophosphazen group.
Specific examples of such lubricant are ‘Fomblin Z tetraol’, and
‘AM3001’ commercially available from Ausimont KK. A
predetermined quantity of such a raw material is introduced into a

pressure vessel through an inlet part of the vessel.

14



15 by controlling these parameters. Consequently, a state of the supercritical carbon dioxide having a
desired density, which corresponds to desired dissolving ability, can be generated by controlling
temperature and pressure. Perfluoropolyether lubricant is contacted with this supercritical carbon
dioxide to extract a desired 20 lubricant component, in the present invention. Refie&ARa20i8ibricant
in the present invention can be performed based on differences in molecular weight or functional
groups of the perfluoropolyether, or small difference in the properties, e.g., polarity, of compounds or
ions containggdip t{ig) lubricant. 11 2 3 MAR 2006 Refining methods of the present invention can be
classified into first, second, and third modes according to the component to be removed and the

component to beé[xedeibe ezt satiped helvih The fiiseRnaecol thisdlvieniemvdlbheddesitiped

first. The first mode of this invention is a method for refining perfluoropolyether lubricant removing

ionic impurigigsdiapaesi wdrisalium of supercritical carbon dioxide and
perfluoropolyether compounds are extracted removing ionic

5 1mpurities.

The extracting medium is supercritical carbon dioxide. The
supercritical carbon dioxide flows through the pressure vessel at a
predetermined rate and contacts with the raw lubricant in the vessel.

10

While the step (b) can be conducted in the temperature and
pressure range corresponding to the density range of 0.4 to 0.9 g/cm3
as mentioned previously, the step is preferably conducted within
more confined temperature and pressure in that range. The

15 preferable temperature and pressure in conformity with this mode of
the invention are the temperature and pressure that allow the state
with the density of the supercritical carbon dioxide of not larger than
about 0.7 g/cm3. Specific examples of the boundary temperature and
pressure can be 60°C, 20 MPa and 100°C, 26 MPa. By contacting the

20 lubricant with the supercritical carbon dioxide under such a condition,
perfluoropolyether compound components are selectively extracted

remaining ionic impurities in the residue in the vessel.

A flow rate of the supercritical carbon dioxide in this step varies

15



lonic impurities, when contained in the lubricant, decompose the 10 lubricant, raising a problem in
long term stability. Accordingly, long term stability of the lubricant is secured by removing ionic
impurities and preventing the lubricant from decomposing. The removal of ionic iz%urities from
lubricant is performed by extraction using supercritical carbon dioxide at a 15 de yW I?&péer than a
predetermined upper limit. lonic impurities that can be removed by a method of the invention include
metallic ions, for example sodium ions and potassium ions, and inorganic ions, for example, chloride

ions, HCOg2fHotlse x@raietiv e aditicnoandnaatditiest edmapoiensl o nxarpia@wvmdonium

ions, oxalic ions, and formic ions, can be removed as well in the present invention. Specific

descriptiongai dhisfirstrieei tediien Pelpveid 278 MAR PROwdhediret flote isdandthedaMokeining
perfluoropolyether lubricant by means of supercritical extraction, wherein the lubricant
enough contact between the lubricant and the supercritical carbon
dioxide is desired. A preferable flow rate is in the range from 1
5 mL/min to 100 mL/min per 100 g of the lubricant, more preferably,
from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a

problem of unnecessary consumption and a problem that the

10 lubricant is driven out unless the vessel volume is increased.

Step (c).
The extracted perfluoropolyether compounds are collected

together with the supercritical carbon dioxide to recover the

15 perfluoropolyether compounds. The perfluoropolyether compounds
and the supercritical carbon dioxide are taken out through an outlet
port of the pressure vessel. Separating them by restoring normal
temperature and pressure, refined perfluoropolyether lubricant can
be recovered. The carbon dioxide can be recovered and recycled as

20 required.

In the way as describe above, perfluoropolyether lubricant can be
refined removing ionic impurities from the lubricant. The above-

mentioned lubricants available from Ausimont KK can be refined by
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Is contacted with extracting medium of supercritical carbon dioxide under a predetermined condition in
a pressure vessel to remove ionic 5 impurities from the lubricant. More specifically, this mode of
refinement method comprises the following steps. (a) A step of introducing perfluoropolyether lubricant
into a pressure vessel, 10 (b) a step of contacting the lubricant with supercritical dathdhRiidile under
a predetermined condition in the pressure vessel to extract a perfluoropolyether compounds, and (c) a
step of recovering the perfluoropolyether compounds obtained in the step (b). 15 This mode is

described helgyoipliowionthe stmerstitreofieiddihofitie N seot veniien isass wieloiidal extraction

method using an extraction medium of supercritical carbon dioxide. This method is based on the fact

that the solidilisy Bf @ 0glan A8 cOINOndntin, sapRl Gitithl erRrHemgioxide can be suppressed to a low
level in a certain condition.
The refined perfluoropolyether lubricant can be used for
5 lubricant in a magnetic recording medium according to the invention
as described later. Because lubricant refined by this mode of the
invention contains reduced amount of ionic impurities, a magnetic
recording medium performing excellent long term stability can be
provided when such lubricant is used for material of a lubricant layer

10 of the magnetic recording medium.

Next, second mode of the invention will be described in the
following. The second mode of the invention is a method for refining
perfluoropolyether lubricant removing perfluoropolyether compounds

15 having a terminal group with weak polarity from the lubricant. The
second mode refines lubricant by assorting terminal groups of the
lubricant. In order to improve adhesion and bonding of a
perfluoropolyether lubricant with a protective layer, it is effective to
use lubricant predominantly containing such perfluoropolyether

20 compounds that have the terminal group exhibiting high
adhesiveness and bonding characteristic with the protective layer.
When lubricant includes such perfluoropolyether compounds that
have a terminal group with weak polarity, those compounds need to

be assorted and removed in order to improve adhesion and bonding
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Step (a) Raw material of perfluoropolyether lubricant is introduced into a 13 2 3 MAR 2006 pressure
vessel. The pressure vessel comprises an inlet part through which an extracting medium of
supercritical carbon dioxide is introduced, an 5 outlet part through which the medluygwﬁ@ted
substance are taken out, and a control part that controls the temperature and pressur essel
at a desired value. A vessel and a device that meet the above requirements include, for example, a
stainless steel vessel with thick wall having inlet and outlet ports, a pump for 10 circulating

supercriticai¢gipph¢lipxcits dofvaxdmpd:. SThis ah snB et blotA\p 6y fdupasation, a full

automatic pressure regulator valve, for example, SCF-Bpg manufactured by JASCO Corporation, and

a column owefi Heed dh ¢ ametdivbehiemaigemse Cabhélwmtb@mmhafe%%rb@yﬂ@ﬁ@l@@&d
corresponding to the 15 lubricant to be refined, and is not limited to any special value.
by a method of this mode of the invention include perfluoropolyether

compounds having a terminal group such as CF3, CFz2Cl, or CF2H.

The second mode of the invention is specifically described below.
The second mode of the invention is a method for refining
perfluoropolyether lubricant by means of supercritical extraction,
wherein the lubricant is contacted with extracting medium of
10 supercritical carbon dioxide under a predetermined condition in a
pressure vessel to remove perfluoropolyether compounds exhibiting
weak polarity from the lubricant. More specifically, this mode of

refinement method comprises following steps.

15 (a) A step of introducing perfluoropolyether lubricant into a pressure
vessel,
(b) a step of contacting the lubricant with supercritical carbon dioxide
under a predetermined condition in the pressure vessel to extract a
perfluoropolyether compounds having a terminal group with weak

20 polarity, and
(c) a step of recovering the perfluoropolyether compounds remained

after the step (b).

This mode is described below following these steps.
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Lubricant that can be treated with in a refinement method of the present invention is
perfluoropolyether lubricant having a polar group, for example, a piperonyl group, a hydroxyl group, a
carboxyl 20 group, an ester group, an amino group, or a cyclophosphazen group. Specific examples
of such lubricant are 'Fomblin Z tetraol', and 'AM3001' commercially available fron?' uMAROZIDKK . A
predetermined quantity of such a raw material is introduced into a pressure vessel through an inlet
part of the vessel. 14 2 3 MAR 2006 Step (b) The lubricant introduced in the pressure vessel is

contacted Wit loxirchieognedmsdisurissctiied) aadedn disddehadl alssieordPblyeresssel

compounds are extracted removing ionic 5 impurities. The extracting medium is supercritical carbon

dioxide. Thgnelpbreidstkaibentdibddecfone dhaaechlive phrssameessel nithedsteriieks rate
and contacts with the raw lubricant in the vessel.
Step (b)
5 The lubricant introduced into the pressure vessel is contacted
with the extracting medium of supercritical carbon dioxide, to extract
and remove perfluoropolyether compounds having a terminal group

with weak polarity.

10 The extracting medium is supercritical carbon dioxide. The
supercritical carbon dioxide flows through the pressure vessel at a

predetermined rate and contacts with the raw lubricant in the vessel.

While the step (b) can be conducted in the temperature and

15 pressure range corresponding to the density range of 0.4 to 0.9 g/cms3
as mentioned previously, the step is preferably conducted within
confined temperature and pressure in that range. The preferable
temperature and pressure in conformity with this mode of the
invention are the temperature and pressure that allow the state with

20 the density of the supercritical carbon dioxide of not larger than
about 0.6 g/cm3. Specific examples of the boundary temperature and
pressure can be 60°C, 16 MPa, and 100°C, 22 MPa. By contacting the
lubricant with the supercritical carbon dioxide under such a condition,

perfluoropolyether compounds having a terminal group with weak

19



10 While the step (b) can be conducted in the temperature and pressure range corresponding to the
density range of 0.4 to 0.9 g/cm3 as mentioned previously, the step is preferably conducted within
more confined temperature and pressure in that range. The 15 preferable temperature and pressure in
conformity with this mode of the invention are the temperature and pressure thaafioMARh @9Bate  with
the density of the supercritical carbon dioxide of not larger than about 0.7 g/cm3. Specific examples of
the boundary temperature and pressure can be 60C, 20 MPa and 100C, 26 MPa. By contacting the

20 lubricanp ligrile sureswlicdicalion divddeadhdaiducmonnditidie fiadddiebeletntr

compound components are selectively extracted remaining ionic impurities in the residue in the
vessel. A flewniattinef iretduperegtiedl carbon dioxide in this step varies 15 2 3 MAR 2006 with the
extraction condition and a target compound to be extracted, and is not limited to a special value.
However, a flow rate that allows
A flow rate of the supercritical carbon dioxide in this step varies
5 with the extraction condition and a target compound to be extracted,
and is not limited to a special value. However, a flow rate that allows
enough contact between the lubricant and the supercritical carbon
dioxide is desired. A preferable flow rate is in the range from 1
mL/min to 100 mIL/min per 100 g of the lubricant, more preferably,
10 from 10 mI/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a
problem of unnecessary consumption and a problem that the
lubricant is driven out unless the vessel volume is increased.
15
Step ().
The perfluoropolyether lubricant remained in the vessel is
recovered. The perfluoropolyether lubricant is recovered by stopping

supply of the supercritical carbon dioxide and returning the state in

20 the vessel to the normal temperature and pressure.

In the way as described above, perfluoropolyether lubricant can
be refined removing perfluoropolyether compounds with weak

polarity from the lubricant.
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enough contact between the lubricant and the supercritical carbon dioxide is desired. A preferable
flow rate is in the range from 1 5 mL/min to 100 mL/min per 100 g of the lubricant, more preferably,
from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively low flow rate causes a problem
of low processing speed. Excessively high flow rate causes decrease of extracti%%fmrmand
raises a problem of unnecessary consumption and a problem that the 10 lubricant is driven out unless
the vessel volume is increased. Step (c). The extracted perfluoropolyether compounds are collected

together with theyginasctHeal-aaroRildiddet ioesRyehb@ 1 PREIFPrpatvetler-9Rougds. The

perfluoropolyether compounds and the supercritical carbon dioxide are taken out through an outlet

port of the ’Q@éyﬁﬁl‘@@%@‘fﬁﬁﬂ%ﬁ@?é'ﬂh@ﬁ%ﬁ@ﬁﬁﬁWﬂﬁb&ewwﬁiﬁrgé’é&ﬂm refined
perfluoropolyether lubricant can be recovered. The carbon dioxide can be recovered and recycled as

20 requirednlainBNRCATACS T IRe BRRTR1HBHPETPEOlEINEs MpaAtehR9ing highly

polar terminal group, such as piperonyl group or hydroxyl group.

The refined perfluoropolyether lubricant can be used for
lubricant in a magnetic recording medium according to the invention
as described later. Because lubricant refined by this mode contains
reduced amount of perfluoropolyether compounds having a weak

10 polarity terminal group, a magnetic recording medium performing
excellent adhesion and bonding of the lubricant can be provided when
such lubricant is used for material of a lubricant layer of the
magnetic recording medium. Since perfluoropolyether compounds
having a weak polarity terminal group are removed from the

15 lubricant that is refined by this invention, the refined lubricant
performs strong adhesion and bonding with a protective layer of a
magnetic recording medium as compared with unrefined lubricant
having the same molecular weight. Thus, an enough heat resistant
lubricant layer can be formed.

20

Third mode of the invention will be described in the following.
The third mode of the invention is a method for refining
perfluoropolyether lubricant removing both perfluoropolyether

compounds having a weak polarity terminal group and ionic
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refined removing ionic impurities from the lubricant. The above- mentioned lubricants available from
Ausimont KK can be refined by 16 2 3 MAR 2006 removing ionic impurities of sodium ions, potassium
ions, chloride ions, HCO3 ions, HSO4 ions, and sulfuric ions. The refined perfluoggo}x h@éjéubricant
can be used for 5 lubricant in a magnetic recording medium according to the invention a cribed
later. Because lubricant refined by this mode of the invention contains reduced amount of ionic
impurities, a magnetic recording medium performing excellent long term stability can be provided
when suchiivfysia@it iesifedriotimattnibi-oé ahtbritant teyenidde, thesiraghetie fenentioa tnedium.

Next, second mode of the invention will be described in the following. The second mode of the
invention iadeebodfai iefinioy cobdtlerppelleibes plestiisencovinpperfdorhpstyaiher compounds
15 having a terminal group with weak polarity from the lubricant. The second mode refines lubricant
by assorting terkipalanddpsteitheinal group and ionic impurities; thus a method of

this mode performs high productivity.

The third mode of the invention is specifically described below.

The third mode is a method for refining perfluoropolyether lubricant
by means of supercritical extraction, wherein the lubricant is
contacted with extracting medium of supercritical carbon dioxide

10 under a first condition in a pressure vessel to extract and remove
perfluoropolyether compounds having a weak polarity terminal group
from the lubricant, and then the lubricant from which
perfluoropolyether compounds having a weak polarity terminal group
have been removed is contacted with extracting medium of

15 supercritical carbon dioxide under a second condition to extract and
recover perfluoropolyether lubricant while removing ionic impurities.
More specifically, this mode of refinement method comprises the

following steps.

20 (a) A step of introducing perfluoropolyether lubricant into a pressure
vessel,
(b) a step of contacting the lubricant with supercritical carbon dioxide
under a first condition in the pressure vessel to extract

perfluoropolyether compounds having a weak polarity terminal group,
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lubricant. In order to improve adhesion and bonding of a perfluoropolyether lubricant with a protective
layer, it is effective to use lubricant predominantly containing such perfluoropolyether 20 compounds
that have the terminal group exhibiting high adhesiveness and bonding characteristic with the
protective layer. When lubricant includes such perfluoropolyether compounds th@t3 hWAR 2DB6rminal
group with weak polarity, those compounds need to be assorted and removed in order to improve
adhesion and bonding 17 2 3 MAR 2006 with the protective layer. This mode of invention provides a
refinementgmgihod in this case. The compounds that can be removed by a method of this mode of the
invention include perfluoropolyether compounds having a terminal group such as CF3, CF2C1, or
CF2H. 0 Tie)seastechraddsoeitiaetitvertlon isefaibiesthotipsttiead bdleveafitereenaridatbde of the

invention is a method for refining perfluoropolyether lubricant by means of supercritical extraction,
after the step (b) with supercritical carbon dioxide under a second

condition to extract and recover the perfluoropolyether lubricant.

5
This mode is described below following these steps.
Step (a) is the same as in the first mode described above. The vessel
and the lubricant to be refined are also same as in the first mode.
10 Step (b)

The lubricant introduced into the pressure vessel is contacted
with the extracting medium of supercritical carbon dioxide under a
first condition to extract and remove perfluoropolyether compounds
having a weak polarity terminal group. When the raw material is the
15 lubricant described in the first mode above, the perfluoropolyether
compounds having a terminal group of CFs, CF2Cl, or CF2H, for

example, are removed.

The extracting medium is supercritical carbon dioxide. The
20 supercritical carbon dioxide flows through the pressure vessel at a

predetermined rate and contacts with the raw lubricant in the vessel.

Extraction in this step (b) is conducted under the first condition.

While the first condition can be in the temperature and pressure
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wherein the lubricant is contacted with extracting medium of 10 supercritical carbon dioxide under a
predetermined condition in a pressure vessel to remove perfluoropolyether compounds exhibiting
weak polarity from the lubricant. More specifically, this mode of refinement method comprises
following steps. 15 (a) A step of introducing perfluoropolyether lubricant into a presgﬁe s 06 (b) a
step of contacting the lubricant with supercritical carbon dioxide under a predetermined condition in
the pressure vessel to extract a perfluoropolyether compounds having a terminal group with weak 20

polatity, k() SIEPRIEOANEING o pRITNBINIRY SURLEPAUIGD BrERiRRaafies the step (b)

This mode Is cribed below following these steps.”18 2 3’MAR 2006 Step (a) is the same as in the

frst mode qissiiaeshellFetisUSR L RIS Sie RIS ISTEBHAE-RIE tp game as in the firs

temperature and pressure in which density of the supercritical carbon
dioxide is not larger than about 0.6 g/cm3. This upper limit of the
5 density corresponds to specific temperature and pressure of , for

example, 60°C, 16 MPa, or 100°C, 22 MPa,. By contacting the
lubricant with the supercritical carbon dioxide under such a condition,
components of perfluoropolyether compound having a weak polarity
terminal group are selectively extracted.

10

A flow rate of the supercritical carbon dioxide in this step varies

with the extraction condition and a target compound to be extracted,
and is not limited to a special value. However, a flow rate that allows
enough contact between the lubricant and the supercritical carbon

15 dioxide is desired. The preferable flow rate is in the range from 1
mL/min to 100 mL/min per 100 g of the lubricant, more preferably,
from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a

20 problem of unnecessary consumption and a problem that the

lubricant 1s driven out unless the vessel volume is increased.

After this step, perfluoropolyether compounds having a high

polarity group are remained in the vessel.
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Step (b) 5 The lubricant introduced into the pressure vessel is contacted with the extracting medium of
supercritical carbon dioxide, to extract and remove perfluoropolyether compounds having a terminal
group with weak polarity. 10 The extracting medium is supercritical carbon dioxide. The supercritical
carbon dioxide flows through the pressure vessel at a predetermined rate and co@3cwanitaihe raw
lubricant in the vessel. While the step (b) can be conducted in the temperature and 15 pressure range
corresponding to the density range of 0.4 to 0.9 g/cm3 as mentioned previously, the step is preferably
conducted \Slflélp @pfined temperature and pressure in that range. The preferable temperature and
pressure in conformity with this mode of the invention are the temperature and pressure that allow the

state with 20 therdasiy R SHPE'GI 99 RBARARK9R Al IAKURIGS TR0 AU 0 fg/om

Specific examples of undary temperature and pressure can be 60C, 16 MPa, and 100C, 22

MPa. By CUREURY4ICW IR 06 WR AR i HEARhTA P B G e ePrb P a8 et

to extract perfluoropolyether compounds having a terminal group

5 with higher polarity.

The extracting medium is supercritical carbon dioxide. The
supercritical carbon dioxide flows through the pressure vessel at a
predetermined rate and contacts with the lubricant components in

10 the vessel.

The extraction in this step (c) is conducted under the second
condition. While the second condition can be in the temperature and
pressure range corresponding to the density range of 0.4 to 0.9 g/cm3

15 as mentioned previously, this step is preferably conducted at a
temperature and pressure in which the density of the supercritical
carbon dioxide is not larger than about 0.7 g/em3. This upper limit of
the density corresponds to specific temperature and pressure of, for
example, 60°C, 20 MPa, or 100°C, 26 MPa. Because the step (c)

20 extracts perfluoropolyether having a terminal group with higher
polarity than in the perfluoropolyether extracted in the step (b), an
additional condition of the temperature and pressure is preferably
held in which the density is higher than the upper limit density in

the step (b), as well as the second condition. That is, the condition of
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perfluoropolyether compounds having a terminal group with weak 19 2 3 MAR 2006 polarity are
selectively extracted and removed. Refined lubricant remains in the vessel. A flow rate of the
supercritical carbon dioxide in this step varies 5 with the extraction condition and a target compound
to be extracted, and is not limited to a special value. However, a flow rate that aIIow%irEﬁuEgh contact
between the lubricant and the supercritical carbon dioxide is desired. A preferable 0B the
range from 1 mL/min to 100 mL/min per 100 g of the lubricant, more preferably, 10 from 10 mL/min to

50 mL/mi f I . ively. | | i
L ARSI e Ryl s AR Rl EEpe

speed. Excess S decrease of extraction ses a “problem of

unnecess ' [ Jupyi is.dri e e valume is
aﬁl@ﬁg@;ﬂ%’g@%‘%&?{? SRR SRR IURT AR AR BR e e e

increased. t
from 0.6 g/cm3 to 0.7 g/cms3.

5 By contacting the lubricant with the supercritical carbon dioxide
under such a condition, components of perfluoropolyether compounds
are selectively extracted remaining ionic impurities in the residue in

the vessel.

10 A flow rate of the supercritical carbon dioxide in this step varies
with the extraction condition and a target compound to be extracted,
and is not limited to a special value. However, a flow rate that allows
enough contact between the lubricant and the supercritical carbon
dioxide is desired. The preferable flow rate is in the range from 1

15 mL/min to 100 mL/min per 100 g of the lubricant, more preferably,
from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a
problem of unnecessary consumption and a problem that the

20 lubricant is driven out unless the vessel volume is increased.

Further in the step (c¢), the extracted perfluoropolyether
compounds are collected together with the supercritical carbon

dioxide to recover the perfluoropolyether compounds. The

26



The perfluoropolyether lubricant remained in the vessel is recovered. The perfluoropolyether lubricant
Is recovered by stopping supply of the supercritical carbon dioxide and returning the state in 20 the
vessel to the normal temperature and pressure. In the way as described above, perfluoropolyether
lubricant can be refined removing perfluoropolyether compounds with weak pol@iy am shp
lubricant. 20 2 3 MAR 2006 When the raw lubricant mentioned in the first mode above is used, the
perfluoropolyether lubricant refined by this second mode mainly includes the perfluoropolyether

compounds BRFIG BTy PG IPEBING SRR SR AHRRRIBRYAIRHDAT YPEM @laYRIe The

refined pertluoropoly ubricant can'be use cant in a magnetic recording medium

according INveptignt ined Jatsnt ﬁﬂﬁ%lﬁ f i ' d ins$,

reduced ant%gl?r%%]gpgrf?u%ropo yether com@guﬁﬁg avmg?at\?v%]atgfggggw%%m' 91@888?15 ©
separated by returning to the normal temperature and pressure.
Recovering the separated perfluoropolyether compounds, refined

5 perfluoropolyether lubricant is obtained. The carbon dioxide can be

recovered and recycled as required.

As described above, lubricant can be refined by removing ionic
impurities and perfluoropolyether compounds having a weak polarity

10 terminal group from perfluoropolyether lubricant.

The perfluoropolyether lubricant refined by this mode of the
invention, when the raw lubricant described in the first mode above is
used, mainly includes the perfluoropolyether compounds having a

15 terminal group with higher polarity, such as a piperonyl group or a
hydroxyl group. At the same time, ionic impurities including sodium
ions, potassium ions, chloride ions, HCOs ions, HSO4 ions, and

sulfuric ions have been removed from the refined lubricant.

20 The refined perfluoropolyether lubricant can be used for
lubricant in a magnetic recording medium according to the invention
as described later. Because the lubricant refined by this mode
contains reduced amount of perfluoropolyether compounds having a

weak polarity terminal group, and ionic impurities are also removed
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10 polarity terminal group, a magnetic recording medium performing excellent adhesion and bonding
of the lubricant can be provided when such lubricant is used for material of a lubricant layer of the
magnetic recording medium. Since perfluoropolyether compounds having a weak polarity terminal
group are removed from the 15 lubricant that is refined by this invention, the refiné@® | MARc2006 performs
strong adhesion and bonding with a protective layer of a magnetic recording medium as compared
with unrefined lubricant having the same molecular weight. Thus, an enough heat resistant lubricant

ayer can b Janetl 20 TIN5 AIRNARUR L b lesiihesn 1 RIS third mode

of the invention is a method for reflnlng peffluoropolyether [ubricant removing both perfluoropolyether

Compoundﬂfés/ gaaxﬂﬁiih E‘?JPElPﬁhgfﬁBBﬁﬂﬂl'%ﬁ%&%ﬁ@@%@%"ﬁ@&%ﬁﬁ%‘ the

lubricant. In mode e refi nement
excellent adhesion and bonding of the lubricant, and thus superior

heat resistance, and besides, long term stability.

The refinement method of the invention refines lubricant not by

a separation means such as a column using packing materials.
Consequently, the method is inexpensive, superior in durability, and
as a result, achieves high productivity. In particular, the method of

10 the invention is versatile and applicable to refine from small to large
amounts of lubricant as described later in the examples of
embodiment. The method of the present invention allows refining
lubricant based on the difference in molecular weight or a functional
group of perfluoropolyether, or little difference in polarity of

15 compounds and ions contained in the lubricant. Besides, the
refinement method of the invention may be applied to both a batch
system and a continuous system by appropriate selection of a vessel

and other items.

20 The second invention will be described in the following. The
second invention is lubricant that is refined by a method of the first
invention described above, and in particular, lubricant used for a
magnetic recording medium. Specifically, the lubricant of the

invention is lubricant refined removing ionic impurities, lubricant
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process can remove both perfluoropolyether compounds having a weak polarity terminal group and
lonic impurities; thus a method of this mode performs high productivity. 5 The third mode of the
invention is specifically described below. The third mode is a method for refining perfluoropolyether
lubricant by means of supercritical extraction, wherein the lubricant is contacted ygh gatiragigno
medium of supercritical carbon dioxide 10 under a first condition in a pressure vessel to extract and
remove perfluoropolyether compounds having a weak polarity terminal group from the lubricant, and

ihen the luiirsAblicra wieimpeuamRANRIT CoMBOUI poHBA A EkiBleyprinal aroup

have been removed is contacted with extra supercritical ¢ n dioxide under a
second congifian {p X AR BT ?ﬁ?ﬁ a Wfiﬁ%?%&ﬂ%ﬁﬁ’é'&ﬂr%'{%%}?g"Pﬂ)m'fdﬂil%u”“es-
More specitically, this mode of refinement method comprises the following steps. 20 (a) A step of

introducing; ReiYPIERAYEHIE HURIRIOF IO R BIERSH ©omponents having a weak polarity

terminal group.

Lubricant according to the present invention is lubricant with
increased content of perfluoropolyether compounds having a terminal
group with high polarity by sorting perfluoropolyether compounds
based on the difference in polarity between terminal groups of

10 perfluoropolyether molecules and the difference in polarity between
ionic impurities and perfluoropolyether compounds. Consequently,
adhesiveness and bonding strength of the lubricant with a protective
layer is enhanced, and as a result, spin migration is suppressed and
vaporization of the lubricant by heat is prevented.

15

Because ionic impurities that cause decomposition of the
lubricant are eliminated in the lubricant of the invention, the
decomposition of the lubricant is suppressed, assuring long term
stability. Ionic impurities that are contained in unrefined lubricant

20 mentioned in the description of the first invention may be Na*, K+, ClI-,

HCOs-, SO42-, or HSO4-.

The third invention will be described in the following. The third

invention is a magnetic recording medium using lubricant according
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vessel, (b) a step of contacting the lubricant with supercritical carbon dioxide under a first condition in
the pressure vessel to extract perfluoropolyether compounds having a weak polarity terminal group,
22 2 3 MAR 2006 and (c) a step of contacting the perfluoropolyether lubricant remained after the step
(b) with supercritical carbon dioxide under a second condition to extract and recovdd tMAR 2006
perfluoropolyether lubricant. 5 This mode is described below following these steps. Step (a) is the
same as in the first mode described above. The vessel and the lubricant to be refined are also same

as in the f'rﬁbrﬂﬁgepi'gs%tﬁﬁ (VB IOR RI APty csl oo the pressure vessel is contacted with

the extracting medium of supercritical carbon dioxide under a first condition to extract and remove
perfluoropolyether compounds

The third invention will be described below referring to the
accompanying drawing. Though the following describes an aspect of
5 embodiment of the invention, the present invention shall not be

limited to the aspect of embodiment.

Fig. 1 is a schematic cross sectional view of a magnetic recording
medium according to the present invention. As shown in Fig. 1, a
10 magnetic recording medium of the invention comprises a
nonmagnetic underlayer 3, a magnetic recording layer 4, a protective

layer 5, and a lubricant layer 6 sequentially laminated on a substrate.

As shown in Fig. 1, a substrate in the invented medium
15 preferably comprises a nonmagnetic base plate 1 and a plating layer
2, a nickel-phosphorus (Ni-P) plating layer, for example, formed on
the base plate by electroless plating. (The combination of the
nonmagnetic base plate 1 and the plating layer 2 is called a substrate
in this specification.)
20
The nonmagnetic base plate 1 is formed with a material used in a
conventional magnetic recording medium. For example, material
used for the base plate 1 may be an aluminum alloy, strengthened

glass, crystallized glass, or plastic.
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having a weak polarity terminal group. When the raw material is the 15 lubricant described in the first
mode above, the perfluoropolyether compounds having a terminal group of CF3, CF2C1, or CF2H, for
example, are removed. The extracting medium is supercritical carbon dioxide. The 20 supercritical
carbon dioxide flows through the pressure vessel at a predetermined rate and (:ontggs,%%t:ljlﬂﬁ1 raw
lubricant in the vessel. Extraction in this step (b) is conducted under the first condition. ife the first
condition can be in the temperature and pressure 23 2 3 MAR 2006 range corresponding to the

densit fR. i I | ' d at
omperatune and e Ce R A eREs AN 7 Sopt DA b o S RS han abou
0.6 g/cm3.1Thi o] ' t if] f,f
example, 0 CLe A DO B e T T Qe carbon

dioxide undefisuct 2£e89B uce a magnetic recording medium.

5 Conventional materials can be used for the nonmagnetic
underlayer 3, a magnetic layer 4, and the protective layer 5.
Specifically, the nonmagnetic underlayer 3 can be an underlayer
composed of chromium; the magnetic layer 4 can be composed of a
cobalt alloy, for example, a ferromagnetic alloy of Co-Cr-Ta or Co-Cr-

10 Pt; and the protective layer 5 can be a carbon protective layer.

The lubricant layer 6 is essentially composed of
perfluoropolyether lubricant that is refined by a refinement method
according to the present invention.

15

Although a magnetic recording medium according to the present
invention is described above referring to Fig. 1, the structure of Fig. 1
is only an example of a structure of a magnetic recording medium
according to the invention and variations are possible complying with

20 each object of the recording medium. A shape of the medium can be
adapted for a device that uses the medium, and is not limited to a
special shape. An example may be a disk shape magnetic recording

medium mounted on a HDD.
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components of perfluoropolyether compound having a weak polarity terminal group are selectively
extracted. 10 A flow rate of the supercritical carbon dioxide in this step varies with the extraction
condition and a target compound to be extracted, and is not limited to a special value. However, a flow
rate that allows enough contact between the lubricant and the supercritical carboi€ 85 MARXRIggiS
desired. The preferable flow rate is in the range from 1 mL/min to 100 mL/min per 100 g of the
lubricant, more preferably, from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively low

flow rate causes,g pahie0kg log SREEA- FrXreRs R VO ASMEr g RNEGS GepRase of
il & it

extraction efficiency and raises a oblem of unnecesSary consumption a problem that the

lubricant is;dri Vv v is increased. ' 0,

compoundiit o o b e, Seeits Ot et e OSEEARE S PR e WEth
a nonmagnetic underlayer 3 and sequentially forming a magnetic
layer 4 and a protective layer 5 on the underlayer. After that,

5 lubricant of the present invention is applied to the surface of the

protective layer 5.

The nonmagnetic underlayer 3 is preferably a chromium layer,
and the magnetic layer 4 is preferably a cobalt alloy layer in the

10 present invention.

The nonmagnetic underlayer 3, the magnetic layer 4, and the
protective film 5 can be formed by means of a DC sputtering method
when the three layers are a chromium nonmagnetic underlayer, a

15 cobalt magnetic alloy layer, and a carbon protective layer,
respectively. The carbon protective layer may be either a usual
carbon protective layer mainly composed of graphite or a DLC
protective layer. The lubricant layer 6 can be applied by means of
dip-coating or spin-coating. For thicknesses and deposition

20 conditions of the nonmagnetic underlayer 3, the magnetic layer 4, the
protective layer 5, and the lubricant layer 6, the same conditions as in
usual magnetic recording media may be employed. The construction

described above shall not limit the present invention.
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Step (c). The components of the lubricant remained in the vessel are contacted with the extraction
medium of supercritical carbon dioxide to extract perfluoropolyether compounds having a terminal
group 5 with higher polarity. The extracting medium is supercritical carbon dioxide. The supercritical
carbon dioxide flows through the pressure vessel at a predetermined rate and co(?tgc i e
lubricant components in 10 the vessel. The extraction in this step (c) is conducted under the second
condition. While the second condition can be in the temperature and pressure range corresponding to
the density Fangs,¢f1@4 to 0.9 g/cm3 15 as mentioned previously, this step is preferably conducted at
a temperature and pressure in which the density of the supercritical carbon dioxide is not larger than

about 0.7 g/cm3 Tiys RS heideD WO FPreeqRResie BRac e Hnasire-end-piggsure of,
for _example, _60C, 20 Pa, or_lOOC, 26 MPa. Because the step (c) 20 extracts perfluoropolyether
having a teggipdLiiPHRYIBY Hi9B8E rred embodiment in the following. The present
invention, however, shall not be limited by those examples.
5 Examples of perfluoropolyether lubricant in the following examples of

preferred embodiment are “Fomblin Z tetraol (also simply called as Z-

tetraol)” and “AM3001” commercially available from Ausimont KK.

Example 1

10 Forty grams of lubricant Z-tetraol was placed in an extraction
vessel that is a stainless steel vessel with thick wall provided with
inlet and outlet ports, having a content volume of 80 mL.
Supercritical carbon dioxide was flown through the vessel at the flow
rate of 8 mL/min. Temperature was fixed at 60°C and pressure was

15 changed with time. The extraction components of from ZT60-1 to
Z'T60-10 as shown in Table 1 were obtained at each fraction of the
pressure level. Table 1 also shows the pressure and the passage of

time.

20
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polarity than in the perfluoropolyether extracted in the step (b), an additional condition of the
temperature and pressure is preferably held in which the density is higher than the upper limit density
in the step (b), as well as the second condition. That is, the condition of 25 2 3 MAR 2006 the
temperature and pressure in the step (c) are most preferably such that the density of the supercritical
carbon dioxide in that condition is from 0.6 g/cm3 to 0.7 g/cm3. 5 By contacting tHeduMABa#ibvith the
supercritical carbon dioxide under such a condition, components of perfluoropolyether compounds

are selectivgly prracted remaiyag 1981 g'g%uttéeﬁé{b]hgtr@yd@e in the vessel. 10 A flow rate of the

supercritical carbon dioxide in this step varies_with the extraction conditjon and a target compound to
be extractedsampbno]t Ilmpe‘&ssum)éWQAIue HOV\IENBQ frionw)rate thanwiswégénough contact
E:r:\gs(?rr:a ::el rippepnt anq 81%_) ﬁﬁfﬂﬂciﬂl‘?g@n |s5des ed The preferpple flow rate is in the
12.0- 12.5- 13.0 - 20

7ZT60-2 14.0 20 4.12

7'T60-3 15.0 20 5.38

7T60-4 16.0 20 7.27

7T60-5 17.0 20 6.40

7T60-6 18.0 20 4.31

ZT60-7 19.0~ 20.0 10~ 10 3.01

ZT60-8 | 92.0- 24.0~ 26.0 10~ 5- 5 2.25

ZT60-9 28.0~ 30.0 10~ 20 2.25

ZT60-10 residue - 1.03

total mass 39.53

Example 2

5 Forty grams of the lubricant (Z-tetraol) was placed in the same
vessel as in Example 1 and the supercritical carbon dioxide was flown
at the same flow rate. Temperature was fixed at 100°C and pressure
was changed with time. The extraction components of from ZT100-1
to ZT100-11 as shown in Table 2 were obtained at each fraction of the

10 pressure level. Table 2 also shows the pressure and the passage of

time.
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15 mL/min to 100 mL/min per 100 g of the lubricant, more preferably, from 10 mL/min to 50 mL/min
per 100 g of the lubricant. Excessively low flow rate causes a problem of low processing speed.
Excessively high flow rate causes decrease of extraction efficiency and raises a problem of
unnecessary consumption and a problem that the 20 lubricant is driven out unless tlge vessel volume is
increased. Further in the step (c), the extracted perfluoropolyether compounds are cﬂl ether
with the supercritical carbon dioxide to recover the perfluoropolyether compounds. The 26 2 3 MAR

2006 perflugrgpqlyssher COER@FH@&%@Q&F&ZSH@%&W}Cékmdioxide are taken out through an

outlet port of the pressure vessel They are separated hy returning to the normal temperature and

pressure. Rmpﬂlg th sepplmesllpﬂffﬁMBpﬁlyethPr cor‘ibmlmémmf)ned 5 perﬁma&ﬂoﬁg)ether
gjt?orc::,r}t Il;n%%tr?tq;gg g’eh;e :‘:| j;)ﬁ iﬁq oénnzrg)r@ recoverg _)rggy%e_g gs requirecy Agdescribed
13.0-» 14.0- 15.0~ ->5->5-5-5
16.0- 17.0- 18.0
ZT100-2 19.0 20 2.31
Z'T100-3 20.0 20 3.32
ZT100-4 21.0 20 4.24
ZT100-5 22.0 20 6.27
ZT100-6 23.0 20 7.32
ZT100-7 24.0 20 6.80
ZT100-8 25.0 20 3.41
Z'T100-9 26.0 20 1.76
ZT100-10 27.0~ 30.0 3- 20 1.45
ZT100-11 residue - 0.71
total mass 38.36

Example 3
5 Forty grams of the lubricant AM3001 was placed in the same

vessel as in Example 1 and the supercritical carbon dioxide was flown
at the same flow rate. Temperature was fixed at 60°C and pressure
was changed with time. The extraction components of from AM60-1
to AM60-3 as shown in Table 3 were obtained at each fraction of the
10 pressure level. Table 3 also shows the pressure and the passage of

time.
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impurities and perfluoropolyether compounds having a weak polarity 10 terminal group from
perfluoropolyether lubricant. The perfluoropolyether lubricant refined by this mode of the invention,
when the raw lubricant described in the first mode above is used, mainly includes the
perfluoropolyether compounds having a 15 terminal group with higher polarity, su% as a piperonyl
group or a hydroxyl group. At the same time, ionic impurities including sodium io ions,
chloride ions, HCO3 ions, HSO4 ions, and sulfuric ions have been removed from the reflned lubricant.

20 The refimegygrfyuoropolystpss MRHEFRABF BVISROSES fog (dapryicant in a magnetic recording medium

accordmg to the invention as-described later Because the lubricant refined by this mode contains
reduced amosatopderfluorprelgeties éMBaﬁmds Ihmiﬁg(mwr)ak polaimy&'@r(g% | group, and ionic
impurities areAgigg poved 27 2 Sllg/@? 2006 from the rgfjned lubficant, yghegn used for material of a

lubricant |aymélbq%ne T IELUIUIilg lélcwum canbe plg\du'cd th
AM60-3 residue - 6.0
total mass 38.8

Example 4

5 Forty grams of the lubricant AM3001 was placed in the same
vessel as in Example 1 and the supercritical carbon dioxide was flown
at the same flow rate. Temperature was fixed at 65°C and pressure
was changed with time. The extraction components of from AM65-1
to AM65-3 as shown in Table 4 were obtained at each fraction of the

10 pressure level. Table 4 also shows the pressure and the passage of

time.

Table 4 Extraction of AM3001 at 65°C

sample | pressure (MPa) | time (min) mass (g)
AMG65-1 13.0 40 12.0
AMG65-2 19.0 30 15.5
AMG65-3 residue - 12.3
total mass 39.8

15
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excellent adhes
term stability. 5

ion and bonding of the lubricant, and thus superior heat resistance, and besides, long
The refinement method of the invention refines lubricant not by a separation means

such as a column using packing materials. Consequently, the method is inexpensive, superior in
durability, and as a result, achieves high productivity. In particular, the method of 10 the invention is
versatile and applicable to refine from small to large amounts of lubricant as descriBéd MR rA98he
examples of embodiment. The method of the present invention allows refining lubricant based on the

difference E

l& Lﬂé’ar weight or a functional group of perfluoropolyether, or little difference in polarity

of 15 compounds and 1ons contained in the lubricant. Besides, the refinement method of the invention

may be applied

and other items. 20

lubricant thﬂtlé&

L R P R S emton

e secon in the following. The second invention is

"iined iy A1shotbe 08 ¥ with thick wall provided with inlet and

outlet ports, having a content volume of 450 mL. Supercritical carbon

5 diox

ide was flown through the vessel at the flow rate of 20 mL/min.

Temperature was fixed at 63°C and pressure was held at 14.5 MPa

for 60 min. 100 g of the fraction extracted during this period was

removed. After that, the pressure was increased to 16 MPa and held

for 40 min to obtain 100 g of target component. Molecular weight of

10 this

obta

target component was measured by means of GPC method to

in the number average molecular weight Mn of 3,400 and the

weight average molecular weight Mw of 3,900.

Content of ionic impurities of the sample before and after the

15 refinement process was measured by means of ion chromatography.

The

sample after the refinement process is the above-mentioned

target component. Resulted content of sodium ions decreased from

1.4 ppm to 0.3 ppm, potassium ions decreased from 1.0 ppm to 0.05

ppm, HSO4 ions decreased from 0.03 ppm to below detection limit of

20 0.01

ppm, chloride ions decreased from 0.07 ppm to 0.04 ppm.

Ammonium ions, nitric ions, formic ions, and oxalic ions were scarcely

detected in the both samples before and after the refinement process.
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invention described above, and in particular, lubricant used for a magnetic recording medium.
Specifically, the lubricant of the invention is lubricant refined removing ionic impurities, lubricant 28 2 3
MAR 2006 refined removing perfluoropolyether components having a weak polarity terminal group, or
lubricant refined by removing both ionic impurities and perfluoropolyether components having a weak
polarity terminal group. 5 Lubricant according to the present invention is lubricant &idh Mt réliBed
content of perfluoropolyether compounds having a terminal group with high polarity by sorting

perfluoropc@y&}ﬁgﬁmf{%@ﬁa%ﬁg gn the difference in polarity between terminal groups of 10
perfluoropdlyether molecules and the difference in polarity between ionic impurities and
perfluoropolyethyn compeiais: GansemRbh MU e AdhRdaGIeRIR bRl icant

with a protective layer is enhanced, and as a result, spin migrationis suppressed an
was used as the Comparative Example 1 for the following tests.

5 Comparative Example 2

Forty grams of the lubricant AM3001 and 40 g of butyl acetate
were mixed and stirred at 60°C (fixed) for 30 min. After standing for
12 hr, the lower portion of the mixture was separated by a separatory
funnel. Butyl acetate remaining in the lower portion was eliminated
10 by an evaporator to obtain 20 g of refined lubricant (hereinafter called

as “butyl acetate-refined AM”).

Evaluation
1. Analysis results by means of time of flight secondary ion mass

15  spectroscopy (TOF-SIMS)

A few micrograms of each of extraction fractions from Example 1
and Example 2, and a sample of Comparative Example 1 was dropped
on the surface of a magnetic recording medium not coated with

20 lubricant. Analysis was conducted on the surfaces by means of TOF-
SIMS. The results are shown in Table 5. Table 5 shows the fragment
of anions and cations out of various types of fragments detected in the
extracted fractions and the sample. Each figure in the Table

indicates quantity of the fragments and is number of counts per unit
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vaporization of the lubricant by heat is prevented. 15 Because ionic impurities that cause
decomposition of the lubricant are eliminated in the lubricant of the invention, the decomposition of
the lubricant is suppressed, assuring long term stability. lonic impurities that are contained in
unrefined lubricant 20 mentioned in the description of the first invention may be Na+, }§+Mﬂ-mc03-,
5042-, or HSO4-. The third invention will be described in the following. The third in\?é tion'is a
magnetic recording medium using lubricant according 29 2 3 MAR 2006 to the present invention
described ghove dEe e iByefHeTP@IbesIadSibed below referring to the accompanying drawing.
Though the following describes an aspect of 5 embodiment of the invention, the present invention shall
not be limited to the aspect of embodiment. Fig. 1 is a schematic cross sectional view of a magnetic
recording

Table 5 Detected ions by TOF-SIMS

component cation anion
K Na Cl HCO3; | HSO,
unrefined ZT 45684 925 1793 57 462
ZT60-1 304 56 3110 11 20
Z'T60-2 220 42 2040 3 39
7Z'T60-3 171 20 1381 5 19
7'T60-4 136 14 289 3 24
7T60-5 214 24 144 14 36
7T60-6 425 22 259 4 34
7'T60-7 1211 51 193 9 21
7Z'T60-8 6154 190 264 7 42
7ZT60-9 7157 333 519 15 74
ZT60-10 107611 3269 2236 115 353
ZT100-1 7261 215 5399 15 79
ZT100-2 736 40 3544 5 18
ZT100-3 350 16 2624 4 17
ZT100-4 433 32 2154 7 25
ZT100-5 552 20 937 2 23
ZT100-6 531 15 340 4 27
ZT100-7 349 7 263 0 25
Z'T100-8 387 19 261 5 25
ZT100-9 1563 28 204 6 21
Z'T100-10 4574 69 455 12 40
ZT100-11 102855 4584 2060 161 452
5 As Table 5 shows, the fragments of the cations were detected

much in the fractions extracted at high pressures and the residue
after extraction. The fragments of the anions HCO3 and HSO4 were

detected much in the residue after extraction. The fragments of the
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medium according to the present invention. As shown in Fig. 1, a 10 magnetic recording medium of the
invention comprises a nonmagnetic underlayer 3, a magnetic recording layer 4, a protective layer 5,
and a lubricant layer 6 sequentially laminated on a substrate. As shown in Fig. 1, a gstrate in the
invented medium 15 preferably comprises a nonmagnetic base plate 1 and a platin§lJ y%?@s
nickel-phosphorus (Ni-P) plating layer, for example, formed on the base plate by electroless plating.
(The combination of the nonmagnetic base plate 1 and the plating layer 2 is called a substrate in this

specificationn};i g TP RRRAUPESERABSPIEtR: i (ATHRE Wikh APRIETAtURRY ipro svestional

magnetic recording medium. For example, material used for the base plate 1 may be an aluminum

alloy, strengeged] QlaSETRR(R9iasd FITSFOOF PlRsUZISPIRS MAR 2R08ii5enFRaEAglieunderlayer 3,

a magnetic layer 4, a protective
fraction extracted at high pressure. In the fractions of low pressure

extraction ZT60-1 to ZT60-3 and ZT100-1 to ZT100-4, the fragment of
5 CF2Cl was detected as well as the fragment of Cl. In contrast, in the
fractions of high pressure extraction ZT60-9 and in the residues
7ZT60-10 and ZT100-11, the fragment of CF2Cl was not detected.
Therefore, the Cl fragments in ZT60-9, ZT60-10, and ZT100-11 are
attributable to chloride ions, while the Cl fragments in ZT60-1 to
10 ZT60-3 and ZT100-1 to ZT'100-4 are originated from lubricant

compounds including CF:Cl.

The above results show that the extraction with carbon dioxide at

the temperature of 60°C and pressure higher than 20 MPa involves

15 extraction of accompanied sodium ions, potassium ions, chloride ions,
and HSOy4 ions, and causes unfavorable condition for lubricant.
Likewise, the condition at the temperature of 100°C and pressure
higher than 26 MPa also causes similar result. Carbon dioxides at
these two boundary states of temperature and pressure have the

20 same density 0.7 g/em3. It can be considered that supercritical carbon
dioxide having a density higher than this value dissolves ionic
impurities contained in perfluoropolyether lubricant. Therefore, in
order to remove ionic impurities of perfluoropolyether lubricant,

supercritical extraction is preferably conducted using supercritical
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layer 5, and a lubricant layer 6 are sequentially formed on the substrate to produce a magnetic
recording medium. 5 Conventional materials can be used for the nonmagnetic underlayer 3, a
magnetic layer 4, and the protective layer 5. Specifically, the nonmagnetic underlayer 3 can be an
underlayer composed of chromium; the magnetic layer 4 can be composed of a @&B®aMARI@f)6for
example, a ferromagnetic alloy of Co-Cr-Ta or Co-Cr 10 Pt; and the protective layer 5 can be a carbon
protective layer. The lubricant layer 6 is essentially composed of perfluoropolyether lubricant that is

refined by gieiRamens 8 dthaesosasHA R AresetbNeiEn 4 B hauskAPagnetc recording

medium according to the present invention is described above referring to Fig. 1, the structure of Fig.

1 is only ap A38iPie g SHHEH'6. 91 /Hiﬁgnﬁtﬁﬁfei%ofﬂéﬁré‘ﬁgi‘g? ACEYIHY BT Pyeaiien and

variations are possible complying with 20 each object of the recording medium. A shape of the medium
can be adjpjgch{or aglavige,that uses the medium, and is not limited to a

5 The behavior of Cl fragments shows that low pressure extraction
fractions contain a weak polarity perfluoropolyether compound
having a terminal group of CF2Cl that is a weak polarity group.
Consequently, it may be considered that weak polarity
perfluoropolyether compounds are abundantly contained in the

10 fractions extracted at a condition corresponding to a density lower
than about 0.6 g/cm3 that is the density at 60 °C, 16 MPa and 100 °C,
22 MPa. Therefore, in order to remove weak polarity
perfluoropolyether compounds of perfluoropolyether lubricant,
supercritical extraction is preferably conducted using supercritical

15 carbon dioxide under a condition corresponding to a density lower
than the density at 60 °C, 16 MPa, or at 100 °C, 22 MPa. The

boundary density is about 0.6 g/em3.

These results can be summarized as follows.

20 In order to remove 1onic impurities, supercritical extraction is
conducted using supercritical carbon dioxide under a condition
corresponding to a density not higher than the density at 60 °C, 20
MPa or 100 °C, 26 MPa. The density at the boundary condition is

about 0.7 g/cms3.
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special shape. An example may be a disk shape magnetic recording medium mounted on a HDD. 31
2 3 MAR 2006 A manufacturing process of a magnetic recording medium of the invention includes
steps of coating the substrate described above with a nonmagnetic underlayer 3 and sequentially
forming a magnetic layer 4 and a protective layer 5 on the underlayer. After that, E?Igbmg the
present invention is applied to the surface of the protective layer 5. The nonmagnetic underlayer 3 is
preferably a chromium layer, and the magnetic layer 4 is preferably a cobalt alloy layer in the 10

present inventiop,THERAIERAGBRNEUESHRNRH o eBATRRIIG ST Bed PR PRt I 5 can

be formed by means of a DC sputtering method when the three layers are a chromidim nonmagnetic

underlayercipeAbal §1aAn5EE A iRIaY e SR HR) FIRIEEHLR (YR g DRpRIifegrarbon

protective layer may be éither a usua
carbon dioxide under a condition corresponding to a density not

higher than the density at 60 °C, 16 MPa, or at 100 °C, 22 MPa. The

5 boundary density is about 0.6 g/cms3.

In order to obtain perfluoropolyether lubricant from which both
ionic impurities and weak polarity perfluoropolyether compounds are
removed, supercritical extraction is conducted using supercritical

10 carbon dioxide, at first, under a condition corresponding to a density
not higher than the density at 60 °C, 16 MPa, or at 100 °C, 22 MPa.
The boundary density is about 0.6 g/cm3. Subsequently, supercritical
extraction is conducted using supercritical carbon dioxide under a
condition corresponding to a density not higher than the density at 60

15  °C, 20 MPa or 100 °C, 26 MPa. The density at the boundary condition

is about 0.7 g/cm3.

The above-described extraction is possible because firstly, the
supercritical carbon dioxide is a non-polar solvent, and secondly,

20 density of the supercritical carbon dioxide continuously changes with
temperature and pressure from 0.4 g/cm3 to 0.9 g/cm3, and dissolving
ability also increases accompanied by the increase in density.
Accordingly, ionic impurities not exemplified above can also be

separated taking advantage of difference between solubility of a
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carbon protective layer mainly composed of graphite or a DLC protective layer. The lubricant layer 6
can be applied by means of dip-coating or spin-coating. For thicknesses and deposition 20 conditions
of the nonmagnetic underlayer 3, the magnetic layer 4, the protective layer 5, anﬂi%bé%nt layer
6, the same conditions as in usual magnetic recording media may be employed.’ nStruction
described above shall not limit the present invention. 32 2 3 MAR 2005 Examples The present
invention will be described more in detail referring to examples of preferred embodiment in the

following. %%%%b%&ﬂ@&ﬁ%@hﬁ%d‘%b@ﬁﬂmﬁ & é@%@ﬁi@ﬂﬁ'ﬁﬁﬁ@;ﬁm%@ of

perfluoropolyether lubricant in the following examples of preferred embodiment are "Fomblin Z tetraol

(also simply¢Bae-A% 7P kAR AMARO ORI BCiRAY YA IRB AN IBHEK SRRmPle 1

10 Forty grams of lubricant Z-tetraol was placed in an extraction
organic ions such as oxalic ions and formic ions can be separated.

5 2. Measurement of lubricant properties
Lubricant properties have been measured by molecular weight
measurement, supercritical fluid chromatography (SFC),
measurement of the temperature at 10 % weight loss of lubricant by
means of thermo gravimetric analysis (TG), and a spin-off test on a

10 magnetic recording medium.

(i) Molecular weight measurement
Measurement of molecular weight was conducted on the samples
of AM65-2 of Example 4, AM60-2 of Example 3, unrefined AM of
15 Comparative Example 1, and butyl acetate-refined AM of
Comparative Example 2. The measurement of molecular weight was
performed by means of known GPC method to obtain number average
molecular weight Mn and weight average molecular weight Mw.
Results are shown in Table 6.
20
(ii)) Measurement of terminal groups by means of supercritical fluid
chromatography (SFC)
The lubricant fraction AM65-2 of Example 4 was subjected to
SFC. Conditions of the SFC were as follows.
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vessel that is a stainless steel vessel with thick wall provided with inlet and outlet ports, having a
content volume of 80 mL. Supercritical carbon dioxide was flown through the vessel at the flow rate
of 8 mL/min. Temperature was fixed at 60C and pressure was 15 changed with time. The extraction
components of from ZT60-1 to ZT60-10 as shown in Table 1 were obtained at each IrdfoR008 the
pressure level. Table 1 also shows the pressure and the passage of time. 20 33 2 3 MAR 2006 Table
1 Extraction of Z-tetraol at 60C samplepressure (MPa)time (min)mass (g) ZT60-110.0->11.0 11.5 7~

5~ 5~ 5 5 3.51 M§bifeSphh30:'C0; at 40 °C, 20 MPa, flow rate: 3 mL/min
Injected mass of the sample: 5 nug
Detector: ELSD

A silica gel column was used.

The chromatogram shown in Fig. 2 was obtained. The fraction
corresponding to the first peak of the chromatogram was separated
and subjected to analysis by means of TOF-SIMS. The separated
fraction intensely showed the fragments of CF2Cl and CFeH and very

10 weakly showed the fragment based on piperonyl group that is a
terminal group of a high polar perfluoropolyether compound.
Consequently, the first peak appeared in the SFC can be attributed to
lubricant molecules having a weak polarity terminal group. Since the
CFs fragment in the TOF-SIMS develops from the principal chain of

15 the lubricant as well, existence of a lubricant component having a
terminal group of CF3 is unclear. However, if such a component
exists, it must be contained in the first peak because of the property
of SFC. Areal proportion of the first peak with respect to the total
peaks was calculated on the AM65-2.

20

Areal proportion of the first peak with respect to the total peaks
was calculated on the samples of AM60-2 of Example 3, unrefined AM
of Comparative Example 1, and butyl acetate-refined AM of .

Comparative Example 2, as well as on the AM65-2 of Example 4.
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ZT60-214.0204.12 ZT60-315.0205.38 ZT60-416.0207.27 ZT60-517.0206.40 ZT60-618.0204.31
ZT60-719.0-> 20.010- 103.01 ZT60-822.0-> 24.0- 26.010-> 5- 52.25 ZT60-928.0- 30.010- 202.25

ZT60-10residue-1.03 total mass39.53 Example 2 5 Forty grams of the lubricant (Z-tetraol) was placed
in the same vessel as in Example 1 and the supercritical carbon dioxide was flowd SaMie ke flow

rate. Temperature was fixed at 100C and pressure was changed with time. The extraction

components of from ZT100-1 to ZT100-11 as shown in Table 2 were obtained at each fraction of the

10 pressurg(jgyel. Vrbid @dsa ShewT ElecPtesBiie BEliRe RBSEBdR Qb diBhit loss of

10

15

20

lubricant by means of thermo gravimetric analysis (TG)

Analysis by TG method was conducted to measure weight loss of
lubricant due to heating. While heating each sample, the
temperature when the weight of the lubricant decreased by 10 % was
measured by the TG method and recorded. The measurements were
conducted on the samples of AM65-2 of Example 4, AM60-2 of
Example 3, unrefined AM of Comparative Example 1, and butyl
acetate-refined AM of Comparative Example 2. The results are

shown in Table 6.

(iv) Spin-off test of magnetic recording media
Spin-off tests were conducted on the samples of AM65-2 of
Example 4, AM60-2 of Example 3, unrefined AM of Comparative

| Example 1, and butyl acetate-refined AM of Comparative Example 2.

Ni-P plating was executed by electroless plating to form a plating
layer on a nonmagnetic base plate of aluminum-magnesium alloy.
After polishing the surface, nearly concentric grooves with the surface
roughness Ra of 0.8 nm were formed by texturing using diamond
slurry. After cleaning, this substrate was put into a commonly used
sputtering apparatus, in which formed were a nonmagnetic

underlayer of chromium, a magnetic layer comprising Co, Cr, Ta, and
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34 2 3 MAR 2006 Table 2 Extraction of Z-tetraol at 100C samplepressure (MPa)time (min)mass (g)
10.0-> 11.0-> 12.0--* 5-5-5-5-5 7ZT100-113.0-> 14.0-> 15.0-> -5-> 5- 5-> 50.78 16.0 17.0-> 18.0
ZT100-219.0202.31 ZT100-320.0203.32 ZT100-421.0204.24 ZT100-522.0206.27 ZT100-623.0207.32
ZT100-724.0206.80 ZT100-825.0203.41 23 MAR 2006

Pt, and a protective layer of nitrogen-doped amorphous carbon (a-
C:N) having thickness of 8 nm by a CVD method. Thus, a magnetic
recording disk having diameter of 95 mm was obtained. Lubricant
was applied by dip-coating on the magnetic recording disk to the

5 thickness of 1.6 nm to complete a magnetic recording medium.
Above-mentioned four types of lubricant were used for sample of the

lubricant.

The spin-off test was executed by rotating the magnetic recording
10 medium prepared as described above at 7,200 rpm for 120 hr in an
environment of the temperature of 55°C and the relative humidity of
80 %. Variation of the film thickness (%) was obtained by measuring
the thicknesses at the radius of 18 mm, which is within the CSS
region, before and after the rotation test. Results are given in Table 6.
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ZT100-926.0201.76 ZT100-1027.0- 30.03-> 201.45 ZT100-11residue0.71 total mass38.36 Example 3
5 Forty grams of the lubricant AM3001 was placed in the same vessel as in Example 1 and the
supercritical carbon dioxide was flown at the same flow rate. Temperature was (f?ﬁd at 60C and

pressure was changed with time. The extraction components of from AM60-1 t

I\/WSZQ@ shown in

Table 3 were obtained at each fraction of the 10 pressure level. Table 3 also shows the pressure and
the passage of time. 35 2 3 MAR 200S Table 3 Extraction of AM3001 at 60C samplepressure

(MPa)time (Pihieass (9) AMESpEYR4A046 -Phe four types of lubricant

10

15

Mn Mw | first peak |temperature| thickness
area at 10 % loss change
(*1) (*2) after spin-
(°C) off test
unrefined AM | 3,000 | 3,900 14% 302 -14%
AM60-2 3,500 | 4,700 6% 334 -4%
AMG65-2 3,100 | 3,600 7% 324 -10%
butyl acetate- | 3,900 | 4,800 18% 329 -10%
refined AM

(*1) areal proportion of the first peak in the SFC

(*2) temperature at 10 % weight loss of lubricant in TG analysis

As Table 6 shows, the areal proportion of the first peak in the
SFC of AM60-2 and AM65-2 that were refined by the method of the
invention was reduced to half or lower than the proportion of the
unrefined AM. The result confirms reduction of components of

lubricant molecules having a terminal group of weak polarity.

The molecular weights of AM60-2 and AM65-2 were smaller than
that of butyl acetate-refined AM, while the temperature of 10 % loss
of the lubricant and the spin-off test result were nearly the same as
in the butyl acetate-refined AM. Accordingly, the lubricant refined by
the method of the invention has high bonding property despite lower
molecular weight. This is caused by removal of components of

lubricant having a weak polarity terminal group.
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AM60-219.03016.3 AM60-3residue-6.0 total mass38.8 Example 4 5 Forty grams of the lubricant
AM3001 was placed in the same vessel as in Example 1 and the supercritical carbon dioxide was
flown at the same flow rate. Temperature was fixed at 65C and pressure was changed with time. The
extraction components of from AM65-1 to AM65-3 as shown in Table 4 were obtaipgd MaR PG fraction
of the 10 pressure level. Table 4 also shows the pressure and the passage of time. Table 4 Extraction
of AM3001 at 65C samplepressure (MPa)time (min)mass (g) AM65-113.04012.0 AM65-219.03015.5
AMG65-3residue- 12 mwahetaesdx8rding medium using lubricant refined by the

method of the invention has relatively small effect on a magnetic

head even with small flying height of the head. Therefore, a

magnetic recording medium using lubricant of the invention performs

5 superior long term stability.

Advantageous Effect of the invention
A method for refining lubricant according to the present

invention removes either one or both of ionic impurities and

10 perfluoropolyether components having a weak polarity terminal
group by controlling a state of carbon dioxide used in supercritical-
fluid extraction. Thus, a refinement method with high productivity is
provided. The present invention also provides lubricant exhibiting
high bonding performance despite low molecular weight by employing

15 the refining method. Further, lubrication performance of a magnetic
recording medium in a fixed magnetic recording apparatus is
improved by using the lubricant refined by the invented method.
Thus, a magnetic recording medium performing excellent long term
stability has been provided.

20
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15 36 2 3 MAR 2006 Example 5 250 g of lubricant AM3001 was placed in an extraction vessel that is
a stainless steel vessel with thick wall provided with inlet and outlet ports, having a content volume of
450 mL. Supercritical carbon 5 dioxide was flown through the vessel at the flow rate of 20 mL/min.
Temperature was fixed at 63C and pressure was held at 14.5 MPa for 60 min. 10@@onﬂ}qezmﬁion
extracted during this period was removed. After that, the pressure was increased to 16 MPa and held
for 40 min to obtain 100 g of target component. Molecular weight of 10 this target component was
measured by means of GPC method to obtain the number average molecular weight Mn of 3,400 and
the weightkasrege molecular weight Mw of 3,900. Content of ionic impurities of the sample before
and after the 15 refinement process was measured by means of ion chromatography. The sample
after the réfineménmgbhesk fo theedboingnbmiviestnt containing a compound having

perfluoropolyether structure by means of supercritical extraction,
wherein the lubricant is contacted with extracting medium of
5 supercritical carbon dioxide under a predetermined condition in a
pressure vessel to remove ionic impurities from the lubricant, the
ionic impurities consisting of sodium ions, potassium ions, chloride
ions, HCOs ions, HSO4 ions, and sulfuric ions.
2. A method for refining lubricant according to claim 1, wherein
10 the predetermined condition is a combination of a temperature and
a pressure at which a density of the supercritical carbon dioxide is
not larger than the density at the temperature of 60°C and the
pressure of 20 MPa.
3. A method for refining lubricant containing a compound having
15 perfluoropolyether structure by means of supercritical extraction,
wherein the lubricant is contacted with extracting medium of
supercritical carbon dioxide under a predetermined condition in a
pressure vessel to remove a perfluoropolyether compound having a
terminal group of weak polarity from the lubricant, wherein the
20 perfluoropolyether compound having a terminal group of weak
polarity is a perfluoropolyether compound having a terminal group

included in the group consisting of CF3, CF2:H, and CF:ClI.
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target component. Resulted content of sodium ions decreased from 1.4 ppm to 0.3 ppm, potassium
ions decreased from 1.0 ppm to 0.05 ppm, HSO4 ions decreased from 0.03 ppm to below detection
limit of 20 0.01 ppm, chloride ions decreased from 0.07 ppm to 0.04 ppm. Ammonium ions, nitric ions,
formic ions, and oxalic ions were scarcely detected in the both samples before arfidaMAR:7806
refinement process. 37

4. A method for refining lubricant according to claim 3, wherein the
predetermined condition is a combination of a temperature and a
pressure at which a density of the supercritical carbon dioxide is
not larger than the density at the temperature of 60°C and the
5 pressure of 16 MPa.
5. A method for refining lubricant containing a compound having
perfluoropolyether structure by means of supercritical extraction,
wherein the lubricant is contacted with extracting medium of
supercritical carbon dioxide under a first condition in a pressure
10 vessel to remove a perfluoropolyether compound having a terminal
group of weak polarity from the lubricant, and then the lubricant
from which a perfluoropolyether compound having a terminal group
of weak polarity is removed is contacted with extracting medium of
supercritical carbon dioxide under a second condition to remove
15 ionic impurities from the lubricant and to extract and recover
perfluoropolyether Ilubricant, the perfluoropolyether compound
having a terminal group of weak polarity has a terminal group
included in the group consisting of CF3, CF2:H, and CF2Cl, and the
ionic impurities are included in the group consisting of sodium ions,
20 potassium ions, chloride ions, HCO3 ions, HSO4 ions, and sulfuric
ions.
6. A method for refining lubricant according to claim 5, wherein

the first condition is a combination of a temperature and a pressure
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at which a density of the supercritical carbon dioxide is not larger
than the density at the temperature of 60°C and the pressure of 16
MPa, and the second condition is a combination of a temperature
and a pressure at which a density of the supercritical carbon
dioxide is not larger than the density at the temperature of 60°C
and the pressure of 20MPa.

7. A perfluoropolyether lubricant refined by a method defined by
any one of claims 1, 3, and 5.

8.. A magnetic recording medium comprising a nonmagnetic
substrate and layers sequentially laminated on the substrate, the
layers including a nonmagnetic underlayer, a magnetic layer, a
protective layer, and a lubricant layer, wherein the lubricant layer
is essentially composed of a perfluoropolyether lubricant defined by

claim 7.
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