| DESCRIPTION LUBRICANT FOR MAGNETIC DISKS, METHOD FOR
PRODUCING THE LUBRICANT USED IN THE MAGNETIC DISKS, AND
METHOD FOR MANUFACTURING THE SAME Technical Field [0001]
The present invention relates to a lubricant for forming lubricating layers
on magnetic disks installed in magnetic disk devices such as hard disk
drives, a method for producing the lubricant used in the magnetic disk,
and a method for manufacturing the same. Background Art [0002] In
magnetic disk drives such as hatEfEkRIVESMHDDs), the following
method has been used: a CSS (Contact Start and Stop) method in which
a magnetic head is kept in contact with a contact sliding zone (CSS zone)
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magnetic head is slid on the CSS zone and then lifted therefrom during
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Biéordin%/r?)roducin zone  located outside the CSS zone. The magnetic
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slid on the CSS zone, and then stopped during shutdown operation. In
the CSS method, startup operation and shutdown operation, during which
dentadtiagfséiting takes place, are referred to as CSS operation.
CSS-type magnetic disks need to have both CSS zones and
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Background Art

[0002] In magnetic disk drives such as hard disk drives (HDDs), the foliowing
method has been used: a CSS (Contact Start and Stop) method in which a
magnetic head is kept in contact with a contact sliding zone (CSS zone) located
in an inner region of a face of a magnetic disk during halt, the magnetic head is
slid on the CSS zone and then lifted therefrom during startup operation, and
data is then recorded on or reproduced from a recording/reproducing zone
located outside the CSS zone. The magnetic head is moved from the
recording/reproducing zone onfo the C8S zone, slid on the CSS zone, and then
stopped during shutdown operation. inthe CSS method, startup operation and
shutdown operation, during which contacting/sliding takes place, are referred {o
as CSS operation.

CSS-type magnetic disks need to have both CSS zones and
recording/reproducing zones arranged in faces thereof. Furthermore, the
magnetic disks need to have surface irregularities with a certain roughness
such that magnetic heads are not stuck to the magnetic disks when the

magnetic heads are brought into contact with the magnetic disks.



66417 (Patent Document 1) or the like discloses a magnetic recording
medium coated with a perfluoroalkylpolyether, having the formula
HOCH2-CF20- (C2F40)p (CF20)q CH20H, useful in reducing the

damage on occurrence of contacting/sliding between a magnetic head

and a magnetic disk during CSS operation. [0003] Japanese Unexamined
Patent Application Publication (JP-A) No. 9- 282642 (Patent Document 2)
and Japanese Unexamined Patent Application Publication (JP-A) No.
10-14383pPentDesamasd) discibipphioghieti  ubboadion (edha iNdho2-

i durapility. Furthermore, Japanese Unexamined Patent _
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8‘&?%%%3 Patent Document 3: Japanese Unexamined Patent Application
Publication (JP-A) No. 10-143838 Patent Document 4: Japanese
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Disclosure of the Invention Problems to be Solved by the invention [0004]
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ramp onto the magnetic disk after the start of the rotation of the magnetic
dsRxamnpdtRatgnbAgplication Publication (JP-A) No. 2001-164279 (Patent
Document 4) discloses a magnetic recording medium having good sliding
properties and high CSS durability due to a lubricant purified by a supercritical
extraction method.

Patent Document 1: Japanese Unexamined Patent Application Publication
(JP-A) No. 62-66417

Patent Document 2:  Japanese Unexamined Patent Application Publication
(JP-A) No. 8-282642

Patent Document 3:  Japanese Unexamined Patent Application Publication
(JP-A) No. 10-143838

Patent Document 4; Japanese Unexamined Patent Application Publication

(JP-A) No. 2001-164279

Disclosure of the Invention

Problems to be Solved by the Invention

[0004] In recent years, LUL (load/unicad)-type magnetic disk drives tends to be
substituted for CSS-type magnetic disk drives. In such an LUL-type magnetic

disk drive, a magnetic head is placed on a slope, referred to as a ramp, located



recording or reproduction is then performed. This procedure is referred to

as LUL operation. An LUL-type magnetic disk has a

recording/reproducing zone wider than that of a CSS-type magnetic disk;

hence, the LUL-type magnetic disk is preferable in view of an increase in

data capacity. Furthermore, the LUL- type magnetic disk need not have

any surface irregularities for CSS operation; hence, the LUL-type

magnetic disk may have an extremely smooth face. This leads to a .
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at an extremely small flying heig 10 nm or less. The flight of the
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during flight. In recent years, in order to enhance the response speed of
thatsiete PariR'@klRs, the rotational speed of magnetic disks has been
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height of 10 nm or less. The flight of the LUL-type magnetic head over the
LUL-type magnetic disk at such an extremely smal! flying height causes
problems such as fiy stiction and head corrosion.

[0003] Fly stiction is a problem that the flying behavior and height of a
magnetic head are changed during flight, causing irregular fluctuations in
reproduction output. The magnetic head is brought into contact with a
magnetic disk during flight in some cases. This can cause head crush 1o occur,
resulting in the breakage of the magnetic disk.

Head corrosion is a problem that the corrosion of elements included in
the magnetic head interferes with recording or reproduction. This makes
recording or reproduction impossible in some cases. Alternatively, the
corroded elements become large and damage the magnetic disk during flight.

in recent years, in order to enhance the response speed of magnetic

disk drives, the rotational speed of magnetic disks has been increased. The

rotational speed of smail-size magnetic disks, having a diameter of 2.5 inches,



The high-speed rotation of a magnetic disk causes a problem that a
lubricating layer on a face of the magnetic disk partially migrates due to

the centrifugal force generated by the rotation thereof, thereby causing

the thickness of the lubricating layer to be nonuniform, [00061 An

increase in the thickness of an outer ertl region of the lubricating layer
can cause fly stiction and/or head crush when a magnetic head flies

across the outer end region thereof during LUL operation. A decrease in
shidaheckeronbilansenmrehear gaseotiyho dobaeadiftprayal s iidBledteom to
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application of the lubricating techniques to LUL-type magnetic disks
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meet reliability requirements for current magnetic disks. This prevents an
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a lubricant for forming a fubricating layer which is useful in preventing fly
©Higsin shdlocearsesionhat tickedssnod xrsmak flging legjght of ther lubricating
example, 10 nm or less, which is prevented from migrating at a high
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PeRablyealgeddr Hesub npravechaisipigtion.  Hence, the application of
the jubricating technigues to LUL-type magnetic disks causes the above
problems. That is, the lubricating techniques cannot meet reliability
reguirements for current magnetic disks. This prevents an increase in the
capacity, S/N ratic, and/or response speed of the LUL-type magnedic disks.

i is an object of the present invention fo provide a lubricant for forming
a lubricating layer which is useful in preventing fly stiction and/or corrosion at an
extremely small flying height of, for example, 10 nm or less, which is prevented
from migrating at a high rotational speed of, for exampie, 5400 rpm or more,
and which has high adhesion and to provide a magnetic disk having a
lubricating layer formed using such a lubricant. In particular, it is an object of
the present invention {o provide a lubricant for forming a lubricating layer
suitable for a LUL (load/unload) method and to provide a magnetic disk suitable

therefor.



will be mentioned below. While a magnetic head is flying at an extremely
small height of 10 nm or less, a lubricating layer on a face of a magnetic
disk is repeatedly heated and cooled because air molecules on the
lubricating layer are repeatedly subjected to adiabatic compression and
expansion. This promotes the degradafion of a lubricant contained in the
lubricating layer. The degradation of the lubricant increases the fluidity
thereof to cause a reduction in the adhesion between the lubricating layer
Madns peoteetiadder P rriestsraded lubricant having high fluidity

|grates to the magnetic head close, tg the lubricating layer and, deposit
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recently developed NPAB (negative pressure air bearing surface) slider,
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the generation %[ra negative pressure under the lower face of the
%ﬂgaﬁé%%%? n%]%gobably causes the migration and deposition of the
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some cases, thereby corroding an”elément section of the magnetic head.
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readily corroded. [0008] The inventor has discovered the LUL method
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the CSS method, the lubricant is readily removed from the magnetic head
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The degraded lubricant having high fiuidity migrates to the magnetic head ciose
to the lubricating layer and deposits thereon, thereby disturbing the flying
behavior of the magnetic head. This probably causes fly stiction.

in particular, a magnetic head including a recently developed NPAB
{negative pressure air bearing surface) slider, that is, a negative pressure siider
readily attracts the lubricant because of the generation of a negative pressure
under the lower face of the magnetic head. This probably causes the
migration and deposition of the [ubricant.

The deposited lubricant generates an acid such as fluoric acid in some
cases, thereby corroding an element section of the magnetic head. In
particular, a magnetic head inciuding a magnetoresistive element is readily
corroded.

[0008] The inventor has discovered the LUL method promotes the above-
mentioned probliems. The LUL method differs from the CSS method in that a
magnetic head siides on a magnetic disk surface without any contact and

therefore a lubricant that has migrated and moved to the magnetic head hardly



The inventor has conducted further investigation to achieve the above
object on the basis of these findings. In particular, the inventor has
intensively investigated the lubricant and made the present invention as
described below. [0009] The inventor has found out that the above
problems can be solved and has led t&the completion of the present
invention. The present invention is as described below. (Constitution1) A
method for producing a lubricant used to form a lubricating layer on a
elagnetic disknagneiettibekcortptiving SSsaptobdefs sivgicadrisdeeadily
lubricant containing at least one perfluoropolyether and a step of urigin
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comprising a step of purifying a liquid crude lubricant containing at least
axweiperfluoropolyether by vaporizing the crude lubricant and then
liquefying the vapor of the perfluoropolyether within a distance less than
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inceetdjagptotasydnah Constitatienthéd teeSemthareintibe hbdesttibed below.
contains at least one com%ound represented by the following formula: 7
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weight of 4000 to 8000 and a molecular weight distribution of 1 to 1.3.

(Constitution1) A method for producing a lubricant used to form a
lubricating layer on a magnetic disk, the method comprising a step of degassing
a crude lubricant containing at least one perfluoropolyether and a step of
purifying the resulting crude iubricant.

(Constitution 2} A method for producing a lubricant used to form a
jubricating layer on a magnetic disk, the method comprising a step of purifying a
fiquid crude lubricant containing at least one perfluoropolyether by vaporizing
the crude lubricant and then liquefying the vapor of the perfluoropolyether within
a distance less than the mean free path of molecules of the perfluoropolyether.

(Constitution3) The method according to Constitution 1 or 2, wherein
the purifying step is performed under vacuum conditions.

(Constitution 4) The method according to any one of Constitutions 1 to

3, wherein the lubricant contains at least one compound represented by the

following formula:



(Constitution 6) The lubricant according to Constitution 5, wherein the
content of the perfluoropolyether in the lubricant is greater than 85%,
when the content is measured by nuclear magnetic resonance
spectroscopy. (Constitution 7) A magnetic disk comprising at least a
magnetic layer, a protective layer, and7a lubricating layer on a substrate,
wherein the lubricating layer is formed by applying the lubricant produced
on the protective layer by the method according to any one of
[Gomlituiiions 1 to 4 or by applying the lubricant according to Constitution
5 or 6. (Constitution 8) The magnetic disk according to Constitution 7,
whereg etG disk~is i1 ledA load/, d-type magnetic disk
drive%%@?&dﬁﬁgﬁ% %idgp%)g({;@ &r%:;iqéﬁgc%%%c disk,
comprising a step of forming a ma yer,ag S protective
layer, and a lubricating layer on a substrate in thQﬁ)rder, wherein the
carbonaceous_protective layer is formed by a plasma-enhanced CVD
method WG TRE RBREHiFRPEERSTSTBIBLEIIRFIRE Iubricant produced

by the method according to any one of Constitutions 1 to 4 or the

lubricant according to Constitution 5 or 6. (Constitution 10) The process
according sadtiounssitusinn A, lwherein, thednegnétictiiskistinsialiecbidiag to any
load/unload-type magnetic disk drive. 8 %:onstitution 11) A lubricant,
orePtCrIRiianschind 1Ry 09 & WRighbaveidRedBRISFIHRY weight of 4000
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r Tess. (Constitution ubricant according to Constitution 11,

wherein(thenavieigidinayeratiemaleiet iar axeisiiitgere fdatR0Ade 80R8erein the

(Constitution 13) The lubricant according to Constitution 11 or 12, further
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(Constitution 7) A magnetic disk comprising at least a magnetic layer,

a protective iayer, and a lubricating layer on a substrate, wherein the lubricating
layer is formed by applying the lubricant produced on the protective fayer by the
method according to any one of Constitutions 1 to 4 or by applying the lubricant
according to Constitution 5 or 6.

(Constitution 8) The magnetic disk according to Conslitution 7,
wherein the magnetic disk is installed in a load/unload-type magnetic disk drive.
(Constitution 9) A method for manufacturing a magnetic disk,
comprising a step of forming a magnetic layer, a carbonaceous protective layer,
and a lubricating layer on a substrate in that order, wherein the carbonaceous

protective layer is formed by a plasma-enhanced CVD method and the
lubricating layer is formed using the lubricant produced by the method
according to any one of Constitutions 1 to 4 or the lubricant according to
Constitution 5 or 6.

{Constitution 10) The process according to Constitution 9, wherein the

magnetic disk is instalied in a ioad/unload-type magnetic disk drive.



formed on a surface by the use of the lubricant produced by the method
according to any one of Constitutions 1 to 4 or the lubricant according to
Claim 5 or 6 or the lubricant according to any one of Constitutions 11 to
13. (Constitution 15) The magnetic disk according to Constitution 14,
wherein the magnetic disk is installed ir8a magnetic disk drive including a
magnetic head including a negative pressure slider. Advantages [0011]
The present invention provides a lubricant for magnetic disks. The
lubricantGs oskfufion fotining laticacatingelhye forhich isheifedinglayer on a

reventing. fly stiction and/or cgrrosion at an extremely small or low flying.
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alanigh-rotationak speed af, for example, 5400 rpm or more, and which

has high adhesion. Furthermore, the present invention provides a
high-relighditytingdigneti2) disk, ihbrioanbdoboritigddayenstitiesh using/isactin the
a lubricant, suitable for the LUL (load/unload) method. 9 Brief Description
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of a magnetic according to an em the present invention.

fhithad] doptadning grephsbondrnbdbegelatinshiproetiegndhenhain and a
weight-average molecular weight and molecular weight distribution of
shiexmgipgubpngreifisestand Comparative Examples. Best Mode for

Carrying Qut the Invengion O%l:;iE bodiments of the present invention
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present invention is characterized in that the lubricant at least contains
peemaip éhaiyernaaiiS apgtdmnaridtenemr the lubricant according to Claim

5 or 6 or the lubricant according to any one of Constitutions 11 to 13.
(Constitution 15) The magnetic disk according to Constitution 14,
wherein the magnetic disk is installed in a magnetic disk drive including a

magnetic head including a negative pressure slider.

Advantages
[0011] The present invention provides a lubricant for magnetic disks. The
tubricant is useful in forming a lubricating layer which is effective to preventing
fly stiction and/or corrosion at an extremely small or low flying height of, for
exampie, 10 nm or less, which is prevented from migrating at a high rotational
speed of, for example, 5400 rpm or more, and which has high adhesion.
Furthermore, the present invention provides a high-reliability magnetic
disk, having a lubricating layer formed using such a lubricant, suitable for the

LUL (load/unioad) method.



purified. The perfluoropolyether contained in the lubricant is preferably an
alcohol-modified perfluoropolyether. This is because the alcohol-modified
perfluoropolyether has high affinity to a carbonaceous protective layer
described below and therefore has an appropriate adhesion thereto.
Examples of the alcohol-modified perfloropolyether include compounds,
such as monools, diols, triols, and tetraols, having various terminal

roups. The compounds are different in lubricating properties and/or
gﬂﬁ%@i@?ﬁﬁﬁﬂﬁ‘b@%ﬁ@t@é@‘dmding on the degree of alcohol

{:gf'cation, that is, the number of hydroxyl groups bonded to terminal

@y)u s of a perfluoropolyether chain. Therefore, properties of the

[elricant mary1dgRenpling: @ dhece e et pia R aleolkelmPdiigdation system.

perfluoropolyether, for example, a monool, a diol, a trio[, or a tetraol,
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0014] In the present invention, the perfluoropolyether preferably contains
%mfé?ﬁ]ﬂm%m% %ﬁr?ﬁ%"ﬁ'%\é%&tf@g the lubricant has properties suitable
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of this embodiment. A preferable example of the perfluoropolyethe
ey e mdnigh Daodps oléthu e tetrsighs tdigttivatisra lduipdt st hekednafter
referred to as a_perfluorotetraol compound) represented by the following
FRRRES SR paielre. BXempies. 0-CH2-f
7F2(-O-C2F4)p-(O-CFJg-O-* OH *-CF2-C1l O-CH2-CH-CH2-OH 7 OH
[wherein p and q represent natural numbers] Commercially available
Bratieiedbat alephgladifie dnpertusiropolyether lubricant include

[%%T?E)]Iin Ezn'-lrbecgj?%ég’gd;‘ ?f?egn [:)er)egggt':ir(w)\rzg?tltiign will now be described in detail.

A process or method for producing a lubricant for magnetic disks
according to a first embodiment of the present invention is characterized in that
the lubricant at least contains perfluoropolyether that is degassed and then
purified.

The perfluoropolyether contained in the lubricant is preferably an
alcchot-modified perfluoropolyether.  This is because the alcohol-modified
perfluoropolyether has high affinity to a carbonaceous protective layer
described below and therefore has an appropriate adhesion thereto.

Examples of the alcohol-modified perfluoropolyether include
compound's, such as monools, diols, triols, and tetraois, having various terminal
groups. The compounds are different in lubricating properties and/or adhesion
from each other depending on the degree of aicohol modification, that is, the
number of hydroxy! groups bonded to terminal groups of a perfluoropolyether
chain. Therefore, properties of the lubricant vary depending on the content of

the alcohol-modified periluoropolyether, for example, a monool, a diol, a triol, or

a tetraol, and/or a process for producing the alcohol-modified perfluoropolysther.



Z Diol (trade name) available from Solvay Solexis. The former principally
contains the perfluoropolyether compound represented by the above
formula and the latter principally contains a perfluoropolyether having a
terminal group with a diol structure. If these lubricants are produced by
the process of this embodiment, prefetdble lubricating properties can be
achieved. An impurity gas or the like can be removed from the lubricant
containing the perfluoropolyether by degassing the lubricant. The

[RidIng nuthecarased ieeniitiy thainedivpaopaliichespstéy solyseefelts a
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subsequently purified in the vacuum atmosphere. In particular, the
dubbiodimhean be readily degassed in such a manner that the lubricant is
placed in a vessel and the vessel is then evacuated to a 11
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limited and is preferably about'1 to 1 x 10-3 Pa. In the degassing step, it
e ftetebteatiiatothecoml) rispgasartslifficient io lewionetbfronidhe

lubricant, Furthermore, the lubricant may be heated to an appropriate
E@%&éra{% during degassing. [0016] The degassed lubricant containing
the perfluoropolyether is subsequently subjected to purification. The

lubricaispreterbinporfied or-orolgeplaicsiistilinjie«method

described belq\M{Since the molea@ﬁng_@iﬁtzﬂ I@ﬁz@ﬁ@gzi, fective in
achieving high distillation efficiency under hlgh-va%_]utjm conditions, the

molecular distillation method is suitable for purifyirig-the lubricant, which

containfl]W ecr)fl%frrper %Oénq?oeg]errét' h;,‘ 1;[he Ilétlgéitcant ig dre assed in a vacuum
atmosphere; the RiBAGA trléjpr%?eragﬁ} purh{l]élén ffht molecular distillation

method in such a manner that the pressure in the vacuum atmosphere is
maintained or further reduced. In the first embodiment, a method for
purifyindibeaingrisait Rvadable examples of an alcohol-modified

perflucropolyether lubricant include Fomblin Z Tetfraol (frade name) and Fombiin
Z Diol (tfrade name) available from Solvay Solexis. The former principally
contains the perfiuoropolyether compound represented by the above formula
and the latter principaliy contains a perfluoropolyether having a terminal group
with a diol structure.  If these lubricants are produced by the process of this
embodiment, preferable lubricating properties can be achieved.

An impurity gas or the like can be removed from the lubricant containing
the perfluoropolyether by degassing the lubricant. The resulting iubricant can
be highly purified in a purification step subsequent {o the degassing step.

Since the lubricant is usually liquid at room temperature, the lubricant can be
readily degassed in a vacuum atmosphere. If such a vacuum atmosphere is
used, the lubricant can be subsequently purified in the vacuum atmosphere. In
particular, the lubricant can be readily degassed in such a manner that the

jubricant is placed in a vessel and the vessel is then evacuated {o a



limited to the molecular distillation method and the lubricant may be

purified by another method such as gel permeation chromatography

(GPC) or supercritical extraction. [0017] A method or process for

producing a lubricant for magnetic disks according to a second

embodiment of the present invention is &haracterized in that a liquid

lubricant at least containing perfluoropolyether is purified in such a

manner that the lubricant is vaporized and the vapor of the lubricant is
NigEERetMigREY 2CHISTAREEIBYECMA tR &/ ASCANT RTINS shsiercul dhefvacuum
the lubricant., [00 ince the.luhricant vapor is liquefied within. .
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the distance between a vaporization surface (an evaporation surface) and
theijquetatopesuriasef{ieod eersatied Sofadbiihidatiineduasstnaie, the
the.mean free path of the 12 lubricant vapor molecules (this technique is

KB oS T 5E b leci PG RETEHES ALV ST s
(R BerdbniPbupEC i bR Eiam B e S RalIsBR ther is

therebetween; hence, high distillation effiCiency can be obtained. In other
subshsy @eectyBnjertao cplarftiatietion] hia dululicesins vapde istiguefided by a
before the lubricant vapor molecules collide with_other molecules within a

ARG ISR hORRAA AecpRAfdt DM camniepBERieeHas distillation

S C . ¥R - . ,
R e e R A b TR, S g el
dobdieniyaperisdigtghe disifetishAvsysiemidasunetes dtar disifiiatiptheillibricant,
now be described. Fig. 1 shows a configuration of a molecular distillation
WhigerROTiN SR ReReACAMRRAES stelhtD® YHSiGATHIEBeaantaRtiEsGvacuum
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a , an aglitator cont on column

igistlation sodinnmanie teatdielbrasdigtidnenecabingragkdapitere is
distillate-receiving flask 28, a low-boiling-point
maintained or further reduced.

In the first embodiment, a method for purifying the lubricant is not
limited to the molecular distiliation method and the lubricant may be purified by
another method such as gel permeation chromatography (GPC) or supercritical
extraction.

[0017] A method or process for producing a lubricant for magnetic disks
according to a second embodiment of the present invention is characterized in
that a liquid lubricant at ieast containing perfluoropolyether is purified in such a
manner that the lubricant is vaporized and the vapor of the lubricant is liquefied
within a distance less than the mean free path of molecules of the lubricant.
[0018] Since the lubricant vapor is liguefied within a distance less than the
mean free path of the lubricant vapor molecules as described above, that is,
distillation is performed in such a manner that the distance between a

vaporization surface (an evaporation surface) and a liquefaction surface (a

condensation surface) is maintained less than the mean free path of the



condensate trap 29, a vacuum gauge 30, and an evacuation unit 32.
Reference numeral 31 represents a pipe connected to the evacuation unit
32 and reference numeral 33 represents a control panel for controlling
this system. A lubricant to be subjected to molecular distillation is placed
in the feed flask 21. Molecular distillatibd need not be necessarily
performed under vacuum conditions. However, the lubricant is preferably
subjected to molecular distillation under vacuum conditions. This is

lWedaasE tRRGhBleRRAICBIEhIRIRMBIGHE IBBIRIEH (RIGEICEoURTOMS iRl

! u it ' ' f v, llisions
SRR e AT ARNE S R et elgel
\RIBYERHNGRE HauefBgtimieiohe tvappEeGBIDIaiaVitn didiglanss
less than the mean free path thereof. [0020] After the lubricant is placed

sifiglereegamsie 2btaeedy stéirpidasvae e atoajiradetsinipridaireisiiliagion,

ith the evacuation unit 32. The 13 pressure in the system is preferahly 1 .
Y B T o e i e BE L TR B i
RIRSSHELBAIENGEENDE MeBsECVLIhRICINAGHEEH §RIO630 oPINBR daRt
system is maintained at high vacuum, degassing described above can be

\stormed i legviiscscAdistiiaiidy gas bemaifedriadtiredulsricaqtfituwisim
toward the evacuation unit 32 thro t ipe 34 and a portion thereof
R TP E o B R S At D s i b A i such
t%@%@rﬁ'@é’ﬂ%ﬂ&ﬂs%ﬂ@ﬁé%@.wnh the feed-flask mantle heater 22

as required. After the system is evacuated to a predetermined negative
[(ataund) spséssufer; thelddotEadisis B mteitheodidid ateseidohdnn 25 from

the feed flask 21. The amount (feed rate) of the lubricant fed into the

distillati6tPcdI GRASFORT E ARG 48D eanBe catipbmsusyyiem.  The
r%@l%%ﬁﬂ?&@@tﬂ%%‘ﬂ%ﬁﬁﬁ% Srlareigddn ?‘il?&f’ng(?éeeg?g %%%?%81 Y€ 5 feed-

feed flask 21. In usua eed rate thereot is pre to 30
ftsimaAntslhetinarin Zeadrradgstisully toapladcigiamirethestinagitator control
Sox 24 2 GistiTahon calamn 35 distilaton colamh mantle heater 26, 2
residue-receiving flask 27, a distillate-receiving flask 28, a low-boiling-point
condensate trap 29, a vacuum gauge 30, and an evacuation unit 32.
Reference numeral 31 represents a pipe connected to the evacuation unit 32
and reference numeral 33 represents a control panel for controlling this system.
A lubricant to be subjected to molecular distillation is placed in the feed
flask 21. Molecular distiliation need not be necessarily performed under
vacuum conditions. However, the lubricant is preferably subjected to
molecular distillation under vacuum conditions. This is because the molecular
distillation of the lubricant under conditions other than vacuum conditions
causes an increase in the frequency of collisions of molecules of the vaporized
lubricant with other molecules, thereby preventing the liquefaction of the
vaporized lubricant within a distance less than the mean free path thereof.

[0020] Afier the lubricant is placed in the feed flask 21, the system is

evacuated to a predetermined pressure with the evacuation unit 32. The



result in a decrease in the efficiency of distillation. [0021] The lubricant
flowing into the distillation column 25 is heated to a predetermined
temperature with the distillation column mantle heater 26 disposed
outside the distillation column 25 which is cylindrical. The heating
temperature of the lubricant depends @@the type thereof and is equal to a
temperature at which the lubricant is vaporized. The lubricant principally
containing the above perfluorotetraol comgound is prefe@bly heated to

rIBsatredo e DB aTieEEférally 1680201 200€ . Fiedidaaidpe less

1teanp]p(ﬁrature of the lubricant can be conl;[rl,(})elaled bg adbustln@athe

empe}%%arguo%rqﬁgncﬁgﬁlla iOR ROTUMN Martie heater 26 ana Hﬁ%da\(%%ﬁhe

JamReraddiegel toe Ignicanidnstrecistlatignepiena2igande ragetRising
with a thermometer placed in the distillation column 25. 14 [0022] The
Jeagrietidaiysupsdsghatin e thseibeasdpe Amndnewilfgas xanigived in
luorine-containing, resin, extends longitudinally.in the distjllation ¢olum

8 R PR SO SHPSHEE o oth T 0GR 22 31 @
Popsisiararase dreshand Rdeirapsalf-hs RAUEHAEReBIEBE 84 Tt
rotation of the wiper allows the lubricant to form a thin layer on the inner
hiatiasintimedistiliatibve fehahilaL62 Thisaglloskabehbhidatita dasel régsklynantie

vaporized. The vapar of the lubricant is brought into contact with a cooling
NGS5 2hAStHRIEIEE liquefied. The resulting lubricant is collected in the

cistlatenseselhing, Ik 20 CRARGINGIS RIS NG ARSIl um)

the cooling rod 36°and then discharged through an outlet 3 , the
prteis3ifa, ahd thierputte 86 beonthdidixidedidn adouen r2giborofttiacfeed flask
cooling rod 36. A residue which is not vaporized and which remains in the

#sidlbIHBRHTY (a8 274 Bie hepleratiipdupiedir s tishrtien’itnn 2
AU RIS BBy RIS oo
agatedinemeleswatdistilaiat sysiemdshawnan. Figh Lidsian exaiesderard
t%ereof is preferably about 1 to 30 g/min. A reduction in feed rate results in an
increase in the time for distillation. In contrast, an increase in feed rate can
result in a decrease in the efficiency of distillation.

[0021] The lubricant flowing into the distillation column 25 is heated to a
predetermined temperature with the distiliation column mantle heater 26
disposed outside the distillation column 25 which is cylindrical. The heating
temperature of the tubricant depends on the type thereof and is egual to a
temperature at which the lubricant is vaporized. The lubricant principally
containing the above perfluorotetraol compound is preferably heated to about
100°C to 220°C and more preferably 160°C to 200°C. The heating
temperature of the lubricant can be controlled by adjusting the temperature of
the distillation column mantle heater 26 and the actual temperature of the
fubricant in the distillation column 25 can be measured with a thermometer

placed in the distillation column 25.



system for molecular distillation is not limited to this molecular distillation
system. [0023] A lubricant produced by the method according to the
present invention preferably has a weight-average molecular weight
(MW) of 4000 to 8000 and more preferably 4000 to 7000. The lubricant
produced by the process preferably hh4 a molecular weight distribution of
1 to 1.3 and more preferably 1 to 1.2, the molecular weight distribution
bein%defined as the ratio of the weight- average molecular weight (Mw) to

(M2 ALmbee-BRgagEGANGHRISaGHELNE S BirltdeselvipsamansRicérr
by the, procgss has such .a.weight-average; molecular weight.and,. ... ..
e ARG R e SR oA RAN ABisaton

anhigreshs HhrilbssanippdtisedtBydhes pEREESs A5 KGR Contaiptman a

perfluoropolyether and the content of the perfluoropolyether therein is

resteraptyresl gitsienhariesennivhicdf the paitRieropuistheexdhtent ke

85% or less, any advant f th t inventi t hieved
ot L MDA e P RS THEN Foh i LB DL prohava of
2 aRiniaye dghmperiuorppRlyemes eenieldd1t (oBeRESaM R Riporized.

determined by NMR (nuclear magnetic resonance) spectroscopy. [0024]
Thethepooot Hied yivesant inventighigrévidestadtibridaatdopiognivd) 36 and

lubricating layer on agnetic disk. This lupricant contains a ,. .. .
BEFRIRIDBHARS: o A5 RROLBEG S0 1 G150 Sistlplesigoeiving
f%l@ﬁ?%8t.h'_Sd%rllﬁg%%’rt?é’?éc?‘tﬂ?éﬂ%@%‘%@%%’é‘&ﬂtﬁé%@dﬁk‘?ée_ 4286 and
weight distribution of 1.3 or less, this lubricant is useful in forming such a

udoni chdicion age tiwrbichih s eftadiselBbpiteventing) 8 \irdtt theya amdf dhe outlet 36b
corrosion at an extremely small flying height of 10 nm or less, which is

RAHEELHE RRTREVBIFRYRIGREIBA at tAHAVNBRIBAGISpeld et dR Which is not
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e ifdugierahbcanetordnrdiaiivoideliichay oithandneraasgesinemperature of the
distillation column mantie heater 26 is varied and the residue is then fed into the
feed flask 21 again.

The molecuiar distillation system shown in Fig. 1 Is an example and a
system for molecular distiliation is not limited to this molecular distillation system.
[0623] A lubricant produced by the method according to the present invention
preferably has a weight-average molecular weight (MW) of 4000 to 8000 and
more preferably 4000 to 7000. The lubricant produced by the process
preferably has a molecular weight distribution of 1 to 1.3 and more preferably 1
to 1.2, the molecular weight distribution being defined as the ratio of the weight-
average molecular weight {Mw) to the number-average molecular weight (Mn).
Since the lubricant produced by the process has such a weight-average
molecular weight and molecular weight distribution, advantages of the present
invention can be achieved.

The lubricant produced by the process principally contains a

perfluoropolyether and the content of the perfluoropolyether therein is preferably



the load of a purification step. The molecular weight distribution of this
lubricant is preferably 1.25 or less, more preferably 1.2 or less, and most
preferably 1.15 or less. This lubricant preferably has a weight-average
molecular weight (Mw) of 4000 to 8000 and more preferably 4000 to
7000. Since this lubricant has such aeight-average molecular weight,
advantages of the present invention can be achieved. This lubricant
preferably contains a compound that has a perfluoropolyether chain and

Herigstbar SYdroxyVhrupBaRIEdarmete e hapitarrisfs Tubridest, any

%eferablé/scgﬂlﬁlins a corpfoun .that has ? erfluoro I}/ether chain_and

YOS GroUpaIdeated At DOt SRt of the-Cham Shd-mors preferably
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the molecular weight distribution and/or weight-average molecular weight
reEfhionopelyattes asrdestripétiebovtenhranbicdatdiayingb iy hidiCatmigiear

,ﬁ%per ies. 0025! Agmagntetic disk according to a preferred embodiment of
BF” S8 forrRas Eloﬁﬁﬁjrﬁ’é/ating layer formed by applying a
[edsieanEaceRING OIS pRESERNHONAREATL AIRIS AT diskio itng a
magnetic disk at least includes, on the substrate, a magnetic layer, a
iptotesting layer,camd thadubticatisig layéis [Tiwitatrricatirigiteyer can be
fo%]ed by applying thjs lubricant onto the proteﬁc,tive layer. The protective _,

PR RERANSTHIRY RAPHRAS AR HB WSS BLAG THPEIRErPhe ORGP By, Since
fas wrsreale: &diaraalng metebyEiedia sosoIrdlod s Aq e

the magnetic disk having the protective layer is immersed in a solution
gistplactid bpidispensiagsthisituluticarininsautiafuine-fontaining cokydmbricating
whereby the lubricating layer is formed. In order to allow this lubricating

IRy e BTPAEMEE forBYE BB EHRIIRART ARG/ anagHEROiSk AibgBemely
%@ﬂ% ﬁé@ﬂ‘h‘%%% H]%@éé!”ﬁﬁié}’i %ng@cﬁég % Bpwel?\%lﬂg migration at
Immersed therein.

a high rotational speed of, for example, 5400 rpm or more, which has high
adhesion.

The lower limit of the molecular weight distribution of this fubricant is not
particularly limited and is preferably one or more in order to avoid an increase in
the load of a purification step. The molecular weight distribution of this
lubricant is preferably 1.25 or less, more preferably 1.2 or less, and most
preferably 1.15 or less.

This lubricant preferably has a weight-average moiecular weight (Mw)
of 4000 to 8000 and more preferably 4000 fo 7000,  Since this lubricant has
such a weight-average molecular weight, advantages of the present invention
can be achieved.

This lubricant preferably contains a compound that has a
perfluoropolyether chain and at least one hydroxy! group bonded theretc. In
particular, this lubricant preferably contains a compound that has a
perfluoropolyether chain and hydroxyl groups iocated at both ends of the chain

and more preferably contains the above perfluorotetracl compound. This is



In the present invention, the lubricating layer preferably has a thickness of
0.5 to 1.5 nm. When the thickness thereof is less than 0.5 nm, the
lubricating layer has unsatisfactory lubricating properties in some cases,
When the thickness thereof is more than 1.5 nm, fly stiction occurs and/or
load/unload (LUL) durability is reducedti& some cases. [0026] In the
present invention, the protective layer may be carbonaceous. In

particular, the protective layer is preferably amorphous and carbonaceous.

s usbadrsthoplotdavaevaight Hidriigticaffamity/co weight-average
alcohol-modifi erfluoropolyether and an appropriate adhesion. Th

DR B LB Bt A UCR A T AP tiad o pRGIERR B2 o0d
NRYBEAS %E?éhf@%f” carbon hydride and/or carbon nitride so as to have

a desired hydrogen content and/or a desired nitrogen content. 17 The
EDeA camgert wdikh acrohdireterspretene Hyalrdgetinfemtartthe present
scattering spectrometry (HFS), is preferably three to 20 atomic percent.

FNENHRROREN 2 HREKETDGICRVER B BB EIRRBY DY R e iRAIRREAIYRY to the
BREGIRSHODN G ol B ISR B RO 12U AHE REYE ML AT ctucies,

protective layer used herein IS preferably formed to e amorphous an

carbhenagesivsibyarpiapnadcialance peheniicallsaporapeppsitioprivatihedayer.
In particular, the protective layer is preferably made of amorphous carbon

hharderigehes RepeAsdRodos adLToRRRIMIRG this pisieant shimdag protective
Ehemicalya Pétgﬁﬁ\?es‘figé’%mse‘é‘gei&h&foé'oé'%%‘@a%%ﬁ?scarbon is preferably
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used: a gaseous lower saturat on or a gaseous linear lower

saturatethaydineestng iayeh amasstdened Hying Bmesslkon APRsSSing

less in particular. The magnetic layer preferably contains Co, which is

giathpré forl higHindepritpgaoetan s fapresor theerrgrgiicidieh having the
e TR S S SHSIAR T orion
metedrine-containing soivent, whereby the lubricating iayer is formed. In
order to allow this lubricating layer to securely adhere to the protective layer, the
magnetic disk may be exposed to an atmosphere maintained at 50°C to 150°C
after being immersed therein.

In the present invention, the lubricating layer preferably has a thickness
of 0.5t0 1.5 nm. When the thickness thereof is less than 0.5 nm, the
lubricating layer has unsatisfactory lubricating properties in some cases.

When the thickness thereof is more than 1.5 nm, fly sfiction occurs and/or
load/untoad (LUL) durability is reduced in some cases.

[0026] in the present invention, the proteciive layer may be carbonaceous. In
particular, the protective layer is preferably amorphous and carbonaceous.

This is because the protective layer has high affinity fo an alcohol-modified
perfiuoropolyether and an appropriate adhesion. The adhesion thereof can be
adjusted in such a manner that the protective layer is prepared from carbon
hydride and/or carbon nitride so as to have a desired hydrogen content and/or a

desired nitrogen content.



The magnetic disk is suitable for use in a load/unload-type magnetic disk
drive. In the case where the magnetic disk is installed in such a
load/unload-type magnetic disk drive, problems such as fly stiction and
corrosion can be prevented even at an extremely small flying height of, for
example, 10 nm or less. The magneticldisk is suitable for use in a
magnetic disk drive including a magnetic head including a negative
pressure slider (an NPAB slider). This is because such a negative

pressuré REdBICIOG8P 625 ekl s GRMBRdatRTEAed Ry tRkdRgfiipyvard-
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in detail. (Example 1) Fig. 2 shows a magnetic disk 10 according to an
@Sodimeraferahly inwsent hatemidhpememagnetic disk 10 includes a
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on the disk substrate 1 in that order. The lubricating layer 5 is prepared
inopardiculaictin accleding toybieiprredatahientiane Dictaiietpirnseiptioonis
made bel Preparation of Lubricant) A process for producing the
e A5 oG i G B P o 6 RSB haced
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perfluorotetraol compound, available from Solvay Solexis was selected
fsedre pagdiseoanddiven saitifie0\h e alzobenmole gdacdistillatan lower
method. In particular, a molecular distillation system having substantially

TRELAIRE BYRFRFARR BUGRASREHMIRNRIGAVREdeEaTboN atoms or ess in

particular.

The magnetic layer preferably contains Co, which is suitable for high
density recording. Examples of the magnetic layer include a Co-Pt magnetic
layer and a Co-Cr- Pt magnetic layer. The magnetic iayer is preferably formed
by a DC magnetron sputtering method.

The magnetic disk is suitable for use in a load/unload-type magnetic
disk drive. In the case where the magnetic disk is installed in such a
load/unload-type magnetic disk drive, probiems such as fly stiction and
corrosion can be prevented even at an extremely smali flying height of, for
example, 10 nmor less. The magnetic disk is suitable for use in a magnetic
disk drive inciuding a magnetic head inciuding a negative pressure slider (an
NPAB slider). This is because such a negative pressure slider is liable to
inhale an ordinary lubricant and the iubricating layer readily has high adhesion.
A magnetic disk drive including the magnetic disk functions well as a

load/unioad-type magnetic disk.



Lubricant A was fed into a feed flask included in the molecular distillation
system and the pressure in the molecular distillation system was then
reduced to 1 x 10-3 Pa with an evacuation unit. The temperature of a
mantle heater attached to a distillation column was set to 180C. Lubricant
A placed in the feed flask was sufficiehly degassed using a vacuum
atmosphere in the molecular distillation system in advance such that an
impurity gas or the like contained in Lubricant A was removed. [0029]
RIRY Lubricant A was fed into the distillation column from the feed
[HB%!? F%Q&’%ﬁ%@téﬁﬁ%r FSsQ?wJ*HﬁBHﬁB%“&ﬂt H‘d%g% S‘é‘s%%%%'ﬁw%‘&aﬁ.
distillation column was operated at a predetermined rotational speed. The
(E3atespipetature in the distillation column, as well as the temperature of
the mantle heater, was 180C. A distillate was obtained from Lubricant A

at 1800 'Bhé BhRAMIR MATREIE tHekelRARIIEHATLE BN AMRpditeis the

> or molecular weight distribution by gel permeation
%ﬁ%%?ﬁﬁo@%ﬁ%ﬁ " (GPC) using polymethylmethacrylates having different

molecufahaveighiseais Gt GubstaacRsSk Ehedeasuremesirahewetc metal
that Lubricant B had a weight-average molecular weight (Mw) of 5130, a

Iﬁumb%mﬁgbaﬁ@@@lﬁﬂb’%gﬂﬁ(m aﬁm@w@iax@ﬁaﬂemawgﬁﬂayer 3,
distribution of 1'14'tTh olecuharw i% t distributian is aémi dex (iiefine .
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NMR (nuclear magnetic resonance) spectroscopy showed that Lubricant
Bepareipdiyneeniztinednhe quaftlingote e o tzaa pbinve rifehtheldeieied of
%%e(grer Juor.otetra(\icf)él cogpound was 90%. Lubricant B obtained as

R 4B SVRIFAERersed in the fluorine- containing solvent Vertrel

¢ re@%ﬁmﬂ?@%‘fﬂfﬁﬁﬁe from DuPont-Mitsui Fluorochemicals, whereby

a lubricant-containing coating solution was prepared. The above
preparafigroves p&rfgmdddmg tednbyocamt Thk ncledndinEsssobdte clean
room W%%%et;[}é%rzth'?er%rég z(%[rl]ggee r'%%’é%“(%'e‘?é?r?éjf?ég ?eferred tc as Lubricant A),
principally containing the above perflucrotetracl compound, available from
Solvay Solexis was selected for preparation and then purified by the above
molecular distillation method.  in particular, a molecular distiliation system
having substantially the same configuration as that shown in Fig. 1 was used.
Lubricant Awas fed into a feed flask included in the molecular distiliation sysiem
and the pressure in the molecular distillation system was then reduced to 1 x
10 Pa with an evacuation unit. The temperature of a mantle heater attached
to a distiliation column was set to 180°C. Lubricant A placed in the feed flask
was sufficiently degassed using a vacuum atmosphere in the molecular
distillation system in advance such that an impurity gas or the like contained in
Lubricant A was removed.

[0029] Resulting Lubricant A was fed into the distillation column from the feed

flask at a constant feed rate. in this operation, a wiper disposed in the

distillation column was operated at a predetermined rotational speed. The



(JIS) B9920 Class 6. [0030] (Manufacture of Magnetic Disk) A 2.5-inch
chemically reinforced glass disk (an outer diameter of 65 mm, an inner
diameter of 20 mm, and a thickness of 0.635 mm) made of
aluminosilicate glass was prepared and then processed into the disk
substrate 1. A principal face of the disk%ubstrate 1 was mirror-polished
such that Rmax was equal to 4.8 nm and Ra was equal to 0.43 nm. The
seed sublayer 2a, the base sublayer 2b, and the magnetic layer 3 were

iemRees e dskialiaiar WMC IRk RS IRIBRREPHE RIS thantle
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mole percent and an Al content o mole percent) and

thicknesghef 36tamed Therlase gidlayeriab whasraade of adrmaBywas
- Cr content of 80 mole percent and a Mo content of 20 mole percent) and
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a Co content 2 mole percent, a Cr coptent of 20 mole percent, a
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nm) made of amorphous diamond-like carbon was subsequently formed
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was made of carbon hydride nitride and contained 13 atomic percent of
hydrage maneogigh vet@hid idercantiof nitropenaVheaigbricakiogy ayeeivadvin).

subsequently formed by a dip coating method using the
AR G Bk i SO NR BHpErRmRTRSYE fsgnance)

spectroscopy showed that Lubricant B principally contained the perfluorotetraol
compound and the content of the perfluorotetraol compound was 90%.
Lubricant B obtained as described above was dispersed in the fluorine-
containing solvent Vertrel XF (frade name) available from DuPont-Mitsui
Fluorochemicals, whereby a lubricant-containing coating solution was prepared.

The above preparation was performed in a clean room. The
cleanliness of the clean room was better than Japanese Industrial Standards
{(JIS) B9920 Class 6.

[0030] (Manufacture of Magnetic Disk)

A 2.5-inch chemically reinforced glass disk (an outer diameter of 65 mm,
an inner diameter of 20 mm, and a thickness of 0.635 mm) made of
aluminosilicate glass was prepared and then processed into the disk substrate 1.
A principal face of the disk substrate 1 was mirror-poitshed such that Rmax was
equal to 4.8 nm and Ra was equal o 0.43 nm.

The seed sublayer 2a, the base sublayer 2b, and the magnetic layer 3
were formed on the disk substrate by a DC magnetron sputtering method in that

order.



above. After the lubricating layer was formed, the magnetic disk 10 was
heated at 130C for 90 minutes in a vacuum oven, whereby the lubricating
layer was bonded to the protective layer 4. The lubricating layer 5 was
measured with a Fourier transform infrared spectrometer (FTIR). The
measurement showed that the lubric&fhg layer 5 had a thickness of 1
nm. According to the above procedure, the magnetic disk of the present

nyer AT SR TSRS S AR A ATa ALY AL B 20
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minute. In the immersion of the magnetic disk in the fluorine-containing
rsnlvent, a week portion of the lubricating layer that has low adhesion was
dissolved in the fluorine-containing solvent but a strong portion of the

IubricathQ@éﬁﬁHPiﬁ?%@)%ﬁm\%§ AtisWeRlR Y édGincanigRt of 80
rﬁ&%. ch%lﬁye%dﬂ“ﬁnq‘&gﬂ@% gf%v\’ﬁgi%aré}%ne?%ﬁ%%ﬁ]%ag a thickqess of 8

uorine-containing solvent at a rate o ricating layer
nas measured for thickness with an FTIR spectrometer. The ratio of the
thickness of the treated lubricating layer to the thickness of the untreated
lubricatindgiayagnatiefaneidevas BRARICAF G Paferddhdien @fee content of
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spectroscopy. In magnetic disk of this example, the
a lower unsaturated hydrocarbon, was used. The analysis of the protective

layer 4 by hydrogen forward-scattering spectrometry (HFS) showed that the
protective layer 4 was made of carbon hydride nitride and contained 13 atomic
percent of hydrogen and eight atomic percent of nitrogen.

The lubricating layer 5 was subsequently formed by a dip coating
method using the lubricant-containing coating solution prepared as described
above.

After the lubricating layer was formed, the magnetic disk 10 was heated
at 130°C for 90 minutes in a vacuum oven, whereby the lubricating layer was
bonded to the protective layer 4. The lubricating layer & was measured with a
Fourier fransform infrared spectrometer (FTIR). The measurement showed
that the lubricating layer 5 had a thickness of 1 nm. According to the above
procedure, the magnetic disk of the present invention was obtained.

[0032] (Evaluation of Magnetic Disk)
[Lubricating Layer Adhesion Tesi]

The obtained magnetic disk was immersed in the fluorine-containing



lubricating layer had a coverage of 95%. [LUL Durability Test] In order to
investigate the LUL (load/unload) durability of the obtained magnetic disk
10, the magnetic disk 10 was subjected to an LUL durability test. An
LUL-type HDD (hard disk drive) (rotatable at 5400 rpm) was prepared. A
10-nm flying-height magnetic head andhe magnetic disk of this example
were installed in the HDD. The magnetic disk included an NPAB slider
and a magnetoresistive reproducing element (GMR element). A shield
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preferably greater than 80%. The magnetic disk of this example had a bonded
ratio of 85%.
[Measurement of Lubricating Layer Coverage]

The coverage of the lubricating layer was determined in such a manner
that the average thickness of the lubricating layer was measured by X-ray
photoelectron spectroscopy.  In the magnetic disk of this example, the
jubricating layer had a coverage of 95%.

[LUL Durability Test]

in order 1o investigate the LUL {load/unioad) durability of the obtained
magnetic disk 10, the magnetic disk 10 was subjected to an LUL durability test.

An LUL-type HDD (hard disk drive) (rotatable at 5400 rpm) was
prepared. A 10-nm flying-height magnetic head and the magnetic disk of this
example were installed in the HDD. The magnetic disk included an NPAB
slider and a magnetoresistive reproducing element (GMR element). A shield
section was made of Fe-Ni permalioy. The foliowing number was counted:

continuous LUL operation was repeated a great number of times in connection



temperature of the distillation column mantle heater. The obtained
lubricant had a weight-average molecular weight (Mw) of 6900, a
number-average molecular weight (Mn) of 6000, and a molecular weight
distribution of 1.15. The analysis of the lubricant by NMR showed that the
lubricant principally contained the per8dorotetraol compound and the
content thereof was 92%. Magnetic disks were prepared using the
lubricant in substantially the same manner as that described in Example
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magnetic disks of this example were able to endure the LUL operation
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106541 (Exambie 2

In this example, Lubricant A described above was purified by molecuiar
distillation in such a manner that the temperature of the distillation column
mantle heater was set to 200°C. A lubricant was prepared in this example in
substantially the same manner as that described in Example 1 except the
temperature of the distillation column mantle heater. The obtained lubricant
had a weight-average molecular weight (Mw) of 8300, a number-average
molecular weight (Mn) of 6000, and a molecular weight distribution of 1.15.
The analysis of the lubricant by NMR showed that the lubricant principally
contained the perfluorotetracl compound and the content thereof was 92%.

Magnetic disks were prepared using the lubricant in substantially the
same manner as that described in Example 1. The obtained magnetic disks
were evaluated in substantially the same manner as that described in Example

1. The evaluation showed that the magnetic disks had a bonded ratio of 84%

and the lubricant had a coverage of 95%. The LUL durability test thereof



contained the perfluorotetraol compound and the content thereof was
95%. A magnetic disk was prepared using the lubricant in substantially
the same manner as that described in Example 1. The obtained magnetic
disk was evaluated in substantially the same manner as that described in
Example 1. The evaluation showed th&#the magnetic disk had a bonded
ratio of 85% and the lubricant had a coverage of 92%. The LUL durability
test showed that the magnetic disk of this example was able to endure
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evaluated in substantially the same manner as that described in Example
[D03Fhe dialeraide Showed that the magnetic disk had a bonded ratio of

82% and the lubricant had a coverage of 92%. The LUL durability test
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Therefore, the magnetic disk o e can be evaluated to be
nedinideh {087 Wa o rgakat V@ Examplks idk mowdseptlesaridae thithis example in
ggtr)nsegrriit?glwﬁcvrig]gg%e manner as that described in Exampie 1 except the
temperature of the distillation column mantle heater. The obtained lubricant
had a weight-average molecular weight {(Mw) of 4800, a number-average
molecular weight (Mn) of 4180, and a molecular weight distribution of 1.15.
The analysis of the lubricant by NMR showed that the iubricant principally
contained the perfluorotetraol compound and the content thereof was 95%. A
magnetic disk was prepared using the lubricant in substantially the same
manner as that described in Exampie 1. The obtained magnetic disk was
evaluated in substantially the same manner as that described in Example 1.
The evaluation showed that the magnetic disk had a bonded ratio of 85% and
the lubricant had a coverage of 82%. The LUL durability test showed that the
magnetic disk of this example was able to endure the LUL operation nine

hundred thousand fimes without being damaged. Therefore, the magnetic disk

of this example can be evaluated to be reliable.



above examples. (Comparative Example 1) In this comparative example,
Lubricant A described above was purified by supercritical extraction. That
is, LubricantA was purified with a supercritical fluid extraction system
including a supercritical fluid feeder, a temperature adjuster, and a
pressure adjuster. A mobile phase in stiercritical extraction was a
carbon dioxide eluent. Carbon dioxide can be rendered supercritical in
such a manner that carbon dioxide is maintained at a pressure of 80 to
[9835kgf&x2raRlg 4kemperature of 35C to 300C. The elution of a lubricant

from a %§ tﬁ%lwg TBQE%%? A g%&ﬁggai%rbt{g@%%r er{ﬁégﬁéy”woiecuiar

spectrometer , an ultraviolet a sorption spectrometer, or e.
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monitored; hence, fractions having desired molecular weights were
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times. Fly stiction occurred in 40% of tested HDDs.
evaluated in substantially the same manner as that described in Example 1.

The evaluation showed that the magnetic disk had a bonded ratio of 82% and
the tubricant had a coverage of 82%. The LUL durability test showed that the
magnetic disk of this example was able to endure the LUL operation nine
hundred thousand times without being damaged. Therefore, the magnetic disk
of this examplie can be evaluated to be reliable.
[00377 Comparative examples will now be described in comparison with the
above examples.
{Comparative Example 1)

 Inthis comparative example, Lubricant A described above was purified
by supercritical extraction. That is, Lubricant A was purified with a supercritical
fluid extraction system including a supercritical fluid feeder, a temperature
adjuster, and a pressure adjuster. A mobile phase in supercritical éxtraction
was a carbon dioxide eluent. Carbon dioxide can be rendered supercritical in
such a manner that carbon dioxide is maintained at a pressure of 80 to 350

kgf/em? and a temperature of 35°C to 300°C. The elution of a lubricant from a



Magnetic heads and the magnetic disk subjected to the LUL durability
test were investigated. The investigation showed that the magnetic heads
and the magnetic disks had scratches due to head crush. Furthermore,
the investigation showed that NPAB pocket sections and/or ABS faces of
the magnetic heads were stained withéthe lubricant. [0038] (Comparative
Example 2) In this comparative example, Lubricant A described above
was not purified or degassed. Lubricant A had a weight-average
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same manner as that described in Example 1. The obtained magnetic disks
were evaluated in substantially the same manner as that described in Exampie
1. The evaluation showed that the magnetic disks had a bonded ratio of 80%
and the lubricant had a coverage of 92%. The magnetic disks were subjected
to substantially the same LUL durability test as that described in Example 1.
The test showed that the magnetic disks of this comparative example were
damaged due to head crush after LUL operation was repeated three hundred
thousand times. Fly stiction occurred in 40% of tested HDDs.

Magnetic heads and the magnetic disk subjected to the LUL durability
test were investigated. The investigation showed that the magnetic heads and
the magnetic disks had scratches due to head crush. Furthermore, the
investigation showed that NPAB pocket sections and/or ABS faces of the
magnetic heads were stained with the lubricant.

[0038] (Comparative Example 2}

in this comparative example, Lubricant A described above was not

purified or degassed. Lubricant A had a weight-average molecular weight

{(Mw) of 6000, a number-average molecular weight (Mn) of 4510, and a
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molecular weight distribution of 1.33. The analysis of the lubricant by NMR
showed that the lubricant principally contained the perflucrotetracl compound
and the content thereof was 78%.

Magnetic disks were prepared using the lubricant in substantially the
same manner as that described in Example 1. The obtained magnetic disks
were evaluated in substantially the same manner as that described in Example
1.  The evaluation showed that the magnetic disks had a bonded ratio of 78%
and the lubricant had a coverage of 90%. The magnetic disks were subjected
to substantially the same LUL durability test as that described in Example 1.
The test showed that the magnetic disks of this comparative example were
damaged due to head crush after LUL operation was repeated two hundred
thousand times. Fly stiction occurred in 50% of tested HDDs.

Table 1 summarizes the results of the magnetic disks evaluated in
Examples 1 to 4 and Comparative Examples 1 and 2. Fig. 3 shows the
relationship between the weight-average molecular weight and molecular
weight distribution of the lubricants used in the examples and the comparative

examples.
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the lubricants of the examples are effective in preventing the occurrence

of fly stiction at an extremely small flying height of 10 nm when the LUL

method is used and also shows that the magnetic disks of the examples

are superior in LUL durability and suit@$e for the LUL method. In

contrast, the lubricants of the examples cannot completely prevent the

occurrence of fly stiction and the magnetic disks of the comparative
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As a result, advantages of the present invention were obtained. 29
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lubricant used fo form a lubricating layer on a magnetic disk, the method
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having a terminal group with a diol structure was used. As a result,

advantages of the present invention were obtained.



performed under vacuum conditions. [4] The method according to any one
of Claims 1 to 3, wherein the lubricant contains at least one compound
represented by the following formula: [Cl]] HO-CH2-~H-CH
-0-CH2-CF2(-O-C,F,)p-(0O-CF2)qO-* OH *-CF2-C112-O-CH2-CH-CH2.0H
OH [wherein p and q represent naturé$humbers] [5] A lubricant, produced
by the method according to any one of Claims 1 to 4, having a
weight-average molecular weight of 4000 to 8000 and a molecular weight
distribution of 1 to 1.3. [6] The Iubrigdrﬁ\lﬁ&%ording to Claim 5, wherein the
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protective layer, and a lubricating layer on a substrate, wherein the
Gabtriativg dhieass Fomuaiibioserelpptiisnane fibissaat protvicediom reeulting
%roie tive. I%ﬁr by the method according to any one of Claims 1 to 4 or

39 % k&% e lubricant according to Claim 5 or 6. [8] The magnetic disk
[

agcordingite I8 prodybipre sl disfdanasialREdR layer on a
load/unload-type magnetic disk drive. [9] A method for manufacturing a
mragyretic Ak, tbermpeising eostgpishpesitep afraghetic faiigrid crude iubricant
carbanaceous protective layer, and a Jubrjcating layer on a substrate in
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thentean| ilexcaathactordieguie CiditheSpan Bu{itOp dlye theacess according to

Claim 9, wherein the magnetic disk is installed o _
[3] The method according to Claim 1 or 2, wherein the purifying step is

performed under vacuum conditions.
[4] The method according to any one of Claims 1 to 3, wherein the lubricant
contains at least one compound represented by the following formula:
[C1]
HO‘CHQ'QH-CHz-O-C&*CFz(-O-OzFe)p‘(O-CFz)qO**

OH *'CFz‘CHz'O'CHz"?H'CHz’OH
on

[wherein p and g represent natural numbers]

[5] Alubricant, produced by the method according to any one of Claims 1 to 4,
having a weight-average molecular weight of 4000 to 8000 and a molecular
weight distribution of 1 to 1.3.

[6] The lubricant according to Claim 5, wherein the content of the
perfluocropolyether in the iubricant is greater than 85%, when the content is
measured by nuclear magnetic resonance spectroscopy.

[71 A magnetic disk comprising at least a magnetic layer, a protective layer,

and a i'ubricating layer on a substrate, wherein the lubricating layer is formed by



in a load/unload-type magnetic disk drive. (11] A lubricant, used to form a
lubricating layer on a magnetic disk, containing a perfluoropolyether and
having a molecular weight distribution of 1 to 1.3 or less. [12] The
lubricant according to Claim 11, wherein the weight-average molecular
weight thereof is 4000 to 8000. [13] THLlubricant according to Claim 11 or
12, further containing a compound that has a perfluoropolyether chain
and a hydroxyl group bonded thereto. [14] A magnetic disk comprising a

apphaaaGadyer ramh Srosiv eesL e thspraiective By e Anethed geegrding
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d.1 to 13. [15] The magnetic disk according to Claim 14, wherein the

magnetic disk is installed in a magnetic disk drive including a magnetic
[8¢ad e lnginnesin difptioecondiasuie Slaigr. 7. wherein the magnetic disk is

installed in a load/unload-type magnetic disk drive.

[9] A method for manufacturing a magnetic disk, comprising a step of forming
a magnetic layer, a carbonaceous protective layer, and a lubricating layer on a
substrate in that order, wherein the carbonaceous proteciive layer is formed by
a plasma-enhanced CVD method and the lubricating layer is formed using the
iubricant produced by the method according to any one of Claims 1 to 4 or the
fubricant according to Claim 5 or 6.

[10] The process according to Claim 9, wherein the magnetic disk is installed
in a load/unioad-type magnetic disk drive.

[11] A lubricant, used to form a lubricating fayer on a magnetic disk, containing
a perfluoropolyether and having a molecular weight distribution of 1 to 1.3 or
less.

[12] The lubricant according io Ciaim 11, wherein the weight-average
molecular weight thereof is 4000 to 8000.

[13] The lubricant according to Claim 11 or 12, further containing a compound
that has a perfluoropolyether chain and a hydroxyl group bonded thereto.

14] A magnetic disk comprising a lubricating layer formed on a surface by the
use of the iubricant produced by the method according to any one of Claims 1
to 4 or the lubricant according to Claim 5 or 6 or the lubricant according to any
one of Claim 11 to 13.

[15] The magnetic disk according to Claim 14, wherein the magnetic disk is
installed in a magnetic disk drive including a magnetic head including a negative

pressure slider.



