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 hard disk drives (Hst), 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) located in an inner region oha foeipfraomagnetic 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/re I 5’15’0‘? S zone, and
then stopped &Hﬁg'%ﬁ%&ﬂ%%@ﬁ%ﬁﬁ%s@#&%@%g%&ratlorﬁ] €ztlg;??jiﬁgsélﬁsutdown
operation, duripgahie RantrsEpoIRliding akesviare meHelexnD MERHUESpRration.

CSS-type magnetic disks need to have both CSS zones and recording/reproducing zones arranged in
faces thereof. Niktid FASTERIBIE ddHef ks 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. 2 Japanese Unexamined Patent Application
Publication (JPrAgriNR:=62:$417 (Patent Document 1) or the like discloses a magnetic recording

T O 1™ Bod pracanC mation reiatse 18 S TR lREEN 3 REHR: {8 ating
layers on magnetic disks installed In magnetic disk devices such as hard disk
drives, a method for producing the tubricant used in the magnetic disk, and a
method for manufacturing the same.

Background Art

[0002] In magnetic disk drives such as hard disk drives (HDDs), 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} 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 onto the C3S zone, slid on the CSS zone, and then
stopped during shuidown operation. inthe CS8S method, startup operation and
shutdown operation, during which contacting/sliding takes place, are referred to
as C8S operation.

CSS-type magnetic disks need to have both CSS zones and
recording/reproducing zones arranged in faces thereof. Furthermore, the
magnetic disks need te 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 magnstic disks.



(C2F40)p-(CF20)q_—CH20H, useful in reducing the damage on occurrence of contacting/Sliding
between a r.nag.netlc head and a magnetic disk during CSS operation. 10003] Japanese Unexamined
Patent Appl!cat!on Publ@cation (JP-A) No. 9- 282642 (Patent Document 2) and Japanese Unexamined
Pate_nt A_ppll(_:atlon Publication (JP-A) No. 10-143838 (Patent Document 3) disclose magnetic recording
media with high CSS durability. Furthermore, Japarbese Unexamined Patent Application Publication
(J_P_—A) No. 20(_)1-164279 (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: J : X3y ot ication ER-A) No.
coated with a perfluoroalkylpolyether, having the formula HOCH2-CF20-
{CoF40)~(CF20)¢-CH20H, useful in reducing the damage on occurrence of
contacting/sliding between a magnetic head and a magnetic disk during CSS
operation.

10003] Japanese Unexamined Patent Application Publication {(JP-A) No. 8-
282642 (Patent Document 2) and Japanese Unexamined Patent Application
Publication (JP-A) No. 10-143838 {Patent Document 3) disclose magnetic
recording media with high CSS durability. Furthermore, Japanese
Unexamined Patent Application Publication (JP-A) No. 2001-164278 (Patent
Document 4) discloses a magnetic recording medium having goad sliding
properties and high C8S 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, 9-282642

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

Patent Document 4;  Japanese Unexamined Patent Applicai‘lon Publication

(JP-A) No. 2001-164279

Disciosure of the invention

Problems to be Solved by the Invention

[0004] in recent years, LUL (ioad/unioad)-type magnetic disk drives tends to be
substituted for C8S-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



Patent Document 3: Japanese Unexamined Patent Application Publication (JP-A) No. 10-143838
Pqtent Document 4: Japanese Unexamined Patent Application Publication (JP-A) No. 2001 -1 64279
Disclosure of the Invention Problems to be Solved by the Invention [0004] In recent yéars LUL
(load/unload)-type magnetic disk drives tends to be substituted for CSS-type magnetic dis’k drives. In
such an LUL-type magnetic disk drive, a magnetic Read is placed on a slope, referred to as a ram.
located 3 outside a.magnetic disk during halt and moved from the ramp ontc; the magnetic disk af?ér
the start of the rotation of the magnetic disk during startup and recording or reproduction is then

performed. Thispracedurg isfeierrd tems Hdilaopenation. fom be-tgpe PRIGHEGI RSV PEE a

recording/reproducing zone wider than that of a CSS-t ic disk;
'g/repro | 12 ype magnetic disk; hence, the LUL-t
magnetic diskdsipedier destatyiel s r@ﬁﬁ.@é&@%m&f&@éﬁ@fﬁé%&ﬁﬁéﬁ%g} rﬁe LU Ltysp/)%emag netic

may have an BB R L Eh o 0 auchon e fyng heloht of an LULAype.
magnetic heag Thsiseriioh ULANRE magratimgesit ciskroes el wae Wil 4 High Sie AlFand ?/Sp

wider than that of a CSS-type magnetic disk; hence, the | UL-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 exiremely smooth face. This

leads to a reduction in the flying height of an LUL-type magnetic head. Thus,

the LLUL-type magnetic head can record data with a high S/N ratio and is

therefore preferable.

A reduction in the flying height of the LUL-type magne‘tié head requires
that the LUL-type magnetic disk operates stably at an extremely small fiying
height of 10 nm or less.  The flight of the LUL-type magnetic head over the
LUL-type magnetic disk at such an extremely small fiying height causes
problems such as fly stiction and head corrosion.

[0005] Fly stiction is a problem that the flying behavior and height of &
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 probiem 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 fiight.

in recent years, in order to enhance the response speed of magnetic
disk drives, the rotational speed of magnetic disks has been increasaed. The

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



therefore preferable. A reduction in the flying height of the LUL-type magnetic head requires that
the LUL-type magnetic disk operates stably at an extremely small flying height of 10 nm or less. The
flight of the LUL-type magnetic head over the LUl4type magnetic disk at such an extremely small flying
height causes problems such as fly stiction and head corrosion. [0005] Fly stiction is a problem that
the flying behavior and height of a magnetic head are changed during flight, causing irregular
fluctuatiossitaisepfodueilsle adp tiad besnagoetithheacas ded dghmisicocd A00 withn dondei@detic disk
during fllq_ht In some cases. This cause head crush to ocgur, resulting in the breakage of the
magnetic §iZior morﬁ;E] eo‘?Yo%“gl?%"g‘% %ﬁéﬁ?ﬂ%ﬁ%g %%?l%smn of elements included in the
magnetic head m‘twfdr@mmedcom’n‘@mrwéprod@rm*ncﬂtﬂs;m@I&&eecardﬁngtrb@mphzduation
imp055|bl in. some gases. Altern tlvel t e corrodef ents fome. lar a%mziﬁe the

e p8e

magnetlc Psk &dﬂﬁ ﬁ?’gergt on a ﬁ?gc tt}ga?ga%] % eff %é’tﬁ%'% ot magnetic
disk drivweﬁm@fmgmtnbmé speedtatbohbgribticrdiskismiisdoeef) deaJdﬁagdtmltmakspeed of
small-size mﬁgqetltg(%l%s Igavwé%%dlameter of 2.5 inches, 4 suitable for mobile use has been
recently mcreaseg fitii ¥ fpm to%é&f&]rpm or more, thereby enhancing the response speed.
The high{§ie8] ratatrenaaisz incifpeciiiotiskssavan ayteplEenh tbgion lobtheatilgitayteropolagstace of the

magnetic disk artlal tes due to the centrif force gener b rotation thereof, thereby
causing tRath @Wnessyois t%f?ﬂb?cg? Wgyé? o 5 quaohnunl orma, %‘536% é ﬁ‘r%%?e CiAtRe %lckness of
an outer enderegrahrefjibe thbrmattidgriagdrdampatsafly sﬁldtmmsd#m teatharksbssudraa magnetic

head flles acrosst e %uter en(f ﬁ% hrecreof durln rLliJsL ng atl eercorre se IS the hlckness of an
inner end lP@glon O the {idficlin ayg- I Iacli{}% 16 Yetelfork ubrlc |ng H) grt sban%i N2 a result,
often causesdmﬁelscmnﬁh as a result, often causes head crush.

The lubricating techniques disclosed in the Patent Document 1, 2, 3, or 4
have been developed to improve CSS operation. Hence, the application of the
lubricating techniques to LUL-type magnetic disks causes the above problems.
That is, the lubricating techniques cannot meet reliability requirements for current
magnetic disks. This prevents an increase in the capacity, S/N ratio, and/or
response speed of the LUL-type magnetic disks.

Embodiments of the present invention provide a lubricant for forming a
lubricating layer which is usefu!l 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 example, 5400 rpm or more, and
which has high adhesion and to provide a magnetic disk having a lubricating
tayer formed using such a lubricant. In particular, embodiments of the present
invention provide a lubricant for forming a lubricating layer suitable for a LUL

~ {load/unioad) method and to provide a magnetic disk suitable therefor.



The lubricating techniques disclosed in the Patent Document 1, 2, 3, or 4 have been developed to
improve CSS operation. Hence, the application of the lubricating techniques to LUL-type magnetic
disks causes the above problems. That is, the lubficating techniques cannot meet reliability
requirements for current magnetic disks. This prevents an increase in the capacity, S/N ratio, and/or
response speed of the LUL-type magnetic disks. Embodiments of the present invention provide a
lubricant tdetorsniog Solubrictiin@tapesmdich is useful in preventing fly stiction and/or corrosion at an

extremely, flying .height of, for.example, 10.nm ar less, which is prevented from migyating at a
pioh rotatGULT bp B R bICe EARBISH By S AR EEIFEEORERIR to provice
a magnetauchiskthendigg etititticRing TEtyer iforeredrubing fowhda tuliritiaant. fineparididanserrgodiments of
the present invention proyide a lubricant for forming a lubricating layer suitgble for a LUL (load/unload)
method s B RPE S S IRSBRARE 8, Ve REARE SPGB RE 2HE Problems 00071
The inventor ha&l\ghﬂesﬁgamm'&: a‘m&bl iprﬂpiembatt\;:’(hielxm%yifsmdibgw@l@mrﬁiﬂ@gnﬁtiﬁdiskfl.bThe
inventor has found out that the problems are probably caused to occur by .a mechanism that will be
mentioned %Sé'lo%vl.umr\ﬂrm% %ﬁéfnneﬁc?ﬁaggdgl{s 'ﬁyrirﬁ%g eﬁﬁ gﬁ?&ﬁeﬁ?%ﬁéﬁ(ﬂ]\éiéﬁ?gﬁ{]@%ﬁ or less, a
lubricatingdayed beaaimeeaif molagneticatiskdsubpieated)ydeatacoanrsh catiell ketgesied@ifomolecules
on the Iubr%gl:ia%gg Iaéer are regeatedlgl su%’ected to a]ctiﬁabatic cor%)re siorgjand ﬁxpansiqfn. This
promotes"’} & eg?a R Bl pRCANEEBAIRY in thE 1JBRCARIGS 1A0&r “€9"% gﬁ)é'gr%dgtion of the
lubricant lnbrézsdctiedinettyntitesdabtecatingdagyeeduction in the adhesion between the lubricating
layer and a protegtive, layer, The degraded lubricant having high fluidity migrates to the magnetic head
cloge 10 the Tubri AEr O PG 6 A0 THBES IO A SV e REIIEP o e
magnetic recadtidhisnptbbadniih easiose éinatmtidhe lublicptiry s andgagtioteaidéentiyding a
recently dﬁ\/gla e(rj QIPC,NB %}gg%%iﬁ?a pres Lill‘?? z#]r ;ae[éa}rgl]%?uﬁfac@ S?ﬂder, that is, S'<'i1ﬁn(a,gJ;a]tive pressure
slider readily’a 1S the Tubricant Becadsed %d NEPSHioN f %%@grbefg% AUHEEPthe lower
face of thmnmnéﬂjbrhmmmim:mrobgblydmumiltsthbarégga,tidhanﬁ;decﬂieﬁiibim@g the Iﬂbé;irgamt. The
deposited lubricant generates an agi as flugric acid in_some cases, thereby corroding an
clomen: SR T e R i A B GeHes TEATGlicing o magnetoragiive

element is readily cpanidath{0@08h dreciivehtamchdsdisiogeredrdvehiil. dwitblogedomdBYEs the

apove-m ngggg .rorb!c:.ent}ssé Tﬂ,ebléléaneén%% c(;je(i%f):]er“s glg t e CSS method in that a mq.lgrégtic head
slides on gnetle R Surrace without any ¢ Pa(czit an %e?éfgrg%gﬁ%\fﬁ:gﬁ? TH RS migrated and
moved tortedihaghiatichdbe hdydbant 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 lubricant.

The deposited lubricant generates an acid such as fluoric acid in some

cases, thereby corroding an element section of the magnetic head. |n particular,

a magnetic head including a magnetoresistive element is readily corroded.

[0008] The inventor has discovered the LUL method promotes the above-

mentioned problems. The LUL method differs from the CSS method in that a

magnetic head slides on a magnetic disk surface without any contact and

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



6 returns to the magnetic disk. In the CSS method, the lubricant is readily removed from the magnetic
head because the magnetic head slides on and contacts with a CSS zone of the magnetic disk; hence,
the problems hardly occur. The inventor has gpnducted further investigation to achieve the above
object on the basis of these findings. In particular, the inventor has intensively investigated the
lubricant and made g{ﬁp/bodiments of th resen invention as described belowﬁL 009] The inventor has

found out B4 % @ﬁﬂﬁﬁ@&g'ﬁﬁn ESI e hedidhedREchiNdR38 B ERY&fhents of the
present irfft@mibie Fragogindeadbbaraprssthn maaniic Headesivier @helod contagtsaviitt aspect of
the preseat@8@nitor, tiche ispométiedizinhgnetic itiskoasisiprisingrallyasstisr magnetic layer, a
?fotecdtl\ée layer, pRgl &laHisAtINGs VS QiLRauRsHite. PNRARISNER N Hl%é’&% 'H‘Péi?é%\?é'ayetr is |
orme tp" e alie} el content, of perfluorotetrao
in the Iubrlcgr%lys 90%%&]%% 0, a%%%% ﬂﬁmwgg;gh @%HD{)S %QI{ICE r]eﬁl{’ﬁ ?F?é@ %or €& an
adhesmn'FB’tﬁa(%??ﬁ% Iubfic H&E{" ?%385% ° dgeni Bf?ﬁgnﬁﬁﬂﬁﬂﬂaqa?r%r is 92% to
95%. Qﬁséf@é%@ﬁ@@%ect of the present |nvent|on there is prowded a magnetic disk, characterized

in that a I{BR@kinfheyierésiforned dound urtece bly theeabiovduprisisthwheareiba asintehtat
perfluorotefiadndhe dubsieani s 9 GYaia S mantolsaniahyeaight tisditudion of the lubricant is 1.3 or
less, an adhesmgr{ﬂ;&%g}ﬁslth?r{ﬁgtmég}ﬁrg?%@ %@Jgs%ﬂ%gdogg% rage of the Iubricatingflayer is
92% to 95% losed he a metho ucj ricant used to form a Jubricating
layer on a magné.{lf:3 ?Jcsﬁi it ﬂféﬁeCBFﬁBﬁQ 'é“é %nof%%&a sﬂﬁavéc}@ric?emﬂﬂﬂ%m éﬁ‘%ammg at
least one GERRIBHBEGR eRst At acaeticdayariiRlesi¥s avRy. cRnde lwprkealing layssemsed herein
is a methadsebgiraticithpeaktiprizant insduato toenhudtidatiogtiay dayier ommed algyn edjmptlislg the method
comprisingleristet op idifying enlicnidreaigetivibnanst conéining ablerstafepreniivasesphuther by
vaporZingyGeCIoLATEA0b o folaBnich! ShONS Lhsr RERIEUREBRIBIPLRABL SIFIAAHDIR @ distance
less than jhg mean. ft free rpatg of %cg]IeF lesooff He perl frll%% olPolyaetgrerlsTgﬁ PU{I yg}jg/steé) H]ég/ be
performe Under vacudhn con (%ﬁ g fay ° o, @n
coverage of the iubracatlng layer is 92% to 95%.
In a second aspect of the present invention, there is provided a magnetic
disk, characterized in that a lubricating layer is formed on a surface by use of a
lubricant, wherein a content of perfluorotetraol in the lubricant is 90% to 95%, a
molecular weight distribution of the lubricant is 1.3 or less, an adhesion ratio of
the lubricating-layer is 82% to 85%, and a coverage of the lubricating-layer is
92% to 95%.
Disclosed herein is a method for producing a iubracant 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 lubricant.
Disclosed herein is a method for producing a lubricant used to form a
lubricating layer on a magnetic disk, the method comprising a step of purifying a
liquid crude lubricant containing at least one perflucropolyether 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.
The purifying step may be performed under vacuum conditions.
The lubricant may contain at least one compound represented by the
following formuila:



The lubricant may contain at least one compound represented by the following formula: 7 [0010] [CI]
HO-CH2-CH-CH2-0-C112-CF2(-0-02np-(0-CF2)g-0-* OH*-CF2-CH2-0-CH2-CH-CH2-OH OH [wherein
p and g represent natural numbers] Disclosed herein is a lubricant, produced by the above
method, having a weight-average molecular weight of 4000 to 8000 and a molecular weight
dlstrlbutl(zg i The content of the perfluoropolyether in the lubricant may be greater than
85% n the‘cont nt is measured by nuclear magnetic resonance spectroscopy. Disclosed

Ir;(;r:rlr:) :]s ;Sﬂﬁgggﬁ%%v% g ﬁgﬁgﬁéﬁ@gﬁf@_ ér)jP é] §é§% g;otectlve layer, and a lubricating

ying the lubricant produced on the
protective layer by the § e method or by dﬁﬂ’&ﬁt

[wherein p and g represent natural numbers]

Disclosed herein is a lubricant, produced by the above method, having a
weight-average molecular weight of 4000 to 8000 and a molecular weight
distribution of 1 to 1.3.

The content of the perflucropolyether in the lubricant may be greater than
85%, when the content is measured by nuclear magnetic resonance
speciroscopy.

Disclosed herein is a magnetic disk comprising at least a magnetic layer, a
protective layer, and a lubricating layer on a substrate, wherein the lubricating
layer is formed by applying the lubricant produced on the protective layer by the
above method or by applying the above lubricant.

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

Disclosed herein is 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 above method or
the above lubricant.

The magnetic disk may be installed in a andlunloadwtype magnetic disk

drive.



The magnetic disk may be installed in a load/unload-type magnetic disk drive. Disclosed herein is
method for manufacturing a magnetic disk, comprising a step of forming a magnetic layer, a
carbonaceous protective layer, and a lubricating Byer 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 above method or the above lubricant. The magnetic disk
may be installedJiseldsad/Urdoeid-tih e nhaloieaint diskettivie. form aDlgbiigaiingeralels @nudricant, used

fo form a bl aer o & FIAGNS sl CRRIONG: SR/ TaypROYCSERAPaNAG R moleculr

weight didtsliton o or le e weight-average molecular weight thereof may e 4000 to
8000. diFtrbuthmicaht feay finh&ssomprise a compound that has a perfluoropolyether chain and a

hycrowy| oroup bopged 16re e RISRESE DRI aimagReladsiosempdsing.2 ubricatng ayer

formed on a surface use of'the lubricant produced by the above method or the above lubricant.
The _Iubricant may further comprise a compound that has a
perfluoropolyether chain and a hydroxyl group bonded thereto. |
Disclosed herein is a magnetic disk comprising a lubricating layer formed
on a surface by the use of the lubricant produced by the above method or the
above iubricant.
The magnetic disk may be instalied in a magnetic disk drive including a

magnetic head including a negative pressure slider.

Advantages
[0011] Embodiments of the present invention provide a lubricant for magnetic
disks. The lubricant 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 example, 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, embodiments of the present invention provide a high-
reliability magnetic disk, having a lubricating layer formed using such a lubricant,
suitable for the LUL (load/unload) method.



The magnetic disk may be installed in a magnetic disk drive including a magnetic head including a
negative pressure slider. Advantages [0011] Embodiments of the present invention provide a lubricant
for magnetlc disks. The lubricant 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 example, 10 nm or less
wh!ch is prevented from migrating at a high rotationgl speed of, for example, 5400 rpm or more anc’i
w_hlch has high adhesion. Furthermore, embodiments of the present invention provide a ’
high-reliability magnetic disk, having a lubricating layer formed using such a lubricant, suitable for the

LUL (Ioad/unl%%@forqgggﬂg}ia% %ﬁiﬁ{@@%ﬁﬁﬂgn of the Drawings [0012] [Fig. 11 Fig. 1 is an illustration

of an ex_em_plary molecu Istillation system. [Fig. 2] Fig. 2 is a schematic sectional view of a
magnetic diskjaod@fding to an embodiment of the present invention. [Fig. 3] Fig. 3 is a graph showing

brcants uselHA Blarfiied SrATOLRIEIEN L At Bt e o e B e invention
[Fig. 2] Fig. 2 is a schematic sectional view of a magnetic disk according fo an
embaodiment of the present invention.
[Fig. 3] Fig. 3 is a graph showing the relationship between the waight-average
molecular weight and molecular weight distribution of lubricants used in

Examples and Comparative Exampies.

Best Mode for Carrying Out the Invention
[0013] Embodiments of the present invention will now be described in detail.

~ A process or method for producing a lubricant for magnetic disks
according 1o a first embodiment of the present invention is characterized in that
the lubricant at least contains perflucropolyether that is degassed and then
purified.

The perfluoropolyeiher contained in the lubricant is preferably an
alcohol-modified perflucropolyether.  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 perflucropotyether inciude
compounds, such as monools, diols, triols, and tetraols, having various ferminal
groups. The compounc;éjare 'diﬁerent in lubricating properties and/or adhesion
from each other depending on the degree of alcohol modification, that is, the
number of hydroxyl groups ponded fo terminal groups of a perflucropolyether
chain. Therefore, properties of the lubricant vary depending on the content of
the alcohol-modified perfluoropolyether, for example, a monool, a diol, a triol, or

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



[0013] Embodiments of the present invention 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 alcohol-modified
perfluoropolyether. This is because the alcohol-moglified 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 compounds such as monools, diols,

triols, and tetr (@.ﬁ g é/?l",% terpuRabAr AP peFlR AsORRINSsiSpaetedifiéy muniaitbecating
properties an hesion from each other dependlng on the degree of alcohol odification, that is,

the number ofyydeoxyingipains bBhited tetaunmtlegheuisast BasdrRRREIRS R %ﬁn Therefore,

properties of the lubricant vary depending. gn the content t km gggggsgqf{mgropolyether for
example, améﬁB’Sl‘géﬁcﬁ kil 3 % B% or a? %ré) eggﬁ%k‘r}%?gduc?ng the alcohol-modified

perFIuoropong B&dl;lw%[.QQM] In the present |nvent|on the perfluoropolyether preferably contains a
tetraol principally. This is because the lubricant has ropertles swtaft‘)le for solvm the above problems

if the lubricant is prod@cp@‘i@;&h@ precesls of th Shether \B?Qfee?arﬂle Spie of the

perfluoropolyether having terminal group @%%@w@@@@wgnd (herelnafter referred
toasa perfluo\‘l’i’i@t?(%lglt an I(?3"110;‘[1 ré’p%e{?e}?n{%eaé?%%/e{he following formula: [0015] [C2]

perfiuorotetracl compound) represented by the folfowing formuia;

[0015] [C2]

HO-CHe CH-CHzG-CHy -CRA-0-CoFgp~O-CFaqg-O-*
OH *-CFy CHz O-CHe CH-CHzOH
OH

[wherein p and g represent natural numbers]

Commercially available examples of an alcohol-modified
perflucropotyether iubricant include Fomblin Z Tetraol (frade name) and Fornbiin
7 Diol (trade name) available from Solvay Solexis. The former principally
contains the perfluoropolyether compound represented by the above formuta
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, preferable lubricating properties can be achieved.

An impurity gas or the like can be removed from the jubricant containing
the perfluoropolyether by degassing the lubricant. The resulting lubricant can
be highty purified in a purification step subsequent to the degassing step.

Since the lubricant is usually liquid at room temperature, the lubricant can be
readily degassed in a vacuum atmosphere. I such a vacuum atmosphere s
used, the %ubricaﬁt 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 vesse! is then evacuated to a



HO-CH.2-H-CHrOCH2-CY2K-0-02E)p-(0-CF2)g-0-* OH*-CF2-CH2.0-CH2-H-C112-0H OH [wherein p
and q represent natural numbers] Commercially available examples of an alcohol-modified
perfluoropolyether lubricant include Fomblin Z Tetraol (trade nhame) and Fomblin 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, preferable lubricating properties can be achieved. An impurity gas or the like can be

tﬁﬂ'ﬁﬂ@a cartriRingdbeperlimompatyaties bysiegassiegtheTaprieastMhe resulting

removed fro”%?@ﬁé ; SEUR . .
lubricant can be highly purified in a purification step subsequent to the def, agesln@@tgsp. Since the
ii%H éja <@&in a vacuum

lubricant is ush@llicuid whitothadupieratuitd aRRsBACAME AT HE LY
atmosphere. If such a vacuum atmospheye is used, t I¢ %g@,gg@@hgpurified in the
vacuum atmo@fﬁf@@?’lﬁﬁ?ﬂ‘ﬁ%ﬂjIg’rﬁtﬁgﬁjb%@ant?ggﬁ‘@bhae%r%%%tgﬁgge% In such a manner that the
lubricant is plaggin & ¥pgas! N iheiespebisdhen fevactatedbtivant) pradgermmizd Yacuum

pressure with a vacuum pumping system. The vacuum ressurte até/vplich égealggﬂ ant is degassed is
not particularljulimiiaet axy RePERIASH) abGRPINR Bk T%-‘Bof"g. YeRE &Y AEE Mg step, it is preferable

e o B SR T Con e bicgatuoma e e ey be
perfluoropolyetiigs s GhapaUBRiyesL i ectéitt aipurifitABdrb TeRAUBREEIRTRPHSNUFHBR Piffified by a
mchioving high e ETERE B PR VA BT Yo oM he e &t ion metho s
suitable for puﬁ%kﬂgc}ﬁ? %%Eﬁ%ﬁnvégﬁgﬁ@ﬁw Adsnbiperesncpayanidethigubscantis degassed in
a vacuum atmosphere, the lubricant is preferably purified by the molecular distillati nb@(%ﬂ?d in such a
manner that theopritistse tetheleaciamistifesigshaeitigd is suitabie for purifying the :

which contains a polymer component.  If the jubricant is degassed in a vacuum

atmosphere, the lubricant is nreferably purified by the molecular distiliation

method in such a manner that the pressure in the vacuum atmosp.here is

maintainad or further reduced.

In the firat embodiment, a method for purifying the lubricant is not

limited 1o the molecular distillation method and the jubricant 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 fiquid lubricant at least 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 malecules of the lubricant.

[0018] Since the lubricant vapot is liguefied within a distance less than the

mean free path of the lubricant vapor molecules as described above, thatis,

distiliation 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



maintained or further reduced. In the first embodiment, a method for purifying the lubricant is not
limited to the molecular distillation method and the lubricant may be purified by another method such
as gel permeation chromatography (GPO) 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 least contqipiing 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 liquefied

within a distange fess than thaJeeardraripatataiitie bieit wepoehtesutesiesudiyscribed above,
that is, distillation is performed in such a manner that the distance between a vaporization surface (an

evaporation suiite)iardthditirsteatiorRBaraeEH EsadnRaIHK SiHAES) I’ Whaintained less than the

mean free path of the 12 lubricant vappr molecul iadechpioue jspeqainigisared to as molecular

distillation), th}ﬁ%‘?ﬁ:%tfﬁr\/%%?‘T"ﬁo%g@%g%?ge#;ér%%éﬁgurnéd to the vg%e(()qrization_ surface by collisions

therebetween Jhansesigh disdiativreflicientecarhis obtaireihdnootheeouadsizitedriing to

molecular distillation, the lubricant vapor is liquefied before the IubricanLvaLRor m(?‘l quﬁ collide with
£s co

other moleculdeanithiisangaaans liadainhtfloradan HeEGh BPRIHRSE T Vaper r@éelecu es; hence,
distilation can beperfomad n aion- sl BaaRahéRmabiassiate srmerebushited from the
il that t

liquid-vapor eq rium suc e lubricant vapor is liquefied). [0019] A system for molecular
distillation will pgysbeclesarisetience, digilataiooandeqeriiradncd aaasiliafdRtillation system.

The molecular distillation system 20 shown in Fig..1 includ feed f Aifeed-flagk,mantle
heater 22, a mAGRBREANFEBpRAIAG DRSS gﬁi%ﬂrﬁg}“ﬁﬁrﬁaﬂgﬁ%)}} %Z&?ra istillation column 25, a
distillation colugmg mgqﬁlgrir&gﬁ{qfa%@r & IRpidnedieceiving 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 refeddntsiaspitetirmmoledulentistlaiitiandhnam B2 4a5¢TRRSGence numeral 33

represents a control p%ri]ge.l Josfn%%&‘éré’ 'gé‘%;%‘&?a%%%%?“a molecutar distillation system. The

molecular distiliation system 20 shown in Fig. 1 includes a feed flask 21, a feed-
flask mantle heater 22, a magnetically coupled agitator 23, an agitator control
box 24, a distillation column 25, a distillation column mantle heater 28, 2
residue-receiving flask 27, a distillate-receiving flask 28, a low-hoiling-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 conirofling this system.
A lubricant to be subjected to molecular distiliation is placed in the feed
fiask 21. Molecular distillation need not be necessarily performed under
vacuum conditions. -However, the lubricant is praeferably subjected to |
molecular distillation under vacuum conditions.  This is because the molecuiar
distillation of the lubricant under conditions other than vacuum conditions
causes an increase in the frequency of collisions of molecuies 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 1o a predetermined pressure with the evacuation unit 32. The



A lubricant to be subjected to molecular distillation is placed in the feed flask 21. Molecular distillation
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]
After the lubricant is placed in the feed flask 21, the system is evacuated to a predetermined pressure

with the evac%péwj@iilt’ VA lﬁﬁeﬂrﬁ@fﬁ@%@m the-qystemtis ’pr@f@%ﬁl@r arE)-29Plgss 1 x 100r may
be less than this vacuum range. The pressure therein can be measured with th[% )g@é:uum gauge 30.

Since the systean ithinaitaime dafgdiigh o RS HEJREET CRISORIBEANETR Wi 16 performed in
advance. An impurity gas contained in luhricant flows towakd:t vagiaiandaysSdtirough the
pipe 34 and a‘ﬁ?ﬂ%ﬁ a?é’%eoﬁ @m%fﬁg%%%%%ﬂ%iﬁg-poim condheﬁr?gate trap 29. The lubricant placed
in the feed flagk 2kinaay-BeheatedwitetoededdrlagkamemtieATeinaudly 48s<qniaed N After the

system is evacuated to a predetermined negative (vacu ressure, the. i %%i%fed into the
distillation coImﬁﬁ%i@ﬁfmfiﬁ‘é&é@&ﬂéﬁ?@zTYWE\%’]‘OW#%%EW?E%}% tl’?g5 ub‘rglcant fed into the
distillation column. 25 fr o Slask 21.crRRdImeqrirelledray ashustiag &t ofeming of a cock 35
located in a Io%%rrn%% §égrﬁ%1rr1%§the feed flask 21. Irgl usual, the feed rate thereof is glrl??{erably about 1

to 30 g/min. Aigsidgtionlitéeed tatcfees lasin24misorbademas v foregRtiRaiom A Eontrast, an
increase in feed rate can result in a decrease in the efficiency of distillation. [0021] The lubricant
flowing into th&eAENIZEF CBRIIR®S is heated to a predeterrnined temperature with the distillation

column mantle heater @@egi@,@@ﬁ@éﬁ%@éeé&@aﬁﬁﬁm&lﬂm@ﬁdmmﬁédmaghﬁsech&a}. The heating
temperature of the lubricant depends on the type thereof and is equal(tgp a t%nggr%}té%esgt which the
lubricant is vapoezecrsT Hee lubricant jsriesijimtes sisiHiRtom e AbB e BP0 Compound is

preferably heated tq about 100C_ to 220 peferalhhdP0e 2len baruheaby temperature
of the lubricanédan B%ecaﬁ't%ﬁ’é [ ?/ arcﬁjiggﬁﬁgh{%gj%mperature of the distillation column mantle heater

26 and the actyal-{efprraluesk hehbrisaohinite dipittisingdlueepesicanbe Hekstred with a
fhermometer p:gg:tdeéinirthae ig\i:gygggnpggligrrpgf%r?é fégci flask 21. In usual, the feed rate
thereof is preferably about 1 to 30 g/min. A reduction in feed rate resuits 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 iubricant flowing into the distillation column 25 is heated to a
predetermined temperature with the distillation column mantle heater 26
disposed outside the distiliation column 25 which is cytindrical.  The heating
temperature of the lubricant depends on the type thereof and is equal 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 180°C to 200°C. The heating
temperature of the lubricant can be controlled by adjusting the temperature of
the distillation column mantie heater 26 and the aciua! temperature of the

fubricant in the distiliation column 25 can he measured with a thermometer

placed in the distillation column 25.



[0022] The magnetically coupled agitator 23 includes a wiper made of, for example, a
fluorine-containing resin, extends longitudinally in the distillation column 25, and is operated at a
rotation speed of about 20 to 100 rpm in a predetermined direction under control of the agitator control
box 24. The rotation of the wiper allows the lubricant to form a thin layer on the inner wall of the
distillation column 25. This allows the lubricant to lhg readily vaporized. The vapor of the lubricant is
brought into contact with a cooling rod 36 and therefore liquefied. The resulting lubricant is collected in
the distillate-receiving flask 28. Cooling water is fed through an inlet 36a of the cooling rod 36 and then

discharged th{ aR-Qutiet 36hithayaafuphaiinlpta6amnt theiesitet 36D Meidg disisdsed in a lower
region of the cooling rod 36. A residue which is not vaporized. aréd which remﬁé@ﬁéﬁéﬁe

residue-receirgrinisk 2 funtyeerBEIREIRSEISSIRBES PRGNS IS SRRGT that the
temperature of the disztglati0é1 colum rgzegtge Regies ggeiéd/gfigg@ﬂ@@hg remidaenismthen fed into the
' |

feed flask 21 ﬁagﬁﬁ’.n H ir§18 e stlllratlon system shown in Fig. 1 is an example and a system
for momcumr(?i@@@@ﬁﬂﬁfeﬂ@ﬁd&aﬁ@ﬂ dadbisortecoldnaistitativreeps@hood®a] AXibricant produced

by the method according to the present invention preferably has a weight-av. m lar weight
(MW) of 4000 80004 EMIRE FHIAMRENG &866%8*%656?"3/&3?&@? §ﬁ%og’r§1d%£%9§ By%t!%&grocess

preferably has, s olacular weigh GlribstRnabldart Rianddnote ipseteiablyadoria the molecular

f
weight distribution being defined as the ratio of the weight-average molecular weight (Mw) to the

number-averagagn@g@utﬁﬁ%ighﬁcﬁm)'sM!Bhéimm&@w&%%@%é’%r%% 8 has such a

weight-average molecular weight ﬁnd moleggula[#[ Cgefé%h fion. advaniagesehtheipresent

y S .
invention can HeesRiRidiarefied. THOR ASFEANG, ucgé%yéﬁ%l process principally contains a

perfluoropolyeﬂé%g(a%d tt@ognge{%ggrtgef&gfﬂm@}p@kyaﬁmmhamﬁrthis prefiegbiy 3B ajrdater than 85%.
When the perfluoropolyether content is 85% or less, any advantage% of the esegé i?\é%%tion cannot

be achieved intseméisasegeadbtrdiip B SeTdrRl UFidARE caR BRDISuHES ST 2s to have
high perfluoropolyether content. The cgptrﬁ[gncmtpg Aeterminaday NMB<auslamisnagnetic

~ resonance) sp@ﬂf&gﬁﬁﬁ ?4? Weherr ore, the presentinvention provides a lubricant for forming a
lubricating Iayqy%@zg}ggﬁgquia&emﬁwBmwmmip@mﬂ@%p&ﬂy@ﬂﬁeb%nd has a molecular

weight distribution of 1.3 or less. Since this lubricant contains a perflupropol dhas a molecular
weight distributiepeatadty stidsstanit distbate s SHR %Wﬁ%%ﬁcﬁ‘%%@ﬁég%ﬁayer which is

effective in preventing I SUStian AOGer cosgeien el e iemely ealiélinpeeigtiiofotbam o ess
which is effecti?& preventing migration at a high rotational speed of, for example, 5400 rpm or more,

which has highteed fiask 21 again.
The molecular distiltation system shown in Fig. 1 is an example and a

system for molecular distiflation is not limited to this molecular distiliation system.
{0023] A lubricant producéd by the method according o 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 nreferably 1
to 1.2, the molecular weight distribution being defined as the ratio of the weight-
average molecular weight (Mw) fo 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 orincipally contains a

perfluoropolyether and the content of the perflucropolyether therein is preferably



adhesion. The lower limit of the molecular weight distribution of this lubricant 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 molecular
weight (Mw) of 4000 to 8000 and more preferably 4000 to 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 hydroxyl

group bondedfagieldnih RAHICUIAIIHEAB ISR aiM cesiain 6 ESToRD UL flmhas a

perfluoropolyether chain and hydroxyl groups located at both ends of the chain and more preferably
contains the aibumizerdkiof dhetraebeompamprmiasiot be BebiRes WhePiRSRRcular weight

distribution and/or weight-average molecular weight of this_lubri '% ggﬁgqg ove, this
lubricant has &5‘68’9}8%5%% ‘bﬁ% (€8S [géﬁgﬁﬁbr%%%hét c’%blcg areétcéor%%g to a preferred embodiment

of the present jnuentiepdiasislubsiaating fayertomaecth spnigngraiterinahb S dortingto the present

invention onto the magnetic disk. The magnetic disk at least includes, on the substrate, a magnetic
layer, a protectiegiajierresotanedubpeaiineFRR¥r. The lubricating layer can be formed by applying this

lubricant onto fg proteciive Iaver. The HOIERINR RN BRIGIRIEYEREANIGERIRIING o

lubricating layer on a magnetic disk.  This lubricant contains a
perfluoropolyether and has a molecular weight distribution of 1.3 or less.  Since
this lubricant contains a perfluoropotyether and has a molecular weight
distribution of 1.3 or less, this lubricant is useful in forming such a lubricating
layer which is effective in preventing fly stiction and/or corrosion at an extremely
small flying height of 10 nm or less, which is effective in preventing migration at
a high rotational speed of, for example, 5400 rprn or more, which has high
adhesion.

The lower limit of the molecular weight distribution of this ubricant 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 weighi-average molecular weight (Mw)
of 4000 to 8000 and more preferably 4000 to 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 ieast one hydroxyl group bonded thereto. In
particular, this lubricant preferably contains a compound that has a
perflucropolyether chain and hydroxyl groups located at both ends of the chain

and more preferably contains the above perfiuorotetraol compound.  This is



The lubricating layer can be formed by, for example, a dip coating method. The dip coating method is
as follows: the magnetic disk having the protective layer is immersed in a solution prepared by
dispersing this lubricant in a fluorine-containing solvent, whereby the lubricating layer 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 50C to 1§%C after being immersed therein. 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 he%éﬁéé’kﬁ‘n%sesnt{h%r%’&léfmQFWSH*:%éiﬂﬂbtfbﬁ%i?&b%@ NERHEARAgEI0ad/unload (LUL)

durability is reduce Th'Some cases. [0026] In'the present invention, the protective layer may be
carbonaceousxisparticwaktihefinitdativiedayer is prsieinbly spneepitived digarhah8688us. This is
because the protective layer has high affinity to an alcohol-modified perfluoropolyether and an
appropriate adWRIsEHNG RECRERESoN thereof can be adjusted in such a manner that the protective layer

s prepared g afbon by AR ORI rsrps sty content anlor

a desired nitrogen content. “17 The hydrogen content, which can be determined by hydrogen

forward-scattefringreépectasrelp(HHBY Isysrcferasy Mreanyino athicHEaer A2 Ai¥yen content,
which can be determined by X-ray photoelectron spectrosc >) dSIPRTRabn Qe 12 atomic
percent. [0027&”%3%#8%’@6{@|89yé‘:m‘$e5‘ﬁ%‘?8?h°ié%??ef(ﬁf?%%%@m be amorphous and
carbonaceous Qyablasmasenhanermhehemieal wapotadepediim, methibe. lLibpeatioglayahe protective
layer is preferably made of amorphous carbon hydride. When the protective Iaé/er is formed by the

plasma-enhandéd tHuivasabvaner eepbSTRRNARPYH PR 18I PHFARO CIBIRGL FFETSBly used: a
gaseous Iowerﬁgét{gﬁt@ad?s}%r{ggg\ggqu%rf %%ﬁ@?é?ﬂﬁ&{%%%&‘ﬁ@é&@éwated hydrocarbon, such as

acetylene, hav on atoms or less ., |
The lubricating fayer can be formed by, for axample, a dip coating

method. The dip coating method is as follows:  the magnetic disk having the
protective layer is immersed in a solution prepared by dispersing this iubricant
in a fiusrine-containing solvent, whereby the iubricating layer is formed. In
arder 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 iubricating layer preferably has a thickness

of 0.510 1.5 nm. When the thickness thereof is less than 0.5 nm, the
iubricating iayer has unsatisfactory fubricafing properties in some cases.

When the thickness théreof is more than 1.5 nm, fy stiction occurs and/or
load/unicad (LUL) durability is reduced in some cases.

[0028] In the present invention, the protective layer may be carbonaceous. In
parficular, the protective layer is pfefe_rabiy amorphous and carbonaceous.

This is because the protective layer has high affinity {o an alcohol-modified
perfluoropolyether 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 fo have a desired hydrogen content and/or a

desired nitrogen content.



particular. The magnetic layer preferably contains Co, which is suitable for hi i [
Exampl_es of th(_e magnetic layer include a Co-Pt magnetic layer and a Co-Cr- (I)Dt i:l;galzgg:trilslgyr:rcc}rg:eng.
mqgnetlc layer is preferably formed by a DC magnetron sputtering method. The magnetic aisk is
_swtable f_or 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 ghive, problems such as fly stiction and corrosion
can be pre\_/enFed even at an extremely small flying height of, for example, 10 nm or less. The
magnetic disk is suitable for use in a magnetic disk drive including a magnetic head inclu.ding a

negatve pressire Sider (RAR silen: Thirfsdaecosse musiiaaegetiroges oreider i iabe o

inhale an ordinary lubrican the lubricating layer readil ' [ ic di i
_ _ ibrice ‘ y has high adhesion. A magnetic disk d
including the sragieetig @mﬁm@@mﬁ%ﬁ)assé?f@\é‘%ﬁm%%@@ﬁ% %ﬂgaf”&ﬂ%% ‘a‘%&?"é}B xamples [002“8\/]e

magnetis sk REE G o AN D T B e e e spadspys &
(XPS), is preferably four to 12 atomic percent.
[0027] The protective layer used herein is preferably formed to be amorphous
and carbonaceous by a plasma-enhanced chemical vapor depasition method.
in particutar, the profective layer is preferably made of amorphous carbon
hydride. When the protective layer is formed by the plasma-enhanced
chemical vapor deposition method, the following hydrocarbon is preferably
used: a gaseous lower saturated hydrocarbon or a gaseous linear lower
saturated hydrocarbon, such as acetylene, having ten carbon atoms or less in
particular.

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

- The magnetic disk is suitable for use in a load/unicad-type magnetic
disk d_ri\ié. in the case where the magnetic disk is instalied in such &
load/unioad-type magnetic disk drive, probiems such as fly stiction and
corrosion can be prevented even at an extremely smail flying height of, for
example, 10 nm or less.  The magnetic disk is suitable for use in a magnetic
disk drive including a magnetic head including a negative pressure slider (an
NPAR slider). This is because such a ﬁegative pressure slider is liable to
inhale an ordinary lubricant and the iubricating tayer readily has high adhesion.
A mégneﬁc disk drive inciuding the magnetic disk functions well as a

ioad/unioad-type magnetic disk.



The magnetic disk 10 includes a disk substrate 1, a nonmagnetic metal layer 2 including a seed
sub!aygr 2a and a base sublayer 2b, a magnetic layer 3, a carbonaceous protective layer 4, and a
Iubrlcat[ng layer 5, these layers being arranged on the disk substrate 1 in that order. The Iut’)ricating
layer 5 is prepar(_ed from a lubricant according to the present invention. Detailed description is made
below._ (Preparation of Lubricant) A process for pradsucing the lubricant will now be described

Fomblin Z Tetraol (trade name) (hereinafter referred to as Lubricant A), principally containing. the
abq\{e perfluorotetraol compound, available from Solvay Solexis was selected for preparation and then
purified by thﬁg&g\ﬁ@e@olecular distillation method. In particular, a molecular distillation system having

substantially the same configuration as that shown in Fi i i
i , in Fig, 1 was used, Lubrica was fed into a feed
flask included 928 n’cblémﬂ%&%ﬁﬂ%ﬁﬁﬁ%@t@ﬁ?ﬁﬂﬂr‘tN\é‘ﬁd?‘@&’s%?ea%sﬁg’ R ozfégl%%r'yéistillation system

was then reduged to ﬁ X 0-3 Pa with an evacuation unit. The t
len re L : . emperature of a mantle heater attached
toa dIStIIIatIOR%((ﬁmR was set to 180C. Lubricant A placed in the feed flask was sufficiently degassed

using a vacuum atmogperetiowee maigoalardiskinatmesytnmidnadrabrdngeh thitan impuri

. - - - - t as
or the I!ke contained in Lubtr_lcant A was removed. [0029] Resulting Lubricant A was fed intolothey )
distillation col @Fg8SFBrT{RB&d flask at a constant feed rate. In this operation, a wiper disposed in the

distillation column was-QP(aled.&t fredeiamiredetalisnstspret. d hend@gnetic metal
layer 2 including a seed sublayer 2a and a hase sublayer 2b, a magnetic layer 3,
a carbonaceous protective layer 4, and lubricating layer 5, these layers being
arranged on the disk substrate 1 in that order. The lubricating layer 5 is
prepared from a lubricant according to the present invention. Detailed
description is made below.
(Preparation of Lubricant)

A process for producing the lubricant will now be described.

Fomblin Z Tetraol {trade name) (hereinafter referred tc as Lubricant A),
principally containing the above nerflucrotetracl compound, available from
Solvay Solexis was selected for preparation and then purified by the above
moiecular distillation mathod.  in particuiar, a molecular distillation system
having substantially the same configuration as that shown in Fig. 1 was used.

* {_ubricant 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
107 Pa with an evacuation unit.  The temperature of 2 mantie heater attached
io a distillation column was set to 180°C.  Lubricant A placed in the feed flask
wag sufficiently degassed using & vacuum atmosphere in the molecular
distillation system in advance such that an impurity gas or the like contained in
LubricantAWaS removed.

[0029] Resulting Lubricant Awas fad into the distillation column from the feed
fiask at a constant feed rate.  In this operation, a wiper disposed in the

distillation column was operated at a predetermined rotational speed. The



temperature in the distillation column, as well as the temperature of the mantle he

dlstlllateT was obtained from Lubricant A at 180C. Thpe obtained lubricant (her:itr(learl,ft\(,evra fe%fr?gd ﬁ)
as Lubrlcgnt B) was measured for molecular weight distribution by gel permeation chromatography
(GPO) using polymethyimethacrylates having different molecular weights as standard substances. The
measurement showed that Lubricant B had a weighigaverage molecular weight (Mw) of 5130, a .
number-avera_lge m_olecular weight (Mn) of 4500, and a molecular weight distribution of 1.14 :I'he
molecular weight distribution is an index defined as the ratio of the weight-average moleéulér weight

(Mw) to the nymherayerageRadipsiaioniaihtMs Wet asdhsismbeuidcant BoyEMR

- : |
magnetic resonance) spectroscopy showed that Lubricant B principally cgnttaj‘ d the perfI(LT(L)JrCo?;[:aol
compound anti¢atecomtent@T e FeriRibrwas QTAPRLAPNLI BB 2 \Trizant B obtained as

described above was dispelsell e uRE:RIpAAAER: VeUigl B sdaseme) avaiable

from DuPont-Mitsui Flu icals W%ere icant-containin i '
. y W - g coating solution was prepared.
The above preparaligaa/asReremedilgaicltstriroton. tiheat leaimlinaterof R s 766 Wai’ better

than Japanese Industrial Standards (WS) 89920 Class 6. [00301 (Manuf ic Di
: ) 6. [0 tur
A 2.5-inch chet@EAllusnFoRsneiagsd qgﬂa&ﬁé}%ﬁ%%ﬁﬁ% el ﬁegh |2%]eet2(r: (I)Dflzlé)) mm

mi, an inn

and a thicknesg ofé).@(?g e luminosili .
: aNOAT JE%@AJE@E ot aluminosilicale: dlass¥em areparrdard taeraprocessed into the
disk substrate i. ,R principal tace of the disk substrate 1 was mirror-polished such thaF; Rmax was

tehqeu?r: at10 séﬁcnlrgu@m;MM?EMetotﬂm@m. (Mw) The1S8e@ SUBIRGEYSIGHE Bﬁg@f%ayer 2b. and
order. J v%//girghtvelt‘%we) oc%rdr%%%,oa% hae nq;'gllégﬁg?%%ﬁ%ht{yd%ﬁ&%%gﬁ(%.Sp\ﬂﬁgrlng method in that
molecular weight distribution is an index defined as the ratio of the weight-
average molecular weight (Mw) to the number-average molecular weight (Mn).
The analysis of Lubricant B by NMR (nuclear magnetic resonance)
spectroscopy showed that.Lubricant 5 principally contained the perfluorotetraol
compound and the content of the verflucrotetraol compound was 20%.

Lubricant B obtained as described above was dispersed in the fiucrine-
containing solvent Vertrel XF (trade name) available from DuPont-Mitsui
Fluorochemicals, whereby a lubricant-containing coating solution was prepared.

The above preparation was performed in a clean room. The
cleaniiness of the clean room was better than Japanese industrial Standards
(JIS) B9920 Class €.

[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 subsirate T was mirror-pofished 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
wers formed on the disk substrate by a DC magnetron sputtering method in that

order.



20 The seed sublayer 2a was made of a Ni-Al alloy (a Ni content of 5

content of 50 mole percent) and had a thickness of 30 r):rr(l The base subla(;/(rerr]c.)Zlg \F/)vzr;%l;gg%fag A
Cr-Mo alloy (a Cr content of 80 mole percent and a Mo content of 20 mole percent) and had a
thickness of 8 nm. The magnetic layer 3 was made of a Co-Cr-Pt-B alloy (a Co content of 62 mole
percent, a Cr content _of 20 mole percent, a Pt congant of 12 mole percent, and a B content of six mole
percent) and _had a thickness of 15 nm, [0031] The protective layer 4 (a thickness of 5 nm) made of
amorphoug diamond-like carbon was subsequently formed by a plasma-enhanced CVD method. In
this operation, a gas misteeeobnliregerPandacegderts, avNiohl wiey dadWeonkdtafAed hydrocar.bon,

was used The analysis of the protective layer hydrogen forwayd-scatteri e

- remetry (I-1IFS
showed that tﬁ@bré@éﬁ%ﬁé?eﬁ%‘é%%ﬁ)é8%&:%?’8%%%@?{3@ %ﬁ'ﬁ 362%5%[%%%5%5 ]?gn ato?/ngc :
percent of hydrogen and eight atomic percent of nitrogen. The lubricating layer 5 was

£ . )
subsequently'?ormed by a dip coating method using the lubricant-containing coating, solution prepared

as described above. Atterithslabtizatng tayes wadfophe & iMomlighRiCH R T WP Reated

mole percent and a Mo content of 20 mole percent} and had a thickness of 8
nm. _

The magnetic layer 3 was made of a Co-Cr-Pi-B alioy (a Co content of
62 mole percent, a Cr content of 20 mole percent, a Pt content of 12 mole
percent, and a B content of six mole percent) and had a thickness of 15 nm.
[0031] The protective layer 4 (a thickness of 5 nm) made of amorphous
diamond-like carbon was subsequently formed by a plasma-enhanced CVD
method. In this operation, a gas mixture of nitrogen and acetyiene, which was
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
nercent of hydrogen and eight atomic nercent 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 heaied
at 130°C for 90 minutes in a vacuum oven, whereby the lubsicating layer was
bonded to the protective layer 4. The lubricating layer 5 was measured with a
Eourier transform infrared spectrometer (FTIR).  The measurement showed
that the lubricating fayer 5 had a thickness of 1 nm. According o the above
procedure, the magnetic disk of the present invénﬁan was obtained.

[0032] (Evaiuation of Magnetic Disk}
[Lubricating Layer Adhesion Test]

The obtained magnetic disk was immersed in the fluorine-containing



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 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 Test] The obtained magnetic disk was immersed in the
fluorine-containing 21 solvent (Vertrel XF described above) for one minute. In the immersion of the
magnetic disk in the fluorine-containing solvent, a week portion of the lubricating layer that has low
adhesion Wa%gﬁqlwér{féthﬂ:ﬂwjmb@matzxinb’jg‘cs’m@m’@uﬂa-stﬂ@ﬁb%kﬁ‘f’fﬁ‘ﬁfﬁ?'ﬁh@f f¥ricating layer
that has high adhesion was allowed to remain on the protective.| ic: i as taken
out of the flugriagrEdtEiRiNG Qﬁ\/@fﬁf&eé%@w*@c?ﬂ%ﬁﬁ%aﬁawﬁ%q%%ﬁéﬁi%%%%%%sﬁ%asured for

thickness with_an FTIR specirometer; Thesatingfites ihigkeenmafitheotradted sbieatibytiayer to the

thickness of t@(%rn reated lubricating layer is referred to as a lubricating-layer 9he ff? ratio (hamely,
bonded ratio) s Afrdngreasiimdidhedabrinitingalayab thatinarehies mARSKINEERA"GY R Yoricating layer

to the protective layer. If the flying height is extremel l:thatis, i the Hying hright is 10 nm or less
when the LUL"@H@HbﬁWé‘h?s@Eg,tﬁﬁ%‘@o 48l ra |Ro€:"i:5n %liqsgrﬁeﬁ)@égreater than 80%. The magnetic disk of

this example l‘f\ﬁﬁiﬁ@%%@éiﬁﬁk@%@f&%‘l@t[bﬂ@@@wﬁr@mmtmmmmgamawémavefag%q The

coverage of the lubricating layer was determined in such a mann%r that the yerage

) lay | at the. kWJé%I%TeSS of the
lubricating layeTeassreddas dneakgss i BRJTO T ERBTSRRERSscOPS. i the miaghetic disk of this
example, the lgfb tﬂ%%gggté%yﬁ%g%gﬁ%ﬁ ?av\fé]a%eﬂ?é R&ness of the untreated Iubricating layer

is referred to as a lubricating-layer adhesion ratio (namely, bonded rafio). An
increase in bonded ratio leads to an increase in the adhesion of the lubricating
layer to the protective layer. [fthe flying height is exiremely small, ltha’c is, if the
ﬂying. height is 10 nm or less when the LUL method is used, the bonded ratio is
preferably greater than 80%. The magnetic disk of this example had a bonded
ratic of 85%.

IMeasurement of Lubricating Layer Coverage]

The coverage of the lubticating 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
lubricating layer had a coverage of 95%.

[LUL Durability Test]
in order to investigate the LUL (lcad/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 following number was counted:

continuous LUL operation was repeated a great number of {imes in connection



[LUL Dgraplllty Test] In order to investigate the LUL (load/unload) durability of the obtained
magnetic dlsk 10, j[he magnetic disk 10 was subjected to an LUL durability test. An LUL-type
HOD (hard .dISl'( drive) (rotatable at 5400 rpm) was prepared. A 10-nm flying-height magnetic head and
th_e magnetic disk of this example were installed in the HOD. The magnetic disk included an NPAB
sllder_ and a magnetoresistive reproducing elemengGMR element). A shield section was made of
Fe-Ni permglloy. _The following number was counted: continuous LUL operation was repeated a great
number of times in connection 22 with the LUL-type HDD until the magnetic disk was damaged.

[0033] As a reguitsthe magneticidiskefithis exagnelicwaskalde teoraga® the LUL operation nine

hundred thousand times without being damaged. It is known that it takes.a
_ : aged. C out s that the
number of tim@§3Rk LA ofsstdtichasTRTSHRSE LN %5@8%‘%? 3rélﬁlar?gr§a/n£t%§/iﬁggns exceeds four

hundred thousapd, Henge, e MagneUs Hiskaldbissxanie sesdicexabiajed lo bareliable, No fly

stiction occur y teste The magnetic head and ma ic di '
n : : . o magnetic disk subjected to the LUL
durability test yeserinnastigated ibdetadmjtinantoptitel mictostoprarttan blde®BRAAIBbscope. The

investigation showed that the [ i di
e s
thousand. Hence, the magnetic disk of this example can be gvaiuated to be

reliable. |

‘No fly stiction occurred in any tested HDDs.

The magnetic head and magnetic disk subjected to the LUL durability
test were investigated in detait with an optical microscope and an electron
microscope.  The investigation showed that the magnetic head and the
magnetic disk had no damages of corroded portions.  Furthermore, the
investigation showed that the magnetic head had no lubricant stains.

[0034] (Example 2)

in this example, Lubricant A described above was purified by molecular
distillation in such a manner that the temperature of the distillation column
mantie heater was setto 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 distiliation column mantie heater. The obtained lubricant
had a weight-average molecular weight (Mw} of 53900, a number-average
molecuiar weight (Mn) of 8000, and a molecuiar weight distribution of 1.15.
The analysis of the iubricant by NMR showed that the lubricant principally
contained the perfiuorotetraol 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 Exampie
1 The evaiuation showed that the magnetic disks had a bonded ratio of 84%

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



In this example, Lubricant A described above was purified by molecular distillation in such a manner
that the temperature of the distillation column mantle heater was set to 200C. 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 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 perfluorotetraol compound and the content thereof was 92%. Magnetic disks were
prepared usingthebrigant imsyhsteniisly thersamempaienesresaiiiatidesgtiiedna Example 1, The

obtained magnetic disks were evaluated in substantially the samed manner asﬂgft@gle&cribed in
Example 1. Theewditmtite o tharsrhigremitiRUE iR e LB0IRAST ratic 5t 8455 and the

lubricant had & coverage of 9626 We LUlhiatiitndesydhereal @8shauerbnat the magnetic disks of

this example $ESRIEtS endure the LUL operation nine hundred thousand times without being
damaged. Therefore, thefmsgtirticalisksad thisrextasiplé idé'Be evaluated to be reliable. No fly suction

occurred in any tested HDDs. Magnetic heads and.the magnetic di Lﬂﬂ%% he LUL
durability test were in@@%@t@@%%@%ﬁ @ﬁ%ﬁﬁ:caaﬁif rB8C pg%ggn %ﬁr% glectron mi@éseope. The

investigation showed, that the magnglichspdsinad Biticananeiéscipesdnaceancetiamages or corroded

portions. Furthermore the invéstigation showed that the magnetic heads had no Iybricant stains. [0035]

(Example 3) micodhimexaifipanetigatinnishesedsbatdhe BavasHuRRRe R hiiEcular distillation in
such a manner that the teﬁg@a;}rﬁ? é%ﬁeg%%sé%g%%?gﬁé% Lég&%wtle@lﬁ@.@,r%éﬁﬁ@to 170C. A

lubricant was ﬁ?@ﬁﬁ?éi& ff ntia same manner as that described in Example

1 except the tgmperRE0ifBa cistiiation aelymmirtanttsteaten Theichibatiubricant had a
weight-average molecular weight (Mw) of 4800, a number-average molecular weight (Mn) of 4180, and
a molecular wé@flsdistibxetiarcod)l.15. The analysis of the lubricant by NMR showed that the lubricant

principally contained triﬁ@ﬁsrg%gm%? ;ﬁéﬂ&%ﬁﬁﬁ,&{%@@&ﬂé@%ﬁ%@%@ﬁtﬁ%W% a¥ecAlanagnetic disk

was prepared using th UBHEANE 1N Substantia y the same manner as that described in Example 1.
The obtained raagnstisoisk Veaseevaluate thint SubstamitiutecthtedinbininaeoiHBt Yescribed in

Example 1. The evaluation showed that the magnetic disk had a bonde | 9 the lubricant
had a coverag&ehtgdisataevwas sahiadinif %Sé’ﬁ%%\‘?@&%ﬁ%g " a%rr?etié%cﬁ&%&gt%@&zggm ple was

?nballe to endure éhﬁ]sltgrjitigly{‘%iggrﬂg‘ﬁmgf'mgf &d theusanditimem Eithonsibeirgciepiged. Therefore, the

gnetic disk of this'example can be evaluated to be reliable. ] _
temperature of the distillation column mantie heater. The obtained lubricant
had a weight-average molecuiar 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 perfluorotetrac! 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 obfained magnetic aisk was
evaluated in substéntiaity the same maénef as that described in Exampie 1.
The evaluation showed that the magnetic disk had a bonded ratio of 85% and
the lubricant had a coverage of 92%. The LUL durabiii_ty test showed that the
magnetic disk of this example was able 10 endure the LUL operation nine

hundréd thousand times without being damaged. Therefore, the magnetic disk

of this example can be evaluated to be reliable.



24 [0036] (Example 4) In this example, Lubricant A described above was purified by molecular
distillation in such a manner that the temperature of the distillation column mantle heater was set to
160C. 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 4200, a lumber-average molecular weight (Mn) of 3820,
and a molecular weight distribution of 1.10. The analysis of the lubricant by NMR showed that the
lubricant principally contained the perfluorotetraol compound and the content thereof was 86%. A

magnetic disk{mrrq@@gw@mg the lubricant in substantially the same manner as that described in

Example 1. The obtained magnetic disk was evaluated in substantiall thg scg%e m?gm(?#ras that
described in Examplelil tihexsaRiabHosisaned 1RaEtRE SrERMEW RN EE A HoRded Fatio of 82% and

the lubricant had, g SOYRIRAE AT 23 nd L Quiailraieat shawed dhak dba seagnatic disk of this

example was e operation nine hundred thousand times without being damaged.
Therefore, theyaagaelicdisives tistexmsopl canlbriozatustsdretusdliatius PEIPe dinparative

examples will now be described in comparison yith the aboye examples..( ive Example 1)
In this compa@@@@&ﬁ%@?W%%W%@@ﬁﬁ%@%ﬂgﬁfﬁg a{ge%ﬁﬁ?%ge@ %ﬁépg rcritical extraction. That

is, Lubricant A was purifiedwith &sHpgrsHtisldichaxtiastiondsystens islatting latsigaercritical fluid

feeder, a temperature adjuster, and a pressure adjuster. A mobile phase in supercritical extraction was
a carbon dioxitledhienigfatemgioxidecaarbesishtidied siAeRGitRAMNRIRYE R ner that carbon

dioxide is maintalned at 3 prossre, of 80,13 350, KOEIN2 400 AIGIRSLEAYIRIOH 396 19.300C. The

The analysis of the lubricant by NMR showed that the lubricant principally
contained the perfluorotetraol compound and the content thereof was 86%. A
magnetic disk was prepared using the lubricant in substantiaily the same
manner as that described in Example 1. The obtained magnetic disk was
evaluated in substantially the same manner as that descriped in Example 1.
The evaluation showed that the magnetic disk had a bonded ratio of 82% and
the lubricant had a coverage of 92%. 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 example can be evaiuated to be reliable.

[{}Oé.?j Comparative examples will now be described in comparison with the
“above exampies.

(Comparative Exampie 1)

| in this comparative example, Lubricant A described above was purified
by supercritical extraction. That s, L ubricant A was purified with a supercritical
fluid extraction system including a supercritical fiuid feader, a tlemperature
adjuster, and a pressure adjuster. A mobite 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

kgfiem? and a temperature of 35°C to 300°C. The elution of a lubricant from a



column was monitored with a Fourier transform infrared spectrometer (FTIR), an ultraviolet absorption
spectrometer, or the like. Lubricant A was fractionated on the basis of retention time while being
monitored; hence, fractions having desired molecular weights were obtained. In this comparative
example, Lubricant A was not degassed. The obtained lubricant had a weight-average molecular
weight (Mw) of 7340, a number-average molecularweight (Mn) of 5600, and a molecular weight
distribution of 1.31. The analysis of the lubricant by NMR showed that the lubricant principally
contained the perfluorotetraol compound and the content thereof was 85%. Magnetic disks were
prepared using,ihghikHsanbinsebsiantialoites tresfoanriofras thenedsemsid T Example 1. The

obtained magnetic disks were evaluated in substantially the same, man t ibed in

Example 1. The eﬂm‘aﬁ@iﬂﬁ@ﬁ@\'ﬁéQﬁﬁﬂ@m@mﬁ@{eﬂﬁtaﬁ&%ayg b%?é%%r‘%%%r}f% (gg&%% the

lubricant had a c%/gt{)ag%?so&‘ 92 rp\tgléﬁe[-[mgg,mﬂﬂ%ﬁ%@ WEHRsdblasspddorsuhriantialyrthe same LUL
in

durability test 9 scribe xample 1. The test showed that the magnetic disks of this

comparative exasmgle weredamegeitsuete heinedishiaftels IO RPE AR BXATP R peated three
hundred thousand times. Fly stiction occurred in 40% of tested HDDs. Magnetic heads and the
magnetic disk 'subjéarif RO P ERFSRMity test were investigated. The investigation showed that the

magnetic heads and t gﬁﬂé‘ﬁ% %%'fém%ﬁg@tﬁlé%@a%m@eadcﬁemmtgmrﬁm,Ctﬁe
investigation showed that NPAB pocket sections and/or ABS faces of the magg?%fgheads were
[

stained with theaabrisantnfoasiteompaiatvieExaiaMédy) of 56R8h RS 'example,
Lubricant A described abgve was nof, purified or S i ightauerage
molecular weig¥t /@AW S BBEY gfnll%‘np 15 ang§/ %n%a%ﬁ%elﬂ%%gm e o

ber-averag lar weight (Mn) of 4510, and a 26 molecular

weight distribufion; of 4.33: fhecaaalysishefite iteriserfiubyditBos homeduhatan iidricant principally

contained the perfluorotetraol compound
content thereof was 85%.

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
4 The evaluation showed that the magnetic disks had a bonded ratic of 80%
and the lubricant had a coverage of 92%. The magnetic disks were subjected
to substantially the same LUL durability 4test as that described in Exampie 1.
The test showed that the magnetic disks of this comparative example were
damaged due to head crush after {_UL operation was repeated three hundred
thousénd 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 o head crush. Furthermore, the
investigation showed that NPAB pockeat sections and/or ABS faces of the
magnetic heads were stained with the iubricant.

[0038] (Comparative Example 2)

In this comparative exampie, Lubricant A described above was not
purified or degassed. Lubticant A had a weight-average molecular weight

(Mw) of 8000, a number-average molecular weight (Mn) of 4510, and a



and the content thereof was 79%. 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/c. The
magnetic disks were subjected to substantially thezsame 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 testeqyRBSar weidiRbiptisummarizas thelresahe bt thefitgghblicansiy dM¥Rated in

Examples 1 to 4 and Comparative Examples 1 and 2. Fi sho ' ' een the
weight-averagbomsiadhriiigelghi ey %%Eﬁfﬁr%&%’me&s’%ﬁaﬁ ﬁrﬁfé}gg&% %%@%\%%@%\é in the
examples and }Bfé Orggr%%ﬁ\{g@qégmpégs;;ge/@ Table 1 shows that the lubricants of the examples

are effective if 2 e occurrence of fly stiction at an extremely small %‘lle/inﬁ%i]gigght of 10 nm
I

enting .
when the LUL methodvisgiseid aistaisersioapates: thaiignehe sk dorhe are superior in

LUL durability and suitable for the LUL method In contrast, the lubricants af 1hesxasupes cannot
completely pré@8it fﬁé%@?&ﬁ@@%ﬂ%ﬁgﬂ% 5%@?}1% ?hagr?)éigédisks of thg comparative examples

are inferior in L UL durahility apd akghersfptad saitabierfoepaadtieibeseribed IThaaaRie treatment
and evaluation as those described in the examples were pe_rformea]exceé)é e’:j[}at (ﬁ &rf}g%opolyether
lubricant containinghe eieilnatityshoneditea g FaAEE Pt D8R PeRRAEISEHIAY A Tesult,

advantages Ofa:[rqg glreeisuegx%gs\w/i:e lqgg } ‘AVEJSrSSéaB?%o/G. The magnetic disks were subjected

to substantially the same LUL durabiii{y 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 oscurred 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
refationship between the weight-average molecular weight and molecular

weight distribution of the iubricants used in the examp!es and the comparative

examples.



CLAIMS 1. A magnetic disk comprising at least a magnetic layer, a protective layer, and a lubricating
layer on a substrate, characterized in that the lubricating-layer is formed by applying a lubricant
produced on the protective layer, wherein a content of perfluorotetraol in the lubricant is 90% to 95%, a
molecular weight distribution of the lubricant is 1.3 or less, an adhesion ratio of the lubricating layer is
82% to 85%, and a coverage of the lubricating-laygy is 92% to 95%. 2. A magnetic disk, characterized
in that a lubricating layer is formed on a surface by use of a lubricant, wherein a content of
perfluorotetraol in the lubricant is 90% to 95%, a molecular weight distribution of the lubricant is 1.3 or

less, an adhqg@ggqatlgggggwe]lubrlcatlng Iayer is 82% to 85%, and a coverage of the lubricating-layer is
Th .

e magne 2 ding to claim 1 or 2, characterized in that the lubricant used
has a weight- averagg I olecularw |ghto 4000 to 8000. 4. The magnetic disk according to any one of
the preceding clamﬁ 2 1af the lubricant used has a molecular weight distribution of
k= ] « . . .
1.10to 1.15. 5. Théﬁ &0 g to any one of the preceding claims, characterized in that
the lubricant used hi@ molecular weight of 3820 to 6000. 6. The magnetic disk
according to any ong.ofithe.prec ,claiins, characterized in that the magnetic disk is installed in a
i -"?..‘3_%’3.‘8 g =R
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disk drive. 7. The magnetic disk according to any one of claims 1 to 6, characterized in that the
magnetic disk is installed in a magnetic disk drive device comprising a magnetic head including a
negative pressure slider. 30 LUBRICANT FOR MAGNETIC DISKS, METHOD FOR PRODUCING
THE LUBRICANT USED IN THE MAGNETIC DISKS, AND METHOD FOR MANUFACTURING THE
SAME ABSTRACT The present invention proviges a lubricant for forming a lubricating layer which
is useful in preventing fly and stiction and/or corrosion at an extremely small flying height of 10 nm or
less, which is prevented from migrating at a high rotational speed of 5400 rpm or more, which has high
adhesion, and which ig,siditaRiesf¢ alinadinieaskmebiothelexanisdataicaitectueaining at least one
perfluoropolyether is degassed and then purified. Alternatively, a liquid crude lubricant taining at
least one perfhreveptivethedsquimehss BY LaPARGHRE SXHRMIGHR iéfﬁ‘%% %qal??u%ffy{i%;\]g the vapor
of the perfluoropolyeth w'tQ'n a di(s mean alegdlessifthae
perfluoropolyé’[ %&ﬁéart'e ?Cra‘i% hﬁ%s% B%gégﬁjgﬁ?ﬁg%ﬁsa mant:tlﬁe%r? j[irlgllgttﬁia}5():é<';1ﬁr%onaceous protective layer
is formed abowg A pibstirie aper a1 LCALitgr iy isrio muédidn ieirdtdbiveRer uding of the

lubricant. The lubricant contains the perfluoropolyether and has a m?lecular wgight distribution of 1.3
or less. contrast, the lubricants of the examples cannot compietely preven

fued

socurrence of fly stiction and the magnetic disks of the comparaﬂ#e examples
are inferior in LUL durability and are therefore unsuitable for practical use.
The same treatment and evaluation as those described in the examples
were performed except that a perfluoropolyether lubricant containing a diol
having a terminal group with a diol structure was used. As a result,

advantages of the present invention were obtained.



(FIG. 2)
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CLAIMS

1. A magnetic disk comprising at least @ magnetic tayer, a protective layer, and
a lbricating layer on a substrate, characterized in that the lubricating-laysr is formed
by applying a lubricant produced on the protective layer, wherein a content of
perfluorotetrao! in the lubricant is 90% o 95%, a molecular weight distribution of the
iubricant is 1.3 or less, an adhesion ratio of the wbricating layer is 82% to 85%, and a
coverage of the lubricating-layer is §2% to 25%.

2. A magnetic disk, characterized in thet a lubricating layer is formed on a
surface by use of a lubricant, wherein a contant of perfluorotetracl in the iubricant s
60% to 95%. a molecular weight distribution of the lubricant is 1.3'or less, an '
adhesion ratio of the lubricating-layer is a2% to B5%, and a coverage of the
iubricating-layer is 92% 10 95%.

3. The magnetic disk according fo claim 1 or 2, characterized in that the
lubricant used has a waight-avarage molecutar weight of 4000 to 8000.

4. The magnetic disk according to any one of the preceding claims,
characterized in that the lubricant used has a molecular weight distribution of 1.10 to
1.15. '

5. The magnstic disk according to any one of the preceding claims,
characterized in that the lubricant used has a numbet-avarage moiecular weight of
3820 to 6000,

8. The magnefic disk according 1o any one of the preceding claims,
characterized in that the magnetic disk is ingtalied in a load/unicad-type magnetic
disk drive.

7. The magnetic disk according to any one of claims 1 to 8, characterized in that
the magnetic disk is installed in a magnetic disk drive device comprising & magnetic

head including a negative pressure slider.
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LUBRICANT FOR MAGNETIC DISKS, METHOD FOR PRODUCING THE
LUBRICANT USED IN THE MAGNETIC DISKS, AND METHOD FOR
MANUFACTURING THE SAME

ABSTRACT

The present invention provides a lubricant for forming a tubricating layer
which is useful in preventing fly and stiction and/or corresion at an extremely
smali flying height of 10 nm or less, which is prevenied from migrating at a high
rotational speed of 5400 rpm or more, which has high adhesion, and which is
suitable for a load/unicad method. A crude lubricant containing at least one
perfluoropolyether is degassed and then purified. Alternatively, a liguid crude
iubricant containing at least one perfiuoropolyether is purified by vaporizing the
crude iubricant and then liguefying the vapor of the perfiuoropolyether within a
distance less than the mean free path of molecules of the perfluoropolyether.

A magnetic disk is prepared in such a manner that a carbonaceous protective
layer is formed above a subsirate and a lubricating layer is formed on the
protective iayer using of the lubricant. The lubricant contains the

perfluoropolyether and has a molecuiar weight distribution of 1.3 or less.

{(FIG.2;



