|  DESCRI PTI ON LUBRI CANT FOR MAGNETI C DI SK, PROCESS FOR PRODUCI NG THE SAME,
AND MAGNETI C DI SK Technical Field (00011 This invention relates to a

| ubricant for use in a magnetic disk adapted to be mounted in a magnetic

di sk apparatus, such as a hard disk drive, a process for producing it, and
a magnetic di sk. Background Art [0002] Conventionally, in each of magnetic
di sks adapted to be nounted in magnetijc di sk apparatuses, such as hard disk
drives (hereinafter abbreviated as HDDs), a protective |ayer and a

| ubricating |layer are provided on a magnetic recording |layer formed over a
substrate, for a purpose of ensuring durability and reliability of the
magnetic disk. Particularly, the | DSGRIATHGNI ayer used as the outernost
surface is required to have various properties such as long-term stability,
chem cal substance resistance, friction properties, and heat resistance.

[ 0003] To satisfy such [ i I r=hgsed | ubricants
havi ng hydr oxyl grou@ﬁom?eééﬁghwlb#gﬁmégggd:@ nventional ly as
| ubricants for nagneti i | (Patent Docunent
1) or the |ike disclosggegﬁé§%§g?ﬁ53§@g?cﬁP%%@?@ﬁ@%ﬁﬁ%@ﬁ%§1or the |ike
coated with a perfluoroal kyl pol yether | ubricant having a structure of
HOCH2CF2Q( C2F40) p(CF20 gCH2OH. In this lubricant it is known that when
hydr oxyl gr qapinigdieFiglgesent in nol ecul es of a | ubricant, adhesion properties
of 2 the lubricant to a protective |ayer can be obtained by the interaction
between the protf@0iye | ayer and the hydroxyl groups. As conmerci al
products of o

This invention relates to a lubricant for use in a magnetic disk adapted

to be mounted in a magnetic disk apparatus, such as a hard disk drive, a

process for producing it, and a magnetic disk.

Background Art

[0002]

Conventionally, in each of magnetic disks adapted to be mounted in
magnetic disk apparatuses, such as hard disk drives (hereinafter abbreviated as
HDDs), a protective layer and a lubricating layer are provided on a magnetic
recording layer formed over a substrate, for a purpose of ensuring durability and
reliability of the magnetic disk. Particularly, the lubricating layer used as the
outermost surface is required to have various properties such as long-term
stability, chemical substance resistance, friction properties, and heat resistance.

[0003]

To satisfy such a requirement, perfluoropolyether-based lubricants
having hydroxyl groups in molecules have often been used conventionally as
lubricants for magnetic disks. For example, JP-A-562-66417 (Patent
Document 1) or the like discloses a known magnetic recording medium or the
like coated with a perfluoroalkylpolyether lubricant having a structure of
HOCH,CF;0(C2F40)p(CF20)CH0OH. In this fubricant it is known that when

hydroxyl groups are present in molecules of a lubricant, adhesion properties of



per fl uoropol yet her-based | ubricants, use is often made of Fonblin Z-based

| ubricants of Solvay Sol exis, Inc. having heat resistance and stability. For
the purpose of renmoving inpurities or the |ike fromthese conmerci al

| ubricants or for the purpose of obtaining a proper nol ecul ar wei ght

di stribution because of each of these lubricants being a pol ynmer substance,
various purifications have been carri eg out and purified products have been
used as lubricants for magnetic disks.<Further, JP-A-2006-70173 (Patent
Docunent 2) discloses a lubricant containing polyether fluoride having a
structural unit with hydroxy groups and CF2 at both ends, having a

nunber - aver Hgelubtidard td aprotectijet lapér ceddi: obtair@@dsy, the amtdrdetion bgtweenaver age 1
to 10 hydroxy groups on the mdway of the nolecular chain per nolecule.
[0004] ~ Pat Hiaprotastive fayel and theph\goxyd gaoups. PASEeMmeisiaeradugts of

JP- A-2006- 70173 Disclosure qof the Invention Problemto be_Sol ved by the
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| ocat ed out gjrdige parpiBEREbbGIMHEK prbpdrendIBSuIaPRAIGAL HiStribbtich BESAke dthen at the
time of start-up, the magnetic head is caused to slide fromthe ranp, after

t he magnet i each skthetalutsichots beirgod pblymes aubsiahee, Mayiooy purifidationmpaed | ¢ di sk
to performrecording/reproduction. This sequence of operations is called an
LUL oper at i been parriedph aad puiified productsdavepeesmsedias lulticagissioem can ensure a
wi der recordi ng/ reproduci ng region
magnetic disks.
Further, JP-A-2006-70173 (Patent Document 2) discloses a lubricant
containing polyether fluoride having a structural unit with hydroxy groups and
CF; at both ends, having a number-average molecular weight of 4000 to 12000,
and having in average 1 to 10 hydroxy groups on the midway of the molecular
chain per molecule.
{0004]
Patent Document 1:  JP-A-562-66417

Patent Document 2: JP-A-2006-70173

Disclosure of the Invention
Problem to be Solved by the Invention

[0005]

In recent years, the storage capacities of magnetic disk apparatuses
such as HDDs have been increasing rapidly. And recently, LUL (Load
Unload)-system magnetic disk apparatuses are being introduced in place of
conventional CSS (Contact Start and Stop)-system ones. In the LUL system, a
rnagnetic head is retreated to an inclined platform called a ramp located outside
a magnetic disk while the apparatus is stopped, then at the time of start-up, the

magnetic head is caused to slide from the ramp, after the magnetic disk starts to



on the surface of the magnetic disk and thus is preferable for increasing
the information capacity. Further, since it is not necessary to provide the
convex-concave shape for CSS on the surface of the magnetic disk, it is
possible to significantly snooth the surface of the magnetic disk.
Consequently, the flying height of the magnetic head can be further reduced
and therefore it is possible to increase the SINratio of a recording
signal, which is thus preferable. [000%] Because of the further reduction
in magnetic head flying height followi ng the introduction of the LUL
system it has becone necessary that a magnetic disk stably operate even in
t he case of rodatepso &% y0 fygovesithémanhnelic Gisinto perfbes secdridingireprodutiem. a magneti c
head is flown over the surface of a conventional magnetic disk with such a
| ow f1yi ng heisgeauenepfonestionsiis ealleg apkdblopaiativat Asgostiaced withtha | ur e,

head corrosj failure, the like fre uentgﬂ{e ocC _ur/s. TEe_fI¥ stiction
failure is GOBAYIEE i Lifki yAtmEan Epsuls Dol resingierpiyeing edieh ght of a
ti h t . Whi i is. flvi |. b i |
epr oduct i gﬁ? it %Lfﬂa%?ﬁ%%%%gﬁé%%ﬁ"ak %af"ifhd%'ﬁPéﬁﬁi‘%é%@@”}cofgggﬂ%é}?e{ i disk
and a_magnepihReH IRAGHE PLAHGNLNLB'S: AN B pRARdL fidher  during
ylng to cause a ea cras alfure. e Ccorrosion allureis a failure in

whi ch an el gifik-ddatavOshalfe Br CTRUACHICsUMRRE dJf heSmBlReticedisk at igor rosion to
cause a trouble in recording/reproduction. Depending on circunstances,

recor di ng/ r pessitsle ¢d significamtly srmosthsad bedacy ofahe onagrded diskenment may expand to
cause damage to the surface of a nmagnetic disk while flying. 4 [0007] The
present i nvennsrquently,dheg fying height atjthetmagnaticeheadmanrenivghef radueed above
A res D erefore i i possible 1o incréase the SN ratio of a recording signal. which <
is thus preferable.
[0006]
Because of the further reduction in magnetic head flying height
following the introduction of the LUL system, it has become necessary that a
magnetic disk stably operate even in the case of a low flying height of 10nm or
less. However, when a magnetic head is flown over the surface of a
conventional magnetic disk with such a low flying height, there has arisen a
problem that fly stiction failure, head corrosion failure, or the like frequently
OCCurs.
The fly stiction failure is a failure in which the flying posture or the flying
height of a magnetic head goes out of order while it is flying, followed by
irregular reproduction output changes. Depending on circumstances, a
magnetic disk and a magnetic head may be brought into contact with each other
during flying to cause a head crash failure.
The corrosion failure is a failure in which an element portion of a
magnetic head is subjected to corrosion to cause a trouble in
recording/reproduction. Depending on circumstances, recording/reproduction
may be disabled or a corroded element may expand to cause damage to the

surface of a magnetic disk while flying.



fromthe occurrence of the follow ng nmechanism Wen the flying height of a
magneti ¢ head becones a |ow flying height of, for exanple, 1 Oonmor |ess,
the magnetic head repeatedly exerts adiabatic conpression and adi abatic
expansion on a lubricating |ayer on the surface of a magnetic disk through
air nolecules while flying, so that the lubricating |layer tends to be
repeatedly subjected to heating and cooling and therefore a reduction in
nol ecul ar wei ght of a | ubricant forning4the | ubricating |layer tends to be
pronoted. |If the nolecular weight of the lubricant is reduced, its fluidity
increases so that its adhesion to a protective |ayer decreases. Then, it is
consi dered that t{A80TJubricant with the increased fluidity is transferred and
deposited on the magnetic head | ocated in an extrenely cl ose positional

rel ationship to rHl@eprﬁﬁentfinwm@rsﬁw@lﬂ%ku%keggeébatttmécwwm@fmﬁe fly
stiction fajlure. Particularl a, recentl i ntroduced nagneti c_head with an
NPAB  (negafP s BilweS Ressmil aalicepble i FEGeTt MAINEHC PSS MAYAISHESY r ansf er
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head. Parti eykd@rdxampie, M@ARCHH I8ss, NR@ thagpeiié AdadtdpeatedipexatPadiabatio ve ef f ect
el enent tends to be corroded. [0008] Further, the present inventors have

got know edgempiestiontandlddiabaistexpangiac bhia labksatingdayer onrthe sodacd ot hese
failures. It has been found that, in the case of the LUL system as opposed
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increases so that its adhesion to a protective layer decreases. Then, itis

considered that the lubricant with the increased fluidity is transferred and

deposited on the magnetic head located in an extremely close positional

relationship to make its flying posture unstable, thus causing the fly stiction

failure. Particularly, a recently infroduced magnetic head with an NPAB

(negative pressure) slider is considered to facilitate the transfer deposition

phenomenon because it tends to suck the lubricant due to a strong vacuum

created at the bottom surface of the magnetic head. The transferred and

deposited lubricant may produce an acid such as hydrofluoric acid to thereby

corrode an element portion of the magnetic head. Particularly, a magnetic

head mounted with a magnetoresistive effect element tends to be corroded.

[0008]
Further, the present inventors have got knowledge that the LUL system

facilitates the occurrence of these failures. It has been found that, in the case

of the LUL system, as opposed to the case of the CSS system, a magnetic head

does not contact-slide on the surface of a magnetic disk and thus it is difficult for

a lubricant once transferred and deposited on the magnetic head to be removed



therefore, these failures are not actualized. [0009] Recently, in order to
I ncrease the response speed of a nmagnetic disk apparatus, the rotation
speed of a magnetic disk is increased. The rotation speed of a

smal | -di ameter 2.5-inch magnetic di sk apparatus, for exanple, suitable for
nobi | e applications was conventionally about 4200rpm while, recently, the
response characteristics are enhanced bg rotating it at a high speed of
5400rpm or nore. \When the magnetic disk”is rotated at such a high speed, a
phenonenon is actualized in which a lubricating | ayer noves (mgrates) due
to a centrifugal force caused by the rotation so that the thickness of the
| ubri cat i ngby higesfeptecibamsagnstiasiskoside.i it ismengiderad it tim theneapeafitee di sk.

Furt her, recentl¥, magneti ¢ di sk apparatuses have started to be used not
only as st era§BlieRa)i(ce3 syitemopfeitcrphtiansianed aalo & MAsneks Beadigndgite o as
those of, fpor , exa Jportable.infor Lan termnals, car,navigation

syst ens, an@e Et?aaﬁgﬁhg’}’ 't%tcr‘?é'faé‘f 8"@,"9 Bﬂéqlat%’%gd?@epé)lf ?irE%Qr?eg'ﬁ i

applicati Onﬁe?é}gresﬂlé%%’f M}g QFQI/'h& fz@& resi stance required for nagnetic
di sks has becone Very SETI eY erefore, in view of these circunstances, it

is urgently necegggpy), hore than conventional, to further inprove the heat
resi stance of a lubri'cant formng a lubricating |ayer, the adhesion thereof

to a protective |Remintlydndrdar toincredstth@lredporiseapeddf ameagrictitldad ng rapi d
i nprovenent in information recording density of magnetic disks in recent

years, it isppargluisr the rotatiopdpeed bhe magnetic disk is pecdasgdbeThe eotatiomagnet i ¢
head and a recording |layer of a magnetic disk and, therefore, it has becone
necessary t$pgageffesmakdiametend Stifeh magsetiogdisly apparaiusaforayamier present
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descri bed
speed of 5400rpm or more. When the magnetic disk is rotated at such a high

speed, a phenomenon is actualized in which a lubricating layer moves
(migrates) due to a centrifugal force caused by the rotation so that the thickness
of the lubricating layer becomes nonuniform in the plane of the magnetic disk.
Further, recently, magnetic disk apparatuses have started to be used not only as
storage devices of conventional personal computers, but also as those of, for
example, portable information terminals, car navigation systems, and so on and,
therefore, due to diversification of use applications and so on, the environmental
resistance required for magnetic disks has become very strict.

Therefore, in view of these circumstances, it is urgently necessary,
more than conventional, to further improve the heat resistance of a lubricant
forming a lubricating layer, the adhesion thereof to a protective layer, and so on.

[0010]

in the meantime, following rapid improvement in information recording
density of magnetic disks in recent years, it is required to reduce the magnetic
spacing between a magnetic head and a recording layer of a magnetic disk and,
therefore, it has become necessary to further reduce the thickness of a

lubricating layer present between the magnetic head and the recording layer of



above, currently, the commercial perfluoropolyether-based |ubricants are
often wused as lubricants for magnetic di sks. These commerci al

per fl uor opol yet her-based | ubricants each contain a pol ynmer conponent and
each have a nol ecul ar wei ght distribution caused by a synthesizing process

t hereof and, even if using various purification processes, it is alnost

| npossible to control to the conpletelg singl e nol ecul ar wei ght. Therefore,
there is a problemthat even after the“purification, there is a certain

nol ecul ar weight distribution and it is difficult to control the nol ecul ar
weight. A nethod of formng a lubricating layer using such a |ubricant
conpri ses i egnagmeficdiskragnetic disk into a solutlon I n which the |ubricant

is dissolved (di nmet hod t hen, after dr u carrying out a
heat treat rreng, g‘gh‘&g‘??@dﬁ@aﬁs a bacaling éﬁerfgﬁrt mpﬁbgqr{ac\ﬁ,,qf% aghe3| on to
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strictly CODééd)hstdbﬁcéﬁ‘tb%ﬂﬁﬁﬁn&fc difies. | uthel6 @bingerkiayer to be formed only

by the concentration of the |ubricant solution. [00111 O course, if the

concent r at i parflabrddotyetherrdasad lutsichbtsi eathi contaddl e patymérlmpdnsckaess of the

| ubricating |layer can be by and | arge reduced. However, with a l|ubricating
| ayer formedatishang 8 muiecularoveighindistnbution causeddni £ aynthesizing ipeecesst i s
difficult to conpletely cover the surface of a protective layer. That is,
there is a aresassh even if Uﬁ'”&r‘n’aﬂpt‘%ﬁﬁf‘f'qaéloﬁﬁﬂlcecsée$ dbisiaaogt impassibleon i n

hi ck f d h
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di sk. Alterhatively, i'S con ere 0 achr eve a on¥in thickness

gf a | ubri cafstrititibA XAl Y diffditabRAntrbRNEPhGEsLIAT wé\?hghtA l%thddhff lubri cant,
ut, there is a problemthat it is very difficult fo control the
forming a lubricating layer using such a lubricant comprises immersing a
magnetic disk into a solution in which the lubricant is dissolved (dipping method),
then, after drawing it up, carrying out a heat treatment, a UV treatment, and so
on for imparting it with adhesion to a protective layer. The thickness of the
lubricating layer to be formed in this manner is controlted by dissolving the
lubricant in a solvent and roughly adjusting the concentration thereof, but,
actually, also in terms of balance with the molecular weight described above, it
is difficult to strictly control the thickness of the lubricating layer to be formed
only by the concentration of the lubricant solution.
[0011]
Of course, if the concentration of the lubricant solution is reduced, the
thickness of the lubricating layer can be by and large reduced. However, with
a lubricating layer formed using such a tow-concentration lubricant solution, it is
difficult to completely cover the surface of a protective layer. That is, there is a
problem that if an attempt is made to realize a reduction in thickness of a

lubricating layer to be formed by adjusting the concentration of the lubricant

solution, the coverage of the surface of a magnetic disk decreases, resulting in



nmol ecul ar wei ght of the | ubricant as described above and, if the nol ecul ar
wei ght of the lubricant is small, the heat resistance degrades and further
the corrosion failure tends to occur due to transfer thereof onto a
magneti c head, resulting in poor durability, which thus can by no neans be
adopted. [0012] As described above, in the case of the lubricating |ayer
using the conventional magnetic-disk lybricant, it is difficult to forma
hi gh-coverage uniformlubricating |ayef with a further reduced thickness on
the surface of a magnetic disk, which has been an inpeding factor in
realizing a magnetic disk excellent in long-termstability of a forned

| ubri cat i ngpoendurabitig of #e magnetihdisk.el Alkgsnativiely, 8ve pongitderediie ackigwe &i on in
magneti c spacing following the increase in recording density in recent
years and wadCeRinthivkress ofR WerieHinadayel byd§desing th%@&éﬁc”;ﬂﬁr"‘@@"ﬂ,o“as
descri bed afove, .since the enviro ntal . resistanc requi red for magnetic
di sks has bg@dH@’WF’jJLg’ttFPa'Smo{ggenhﬁ\%”ﬁ Y?ré(éﬁﬂ%ﬁt @fcc}%ﬁg[ﬁgppl i cations and
so on, it i M V. . 0. rt.her | ve the
properties @8?:%82% vﬁeﬂ%ﬁt%ﬁ@l Ii"p g%bcrg%gfc%g%lgégf%%%‘;ﬁtarid(;r'fr%n%én dé'l t'J ricating

llayer and fdisebrfelitiic@nt istnal, Iﬂf@ﬁé‘e&trwgtahea%graqétg%eifﬂﬂqéﬂthé he

| ubricant dis¢losed in the above Pat ent Docunent i's descri bed that

even if thecombsioviaflrenengdto becurtiteeavadsiet tieréoflonté Rimidiesie headn be nmade
thin and excellent CSS durability can be obtained. However, there is a

pr obl em t hatesuwhiag in peondurabilityawhishithiis cars by nomeearsdie adeptéd.ow properties
(fl ow properties Bart icularly at | ow tenperatures) decrease and thus the
sel f-repair propdPPids degrade, so that high reliability cannot be obtai ned
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uniform lubricating layer with a further reduced thickness on the surface of a

magnetic disk, which has been an impeding factor in realizing a magnetic disk

excellent in long-term stability of a formed lubricating layer and having high

reliability even with the reduction in magnetic spacing following the increase in

recording density in recent years and with the low flying height of a magnetic

head. Further, as described above, since the environmental resistance

required for magnetic disks has become very strict due to diversification of use

applications and so on, it is required, more than conventional, to further improve

the properties such as heat resistance of a [ubricant forming a lubricating layer

and adhesion thereof {o a protective layer.

According to the lubricant disclosed in the above Patent Document 2, it

is described that even if the molecular weight is increased, the film thickness

can be made thin and excellent CSS durability can be obtained. However,

there is a problem that when the molecular weight is increased, the flow

properties (flow properties particularly at low temperatures) decrease and thus

the self-repair properties degrade, so that high reliability cannot be obtained

when used in a very severe environment as described above.

[0013]



coverage and is excellent in heat resistance and adhesion to a protective

| ayer, secondly, to provide a magnetic-di sk |ubricant production process
that can suitably produce the above nagnetic-disk lubricant, and thirdly,
to provide a magnetic disk that conprises a high-coverage uniform

| ubricating |ayer capable of, even with a reduced thickness, sufficiently
covering the surface of a protective Iéyer and excellent in heat resistance
and adhesion to the protective |ayer, that can achieve a further reduction
in thickness of a lubricating layer required for reducing the magnetic
spaci ng, and that_has high reliability even wth the |low flying height of a
magneti c head f ol Tiiadnygntierehas beemsaderin visvoridhase carvesitiopali n recent years
and with verﬁ strict envjronnmental resistance follown t he di versification

of appl i cat St%%sa%ha%@r obiegt: firdly Ppgrpyde a[IB@'iC@]”?fﬂﬁ@ PRI i nvent ors
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lubri cant ceadctidyy, RpRvides adAERPEkK AitiREnDRSEdctiReEssh that ¥dH ch, in a

&
rel ati onship between a nunber-average nol ecul ar weight and a nornmalized

val ue of t hsuitabijogrodote tHeyalsoveyrhagristigadisiclabtieanteand thirlyntd grovide,a t he
nunber - average nol ecul ar weight 1s in the range of 1000 to 6000, the

nor mal i zed walgnetiodisk thatcompeises Highicoveyage ynibrpsiubocatingrayericapable nol ecul e
is 180 or nore, and the 9 erfl uoropol yet her-based conpound is in a region
bel ow a I i n€f; @Mﬁ'ﬂ\%hi%f@ddce@mlweﬁheﬁ@'qﬂlymﬁﬁ@ﬂg ﬁ\?e‘-?*‘gééer%ﬁecul ar wei ght
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I's 6000 andbe gdRldehYe a further reduction in thickness of a lubricating layer

required for reducing the magnetic spacing, and that has high reliability even

with the low flying height of a magnetic head following the increase in recording

density in recent years and with very strict environmental resistance following

the diversification of applications.

Means for Solving the Problem

[0014]

The present inventors have diligently studied a new magnetic-disk
lubricant and found that the above problems can be solved by the following
inventions, and have completed this invention.

Specifically, this invention has the following configurations.

(Configuration 1)

A lubricant for a magnetic disk, the lubricant containing a
perfiuoropolyether-based compound in which, in a relationship between a
number-average molecular weight and a normalized value of the number of
hydroxyl groups contained in a molecule, the number-average molecular weight
is in the range of 1000 to 6000, the normalized value of the number of hydroxyl

groups contained in the molecule is 180 or more, and the



val ue of the nunber of hydroxyl groups contained in the nolecule is 1600,
and further, the perfluoropol yether-based conpound has at | east one
hydroxyl group around a center of a nolecular chain. [0015] (Configuration
2) A lubricant for a magnetic disk according to Configuration 1, wherein

t he nunber of hydroxyl groups around the center of the nolecular chainis
two or nore. (Configuration 3) A Iubricant for a magnetic disk according to
Configuration 1, wherein the nunber of Hydroxyl groups around the center of
the nol ecular chain is three or nore. (Configuration 4) A lubricant for a
magnetic disk according to any one of Configurations 1 to 3, wherein the
per f | uor opopgdunepaiyetiker-hased @ompousdds incoragiambelpw alineceonpectingiar opol yet her
groups are bonded to each other through a divalent |inking group.

( Conf i gur at PEIAT Bere therkineeaiaveEIoeMAlegHISr weight i 1000ard themiaremasieed
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| ubricant f a nmagnetic di sk ac | guration erein a

viscosity ofafBef hh’é’ﬁ&rﬁﬁéﬁofﬁ{ydr%gfg'oﬁph RohRfhddAR98e ﬁ'folec%ﬂg’@ 1ee0lgR@onPas.

(Configuration 7) A lubricant f magneti ¢ di sk according to
Conf i gur at i urtier, thi pediudrapblysiierthaselt cohfraadinas\Ht $eass bhy hyeloayigreup 0 a

change in tenperature is in the range of -0.03 to -0.08nPasI C. 10 [0016]

( Conf i gur at acurgl)a gentabefi xanolecuar chamagneti ¢ di sk, the lubricant conprising
a conpound in which perfluoropol yether groups each having a
perfluoropolyetheﬁmﬁgln chain in a structure thereof and each having a
hydroxyl (Configuration 2) A lubricant for a magnetic disk according to
Configuration 1, wherein the number of hydroxyl groups around the center of
the molecular chain is two or more.

(Configuration 3) A lubricant for a magnetic disk according to
Configuration 1, wherein the nhumber of hydroxyl groups around the center of
the molecular chain is three or more.

(Configuration 4) A lubricant for a magnetic disk according to any one
of Configurations 1 to 3, wherein the perfluoropolyether-based compound is a
compound in which perfluoropolyether groups are bonded to each other through
a divalent linking group.

(Configuration 5) A lubricant for a magnetic disk, said lubricant
containing a compound in which perfluoropolyether groups are bonded to each
other through a divalent linking group, the compound having at least cne
hydroxyl group around a center of a molecular chain.

{(Configuration 8) A lubricant for a magnetic disk according to
Configuration 5, wherein a viscosity of the lubricant at -10°C is in the range of
5000 to 12000mPa-s.

(Configuration 7) A lubricant for a magnetic disk according to
Configuration 6, wherein an amount of change in viscosity relative to a change

in temperature is in the range of -0.03 to -0.08mPa-s/°C.



group at an end thereof are bonded to each other through a dival ent |inking
group having at |east three hydroxyl groups in a structure thereof.
(Configuration 9) A lubricant for a magnetic disk according to

Configuration 8 wherein the divalent |inking group has 3 to 6 hydroxyl
groups in the structure thereof. (Configuration 10) A lubricant for a
magneti ¢ di sk according to Configurati 8 or 9, wherein the dival ent

| i nki ng group includes a group represented by -(CR, R2)- (R and R2 are
each a hydrogen atom or a hydroxyl group). (Configuration 11) A |ubricant
for a magnetic disk according to any one of Configurations 8 to 10, wherein
t he perfl uoropol yiOREF group is a group represented by a formula (1):

oonl o (e St AR BT E TR ')
by react i ng CORAATGa earindlsfln wiih pHALLERBheUER SIS SRS T O
equi val ent gf r@ddnﬁfﬁéhﬁaﬁmﬁw% sthiyrd thEBak “e(ﬁ‘éj 8ﬁél§h8¢in§ahgdroxr¥l.

per fl uoropol'yet her conmpound having a periluoropolyether mai hain in a

nol ecul e angrd\gvatith Sdifheradf 286 BURGedio eithsothéetheRigh 4 BRalknt Mg/ al ent of an
al i phati c conpound havi ng epoxi de structures at nolecular 11 ends thereof,

t he epoxi de gsdupuicavimgeat leastthemparexyd froupadt arsgrusturd themeof. per f | uor opol yet her
conpound to form a hydroxyl roug'b (Configuration 13) A process for

produci ng a | ubri tonfighatioa Sradhlbrieantdorsk magnptic disk@ceedindtag 2 equi val ent's
of a perfluqropol yether conpound with 1 equivalent of an aliphatic
compound, tlﬁ'\é’ngg%%’(‘lpvﬂ wheeithedivalent IingryRMae S to &Msbomd SILPsAy a

perfl uor Opo'tlb(eegtrr]t?cgturrée}hgre%?a' n in a nolecule and havi ng

(Configuration 10) A lubricant for a magnetic disk according to
Configuration 8 or 9, wherein the divalent linking group includes a group
represented by -(CRRy)- (Ry and Rz are each a hydrogen atom or a hydroxyl
group).

(Configuration 11) A lubricant for a magnetic disk according to any one
of Configurations 8 to 10, wherein the perfluoropolyether group is a group
represented by a formula (I):

[0017]

[Chemical Formuila 1]
HOCHQCFQ(OC2 F4)m(OCF2)nOCFQC H-O—

(in the formula, m and n are each an integer of 1 or more).

(Configuration 12} A lubricant for a magnetic disk, the lubricant
containing a compound obtained by reacting 2 equivalents of a
perfluoropolyether compound with 1 equivalent of an aliphatic compound, the 2
equivalents of a perfluoropolyether compound having a perfluoropolyether main
chain in a molecule and having hydroxyl groups at ends thereof, the 1

equivalent of an aliphatic compound having epoxide structures at molecular



hydroxyl groups at ends thereof, the 1 equivalent of an aliphatic conpound
havi ng structures each capable of reacting with the perfluoropol yet her
conmpound to forma hydroxyl group. (Configuration 14) A process for
producing a lubricant for a magnetic disk according to Configuration 13,
wherein the aliphatic conpound is a conpound having at |east one hydroxyl
group in a nolecul e and havi ng epoxi de ,,structures at ends thereof.

(Configuration 15) A process for produc1i1ng a lubricant for a magnetic disk

according to Configuration 13 or 14, wherein the perfl uoropol yether
conpound is a conpound represented by a fornula (I11): [0018] [ Chem cal

Fornul a 2] eprtsOhecrl(beapoxidectmeiuietradipanabie of eABlinGWIRIRE m and n are

o o o e O SRR T, 15 & 1 o T o
fl | h . bqand . i

BT phat1 o gr oup. GerouRTofa8) Atisssiar BEenePogalicirtiteh fated o

perfl uorOpoh%ﬁkaﬁ{prigﬁgq?ﬁaﬂwgbﬁhi@aléﬁlrsgﬁtﬁgﬁdﬁﬁ‘g@(@ﬁﬁg@%bne% Eo@/djﬂvﬁﬁ)i' group

at an end thereof, urt avi ng p on side closer to

12 a bond bHgivalbheofRaT Allphati® BepetneE thaRi dupfdris of £pBHiuBripdlyedferl7) A
| ubricant for a magnetic disk according to Configuration 16, wherein the

di val ent al coinpbured baving aiperilucgopelpethepmeasectiabel iy moldduRLER] paviifkl and R2
are each a hydrogen atomor a substituent and p is an integer of 1 or
nmore) . ( Conhydyaxdidrowpsi@)endsitieedt dme 1 feguivalendghan aliphatisicoameondi ng to
Configuration 16 or 17, wherein the perfl uaropol yether g‘roup is a group

r epr esent ed"BYING stre¢thiRseach qapable of reacting with the perfluoropolyether

compound to form a hydroxyl group.

(Configuration 14) A process for producing a lubricant for a magnetic
disk according to Configuration 13, wherein the aliphatic compound is a
compound having at least one hydroxyl group in a moilecule and having epoxide
structures at ends thereof.

(Configuration 15) A process for producing a lubricant for a magnetic
disk according to Configuration 13 or 14, wherein the perfluoropolyether
compound is a compound represented by a formula (1f):

[0018]

[Chemical Formula 2]
HOCH,CF(OC2F4)m({(OCF2}nOCF.CH.OH

(in the formula, m and n are each an integer of 1 or more).

[0019]

(Configuration 16) A lubricant for a magnetic disk, the lubricant
comprising a compound in which perfluoropolyether groups are bonded to each
other through a divalent aliphatic group, each of the perfluoropolyether groups
having a perfluoropolyether main chain in a structure thereof, and a hydroxyl

group at an end thereof, and further having a hydroxyl group on a side closer to



[0020] [Chem cal Formula 3] HOCH2CHCH2OCHZCFz( OC2F4) m(OCFz)n- * OH

*- OCF2CH2O0CH2CHCH2O- | OH (in the fornmula, mand n are each an integer of 1
or nore). (Configuration 19) A lubricant for a magnetic disk, the |ubricant
cont ai ning a conpound obtained by reacting 2 equivalents of a

per fl uoropol yet her conpound with 1 equivalent of an aliphatic conpound, the
2 equivalents of a perfluoropol yether gonpound having a perfl uoropol yet her

main chain in a nol ecul e and havi ng hféroxyl groups at ends thereof, the 1
equi val ent of an aliphatic conmpound having substituents at nol ecul ar ends

t hereof, the substituents each capable of reacting wth the

per f | uor opo@penddhan th@rmfdumopqlmget gaieghadm 20) A process for producing a

| ubricant for a netic _ disk, conprising reactjng 2 equivalents of a
per f | uor opol yet hg(%%@ W@Uﬂ'&ﬂﬁtﬁ%ﬁ&%@%fcv%'@ﬁgn%fc sk apspfiRgite. the 2

ﬁg?}]vibi?ﬁspﬁﬁﬁ%ﬁf@ ”ﬁ&@%ﬁ*nﬁﬁé? AR daveind offbed R sentiRler ,"L e 1
Faact g wi twoREep LR i e AR DR VB at o E bR EAIPEIN & Bt ocess

for produci pgederlo¥Rrdreadte).f or a magnetic disk according to Configuration
20, wherein the perfluoropol yether conpound is a conpound represented by a

formula (1V): [00Zbhfiglratienigpl Afabrioanafotla mEgIGHIER Acdarditg 24 0C2F4) m( OCF2) n
Configuration 16 or 17, wherein the perfluoropolyether group is a group
represented by a formula (l11):

[0020]

[Chemical Formula 3]
HOCHz?HCHzOCHzCFz(OCzF4)m(OCFz)n—*
OH
*— OCF;CH,OCH:;CHCH:0—
OH

(in the formula, m and n are each an integer of 1 or more).

(Configuration 19) A lubricant for a magnetic disk, the lubricant
containing a compound obtained by reacting 2 equivalents of a
perfluoropolyether compound with 1 equivalent of an aliphatic compound, the 2
equivalents of a perfluoropolyether compound having a perfluoropolyether main
chain in a molecule and having hydroxyl groups at ends thereof, the 1
equivalent of an aliphatic compound having substituents at molecular ends
thereof, the substituents each capable of reacting with the perfluoropolyether
compound.

(Configuration 20} A process for producing a lubricant for a magnetic
disk, comprising reacting 2 equivalents of a perfiuoropolyether compound with 1

equivalent of an aliphatic, the 2 equivalents of a perfluoropolyether compound



| OH* - OCF2 CH20C H2CHCH2CH | OH (in the fornula, mand n are each an
integer of 1 or nore). [0022] (Configuration 22) A lubricant for a magnetic
di sk, the lubricant conprising a conpound in which perfluoropol yether
groups are bonded to each other through a divalent aromatic group, each of
t he perfl uoropol yether groups having a perfluoropolyether main chain in a
structure thereof, and a hydroxyl groq& at an end thereof, and further
havi ng a hydroxyl group on a side close a bond than said

per fl uoropol yet her mai n chain. (Cbnfiguratlon 23) A lubricant for a nagnetic

di sk, the lubricant conprising a conpound in which gerfluoropolyether
groups are bavie@a M'%@W'Y@hﬁ@ﬁﬁ%ﬁﬁ!@ﬁ‘ amelecalieard 8aYing SYe@XKycl i c

BéﬂFﬁ?ﬁ@ﬁBa&r"“%;en&ﬂ%eﬁépﬁﬁ% SapRiataniohA: egnBody %X#@%r?xyl or oup
d I

2 bond t han LA opeREf cobREES s RO e KeEs raepqv%fn&?"fo%i Con 24) A

lubri cant for a ffmg§u@t|9h§k aﬁjﬂ&é’éﬁqoi&o@g&rhg%wﬁ%y it 1612 Mlagiehic wher ein

t he perfl uoropol yeth group | group Trepresénted a fornula (111):

[0023] [ Cheigk @atorbfig ol Gorfigurdtiort D CHBERHCHRGhEH IS4 lyetieckdpound is | OH * -
O CF2CH20 CH2CHCH20 Pﬁu b
a compound represented by a formula (IV):

[0021]

[Chemical Formuia 4]
HOCH;CHCH:0CH:CF3(0C:Fom(OCFzn—*
on
*—0CF:CH:0CH:CHCH.0H
On

(in the formula, m and n are each an integer of 1 or more).

[0022]

(Configuration 22) A lubricant for a magnetic disk, the lubricant
comprising a compound in which perflucropolyether groups are bonded to each
other through a divalent aromatic group, each of the perfluoropolyether groups
having a perfluoropolyether main chain in a structure thereof, and a hydroxy!
group at an end thereof, and further having a hydroxy! group on a side closer to
a bond than said perfluoropolyether main chain.

(Configuration 23) A lubricant for a magnetic disk, the lubricant
comprising a compound in which perfluoropolyether groups are bonded to each
other through a divalent saturated cyclic hydrocarbon group, each of the
perfluoropolyether groups having a perfluoropolyether main chain in a structure
thereof, and a hydroxyl group at an end thereof, and further having a hydroxyl

group on a side closer to a bond than said perfluoropolyether main chain.



I OH (in the fornula, mand n are each an integer of 1 or nore).
(Configuration 25) A lubricant for a nmagnetic disk, the |ubricant

cont ai ning a conpound obtained by reacting 2 equivalents of a

per fl uoropol yet her conmpound with 1 equivalent of an aromatic conpound, the 2
equi val ents of a perfluoropol yether conpound having a perfl uoropol yet her
main chain in a nolecule and havi ng h%qyoxyl groups at ends thereof, the 1
equi val ent of an aromatic conpound having substituents or epoxide structures
each capable of reacting with the perfluoropol yet her conpound.
(Configuration 26) A lubricant for netic disk, the |ubricant

: , a na SK,. .
contai ni ng a cond&@nrfigwiBtian déy Byubricast Pqii@ rpagiplicdiseaecording 40
per fl uor opolyef her . copgpou ith 1 equiyal ent a saturated cyclic
hydr ocar bonbéB aien EEHEB& &%‘?fﬁl?a%@g’teﬁwo@lbé&?rl HGHBpORPEEr conpound
havi ng a perfl uor L/ chain in a nol ecul e and havi ng hydroxyl
groups at ehec?éé%)qu%géyswmu'%ggui val ent of a saturated cyclic hydrocarbon
conmpound havi ng s[gggfgi tuents each capable of reacting with the
per fl uor opol yet her co]rrpound. [0024] 15 (Configuration 27) A process for
producing a lubricant for a magnetic di sk, conprising reacting 2 equivalents

of a perfluoropol yether conpound with 1 equivalent of an aromatic conpound,
t he 2 equi val ent JChemicgl&ofhularijpol yet her  conpound havi ng a

perfl uoropol yether main chain in a | ecul e and having hydroxyl groups at
ends t her eof , ther%H%g%ﬁle&CE?%QFMQQF fpound havi ng” struct ures

each capable of reacti W th the perfluoropol yether conpound.
(Configuration 28) A process for producing a lubricant for a magnetic di sk,

conprising reacting 2 equival ents of pomeH JOCHaECERD*er compound with 1
|
OH

(in the formula, m and n are each an integer of 1 or more).

(Configuration 25) A lubricant for a magnetic disk, the lubricant
containing a compound obtained by reacting 2 equivalents of a
perfluoropolyether compound with 1 equivalent of an aromatic compound, the 2
equivalents of a perfluoropolyether compound having a perfluoropolyether main
chain in a molecule and having hydroxyl groups at ends thereof, the 1
equivalent of an aromatic compound having substituents or epoxide structures
each capable of reacting with the perfluoropolyether compound.

(Configuration 26) A lubricant for a magnetic disk, the lubricant
containing a compound obtained by reacting 2 equivalents of a
perfluoropolyether compound with 1 equivalent of a saturated cyclic
hydrocarbon compound, the 2 equivalents of a perfluoropolyether compound
having a perfluoropolyether main chain in a molecule and having hydroxyl
groups at ends thereof, the 1 equivalent of a saturated cyclic hydrocarbon
compound having substituents each capable of reacting with the
perfluoropolyether compound.

[0024]



equi val ent of a saturated cyclic hydrocarbon conpound, the 2 equival ents of
a perfluoropol yether conpound having a perfl uoropolyether main chain in a
nol ecul e and havi ng hydroxyl groups at ends thereof, saidl equivalent of a
saturated cyclic hydrocarbon compound having structures each capabl e of
reacting with the perfl uoropol yether conmpound. (Configuration 29) A process
for producing a lubricant for a nagnetuﬁ di sk according to Configuration 27
or 28, wherein the perfluoropol yether onpound i s a conpound represented by
ﬂoga;gﬂgﬁzggxéEFgogégLJn{ggggiCal Forrukil6] OCF2CH2OCH2CHCH2OH | OH (i

n - * *o- In
the fornula, mard onfiwrati@raaﬁ; af pregesgder poduciog anwbrgant fqreomapegticat i on 30)
A magnetic di sk having a magnetic, | ayer, rotective layer, and a
| ubricati ngg'F' oy MRy REHY f&%UE%?reaﬂtéfa%t“F?eOfr\%@WgWP@P&h’@WeI@OX\M%'P&“H”&%
| ubricating |la cqnt ai ns | ubri cant, f | ording to any
one of Conf ?%lﬂ\ya@j "o‘ﬁénlafPB“a%COE“eBH’r‘?gin? Vn%%q HEW@DOSYGQﬁ faccor di ng
to Confi gur V. sed

| gura, g&r@?%ﬁ"s ur&&@&r@@é%fn& Gt nfo?ec%lecé’rﬁ&)ﬁﬁkml?@

protective ABgneti ¢ di sk accord ng
Conflguratlﬁ{tiréﬂd QFoupk: attéhaswasﬁ kite dlealswa@nﬂef adarinedlici@nisoumaunt ed in a
s

magneti c di apparatus of a | oad unload system [00261 In the invention
of Conf i gur havieg sftuctacsarathraphbletdi eeamiggetiinctheipekfluoropolyether
compound.
{(Configuration 28) A process for producing a lubricant for a magnetic
disk, comprising reacting 2 equivalents of a perfluoropolyether compound with 1
equivalent of a saturated cyclic hydrocarbon compound, the 2 equivalents of a
perfluoropolyether compound having a perfluoropolyether main chainin a
molecule and having hydroxyl groups at ends thereof, said1 equivalent of a
saturated cyclic hydrocarbon compound having structures each capable of
reacting with the perfluoropolyether compound.
(Configuration 29) A process for producing a lubricant for a magnetic
disk according to Configuration 27 or 28, wherein the perfluoropolyether

compound is a compound represented by a formula (IV):

[0025]

[Chemical Formula 6]
HOCH;CHCH:0CH:CFx(0OC:F)m(OCFy)n—*
on
*~— OCF,CH,OCH:CHCH:OH
du

(in the formula, m and n are each an integer of 1 or more).

{Configuration 30) A magnetic disk having a magnetic layer, a

protective layer, and a lubricating layer over a substrate, the magnetic disk



e
| ubri cant containing the perfluoropol yether-based conmpound in which the

rel ati onshi p between the nunber-average nol ecul ar wei ght and the normalized
val ue of the nunber of hydroxyl groups contained in a nolecule falls within
the predeterm ned range and further the perfl uoropol yet her-based conpound
has at |east one hydroxyl group around the center of the nol ecul ar chain,
it is possible to inprove the heat resistance w thout extrenely increasing
t he nunber-average nol ecul ar weight. FRygther, when the lubricant of this
invention is coated on a protective |ayer, proper interaction occurs between
the hydroxyl groups of the lubricant and the protective |layer to inprove
the adhesion between a lubricating |ayer and the protective |ayer and,

t heref ore, Wwaeein tife luhecatmgdayﬁs:@ngaln&a@hr@am fontimrgnedigsisk accpidinged, it is
possible to suffici entlfy cover the surface of the protective |ayer, thus
enabl i ng a teaucenal Caniguialiansck 2% the Iubricating layer. [00271 As

o5 e oo Rt | RO BB R
S 07 g AR o BB AL, € L P
[rvent 1 on of, conl il By e SRR 3 pBSiALMOS ERASIBS hised

to each ot hey ré’@'ﬁb i HRK bBSnott&d iy a hagnati®asri bl e, by
di meri zi ng t@héihgbrgve Srg:bﬁk&%ér‘g%g%%%hgé, @t omg{btt%gi naaar%ngr'l nol ecul ar wei ght

| ubri cant wapparatuseofta I0E® lunioagiosyersn.ng the nol ecul ar wei ght, thus inproving
the heat resistance. Wth respect to the invention of Configuration 5,
according to the [0@8@heti c-di sk |ubricant containing the conpound in which
the perfluoropol é‘et her groups are bonded to each other thrpﬂh the dival ent
linking group anlththaiinventies chConkgiwationd, agearding ko theonparatiewtisk t he cent er

of the
lubricant containing the perfluoropolyether-based compound in which the

relationship between the number-average molecular weight and the normalized
value of the number of hydroxyl groups contained in a molecule falls within the
predetermined range and further the perfluoropolyether-based compound has at
least one hydroxyl group around the center of the molecular chain, it is possible
to improve the heat resistance without extremely increasing the
number-average molecular weight. Further, when the lubricant of this
invention is coated on a protective layer, proper interaction occurs between the
hydroxyl groups of the lubricant and the protective layer to improve the
adhesion between a lubricating layer and the protective layer and, therefore,
even if the thickness of the lubricating layer is reduced, it is possible to
sufficiently cover the surface of the protective layer, thus enabling a reduction in
thickness of the lubricating layer.

[0027]

As described in Configuration 2, the number of hydroxyl groups around
the center of the molecular chain is preferably two or more and, particularly, as
described in Configuration 3, the number of hydroxyl groups around the center
of the molecular chain is preferably three or more.

According to the invention of Configuration 4, since the



SR
nol ecul ar chain, it is possible, by dinerizing the above perfl uoropol yether,
to obtain a high nolecular weight |ubricant wi thout extrenely increasing
the nolecular weight and thus to inprove the heat resistance and, further,
it is possible to inprove the adhesion between a lubricating |ayer and a
protective layer, so that even if the thickness of the lubricating layer is
reduced, it is possible to sufficiently cover the surface of the protective
| ayer, thus enabling a reduction in th'fkness of the lubricating |ayer.
[0028] As described in Configuration 6, since, in the invention of
Configuration 5, the viscosity at -10Cis in the range of 5000 to
12000nPas, it is possible to obtain excellent flow properties even at |ow
t enper at ur epeshropniyether-lases compaugd is te etinpound venctuted at | ow
tenperatures. Further, as described jn Confjguration 7, since the anmount of

change in PPELOLIRAIYaBEGTPYRS BEe RPNdesg @ach olraneioagliike dvaleAt G ange of
ange from GOMHIs ROSHD AL ArETiskng ovR peLesontvasie’ KughpBes Tia "
Cont 1 gurat | SO ReEs wEBh B G NIRR! arGEF e Mo fe I mbBNERY bR R e
conpound haqh@gi O@gﬁh%trtﬁ%ggatgggéﬁmé groups at the center of a nolecule in

addition to hydr e ends of the nolecule, when the |ubricant

of this inventionyyif %@ﬁétﬁ%% AVERIRIESE oftighatiRh.5, REEGIng thk&r act i on
occurs between the hydroxyl groups of the IUbricant and the protective

layer to i mmayretithiskadbesinBob@iniReherdniingdh wheH tager and t he
protective layer. In the conpound, the perfluoropol yether groups are bonded

t o each ot heeriloropayethévegrdupsbenborndenkio regich othey thiSagh thd divalent linking
per fl uoropol yet her groups has the perfl uoropol yether main chain in the
structure tdieureand whichzhasyalleasylong hydoxut granp erelindisesenter thihedi val ent
'Tnking gr O%olgguslar chain, it is possible, by dimerizing the above perfiluoropolyether, to
obtain a high molecular weight fubricant without extremely increasing the
molecular weight and thus to improve the heat resistance and, further, it is
possible to improve the adhesion between a lubricating layer and a protective
layer, so that even if the thickness of the lubricating layer is reduced, it is
possible to sufficiently cover the surface of the protective layer, thus enabling a
reduction in thickness of the lubricating layer.
[0028]
As described in Configuration 6, since, in the invention of Configuration
5, the viscosity at -10°C is in the range of 5000 to 12000mPa-s, it is possible to
obtain excellent flow properties even at low temperatures and thus to obtain
high reliability when used at low temperatures.
Further, as described in Configuration 7, since the amount of change in
viscosity relative to a change in temperature is in the range of -0.03 to
-0.08mPa-s/°C, the change in flow properties is small over a wide range from
low to high temperatures and thus the stable lubricating performance can be
obtained.
[0029]

According to the invention of Configuration 8, since the magnetic-disk



at | east three hydroxyl groups in the structure thereof. Further, by the
occurrence of proper interaction between the hydroxyl groups of the

| ubricant and the protective layer, it is possible to forma |ubricant

| ayer (lubricating layer) in which |ubricant nol ecul es adequately have a
folding structure on the protective layer. As a result, even if the

t hi ckness of the lubricating layer is reduced, it is possible to
sufficiently cover the surface of the pgotective |layer and thus the

| ubricating |ayer can be uniformy formed on the surface of a nagnetic

di sk. Therefore, it is possible to reduce the thickness of the |ubricating

di sk. Therefore, it is p | | ubric

e cant of SeR FolR A KA A st R SR o ERPE LY v
fl I

G val ont |1 e Sh chadgeee H S0t fihio R g NG AR OB RRIEANE, gn

| ubricant Ryheti tRBNUGHCAB bfRisaRRMRIORSE EbAtEH @RC protdttive &)@, Idiwgert her mal

deconposition can be suppressed. Therefore, when a nagrnetic disk is

nmanuf act ur ednterdctign sucits betwedit theaiydroxyt gioctipp of thicdubri¢amt iangitiove t he heat
resi stance thereof. [0030] As described above, the magnetic-di sk | ubricant
of this inventeoctive layerdrdrpravetthe adpesipe beiweensaitibvriagtinglayer and thel v,
coverage of a protective layer, adhesion to the protective |ayer, and heat
resi stance #nefectieslagern driieesampound, theupariegropelyeiber aroups ardberdRGs of a

| ubri i I ' for .reduci h ' ' b
magnet ¢ hedtean ok S s FLgER ORIG OTRugerFe! 8 BR. and further. it i
llent in | - t abi | i f d bricating.| that it
e by el b i e AR B B Sl e
he | i . : . . .
e o 1 YufeBeARYA R T R0S o s BRI bl ohtdlgny iSRS b
resistance f@ldRMnge hiidrodI\Rboed inGRé sBlcAfe MRRAdfCat i ons. [00311 According

to the invention of Configuration 9, it 1s particularly preferable

Further, by the occurrence of proper interaction between the hydroxyl
groups of the lubricant and the protective layer, it is possible to form a [ubricant
layer (lubricating layer) in which lubricant molecules adequately have a folding
structure on the protective layer. As a result, even if the thickness of the
lubricating layer is reduced, it is possible to sufficiently cover the surface of the
protective layer and thus the lubricating layer can be uniformly formed on the
surface of a magnetic disk. Therefore, it is possible to reduce the thickness of
the lubricating layer while achieving high coverage. Further, since the
magnetic-disk lubricant of this invention comprises the compound in which the
above perfluoropolyether groups are bonded to each other through the above
divalent linking group, it is possible to obtain a high molecular weight lubricant
by dimerizing the above perfluoropolyether and thus thermal decomposition can
be suppressed. Therefore, when a magnetic disk is manufactured using such
a lubricant, it is possible to improve the heat resistance thereof.

f0030]

As described above, the magnetic-disk lubricant of this invention is
excellent in properties such as, particularly, coverage of a protective layer,

adhesion to the protective layer, and heat resistance and thus can achieve a



that, in the invention of Configuration 8, the above dival ent |inking group
have 3 to 6 hydroxyl groups in the structure thereof. If the nunber of

hydr oxyl groups present at the center of a |ubricant nolecule is small, the
adhesion i nprovenent effect by the interaction with a protective |ayer
cannot be obtained sufficiently. On the other hand, however |arge the
nunber of these hydroxyl groups may be, not all the hydroxyl groups are
oriented toward the protective layer sitie to contribute to proper
interaction with the protective layer and thus it is not that the effect of
i nprovenent in adhesion to the protective |ayer increases corresponding to

nvent1 on of it ediionh AEesg of dR TR e IR o BRBRRL A P oupi <
(he oroup hayigHeub BadhouBMER £3EREM: Mo &R BRmGaydin 2 are each a

hydrogen atom™r a group I'S possib to“suita Iy i ntroduce

hydroxyl gr eﬁ&@wkdaﬁ@mrﬁ@atlﬁé e@lf:elﬂan't Hﬂbh?ﬂ@ﬂm gtalbmwlbrea forfniegit her
accordlng to the |nvent|on of Conf |gurat|on t he above

per f | uor opoliyeichting yer goithatdt isfsaitabie Yor realizing apnagnetiesiisK lealifiy highe above
formula (1). [0033] In the inventions of Configurations 12 and 13,

accor di ng t selidbgdity evemwiiinthe lowdiying heibhl afanmagbetid meatl tojlowingdbéng 2
equi val ents of the perfluoropolyether conpound having the

per f | uor opolifesears inracerdiigedensity inarecapl yeans and mathiery algict ervitepaiemall gr oups
at the ends thereof th 1 equivalent of tRQeaal i phati c conmpound having the
structures é%ﬁaeﬁ%gﬂpé’"&thﬁ arificatianaf appheati9Bss | uor opol yet her conpound to
form a hydroxyl Eq%l,ég and according to the process for producing such a
magneti c-di sk | ub h it is possible to suitably obtain a magnetic-di sk

e oo SPRRYAR T ent & OB 8 EhgBlry FoBipe” o0
hydroxyl  gr qygiSinahe if@ng868f Confidlitalitt 8tk @bbYe divaldn 9nking group have 3
to 6 hydroxyl groups in the structure thereof.  |If the number of hydroxyl groups
present at the center of a lubricant molecule is small, the adhesion improvement
effect by the interaction with a protective layer cannot be obtained sufficiently.
On the other hand, however large the number of these hydroxyl groups may be,
not all the hydroxyl groups are oriented toward the protective layer side to
contribute o proper interaction with the protective layer and thus it is not that
the effect of improvement in adhesion to the protective layer increases
corresponding to the number of hydroxyl groups in the molecule.
[0032]
According to the invention of Configuration 10, since the above divalent
linking group is the group having the group represented by -(CRRz)- (R; and R;
are each a hydrogen atom or a hydroxyl group), it is possible to suitably
introduce hydroxyl groups around the center of a lubricant molecule.
Further, according to the invention of Configuration 11, the above
perfluoropolyether group is preferably the group represented by the above
formula {1).
[0033]

In the inventions of Configurations 12 and 13, according to the



per fl uoropol yet her conpounds each havi ng hydroxyl groups only at the

nol ecul ar ends thereof to dinerize themand that is excellent in properties
such as coverage of a protective |ayer, adhesion to the protective |ayer,
and heat resistance and thus can achieve a further reduction in thickness
of a lubricating layer. [0034] According to the invention of Configuration
14, it is preferable that, in the invention of Configuration 13, the above
al i phatic conpound is the conpound havpgg at |east one hydroxyl group in a
nol ecul e and having the epoxide structures at the ends thereof. Using such
a conpound, it is possible to obtain a lubricant of this invention with

Con Sﬂaéi ! etttk WAt Ermad of SroB R R EILAS < pr of cr abily. the
vent1 on oP<ChRPpaALet ‘?ﬂ%&ﬁ%hfia\&a%fﬁétpaef“@f?’&O'Ef%“éf e i ng the
compound '”rﬁ@\b;&fhetaﬂa Fin 'tHQWBu%'xXI?rB ﬁf tﬂ?%?ﬁ@&ﬁere@?ﬂﬂ?‘i’ éqﬂ tt‘ ot her

t hrough the di ent alipfRatic’gro per uoropo er groups

has the per fdf yar apMayietbRbolRd RadiRghte smétﬂ@ssédbh%ﬂé@le%lreédﬁﬂgﬁﬂﬁh and a
hydroxyl group at ‘an end thereof, and further has a hydroxyl group on the

si de cl oser th@pbhl&okﬂp@@eﬁﬂmmomunerté Faror @ potinpey ngroupraind acbading to The
conmpound has hydroxyl groups near the divalent aliphatic group, i.e. around
the center dfrogessdbrepredacing suchidinnagneticelisiylbdoartt, ijisquassiods torduitablyds of  t he
nmol ecul e, when the lubrjcant of this invention is coated on a protective

| ayer, it Oévtha@srnmr@tkccmibwml@anh%ihl%m\rﬁnnqmat € ajs@meawnd]@ wlagtéas in

whi ch [ ubri ant nol equl e dequat e hav foldln str re on the
protective |%§ﬁé,thrag@y '5”"@’ OUP%?E‘?'&%Q %@ﬁmteﬁ % "yr oups of the

ubri cant ang e B1OKRSH HBULEKFHe drE P FHe mBYecﬁrmmgt he length (e.g.

the nunber o car
perfluoropolyether compounds each having hydroxyl groups only at the

molecular ends thereof to dimerize them and that is excellent in properties such
as coverage of a protective layer, adhesion to the protective layer, and heat
resistance and thus can achieve a further reduction in thickness of a tubricating
layer.

[0034]

According to the invention of Configuration 14, it is preferable that, in
the invention of Configuration 13, the above aliphatic compound is the
compound having at least one hydroxyl group in a molecule and having the
epoxide structures at the ends thereof. Using such a compound, it is possible
to obtain a lubricant of this invention with high purity and with high yield.

Further, according to the invention of Configuration 15, the above
perfluoropolyether compound is preferably the compound represented by the
above formula (ll).

[0035]

According to the invention of Configuration 16, the magnetic-disk
lubricant comprising the compound in which the perfluoropolyether groups are
bonded to each other through the divalent aliphatic group. Each of the

perfluoropolyether groups has the perfluoropolyether main chain in the structure



chain) of the aliphatic group, it is possible to adjust the position of the
hydr oxyl groups around the center of the nolecule. As a result, it is
possible to control the folding structure of lubricant nol ecul es forned on
the protective layer to adjust the thickness of the lubricating |ayer. That
Is, detailed tuning of the nolecular structure is enabled by adjusting the
| ength of the aliphatic group so that it is possible to strictly control
the thickness of the lubricating | ayer @h the nolecular |evel. Further, by
carrying out the strict thickness control on the nolecular level, even if
the thickness of the lubricating layer is reduced, it is possible to

suf fici ent| yh@reyrand ﬁﬁgﬁﬁ@k?@@u@ht hnenanisdrect, ava flidy@mhagrnthydiosyit he .
| ubricating layer can be unitormy formed on the surface of a magnetic di sk,

t hus enabl igngupon dduside closenta the donddisarofhetgeflilarbpolyethenmairagteainwhi | e
achi eving hi_gh coveragi_;. Therefore, the magnetic-disk lubricant of this

i nventi on cdmeasompoed hasthydrovyt groepa cepothe; divalentalipbstic gfoug, Leibri cat i ng

| ayer required for reducing the nagnetic spacing between a magnetic head
and a recor @] psentar o4 melgpdei B agddien tahwdraxyt grerps at theenslz | | ent i n
|l ong-termstability of a formed. |ubrjcating |ayer othat it is suitable
for real i 2 o MoRgHEoEnReiisanhel hghreian hodipl Pna Biriesive TRt | ow
flying hei ght, ' ' . ' | Q. ordi ng
densi Ty i n a3 BredhERFEs §ERAaL Ve RIS 12yl SR Br A Ot

Confi gurati ' ' i | [ i bove

di val ent al mé‘t??'%%?%ﬁ’ﬁ t?lg httagg agﬂraou %@&F@égﬁ? gg pggiééﬁ\}(eg%yé@ugﬁ?r&é and R2

are each a limgrRH6R batwBrothe hyatdxgt droups b tedulridaht afd thapeestivefaykr.or
nore), the length of the aliphatic group can be changed by the nunber of

carbons i n the naFartbéraby chamgiegiheslengthae.d. the supbssofdasborns iadhe stairt he
position of hy'drox%/I q.rou.s around the center of a |ubricant nolecule.
Further, accédatm fthecdliphatic arpent it snpessitte iF adjustdhp eesiign of e hystoey!

per | uor opol et hel Shaii Lol &' AL 3D AL QYRR EEINS kol 200V
the folding structure of lubricant molecules formed on the protective layer to
adjust the thickness of the lubricating layer. That is, detailed tuning of the
molecular structure is enabled by adjusting the length of the aliphatic group so
that it is possible to strictly control the thickness of the lubricating layer on the
molecular level. Further, by carrying out the strict thickness control on the
molecular level, even if the thickness of the lubricating layer is reduced, it is
possible to sufficiently cover the surface of the protective layer and thus the
lubricating layer can be uniformly formed on the surface of a magnetic disk, thus
enabling a reduction in thickness of the lubricating layer while achieving high
coverage. Therefore, the magnetic-disk tubricant of this invention can achieve
a further reduction in thickness of a lubricating layer required for reducing the
magnetic spacing between a magnetic head and a recording layer of a
magnetic disk, and further, it is excellent in long-term stability of a formed
lubricating layer, so that it is suitable for realizing a magnetic disk having high
reliability even with the low flying height of a magnetic head following the

increase in recording density in recent years.
[0036]



[0037] In the inventions of Configurations 19 and 20, the nmagnetic-di sk

| ubricant and the process for producing the sanme are disclosed. The

magneti c-di sk lubricant is obtained by reacting 2 equivalents of the

per fl uoropol yet her conpound with 1 equivalent of the aliphatic conmpound

having the structures each capable of reacting with the perfl uoropol yet her

conpound. The 2 equival ents of the perfl uoropol yether conpound has the

per f | uoropol yether main chain in a nol edil e and having the hydroxyl groups

at the ends thereof. The 1 equivalent of the aliphatic conmpound has the

structures each capable of reacting with the perfluoropol yet her conpound.

Thus, according tActdrdingrtotiesisvéetionpsfaCerfigneatmncty, sinceginehée tmvaéntién biibr i cant

it is possible to obtain a magnetic-disk lubricant suitable for this

i nventi on i Ronfigetationyi&r theydboye clivaterd aéiphatiorgrdup édtheaouarepaesertied bg  gr oup,

I.e. around the center of a nolecule, in addition to hy dro@% groups at the
P

ﬁngs of I t he -t Eeln-éRpand Halafﬁhgadbéhyﬂmge@rﬁi@%‘étfrﬁe?u%mhﬁ é‘aéﬂ havi gg
fﬁlr{(ﬁélry, O haBaRd i Topre) ngﬁ%gﬁﬁg@p IPGRIRIMBGAE Ko aRBRE DY 19 1 he.
"ength. - Fur ERmPer BEEAPERSE! 18 Heln haBdnelesfsGindtits PEedbR g atllst BT o' "
preferabl e %%sm H?ﬁ h%drax%@‘?%ﬁd;é h(?ihepée rﬁrgf'egl'd[)%érﬂr?ncﬁg%uléhe above

per f 1 uor opol yet e conpound represente the above

formula (1V). [OpﬁﬁﬁerAﬁ&ﬁfr@hg%il'% ihBentionV B drifiguedtiorasf talddvieon 22, the
magneti c-di sk lubricant of this invention conpfises the conpound. In t he

conmpound, t perfluoespgdiyshenpbye idyerefaallytise grouphrepasdntsd abb abbher t hrough
the divalent aromatic group. Each of the perfluoropol yether groups has the
per f | uor opoffgratui@tlliai n chain in the structure thereof and a hydroxyl group
at an end thereof, and further has a hydroxyl group on the side closer to
t he bond 0037]

In the inventions of Configurations 19 and 20, the magnetic-disk
lubricant and the process for producing the same are disclosed. The
magnetic-disk lubricant is obtained by reacting 2 equivalents of the
perfluoropolyether compound with 1 equivalent of the aliphatic compound
having the structures each capable of reacting with the perfluoropolyether
compound. The 2 equivalents of the perfluoropolyether compound has the
perfluoropolyether main chain in a molecule and having the hydroxyl groups at
the ends thereof. The 1 equivalent of the aliphatic compound has the
structures each capable of reacting with the perfluoropolyether compound.
Thus, according to the process for producing such a magnetic-disk lubricant, it
is possible to obtain a magnetic-disk lubricant suitable for this invention in which
hydroxyl groups are introduced near an aliphatic group, i.e. around the center of
a molecule, in addition to hydroxyl groups at the ends of the molecule by linking
perfluoropolyether compounds each having hydroxyl groups only at the
molecular ends thereof to dimerize them and, further, the position of the
hydroxyl groups around the center of the molecule is arbitrarily adjusted using
the aliphatic group different in length.

Further, according to the invention of Configuration 21, it is preferable



than the perfluoropol yether main chain. The conpound has hydroxyl groups
near both sides of the divalent aromatic group present at the center of a
nol ecul e in addition to hydroxyl groups at both ends of the nolecule.
Therefore, when the lubricant of this invention is coated on a protective

| ayer, the lubricant interacts with the protective |layer due to a
Tr-electron cloud of the aromatic groug%present at the center of the

| ubri cant nol ecule. Accordingly, the Iebricant nol ecul e adheres to the
protective layer. Following this, the hydroxyl groups present on both sides
of the aromatic group tend to be arranged on the surface of the protective
| ayer. Ther ¢falr ie,the mweadton obGohfigurbon 2Mitike abbiepetiabmpelyetier hydr oxyl
groups at both ends of the lubricant nolecule and the protective |ayer,
proper i nt ecaopiound bedbe sompouwed represerigdibpiiye abpveuipsmular{\ot h si des of the
aromatic group and the protective layer. As a result, the adhesion of a

| ubricating Iayerq0§8]nproved due to the interaction between the hydroxyl
groups of the lubrica

interaction with PAEFN {”&a{ggiﬂé &@eﬁéﬂ(}té&c%w{e%ga er%qc,g@% g’lt?r%t”%ﬁ%aaﬁ gf t Pﬁe

' . ] . ' B h
L
Structure operteRédoldinet Bofits althbd o BALACMAInBHEANE Sleht ° 2 1O he

| ubri cati ng dremefic Qr%uP_.edEﬁ@ﬁ of tHe dé’fl@(ﬂ'op@lgéﬁ}bbbﬁ)ufp@ haghke a uniform
| ubricating |ayer sufficiently covering the surface of a magnetic disk,

t hus obt ai nipegfiuchepdiydthercratinnghairinethe strubiure therebframblid hydroxy @8R fplat Accor di ng
to the invention of Configuration 23, the magnetic-disk lubricant of this

i nvention c@mgndiberacheansoirgbentas 2 hydiosylgiewo andhe side clgser 1a therbepdl yet her
groups are bonded to,_each other through the divalent saturated cyclic

hydr ocar bon UAbi§. PaEleaioBRly tREr BT PhidiR-o pbIS BRTRBPURS BRADHEYCTRRM OreHPs

D0t 0P e B e el B S IS BB Rl ot o

to molecule in addition to hydroxyl groups at both ends of the molecule.
Therefore, when the lubricant of this invention is coated on a protective layer,
the lubricant interacts with the protective layer due to a m-electron cloud of the
aromatic group present at the center of the lubricant molecule. Accordingly,
the lubricant molecule adheres to the protective layer.  Following this, the
hydroxyl groups present on both sides of the aromatic group tend to be
arranged on the surface of the protective layer. Therefore, in addition to the
interaction between the hydroxyl groups at both ends of the lubricant molecule
and the protective layer, proper interaction occurs between the hydroxyl groups
on both sides of the aromatic group and the protective layer. As a result, the
adhesion of a lubricating layer is improved due to the interaction between the
hydroxyl groups of the lubricant and the protective layer conjointly with the
interaction with the protective layer by the m electron cloud of the aromatic
group present at the center of the lubricant molecule. By the interactions
described above, it is possible to form a lubricant layer (lubricating layer) in
which lubricant molecules adequately have a folding structure on a protective

layer. Therefore, even if the thickness of the lubricating layer is reduced, it is



t he bond than the perfluoropol yether nmain chain. The conmpound has hydroxyl
groups near both sides of the divalent saturated cyclic hydrocarbon group
present at the center of a nolecule in addition to hydroxyl groups at both
ends of the nolecule. Therefore, when the lubricant of this invention is
coated on a protective layer, the saturated cyclic hydrocarbon group
present at the center of the lubricant nolecule interacts with the
protective |layer by the internolecular 24orce, i.e. the van der Waals force.
Accordi ngly, the lubricant nolecule adheres to the protective |ayer.
Followi ng this, the hydroxyl groups present on both sides of the saturated
cyclic hydr FOQ&ibleno doraua uhBoeh fubribetirgy lapavgRdfickentlysdverng trecsurticetdia
protective layer and, therefore, in addition to the interaction between the
hydr oxyl gr oggpetic disks thue odbtaining threelubrtatingdayermmittebighelusahility.he  prot ecti ve
| ayer, proper interaction occurs between the hydroxyl groups on both sides
of the saturated P88l c hydrocarbon group and the protective |ayer. As a

' roved due to the

b Do AE e S L BRI ot 1o
aver Con o) Mok, bAoA SR Sl TR B, Ll
the center brhRfoddiiheaRbupdBleaRda PUatRBuleRibagH hi\guleRer | bed, above.

it Is possi r'rcant ayer rircatin ayer) 1 n which

| ubri cant neheeatedTyaRafRs@Iomgisipa E@bﬁiof‘mezﬁerﬂ%rb%?éﬂﬁr 9fbu®sp_r otective
| ayer. Therefore, even if the thickness of the |ubricating [ayer is

reduced, it has thopefibb®pblyefher main ghaihdn thd sthuctwatthegof, aydra hydsbkyici ent |y
covering the surface of a magnetic disk, thus obtaining the 1ubricating

| ayer with grap alanegnd ihegeof| @ukhytheFoas adydroxgbgroup og the sidecclosevént i on of
Configuration 24, it is preferable that, in the invention of Configuration

22 or 23, tHe Befisiibapdhe PaBSERAOMELIREMAIR chAl- BBE CRETGHER BaF ByFEXkNt ed by
ﬁrggng? ioxé_ed}‘ grkorﬁupls%e Ir Uo?h‘ sicligs aﬂﬁeicﬁ]\é?enr%tisgpusfat%]:j c%ﬁg Iiwﬁ#cggér. on Sgrc>2u?) and 27, the
present at the center of a molecule in addition to hydroxyl groups at both ends
of the molecule. Therefore, when the lubricant of this invention is coated on a
protective layer, the saiurated cyclic hydrocarbon group present at the center of
the lubricant molecule interacts with the protective layer by the intermolecular
force, i.e. the van der Waals force. Accordingly, the lubricant molecule
adheres to the protective layer. Following this, the hydroxyl groups present on
both sides of the saturated cyclic hydrocarbon group tend to be arranged on the
surface of the protective layer and, therefore, in addition to the interaction
between the hydroxyl groups at both ends of the lubricant molecule and the
protective layer, proper interaction occurs between the hydroxyl groups on both
sides of the saturated cyclic hydrocarbon group and the protective layer. As a
result, the adhesion of a lubricating layer is improved due to the interaction
between the hydroxyl groups of the lubricant and the protective layer conjointly
with the interaction with the protective tayer by the intermolecular force of the
saturated cyclic hydrocarbon group present at the center of the lubricant

molecule. By the interactions described above, it is possible to form a lubricant

layer {lubricating layer) in which lubricant molecules adequately have a folding



| ubricant and the process for producing the sane are disclosed. The

magneti c-di sk lubricant is obtained by reacting 2 equivalents of the

per fl uoropol yet her conmpound with 1 equivalent of the aromatic conpound. The
2 equi valents of the perfluoropol yether conpound has the perfluoropolyether
main chain in a nolecul e and the hydroxyl groups at the ends thereof. The 1
equi val ent of the aromatic conpound has_the structures each capable of
reacting with the perfl uoropol yet her cd#%ound. Thus, according to the
process for producing such a nmagnetic-disk lubricant, it is possible to
obtain a magnetic-di sk |ubricant suitable for this invention in which

hydr oxyl gr atrpstues en argroedtveedyae arThieadfores iedess if the Hhiclaeesef the group, i.e.
around the center of a nolecule, in addition to hydroxyl groups at the ends
of the nol dduicatiny layenisiraducadhitisigbssible tafarmaa uoiteim lubricatind Inyer opol yet her
conpounds each, havi ng hydroxyl groups only at the nol ecul ar ends thereof to
di meri ze t héHfficendy cavering thasurface At 2 ARINGHC disks thysoRHaIBRE s and 28, the

magnet i c- di . lLubricant. and the process for producing the sane are

di scl osed. %ﬁg'caﬁ%l‘?@?m’ﬂﬁihéﬂb q%ﬁﬁ‘i”é’ant i s obtained by reacting 2

equi val ents of thg) 4Bﬁrf| uor opol yet her conpound with 1 equival ent of the
saturated cyclic 8 ydr ocar bon conpound. The 2 equival ents of the

perf | uor opol yet hefrAaTRASHANG RS 1id B iimRLitone, T froflisb® |1 @

nol ecul e and t he ups at the en ereof. T equi val ent of

the sat ur at egatCinahé hvehlich BESHRAMJUrRIPR2 BE28ake thové peHitbripptyetitsth capabl e
of reacting with the perfluoropolyether conpound. Thus, according to the

process for gpuurbe theggrosp céprasenmtgd dlyitioe dbske fombulac@iit, it is possible to
obtain a magnetic-di sk |lubricant suitable for this invention in which
hydroxyl groups aletherinventiqoedf Qealigusations 25 aled 26ftha neaanetiatdiek cyclic
vl oyl or ARt andheatasesStof R@dENgaLe Samp A dlsciged: The T

magnetic-disk iubricant is obtained by reacting 2 equivalents of the

perfluoropolyether compound with 1 equivalent of the aromatic compound.

The 2 equivalents of the perfluoropolyether compound has the

perfluoropolyether main chain in a molecule and the hydroxy! groups at the

ends thereof. The 1 equivalent of the aromatic compound has the structures

each capable of reacting with the perfluoropolyether compound. Thus,

according to the process for producing such a magnetic-disk fubricant, it is

possible to abtain a magnetic-disk lubricant suitable for this invention in which

hydroxyl groups are introduced near both sides of an aromatic group, i.e.

around the center of a molecule, in addition to hydroxyl groups at the ends of

the molecule by linking, through the aromatic group, perfluoropolyether

compounds each having hydroxyl groups only at the molecular ends thereof to -

dimerize them.

[0041]
in the inventions of Configurations 26 and 28, the magnetic-disk
lubricant and the process for producing the same are disclosed. The
magnetic-disk tubricant is obtained by reacting 2 equivalents of the

perfluoropolyether compound with 1 equivalent of the saturated cyclic



t hrough the saturated cyclic hydrocarbon group, perfluoropol yether conpounds
each having hydroxyl groups only at the nol ecul ar ends thereof to dinerize
them Further, according to the invention of Configuration 29, the above

per fl uoropol yet her conpound is preferably the compound represented by the
above formula (1V). [0042] According to the invention of Configuration 30,
in the magnetic disk having the nagnetic |ayer, the protective |ayer, and
the lubricating | ayer over the substraf®, the | ubricating |ayer contains

t he magnetic-di sk lubricant of this invention. Therefore, it is possible to
obtain a high-coverage uniform l|ubricating | ayer capable of, even with a
reduced t hi diydexarbauédmpowend. | Y he@® equivagentsioé trreupériioeropblyetier pr ot ecti ve

| ayer and excellent in heat resistance and adhesion to the protective

| ayer. Thus compougdpasshse perfiuorapohicther reain whaiman armalgculedndtie t hi ckness of
a lubricating |ayer required for reducing the magnetic spacing, so that it

i s possi bl e Wargxybaioyes at thegnssitbergobk Hig 1 agUiNRgAt eidhe SBIUrREEH QEkh with the
| ow flying height ,of a magnetic head foll ow the increase i ecor di ng
densi ty 1 n IVEEERELChEPRE s e pumbluss PedPearpbie ALEREE pla S ance
follow ng t | L ] | [ i l\ng to the
I nvention o;bee &%?gﬂ?%b?’g%@q&ﬁ n?@a% hé&té’é‘@@@“’ %\}&rég%ﬁ%r ﬁgoyearlbmigs t he

car bon- basedy,ghat rﬁsgﬁét%-diambra&@ﬂ e u&:d&éﬂﬂé PBotalh a FRIGhESLLERK IcAR: the

i nteraction between the hydroxyl groups of the nagnetic-disk |ubricant of

t hi s i nvent ispialbledort this inveritientin whidrewairoxys gfaupishes intestluesd @dasidothhat t he
operation and effect according to this invention are exhibited nore

pref erabl y. skiestdfer satamtetbsynlic bgdrocarkCondrogpyriat iacourgithe tceetemafiaet i ¢ di sk
having the lubricating |ayer containing the lubricant of this invention is
parti cul ar | ynelgeelapbineddition’to hydroxyl groups at the ends of the molecule by linking,
through the saturated cyclic hydrocarbon group, perfluoropolyether compounds
each having hydroxyl groups only at the molecular ends thereof to dimerize
them.
Further, according to the invention of Configuration 29, the above
perfluoropolyether compound is preferably the compound represented by the
above formula (IV).
[0042)
According to the invention of Configuration 30, in the magnetic disk
having the magnetic layer, the protective layer, and the lubricating fayer over the
substrate, the lubricating layer contains the magnetic-disk lubricant of this
invention. Therefore, it is possible to obtain a high-coverage uniform
lubricating layer capable of, even with a reduced thickness, sufficiently covering
the surface of the protective layer and excellent in heat resistance and adhesion
to the protective layer. Thus, it is possible to achieve a further reduction in
thickness of a lubricating layer required for reducing the magnetic spacing, so
that it is possible to provide a magnetic disk having high reliability even with the
low flying height of a magnetic head following the increase in recording density

in recent years and with very strict environmental resistance following the

diversification of applications.



as a magnetic disk adapted to be nounted in a magnetic di sk apparatus of the
| oad unl oad system Effect of the Invention [0044] According to a

| ubricant for a magnetic disk of this invention, it is possible to forma

hi gh- coverage uni form | ubricating |ayer capable of, even with a reduced

t hi ckness, sufficiently covering the surface of a protective |ayer and
excellent in heat resistance and adhesion to the protective |ayer. According
to a magnetic-di sk | ubri-cant producti on2Erocess of this invention, it is
possible to suitably produce a lubricant for a magnetic disk of this
invention in which hydroxyl groups are introduced at the nol ecul ar ends and
further at the cefd0#3]of a nolecule. According to a magnetic disk of this
invention, by formng on a nagnetic disk surface a lubricating |ayer

cont ai ni ng a | ubr Aceprdingbiodhe gweption pf Sonfigrsationodl . sinae the abe¥gi bl e to obtain
t he hi gh-coverage lubricating |ayer capable of, even with, K a reduced

t hi ckness, SuptECtyelRyerisdos eaibrg-based prptesiive layerdn the trweptieneol ayer and

|l i h esi : . adhesi ' I d
Cheref ore | 10OTGUAIGRD: B BerH B Ro T At i ERGREEP e 1 h ckness of the
ther ef or | Baiet _ Giflt 1P ¢hi ckness of t}
< posei bl o Ta s LBRAAER L I BRIl RIRRO ver BARDES. o wi'th

the Iow flyidypaRes@ss waf 1 o@%gf?&*i hAd BRast a[]cebmvg fhishRvéritiohegse i n

recording density I n recent rs and wth very strict environnmental
resi stance faxhittetmoreltrefdratgy.si fication of applications. Brief Description
of the Drawings [0045] Fig. 1 is an exenplary sectional view of an Exanple
of a magnetic di siFurtbér, abidestnbeshiniConfighiragion B2, theamdgaeficatisk bavieg fHeai ni ng
the rel ationship between the

lubricating layer containing the lubricant of this invention is particularly suitable

as a magnetic disk adapted to be mounted in a magnetic disk apparatus of the

load unload system.

Effect of the Invention

[0044)]

According to a lubricant for a magnetic disk of this invention, it is
possible to form a high-coverage uniform lubricating layer capable of, even with
a reduced thickness, sufficiently covering the surface of a protective layer and
excellent in heat resistance and adhesion to the protective layer.

According to a magnetic-disk lubricant production process of this
invention, it is possible to suitably produce a lubricant for a magnetic disk of this
invention in which hydroxyl groups are introduced at the molecutar ends and
further at the center of a molecule.

According to a magnetic disk of this invention, by forming on a magnetic
disk surface a lubricating layer containing a lubricant obtained by this invention,
it is possible to obtain the high-coverage lubricating layer capable of, even with
a reduced thickness, sufficiently covering the surface of a protective layer and
excellent in heat resistance and adhesion to the protective layer and therefore it

is possible to achieve a further reduction in thickness of the lubricating layer



nunber - aver age nol ecul ar wei ght and the nornalized val ue of the nunber of
hydr oxyl groups contained in a nolecule in each of nagnetic-disk |ubricants
of this invention. Description of Synbols [0046] 1 substrate 2a adhesive
| ayer 2b underlayer 3 nagnetic |ayer 4 carbon-based protective layer 5

| ubricating layer 10 magnetic di sk Best Mbde for Carrying Qut the Invention
[0047] Hereinbelow, this invention will _be described in detail by

enbodi nents 29 thereof. A lubricant fofSa magneti ¢ di sk according to this
invention contains a perfluoropolyether-based conpound in which the

rel ati onshi p between a nunber-average nol ecul ar wei ght and a normal i zed

val ue of t heequirdsior cfducimgahe xydgngtio spaciograceihakil is possibietepwiidefal | s wit hin
a predetermned range, i.e. the nunber-average nol ecular weight is in the
range of 1000agnetic@ik having higb refiabilibeavernvile the lownlyingheight @ffa hydr oxyl
groups contai ned i

t [ le i 180 , dth
per f | uor opolWWP?ﬁégZ@[g@‘ﬁ% eﬂérisé@s?l‘f‘ ﬁ%ﬁﬁiﬁe%ﬁ&dmﬂ%eeﬁt YeS@hecting a
int wh t. - | | i aht .,is,.100 dth lized
Dol of ot navitCve BRES o Ry BT S 5thneE B et BoaBiof iF e "t 00 £ o

a point V\heragjlpji&qioﬁgnber-aver age nol ecul ar weight is 6000 and the

normal i zed val'ue of the nunber of hydroxyl groups contained in the nolecule

is 1600, and further, the perfluoropol yether-based conpound has at

Brief Description of the Drawings

[0045]

Fig. 1 is an exemplary sectional view of an Example of a magnetic disk
of this invention.

Fig. 2 is a diagram for explaining the relationship between the
number-average molecular weight and the normalized value of the humber of
hydroxyl groups contained in a molecule in each of magnetic-disk lubricants of

this invention.

Description of Symbols

[0046]
1 substrate
2a adhesive layer

2b underiayer

3 magnetic layer
4 carbon-based protective layer
5 lubricating layer

10 magnetic disk

Best Mode for Carrying Out the Invention
[0047]

Hereinbelow, this invention will be described in detail by embodiments



| east one hydroxyl group around the center of a nolecular chain. In this
I nvention, a normalized val ue of the nunber of hydroxyl groups contained in
a nol ecule (hereinafter referred to as EW (Equi val ent Wight) in the
specification) is a value obtained by dividing a nunber-average nol ecul ar
wei ght by the nunber of hydroxyl groups. For exanple, in a conpound where
t he nunber-average nol ecul ar weight is 5000 and the nunber of hydroxyl
groups contained in a nolecule is 5, EW¥s 1000. [00481 Fig. 2 is a graph
with the ordinate axis representing EWand the abscissa axis representing
nunber - aver age nol ecul ar wei ght M, wherein a range surrounded by segnents
atodis thheebhve predeterm ned range representing the relationship
between the nunber-average nol ecul ar weight and EWin the magnetic-disk
| ubri cant of thi sAlubgant &1.a magnelisgdishaceordingje dye imveniion eentade@ |1 f M
becones | ess than 1000, the anmount of . evaporation of .a |ubricant becones
large and t RESIYOTaPelEeiher-basas GarpROuNsYP ) thggelafigRSRIBORMARCNRi s the |ine
connecting the point where M is 1000 gnd EWi.s 40 to.the point, where MWnh
<6000 and VNS VBTRIE RICSUEY MEIEN AR Ao alces Bk e ORI T ¢ of
EW necessar LRI s ' f. : tive

ot Emyfgg%xgﬁgrtgﬁgg cﬂﬁtaﬂ{eﬁqﬁ a rﬁﬁ@@@lﬁgglﬁo\@ﬁi&g ag?rggglleh@m%d rBﬁ&é,?.%.

| ayer. . reater than ricant phenonmenon
in which a 'tHthﬁ\%%P—a@é’l%gébﬁoI&&Jlér\b@i@ﬁhistiﬁﬂ%srafn@e%ngo 15B0808ke the
vi scosity becones too small and thus“the mgration tends to occur. The

segnent c rapreakisdvditie of thetiPnbdriof Mpdxglefrdapdediitainktien tHesolkclilg iPecones
very large so that the |ubricating perfornmance decreases and the self-repair

properties défrarasere, Ihe thecperfinorogolyetheebaned c&mpobnd B0n al regiwhsdaowaes | ess
t han 180, the ratio of hydroxyl groups in a |ubricant nol ecul e becones very
hi gh and t hdi§etgeaneeiing & aeinhyhees: themwaies-ayetagedgeleculrnwetest is 1806 npedes t he

formation of, e hormatzed VaTuedt e niimber O hyfrowy! groups contained in tha-+ 24
molecule is 400 to a point where the number-average molecular weight is 6000
and the normalized value of the number of hydroxyl groups contained in the
molecule is 1600, and further, the perfluoropolyether-based compound has at
least one hydroxyl group around the center of a molecular chain.

[n this invention, a normalized value of the number of hydroxyl groups
contained in a molecule (hereinafter referred to as EW (Equivalent Weight) in
the specification) is a value obtained by dividing a number-average molecular
weight by the number of hydroxyl groups. For example, in a compound where
the number-average molecular weight is 5000 and the number of hydroxyl
groups contained in a molecule is 5, EW is 1000.

[0048]

Fig. 2 is a graph with the ordinate axis representing EW and the
abscissa axis representing number-average molecular weight Mn, wherein a
range surrounded by segments a to d is the above predetermined range
representing the relationship between the number-average molecular weight
and EW in the magnetic-disk lubricant of this invention. The segment a
represents Mn of 1000. If Mn becomes less than 1000, the amount of

evaporation of a lubricant becomes large and thus the heat resistance degrades.



According to the magnetic-disk lubricant of this invention described above,
it is possible to inprove the heat resistance wi thout extrenely increasing

t he nunber-average nol ecul ar weight. Further, when the lubricant of this

i nvention is coated on a protective |ayer, proper interaction occurs between
the hydroxyl groups of the lubricant and the protective |layer to inprove
the adhesion between a lubricating |layer and the protective |ayer and,
therefore, even if the thickness of tk@plubricating | ayer is reduced, it is
possible to sufficiently cover the surface of the protective |ayer, thus
enabling a reduction in thickness of the lubricating |ayer. In the above

| ubricant, (The segmzet baé tHeylthecooninegtirauihe poidwidere n iselt0randoEWtidO0fol ecul ar
chain is preferably two or nore and, particularly, the nunber of hydroxyl
groups ar outetheneoigiewhere M is 6ROGanEW isr 60Rai Thissstipigitt dna bl rppeeseats or

nore. Further, the above |ubricant is a conpound in which perfl uoropolyether
groups are 6@16%@3& mb%fc%wd’teﬁeﬁsarmﬁ%&{a'a"@l Rraperdhesian RegiasMenpe t %E

obt ;.efn";eh?bam'et el ar TR peEo b A et PR B DEken Bl RAR oading 1 he
mol ecul ar wel gy o*?Hﬁ mga{nmmg?hmuém 1o £ALEA) 61888’5 o[&f&g?.] Flﬁﬂ'i Ebr! cant

for a magnet 1 C accor I'S 1 nventlon | S bri cant

cont ai ni ng Qh@@@@@eu@%éceméf@lts@sﬁ@nfalnmﬁw%yrﬁrgmfon%ﬁ@@ﬁ) @éc@rbon@d to each
ot her through a divalent |inking group and which has at | east one hydroxyl

group ar oungefhenterémresarits Mmoi 600, anf Mhakteed3o80D0d thegvitcodithibecomebr i cant,
by di nmerizing the above perfl uoropolyether, it is possible to obtain a high
nol ecul ar weeghlardeusyy thaktite bticesing pexforrearte decreassssantheraelfrrepaic ul ar

weight and thus to inprove the heat resistance and, further, it is possible
to inprove W%f&@ﬁf\@%ﬁf@ﬂs%et'ﬂ@eﬁ%mﬂ]@rre@éﬁ%ﬁ& W @fr188n d IFEWkacemesve | ayer .

Ther el O e, Gl 1h0 ik T BFR S Sl b IR GRSl bodReSy 1S

high and thus the lubricating performance decreases. Further, it impedes the
formation of low surface energy by a fluorine-based lubricant.

[0049]

According to the magnetic-disk lubricant of this invention described
above, it is possible to improve the heat resistance without extremely increasing
the number-average molecular weight. Further, when the lubricant of this
invention is coated on a protective layer, proper interaction occurs between the
hydroxy! groups of the lubricant and the protective layer to improve the
adhesion between a lubricating layer and the protective layer and, therefore,
even if the thickness of the lubricating layer is reduced, it is possible to
sufficiently cover the surface of the protective layer, thus enabling a reduction in
thickness of the lubricating layer.

In the above lubricant, the number of hydroxyl groups around the center
of the molecular chain is preferably two or more and, particularly, the number of
hydroxyl groups around the center of the molecular chain is preferably three or
more.

Further, the above lubricant is a compound in which perfluoropolyether

groups are bonded to each other through a divalent linking group, and therefore



to sufficiently cover the surface of the protective |ayer, thus enabling a
reduction in thickness of the lubricating layer. [0051] The viscosity of

t he above lubricant at -10Cis in the range of 5000 to 12000nPas so that it
is possible to obtain excellent flow properties even at |ow tenperatures
and thus to obtain high reliability even when used at | ow tenperatures.
Further, in the lubricant of this inven#'on, t he anobunt of change in
viscosity relative to a change in tenperature is preferably in the range of
-0.03 to -0.08nPas/C. By this, the change in flow properties is snmall over
a wde range fromlow to high tenperatures and thus the stable |ubricating
per f or mance itdapobgblebbndineetizifibe Hoove Perfsorepiiyrinere i oldainlaihighcant ] The
above magnetic-di sk |ubricant according to this invention 32 conprises, for

exanpl e, a doRipeHlaweiahtbaea avithoubedrmsiEincseasingtssmalgeular weighhg a

per fl uoropol yet her mai :I}bec{?ai ni.n a structure thereof and each having a
hydr oxyl gré%ﬁs MPrayng "E8P18AF® bonded to each ot her through a dival ent

| i nki ng group havlmﬂt | east three hydroxyl groups in a structure thereof.
The above dival en I'mki ng group has at |east three hydroxyl groups in the

structure thereof i ic diELMLBS

-(CRLR2) - where RAq%n‘%éf alfggfoé?gﬁg@b:ﬁmad'ﬂf/grogelﬁagtg(f)rﬁ?g]rv éﬁﬁ]@%ﬁé@%@gup.
[0053] It i sulirRaht ssttaining Peehps@id @ wieh pbhiRordpOWRiItENRbERY arel bttided gr oup
have 3 to 6 hydroxyl groups in the structure thereof. The reason is that if
t he nunber tokablydthexiroggioamivaberddiakingarodphand ehtobrhasfatdedstbbonecant nol ecul e
is small, the adhesion inprovenent effect by the interaction with a
protective |haderxytgmoupargend bewceniesof aunglpeilanehainanticcardingde §8$y, however

| arge the n r of the
g Lﬁ’,E}ﬁ;am, by J?mgﬁzing the above perfluoropolyether, it is possible to obtain a

high molecular weight lubricant without extremely increasing the molecular
weight and thus to improve the heat resistance and, further, it is possible to
improve the adhesion between a tubricating layer and a protective layer.
Therefore, even if the thickness of the lubricating layer is reduced, it is possible
to sufficiently cover the surface of the protective layer, thus enabling a reduction
in thickness of the lubricating layer.

[0051]

The viscosity of the above lubricant at -10°C is in the range of 5000 to
12000mPa-s so that it is possible to obtain excellent flow properties even at low
temperatures and thus to obtain high reliability even when used at low
temperatures.

Further, in the lubricant of this invention, the amount of change in
viscosity relative to a change in temperature is preferably in the range of -0.03
to -0.08mPa-s/°C. By this, the change in flow properties is small over a wide
range from low to high temperatures and thus the stable lubricating
performance can be obtained.

[0052]

[First Embodiment of Lubricant]

The above magnetic-disk lubricant according to this invention



hydr oxyl groups may be, not all the hydroxyl groups are oriented toward the
protective |layer side to contribute to proper interaction with the
protective layer and thus it is not that the effect of inprovenent in
adhesion to the protective |ayer increases corresponding to the nunber of
hydr oxyl groups in the nolecule. [0054] The above perfl uoropol yether group
has, in its structure, a perfluoropolyether nmain chain represented by, for
exanple, -(O C2F4)m (O CF2)n- (m and n3dre each an integer of 1 or nore)
and has a hydroxyl group (preferably at |east two hydroxyl groups) at an
end thereof. A group represented by, for exanple, the following formula (I)

i s preferablaongirised, forexaHpR, 8 BRIPouHAIPRAIH ghSlydthef Eaath) [0055]
33 [ Cheni cal "f:%rr s 71( hgcﬂzclrz ocze'L)n(ocgszé)ﬁﬁjor 2cr|20 ?@Pheafornul a, m

and n are edwdvima patfiegerpobiettieronainzhein in[20aGturSitnereot el eagniedving di sk

| ubricant according to this invention described above has at |east three
hydr oxyl gr diyssoai groe at @ntend tberenf ard kondes toreagt @itherdhrougb agivalentyl gr oups
at the ends of the nolecule, when the |lubricant of this invention is coated
on a pr ot ectliNKiHgIHQER haypg géleashineee byqrany! SERURSsINesticdirertRRreohy dr oxy |

groups of the |ubricant and the protective |ayer to inprove the adhesion
bet ween a | ubri caﬁhﬁgfqoé@@f"aiﬁ{ﬁ “B'ﬁ@g SryRgs %ZJG?%N@WQ@SFQ%GEOU% T he
occurrence | [ er f the

Cubr cant - anaeiARSTs bRIGR0N R sRAMERE s MO RRRERA ] L can

o ding strueeor Dlon s neh g RLaLe DatEharRgln TS ST RGIIRR Y (he” ©
t hi ckness of the [pgg3jcating |ayer is

it is particularly preferable that the above divalent linking group have 3
to 6 hydroxyl groups in the structure thereof. The reason is that if the number
of hydroxyl groups present at the center of a lubricant molecule is small, the
adhesion improvement effect by the interaction with a protective layer cannot be
obtained sufficiently and, conversely, however large the number of these
hydroxyl groups may be, not all the hydroxyl groups are oriented toward the
protective layer side to contribute to proper interaction with the protective layer
and thus it is not that the effect of improvement in adhesion to the protective
layer increases corresponding to the number of hydroxyl groups in the
molecule.

[0054]

The above perfluoropolyether group has, in its structure, a
perfiuoropolyether main chain represented by, for example,
-(O-C2F4)m-(O-CF3)n- (m and n are each an integer of 1 or more) and has a
hydroxyl group (preferably at least two hydroxyl groups) at an end thereof. A
group represented by, for example, the following formula (1) is preferably cited
as such a perfluoropolyether group.

Formula (1)

[0055]



reduced, it is possible to sufficiently cover the surface of the protective
| ayer and thus the lubricating |ayer can be uniformy formed on the surface
of a magnetic disk. As the lubricating |ayer coverage increases, it
represents that the surface of the nmagnetic disk is nore uniformy covered
with the lubricating layer, and thus it is possible to suppress the head
crash failure and the corrosion failure That is, as the lubricating | ayer
coverage increases, the surface of the '?r%gnetl c disk is nore protected so
that the Iubrlcatlng performance of the surface of the magnetic disk is
high and further it is possible to protect the surface of the magnetic disk
from substances t [tteniealddrmutzalise the corrosion failure or the fly

stiction failure, such as acid-based contam nants or sil oxane-based

cont ami nants pr es@WH&@%@G&F@?@@Fénﬂﬁﬁzﬁb‘z@“mgnet| ¢ di sk appar at us.

[ 0057] Furt her, | ‘gl t he magnet; c-di sk Iubrhecant f this invention
conprises 34 theltBRISIHAAT ARk LAS SRS ALWIEISE PF | 95 MBI yet her groups are

bonded to each other through the above divalent |inking group, it is
possible to obtain a high nolecular weight [ubricant by dinerizing the
above perfluoropobxg?ﬁer and thus to suppress a reduction in nolecul ar
wei ght due to the deconposition. Therefore, when a nagnetic disk is

manuf act ur ed usi ngingdahe Mdgrbiic @%’Rtlubﬁdant Bccd?@ngitdhifs trivehfith ayscribeg heat
resi stance thereof. Because of the further reduction in magnetic head

f1ying hei glabovd Bagableabethisge hydrbxyhignpupshet the cemtas of a molecabndadditicensi ty in
recent years, the possibility becones high that contact or friction between
a magnetic fie dranyl grh@pssairtha@edabf thenmglestlec whies ithe lubgoanttaf yhisoccurs. Wen
t he magnetic head is broug in contact with the surface of the magnetlc

di sk, ther e EAUPY ICoaiRR W@d?r@tGPH\ée W@h@f‘?&erh@SEﬁC@8@§cﬁH§ befwpRMLINgt el y go
out O oM S5k BT RSB b LB M TS 1T e
e Mo G R R BB PSSl REl WATEL A e Lo

occurrence of proper interaction between the hydroxyl groups of the lubricant

and the protective layer, it is possible to form a lubricant layer (lubricating layer)

in which lubricant molecules adequately have a folding structure on the

protective layer and, therefore, even if the thickness of the lubricating layer is

reduced, it is possible to sufficiently cover the surface of the protective layer and

thus the lubricating layer can be uniformly formed on the surface of a magnetic

disk. As the lubricating layer coverage increases, it represents that the surface

of the magnetic disk is more uniformly covered with the lubricating layer, and

thus it is possible to suppress the head crash failure and the corrosion failure.

That is, as the lubricating layer coverage increases, the surface of the magnetic

disk is more protected so that the lubricating performance of the surface of the

magnetic disk is high and further it is possible to protect the surface of the

magnetic disk from substances that tend to cause the corrosion failure or the fly

stiction failure, such as acid-based contaminants or siloxane-based

contaminants present in an atmosphere inside a magnetic disk apparatus.

[0057]

Further, since the magnetic-disk lubricant of this invention comprises



concerned that the possibility becones higher than conven

tional that a

material of a lubricating |ayer on the surface of the magnetic disk is

thermally deconposed due to the generation of such heat,

so that data

read/wite is subjected to failure due to adhesion, to a magnetic head, of

the lubricant thermally deconposed to decrease in nolecu
increase in fluidity. Further, in consideration of data

| ar wei ght and

recordi ng/reproduction in the state whed4€ a magnetic head and a magnetic

disk are in contact with each other in near future, an i

generation due to the constant contact is further concern

situation i T S | |
Wﬁ@c&ﬁﬁ@%ﬁq in Which %@%Jej%ﬁl%ﬁp?lﬁ%@eg ﬁl%uﬁ; A

| ubricating |ayer urther 1 nprov e lubri

nfl uence of heat
ed. Taking this
Bohd@éio ed for a

cant of this

i nvention i gack¥@Erltirosigh }tl*?é’é@ove_[@@ﬁ@ﬂ]t_ linRfhgde8Gp.) iPRpozBBYEELD d&in a

magneti c-di sk lubricant of this invention is 35 excellen

t in properties

such as, pamhighcmbRcliiar waeidie suvicahbyadipresizagt the @abbey eerfluocspodyetios avfd t he

protective |ayer, and heat resistance and thus can achiev

e a further

reduct i on i dhushiocdupesassaf regutlidor inonclenglal weght deeto thedmabieqosthasitiog. t he
magneti c spaci ng between a magnetic head and a recording |ayer of a
nmagneti c di Jiberelaee, wienrpemagnetiq dsleisceangactured ugng sueh mlrigant. ity of a

formed lubricatjng.layer, so that it is suitabhle for realjzing a nagnetic
Sk havi no PReShle 1BampLelthe Pebiasistinsenagba b eravar SO WRBPSL rom oven
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I nventi on,
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reacting 2 equivalents of a perfluoropol yether conpound

pﬁr f 1 uor opologetfser Widmthemagnetio haadtd Beiught drsbnkest Wit thy
t he

havi ng a

gudaod ofgheups at

magnetic disk, there occurs a case where the magnetic head does not

immediately go out of contact with the surface of the magnetic di

sk, but slides

with friction for a while. Further, because of recording/reproduction performed

by the high-speed rotation of a magnetic disk in recent years, heat due to

contact or friction is generated more than conventional. Therefore, it is

concerned that the possibility becomes higher than conventional

that a material

of a lubricating layer on the surface of the magnetic disk is thermally

decomposed due to the generation of such heat, so that data read/write is

subjected to failure due to adhesion, to a magnetic head, of the lubricant

thermally decomposed to decrease in molecular weight and increase in fluidity.
Further, in consideration of data recording/reproduction in the state where a
magnetic head and a magnetic disk are in contact with each other in near future,
an influence of heat generation due to the constant contact is further concerned.
Taking this situation into account, it is desired that heat resistance required for a
lubricating layer be further improved, and thus the lubricant of this invention is
exactly suitable.

[0058]

As described above, the magnetic-disk lubricant of this invention is



ends thereof with 1 equivalent of an aliphatic conpound having structures
each capable of reacting with the perfluoropol yether conpound to forma
hydroxyl group. As the above aliphatic conpound, there is preferably cited,
for exanple, a diepoxy conpound having at |east one hydroxyl group in a

nol ecul e and havi ng epoxide structures at the ends thereof. Using such a
conpound, it is possible to obtain a lubricant of this invention with high
purity and with high yield. A specific exanple of such a di epoxy conpound
is cited below, but this inventionis n@ |limted thereto. [0060] [Chem cal
Formula 8 36 M _,/".O0pv OHO [~0O0p V/__ 0 a~_ao"V 0 [00611
Specifically, under a base condition, for exanple, with a base catal yst,

fl I : ' ] ds th f
per 1 voropol ueter FSRAISSS S3EL, RHLBYABRAL @' PhRode ey ends L her eof
nucl eophi | i codveRgePBRRE PoteBRE (1 QaY, Yhd Reditedistdealdne tRQEBAN BENiBRY ANg epoxi de

37 structures at the ends thereof, thereby obtaining a dinmer conpound in

which the prithed@doRRbY Bt tRRkNESBIGLRBACAITR) |apsdeduited RAeSIWintEIhet hr ough a
| i nking group changed fromthe aliphatic conpound. As the above

per f | uor opol naghetic spatpgLbetwetharreagreetici Head, aridoa rexozdipg &ayer af @er f | uor odi ol
conpound havi ng hydroxyl groups at the nol ecul ar ends thereof,

magnetic disk, and further, it is excellent in long-term stability of a formed

lubricating layer, so that it is suitable for realizing a magnetic disk having high

reliability (capable of ensuring stable operation) even with the low flying height

of a magnetic head following the increase in recording density in recent years

and with very strict environmental resistance following the diversification of

applications.

[0059]

As a magnetic-disk lubricant production process according to this
invention, there is preferably cited, for example, a production process
comprising reacting 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule and having hydroxyl groups at the
ends thereof with 1 equivalent of an aliphatic compound having structures each
capable of reacting with the perfluoropolyether compound to form a hydroxyl
group.

As the above aliphatic compound, there is preferably cited, for example,
a diepoxy compound having at least one hydroxyl group in a molecule and
having epoxide structures at the ends thereof. Using such a compound, it is
possible to obtain a lubricant of this invention with high purity and with high yield.
A specific example of such a diepoxy compound is cited below, but this
invention is not limited thereto.

[0060]

[Chemical Formula 8]



represented by the followng fornula (11). [0062] [Chem cal Formula 9]
HOCH2CF2( OC2F4) m( OCF2) nOCF2CH2OH I n the formula, mand n are each an
integer of 1 or nore. [0063] According to the magnetic-disk |ubricant
production process of this invention described above, it is possible to
obtain a magnetic-disk lubricant in which at |east three hydroxyl groups
are introduced at the center of a nnleggle in addition to hydroxyl groups
at the ends of the nol ecule by Iinking“ perfluoropolyether conpounds each
havi ng hydroxyl groups only at the nolecular ends thereof to dinerize them
For exanpl e, when the perfluorodiol conmpound represented by the above

formula (I1) is used.as t abowe rfluoropol yet her conpound and the

di epoxy conpound&??éﬁErD i edyabov®’i s d as the above aliphatic conpound,
there is obtainegya |ubrica

end of a nolecule and three

conpound avi ng one hydroxyl group at each
vdroxyl groups at the center of the nolecule.
Exenplified conmpounds of magnetic-disk |ubricants of this invention are
cited below, but this invention is not limted thereto. [0064] 38 [ Chem cal
Formul a 10] Exenplified Conpound HOCH2C F2( Rf) OC F2CH20C H 2CHCH20 -* | OH
* - CH2CHCH2 OCH2 CHCH2OCH2CF2( Rf ) OCF2CH20H 1 | OH OH

vf‘oc”\?

0

[0061]

Specifically, under a base condition, for example, with a base catalyst,
perfluoropolyether compounds each having hydroxyl groups at the ends thereof
are reacted with a base to obtain an alkoxide, then this alkoxide performs a

nucleophilic ring-opening reaction with an aliphatic compound having epoxide



Rf : -(OC2F4)nm(OCF2)n- (m n = an integer of 1 or nore) [0065] It is
preferable that the nol ecular weight fractionation of the magnetic-disk

| ubricant of this invention be carried out by an appropriate nethod to

t hereby set the nol ecular wei ght dispersion (ratio of weight-average

nol ecul ar wei ght (Mw)/ nunber-average nol ecul ar weight (Wh)) to 1.3 or |ess.
In this invention, it is not necessary %o particularly limt a method for
nol ecul ar wei ght fractionation, but usg can be nmade, for exanple, of

nol ecul ar weight fractionation by a gel perneation chromatography (GPC)

met hod, nol ecul ar weight fractionation by a supercritical fluid extraction
net hod, or stietures githeendsdyerepictasaley ehigbinga simer carupeunednhigh the

2 Conpound ARHIGIPEAHYSBeY FATBReIIRse Berde i ECToabRT IoraTys B sfoup =P
fl I | 1.0, | h f, h havi hyd I

G oup at anEnasE o P SRR her having & hydr xyl o oup an & Si do

closer to a bomﬁ«%hﬁé‘ab@ ﬁ?ﬁl&#@%ﬁ%me\f%ﬁ%u itgegégi%idﬂegrf%r F%}HB@ to each

39 other through a divale I'C group. ove divalent aliphatic

group is, foperfliiedllc?coMmpoifdRavifd hed@RYiaffoupy at themolB2lIgr endietherdsf, and R2
are each a hydrogen atomor a substituent (e.g. hydroxyl group, hal ogen

group, al kykpesented byrthe fielowingjoraata ()i s an integer of 1 or nore. The
above perfluoropol yether group has, in its structure, a perfluoropolyether
mai n chain repref¥82;d by, for exanple, -(OCF4)m (O CF2)n- (mand n are
each an integer of 1 or nore), has a hydroxyl group (preferably at |east
two hydroxyl groups) at an end thereof, and further has at |east one

hydr oxyl group o?CﬁemsllccaiFFgrlmouaeé]to a bond than the

HOCH,CF2(OC;F4)m(OCF2)nOCF,CHzOH

In the formula, m and n are each an integer of 1 or more.

[0063]

According to the magnetic-disk lubricant production process of this
invention described above, it is possible to obtain a magnetic-disk lubricant in
which at least three hydroxyl groups are introduced at the center of a molecule
in addition to hydroxyl groups at the ends of the molecule by linking
perfluoropolyether compounds each having hydroxyl groups only at the
molecular ends thereof to dimerize them. For example, when the perfluorodiol
compound represented by the above formula (ll) is used as the above
perfluoropolyether compound and the diepoxy compound exemplified above is
used as the above aliphatic compound, there is obtained a lubricant compound
having one hydroxyl group at each end of a molecule and three hydroxyl groups
at the center of the molecule.

Exemplified compounds of magnetic-disk lubricants of this invention are
cited below, but this invention is not limited thereto.

[0064]



per fl uoropol yether main chain. A group represented by, for exanple, the
followng formula (11l1) is preferably cited as such a perfl uoropol yet her
group. [0067] [Chem cal Formula 11] HOCH2CHCH2OCHZCFZ( OC2F. m(OCCFZ) n- * |

OH * - OCF2CH20CH2CHCH2O - | OH In the fornula, mand n are each an
integer of 1 or nore. [0068] Since the magnetic-disk lubricant according to
this invention has hydroxyl groups negg the divalent aliphatic group, i.e.
around the center of a nolecule, in addition to hydroxyl groups at the ends

of the nolecule, when the |lubricant of this invention is coated on a
protective layer, it is possible to forma lubricant |ayer (lubricating
|l ayer) in which I&bemigghtorpliadl]l es adequately have a 40 folding structure

on the protective | ayer. e to the interaction between the hydroxyl groups
of the Iubricantigﬁﬂ%ﬁhgggng@HF ve layer. Further, by changing the length

of the aliphatic group, it is possible to adjust the position of the

hydr oxyl groups around the center of the nolecule and, as a result, it is
possible to control the folding structure of lubricant nol ecul es forned on
the protective | HREH,CE,ERINAGK,CHOCHCHRIEOs-#f the | ubricating | ayer.
[0069] That is, according to the magne¢tic-di sk [ubricant of this invention,
detailed tuning of the nolecul ar struc Hre is enabl ed by adjusting the

|l ength of the aliphatic group so that¥i't is possible to strictly control
the thickness of the lubricating |ayer on the nol ecular |evel. Wen the

aliphatic group is—té8,CHOMDCH,CHCH,0CH,CF,(RIOCF,CH,0H
OH OH

Rf : -(OC2F4)m(OCF)n- (m, n = an integer of 1 or more)

[0065]

It is preferable that the molecular weight fractionation of the
magnetic-disk lubricant of this invention be carried out by an appropriate
method to thereby set the molecular weight dispersion (ratio of weight-average
molecular weight (Mw)/number-average molecular weight (Mn)) to 1.3 or less.

In this invention, it is not necessary to particularly limit a method for
molecular weight fractionation, but use can be made, for example, of molecular
weight fractionation by a gel permeation chromatography (GPC) method,
molecular weight fractionation by a supercritical fluid extraction method, or the
like.

[0066]

[Second Embodiment of Lubricant]

A magnetic-disk lubricant according to this invention comprises, for
example, a compound in which perfluoropolyether groups each having a
perfluoropolyether main chain in a structure thereof, each having a hydroxyl
group at an end thereof, and each further having a hydroxyl group on a side

closer to a bond than the perfluoropolyether main chain are bonded to each



represented by -(CR1L R2)p- described above, the length of the aliphatic
group can be changed by the nunber of carbons in the main chain thereof so
that it is possible to adjust the position of hydroxyl groups around the
center of a Ilubricant nolecule. Wien the aliphatic group is the group
represented by -(CR, R2)p-, the nunmber of carbons in the main chain, i.e.
the value of p, is not particularly Iggited, but in terns of inprovenent in
affinity to the protective |ayer and the thickness control, it is, for
exanple, preferably in the range of 1 to 30, nore preferably in the range
of 2 to 20, and nost preferably in the range of 3 to 10. [0070] Furt her,
accor di ng t&h @m%ﬂﬂﬁﬁﬁb@W@bat%Mﬁﬂﬂﬁgﬁﬁﬁht of this invention, control i ng
the fol ding strucgture of mol ecul es forned on a rotectlv | ayer
e Bave el B Grorae i S pB & U SPreSHuES: ¢ e

to carry out stri

cover the Wl BERBTAbE: BICe plh bRy R ardsbraler R T ntlie) oyer
can be uni gl gldpRaloge gttﬁ,g;eryg%%egfoﬁhew%ﬁ&p%éﬂmn\f\egé?ow" gh

cover age. ri ca age I ncreases, It represents that

t he surfaceyrGhofehe 41 magnetic disk is nore uniformy covered with the

| ubricating layer, and thus it is possible to suppress the head crash
failure and the Joerateivepeffhiorepayetiidragrous hasas itsistrutlube,iccat i ng | ayer
coverage increases, the surface of the magnetic disk is nore protected so
that the |Lpﬁrilwop®dgetber maimehaie refresended by.ffacexamplene magnetic disk is

hi gh and fukéher it bs ossible to protect .the surface of the nmagnetic disk
from subst affedereOran1(e 830 8 @re gack an ij8oY Pl lpTMPE@) has de 1y

cont am nanty B RS RREr AR JERE RS RRGRRY 0l o e ol RGP AREG e
Ther ofore. {find e R08% M GnbyBRIENELR s LBETASINFL baflft flgckness of a

| ubricating layer require e nmagnetic spacing between a

][rag netic hengfadtepdlyéhePhtdimehdidy eA gRiuprrepreatiaptddhy feroxampiginés suitabl e
or
following formula (I1l) is preferably cited as such a perfluoropolyether group.

[0067]

[Chemical Formula 11]

HOCH;CHCH,0CH;CF«OC:F)m(OCFn—*
o
*— OCF,CH,OCH:CHCH:0 -
on

In the formula, m and n are each an integer of 1 or more.

{0068]

Since the magnetic-disk lubricant according to this invention has
hydroxyl groups near the divalent aliphatic group, i.e. around the center of a
molecule, in addition to hydroxyl groups at the ends of the molecule, when the
lubricant of this invention is coated on a protective layer, it is possible to form a

fubricant layer (lubricating layer) in which lubricant molecules adequately have a



realizing a magnetic disk having high reliability (capable of ensuring
stable operation) even with the low flying height of a nagnetic head
following the increase in recording density in recent years. [0071] As a
magneti c-di sk lubricant production process according to this invention,
there is preferably cited, for exanple, a production process conprising
reacting 2 equivalents of a perfluoropg@yether conpound having a

per fl uoropol yether main chain in a nol ecul e and havi ng hydroxyl groups at
the ends thereof mﬁth 1 equival ent of an aliphatic conmpound having
structures each apabl e of reacting wth the perfl yoropol yet her conpound
(e.g. an alf'P'gW@tSt%JC @ﬁdbﬁarmaqtnmdaywueatpé@@mt@ra@t%b@twe@ﬁdm de structures

o he BoShyters] §oUPS of iR A ﬁ%&%ﬁﬁw% Sitor B e lk”p'yg
Phen this QF‘??@%?@BE@@%&“%QESHQeféo"pe“%si B Ridtife bPafich étt'@te??maw th an
al i phatic ¥ R idth8 8 Rter 9f ol(e@ﬁlet aé'a‘ﬁ‘ééulij%gﬁbﬁ%l!és a

nucl eophi | i (o Opgnl ng reactiton with an ali phatic conpoun avi ng

epoxi de st rta@bmrr@&he fdlaﬂg%wcmké af RbAcar n@bl@aﬂe%rm@amﬁ@@rmmm ch the
per fl uoropol yet her conpounds are |linked to each other through an aliphatic

group. [ 007&fer téadjulsethelthickngsy dflthe iubpichiyreg lager. conpound, there is preferably
cited, for exanple, a perfluorotetraol compound having a total of four
hydroxyl groups #06% he nol ecul ar ends thereof represented by the follow ng
formula (I1V). [0Q73], [Chemical Fornula 1

HOCH2 CHCH2 OCH2 CF 2 hajds Fagaer ding: 39 the magmetg:q:hsk lubricant of this invention,

detaited tuning of the molecular structure is enabled by adjusting the length of
the aliphatic group so that it is possible to strictly control the thickness of the
lubricating layer on the molecular level. When the aliphatic group is the group
represented by -(CR;R;)p- described above, the length of the aliphatic group
can be changed by the number of carbons in the main chain thereof so that it is
possibte to adjust the position of hydroxyl groups around the center of a
lubricant molecule. When the aliphatic group is the group represented by
-(CR1R2)p-, the number of carbons in the main chain, i.e. the value of p, is not
particularly limited, but in terms of improvement in affinity to the protective layer
and of the thickness control, it is, for example, preferably in the range of 1 to 30,
more preferably in the range of 2 to 20, and most preferably in the range of 3 to
10.

[0070]

Further, according to the magnetic-disk lubricant of this invention, by
controlling the folding structure of lubricant molecules formed on a protective
layer to carry out strict thickness control on the molecular level, even if the
thickness of a lubricating layer is reduced, it is possible to sufficiently cover the
surface of the protective layer and thus the lubricating layer can be uniformly
formed on the surface of a magnetic disk with a high coverage. As the

lubricating layer coverage increases, it represents that the surface of the



* - OCF2 CH2OCH2 CHCH2OH | OH In the formula, mand n are each an

i nteger of 1 or nore. [0074] According to the magneti c-di sk |ubricant
production process of this invention described above, it is possible to
obtain a magnetic-di sk |ubricant in which hydroxyl groups are introduced
near an aliphatic group, i.e. around the <center of a nolecule, in addition
to hydroxyl groups at the ends of the nolecule by |inking

per f1 uor opol yet her conpounds each havi rff hydroxyl groups only at the

nmol ecul ar ends thereof to dinerize themand, further, the position of the
hydr oxyl groups around the center of the nolecule is arbitrarily adjusted
usi ng the alagpbti¢ disk s mope diifdrevyectvered withghéd iubribatinguiaber; and tlaaribigns in the
mai n chain). For exanple, when the perfluorotetraol conpound represented by
the above  possibiedo suppress theskehdherash &ilaboaerd e ¢drunsiaplallyret hdhatisnpound,
there is obtained a | ubricant conpound having two hydroxyl groups at each
nol ecul ar  8pY Huerj?atm layarpoyerage l@ﬁeam@ﬂ@wﬁwaﬁ%mn@g ﬁ!sgﬁs bot h

R e M A e
limted th : ) =
el Bl PR b oty e

HWZWZWZW%ggWM%%Wm Bluse thé SbAbsibAtSHdre bPthelfip N = an

i nt eger of
stiction failure, such as acid-based contaminants or siloxane-based

contaminants present in an atmosphere inside a magnetic disk apparatus.

Therefore, it is possible to achieve a further reduction in thickness of a
lubricating layer required for reducing the magnetic spacing between a
magnetic head and a recording layer of a magnetic disk, which is suitable for
realizing a magnetic disk having high reliability (capable of ensuring stable
operation) even with the low flying height of a magnetic head following the
increase in recording density in recent years.

[0071]

As a magnetic-disk lubricant production process according to this
invention, there is preferably cited, for example, a production process
comprising reacting 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule and having hydroxyl groups at the
ends thereof with 1 equivalent of an aliphatic compound having structures each
capable of reacting with the perfluoropolyether compound (e.g. an aliphatic
compound having two halogen groups or epoxide structures at the ends
thereof). Specifically, under a base condition, for example, with a base catalyst,
perfluoropolyether compounds each having hydroxyt groups at the ends thereof
are reacted with a base to obtain an alkoxide, then this alkoxide performs a
nucleophitic substitution reaction with an aliphatic compound having halogen
groups (or this alkoxide performs a nucleophilic ring-opening reaction with an

aliphatic compound having epoxide structures), thereby obtaining a dimer



Exenplified Compound No. 1 p=3 2 p=8 3 p=13 4 p=18 5 p=23 [0076]

[ Third and Fourth Enbodi nents of Lubricants] A third enbodi nent of a
magneti c-di sk lubricant according to this invention is a |ubricant
conprising a conpound in which perfluoropol yether groups each having a
perfl uoropol yether main chain in a structure thereof, each having a

hydr oxyl group at an end thereof, and each further having a hydroxyl group
on a side closer to a bond than the per4d uoropol yet her main chain are 44
bonded to each other through a divalent aromatic group. As the dival ent
aromatic group, as also cited in connection with |ater-described

exenpl i fi edcompponohithswhith ¢ieperflaowipbydthel compoamis are linkegheeygtienthegr oup, a
bi phenyl ene group, a naphthyl ene group, an anthracenedyl group, a

pyri di nedyl! ttyewgipan aliphdtiogiemadyl group, and so on. The above

per fl uoropol yether group has, in its structure, a perfluoropolyether main
chain representedoggalfor example, -(OCZF4A)m (O CF2)n- (mand n are each

Pycr oxyl” gr oups) i Wt Sl HerueopdveRsy écrrﬂﬁé)ﬁfﬁdp W S Hierkel e trﬂﬁ oxyl
' : | in. A
o oup ropr eSeinef BpSriefodydRten i naFina s AR RO broBp 2 1

pr ef er gbllg” fie R8IeR8IaP ¥Rl TePSSHT tMEQRRY ) IR folERINB-forthA] (i%h. [ Cheni cal
[0073]

[Chemical Formula 12}
HOCH:CHCH2OCH:CF2(OC:F)m(OCFz)n—*
on
*—OCF:CH:0CHCHCH:0H
OH

In the formula, m and n are each an integer of 1 or more.

[0074]

According to the magnetic-disk lubricant production process of this
invention described above, it is possible to obtain a magnetic-disk lubricant in
which hydroxy! groups are introduced near an aliphatic group, i.e. around the
center of a molecule, in addition to hydroxy! groups at the ends of the molecule
by linking perfluoropolyether compounds each having hydroxyl groups only at
the molecular ends thereof to dimerize them and, further, the position of the
hydroxyl groups around the center of the molecule is arbitrarily adjusted using
the aliphatic group different in length (the number of carbons in the main chain).
For example, when the perfluorotetraol compound represented by the above
formula (IV) is used as the above perfluoropolyether compound, there is
obtained a lubricant compound having two hydroxyl groups at each molecutar

end (four in total) and one hydroxyl group near each of both sides of the



HOCHZCHCHz OCH2CF2( OCzFa) m(OCF2)n - * | OH * - OCF2CH20CH2CHCH20O - | OH
In the fornmula, mand n are each an integer of 1 or nore. [0078] The third
enbodi ment of the magnetic-di sk |ubricant according to this invention has
hydr oxyl groups near both sides of the divalent aromatic group present at
the center of a nolecule in addition to hydroxyl groups at both ends of the
nol ecul e. Therefore, when the lubricant of this invention is coated on a
protective |ayer, the lubricant interact® with the protective |ayer due to a
lr-electron cloud of the aromatic group present at the center of the

| ubricant 45 nol ecule. Accordingly, the lubricant nol ecul e adheres to the
protective lagmatic graoh. fol l owi ng this, the hydroxyl groups present on both
sides of the aromatic group tend to be arranged on the surface of the
protective |ayer. Em@p@fe@ircammundamﬁmag@ﬁtl@@ha?«ri@bmw&e@fdhiSdnvasém@éﬁ t he
hydr oxyl grougs at both ends of the | u_bri&ant nol ecul e and the protective

| ayer, prop&Heq RElowa Bt HI$ IBveiiiod i 8pliEBied FRERYRy dr oxyl groups on both si des
of the aromatic g{og)L}g and the protective layer. As a result, the adhesion
of a lubricating {ay Fis i nproved due to the interaction between the

hydr oxyl groups of the lubricant and the protective layer conjointly wth
the interaction with the protective |layer by the n electron cloud of the

aromatic group prgsRMicAlFdrR@iLeater of the lubricant nolecule. By the
i nteractions descri bed above, the magnetic-disk lubricant of this invention

can forma | ubri Cﬁ%?gg%grcgzﬁ@?gmmcmﬁgbcm\?mﬁmJ_ubri cant nol ecul es

adequately have a ure oh a protectiye layer. Therefore, even
if the thickness of theQHubricating |layer is redupgd, it is possible to form
a

*— (CHz)pOCHQ?HCHzOCHQCFz(RﬂOCFzCHzOCHz(I)HCHzOH
OH : OH

Rf : -(OCaFim(OCF2)n- (m, n = an integer of 1 or more)

Exemplified Compound

No.

1 p=3

2 p=8

3 p=13

4 p=18

5 p =23
[00786]

[Third and Fourth Embodiments of Lubricants]

A third embodiment of a magnetic-disk lubricant according to this
invention is & lubricant comprising a compound in which perfluoropolyether
groups each having a perfluoropolyether main chain in a structure thereof, each
having a hydroxyl group at an end thereof, and each further having a hydroxyl

group on a side closer to a bond than the perfluoropolyether main chain are



uniformlubricating |ayer sufficiently covering the surface of a magnetic

di sk, thus obtaining the lubricating |ayer with high durability. [0079]
Therefore, the magnetic-disk lubricant of this invention nakes it possible
to achieve a further reduction in thickness of a lubricating |ayer required
for reducing the magnetic spaci ng between a magnetic head and a recording

| ayer of a magnetic disk, which is suitable for realizing a nmagnetic disk
having high reliability (capable of enstfing stable operation) even with the
| ow flying height of a magnetic head followi ng the increase in recording
density in recent years. [0080] A fourth enbodi nent of a magnetic-di sk

| ubri cant apondel wedoh dthésthraughendivalent sromdtiglgrog@nt conpri sing a conpound.
In the conmpound, perfluoropolyether groups are bonded to each other through
a divalent 46 saAsithe didaleptaromatiy drogarisaisacitaghin cBanéctoh witte

perfl uoropol yet her groups has a perfluoropolyether main chain in a
structure t i?é?fe‘dﬂS,C”gﬂ@IeéefﬁPHﬂ%mm@ﬁmﬁiﬁ, thete afe eied, faiexample,and further has

a hydr oxyl oup on a side.closer to a bond. than the perfl uoropolyether
mai n chai n. vral I 0 : al so
PRENYIRRE BfOUR) & RIPRSAYIER8 GERLR: FIAREINRIARUBOAN ghibiasenadY]

cited in c¢ ct.i W r- ri | i fied conpounds, there are
cited, for 8@@.7%|p&ﬂd'\ﬁe§9ér§‘§é>®$§i’®e§$§ﬂ@?6(%9|58p‘ﬂbpy| ene group, a
cycl opentyl ene n he above
per fl uoropol yet hﬁ%?%%‘ge I?és('ﬂ{' eﬁégrbrg%gg&{ Rat Séﬁpﬁimf(ﬁllﬂredz enbodi ment
descri bed apeM@orodofycltictyRain@PaRSepiadniad by ®ir sx4pipi,e, the above formula
(I'11) is preferably cited as such a perfluoropol yether group. [0081] The
fourth enbodiOvEwl,)wf(O-0F,magneinda giesdachudrr intetyer oit @@ hebreg hag at hi s
i nvention has hydroxyl groups near both sides of the dival ent saturated
cyclic hydroxyl group (preferably at least two hydroxyl groups) at an end thereof, and
further has at least one hydroxyl group on a side closer to a bond than the
perfluoropolyether main chain. A group represented by, for example, the
following formula (111) is preferably cited as such a perfluoropolyether group.

[0077]

[Chemical Formula 14]
HOCHz?HCHzOCHzCFg(OCzF«Qm(OCFz)‘n—*

OH
* OCcmHzOCHz(i)HCHzO -
OH

In the formula, m and n are each an integer of 1 or more.

[0078]

The third embodiment of the magnetic-disk jubricant according to this
invention has hydroxyl groups near both sides of the divalent aromatic group
present at the center of a molecule in addition to hydroxyl groups at both ends
of the molecule. Therefore, when the lubricant of this invention is coated on a
protective layer, the lubricant interacts with the protective layer due to a

m-electron cloud of the aromatic group present at the center of the lubricant



hydr ocar bon group present at the center of a nolecule in addition to

hydr oxyl groups at both ends of the nolecule. Therefore, when the |ubricant
of this invention is coated on a protective |ayer, the saturated cyclic
hydrocarbon group present at the center of the lubricant nolecule interacts
with the protective layer by the internolecular force, i.e. the van der
Waal s force. Accordingly, the |lubricant nolecul e adheres to the protective
| ayer. Following this, the hydroxyl gréups present on both sides of the
saturated cyclic hydrocarbon group tend to be arranged on the surface of
the protective layer. Therefore, in addition to the interaction between the
hydroxyl gr ewiecuad. batdordingly, e libreahtioiccalt admdrestd e prodctifielapeot ecti ve

| ayer, proper interaction occurs between the hydroxyl groups on both sides
of the sat uradgidllowingitbishiperhydartyborogps presantion vettpsides ot inesarbmgtic. As a
result, the adhesion of a lubricating |ayer is inproved due to the

i nt er act i on 9rB4 iREd0 PRAMMERS LYIthe saigre offthe Reotpelbic layert  dRarefere. ivr ot ecti ve

B S
A e G L
ayer (1ubrheehidoyIaISih ool ik dhhb SihcbEE U B dRRsaN v 2

of the | ubriagai teafit] tA @idhksioh ®f Ha@sticatihg 18yeP RSifiphbved Qud @/ tAk antetddtio®r m

| ubricating |ayer sufficiently covering the surface of a nagnetic disk,

t hus obt ai nibetywddrethk tydro@t gnogps af/the lubridanhapd thkupmibedtive Yayelr @08@intly
Therefore, the magnetic-disk lubricant of this invention nmakes it possible
to achi eve aithihe igeractionwithdhe proteciivekayes bydhe I ¢legirorceloudgf theyer  requi red
for reducin the,mal%neti cqsmgaci ng between a magnetic head and a recording

| ayer of a %ﬁ‘{fﬂ%@qg P Dresaph AL the cendgriaf g wibrisaNtBRlPPYeng a nagnetic  di sk

having high reliagllid ¥, GaRMR dosBlin&dabdve! the FaBhSt Bk fioridBhe SRR W th the

invention can form a lubricant layer (lubricating layer) in which lubricant

molecules adequately have a folding structure on a protective layer. Therefore,
even if the thickness of the lubricating layer is reduced, it is possible to form a
uniform lubricating layer sufficiently covering the surface of a magnetic disk,

thus obtaining the lubricating layer with high durability.

[0079]

Therefore, the magnetic-disk lubricant of this invention makes it
possible to achieve a further reduction in thickness of a lubricating layer
required for reducing the magnetic spacing between a magnetic head and a
recording layer of a magnetic disk, which is suitable for realizing a magnetic
disk having high reliability (capable of ensuring stable operation) even with the
low flying height of a magnetic head following the increase in recording density
in recent years.

[0080]

A fourth embodiment of a magnetic-disk lubricant according to this
invention is a lubricant comprising a compound. In the compound,

perfluoropolyether groups are bonded to each other through a divalent



| ow flying height of a magnetic head followi ng the increase in recording
density in recent years. [0083] As a magnetic-disk |ubricant production
process according to the third enbodinent, there is preferably cited, for
exanpl e, a production process conprising reacting 2 equivalents of a

per fl uoropol yet her conpound having a perfluoropolyether main chain in a

nol ecul e and havi ng hydroxyl groups at e ends thereof with 1 equival ent
of an aromatic conpound havi ng structur each capable of reacting with the
per fl uoropol yet her conpound (e.g. an aromatic conpound havi ng two hal ogen
groups or epoxide structures as substituents). Specifically, under a base
condi ti on, faturatedmeytic hydrodaraomgrrpe atach of the paflicropolypibley gtdups conpounds
each haV|ng hydrox | groups at the ends thereof are reacted with a base to
obtai n an ahR&Riresfluarpeelyethes mainkenainé petredprsthareat @nca hieioxy! ¢ravRti t uti on

Al koxd de E“et@?aﬁ%egiﬁ%étei GopTra: hes gk za' °t§>2é}a§?sm e Ta anb ragtpg'nit.g
whi ch the Sl“e%%ﬁ)%ﬁ&%ﬁwﬁ%%%ﬁ%@iii /i ked {0 Gach of her through an
aromatic group. [RO§Y ﬂnvé@ nﬁsé("j[ﬁﬁﬁ‘é‘& b;?tﬂlﬁgilﬂrdc'émd q”rehp%fQQIHchitQ@ rfrocess

according to the fourt ment els era cited or exanpl e,

a product i oBoRhéwiBhWithoaEr destitbd Samplifigd %oﬁﬂiéhﬁéé qRéR a?ré cled, for
per fl uoropol yet her conpound having a perfluoropol yether main chainin a

nol ecul e aneéxampleng dygldhexyléneg yaups aayclopmpynegroins reeofclopentyldneequi val ent
of a saturated cyclic hydrocarbon conpound having structures each capable

of reacting MU atqyelogetwemropn,la,raman conpound (e.g. a saturated cyclic
ey “speci 11 cal T¢ alapeduBReETERkco RS hsameaipres! Tp thich base.
catalyst, p%Hblo'E’il rﬂocle%cn@éad’ abye° %Sgrgl?r(): Pepr}ggenqu by, for example, the

above formula (I11) is preferably cited as such a perfluoropolyether group.

[0081]

The fourth embodiment of the magnetic-disk lubricant according to this
invention has hydroxyi groups near both sides of the divalent saturated cyclic
hydrocarbon group present at the center of a molecule in addition to hydroxyl
groups at both ends of the molecule. Therefore, when the lubricant of this
invention is coated on a protective layer, the saturated cyclic hydrocarbon group
present at the center of the lubricant molecule interacts with the protective layer
by the intermolecular force, i.e. the van der Waals force. Accordingly, the
lubricant molecule adheres to the protective layer. Following this, the hydroxyl
groups present on both sides of the saturated cyclic hydrocarbon group tend to
be arranged on the surface of the protective layer. Therefore, in addition to the
interaction between the hydroxyl groups at both ends of the lubricant molecule
and the protective layer, proper interaction occurs between the hydroxyl groups
on both sides of the saturated cyclic hydrocarbon group and the protective layer.

As a result, the adhesion of a lubricating layer is improved due to the interaction

between the hydroxyl groups of the lubricant and the protective layer conjointly

with the interaction with the protective layer by the intermolecular force of the



hydr oxyl groups at the ends thereof are reacted with a base to obtain an

al koxi de, then this al koxide perforns a nucl eophilic substitution reaction
with, for exanple, a saturated cyclic hydrocarbon conpound havi ng hal ogen
groups, thereby obtaining a dimer conpound in which the perfluoropol yether
conpounds are |inked to each other through a saturated cyclic hydrocarbon
group. As the above perfluoropol yether conpound, there is preferably cited,
for exanple, a perfluorotetraol conpouhd having a total of four hydroxyl
groups at the nol ecul ar ends thereof, represented by the follow ng fornula
(I'v). [0085] [Chemical Fornula 15] 49 HOCH2CHCH2OCH2CF2( OC2Fan( OCF2) n- [

OH * - OCF2 sohirEled arocdbon broupsrebenimatlive contaner theditticgach an i nteger
of 1 or nore. [0086] According to each of the nagnetic-disk |ubricant

producti on pnoleedses described above, it is possible to suitably obtain a
magneti c-di sk lubricant of this invention in which hydroxyl groups are

i ntroduced near bByhhaintieractidnsagesaribedabeveytive magnetic-disk dukaricadt efiblsi ¢

hydr ocarbon group, i.e. around the center of a nolecule, in addition to
hydr oxyl gr dinssitiag caeforneadubrisant lngeniibsieating layenin whichdubeseat uor opol yet her

Comounds, oot oft Maitas e BHB St o BeralBEh s TR o 4
DY e, 2000 i s 5 R T B PR B SRR i oo
mol ecul ar - enghitbf? WbricRidPade? siideMEcovering the surface of a magnetic disk,
thus obtaining the lubricating layer with high durability.
[0082]
Therefore, the magnetic-disk lubricant of this invention makes it
possible to achieve a further reduction in thickness of a lubricating layer
required for reducing the magnetic spacing between a magnetic head and a
recording layer of a magnetic disk, which is suitable for realizing a magnetic
disk having high refiability (capable of ensuring stable operation) even with the
low flying height of 2 magnetic head following the increase in recording density
in recent years.
[0083]
As a magnetic-disk lubricant production process according to the third
embodiment, there is preferably cited, for example, a production process
comprising reacting 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in @ molecule and having hydroxyl groups at the
ends thereof with 1 equivalent of an aromatic compound having structures each
capable of reacting with the perfluoropolyether compound (e.g. an aromatic
compound having two halogen groups or epoxide structures as substituents).
Specifically, under a base condition, for example, with a base catalyst,
perfluoropolyether compounds each having hydroxyl groups at the ends thereof
are reacted with a base to obtain an alkoxide, then this alkoxide performs a

nucleophilic substitution reaction with an aromatic compound having halogen



hydr oxyl group near each of both sides of the aromatic group or the
saturated cyclic hydrocarbon group. Exenplified conpounds of nagnetic-di sk
| ubricants of this invention are cited below, but this invention is not
limted thereto. [0087] [Chem cal Formula 16] Exenplified Conpound 50 HO
CHz CHCH2O CH2CF2( Rf ) OCF2CH2OCH2CHCH20 | I OH OH * - (A -

OCH2 CHCH2 OCH2 CF2 ( ROOCF2CH2OCH2CHCHZOH OH OH Rf @ - (OC2F4) m(OCF2)n- (m n =
an integer of 1 or nore) Herein, A is a®henyl ene group, a biphenyl ene
group, a naphthylene group, an anthracenedyl group, a pyridinedyl group, a
t hi ophenedyl group, a cycl ohexyl ene group, a cycl opropyl ene group, a

cycl opent yl gjgupdr (@Hhis fkodde @)éﬁbﬂ@@hﬂu@lé@{)ﬂﬂi@uﬁg-dp@ﬂﬁ@]reaﬂ’[!ﬂrﬁwiitrnﬁﬁnt i on
further provides a nmagnetic disk having at |east a nagnetic |ayer, a

protective laagreatic esrdpeuridlitavirgpépmade styactu@el therebylobtaiing a difikat is, this

I nvention is a magnetic di sk having a magnetic |ayer, a protective |ayer,
and a | ubri campognd diyewhicbiie parfeiompolyetier opmmposings arelinkgsktioeach egharayer is
formed using the nmagnetic-disk lubricant of this invention. According to the
magnet i ¢ di 3oBEN AR;AOMAYEEAUBN, since the lubricating layer containing the
magnet i c- di sk Iubfd\'ogg t of this invention is used on the surface of the
magnetic disk, it Bossible to obtain the high-coverage |ubricating |ayer

capabl e of Erer B Rgd B SR RS e ot

adhesion  embodiment, there is preferably cited, for example, a production process
comprising reacting 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule and having hydroxyl groups at the
ends thereof with 1 equivalent of a saturated cyclic hydrocarbon compound
having structures each capable of reacting with the perftuoropolyether
compound (e.g. a saturated cyclic hydrocarbon compound having two halogen
groups as substituents, or the like). Specifically, under a base condition, for
example, with a base catalyst, perfluoropolyether compounds each having
hydroxy! groups at the ends thereof are reacted with a base to obtain an
alkoxide, then this alkoxide performs a nucleophilic substitution reaction with,
for example, a saturated cyclic hydrocarbon compound having halogen groups,
thereby obtaining a dimer compound in which the perfluoropolyether
compounds are linked to each other through a saturated cyclic hydrocarbon
group.

As the above perfiuoropolyether compound, there is preferably cited, for
example, a perfluorotetraol compound having a total of four hydroxy! groups at
the molecular ends thereof, represented by the foillowing formula (1V).

[0085]

[Chemical Formula 15]



to the protective layer. Therefore, it is possible to achieve a further
reduction in thickness of a lubricating |ayer required for reducing the
magneti c spacing, so that it is possible to provide a nagnetic di sk having
high reliability (capable of ensuring stable operation) even with the | ow
flying height of a nmagnetic head followi ng the increase in recording
density in recent years and with very strict environnental resistance
following the diversification of applic#ions. 51 [0089] When form ng the
| ubricating |layer using the magnetic-disk lubricant of this invention, it
can be fornmed by using a solution in which the lubricant is dispersed and
di ssolved in an aHWGH{GHW&)@H%Fg(@&E}HﬁG@OF YahRexsol ution, for exanple,
by a di pping nethod. As|the solvent, use can be preferably nade for
exanpl e, of a fluorine-(®pHsed solvent (trade nane Vertrel XF or the like
manuf actured by DuPont-M tsui Fluorochemcals Co., Ltd.). Afilmformng
met hod for the lubricating |layer i%— QCFeCH-O€HCHCH:0H ed to the above

di pping nethod and use may be nmade of a frlnrfoﬂnlng nmet hod such as a spin
coating nethod, a spray nethod, or a vapor coat g nethod. In this

i nvention, for further roving the adhesi on of hge formed |ubricating

| ayer to t he pr ot EUP?W”TTE@(JP angdearReRABIaNCiNRosk OhhPr B¥ ®xposed to an

at nosphere at 70C to 200C after the filmformation. [0090] 1In this
invention, the thickness of the lubricating layer is preferably set to 4A
to 18A. If it is L ? than 4A, there is a case mhere the lubricating
performance as th ukricating | ayer is | owered. it exceeds 18A, it is

not _ preferabl e i Acddhiii 18alh bPMHAGHA rcrgJéer.&ngfam.ontda Qsb§ a case

where the fly stiction far ure occur ere 1s a case ere the LUL
durability igestrbeeratbve, it %q%lsbld’étdélﬁtabrycﬁtﬂérhla/Mabﬁe'ﬁUdlbklIrIUﬂrbéntldf\ﬂQﬁtl on, a

carbon- based protective |layer can be preferably used. Particularly, an

anor phous céaneatiopmowkich inydrdxglygoups are introduced near both sides of an
aromatic group or a saturated cyclic hydrocarbon group, i.e. around the center
of a molecule, in addition to hydroxyl groups at both ends of the molecule by
linking perfluoropolyether compounds each having hydroxy! groups only at the
molecular ends thereof fo dimerize them. For example, when the
perfluorotetraol compound represented by the above formula (1V) is used as the
above perfluoropolyether compound, there is obtained a lubricant compound
having two hydroxyl groups at each molecular end (four in total) and one
hydroxyl group near each of both sides of the aromatic group or the saturated
cyclic hydrocarbon group.

Exemplified compounds of magnetic-disk lubricants of this invention are

cited below, but this invention is not limited thereto.

[0087]

[Chemical Formula 16]

Exemplified Compound



preferable. Wth the protective |ayer being particularly the carbon-based
protective |layer, the interaction between the hydroxyl groups of the
magneti c-di sk lubricant of this invention and the protective layer is
further enhanced so that the operation and effect according to this
invention are further exhibited, which is thus preferable. The adhesion
bet ween the carbon-based protective |ayer and the lubricating |ayer can be
controlled by formng the 52 carbon-bdfed protective |ayer of hydrogenated
carbon and/or carbon nitride and adjusting the content of hydrogen and/or
nitrogen. In this case, the content of hydrogen is preferably set to 3 to

20at % when neasur t i ES) » The content of
nitrogen is pref eﬁgb%(é%efﬁ%%? Zm@‘éﬁ%mﬁéeﬁégm b;; X-ray
phot oel ectron spectrosggpy (XPS). [0092] Wien usgpg the carbon-based

protective layer in this invention, it can be forned, for exanple, by a DC
magnetron sputtering nethod. Alternatively, it is preferably an anorphous

carbon protecti Ve*L@KQLG@HE@H@EOEHJ@%W@@ﬂPEOMC%E@Hf ornmed by the

pl asma CVD net hod, the surfage of the protective |ayer] ones uni form and
dense. Therefore, it is pref@Hible that the lubricati @Hlayer by this
i nvention be forned on the protective layer with smaller roughness forned

by the CVD net hod,, Part.i cul w1 1s preferably,an anorphous hydrogenated
carbon protecti ngi -a@@bﬂfg%?‘ﬂ‘é{}*wifHe“m%{‘s'ngge(/BY’r'?ém%a). [0093] In this
invention, the substrate is preferably a glass substrate. The gl ass
substrate is rigid and excellent in snoothness and thus is suitable for an

increase in recorﬂ%%’qu%mﬁeény@?eth??ue%%ﬁahé éﬁég@?g??gaagmg%ﬂg_si licate

gl ass substrate, for exa arti emcally

! e H SNz L it an s ppReRR k. b1
’ cyclohexylene group, a cyclopropylene group, a cyclopentylene group, or a
cyclooctylene group.

[0088]

This invention further provides a magnetic disk having at least a
magnetic layer, a protective layer, and a lubricating layer over a substrate.

That is, this invention is a magnetic disk having a magnetic layer, a protective
layer, and a lubricating layer over a substrate, wherein the lubricating layer is
formed using the magnetic-disk lubricant of this invention.

According to the magnetic disk of this invention, since the lubricating
layer containing the magnetic-disk lubricant of this invention is used on the
surface of the magnetic disk, it is possible to obtain the high-coverage
lubricating layer capable of, even with a reduced thickness, sufficiently covering
the surface of the protective layer and excellent in heat resistance and adhesion
to the protective layer. Therefore, it is possible to achieve a further reduction in
thickness of a lubricating layer required for reducing the magnetic spacing, so
that it is possible to provide a magnetic disk having high reliability (capable of
ensuring stable operation) even with the low flying height of a magnetic head

following the increase in recording density in recent years and with very strict

environmental resistance following the diversification of applications.



R -
ultra-snmooth with Rrax of 6nmor |ess and Ra of 0.6nmor |ess. Rrax and Ra
herein referred to are based on the JI'S B0O601 standard. [0094] The magnetic
disk of this invention has at |east the nagnetic |ayer, the protective
| ayer, and the lubricating |layer over the substrate. In this invention, the
magnetic |layer is not particularly limted and may be a magnetic |ayer for
the 53 in-plane recording systemor a magnetic |ayer for the perpendicul ar
recording system Particularly, if it §6 a CoPt-based nagnetic |ayer, high
coercive force and high reproduction output can be achi eved, which is thus
preferable. In the magnetic disk of this invention, an underl ayer nmay be
provi ded betmeen substrate and the magnetic |ayer if necessary.
Further, an adheglve | ayer, a soft magnetic |ayer, and so on may be

provi ded between {eun fenﬁﬁ@'%aﬁr brid8fhd ia?ersyéﬁﬁ@frﬁéﬁaghalé&smub%sm @s the

under| ayer, for exanple | ayer, | ayer, a Cr Mo, CoW
W Crv, orth@rrwenﬂbhwcérau@rorn@a bytlh’sﬁn hlsBlution ¢ WBithand iubrigahthe adhesi ve

| ayer, for exanple, a CTi, N A, or Al alloy layer or the like is cited.
Further, as didpersaf andeJgsmt/eatm axyepprobnateao&mt and caatbmahésoaltiboyfof i | m or
the like is cited. The magnetic disk of this invention is particularly

sui t abl e as exampiméyiacdippingknettiagt eds the sveniuwsccenn be praiergbbtmadeli sk
apparatus of the |oad unl oad system Exanple a&éo 9(9]}] Her ei beI ow, this
nvent i on vifel SXARIBS!A hiatinerbasap sabentidige nasme Yart XF@{A% (Exanpl e

ﬁw?n'?l oﬁ. S'rf}ﬁ%ﬁ’rfr%ﬁ}{é%w ‘IBPER“@@“ F?CC&E%IE@'SE%P‘T@pﬁfngq{ﬁr‘%m&ét I ¢ netal

method for the lubricating layer is, of course, not limited to the above dipping

method and use may be made of a film forming method such as a spin coating
method, a spray method, or a vapor coating method.

In this invention, for further improving the adhesion of the formed
lubricating layer to the protective layer, the magnetic disk may be exposed fo an
atmosphere at 70°C to 200°C aiter the film formation.

[0090]

In this invention, the thickness of the lubricating layer is preferably set to
4Ato 18A. Ifitis less than 4A, there is a case where the lubricating
performance as the lubricating layer is lowered. If it exceeds 18A, it is not
preferable in terms of a reduction in film thickness, there is a case where the fly
stiction failure occurs, and there is a case where the LUL durability is lowered.

[0091]

As the protective layer in this invention, a carbon-based protective layer
can be preferably used. Particularly, an amorphous carbon protective layer is
preferable. With the protective layer being particularly the carbon-based
protective layer, the interaction between the hydroxyl groups of the
magnetic-disk lubricant of this invention and the protective layer is further
enhanced so that the operation and effect according to this invention are further
exhibited, which is thus preferable. The adhesion between the carbon-based

protective layer and the lubricating layer can be controlled by forming the



| ayer 2 conposed of an adhesive |layer 2a and an underl ayer 2b, a magnetic

| ayer 3, a carbon-based protective layer 4, and a lubricating layer 5 in
this order on a substrate 1. [0096] (Production of Magnetic-D sk Lubricant
of First Enbodinment) The | ubricant conpound exenplified above was produced
by reacting 2 54 equivalents of the perfluorodiol conpound represented by
the above formula (11) wth 1 equivalent of the di epoxy conpound
exenplified above under a base conditi®h. Specifically, both conpounds were
agitated in acetone and then refluxed, wth sodi um hydroxi de added thereto.
The conditions such as reaction tenperature and tine were suitably set. A

| ubri cant ceaRjdnshar@dtpreteevidRYBHoft Kydsogdnated€sHbvR AnBoP REIoN niBidBjaget ed to
nol ecul ar wei ght fractionation, for exanple, by the supercritical fluid

extracti on mejustidg tHeOEtgnt dfmdlafgaotammraﬁtrdmﬂeﬂm thiDrade, the GorBentnafh gl ass

di sk (outer dianeter 65mm inner dianeter 20mm disk thickness 0.635nm)
made of a cdiagenliypesferahlytsent ied taPOat7nbbiehineasered bsbydrmenmrwgsd ed as the
di sk substrate 1, The main surface of the disk substrate

mirror-poli §ﬁéféprtrt9 (RS- of he Contenhalnitagest ispraferRly ept t@t‘i’etodWs'J!E/"s‘M'P)%ﬂ rate 1,
t he adhesive Ia t he upderl a and magnetic | ayer 3 were
fornmed in tﬁn%a 6 ?(r{aﬁﬁﬁhﬁ{}’ g%%“’éﬁl?ﬁe PRAORY l%bgﬁe DC magnetron sputtering
rrethod. As the adPﬁygnxe | ayer 2a, an Ni Al alloy film (N :50atolo,

: 5Cat of 0) was d to a thickness of 300A. As the underlayer 2b, a C M

aI loy film(Cr: 80@j11én Pcf ﬁ%%@?a?éd)p?r@f&tﬁ/é’l erﬂ"l'Fs‘ﬂlﬁ%ntﬂfn f@an As the

magnetic |ayer 3, a Co Co: 62at% Cr:20at?
be formed, for example, by a DC magnetron sputtering method. Alternatively,

it is preferably an amorphous carbon protective layer formed by a plasma CVD
method. Being formed by the plasma CVD method, the surface of the
protective layer becomes uniform and dense. Therefore, it is preferable that
the lubricating layer by this invention be formed on the protective layer with
smaller roughness formed by the CVD method. Particularly, it is preferably an
amorphous hydrogenated carbon protective layer formed by the plasma CVD
method.

[0093]

In this invention, the substrate is preferably a glass substrate. The
glass substrate is rigid and excellent in smoothness and thus is suitable for an
increase in recording density.  As the glass substrate, an aluminosilicate glass
substrate, for example, is cited and, particularly, a chemically strengthened
aluminosilicate glass substrate is preferable.

In this invention, the main surface of the substrate is preferably
ultra-smooth with Rmax of 6nm or less and Ra of 0.6nm or [ess. Rmax and Ra
herein referred to are based on the JIS B0601 standard.

[0094]

The magnetic disk of this invention has at least the magnetic layer, the
protective layer, and the lubricating layer over the substrate. in this invention,

the magnetic layer is not particularly limited and may be a magnetic layer for the



Pt:12at% B:6at% was fornmed to a thickness of 150A. Subsequently,
sputtering was carried out using a carbon target in an atnosphere of a

m xed gas of an Ar gas and a hydrogen gas (hydrogen gas content 30% by the
DC magnetron sputtering nethod, thereby formng the protective |ayer 4 of
hydr ogenated carbon to a thickness of 25A. (0098] 55 Then, the |ubricating
| ayer 5 was forned in the follow ng manner. There was prepared a sol ution
in which the lubricant (M measured by ¥he NVR method was 4000 and the

nol ecul ar wei ght di spersion was 1.25) conprising the conmpound (the above
exenplified compound) of this invention produced as described above and

subj ect ed t in-plhaeret@dingaystsen ght mdgnatit iayeafdrdime pgrpehdicalapesardingcal flui d
extracti on method was di spersed and dissolved in a fluorine-based sol vent,
Vertrel XF ¢ystate mamioularbnilftds adieRi-iaged Diagnetic MyeshigiFcoecyedertecal s Co. ,
Ltd., at a concentration of 0.2wt% Using this solution as a coating

sol ution, aanddigh reprefuskion suiputcan be achievedwhish ifthug prefa@big. ot ecti ve | ayer
4 was i mersed therein and,.coated therewi.th by the dippin nmet.hod, thereby
form ng the |ubri E'atﬁf"rﬁ@agr’%’z'grd?%k.oquF'Fé'?"ethQ"f?%%q%mf&éﬁ%eﬂ?@wﬂﬁgneti c disk
was heat-tr ' f f m ..l ne thickness
of the [ ubr ?’gg"?‘?%ﬁ"gtﬂr?%‘;‘ésﬁ%%é‘é’ thPgél%épg n£§é§§%g¥ t%h;% '@ i nfrared
spect r ophot (ﬁﬂﬂ } 1 t P& tic disk
10 of Exanp%gﬁ%[ﬁ&e/ag%h?)a? ne .agl?eo%gaer’ %‘ﬁ%ﬁb Bgvrg?)ﬁ%%rpons eéjftSe%I ggﬁna%hﬁeti c disk

of this Exagpberidyerang th@stubra@d laakiecdsatad Petunelelialdroivr egamprt amet hods.
(Eval uation of Magnetic Disk) (1) First, a lubricating | ayer adhesion test

was per f or mén ldyar, 2Valayet,iaBu ldyiee 200rvio,GoWe CH Ceviae Graddileyilayer, af t he
| ubricating layer with respect to the protective |ayer.

the fike is cited and, as the adhesive layer, for example, a CrTi, NiAl, or AlRu

alloy layer or the like is cited. Further, as the soft magnetic layer, for example,

a CoZrTa alloy film or the like is cited.

The magnetic disk of this invention is particularly suitable as a magnetic
disk adapted to be mounted in a magnetic disk apparatus of the load unload
system.

Examples

[0095]

Hereinbelow, this invention will be described in further detail based on

Examples.

(Example 1)

Fig. 1 shows a magnetic disk 10 according to one Example of this
invention.

The magnetic disk 10 is fabricated by forming a nonmagnetic metal
layer 2 composed of an adhesive layer 2a and an underlayer 2b, a magnetic
layer 3, a carbon-based protective layer 4, and a lubricating layer 5 in this order
on a substrate 1.

[0096]

(Production of Magnetic-Disk Lubricant of First Embodiment)

The lubricant compound exemplified above was produced by reacting 2



First, the thickness of the lubricating |ayer of the magnetic disk of this
Exanpl e was neasured by the FTIR (Fourier transforminfrared
spectrophotoneter) nethod and it was 12A as descri bed above. Then, the
magnetic disk of this Exanple was inmmersed in the fluorine-based sol vent
Vertrel XF for 1 mnute. By the imersion in the solvent, portions of the

| ubricating |ayer with poor adhesion are dispersed and dissolved in the
solvent, 56 but portions with strong &fhesion can remain on the protective
| ayer. Then, the magnetic di sk was renoved fromthe solvent and the

t hi ckness of the lubricating |ayer was neasured again by the FTIR nethod.
The rati o otqtikalentshif therpedluofodidi eohplound a¢pregentay &y tiad abovd foemulan@) si on in
the solvent to the thickness of the lubricating | ayer before the inmersion
in the sol vaith 1iequivaleddf the diapom@nmp@mchgmm@lgiﬁéﬁb@ne uadena paemded rati o).
It can be the that the higher the bonded ratiog, the higher the bonding
per f or manceCoRdition: | Fngcificaty. hgth egrapouidsivereagiated 'P@C?%@eﬂ@ttﬁﬁ’t’i ve | ayer.

Wth the magnetic¢ disk of this Exanple, . th banded r.atio s 90% Since the
bonded rat i ger}ﬁé‘efc"u‘ﬁ'béﬁo‘ﬁﬁmﬂydﬁcr"%qeegg%?%thﬁfeei?t ?Ee cgra@ﬁ%qs ﬂivf\é?'eas it is seen
that the ma | | LS 4 renmely excellent in bonding
performnce%ﬁklpﬁé%éé}aﬁ%g%?lﬁg' a@%%@'ﬁ%ﬁbkness of the lubricating |ayer
was determ ned by X} i | ek ' Hye. the FTIR
nmet hod and an el lf\%@{gi‘ﬁéﬁk}%ﬂﬁp&%ﬁh@ ?ﬁﬁﬂ‘gﬁg@ﬂ%’f?ﬁ’ﬁﬁ)@ﬁg# That is, the
mai n chain le)g'ébtiea t wivlecuddrweight fravtiohatidry forskamplé; nte supadtiticaince the
density of CG-F in one nolecule differs depending on the kind of |ubricant,
there i s a fodsxbatiidrymettatd. even if the FTIR peak height is the same, the
actual thickness is different. In view of this, disks having thicknesses of
8 to 20A (per 2A)0@Bfke prepared and an increase in thickness fromthe
surface of each djsk with na lubricant was derived using an ellipsoneter.
Wth respect to t fagturecot M"f*@‘eﬁ@iﬂsmei ghts in GF stretching vibration

on the.obt ai ned page Eh RS LT TElet sBhuf i slaRbledRafafige” °oe
thickness 0.635mm) made of a chemically strengthened aluminosilicate glass
was prepared as the disk substrate 1. The main surface of the disk substrate 1
was mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.

On the disk substrate 1, the adhesive layer 2a, the underlayer 2b, and
the magnetic layer 3 were formed in this order in an Ar gas atmosphere by the
DC magnetron sputtering method.

As the adhesive layer 2a, an NiAl alloy film (Ni:50at%, Al:50at%) was
formed to a thickness of 300A.

As the undertayer 2b, a CrMo alloy film (Cr:80at%, Mo:20at%) was
formed to a thickness of 80A.

As the magnetic layer 3, a CoCrPtB alloy film {Co:62at%, Cr:20at%,
Pt:12at%, B:6at%) was formed to a thickness of 150A.

Subsequently, sputtering was carried out using a carbon target in an
atmosphere of a mixed gas of an Ar gas and a hydrogen gas (hydrogen gas
content 30%) by the DC magnetron sputtering method, thereby forming the
protective layer 4 of hydrogenated carbon to a thickness of 25A.

[0098]



correlation equation, the thickness of the lubricating | ayer can be easily
derived by the FTIR neasurenent. [0100] (2) Then, a lubricating |ayer
coverage eval uation was perforned. The lubricating |ayer coverage was
measured by the X-ray photoel ectron spectroscopy known from United States
Pat ent No. 6099981. 57 As the lubricating |ayer coverage increases, it
represents that the surface of the nagnetic disk is coated with the

| ubricating layer nore uniformy, and tPRIS it is possi bl e to suppress the
head crash failure and the corrosion failure. Wth the nagnetic disk of
this Exanple 1, the lubricating | ayer coverage was as high as 90% Wen a
| ubri cating | ayer Then,ftbe igdtichting fagedd p@isrfgrmed moitie dsliowgng@manoekent i onal

per fl uoropol yet her - based | ubricant, the lubricating |ayer covera

judged to be by ambeleawagpiepatast asoltion in which e boseamigMa maa@urea@uyef ore, it
Is seen that the magnetic disk of this Exanple 1 has the uniform

| ubri cat i ng the DR mgthop was 4APP apd the modaculas yvejght diFRarsgR wast r%@el y high

| ubricating |a

G 1y ol Gina ME R RBhuad PiB Hhob kb Medharmdyrd 8 s PVEStdy ¢ ne
magnetic di cﬁﬂcehr}is %éﬁlg@& gb&veﬁﬁh%'ggattc‘?mem hﬁ quArnﬁk Drive)

(5400rpmro |onty pr epare th a flying
hei ght of 1 f@&ﬂbﬁél%ntﬁﬁhﬂ%gﬂéﬁchﬁcal‘i‘lhﬂ%ﬂﬁa&lgﬂ;‘ m@f@d%g alspeRIed RNt ed

therein. A slider of the magnetic 'S (negat I ve pressure)

slider and idissoiedtied fldotine-dased Belont Vekidl X&E (traf:lée\@tnee)lrmmct(u@u%yel enment )
as a reproducing elenent. A shield portion is nade of an FeN -based

per mal | oy allhuRantBiitsobblsioragheicald)Cos 1 4d.cat a—mctamtratiormof OBl y Usingeat t he
LUL operations, the nunber of LUL tinmes endured magnetic disk up to
the occur r enlig selutipaias @ eoakiag smgnr@magmgﬂ%dsséémed Wﬁ'éthﬁaléh%ﬂslw 18 sk of

;P ! Z E)e(?;,m : Q&p%;nd ﬂ%\}eg%\}v'%mir@ﬁ tthé)rrc]elsn ecl)r];d 8gaté8?herew{{e By\%e an:%gf ailure

method, thereby forming the lubricating layer 5.

After the film formation, the magnetic disk was heat-treated in a vacuum
furnace at 130°C for 90 minutes. The thickness of the lubricating layer 5 was
measured by a Fourier transform infrared spectrophotometer (FTIR) and it was
12A. In this manner, the magnetic disk 10 of Example 1 was obtained.

{0099]

Then, evaluations of the magnetic disk of this Example 1 were
performed according to the following test methods.

(Evaluation of Magnetic Disk)

(1) First, a lubricating layer adhesion test was performed for evaluating
the bonding performance {adhesion) of the lubricating layer with respect to the
protective layer.

First, the thickness of the lubricating layer of the magnetic disk of this
Example was measured by the FTIR (Fourier transform infrared
spectrophotometer) method and it was 12A as described above. Then, the
magnetic disk of this Example was immersed in the fluorine-based solvent
Vertrel XF for 1 minute. By the immersion in the solvent, portions of the

lubricating layer with poor adhesion are dispersed and dissolved in the solvent,



In a normal HDD using environnment, use for about 10 years is generally
required for the nunmber of LUL tines to exceed 400,000 tines. Since a
magnetic disk is currently judged to be preferable if it endures 600, 000
times or nore, it can be the that the magnetic disk of this Exanple 1 has
extrenely high reliability. The surface of the magnetic disk after the LUL
durability test was 58 observed in detail using an optical mcroscope and
an el ectron nicroscope and was found t®be excellent, i.e. no abnormality
such as damage or dirt was observed. Further, the surface of the magnetic
head after the LUL durability test was observed in detai | usi ng an opti cal
m croscope &t panioak adthrationg rdbesisn epa ramdinvers tiequrotectice lageexcidenent , 1. e.
no abnormality such as damage or dirt was observed and, further, no

| ubri cant adhesgiagnetiodiskavasagreved fisenthecsolven aod thetiicknesaibf thee was

observed. [01021 (4) Then, a fly stiction test was perforned. 100 nagnetic
di sks of t hilpricajingayer waW@ma%ﬂ@wéae EhiR ”’lﬁ}hﬁfgrfmaﬁ@ he i de test

230 Pt B B SRl 1 @fnxxﬁzagm i
oL oo BT R CHRa B R RSB0 e g pocer
L ere pondagitng oAb ok EAs s 6 4 gt e O,

stiction phejeaed eatid] itk ﬁ?heﬂﬁétﬂonaﬁ@ pdritemBASS of Meduisiicating ldyes withas 100%
For evaluating the thermal properties, the LUL durability test and the fly

stiction tegespent to thergrotectice layent Miitipther magodtic @SICot thisSEXamplé! thet he
magnetic disks of this Exanple, no particular failure occurred and the good
resul ts wer dopdediratisowvas 88%31 Since the bonded ratio is judged to be preferable if it is

70% or more, it is seen that the magnetic disk of this Example is exiremely

excellent in bonding performance of the lubricating layer.

The thickness of the lubricating layer was determined by deriving a
correlation using two methods, i.e. the FTIR method and an ellipsometry
method, and using this correlation. That is, the main chain of this lubricant is
mainly formed by C and F and, since the density of C-F in one molecule differs
depending on the kind of lubricant, there is a possibility that even if the FTIR
peak height is the same, the actual thickness is different. [n view of this, disks
having thicknesses of 8 to 20A (per 2A) were prepared and an increase in
thickness from the surface of each disk with no lubricant was derived using an
ellipsometer. With respect to these disks, the peak heights in C-F stretching
vibration were measured using the FTIR, thereby deriving a correlation equation
based on the obtained peak values and the ellipsometer values. Using this
correlation equation, the thickness of the lubricating fayer can be easily derived
by the FTIR measurement.

[0100]

(2) Then, a lubricating layer coverage evaluation was performed.

The lubricating layer coverage was measured by the X-ray

photoelectron spectroscopy known from United States Patent No. 6099981.



(Conparative Exanple 1) As a |ubricant, use was nmade of a conventi onal

per fl uor opol yet her-based | ubricant, Fonblin Z-DOL (trade nane) manufactured
by Sol vay Sol exis, Inc., having been subjected to nol ecul ar wei ght
fractionation by the GPC nethod to have Mwv of 3000 and a nol ecul ar wei ght
di spersion of 1.08. Then, a solution in which this |ubricant was dispersed
and dissolved in a 59 fluorine-based solvent, Vertrel XF (trade nane)
manuf act ured by DuPont-M t sui Fl uor och®ficals Co., Ltd., was used as a
coating solution and a nagnetic disk fornmed with layers up to a protective
| ayer was i nmmersed therein and coated therewith by the dipping nethod,

t her eby f or éisrthe mhrnbhmg:my'eng)\leaa@ inctéases Nt représentothaetiter atrface obthe he
coating solution was properly usted so that the |ubricating | ayer was
formed to amagnekiedisk is aoatad wm 5@ l@Fricating lay@rzmore\umf@@%tama sk is

manuf actured in the same manner as in Exanple 1 except the abgve was used

}‘0[) a ConpaPas§ihle tessHppriess thehead cragh falwe ﬁ@dymw fRildieal %hlthe of the
Lot or ot " it Biek o Bin ERARGLS 7 Meihiieitd 3 er SIBHAGE WS a5 HRIRAS (TS vas
62% a Verympﬂ)"v ih l‘:r‘ah]'fML“ Cg ayef"'éf’p%é&ﬁ Hﬁ@d@ébﬁ%&fﬁég@%@ gval uation was

per f or med erein ayer cover very | ow val ue

as conpar ed cahidhtiohsl ﬁ@faurtﬁbpslyéﬂhakbagéd ﬁJbﬂcfﬁqafmlrebrncHﬁﬁg ldyier cldragt he

| ubricating layer is forned by the dipping nethod using the conventlonal

per f | uor opoliy/atyed tdbe by ahd arge néferdde if itds 709 okneors aht ¢iareforé St iset to
about 10 to 12A, the lubricating |layer coverage is largely reduced and it
i s difficul seeothaithe aagnefiodisk blithis Emmp@ 1 b&samev\irtifmra [briglating latyer cat i ng
| ayer coverage as that in the above Exa 105] . Further, an LUL
durability téta small jusknessand yehwitban ax nﬁ'@“’#&g‘ﬁ@h ibricating layer eovesage.
Conparative Exarrptoquil | ed when the nunber of LUL tines reached

(3) Then, an LUL (Load Unload) durability test was performed for
evaluating the LUL durability of the magnetic disk of this Example 1.

An LUL-system HDD (Hard Disk Drive) (5400rpm rotation type) was
prepared and a magnetic head with a flying height of 10nm and the magnetic
disk of this Example 1 were mounted therein. A slider of the magnetic head is
an NPAB (negative pressure) slider and is mounted with a magnetoresistive
effect element (GMR element) as a reproducing element. A shield portion is
made of an FeNi-based permalloy alloy. By causing the LUL-system HDD to
continuously repeat the LUL operations, the number of LUL times endured by
the magnetic disk up to the occurrence of failure was measured.

As a result, the magnetic disk of this Example 1 endured the LUL
operations of 900,000 times with no failure at a very low flying height of 10nm.
In a normal HDD using environment, use for about 10 years is generally
required for the number of LUL times to exceed 400,000 times. Since a
magnetic disk is currently judged to be preferable if it endures 600,000 times or
more, it can be the that the magnetic disk of this Example 1 has extremely high
reliability.

The surface of the magnetic disk after the LUL durability test was



500,000 tines. After the test, a magnetic head and the magnetic di sk were
renoved and exam ned. Then, transfer of the |ubricant and corrosion failure
were confirmed at an NPAB pocket portion and an ABS surface of the magnetic
head and adhesion of dirt was confirmed on the surface of the magnetic disk.
Further, anong tested HDDs, the fly stiction failure occurred in 70% HDDs
(pass rate 30% . 60 For eval uating the thermal properties, the LUL
durability test and the fly stiction té# were performed in atnospheres of
-20C to 50C. Then, failure occurred in the magnetic disks of this

Conpar ati ve Exarrpl e and the degree of failure was |arge depending on the

t enper at ur e opéer/6@ irpdeaP nbmg%m dit86hicrddospaning ah elbtitbn Migbstpeanaagnet i c
di sk 10 according to one Exanple of this 1nvention. The magnetic disk 10 is

fabricated pasffound iogheaexuetianiynet naalmairalalityl suchrastamoageosediriafasan adhesi ve
| ayer 2a and an under| ayer 2b, a magnetic |ayer 3, a carbon-based
protective bageved, Burthes, thatsuiface Dg@el raggnets haadtaﬁes the bk dutabildy subst rat e
1. (Production of Mgnetic-Di sk Lubricant of Second Epbodi nent) The

exenpl i fi ed!esbMESAREErVREIN dﬁtaﬂ|&5@%§@PW%W"§BWW%Q@HUO@r oduced by

Zbove. for muPLLipFGRPR e SRR e OB e Tor ST SR B ot
represent ed?ﬁﬁrrﬂré eq%dg T 3urifier, V\é1ubjr%anE%%qefs'io;ﬁgttoﬁ@g@gngggﬁéa@or base

condi tion € reactron con tlons g“conpri si ng

the conpoungg cbﬂ'H?mH%nﬁJr@%’s dkeRRet i vely, were properly subjected to

nol ecul ar wei ght fractionation, for exanple, by the supercritical fluid
extraction met hodjp1pgL07]

(4) Then, a fly stiction test was performed. 100 magnetic disks of this
Example 1 were manufactured and, by performing a glide test using a glide
head with a flying height of 5nm, the test was performed to see whether or not
the fly stiction phenomenon occurred. When the fly stiction phenomenon
occurs, the flying posture of the glide head suddenly becomes abnormal and,
therefore, by monitoring a signal of a piezoelectric element bonded to the glide
head, the occurrence of fly stiction can be detected. As a result, with the
magnetic disks of this Example 1, the fly stiction phenomenon did not occur and
the pass rate of the test was 100%.

For evaluating the thermal properties, the LUL durability test and the fly
stiction test were performed in atmospheres of -20°C to 50°C. With the
magnetic disks of this Example, no particular failure occurred and the good
results were obtained.

[0103]

(Comparative Example 1)

As a lubricant, use was made of a conventional
perfluoropolyether-based lubricant, Fomblin Z-DOL (frade name) manufactured
by Solvay Solexis, Inc., having been subjected to molecular weight fractionation
by the GPC method to have Mw of 3000 and a molecular weight dispersion of

1.08. Then, a solution in which this lubricant was dispersed and dissolved in a



(Manuf acture of Magnetic Disk) A 2.5-inch glass disk (outer dianeter 65mm
I nner dianeter 20mm di sk thickness 0.635nm made of a chemcally
strengthened alum nosilicate glass was prepared as the di sk substrate 1.
The main surface of the disk substrate 1 was mrror-polished to Rmax of
4.8nm and Ra of 0.43nm On the disk substrate 1, the adhesive |layer 2a, the
under |l ayer 2b, and 61 the magnetic layer 3 were forned in this order in an
Ar gas atnosphere by the DC magnetron §%utteri ng nmet hod. As the adhesive
| ayer 2a, an NNAl alloy film (N :50at% Al:50at% was forned to a thickness
of 300A. As the underlayer 2b, a CtM alloy film(Cr:80at% Mo:20at% was
formed to aflubricdbassd sdlvéadiVerel XRdiradg nainied maméactiBeddyC@dettBlitdul oy fil m
(Co:62at% Cr:20at% Pt:12at% B:6at% was formed to a thickness of 150A
Subsequent | Flugrpehareicals amalidc aras usedas a geating solwionbud a srageetic diskn
at nosphere of a m xed gas of an Ar gas and a h drogen gas (hydrogen gas
content 30%ONREd Wi W%@]&@BW@QU&‘@QW@M G,dttl'llﬁ!?'@tﬂ&’c{%ﬂaﬁ?%g t he
protective |l ayer.4 of hydrogenate arhon to. a thickness of 25A. .[0108]
Then, the |G'B$/fP23"§PibMéh? é?@f@“ﬁﬁ@gf &\eﬁ%ﬁpﬁnpﬁeﬁ‘ ﬂbf'? Qﬁay%nﬁ@@'k There was
prepared a | ' ' ke r MR et hod
ZF?% géﬁ&?\gﬁaﬂo%f i éo%ﬁ?é g{?@g@ﬁ‘g{ag %%%@Qd QY hdigndY

was 2500 an e nol ecul ar wWei g conprising the

compound (i AN P L idinRh BAMRKAGSANh 1ndkaife bP|Pto {2ENK T On havi ng

been subjected to nmol ecul ar wei ght fractionation by the supercritical

fluid extrachagretigeiigkadan@aclispiprtae damedtmanseralsvigExample 1fekogptithe- based
solvent, Vertrel XF (trade nane) manufactured by DuPont-M t sui

FI uor ochem chlose @as,uskddor, a Gonpacativedmtangsléeon of 0.3wt % Using this solution
as a coating solution, a nmagnetic disk forned with the |layers up to the
protective [0104]

A bonding performance evaluation of the lubricating layer of the
magnetic disk of this Comparative Example was performed in the same manner
as in Example 1, wherein the bonded ratio was 62%, a very low vailue. Further,
a lubricating layer coverage evaluation was performed, wherein the lubricating
layer coverage was 80%, a very low value as compared with the magnetic disk
of the Example. That is, when the lubricating layer is formed by the dipping
method using the conventional perfluoropolyether-based lubricant, if the
thickness thereof is set to about 10 to 12A, the lubricating layer coverage is
largely reduced and it is difficult to form a uniform lubricating layer with a high
lubricating layer coverage as that in the above Example.

[0105]

Further, an LUL durability test was performed, wherein the magnetic
disk of this Comparative Example failed when the number of LUL times reached
500,000 times. After the test, a magnetic head and the magnetic disk were
removed and examined. Then, transfer of the lubricant and corrosion failure
were confirmed at an NPAB pocket portion and an ABS surface of the magnetic
head and adhesion of dirt was confirmed on the surface of the magnetic disk.
Further, among tested HDDs, the fly stiction failure occurred in 70% HDDs

(pass rate 30%).



| ayer 4 was inmersed therein and coated therewith by the di ppi ng nethod,
thereby formng the lubricating layer 5. After the filmformation, the
magneti c di sk was heat-treated in a vacuum furnace at 130C for 90 m nutes.
The thickness of the lubricating layer 5 was neasured by a Fourier
transforminfrared spectrophotonmeter (FTIR) and it was 5A In this manner,
the magnetic disk 10 of Exanple 2 was obtained. 62 Coating solutions were
prepared in the sane manner as descri be#P above, using the lubricants
conprising the above exenplified conpounds Nos. 2 to 5, respectively, and
| ubricating |layers were fornmed. Then, the following |ubricating |ayer

thi cknesses wer e BbtaianetingThathdrmal plopettidiscitieelddl dirability tebt amditherfly | ayer to
be formed can be adjusted by a difference in length (the nunber of carbons
in the mai nstidtmintest were pemformad ireaiviogpherss afn2@1G £h30°Ce  Jheopfailare a
conpound. [0109] [Table 1] Exenplified Conmpound No. Lubricating Layer

Thi ckness ( Agcurteq 'ﬁ&ta? mgzl@b&g)sks of W%Ggwamwezﬁwg and th%@@@fgs)of 13

[0110] Then, .eval uations, o net [ t anple 2 were

ber fof med - aliGHIMAD 2rGe cRBerdNG oG raserales RoHe AesEIaRt i on of  Magnet i
Disk) First, a lu[%égé i ng | ayer coverage eval uation was perforned in the
sane nmanner as in ﬁplel aresult, with the nagnetic disk of this

Exanple 2, the | U(Er,gaﬁﬂ},é By

Fig. 1 shows a magnetic disk 10 according to one Example of this
invention.

The magnetic disk 10 is fabricated by forming a nonmagnetic metal
layer 2 composed of an adhesive layer 2a and an undertayer 2b, a magnetic
layer 3, a carbon-based protective layer 4, and a lubricating layer 5 in this order
on a substrate 1.

(Production of Magnetic-Disk Lubricant of Second Embodiment)

The exemplified compounds Nos. 1 to 5 described above were each
produced by reacting 2 equivalents of the perfluorotetraol compound
represented by the above formula (IV) with 1 equivalent of each of aliphatic
compounds represented by Cl(CH2)pCl (p=3, 8, 13, 18, 23; five kinds) under a
base condition. The reaction conditions were suitably set.

Lubricants comprising the compounds thus obtained, respectively, were
properly subjected to molecular weight fractionation, for example, by the
supercritical fluid extraction method.

[0107]

(Manufacture of Magnetic Disk)

A 2.5-inch glass disk (outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthened aluminosilicate glass
was prepared as the disk substrate 1. The main surface of the disk substrate 1
was mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.

On the disk substrate 1, the adhesive layer 2a, the underlayer 2b, and



| ayer coverage was as high as 98% Wen a lubricating layer is forned by the
di ppi ng net hod using a conventional perfl uoropolyether-based |ubricant, the
| ubricating |layer coverage is judged to be by and large preferable if it is
70% or nore, and therefore, it is seen that the magnetic disk of this
Exanple 2 has the 63 wuniformlubricating layer with a small thickness and
yet with an extrenely high lubricating |ayer coverage. [0111] Then, the
same LUL (Load Unload) durability test &k that in Exanple 1 was perfornmed
for evaluating the LUL durability of the magnetic disk of this Exanple 2.
As a result, the magnetic disk of this Exanple 2 endured the LUL operations
of 900, 000 themmgnetidiaper 3 aetaifoemat] imthisosder ovah Ry gag atreogpiiere@by thedOnm I n a
nor mal HOD usi ng environnent, use for about 10 years is generally required
for the nunb¥r magnewbn sputtesingonethoded 400, 000 tines. Since a nagnetic disk

Is judged to be preferable if it endures particularl y 600, 000 times or
nore, it can be tA8stheadhasie langma iae NS RIQY ilIHNESBRS PN &0at%ahyagxt r enel v

high reliability. The. surfac f: the magnetic disk after the LUL durability
test was olf)%rgﬁ‘;"'etﬂqtﬁ"%@?%ﬁ?fe@%g an optical mcroscope and an el ectron

m croscope and I . i bpor.smlid,t uch as
damage or dirt \/vamg§ t%%@@%ggep%‘%ﬁg\ﬂ{j%ﬁ]{!u%h@ufqraéc@t%’f R@’én@gtré’ %(r\{a% head after

the LUL dur ghyiddd 4 4 ®idkned@st erved in detail using an optical mcroscope
and an el ectron mcroscope and was found to be excellent, i.e. no

abnormal ity such ag ifRagAew lader 3, A\B8CrRIBSAloyeiimace:62at! Depoatry | ubri cant
adhesion to the magnetic head or no corrosion failure was observed. (0112]

Then, the s&¥d2&ai%, BBat%k) was fasiedds atthiwkness édbdN.e 1 was perfornmed. 100
magneti c disks of this Exanple 2 were manufactured. As a result of the

Subsequently, sputtering was carried out using a carbon target in an
atmosphere of a mixed gas of an Ar gas and a hydrogen gas (hydrogen gas
content 30%) by the DC magnetron sputtering method, thereby forming the
protective layer 4 of hydrogenated carbon to a thickness of 25A.

[0108]

Then, the lubricating layer 5 was formed in the following manner.

There was prepared a solution in which the [ubricant (Mn measured by
the NMR method was 2500 and the molecular weight dispersion was 1.25)
comprising the compound (the above exempilified compound No. 1) of this
invention having been subjected to the molecular weight fractionation by the
supercritical fluid extraction method was dispersed and dissolved in a
fluorine-based solvent, Vertrel XF (trade name) manufactured by DuPont-Mitsui
Fluorochemicals Co., Ltd., at a concentration of 0.3wi%. Using this solution as
a coating solution, a magnetic disk formed with the layers up to the protective
layer 4 was immersed therein and coated therewith by the dipping method,
thereby forming the lubricating layer 5.

After the film formation, the magnetic disk was heat-treated in a vacuum
furnace at 130°C for 90 minutes. The thickness of the lubricating layer 5 was

measured by a Fourier transform infrared spectrophotometer (FTIR) and it was

5A. In this manner, the magnetic disk 10 of Example 2 was obtained.



test, with the magnetic disks of this Exanple 2, the fly stiction phenonenon
did not occur and the pass rate of the test was 100% [0113] (Exanples 3
and 4) 64 A magnetic disk of Exanple 3 was manufactured in the same nanner
as in Exanple 2 except that a lubricating |ayer was fornmed to a thickness of
8A using the exenplified compound No. 2 (M1 was 2600 and t he nol ecul ar

wei ght dispersion was 1.2) of this invention as a |ubricant of the second
enbodi ment. Further, a magnetic disk f2 Exanpl e 4 was manufactured in the
same manner as in Exanple 2 except that a lubricating |ayer was forned to a
t hi ckness of 10A wusing the exenplified conmpound No. 3 (Mr was 2700 and the
nmol ecul ar wei ght Cdatigpsautionswasrelpréparedfin the sameweamnieoas dssaibdegbri cant. I n
each of the magnetic disks of Exanples 3 and 4, the lubricating |ayer

cover age wa@bave Hisyig the lduizgantseamprising the abovesxampliied cempounds Negh of the
magneti c di sks of Exanples 3 and 4, there is forned_the uniformlubricating
layer with & 18Pal9SPERIvalnad lehicajing layerywerhfospefe ntin i FOIOWH cat i ng

| ayer coverage. [0114] .. The nmagneti c di.sk anples 3 and.4 were

eval uat ed iﬂ'%[rﬁ@{"%%%?@gr Gk RErSSRWeTE %'Hﬁﬁ'eoghgﬁﬁqgggﬂcmesﬁgéﬁpl es 3 and 4,
t he magneti 1 i f L jth no
failure at g“b\?fé’ra{;"q f(‘;a&/gﬁo)e/t?e n@pﬁﬁé%‘ﬂ?ﬁ gﬁ%ﬁﬂ;ﬁy%ﬁﬁ%&ﬁ%@e@hg@ﬁ ese nmagnetic
di sks and t bnfef bAEABoRS in 1B IR cRalRCREha e dib of bh aiialeldrbby if est were
observed in detail using an optical mcroscope and an el ectron ncroscope
and were foungbnigpbupd. excellent, i.e. no abnormality such as damage or dirt
was observed and, further, no |lubricant adhesion to the nagnetic heads or
no corrosion fail[@89%as observed. Further, a fly stiction test was

performed. In each of Exanples 3 and 4, the fly stiction phenonenon did not
occur and the pasHapPtH of the test was 100%

Exemplified Compound No. Lubricating Layer Thickness (A)
1(p=3) 5
2(p=8) 8
3(p=13) 10
4 (p=18) 13
5 (p = 23) 13

[0110]

Then, evaluations of the magnetic disk of this Example 2 were
performed according to the following test methods.

(Evaluation of Magnetic Disk)

First, a lubricating layer coverage evaluation was performed in the
same manner as in Example 1.

As a result, with the magnetic disk of this Example 2, the lubricating
layer coverage was as high as 98%. When a lubricating layer is formed by the
dipping method using a conventional perfluoropolyether-based lubricant, the
lubricating layer coverage is judged to be by and large preferable if it is 70% or

more, and therefore, it is seen that the magnetic disk of this Example 2 has the



(0115] (Conparative Exanple 2) As a lubricant, use was nmade of a
conventional perfluoropol yether-based |ubricant, Fonblin Z-DOL (trade nane)
manuf actured 65 by Sol vay Sol exis, Inc., having been subjected to nol ecul ar
wei ght fractionation by the GPC nethod to have Mwv of 3000 and a nol ecul ar
wei ght dispersion of 1.08. Then, a solution in which this |ubricant was

di spersed and dissolved in a fluorine-based solvent, Vertrel XF (trade
nane) manufactured by DuPont-M t sui FI®rochenicals Co., Ltd., was used as
a coating solution and a nagnetic disk forned with |ayers up to a
protective |ayer was i mersed therein and coated therewith by the dipping
met hod, t heweiym bnicaginglalyehwitic atsmall thizyeess et getrwith amexteamelgmighat i on of
the coating solution was properly adjusted so that the lubricating |ayer
was forned tdrigating Hyseeevarage.ne range of 5 to 1 OA. A magnetic disk

manuf actured in the sane manner as in Exanple 1 except the above was used
for a Conparati ve[q:l)l?a]rrpl e. [01161 A coverage evaluation of the lubricating

are mnner s i n EXadDF 8938 LUk hoBeTRa i e dER SRR Te vas
O e i e vas
& rhat ts WA ARG the ILL bASUTRINE kool ® Gekh BT pog”

usi ng the C(E}\éw(g enal perfluoropol yether-based |ubricant, if the thickness
thereof is set to about 5 to 1 OA the lubricating |ayer coverage is largely
reduced and it isAdidfresgitllthe htagneticdisk ofithis Examipled? iepdiiedghé aykr with a high
| ubricating | ayer coverage as that in each of the above Exanples. Further,
an LUL dur alwperatipns @ 8008860 pievesavithenio faillres aii mverdydowdlyimgtheightaf $Rnmf t hi s
Conpar ative Exanple failed when the nunber of LUL tinmes reached 500,000
times. Aftednaf@rmakkdDDusiagaevirannriduseer abeutndyyrars s aanskaller e

required for the number of LUL times to exceed 400,000 times. Since a
magnetic disk is judged to be preferable if it endures particularly 600,000 times
or more, it can be the that the magnetic disk of this Example 2 has extremely
high reliabiity.

The surface of the magnetic disk after the LUL durability test was
observed in detail using an optical microscope and an electron microscope and
was found to be excellent, i.e. no abnormality such as damage or dirt was
observed. Further, the surface of a magnetic head after the LUL durability test
was observed in detail using an optical microscope and an electron microscope
and was found to be excellent, i.e. no abnormality such as damage or dirt was
observed and, further, no lubricant adhesion to the magnetic head or no
corrosion failure was observed.

[0112]

Then, the same fly stiction test as that in Example 1 was performed.
100 magnetic disks of this Example 2 were manufactured. As a resutlt of the
test, with the magnetic disks of this Example 2, the fly stiction phenomenon did
not occur and the pass rate of the test was 100%.

[0113]

(Examples 3 and 4)



renoved and exam ned. Then, transfer of the |ubricant and corrosion failure
were confirmed at an NPAB pocket portion and an ABS surface of the magnetic
head and adhesion of dirt was confirmed on the surface of the magnetic disk.
Further, anong tested HDDs, the fly stiction failure occurred in 70% HDDs 66
(pass rate 30% . [01171 (Exanple 5) Fig. 1 shows a magnetic disk 10
according to one Exanple of this invention. The nagnetic disk 10 is
fabricated by form ng a nonmagnetic net &t | ayer 2 conposed of an adhesive

| ayer 2a and an underl ayer 2b, a nagnetic |ayer 3, a carbon-based
protective layer 4, and a lubricating layer 5 in this order on a substrate
1. (Production of Avhagretticdidh cfliExaniple Gavds mbandfaciudedEmbibdisaee haAndrubr i cant
(a conpound in which A in the above exenplified compound is a phenyl ene
group) of t kisdn Exampla 2 exoen thatedubechting lageiovasigred fun vhickiass of 8A t he

perfl uorotetraol conpound represented b{ t he above formul a (I\? wth 1
equi val ent &8ing the gxempbiieshetivreind Neet (M pas2609and the molegidan weight on

o et on« Ficbrth MR W2tE s VBale 50 By O i oHBp gt
Do i 5 o Rurthet A mEdAG RO SRt 4 ik HihurdN B OmaRgEe ©
thi ckness O-a@?fﬁmwﬁe%eﬁtﬁi}%sﬁée{%@w&wmﬂ%d% HhiBRsddsictabd gl ass

was prepared as th sk substrate e main surface of the disk substrate
1 was m rr eisingtthi skeshplitedE@mHp@IindNSBN(MA dvas2 700 dhotBamolétulameeightk

substrate 1, the adhesive | ayer 2a, the underlayer 2b, and
dispersion was 1.15) of this invention as a lubricani. In each of the magnetic
disks of Examples 3 and 4, the lubricating layer coverage was as high as 90%.
That is, it is seen that, also in each of the magnetic disks of Examples 3 and 4,
there is formed the uniform lubricating layer with a smalt thickness and yet with
an extremely high lubricating layer coverage.

[0114]

The magnetic disks of Examples 3 and 4 were evaluated in the same
manner as in Example 2. in each of Examples 3 and 4, the magnetic disk
endured the LUL operations of 900,000 times with no failure at a very low flying
height of 10nm. The surfaces of these magnetic disks and the surfaces of
magnetic heads after the LUL durability test were observed in detail using an
optical microscope and an electron microscope and were found to be excellent,
i.e. no abnormality such as damage or dirt was observed and, further, no
lubricant adhesion to the magnetic heads or no corrosion failure was observed.

Further, a fly stiction test was performed. In each of Examples 3 and 4,
the fly stiction phenomenon did not occur and the pass rate of the test was
100%.

[0115]

(Comparative Example 2)

As a lubricant, use was made of a conventional

perfluoropolyether-based lubricant, Fomblin Z-DOL (trade name) manufactured



the magnetic layer 3 were fornmed in this order in an Ar gas atnosphere by
the DC nagnetron sputtering nethod. As the adhesive |ayer 2a, an N Al all oy
film (N :50at% AlI:50at% was fornmed to a thickness of 300A. 67 As the
under| ayer 2b, a CM alloy film(Cr:80at% Mo:20at% was forned to a

t hi ckness of 80A. As the magnetic layer 3, a CoCrPtB alloy film (Co: 62at %
Cr:20at% Pt:12at% B:6at% was fornmed _fo a thickness of 150A
Subsequently, sputtering was carried ouPOusi ng a carbon target in an

at nosphere of a m xed gas of an Ar gas and a hydrogen gas (hydrogen gas
content 30% by the DC magnetron sputtering nmethod, thereby formng the
protective loyysolvay Bblekigdinogdmaaingbesardubjected ® mhbieckiae seight frastondtion19]

Then, the lubricating layer 5 was forned in the foll owi ng manner. There was

prepared a wtbeucb?pmﬁtm terhavieeMaa\A900 @5l & melecula Weich eiseersign ohe NVR
Tovent i on_ hevithg i SaaboBias r@“@@%ﬁa@ﬁ&”?&wﬁaﬁpge VB Fon by
oort ne! badbigBl s SoGEM SEhSReFHAgRalfT BT Rd dup yatdarec 11 @
DuPont - M tSLI*lucFHoBRérﬂFcQ%"E:&aLﬁl %s uééodas n%%%%@}gccé’ﬂﬁﬁ‘qﬁorm g&feug t%h W % Using

this solution as a coatin a e |l ayers

up to the ﬁbﬁﬁ&mwwe?yeﬁ tcﬂawebﬁvmawd,vééﬁmﬁe@eaﬁﬁler@mrﬂﬂcéda@d ew th by
the dipping nethod, thereby formng the lubricating |ayer 5. After the film

formation, ttheremgrbytthe dippig mathdak tHerblmefirmithg anlubricatinglayerf uHeaeia, at 130C
for 90 m nutes. The thickness of the lubricating |ayer 5 was neasured by a
Fouri er tr aribé concdntfation ofl thepeosting shbdionwasrpropanRadjasigdiso thaldhe5A. In this
e e | ating Tayer was formad 1o & thickness I the Tange oF 5 to 1A~
magnetic disk manufactured in the same manner as in Example 1 except the
above was used for a Comparative Example.
[0116]
A coverage evaluation of the lubricating layer of the magnetic disk of
this Comparative Example was performed in the same manner as in Example 2,
wherein the lubricating layer coverage was 70%, a very low value as compared
with the magnetic disks of Examples 2 to 4. That is, when the lubricating layer
is formed by the dipping method using the conventional
perfluoropolyether-based lubricant, if the thickness thereof is set to about 5 to
10A, the lubricating layer coverage is largely reduced and it is difficult to form a
uniform lubricating layer with a high lubricating layer coverage as that in each of
the above Examples.
Further, an LUL durability test was performed, wherein the magnetic
disk of this Comparative Example failed when the number of LUL times reached
500,000 times. After the test, a magnetic head and the magnetic disk were
removed and examined. Then, transfer of the lubricant and corrosion failure
were confirmed at an NPAB pocket portion and an ABS surface of the magnetic
head and adhesion of dirt was confirmed on the surface of the magnetic disk.

Further, among tested HDDs, the fly stiction failure occurred in 70% HDDs



Then, evaluations of the magnetic disk of this Exanple 5 were perforned
according to the follow ng test nethods. (Evaluation of Magnetic Disk)
First, the sane lubricating | ayer coverage evaluation as that in Exanple 68
1 was perfornmed. Wth the magnetic disk of this Exanple 5, the lubricating

| ayer coverage was as high as 98% Wen a lubricating layer is forned by the
di ppi ng net hod using a conventi onal peréé)uoropol yet her - based | ubricant, the
| ubricating |ayer coverage is judged to”be by and large preferable if it is
70% or nore, and therefore, it is seen that the magnetic disk of this
Exanple 1 has the wuniformlubricating layer with a small thickness and yet
wi th a hi gh{pagsriatea30%y | ayer coverage. Then, the sane lubricating |ayer
adhesion test as that in Exanple 1 was perfornmed for evaluating the bonding
performance (adheildA) of the lubricating layer with respect to the
protective layer. Wth tgﬁ magnetic disk of this Exanple, the bonded ratio
was 92% Since, c I ally, the bonded ratio is judged to be by and

| arge preferable f it ,is 70% . Wt etic disk of
this Exanple is et{gr gr?gpi')'s&réégﬁ%tﬁf&gwg&ﬁt@ﬁdiﬁ%gfotn?ﬁ%xat"ﬁ%ro ing |ayer
even W th a;reeysged thickness. [01211 Then, the sane LUL (Load Unl oad)
durability test as that in Exanple 1 was perforned for evaluating the LUL

durability of theTRBeRRjetic diskk 005 fadHcated AN Pa ndmagh@rUhbial t he _
magnetic disk of this anple 5 endured the LUL “operations of 900,000 tines

wi th no fai llayee 2ajongposed\of hnwdhbyivadayee 2ghindadn dndaniayer 2m seamagnetid HDD usi ng
envi ronnent, use for about 10 years is generally required for the nunber of
LUL times t dayexSeadadmm-logdiprotestiveslayeed sanchadusicRiingliager D &0 jhisieyder t o be
preferable if it endures particularly 600,000 times or nore, it can be that
the magneti @' 8Y0sbRlQ hi s Exanpl e 5 has extrenely high

(Production of Magnetic-Disk Lubricant of Third Embodiment)

A lubricant (a compound in which A in the above exemplified compound
is a phenylene group) of this invention was produced by reacting 2 equivalents
of the perfluorotetraol compound represented by the above formula (V) with 1
equivalent of 1,4-dichlorobenzene under a base condition. The reaction
conditions were suitably set.

The lubricant thus obtained was properly subjected to molecular weight
fractionation, for example, by the supercritical fluid extraction method.

[0118]

(Manufacture of Magnetic Disk)

A 2.5-inch glass disk (outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthened aluminosilicate glass
was prepared as the disk substrate 1. The main surface of the disk substrate 1
was mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.

On the disk substrate 1, the adhesive layer 2a, the underlayer 2b, and
the magnetic layer 3 were formed in this order in an Ar gas atmosphere by the
DC magnetron sputtering method.

As the adhesive fayer 2a, an NiAl alloy film (Ni:50at%, Al:50at%) was

formed to a thickness of 300A.



reliability. The surface of the magnetic disk after the LUL durability test
was observed in detail using an optical mcroscope and an el ectron

m croscope and was found to be excellent, i.e. no abnormality such as
damage or dirt was 69 observed. Further, the surface of a magnetic head
after the LUL durability test was observed in detail using an optical

m croscope and an electron mcroscope and was found to be excellent, i.e.
no abnormality such as damage or dirt w4 observed and, further, no

| ubri cant adhesion to the nagnetic head or no corrosion failure was
observed. [0122] Then, the sane fly stiction test as that in Exanple 1 was
performed. 100 nmAgtied undetayks2bfa Chile aixwnfiiph €CE80mYe MuPOHI) wased. As a
result of the test, with the magnetic disks of this Exanple 5, the fly
stiction phéprorashiora ticknespof dkur and the pass rate of the test was 100%

0123 Exanple 6) A |ubri t din which Aint b
Eaxerrp} i fi(eda(r:rgrrgoﬁ)ﬁ@e w@graéﬁ@@w@%é&gﬁgﬁ%%Ji?&)ﬂ'ra}(%mﬁ@a?%u&feiﬁgﬂ%gdi ment of

his i i d b Lng 2 equjval f th
per 11 uor of et AGABoRRRbRIveS RECI AR R)Res e 1 ormula (1v) with 1

i valent of 1, 4:di : L daBt i ti
condi (i ons wer e~ SUPTERIe)EPEH NS RS ARl o WBRRS ARG BunGE CPFTH O
subj ected t tl“?%[ﬂ{éf'é of a‘fﬁk@di'gas Bfﬁi‘?hh@ﬂé‘hh@%’hyﬁ%ge@?@é@(‘h dro@énigas

supercritica urd extracti on nmethod.” A nmagnetic disk of EXanple 6 was
nmanuf act ur e¢ohtent BE%S dYENETBORAgNEEoN SpUeang Intethoe xberrbytfbaiing thaibr i cat i ng

| ayer was forned to a thickness of 8A wusing the above | ubricant (Vh was
2850 and t herotetiveubper 4\0f mydrogersaed sarbon tovaghitkdgs. of 25A.

[0119]

Then, the lubricating layer 5 was formed in the following manner.

There was prepared a solution in which the above lubricant (Mn
measured by the NMR method was 2800 and the molecular weight dispersion
was 1.25) of this invention having been subjected to the molecular weight
fractionation by the supercritical fluid extraction method was dispersed and
dissolved in a fluorine-based solvent, Vertrel XF (trade name} manufactured by
DuPont-Mitsui Fluorochemicals Co., Ltd., at a concentration of 0.2wt%. Using
this solution as a coating solution, a magnetic disk formed with the layers up to
the protective layer 4 was immersed therein and coated therewith by the dipping
method, thereby forming the lubricating layer 5.

After the film formation, the magnetic disk was heat-treated in a vacuum
furnace at 130°C for 90 minutes. The thickness of the |ubricating layer 5 was
measured by a Fourier transform infrared spectrophotometer (FTIR) and it was
5A. In this manner, the magnetic disk 10 of Example 5 was obtained.

[0120]

Then, evaluations of the magnetic disk of this Example 5 were
performed according to the following test methods.

(Evaluation of Magnetic Disk)

First, the same lubricating layer coverage evaluation as that in Example



[0124] The magnetic di sk of Exanple 6 was evaluated in the same manner as
in Exanple 5. Wth the magnetic disk of this Exanple, the lubricating |ayer
coverage was as high as 93% That is, it is seen that there is fornmed the 70
uniformlubricating layer with a small thickness and yet with a high

| ubricating |ayer coverage. Further, with the magnetic disk of this

Exanpl e, the bonded ratio was 98% That is, it is seen that the magnetic
disk of this Exanple is extrenely excePPent in adhesion of the Iubricati ng
| ayer even with a reduced thickness. Further, an LUL durability test was
performed, wherein the magnetic disk endured the LUL operations of 900, 000
times with Mowdspédoreneat dVidethe magnetid dislingf thisi Eprample 51 thenfubfi¢adingur f ace of
the magnetic di sk and the surface of a_ nmagnetic head after the LUL

durabi ity teusr coreragenmessrashioh as@8fai |When adubricativgtayesiis ioreeddydbe and an
el ectron m croscope _and were found to, be excel]ent, i. no abnormality
such as dam&RPiRg R’lﬁtnqd Yri<g 8l?QQY‘\“/@@nﬁhEﬁrﬂFQFPPHLY?&‘%‘@"“S?‘EB‘rqr'E%WtH‘fdhesi on to
t he magneti ¢ ,head or no _corrosian,fai e r t o fly
sticton tedioanglaRr PRt isaPeod (afhe by 8o HIBE Pl i & o' Mo
occur and t a e o - ; rags Exanpl e
3) As a Iub?ﬁ%@h?ﬁd E@g@f\?\aé 'tnlgggé’gfﬁ azg\mé%ﬁ\égﬁﬁco&rj{g%%ﬁ%ésrg uo %pﬁf‘%/éét eer-based

l'ubricant, Rkewdir bfickitg lleAdRh Bkl RAHESACAA 6t wilya BRjrvabrica@hgxi s, Inc.,

havi ng been subjected to ndl ecul ar wei ght fractionation by the C net hod
to have Mv ddye3@00eragd. a nol ecul ar wei ght dispersion of 1.08. Then, a
solution in which this |ubricant was di spersed and dissolved in a

fl uori ne-based sollhentthe gamerlubricatingtayed @dhesien tesi msithatiofxample 1 was
DuPont-M tsui . Fl ugorochem cal s Co. s used as a coat Iiu‘%ggspl ution and

, Ltd.,
a magnetic desRmedfergyalyating F%@?@'%P?@O"\g‘a%t(éﬁww)loim atiNgrer sed

therein and Ié:;?e"%tvﬁt(lj'n respect to the protective layer. With the magnetic disk of this

Example, the bonded ratio was 92%. Since, conventionally, the bonded ratio is
judged to be by and large preferable if it is 70% or more, it is seen that the
magnetic disk of this Example is extremely excellent in adhesion of the
lubricating layer even with a reduced thickness.

[0121]

Then, the same LUL (Load Unload) durability test as that in Example 1
was performed for evaluating the LUL durability of the magnetic disk of this
Example 5.

As a result, the magnetic disk of this Example 5 endured the LUL
operations of 800,000 times with no failure at a very low flying height of 10nm.
[n a normal HDD using environment, use for about 10 years is generally
required for the number of LUL times to exceed 400,000 times. Since a
magnetic disk is judged to be preferable if it endures particularly 600,000 times
or more, it can be that the magnetic disk of this Example 5 has extremely high
refiability.

The surface of the magnetic disk after the LUL durability test was
observed in detail using an optical microscope and an electron microscope and

was found to be excellent, i.e. no abnormality such as damage or dirt was



therewith by the di pping nmethod, thereby formng a lubricating | ayer.

Herein, the concentration of the coating solution was properly adjusted so
that the lubricating |layer was formed to a thickness in the range of 5 to
10A. A magnetic di sk manufactured in the sane manner as in Exanple 5 except
the 71 above was used for a Conparative Exanple. [0126] A coverage

eval uation of the lubricating |ayer of the nagnetic disk of this
Conpar ati ve Exanple was performed in t 89 sane manner as in Exanpl e 5,
wherein the lubricating | ayer coverage was 70% a very |ow val ue as conpared
with the magnetic disks of Exanples 5 and 6. When the lubricating |ayer is
formed by t lbseivedi njunieehthe ausiacy of henagnetierteadrafier fer it UL duabditytesher - based
| ubricant, if the thickness thereof is set to about 5 to 1 OA the

| ubricating waesmserw@rd@w ysing am g@ttgal EEOSERPSARH AR SlactigNRICESLoPE 0 form a

:e’QigL"L?"tﬁé’ra'a‘éS&a'es Buadii be s¥oalrf i o ahhammaty sichod saleaethToF Ve e
per or medh et e 0¥ AR oot eSiond s TRRARIIAGE IR Conpar e

wi th Exanpl gg St n LUL durability test was perforned,
wherein the naréﬁ@pﬁ%lﬁ"eﬁwk J(g)%ét ﬁ?’s Conparative Exanple failed when the

nunmber of LUL tinggoppached 500,000 times. After the test, a magnetic head
and the magnetic disk"were renoved and exam ned. Then, transfer of the
lubri cant and cor Thenahefsammelftyestiction test asfihatrie &xatmpin! Waspepoaked. portion
and an ABS surface of the magnetic head and adhesion of dirt was confirned
on the surfdé roagnetis diskgrodthis Ed:ample 5W{ﬂfeanf@fm¢Q t Asteci@subpkthet he 1y

stiction fal I ure occurred |n 70% H (pass rat 0% 0127 (Exanple 7)
(Product i on 18§t Wil Hg magppigdipishef @@rﬁx%‘Fplﬁﬁi §19 pﬁ@hpyom%on%

not occur and the pass rate of the test was 100%.

[0123]

(Example 6}

A lubricant (a compound in which A in the above exemplified compound
is a cyclohexylene group) of the fourth embodiment of this invention was
produced by reacting 2 equivalents of the perfluorotetraol compound
represented by the above formula (V) with 1 equivalent of
1,4-dichlorocyclohexane under a base condition. The reaction conditions were
suitably set.

The lubricant thus obtained was properly subjected to molecular weight
fractionation, for example, by the supercritical fluid extraction method.

A magnetic disk of Example 6 was manufactured in the same manner
as in Example 5 except that a lubricating layer was formed to a thickness of 8A
using the above lubricant (Mn was 2850 and the molecular weight dispersion
was 1.21).

[0124]

The magnetic disk of Example 6 was evaluated in the same manner as
in Example 5. With the magnetic disk of this Example, the lubricating layer

coverage was as high as 93%. That s, it is seen that there is formed the



The | ubricant conmpound exenplified above was produced by reacting 2
equi val ents of the perfluorodi ol conpound represented by the above formula
(') wth 1 equivalent of the diepoxy conpound exenplified above under a
base condition. In this event, by suitably changing the nonomer charging
amount 72 and the reaction conditions, there were obtained eight kinds of

| ubricant conpounds Nos. 1 to 8 having7different nol ecul ar wei ghts. M
(measured by the NMR nethod) and EW ( &t ived by the nethod descri bed above)
of the respective conpounds are as follows. No. 1 M1 1500, EW300 No. 2
Mh: 2500, EW 500 No. 3 M: 3000, EW 600 No. 4 Mh: 4000, EW 800 (used in

Exanpl e 1) ubéornblubticatBd(ayerWig03 shiall titickies$=0M], yeEWithlDhighidubricaihg 5500,

EW 1150 No. 8 Mi: 6000, EW 1260 [0128] Wth resRect to the above eight

ki nds of colgyeunederaghe ftheriwitlsthiepnageatinedisk ahihisiexamplesthplbonded in Fig. 2

descri bed above. All the conpounds re wwthin th redet erm ned range (the
range surr oiﬁﬂﬂ"e‘ﬂa%98°§°egﬁ_§'ﬁ§ 15, i 1§ IPEN t%ﬁhthﬁi rgagnstic %fstgﬁt ’ﬁ"é“é]ﬁég

(Vanuf act ur EFREEeEleRR e o0hE ibiclhd il 678H hilfa sl o o5

I nner di arreyﬁé redgm di sk thickness 0.635m) made of a chemcally
st rengt hene aIT umnosilicate glass was prepared as a disk substrate. The

gl;i gf Sg_r L gﬁfn of t hgKkrSkn BUDHuF iRy V&5t waldi Jer@rmBa) whéveth the raghetief 4. 8nm and
disk endured the LUL operations of 900,000 times with no failure at a very low
flying height of 10nm. The surface of the magnetic disk and the surface of a
magnetic head after the LUL durability test were observed in detail using an
optical microscope and an electron microscope and were found io be excellent,
i.e. no abnormality such as damage or dirt was observed and, further, no
lubricant adhesion to the magnetic head or no corrosion failure was observed.
Further, a fly stiction test was performed, wherein the fly stiction phenomenon
did not accur and the pass rate of the test was 100%.

[0125]

(Comparative Example 3)

As a lubricant, use was made of a conventional
perfluoropolyether-based lubricant, Fomblin Z-DOL (trade name) manufactured
by Solvay Solexis, Inc., having been subjected to molecular weight fractionation
by the GPC method to have Mw of 3000 and a molecular weight dispersion of
1.08. Then, a solution in which this lubricant was dispersed and dissolved in a
fluorine-based solvent, Vertrel XF (trade name) manufactured by DuPont-Mitsui
Fluorochemicals Co., Lid., was used as a coating solution and a magnetic disk
formed with layers up to a protective layer was immersed therein and coated
therewith by the dipping method, thereby forming a lubricating layer. Herein,
the concentration of the coating solution was properly adjusted so that the

lubricating layer was formed to a thickness in the range of 5 to 10A. A

magnetic disk manufactured in the same manner as in Example 5 except the



Then, using a single-wafer sputtering apparatus, an adhesive |ayer, a soft
magnetic |ayer, a first underlayer, a second underlayer, and a nagnetic

| ayer, described below, were fornmed in this order on the obtained

magneti c-di sk glass substrate. Then, a carbon-based protective |ayer was
formed by the 73 plasma CVD nethod and a lubricating | ayer was further
formed thereon by the dipping nethod. Jhis nagnetic disk is a magnetic disk
for the perpendi cular nagnetic recordi b system As the adhesive |layer, a
Ti-based alloy thin filmwas formed to a thickness of 100A. As the soft
magnetic | ayer, a Co-based alloy thin filmwas formed to a thickness of
600A. As t habbie siaswsddforayEompardivellaamplel | oy thin filmwas fornmed to a

t hi ckness of 70A. Further, as the second underlayer, a Flu-based alloy thin
film was forned [0328] t hi ckness of 400A. The nagnetic |ayer was nade of a

CoPtCr alloy and forned to a, thickness of 200A. [0130 The protective
| ayer was a di anmofi@oVeiagesyabghop bt P'Pwtuﬂag@fef&%e %Né@"?téﬁﬁélﬁo y the
pl asma CVD net hod. The otective | ayer fo 0 all f 50A on
Phe i - sulTacereaaive ERTP b Adeeps uleSalBe righiBaab It EXERPE Sow ng
manner. Th | | e i ey Ng the
conpound (t ﬁ%@é@@@%@@ﬁ%ﬁﬂ’dﬁﬁg@yﬁé ‘{V%‘? ZGT/h\%e\%tr% }gw‘ﬁéﬂ%ggg}gﬁ@é e?e;cr I bed
above and sypjhanb athdrtidelisks of ExaMPieds ahd 8Ct V\mwthenumwaﬁhglawp@r critical
fluid extraction nmethod was di spersed and dissolved in a fludrine-based
sol vent, Véornmezl byhe(dipgidg methe) using tieacsnueatiods! pedfRandpdly dtber-based
Fl uorochem cals Co., Ltd., at a concentration of Q.2wt% Using this
sol ution as lubricaat,iifribe thicknass theraof inweghtie akould 3k 106y thedubiicatinghayarayers up
to the protective |l ayer was i mersed ) o
coverage is largely reduced and it is difficult to form a uniform lubricating layer
with a high lubricating layer coverage as that in each of the above Examples.
Further, an adhesion evaluation of the lubricating layer of the magnetic disk of
this Comparative Example was performed, wherein the bonded ratio was 20%,
a very low value as compared with Examples 5 and 6.
Further, an LUL durability test was performed, wherein the magnetic
disk of this Comparative Examptle failed when the number of LUL times reached
500,000 times. After the test, a magnetic head and the magnetic disk were
removed and examined. Then, transfer of the lubricant and corrosion failure
were confirmed at an NPAB pocket portion and an ABS surface of the magnetic
head and adhesion of dirt was confirmed on the surface of the magnetic disk.
Further, among tested HDDs, the fly stiction failure occurred in 70% HDDs
(pass rate 30%).
[0127]
(Example 7}
(Production of Magnetic-Disk Lubricant of First Embodiment)
The lubricant compound exemplified above was produced by reacting 2
equivalents of the perfluorodiol compound represented by the above formula (11)
with 1 equivalent of the diepoxy compound exemplified above under a base

condition. In this event, by suitably changing the monomer charging amount



therein and coated therewith by the dipping nethod, thereby form ng the

| ubricating |ayer. After the filmformation, the magnetic di sk was
heat-treated in a vacuum furnace at 130C for 90 m nutes. The thickness of
the lubricating |ayer was 74 neasured by a Fourier transforminfrared
spectrophotoneter (FTIR) and it was 12A. In this manner, the magnetic disk
of Exanple 7 was obtained. [01311 Then, evaluations of the magnetic disk
and the lubricant of this Exanple 7 % performed according to the

foll owing test nethods. (Lubricant (Bul k) Heat Resistance Test and Al um na
Resi stance Test) The wei ght reduction ratio at 300C was neasured using a
thermal  anahg shesremopiam apnditions, teerb eare ojtaied eigbiiendsiof lubaeant conpound No. 5
used in this Exanple from40C to 500C. The wei ght reduction ratio was 4%
i.e. very smppun@mblos huto 8 haviag ditssentimhelecylaewei@hifouMn (tasasaie@dbyent in
heat resistance. Further, the abhove |ubrican nd d wth 20%
al uni na (A'ﬁ)EiMpaﬁ@m% apdibY¥ ddeyives W&W@t@ﬁi"oaggg@ﬂ%ﬁqﬁ V6 Ogﬁéc for 500
m nut es and theﬂ t he al Llljr%na rejg tance was eval uated. The reduction ratio

was 6% i.el®SRFE XP%%P? AT M5 was seen that the conpound was
excel lent in al umypay ﬁj1 b@r\g\ﬁ, 3(icﬁlSZ] (Eval uation of Magnetic Disk) A

bondi ng performance’ ev |on of e lubricating layer of the nmnagnetic
di sk of this Exanpghes7 Mﬁgwgréwgmﬂ in the sane manner as in Exanple 1,
wherein the bonded ratio was 85% Further, a lubricating |ayer coverage
eval uati on was peNbos madn:300€r EWBdthe | ubr| cating |l ayer coverage was 97% a
very high value. That is, it is possible to forma uniform /|l ubricating
| ayer wi th a hi ghNbudriMa#Dog, EWE00 msedirageamplertlher, the sanme LUL
durability test as that in Exanple 1 was
No.5 Mn:4340, EW:903
No.6 Mn:4500, EW:910
No.7 Mn:5500, EW:1150
No.8 Mn:6000, EW:1260
[0128]
With respect to the above eight kinds of compounds, the relationship
between Mn and EW is plotted in Fig. 2 described above. All the compounds
are within the predetermined range (the range surrounded by segments ato d
in Fig. 2) representing the relationship between Mn and EW defined by this
invention.
[0129]
(Manufacture of Magnetic Disk)
A 2.5-inch glass disk {outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthened aluminosilicate glass
was prepared as a disk substrate. The main surface of the disk substrate was
mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.
Then, using a single-wafer sputtering apparatus, an adhesive layer, a
soft magnetic layer, a first underlayer, a second underlayer, and a magnetic
layer, described below, were formed in this order on the obtained magnetic-disk

glass substrate. Then, a carbon-based protective layer was formed by the



performed, wherein the magnetic disk of this Exanple 7 endured the LUL
operations of 900,000 tinmes with no failure at a very low flying hei ght of
10nm The surface of the nmagnetic disk and the surface of a nagnetic head
after the LUL durability test were observed in detail using an optical

m croscope and an 75 electron m croscope and were found to be excellent,
i.e. no abnormality such as danage or dirt was observed and, further, no
| ubri cant adhesion to the nagnetic hea® or no corrosion failure was
observed. Further, the sane fly stiction test as that in Exanple 1 was
performed, wherein the fly stiction phenonenon did not occur and the pass
rate of theptassta GHB hébBYd gndiBBbricalingtlaper, was jpitheoiormed lthereonbytist was
perfornmed by applying a |oad of 30gf to the surface of the nagnetic disk at
a position éfppigkethad ud hmagnetmog%k isrigmepeelin dirk far the pemendishlaspeed of
120rpm and performng a neasurenent wuntil a filmon the disk surface was
br oken. W't Eﬁﬁ@“ﬁﬂﬁﬁg@ﬂﬁsﬂﬂgﬂkof this Exanple 7, it was 700 (pass count)

and thus it was sgen that this m iLc disk excel | in physical
durability even igsﬂ??ea&ms@‘l?n@&r’ 81&? E’ﬁﬁeqjﬁ'fﬂyi ‘E‘Qk’a’fﬁ'ﬁ’gwi?%{?é‘?'%&? reduced. For
eval uati ng I roperties, the LUL durability test and the fly
stiction teg'?a(mr/{egggoggp?g'r med in atnospheres of -20C to 50C. Wth the

magneti c di sks of A§ s MABhEC lay 80 alBy-basat Aoy thin filhavaSforheg@to and the
good results were obtained” The above lubricant used in this Exanple has a

vi scosity i thitkressangoohf 5000 to 12000nPas particularly at -10C and thus
has excellent flow properties even at such a |ow tenperature, and
therefore, it hasAsthafirst endexlsiybr, ayPtehasedidloydrid film waslfornedioper at ur e
environment. The evaluation results for this Exanple are collectively shown
in | ater-ddyefnass®f TADI e Furtherpasihe sqaordypderiayer, a Ru-based alloy thin film

was formed to a thickness of 400A.

The magnetic layer was made of a CoPtCr alloy and formed o a
thickness of 200A.

[0130]

The protective layer was a diamond-like carbon protective layer and
was formed by the plasma CVD method. The protective layer was formed to a
thickness of 50A on the main surface.

Then, the lubricating layer was formed in the following manner.

There was prepared a solution in which a lubricant comprising the
compound (the above compound No. 5) of this invention produced as described
above and subjected to molecular weight fractionation by the supercritical fluid
extraction method was dispersed and dissolved in a fluorine-based solvent,
Vertrel XF (trade name) manufactured by DuPont-Mitsui Fluorochemicals Co.,
Ltd., at a concentration of 0.2wt%. Using this solution as a coating solution, a
magnetic disk formed with the layers up to the protective layer was immersed
therein and coated therewith by the dipping method, thereby forming the
fubricating layer.

After the film formation, the magnetic disk was heat-treated in a vacuum

furnace at 130°C for 90 minutes. The thickness of the lubricating layer was



A magnetic di sk manufactured in the same manner as in Exanple 7 except that
use was made, as a lubricant, of a lubricant conprising a conpound (the
exenplified | ubricant conmpound No. 1 of the second enbodi nent descri bed
above) of this invention having been subjected to nol ecul ar wei ght
fractionation 76 by the supercritical fluid extraction nmethod, was used for
Exanpl e 8. The nagnetic disk and the lubricant of this Exanple 8 were
evaluated in the same nanner as in Exéﬁble 7. The results thereof are
collectively shown in Table 2 given below Excellent results were also
obtained for this Exanple. [0135] (Conparative Exanples 4 to 7) As a

| ubricant, usaswes wadEoafiertrarsioreninirarsd spgodnophotormeted (Fdi Reandih sad

| ubricant, Fonpblin Z-DOL 2000 (trade nane? manuf act ured by Sol vay Sol exi s,
Inc., havi ng2Beein tisneonertheonagnesindisk of Bxargple 7 wag ob@ingd: on by the GPC
met hod to have M of 1960 and a nol ecul ar wei ght dispersion of 1.08. Then,
a solution in whi@A3this I ubricant was di spersed and di ssol ved in a

fl i ne- based f d

DuPont M teut  Fi uBveb Al Eapes ehe magne i TS IBAR BLFR DXt on and
t I [ d

Cherei n ;ﬁﬁé@%{e@%f%ﬁqe?é“&%“@éq?*hé“@"w' B BEEIREES Loy Tormng o

| ubri cating (|l @yRant ('EﬁJ’llﬁ'Hbatﬁé%isfé?%el%f ahd Qfﬂjnﬂﬁaﬁ%@is‘f&%rﬂ'é@ﬂsm ution was
properly adj usted so that the lubricating layer was formed to a thickness in

the range of 5 toTHONeight reduetibh eattd SK30080wWRCheasured nisingea hemalmanner as

in Exanple 7 except the above was used for Conparative Exanple 4. Further, a
magnet i ¢ di skhalysisdppataiuewhile hediegthrabose hdricartcepnpeurat No Uusesedis nade, as
a lubricant, of a conventignal éBerfI uor opol yet her - based [|ubricant, Fonblin

Z-DOL 4000 this Eaaméarféqmr@neft@ Qred bie wel aged%tl@k ratio was: 4%, .aa48Mg been
sublect ed 0! Sl ehOnta RAPHODALLON Dot Be G inTRL ALt have M of
Further, the above lubricant compound was added with 20% alumina
(AlO3) and maintained at a constant temperature of 200°C for 500 minutes and
then the alumina resistance was evaluated. The reduction ratio was 6%, i.e.
very small, and thus it was seen that the compound was excellent in alumina
resistance.
[0132]
(Evaluation of Magnetic Disk)
A bonding performance evaluation of the lubricating layer of the
magnetic disk of this Example 7 was performed in the same manner as in
Example 1, wherein the bonded ratio was 85%. Further, a lubricating layer
coverage evaluation was performed, wherein the lubricating layer coverage was
97%, a very high value. That s, it is possible to form a uniform lubricating
layer with a high lubricating layer coverage.
Further, the same LUL durability test as that in Example 1 was
performed, wherein the magnetic disk of this Example 7 endured the LUL
operations of 900,000 times with no failure at a very tow flying height of 10nm.
The surface of the magnetic disk and the surface of a magnetic head after the

LUL durability test were observed in detail using an optical microscope and an



used for Conparative Exanple 5. Conparative lubricants having different M
were prepared by the nol ecul ar weight fractionation and the relationship

bet ween Mh and EWt hereof was plotted (black triangle marks) in Fig. 2
descri bed above. Al the conpounds were deviated fromthe predeterm ned 77
range (the range surrounded by segnents a to d in Fig. 2) representing the
rel ati onship between Wh and EW defi ned this invention. [0136] Further, a
magneti ¢ di sk manufactured in the sane nner except that use was nade, as
a lubricant, of a conventional perfluoropolyether-based |ubricant, Fonblin
Z-Tetraol 2000 (trade nane) manufactured by Solvay Solexis, |Inc., having
been subj ecetttroo mivioscopaandwiegh fouindde bieaxaeie, iy norabnGAdalitysublodst o have
Mh of 2390 and a nol ecul ar wei ght di spersion of 1.08, was wused for,

Conpar at i ve dER®@pIas djt wag obpeved aednfusthet uei nericant adi@sier hihedpagnalied of

this invention used in the above Exanple 7._ a conpound S,.produced as a

| ubri cant by*ead Of RRCPHRSIOR A eﬁ@stqmgB’@Hol Further ﬂ?%%ﬁ%%é“&l%l&?ﬁb group by
changing th nt hesi zi ng condi tions thereof . agner | | uf act ured
T the Sans s A BT e bLBRT ANHERE s D STRE TP th e P

conpound haY‘iong%E%gP t@ﬁ%gsc,\tﬁggogﬁegg%t%ég fhoorei ght fractionation by the GPC

net hod to have use or Conparative Exanple 7. The magnetic
di sks and the I ubiggpts of Conparative Exanples 4 to 7 described above
were evaluated in the sane manner as in Exanple 7. The results thereof are
col | ectivel y showRustiverTalpireo egalvuetiorbelsbwas [peiidrthed by applgingla [68d ofn cc U

30gf to the surface of the magnetic disk at a position of disk radius 20mm,
rotating the disk at a rotation speed of 120rpm, and performing a measurement
until a film on the disk surface was broken. With the magnetic disk of this
Example 7, it was 700 (pass count} and thus it was seen that this magnetic disk
was excellent in physical durability even if the thickness of the lubricating layer
was reduced.

For evaluating the thermal properties, the LUL durability test and the fly
stiction test were performed in atmospheres of -20°C to 50°C. With the
magnetic disks of this Example 7, no particular failure occurred and the good
results were obtained. The above lubricant used in this Example has a
viscosity in the range of 5000 to 12000mPa-s particularly at -10°C and thus has
excellent flow properties even at such a low temperature, and therefore, it has
high reliability even if used in a low temperature environment.

The evaluation results for this Example are collectively shown in
later-described Table 1.

[0134]

(Example 8)

A magnetic disk manufactured in the same manner as in Example 7
except that use was made, as a lubricant, of a lubricant comprising a compound
(the exemplified lubricant compound No. 1 of the second embodiment described

above) of this invention having been subjected to molecular weight fractionation
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by the supercritical fluid extraction method, was used for Example 8.

The magnetic disk and the lubricant of this Example 8 were evaluated in
the same manner as in Example 7. The results thereof are collectively shown
in Table 2 given below. Excellent results were also obtained for this Example.

[0135]

(Comparative Examples 4 to 7)

As a lubricant, use was made of a conventional
perfluoropolyether-based lubricant, Fomblin Z-DOL 2000 (trade name)
manufactured by Solvay Solexis, Inc., having been subjected to molecular
weight fractionation by the GPC method to have Mn of 1960 and a molecular
weight dispersion of 1.08. Then, a solution in which this lubricant was
dispersed and dissotved in a fluorine-based solvent, Vertrel XF (trade name)
manufactured by DuPont-Mitsui Fiuorochemicals Co., Lid., was used as a
coating solution and a magnetic disk formed with layers up to a protective layer
was immersed therein and coated therewith by the dipping method, thereby
forming a lubricating layer. Herein, the concentration of the coating solution
was properly adjusted so that the lubricating layer was formed to a thickness in
the range of 5 to 10A. A magnetic disk manufactured in the same manner as
in Example 7 except the above was used for Comparative Example 4.

Further, a magnetic disk manufactured in the same manner except that
use was made, as a lubricant, of a conventional perfluoropolyether-based
lubricant, Fomblin Z-DOL 4000 (trade name) manufactured by Solvay Solexis,
Inc., having been subjected to molecular weight fractionation by the GPC
method to have Mn of 4120 and a molecular weight dispersion of 1.08, was
used for Comparative Example 5. Comparative lubricants having different Mn
were prepared by the molecular weight fractionation and the relationship
between Mn and EW thereof was plotted (black triangle marks) in Fig. 2

described above. All the compounds were deviated from the predetermined



eoeoeo r- LOaul ococotowl1- 0) 0 I"POOO0O Omco7 U 00O00O
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NMCOpITC ~--tf Nm NODwW. p)f) abaN mmd Ro! Q EEE aE E aE
SmmEmEmEmca |- WWONONONON79 [01381 Wth the nagnetic disks of
Conparative Exanples 4 to 6 each using the conventional |ubricant, the
eval uation results were low for alnost all the evaluation itens such as,
particularly, the bonding performance té’the carbon-based protective |ayer,
the LUL durability, the fly stiction test, the pin-on test, the |ubricant
(bul k) heat resistance, and the alum na resistance. Further, wth the
magnet i ¢ di skngd (t0e maregeasiirvenied foylsegments atp dlireFige 2] rapoesgrnding éhder  tri nmer
conpound, the nolecular weight and the viscosity were both high and the

eval uati on rr@mowmbebvmdap@ﬂdiﬁmd@ﬁwdbasrthlsH*e/entuan-dur ability and the fly
stiction test. Thus, the reliability is |ow as conpared with the magnetic
di sks of the ExaHpidsd.

Further, a magnetic disk manufactured in the same manner except that
use was made, as a lubricant, of a conventional perfluoropolyether-based
lubricant, Fomblin Z-Tetraol 2000 (trade name) manufactured by Solvay Solexis,
Inc., having been subjected to molecular weight fractionation by the GPC
method to have Mn of 2390 and a molecular weight dispersion of 1.08, was
used for Comparative Example 6.

Further, when producing the lubricant compound of this invention used
in the above Example 7, a compound was produced as a lubricant by
trimerization of perfluoropolyether through a linking group by changing the
synthesizing conditions thereof. A magnetic disk manufactured in the same
manner except that use was made of this produced trimer compound having
been subjected to molecular weight fractionation by the GPC method to have
Mn of 6430, was used for Comparative Example 7.

The magnetic disks and the lubricants of Comparative Examples 4 to 7
described above were evaluated in the same manner as in Example 7. The
results thereof are collectively shown in Table 2 given below.

[0137]

[Table 2]
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around a center of a nolecular chain. 6. A lubricant for a magnetic disk
according to claim5, wherein a viscosity of said lubricant at -10Cis in
the range of 5000 to 12000nPas. 7. A lubricant for a nagnetic disk
according to claim6, wherein an anount of change in viscosity relative to a
change in tenperature is in the range of -0.03 to -0.08nPas/C. 8. A

| ubricant for a magnetic disk, said Iub&icant conprising a conpound in

whi ch perfl uoropol yet her groups each hav?ng a perfluoropol yether main chain
in a structure thereof and each having a hydroxyl group at an end thereof
are bonded to each other through a divalent |inking group having at | east

t hree hydroxyl gr@88]in a structure thereof. 9. A lubricant for a magnetic
di sk according to claim8, wherein said divalent linking group has 3 to 6

hydroxyl groups i NVithteshagnatigrdisksrfeamparative Rxamplescaiott eagh usingffitet i c
ol udes. & GROYBTIGE bedans vk E BRass I Brter n paimost bl o hydr ogen
any one of | Siataton Mt ion s erici{ Ak RS beb e de TR Mo E  oup s a gr oup
oz ora( ocs Py AR Bl e e TR L O R, ey sticion test, the pingon,

integer of lLesr tHEDILBicant Zbulk) heHrbsiaBhcd, Andah8RMhk Geslsiakce. S aFgHedbr i cant
containing a conpound obtained by reacting 2 equivalents of a

per f | uor opol wit thermagmatiecutisk ofvCodrparatice Examgid 7 akingnha peghiatopolyetirground,
said 2 equivalents of a perfluoropolyether conpound having a

per f | uor opol iyigte eompaiind,dhaimolécular weighicand heatistoliy vare bettirigyandtreups at
ends thereof, said 1 equivalent of an aIiPhatic conmpound havi ng. epoxi de

structures aRvalkAtiopaesiHtsavrre RaRnasigularyfogthepl UL durability and the fly Stiction
test. Thus, the reliability is low as compared with the magnetic disks of the

Examples.



epoxi de structures each capable of reacting with the perfl uoropol yet her
conpound to forma hydroxyl group. 13. A process for producing a |ubricant
for a magnetic disk, conprising reacting 2 equivalents of a

per fl uoropol yet her conpound with I equivalent of an aliphatic conpound,
said 2 equivalents of a perfluoropolyether conpound having a

perfl uoropol yether main chain in a nol ecul e and havi ng hydroxyl groups at
ends thereof, said 1 equivalent of an éﬂ]phatic conpound having structures
each capabl e of reacting with the perfl uoropol yether conmpound to forma
hydr oxyl group. 14. A process for producing a |ubricant for a magnetic disk
according to claim 13, wherein saidCGlAIMS&ti c conpound is a conpound havi ng
at | east one hydroxyl group in a nolecule and having epoxi de structures at
ends thereof. 15. A process for producing a lubricant for a nmagnetic disk
according go claim 13 or 14, wherein said perfluoropol yether conmpound is a
conpound repr eseht ey lubyicantter pnmagnefic disk; emd dpkricantepmainioa

't eger of BoRMOIRRRLANePasRt CaRIRCLER N oo IS ,%ﬁ@ﬁ""ZBg?{‘cam h
otner ¢ r oulHmBaTRRAEe Ao BBh! e HBRhY AT GHAE BIBST BE o vt her
ar oups navi gy RAGALOSAAALYSH BFol6E)I 1FEALMLGR aDoRlgb UTEIESal IEERPT . and o

hydr oxyl grolp a n ereo urther having a r oxy roup on a

si de cl oser igin the Ry ¢fh@00 t6 8000,ARE hormaRRel wahid6f theRumbehat RydrdxXyl A
| ubricant for a magnetic disk according to claim 16, wherein said divalent

al i phati ¢ ggmupsicentimgdinghe epiexdnisetBtoyr moERaRA e (R1L and R2 are each a
hydrogen atom or a substituent and p is an integer of 1 or nore). 18. A
| ubri cant f perfisoranphether-fised campouad igintdregian belew lineigonnggting a

point where the number-average molecular weight is 1000 and the normalized
value of the number of hydroxyl groups contained in the molecule is 400 to a
point where the number-average molecular weight is 6000 and the normalized
value of the number of hydroxy! groups contained in the molecule is 1600, and
further, the perfluoropolyether-based compound has at least one hydroxyl group
around a center of a molecular chain.

2. Alubricant for a magnetic disk according to claim 1, wherein the
number of hydroxy! groups around the center of the molecular chain is two or
more.

3. Alubricant for 2a magnetic disk according to claim 1, wherein the
number of hydroxyl groups around the center of the molecular chain is three or
more.

4. Alubricant for a magnetic disk according to any one of claims 1 to 3,
wherein said perfluoropolyether-based compound is a compound in which
perfluoropolyether groups are bonded to each other through a divalent linking
group.

5. Alubricant for a magnetic disk, said lubricant containing a
compound in which perfluoropolyether groups are bonded to each other through

a divalent linking group, said compound having at least one hydroxyl group



wherein said perfluoropol yether group is a group represented by a formul a
(rr1r): [Chemcal Formula 3] HOCH2CHCH20CH2CF2( OC2F4) m{ OCF2)n- | OH * - O
CF2CH2OCH2CHCH2O - | OH (in the fornmula, mand n are each an integer of 1
or nore). 19. A lubricant for a magnetic disk, said |ubricant containing a
conpound obtained by reacting 2 equival ents of a perfl uoropol yether conpound
with 1 equivalent of an aliphatic conpog?d, said 2 equivalents of a

per fl uoropol yet her conpound having a peftluoropol yether main chain in a

nol ecul e and havi ng hydroxyl groups at ends thereof, said 1 equivalent of an
al i phati c conpound havi ng substituents at nol ecul ar ends thereof, said

subst i t uent sreuncha caplabbta ofoleadatdhagn.wi t h t he perfl uor opol yet her conpound.

20. A process for producing a lubricant for a magnetic disk, conprising
reacting 2 equi vaPenfdulyfcant {os gimagnalissliskeasrording ipelaia Swvharein 8qui val ent  of

l'i phatic, said, 2. i val ent . fl th d havi
per 1 uor opol (REPREH Ot LEFIA FhiT& i AU BnAA! RVY iy FURCRES. aroups. at
ds th f, bd ' t ' Iy d [ t t
cach capabl e of Feabiinall A ettt Raah T n ER M SR T A e
¢ . et AR : | ai
D0, “aher ci n At Bbarihe i YSchE rclatieto Wbl i KrlerBh BTt crer a by a
formul a (1 V)gf-§.6BeeesmPargig. a 4] HOCH2 | HCH20CH2CF2( OC2Fa) m( OCF2) n-*  OH

* - OCF2CH20CH2CHCH20H
8. Alubricant for a magnetic disk, said lubricant comprising a

compound in which perfluoropolyether groups each having a perfluoropolyether
main chain in a structure thereof and each having a hydroxyl group at an end
thereof are bonded to each other through a divalent linking group having at
least three hydroxyl groups in a structure thereof.

9. Alubricant for a magnetic disk according to claim 8, wherein said
divalent linking group has 3 to 6 hydroxyl groups in the structure thereof.

10. A lubricant for a magnetic disk according to claim 8 or 9, wherein
said divalent linking group includes a group represented by -(CR;Rz)- (R, and
Rz are each a hydrogen atom or a hydroxyl group).

11.  Alubricant for a magnetic disk according to any one of claims 8 to
10, wherein said perfluoropolyether group is a group represented by a formula
(:

[Chemical Formula 1]

HOCH,CF2(OC2F4)m(OCF)nOCF>CH,0~
(in the formula, m and n are each an integer of 1 or more).

12. Alubricant for a magnetic disk, said lubricant containing a
compound obtained by reacting 2 equivalents of a perfluoropolyether compound
with 1 equivalent of an aliphatic compound, said 2 equivalents of a
perfluoropolyether compound having a perfluoropolyether main chain in a
molecule and having hydroxyl groups at ends thereof, said 1 equivalent of an

aliphatic compound having epoxide structures at molecular ends thereof, said



| OH84 (inthe formula, mand n are each an integer of 1 or nore). 22. A

| ubricant for a magnetic disk, said |ubricant conprising a

conpound in

whi ch perfl uoropol yet her groups are bonded to each other through a dival ent
aromati c group, each of the perfluoropol yether groups having a

perfl uoropol yether main chain in a structure thereof, and a hydroxyl group
at an end thereof, and further having a hydroxyl group on a side closer to
a bond than said perfluoropol yether %y chain. 23. A lubricant for a
magnetic disk, said |lubricant conprising a conpound in which

per fl uoropol yet her groups each having a perfl uoropol yet her

main chain in a

structure tbpoxdé strectotesteachrogpableyd reagtinggvitiupeaierfiuorepalyetber eof , and each

further having a gdrox yl group on a side closer to a bond
per f | uor opoFyBPAEN

saturated cyclic 1pl,‘%/drocar bon

according to clai

A | ubri

t han sai d

Iﬁafpﬁﬂ@'&\fdﬁowgr%ded to each other through a dival ent
cant for, a neti.c di sk
A Bio088S ohRReNisiTy & ARICHBY for anesstas SHSRaFOBPERS &
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(in the fOf?hBi%él S’Qgﬁ{b‘ﬂ)uﬂg%aﬁ%% un&%dt@h?&ﬁéﬁ%r&po@et

for a magne sal cont al

A | ubri cant
tai ned by

reacting 2 Agyhyal HisorBboigemer Hawpémmrv&mﬂécm@aﬁ@ﬁadngww&bx}n equi val ent

of an aromatic conpound, said 2 equival ents of

groups at ends thereof, said 1 equivalent of an ahpha’uc compound having

structures each capable of reacting with the perfluoropolyether compound to

form a hydroxyl group.

14. A process for producing a lubricant for a magnetic disk according

to claim 13, wherein said aliphatic compound is a compound having at least one

hydroxy! group in a molecule and having epoxide structures at ends thereof.

15. A process for producing a lubricant for a magnetic disk according

o claim 13 or 14, wherein said perfluoropolyether compound is a compound

represented by a formula (I1):
[Chemical Formula 2]
HOCH,CF2(OC2F4)m({OCF2)nOCF.CH,OH

(in the formula, m and n are each an integer of 1 or more).

16. Alubricant for a magnetic disk, said lubricant comprising a

compound in which perfluoropolyether groups are bonded to each other through

a divalent aliphatic group, each of the perfluoropolyether groups having a

perfluoropolyether main chain in a structure thereof, and a hydroxyl group at an

end thereof, and further having a hydroxyl group on a side closer to a bond than

said perfluoropolyether main chain.

17. Alubricant for a magnetic disk according to claim 16, wherein said

divalent aliphatic group is a group represented by -(CR;R2)p- (R and R are

each a hydrogen atom or a substituent and p is an integer of 1 or more).

18. Alubricant for a magnetic disk according to ctaim 16 or 17,



per fl uoropol yet her conpound having a perfluoropolyether main chain in a

nol ecul e and havi ng hydroxyl groups at ends thereof, said 1 equivalent of an
aromati ¢ conmpound havi ng substituents or epoxide structures each capabl e of
reacting with the perfluoropol yether conpound. 85 26. A lubricant for a
magneti c di sk, said |ubricant containing a conpound obtained by reacting 2
equi val ents of a perfluoropol yether coqggund with 1 equivalent of a
saturated cyclic hydrocarbon conmpound, id 2 equivalents of a

per fl uor opol yet her conpound having a perfluoropolyether main chain in a

nol ecul e and havi ng hydroxyl groups at ends thereof, said 1 equivalent of a
sat ur at ed cwbkerain byidmecirdropolgethpogrodp i aignoups tdpsedantexhby a feraubia ¢idpabl e of
reacting with the rfluoropol yet her conmpound. 27. A process for producing a
| ubricant for a m&;ﬂﬂW%FﬁW@Mmfﬂonpr|S|ng reacting 2 equivalents of a

per fl uoropol yeth an, aromatic conpound, said
2 equivalents ofggcgggp gﬂﬁ%%i@ééﬁgﬂﬂ%ﬁﬁ%%ﬁﬂaﬁﬂﬂa&;ng a perfluoropol yet her
main chain in a nol ecul nd havi ng hydroxyl groups at ends thereof, said 1
equi val ent of an aromati ¢ conpound having structures each capable of
reacting with the perfluoropol yet her GOFpOHIACHEHAHROecess for producing a
| ubricant for a magnetic disk, conprising reactijng 2 equivalents of a

per f 1 uor opol yet her conpound with 1 equi val ent of Od1 saturated cyclic

hydr ocar bon conpound, said 2 equivalents of a perfluoropolyether conpound
havi ng a pe(ihthofoomolay et Aed nrare eacthaniintegercof ol motd)e and havi ng hydr oxyl
groups at ends thereof, saidl equivalent of a saturated cyclic hydrocarbon
conpound havi ng st%.uch hubdsamdohaﬁmmbtiedisk said ddrricagt eantaininge

per fl uoropol yet her conpound. 29 process for produci ng a lubricant for a
magnetic di §Rmaee'aﬁ abhag\edtlzy reagling %?qawaﬁats HicpeitiHoepplyether cPMBPERDI yet her
compound | Sw rEpuwa St of & (ﬁpﬁgttlcegon%oundf, salmﬂ eqlgwa\\{t)-:nts ogaem cal Formila 6]

perfluoropolyether compound having a perfluoropolyether main chain in a
molecule and having hydroxyl groups at ends thereof, said 1 equivalent of an
aliphatic compound having substituents at molecular ends thereof, said
substituents each capable of reacting with the perfluoropolyether compound.

20. A process for producing a lubricant for a magnetic disk, comprising
reacting 2 equivalents of a perfluoropolyether compound with 1 equivalent of an
aliphatic, said 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule and having hydroxyl groups at ends
thereof, said 1 equivalent of an aliphatic compound having structures each
capable of reacting with the perfluoropolyether compound.

21. Aprocess for producing a lubricant for a magnetic disk according
to claim 20, wherein said perfiuoropolyether compound is a compound
represented by a formula (IV):

[Chemical Formula 4]

HOCH:CHCH;0CH;CF:(0C:F)m(OCFon—*

oH
*—QCF:CH:0CH:CHCH,0H
OH



HOCH2 i HCH2OCH2CF2( OC2FJm( OCF2) n-*  OH * - OCF2 CH20 CH2CHCH2OH COH 86 (in
the formula, mand n are each an integer of 1 or nore). 30. A nmagnetic disk
having a nagnetic |layer, a protective layer, and a lubricating |ayer over a
substrate, said magnetic disk wherein said lubricating |ayer contains a
| ubricant for a magnetic disk according to any one of clainms 1 to 29. 31. A
magneti c di sk according to claim 30, erein said protective layer is a
carbon-based protective layer. 32. A netic di sk according to claim 30 or
31, said magnetic disk being adapted to be nmounted in a magnetic disk
apparatus of a load unload system
(in the formula, m and n are each an integer of 1 or more).
22. Alubricant for a magnetic disk, said lubricant comprising a
compound in which perflucropolyether groups are bonded to each other through
a divalent aromatic group, each of the perfluoropolyether groups having a
perfluoropolyether main chain in a structure thereof, and a hydroxyt group at an
end thereof, and further having a hydroxy! group on a side closer to a bond than
said perfluoropolyether main chain.
23. Alubricant for a magnetic disk, said lubricant comprising a
compound in which perfluoropolyether groups each having a perfluoropolyether
main chain in a structure thereof, each having a hydroxy! group at an end
thereof, and each further having a hydroxyl group on a side closer to a bond
than said perfluoropolyether main chain are bonded to each other through a
divalent saturated cyclic hydrocarbon group.
24. Alubricant for a magnetic disk according to claim 22 or 23,
wherein said perfluoropolyether group is a group represented by a formulia (lil):
[Chemical Formula 5]
HOCHz?HCHzOCHzCFz(OCzF »ym(OCF)n—*
OH
*—00F20H200H2(|:HCH20-
OH
{in the formula, m and n are each an integer of 1 or more).
25.  Alubricant for a magnetic disk, said lubricant containing a
compound obtained by reacting 2 equivalents of a perfluoropolyether compound
with 1 equivalent of an aromatic compound, said 2 equivalents of a
perfluoropolyether compound having a perfluoropolyether main chainin a
molecule and having hydroxyl groups at ends thereof, said 1 equivalent of an
aromatic compound having substituents or epoxide structures each capable of

reacting with the perfluoropolyether compound.



85

26. A lubricant for a magnetic disk, said lubricant containing a
compound obtained by reacting 2 equivalents of a perfluoropolyether compound
with 1 equivalent of a saturated cyclic hydrocarbon compound, said 2
equivalents of a perfluoropolyether compound having a perfluoropolyether main
chain in a molecule and having hydroxy! groups at ends thereof, said 1
equivalent of a saturated cyclic hydrocarbon compound having substituents
each capable of reacting with the perfluoropolyether compound.

27. Aprocess for producing a lubricant for a magnetic disk, comprising
reacting 2 equivalents of a perfluoropolyether compound with 1 equivalent of an
aromatic compound, said 2 equivalents of a perfluoropolyether compound
having a perfluoropolyether main chain in a molecule and having hydroxyl
groups at ends thereof, said 1 equivalent of an aromatic compound having
structures each capable of reacting with the perfluoropolyether compound.

28. A process for producing a lubricant for a magnetic disk, comprising
reacting 2 equivalents of a perfluoropolyether compound with 1 equivalent of a
saturated cyclic hydrocarbon compound, said 2 equivalents of a
perfluoropolyether compound having a perfluoropolyether main chain in a
molecule and having hydroxyl groups at ends thereof, said1 equivalent of a
saturated cyclic hydrocarbon compound having structures each capable of
reacting with the perfluoropolyether compound.

29. A process for producing a lubricant for a magnetic disk according
to claim 27 or 28, wherein said perfluoropolyether compound is a compound
represented by a formula (IV):

[Chemical Formula 6]

HOCH:CHCH:0CHCF2(0C:F)m(OCF2)n—*
on
*—(QCF:CH:0CH:CHCH:0H
0B
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{in the formula, m and n are each an integer of 1 or more).

30. A magnetic disk having a magnetic layer, a protective layer, and a
lubricating layer over a substrate, said magnetic disk wherein said lubricating
layer contains a lubricant for a magnetic disk according to any one of claims 1
o 29.

31. A magnetic disk according to claim 30, wherein said protective
layer is a carbon-based protective layer.

32. A magnetic disk according to claim 30 or 31, said magnetic disk
being adapted to be mounted in a magnetic disk apparatus of a load unload

system.



