DESCRIPTION LUBRICANT FOR MAGNETIC DISK, PROCESS FOR PRODUCING THE SAME,
AND MAGNETIC DISK Technical Field [0001] 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 Iayer 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, chemic g stance resistance, friction properties, and
heat resistance. [0003] To satisfy such a %ﬁgﬁ %ﬁ)erfluoropolyether-based lubricants having
hydroxyl groups in molecules have often been used conventionally as lubricants for magnetic disks.
For example, JP-A-S62-66417 (Patent Document 1) or the like discloses a known magnetic recording

medium or the like coated VithEa SeiioFsadiipeiidhir RisweditBaing &9fucture of
HOCHZCFZO(CZF4O)p(CFZO%ﬁ%N@ W—!E Iggf\ifﬁa%@%@@w@%%%}gn hydroxyl groups are
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Technical Field

[0001]

This invention reiates to a lubricant for use in a magnetic disk adapted
to be mounted in & magnetic disk apparatus, such as a hard disk drive, a

process for producing i, and a magnetic disk.

Background Art

[oo02]

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 fubricating layer are provided on a magnetic
recording layer formad 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 fo have various properties such as long-term
stability, chemical substance resistance, friction properties, and heat resisfance.

[0003]

To satisfy such a requirement, perfluoropolyether-based lubricants
having hydroxyt groups in molecules have often been used conventionally as
tubricants for magnetic disks. For example, JP-A-S62-66417 (Patent
Document 1) or the like discloses a known magnetic recording medium or the
like coated with a perfiuoroalkyipolyether lubricant having a structure of
HOCHCFO(CoF0)p(CF0),CH0H.  In this lubricant it is known that when

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



2 the lubricant to a protective layer can be obtained by the interaction between the protective layer and
the hydroxyl groups. As commercial products of perfluoropolyether-based lubricants, use is often
made of Fomblin Z-based lubricants of Solvay Solexis, Inc. having heat resistance and stability. For
the purpose of removing impurities or the like from these commercial lubricants or for the purpose of
obtaining a proper molecular weight distribution because of each of these lubricants being a polymer
substance, various purifications have been carried out and purified products have been used as
lubricants for magnetic disks. Further, JP-A-2006-70173 (Patent Document 2) discloses a lubricant
containing polyether fluoride having a structural unit with hydroxy groups and CF2 at both ends, having
a number-avera%e molecular weight of 4000 to 12000, and having in average 1 to 10 hydroxy groups

on the midway dFEHESHSEEIN S RIMERIYE AYBISAN LoDt HHRITD BerrdifnbsPuees62-66417
Patent Documey 2)5:Arg008:L01(8: PiSHIase ghDs:NVEDURR REGRISB aiRgSqlved by the

Invention [0005]
perfiuoropolyether-based lubricants, use is often made of Fombiin Z-based

lubricants of Solvay Solexis, Inc. having heat resistance and stability. For the
purpose of removing impurities or the like from these commercial lubricants or
for the purpose of obtaining a proper molecular weight distribution because of
each of these lubricants being a poiymer substance, various purifications have
been carried out and purified products have been used as lubricants for
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

Risclosure of the Invention
Problem to be Solved by the Invention

[0005]

In recant years, the storage capacities of magnetic disk apparatuses
such as HDDs have been increasing rapidly.  And recently, LUL (Load
Unioad)-sysiern magnetic disk apparatuses are being introduced in place of
conventional CSS (Coniact Start and Stop)-system ones.  In the LUL system, a
magnetic 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 starf-up, the

magnetic head is caused to slide from the ramp, after the magnetic disk starts 10



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
magnetic 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 rotate, so as to fly over the magnetic disk to perform
recording/reproduction. This sequence of operationsis called an LUL operation. As compared with the
CSS system, the LUL system can ensure a wider recording/reproducing region on the surface of the
magnetic disk and thus is preferable for increasing the information capacity. Further, since it is not

necessary to pr@ﬁi@st%%@ﬁ&@@@h%@%ﬁ@@@@ﬁ&@@@’W@QW’M&&W@%@@%@ disk, it is
possible to sianfifeninsineot e aARSR ALie MRANE sk ConRE BN lying Netant of the

magnetic head can be further reduc theretore It Is possible to increa atio of a
recording signal;@hpisisrthdsepirefespbitam[0806hsure Beddusaobitiedieiveritethictiancn magnetic
head flying height following the introduction of the LUL system, it has become necessary that a
magnetic disk S?thé)ﬁosﬁdé%ﬁ %\}gﬁ RABRENS iSRRI HAY B RS R S I ORFreBR IS %1 owever, when a

magnetic head igrfamnaisyerheisurircarfaaaveniinna spaenalediskwithiaech a low flying height,
there has arisen a problem that fly stiction failure, head corrosion failure, or the like frequently occurs.

The fly stiction RS EavErehwOR e -the siyithg pudaneBiisaThangiisaitit 6fia magnetic head

goes out of order. while it.i g ir ?Pll irr r reproduction .outout changes. Depending on
circumstances,%éogng%%é%iéi é’ﬁ%ﬁ ag }ﬁ%gg‘ﬁé{?é %%ﬁ%?ﬁ@&%%%%&%ﬂ%m’ % ‘contact with each other
during flying to Caunsequireiyd theaibhrfaitaight of e agretsiondditaets asfaikiretiupdaich an element
portion of a mag%iﬁ%t}tg d is subjected to corrosion to cause a trouble in lreco,rding/reproduction.

Depending on R e g aatareRAY B EaBHEZ 5I90a ¥ ¥fment may
expand to causg g aesdmie surface of a magnetic disk while flying. 4

{0008]

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 fo corrosion to cause a frouble 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.



[0007] The present inventors have got knowledge that the occurrence of the above failures
becoming noticeable in recent magnetic disks may be resulted from the occurrence of the following
mechanism. When the flying height of a magnetic head becomes a low flying height of, for
example, IOnm or less, the magnetic head repeatedly exerts adiabatic compression and adiabatic
expansion on a lubricating layer on the surface of a magnetic disk through air molecules while flying,
so that the lubricating layer tends to be repeatedly subjected to heating and cooling and therefore a
reduction in molecular weight of a lubricant forming the lubricating layer tends to be promoted. If the
molecular weight of the lubricant is reduced, its fluidity increases so that its adhesion to a protective
layer decreases. Then, it is considered that the lubricant with the increased fluidity is transferred and
deposited on the magné@Head located in an extremely close positional relationship to make its flying
posture unstable, thus ' gl ICHI il Particular ecently introduced magnetic head
with an NPAB (negativgﬂpgr?é%jéggs? Zi?&i%%%ar%igé?&g %’R agl?té]ég?tﬁee t?g%%%%ﬂggﬁ%ii?on phenomenon
because it tendslioveliekuttes lodrizaint dusidesiistiongovacmupreieaiak akihe otamisdrface of the
magnetic head. The transferred and deposited lubricant may produce an acid such as hydrofluoric acid

to thereby corrd R BN B RRERE WSS 6 BYRHEHREGEHUS: Particularly, a magnetic head mounted
with a magnetoresistive\giachelamenkiepieda begaeirdath d0R8nes aﬁé@ﬁ?fmé'}?eli%?ﬁse”t inventors
ures.

have got knowledge that the LUL system facilitates the occurrence of these failur has been found
that, in the caséof $h& EUPIsy St asleipdsedaptmichsebipralss systermdamtignetic head does

-slid f . ic. di d it.is difficult f lubri ferred
and deposied 8 I Eaonale R Rl e e R R AR e e

considered thatpmptisicaiz dithejcanventiamd CARsHgiem sa indripanybarsiasnegdernto a magnetic
head tends to be cleaned offE%its contact sliding on a CSS region of a magnetic disk and, therefore,

these failures atd Aot ORIERERICHBOSETIeCte RIS AR A OARINE hRre 4B RiR P ponse speed of a
magnetic disk appakaBisi-tRR iakewsRmed:of RinagnatindinkikNEeassd Rhe ieiation speed of a

small-diameter 2.5-inch magnetic disk apparatus, for example, suitable for mobile applications was
conventionally BBdtie@etistpnt! thpireciessianiyeiokt ofdpohdwicharictetistiod, dedieinfiinced by rotating it
at a high spee I . 2tic, disk is, rotated at spuch a high speed, a
phenomenon g%%%%&%ﬁé&ﬂ%%@%ﬁﬁﬁgggﬁ %&vg%%(%%ﬁ%%%%duiH%na%cigntrifugal force
caused by the ratasiorrsd that e ithidkare seitbf ttheihcbsiestinfiulaivg i DesostEesenamaniform in the plane
aratuses have started to be used not only as

ggpaeg? 323%2%%%%%&%?%%%@%%@%@%%ﬁgﬁﬁé,ﬁeﬁeﬂﬁ&é@%ﬁ)?@w@%hple, portable
information termiralsnsiap RAVIGREGR Bysie msstand srianiantuharslore wlug eidivgrsification of use
applications and so on, the environmental resistance required for magnetic disks has become very
strict. fallure. Particularly, a recently introduced magnetic head with an NPAB
{(negative pressure} slider is considered 1o 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 {ends 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, 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 6 the magnetic disk. SA lubricant used as a lubricating layer at the
outermost surface of a magnetic disk largely affects the durability of the magnetic disk. As described
above, currentlg, the commercial perfluoropolyether-based lubricants are often used as lubricants for

magnetic disks™fHBBE'RbI e TIaPPEIfGHE SBlGetHE RERESH IR A BB ASREINE polymer
component and:garihhigys 8mplecHal WaighbSisHiRMIeREAURRAD Y APMItRSke g REOEeSS thereof

and, even if using various purification processes, it is almost impossible to control to the completely

single moleculdtevidaghedriferaforcanians sidingreple R Ifatal@ndmer aiagisifiektsiy, there is a certain
molecular Weig{?]tegé%rljg%j}%gaezal{%{lj}gg %}giﬁg‘[té&&%tég! the molecular weight. A method of forming a

lubricating layer using suc ubricant comprises immersing a magnetic disk into a solution in which
the lubricant is dissolvé@h(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 foRREE TN THEIREBr RESEHIB IBEPHY HIRSIGHE M ERBIRIG AT a solvent and

roughly adjustingthegeneenialionnBesenloPymaghaibaales indeasaef balanegudih the molecular
weight described above, it is difficult to strictly control the thickness of the lubricating layer to be

formed only by shessipicentralistiestares Ribrivelntnasinadndfgoannaraiusoie suriepi# the concentration of
the lubricant soéuﬂ%g} S ig?gﬂﬁ%%’r %%g&%ggﬁg%%gg%%éﬁv%%ﬁg_ﬂgm&&m %ﬁl@d large reduced.

However, with a1ubrica Ing using such a centration Idbricant solution, it is difficult
to completely caamnthe therfassonba ¢hatectivietlayers Enktiscdbdre istatipgablie m tigit if an attempt is

made to realize a reduction in thickness of a lubricating layer to be formed by adjustjng the
concentration ctRFEA@HAALRERBIBEBI the Mfé}éﬁ%'ﬁgﬁ? %Pﬁﬁﬁé%f’?ﬁ%@%@fﬁh Kbcreases,

resulting in - gpeed, 2 phenomenon is actualized in which a lubricating layer moves

(migrates) due 1o a cenfrifugal force caused by the rofation so that the thickness
of the lubricating layer becomes nonuniform in the plane of the magnetic disk.
Further, recently, magnetic disk apparatuses have staried to be used not only as
storage devices of conventional personal computers, but aiso 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 reguired for magnetic disks has become very strict.

Tharefore, in view of these circumstances, it is urgently necessary,
more than conventional, to further improve the heai 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 o further reduce the thickness of a

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



7 poor durability of the magnetic disk. Alternatively, it is considered to achieve a reduction in thickness
of a lubricating layer by reducing the molecular weight of the lubricant, but, there is a problem that it is
very difficult to control the molecular weight of the lubricant as described above and, if the molecular
weight of the lubricant is small, the heat resistance degrades and further the corrosion failure tends to
occur due to transfer thereof onto a magnetic head, resulting in poor durability, which thus can by no
means be adopted. [0012] As described above, in the case of the lubricating layer using the
conventional magnetic-disk lubricant, it is difficult to form a high-coverage 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 TRIPEHEERIN in magnetic spacing following the increase in recording density in

recent years and with thegyHi1GL 51604 ol BRARELI MRt Sl B iRsEHpd above, since the

environmental resistance required for magnetic disks has become very strict due to diversification of
use applicationsTRid s G¥elitasuey aifedisriorduhshiicoolinetivaghatcfdither improeitiee properties
such as heat resistance of a lubricant forming a | ﬁricati layer. and adhesion thereof to a protective
layer. Accofa éﬁggeto ‘fﬁ%%l‘ ’%ggn s, dﬁ’ﬁ’% e fggé%@g{;gﬁ% %?ﬁtﬁ,aﬁ@ig cribed that

even if the molegsddragaighitisinoseasamhahedibrs thitkeesseamke-made thin and excellent CSS
durability can be obtained. However, there is a problem that when the molecular weight is increased,

the flow propertR& HFRAN SBERIPFEFHEIGH B 86 R R el e SREBRRSAE AR the self-repair
properties degrades $j0al MR QiR RIALRRARIEd W&@W&?B@‘b@@ééﬁere environment

as described above. [0013] 8  Embodiments of the presentiinvention provide a lubricant for a
magnetic disk thEgreshFedirethé uhitgregds.ss pulifsddating dagesashilésadhiestimtistideverage and is

excellent in heat resj ion to a protective la secpndly, to provide a magnetic-disk
lubricant produagﬁo(e’ﬁ @E%@é?ﬁ%@g%&% R/?ep%?jﬁ%lg%‘éva{é% r?\%% %étri%’- i&%8bAcant, and thirdly,

to provide a magrlEdiskitbascaftprisepariighiagarg ésunderan uhsisating aygricapable of, even
with a reduced thickness, suffipientlﬁ covering the surface of a protective layer and excellent in heat

resistance and SFHEYEAE R 5 SEGHLRH ah i A geHiavwaiatith é PediRdi6h in thickness of a
lubricating layerspeiniaciericadHgiRgdhemaeneHcRaRag: asrshatdashioh jgliability even with the
low flying height of a magnetic head following the increase in recording density in recent years and
with very strict éPR@RSHINEIaiTSsistahdisfolovhing the Wivdesifidawissolap piliginmeiethod),
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 controfied 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 sofution.
[0011]
Of caurse, 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 low-concentration lubricant solution, it is
difficult to completely caver the surface of a proiective fayer. 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



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 aspects and
embodiments. According to a first aspect, there is provided a lubricant for a magnetic disk, said
lubricant containing a perfluoropolyether-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 9
perfluoropolyether-based compound is in a region below a line connecting a point (A) where the
number-average molecular weight is 1000 and the normalized value of the number of hydroxyl groups

contained in thePARIECREY 205'® 856 B vh e ama iR Ob isRREBIH R RV BGIMPREIght is 6000
and the normaliags i ahlbeBuier BhRYARXYA AEHPR.RRIANRY Indite plgcie 1600, and

further, the perfluoropolyether-based compound has at Iéast one hydroxyl group around a center of a
molecular chairtfpopsEant, tot atlem kod imeRenthbaiinsbesrpdiffidutxgl gritpdteround the center of
the molecular chai n e[’ggﬁ%gent thei]ptlémber of hg/;_droxyl groups

around the cent&r %F%%r&%ﬁéﬁﬂ?ﬁ%%%”% %!gf?ﬁ?g@ Pa® and, if the molecul
weight of the lubricant is small, the heat resistance degrades and further the
corrosion failure tends to occur due to transfer thereof onte a magnetic head,
resuling in poor durability, which thus can by no means be adopted.

[0612]

As described above, in the case of the lubricating layer using the
conventional magnetic-disk lubricant, it is difficult to form a high-coverage
uniform lubricating tayer 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 iubricating 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 becaome very sirict due {o diversification of use
applications and so on, it is required, more than conventional, to further improve
the properties such as heat resistance of a fubricant forming a lubricating jayer
and adhesion thereof {o a protective layer.

According to the iubricant disclosed in the above Patent Document 2, i
is described that even if the molecular weight is increased, the film thickness
can be made thin and excelient CSS durability can be obiained. 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]



In an embodiment, the perfluoropolyether-based compound is a compound in which perfluoropolyether
groups may be bonded to each other through a divalent linking group. According to a second
aspect, there is provided a lubricant for a magnetic disk, said lubricant containing a compound in which
perfluoropolyether groups are bonded to each othel'through a divalent linking group, said compound
having at least one hydroxyl group around a center of a molecular chain. In an embodiment, a
viscosity of the lubricant at -10C m@a’y be in the range of 5000 to 12000mPas. In an embodiment,

al

an amount of changesRkpsiiosRjs elafiferEseoh InGaANapéatarbpRss B dah 3H878RGECof -0.03 to
-0.08mPa's/Cy J0dAQ16), req A WEAINGIRRIIGrasReG IR [SroWidRd aMBURANRIgY @ magnetic

disk, said lubricant comprising a compound in which perfluoropolyéther groups each having a
perfluoropolyetheragairmot dncxcallemt dtuneahezeisiancd eachadheirigrathyaloridgisuisgean end
thereof are bonded %ach other througgﬁg %Jvale tlin |n??%r%8 har\é)[ggs%%e?st thre% hydroxyl groups

in a structure TREEGT ' PTRYSR 8MESGmEn 5’3%3 diva1eAT T mgng?oup may%g’\%] MG ¥|ydroxyl
groups in the gtodeickaribetank magrstandem hodicasntatbieidivslent tinkide growugmety detude a group
represented b?; -(CR1R2)- (R1 and R2 are each a h){droge_n atom or a hgdroxyl group).

that comprises a high-coverage uniform iubncating layer capabie 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, that can achieve

a further reduction in thickness of a lubricating layer required for reducing the

magnetic spacing, and that has high reliability even with the low fiying 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 foilowing
aspects and embodiments.

According o a first aspect, there is provided a lubricant for a magnetic
disk, said lubricant containing a perflucropolyether-based compound in which, in a
relationship between a number-average molecular weight and a normalized value
of the number of hydroxy! groups contained in a molecuie, the number-average
molecular weight is in the range of 1000 to 6000, the normalized vaiue of the

number of hydroxyl groups contained in the molecule is 180 or more, and the



In an embodiment, the perfluoropolyether group may include a group represented by a formula (1):
[0017) [Chemical Formula 11 HOCH2CF2(0C2F4)M(OCF2)nOCF2CH20- (in the formula, m and n are
each an integer of 1 or more). Disclosed herein is a lubricant for a magnetic disk, the lubricant
containing a compound of a reaction product betweén 2 equivalents of a perfluoropolyether compound

and 1 equivalent gf an aliphatic compound, the 2 equivalents. of rfluorgpolyether compound having
a perfluoropol;?é%iﬁé’? H?Qﬂﬁ’aﬂa?ﬁ%?%ﬁ?oﬁ%‘{%%‘ d@iﬁgrmg%%%ﬁg"g? e%%‘é"ﬁ?@?@o? the 1
equivalent of asualtphaficviesrpotied haviperepiglestiwgbiesatepecuiar 1bbengsdhereof, the
epoxide structures each capable of reacting with the perfluoropolyether compound to form a hydroxyl

group. DW@%Y@'H@@?B%&%@%%M@%@%ﬁcﬁmf_ﬁ%@ﬁﬁh@ww&éﬁnprising
reacting 2 equingian's shinbaiflupraRoe her sRmBaad o Lapualenhal anaRafipgompound.

the 2 equivalents of a perfluoropolyether compound having a perfluoropolyether main chain in a
molecule and hatingiagdraiyegrbines arepeisaheyduixyhgroweguivaitamef antadiphakicdenmound

g S GRS OHE SRR PIE RS AP ARSI MBS AR R P!
hydroxyl group around a center of a molecular chain.

[0015]

in an embodiment, the number of hydroxyl groups around the center of
the molecular chain may be two or more.

In an embodiment, the number of hydroxy! groups around the center of
the molecular chain may be three or more.

In an embodiment, the perfluoropolyether-based compound is a
compound in which perfluoropolyether groups may be bonded fo each other
through a divalent linking group.

According tc a second aspect, there is provided a lubricant for a
magnetic disk, said lubricant containing a compound in which perflucropolyether
groups are bonded to each other through a divalent linking group, said
compound having at least one hydroxy! group around a cenier of a molecular
chain.

in an embodiment, a viscosity of the lubricant at -10°C may be in the
range of 5000 to 12000mPas.

In an embodiment, an amount of change in viscosity relative to a

change in temperature may be in the range of -0.03 to -0.08mPa's/°C.



The aliphatic compound may include a compound having at least one hydroxyl group in a molecule
and having epoxide structures at ends thereof. The perfluoropolyether compound may include a
compound represented by a formula (I1); [0018] [Chegnical Formula 2]
HOCH2CF2(0C2F4)m(OCF2)nOCF2CH20H (in the formula, rn and n are each an integer of 1 or
more). [0019] Acgooding to a fourth aspect, there is provided a lubricant for a magnetic disk, said
lubricant romprising a compound in which perfluoropolyether groups are bonded to each other through

a divalent aliphatic graii:csdicn & tdhyermsBrshoRIR4T Grovssha e aasefrictdpasietifer main
chain in a strugue (hereof,andha YL ILOUR ST RESOLARbHEBFERRYIRALY Ao/
group on a side closer to
each having a perfluoropolyather 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.

in an embodiment, the divalent linking group may have 3 to 6 hydroxy!
groups in the structure thereof,

In an embediment, the divalent linking group may include a group
represented by -(CR;Ry)- (R, and R, are each a hydrogen atom or a hydroxyl
group).

in an embodiment, the perflucropolyether group may include a group

represented by a formuia (1)

[0017]

[Chemical Formula 1]
HOCHzCF2(OC,F m{OCFInOCFCH,0--

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

Disclosed herein is a lubricant for a magnetic disk, the lubricant containing
a compound of a reaction product between 2 equivalents of a perfluoropolyether
compound and 1 equivalent of an aliphatic compound, the 2 equivalents of a
perflucropolyether 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 siructures at molecular



a bond than said perfluoropolyether main chain. In an embodiment, the divalent aliphatic group
may include a group represented by -(CRIROP- (R) and R2 are each a hydrogen atom or a substituent
and p is an integer of 'l or more). Inan embodirqelnt, the perfluoropolyether group may include a
group represented by a formula (111): [0020] [Chemical Formula 3]
HOCH2CHCH20OCH2CF2(0C2F4)m(00F2)n-* OH *- OCF2CH20CH2CHCH20 - OH (in the formula,
m and n are each an integer of 1 or more). Disclosed herein is a lubricant for a magnetic disk, the
lubricant contaifiig atberapbutitkofepeaiietiostiprdiast betvieerapablpiivaflerdsaihg petflucitopolyether

compound and 1 equivalent of an aliphatic compound, the 2 equivalents of a perfluoropolyether
compound havi%egﬁitai B@Hﬁ@?&%ﬁ%{%‘?%giﬁ%@ 5%%2“5‘}9}%@&5%@%(1 haying hydroxyl groups at ends

thereof, the 1 equivalemisfiagealinBatie GOmRYREsRaINgSHbsiHyenisRianglesHIar Ragsdhereof, the
substituents each capable of reacting with the perfluoropolyether compound.
disk comprising reacting 2 equivalents of a perflucropolyether 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
struclures each capable of reacting with the perfluoropolyether compound to form
a hydroxyl group.
The aliphatic compound may include a compound having at least one
hydroxyl group in a molecule and having epoxide structures at ends thereof.
The perfluoropolyether compound may include a compound represented

by a formula (Ii);
[0018]

[Chemical Formula 2]
HOCHQCFg(OCQFﬂm(OCFz)ﬂOCFgCHzOH

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

[0018]

According to a fourth aspect, there is provided a lubricant for a magnetic disk,
said lubricant ~omprising a compound in which perfluoropolyether groups are
bonded to each other through a divalent aliphatic group, each of the
perfluoropolyether groups having a perfluocropolyether main chain in a structure
thereof, and a hydroxyl group at an end thereof, and further having a hydroxy!

group on a side closer fo



Disclosed herein is a process for producing a lubricant for a magnetic disk, comprising reacting 2
equivalents of a perfluoropolyether compound with 1 equivalent of an aliphatic, the 2 equivalents of a
perfluoropolyether compound 13 having a perfluoro%%lyether main chain in a molecule and having
hydroxyl groups at ends thereof, the 1 equivalent of an"aliphatic compound having structures each

capable of reactlélgcmmﬁgﬁ gg@ %rr%% %émgétﬁ%mg The perfluoropolyether compound
may include a compound repres nte rormula (IV ; i 6351] [Chemical Formula 4]
HOCH2CHOH20CH20 k2 @0 2nmi@iinest Ohe- (b HOH 208 H2C HoH2 Ohhkhclude a
group represented by <(CRRy)p- (R and R, are each a hydrogen atom or
a substituent and p is an integer of 1 or more).
In an embodiment, the perfluoropolyether group may include a group
represented by a formuta (IH):

[0020]

[Chemical Formula 3]
HOCH:CHCH:OCH,CFo(0CoF ) m{OCFJn—*
o
- QQCFCH,0CHCHCHO ~
oH

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

Disclosed herein is a lubricant for a magnetic disk, the lubricant
containing & compound of a reaction product between 2 equivalents of a
perfiuoropolyether compound and 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.

Disclosed herein is a process for producing a lubricant for a magnetic
disk, comprising reacting 2 equivaients of a perfluoropolyether compound with 1

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



(in the formula, m and n are each an integer of 1 or more). [0022] According to a fifth aspect,
there is provided a lubricant for a magnetic disk, said lubricant comprising a compound in which
perfluoropolyether groups are bonded to each other through a divalent aromatic group, each of the
perfluoropolyether groups having a perfluoropolyethéi3 main chain in a structure thereof, and a hydroxyl

group at an end thereof r ing_a hydroxyl group on a side closer to a bond than said
perfluoropolyet%er nﬁn@?a'g-’r‘%%y Egéor mg 6a g?x?ghmaos%ggﬁ ﬁ@:gaigwﬁ%wgéoﬁ( %PﬁerH%%nt fora
magnetic disk, saichdishitiesnif cthimprising aleampanntiihanbichpesiis@epaiyeifesgresps@ach having
a perfluoropolyether main chain in a structure thereof, each having a hydroxyl group at an end thereof,

and each furth&PRaAVAG s StirsiH YrrPBBYEF PaBeithan said perfluoropolyether main
chan ar bonde 1 eash BN PN AOEIE DGR A ff, 1o

embodiment, the perfluoropolyether group may include a group represente rmu 0023]
[Chemical Forrayka BHOCHICHCH20CH20F2(0C2F4)m(OCF2)n-* OH

[0021]

[Chemical Formula 4]

HOCH:CHCH0CHCFACC Fom(OCF)n—*
o
*—CF,CHOCHCHCH:0H
O

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

[0022]

According to a fifth aspect, there is provided a lubricant for a magnetic disk,
said lubricant comprising a compound in which perfluoropolysther 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 hydroxyl group at an end thereof, and further having a hydroxyl
group on a side closer to a bond than said perfluoropolyether main chain.

According to a sixth aspect, there is provided a lubricant for a magnetic disk,
said lubricant comprising a compound in which perfiuoropolyether 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 {o a bond than said perfluoropolyether main chain are bonded to each

other through a divaient saturated cyclic hydrocarbon group.



*- OCF2CH20CH2CHCH20 - OH (in the formula, m and n are each an integer of 1 or more).
Disclosed herein is a lubricant for a magnetic disk, the lubricant containing a compound of a reaction
product between 2 equivalents of a perfluoropolyether compound and 1 equivalent of an aromatic
compound, the 2 equivalents of a perfluoropolyether'Compound having a perfluoropolyether main

chain in a molecule ang hayi Q@%gr, ups.at ends thereof, the 1 equivalent of an aromatic
compound having subs?{?u.%{n%é% c?r&géom e tsP?u tU%rﬁégg 8 gth’% ABHECEP SAing R Reroup

perfluoropolyethepressmtednsy a forfiselgibd herein is a lubricant for a magnetic disk, the lubricant
containing a compound of a reaction product between 2 equivalents of a perfluoropolyether compound
and 1 equivalent of a shfiraled 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 capabfestitahkaiguwatbine perfluoropolyether compound. [0024] 15

Disclosed herein is a pf?é%%z @?ﬂ%}%@ a%&aﬂ)gtwnguc disk, comprising reacting 2

equivalents of a perfluoropolyéther compound wi i equivalérit of an aromatic compound, the 2
equivalents of a perfluoropolyditi&r compound having a perfluoropolyether main chain in a molecule

and having hydroxyl groups at ends thereof, the bg;%u le n.aromatic compound having
structures each capable of reacting with the perfl m %{;&PW Disclosed herein is a
process for producing a lubricant for a magnetic disk, comprising;ggacting 2 equivalents of a
perfluoropolyether compound with 1 equivalent of a saturated cyclic hydrocarbon compound, the 2

equivalents of arpied|froroplelyet bercomposschhavinggeperfiugrepeiyether main chain in a molecule
and having hydroxyl groups at ends thereof, saidl equivalent of a saturated cyclic hydrocarbon
compound having structures each capable of reacting with the perfluoropolyether compound.

Disclosed herein is a lubricant for a magnetic disk, the lubricant
containing a compound of a reaction product between 2 equivalents of a
perfluoropolyether compound and 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 struciures
each capable of reacting with the perflucropolyether compound.

Disclosed herein is a lubricant for a magnetic disk, the lubricant
containing a compound of a reaction product between 2 equivalents of a
perfluoropolyether compound and 1 equivalent of a saturated cyclic
hydrocarbon compound, the 2 equivalents of a perfluoropolyether compound
having a perflucropolyether main chain in a molecule and having hydroxyi
groups at ends thereof, the 1 equivalent of a saturated cyclic hydrocarbon
compound having substituents each capable of reacting with the
perflucropolyether compound.

[0024]



In an embodiment, the perfluoropolyether compound may include a compound represented by a
formula (1V): [0025] [Chemical Formula 6] HOCH2CHCH2OCH2CFAIDC2F4)m(OCFOn-* OH
*-0CF2CH20CH2CHCH20H OH (in the formula, m and n are each an integer of 1 or more). _
According to a seventh aspect, there is provided a rﬁ}afgnetic disk having a magnetic layer, a protective

layer, and a lubricating ﬁé{&{;g&’g rh%r%'éjﬂb%r%t%’m%gss for producing a lubricant for a magnetic

disk, comprising reacting 2 equivalents of a perflucropolyether compound with 1
equivalent of an aromatic compound, the 2 equivalents of a perflucropolyether
compound having a perfluoropolyether main chain in a molecule and having
hydroxyl groups at ends thereof, the 1 equivalent of an aromatic compound
having structures each capable of reacting with the perflucropolyether
compound.

Disclosed herein is 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 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.

In an embodiment, the perfluoropolyether compound may include a
compound represented by a formula (IV):

[0025]

[Chemical Formula 6]
HOCH:CHCH0CHCFH{OC:F)m{OCFIn—*
on
*—(OCF.CH:0CH,CHCH0H
On

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

According to a seventh aspect, there is provided a rmagnetic disk
having a magnetic layer, a protective layer, and a lubricating layer over a

subsirate,



wherein the lubricating layer contains the above lubricant. In an embodiment, the protective layer
may be a carbon-based protective layer. In an embodiment, the magnetic disk being adapted to
be mounted in a magnetic disk apparatus of a load unload system. [0026] As described in the first
aspect, according to the magnetic-disk lubricant coffaining 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 perfluoropo‘m%g%ﬁ- &%%%o%gr%%ﬁt%&@%% %BS\:@IHB? élngroup around the center of the
rove the

molecular chain, It'1s possible to | eat resistance without extremely increasing the
number-average moledularwergbtdirnether fvehendisetiubricgst ohthys aventimhscbatedion a
protective layer, proper interaction occurs between the hydroxyl groups of the lubricant and the

protective layePBHdo\ e adhesion between a lubricating layer and the protective layer and,

therefore, even if the thickpessrekiRRMbreating averiscearersiibis Pesable doauffiFienty cover the

surface of the protective layer, thus enabling a reduction in thickness of the lubricating layer. [0027]
In embodiment8jagieetiamibe egbryalidxyl ¢ depe drdemd sietesnter of the molecular chain may be
preferably two or more &5% particularly, the number of hydroxyl groups around the center of the
molecular chain may b[e re]ferably three or more. According to an embodiment, since the 17

As described in the first aspect, according to the magnetic-disk lubricant

containing the perfluoropolyether-based compound in which the relationship
between the number-average molecular weight and the nommalized value of the
number of hydroxyl groups comnfained in 2 molecule falls within the
predetermined range and further the perflucropolyether-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 proteciive 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]

in embodiments, the number of hydroxy! groups around the center of
the molecular chain may be preferably two or more and, particularly, the
number of hydroxyl groups around the center of the molecular chain may be
preferably three or more.

According 1o an embodiment, since the



perfluoropolyether-based compound is the compound in which the peffluoropolyether groups are
bonded to each other through the divalent linking group, it is possible, by dimerizing the above
perfluoropolyether, to obtain a high molecular weight lubricant without extremely increasing the
molecular weight, thus improving the heat resistancé7 As described in the second aspect,
according to the magnetic-disk lubricant containing the compound in which the perfiuoropolyether

groups are bonBEF R ERAY BRI RARSGgh GPERAER Nt inkiRg gretiprantidvhioh halsich letisst one
hydroxyl group @éﬂ?ﬂhﬂﬁdﬁ@ﬁéﬂé@@?&&%@ QRQ'BSH!%dC{&aé%c% &H&r‘f}ﬁ@& iﬁ’){h%i%”uéi&%the above
0 1g Xtr gg]ﬁg the

perfluoropolyether, to obtain a high molecular weight lubricant without’e emeylncrg

molecular weiglfeiie thapessinlerdyedimeticiag tosistaneemntl drthyeinis, rossibie torimprove the
adhesion between,a |ubricating, layer and a protective layer, so that even if the thickness of the
lubricating IayeerF%ig gf%;éﬂ ugcre‘gﬂ?% E.@g%rpé Wﬁﬂﬁ%c éﬁﬁ%&é’ﬁfﬁ@%ﬁ%%% BilREhteEIafE layer, thus
enabling a reduittieniinghickness«ohthe tebricating layer. [0028] In an embodiment, since, in the
invention of Configuration 5, the viscosité@at -10C may be in the range of 5000 to 12000mPas, it is
possible to obtain exceflént@efipReErfae evernst RAPesh seratgios dmdhhusaguiaididkigh reliability

Felaive 1o chan o R b, B3 B DRSS Me=ePihge m o

relative to a change in temperature may e range o S

properties is snisinded ia eride oty dHrargHdinetditigintdnipegaities ang sinis-thestahlelybricating
performance ca&ng%o tainfad.%%gm Ac{;g&rd;%% to thg third aspect, since the magnetic-disk 18
lubricant comprising the-conoun & A AT e & e HaoRF G sSan ot ertside dmolecule in

addition to hydiamégrogpenat e endeal e ogiarde. e e d R dccalngdg gmbodiments
10

of the present invention is coated on a protective layer, proper interaction occurs between the hydroxyl

groups of the IUHREERRtaMEIRE RfERmAY dpsraasingrive theladhiesiovetuitveed ahubritating layer
and the protect; I ropolyether groups are ponded tq each other
MBIBYE HE ﬁ@%‘t%@%}a%cm@g PW:? Rﬁ{ﬁgf) PR ﬁ%/faestﬂglre% ; p%r%\ées%?e

through the divalent linking group. of the perfludropo ergrou BFbponether
main chain in theswaata dithemtoipagen hydmxybgrcive &y eodrbeseh Fedivelgrisinking group
has at least threF ngqr%xpélagroups in the structure thereaf. .

of the lubricating Tayer is reduced, i is possible to sufficiently cover the surface

of the protective layer, thus enabling a reduction in thickness of the

jupbricating layer.

[0028]

In an embodiment, since, in the invention of Configuration 5, the
viscosity at -10°C may be in the range of 5000 to 12000mPas, it is possible to
obtain excellent flow properties even at low temperatures and thus to obtain
high reliability when used at low temperatures.

In an embodiment, since the amount of change in viscosity relative to a
change in femperature may be in the range of -0.03 to -0.08mPas/°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 third aspect, since the magnetic-disk



Further, by the 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. As a result, even if the thickness of the
lubricating layer is reduced, it is possible to sufficierity 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 red ¥ RSk RRISSIST e FeBIRAUNY NajeriiaRst dbrevingiiogh cowerags. Farther, since

the magnetic-d%kgp@gg%g%@iﬂg i f the present invention comprises the
compound in which the above perfluo%grﬁj@ﬁtgewgr%%&? zE‘lcr)EeJ Fg%oﬁd%\g t%”e%&f %}%Q?%%g%h the above
divalent linking gremghi Istpossibietordigio arhigiimeiecuatwaigitdrbrioantdy idipaekizing the above
perfluoropolyether and thLéiS thgg’mal decomposition can be suppressed. Therefore, when a magnetic

disk is manufactlréd Ry g’l(‘?ﬁ?ﬁ%ﬂ&ﬁ@“ﬁ%&ﬁ%‘% e i MckerekrimEhereof [0030]
As described abeveuiiemegnetiogiskdubirantaerorsingde.enodiments gf thepiesent invention is

excellent in properties such as, particularly, coverage of a protective layer, adhesion to the protective
layer, and heatl¥8&iEtERGe @8 thasEathacHsiediveo fayeier reduotidhén tiokmaswiof thieibricating

layer required f ' IC in tween a magnetic head and,a recording layer of a
magnetic disk, gﬁﬁ%ﬁtﬁer? %ﬁ%@(@l’%%ta ?§ %c%%g gﬁrﬁ g?ar}h%{/ﬂ 8%f8ﬁ%%§ﬁj§”@§m "I’%ﬁf@, so that it is
suitable for reatjring a riagheticidisientudingobightirelighilipsevan mithsirdovw Hyisadieighhof a
magnetic head foIIOWin?gthe increase in recording density in recent years and with very strict

environmental FEEE RS SIBWIHE tHE TR RiC AtBr BPap siexRors 2[068d] therepkcordifg to an
embodiment, tdsariayigiy Rieigsahia tedasehove valRatinifBay P RAKRRYR Lo 8 hydrox

groups in the structure thereof If the number of hydroxyl groups present at the center ot a lubricant
molecule is smBlEfRf adhesion improvement effect by the interaction with a protective layer cannot be

obtained sufficiently. ther wever large the. number of these hydraxyl groups may be,
not all the hydroxyl g%%%%fé%?ié&%&% ng%g?g?h%%%f’e%‘ii@%?%‘?@ib&%e%n%?ﬁ)%}\gfgﬂroper
interaction withgiioeis atiittiv kibaivenaadd s firisseatdhaydheiatfedeiirsquamantinaghesion to the
protective laye incrg@%es corres%ondin to the number of hydroxyl groups in the molecule. [0032]

|

According to affém e AT NN BE0hUsRt MRleRYR A4S Me'@eqdaliRgving the
group represenigddiyre(GR MR brtifeciod RIce easharbydrogsB R IPMOT VX Yrarup), it is

possible to suitably introduce hydroxyl groups around the center of a lubricant molecule.

lubricating layer is reduced, it is possibie 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 according to embodiments of the present invention
comprises the compound in which the above perflucropolyether groups are
borided 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 themmal decomposition can be suppressed.
Therefore, when a magnetic disk is manufactured using such a lubricant, it is
possible to improve the heat resistance thereof.

[0030]

As described above, the magnetic-disk lubricant according to
embodiments of the present invention is excellent in properties such as,
particularly, coverage of a protective layer, adhesion to the protective layer, and

neat resistance and thus can achieve a



Further, according to an embodiment, the above peffluoropolyether group may be preferably the group
represented by the above formula (I). [0033] As disclosed, according to the 20 magnetic-disk lubricant
obtained by reacting 2 equivalents of the perfluoropolyether compound having the perfluoropolyether
main chain in a molecule and having the hydroxyl gt8ups at the ends thereof with 1 equivalent of the
aliphatic compound having the structures each capable of reacting with the perfluoropolyether

compound to foH Eh{RIBRIPGrbULBTsHBesSBF AR g lbuessrer rsuiRtingsisingatiBagnetic-disk
lubricant, it is prgmRlRito Sytahy BRIRKLA magnefitaiskdubricant @%Eo?%ﬁ%nh%%'érg%‘i” yhich at least

three hydroxyl groups are introduced at the center of a molecule in additio groups at the
ends of the molB&égRrReR itkingpe riliiBiendlyistecetenb ouidegeteh hetelithhydrexidrgredps only at the

molecular end imetize,them. and.that is excellent in properties,such as cquerage of a
protective Iaye":g,(E gﬁé%ﬁs%ﬁ%jgt}hé %%g?fcm\i/%%@éﬁéa%é %eéaglé{%tpé%@tar?gt'%%ﬁcdqﬁ%s RN e a further
reduction in thickimsktpferdubridcétite:layer f0034leight Hiesahexmatiphatisicammomadipay be the

compound having at least one hydroxyl group in a molecule and having the epoxide structures at the
ends thereof. Ug%ﬁa?&cﬁ 5@8@%&#@%#\’3‘%6@%@&@&?@0?&??1 WHDORY S BTV RVERRIIA with high

purity and with kigiztigls follodiig AReaReSIIARS WERIRYcRmRaInd may be preferably the
compound represented bg the above formula (). [0035] According to the fourth aspect, the
magnetic-disk lubrican prising the compound in which the perfluoropolyether groups are bonded

to each other through ig-ghiren; AIPBAILBIRLR: FICH ARG TRV FIE g gRRNas the

perfluoropolyether main chain in the structure
divalent linking group may have 3 to 8 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 hydroxy! groups are oriented toward
the protective layer side to contribute fo 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 an embodiment, since the above divalent linking group
may be the group having the group represented by -(CRRz)- (Ry 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 an embodiment, the above perfluoropolyether
group may be preferably the group represented by the above formuta ().

[0033]

As disclosed, according to the



21 thereof and a hydroxyl group at an end thereof, and further has a hydroxyl group on the side closer
to the bond than the perfluoropolyether main chain. The compound 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 according to enitfbdiments of the present invention is coated on a
protective layer, it is possible to form a lubricant layer (lubricating layer) in which lubricant molecules

adequately hav@aEHIfE Lru bR thelried ivevayeratiztio the RishaiEDis batfvetiiethe hydroxyl
f the lukui : ' I .. th b
groups of the %@a@%%pr%mmyﬁvm% ﬂ%ugg%@wg}gmnegﬁ%rgﬁ&f the number

of carbons in the main chain) of the aliphatic group, It is'poss b to’adjust the posi he hydroxyl
groups around theleeriesarsf tiaeingdies bieinds/bgresplt 4t isspassidlestefontrol twufedtingtructure of

lubricant molecyl d on th ti to adjust the thick f the lubricating | . That
o detalod i 3 TUBRCTAUUIY S LRLhY 18 SRy S < e SRR BB R aroup so

that it is possiblesta.sirigityyeariratdhethisknesmehtheryrisatingdayesen deJpglgcidanievel. Further,

by carrying out the strict thickness control on the molecular level, even if the thickness of the

lubricating quel?fg%%ff%rcf?r@%“ﬁﬁgﬁ@té W@ﬁﬁiﬁi%\}@?'ﬁﬁ@@uﬁf&@@aﬁéﬁﬁﬁoﬁeﬂiﬁ@éflayer and
thus the '“br'catg@&i@éern%}@ﬁc%?ﬁ icfgﬁ?qﬁ%toﬁtgecﬁ%g&ﬁgﬂf if %ﬂ%%e%f %'5@'0?5%5 enabling a

reduction in thickness of thé lubricating layer while achievin h coverage. There e
magnetic-disk lopicamt aovapdimyaoistmbodit emtstied thenpressfinkinveioi:can adfieye @ further

reduction in thickness of a lubricating layer required for reducing the magnetic spacing between a
magnetic head@f%&oﬁg&g%ﬁ?g %y%?eo A¢fia Gﬁégﬂ% GRAUEGHT FARHIEKRISREIEEAERINGEIY-term stability

of a formed lubpisafiRgitayesase My inmiabledaigealining amawmsticlighbavipgRigh reliability
even with the low flying height of a magnetic head following the increase in recording density in recent
years. [0036] Zmerizedbaarandtietn expplanhieptopsdiansushoatenergshatie pidaptivey be the
group represe - ( ydr tom, @r a substituent and p is an
integer of 1 orr}n%)%g) )é%%%m%? tﬁéog%%h\%ﬁ%%e?b%%%%\ & %%d%]%cgdg B?/?h‘ésncﬁr%%ﬁ*%%’ Barbons in the
main chain thegebfi$ethaditisposticimtzadiusithestositiopsef hydroxyl groups around the center of a
lubricant molecule. Further,accordingtoanembodiment,theabove perfluoropolyether group may be
preferably the group relgb nted by the above formula (lll).

The above aliphatic compound may be the compound having at least
one hydroxyl group in a molecule and having the epoxide structures at the ends
thereof.  Using stich a compound, it is possible fo obtain a lubricant of this
invention with high purity and with high yield.

The above perfluoropolyether compound may be preferably the
compound represented by the above formula (il).

[0035]

According to the fourth aspect, the magnetic-disk Iubricant 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 perflucropolyether main chain in the structure



[0037] Disclosed herein are the magnetic-disk lubricant and the process for producing the same.
The magnetic-disk lubricant is a reaction product between 2 equivalents of the perfluoropolyether
compound and 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 tREBRIFRNLBHIEHOHETREE Mgt heasasicansaiabry breradistionitromen
perfluoropolyegp‘e@g)rgieguagsgmt@,tﬂgcglmjggﬁrl%ril%erggmﬁégfggq#i&m%gw%&ma gtic-disk
ic-disk lu suita rt

lubricant, it is possible to obtain a magnet ricant IS invention in' which hydroxyl
groups are intfsttived Hcasanydiphateaou peie taeativalahiatiphtgic afraupolecumincatidition to

hydroxyl grou he.ends of the malecule by linking perfluoropolyether compounds each having
hydroxyl grou%%%‘%fy(%t r%orlﬁgiljgecugféka §§'§'§ ?hqérégﬁgggﬁrﬁgﬁ%st % %ﬁ%‘?’?&?%ﬁ ‘Eﬂg ion of the
hydroxyl groupeharotiied: thicasnieratihg meledddiissatbisranly meistadvesinentha-aliphptis group
different in Ier:gth. 23 The above perfluoropolyether compound may be the compound represented by

the above forfdPIRAVROBEE] 1 IS PRERBIGIIL P 2 HRACEEh EMetHb brsaHeti@yRsk TUWAiENt comprises
the compound,itBatGABKRAHES s R PRI AERROVRIRRL SiRYRS& EHIARR G L kA RINgIhrough the

divalent aromatic group. Each of the pertluoropolyether groups has the perfluoropolyether main chain
in the structurétiis dolesHdian irivsen dredpvaices araupekidheahticahicandhiha hyetrstyegroup on
the side closef{g.the bond than the perfluoropolyether main chain. The compound has hydroxyl
groups near both sides of the divalent aromatic group present at the center of a molecule in addition to
hydroxyl groups at bothrrets mf thenngolg dhke Idrytnefere, v enthestubiricanbasdardiagain

embodiments of th ent.invention is coated on a protective layer, the lubricant interacts with the
protective |ayé3%8[?§ B(f ?%-éi‘g %(h 3R &k ﬁ‘]é’%?ﬁ‘%gtfe @%Hﬁt ﬁ%s@ﬁ?'g??h%féﬁﬁtayq{@ﬁ’é lubricant
molecule. Acagislipglirdbad usieantanelesdieaehsres mstheduateetyedayple RoOloniROHS, the
hydroxyl groups present on both sides of the aromatic group tend to be arranged on the surface of the

protective laydPlGitadidrrachaltiernisnalenerdomsedemiberisesieuaidroagissitivoth ends of
the lubricant molecile; andiHe BEISHNG 3YEr PraRes ii&?@é%ﬁﬁ’éﬂ"ﬁﬁ‘dﬁ%&@ﬂ?ﬁ%ﬂ% foxyl groups

on both sides of the aromatic group and the protective layer. As a resu eslon or a lubricating
layer is impro@tduee tis thadbled doyi @tlivsting cthehlemyttirofthgralipsadittigeclub rica itz nitl the protective

layer conjointly wit i ction with,the, prptective_layer by.the Tr electron cloud é‘é@e aromatic
group presen g\tg 'ge!ggg%lt;’e{ﬁ% tﬁgfl}g li?:%%?f%&é%% e?fﬁﬁég?fﬁﬁﬁg&iW$%8§c‘ﬁ8£‘f @itis
possible to folavel. lubfisdintddye céuirigasingHeyarcinhidrieksLbsisasit snalesesadiaauaigly have a
folding structure on roteg(@tive layer. Therefore, even jf the thickness of the lubricating layer is

reduced, it is 2PPJEBRIETSRH A MisdirrairR AN Byerercibispassiiaie sHEGaMCe of a
magnetic diskedhep pRiainiR@hsr ricadrgtaxeryath g alBliN bricating 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 lubricant according to embodiments of the present 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 stabiiity 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]



[0039] According to the sixth aspect, the magnetic-disk lubricant comprises the compound. In the
compound, the perfluoropolyether groups are bonded to each other through the divalent saturated
cyclic hydrocarbon group. Each of the perfluoropolyether groups has the perfluoropolyether main chain
in the structure thereof, and a hydroxyl group at an4hd thereof, and further has a hydroxyl group on
the side closer to the bond than the perfluoropolyether main chain. The compound has hydroxyl

groups near both sidestAANE 08/ iRt SARbRABERYCIerRRRYR divale traliphptisseraus mavcenter of a
molecule in adgjHqRd AN lHAURS 3 Deth ends ?&}%mﬁlzeg}geeameé{q{%%ggneﬁo%e lubricant
according to embodiments of the present invention is coated oh a protective’layer, the saturated cyclic
hydrocarbon group Srésséivent thedcerisepofinbeprbsicantrmuleziylthintengtitsolvitiet kéigratte ctive layer by
the intermolecular force, i.e. the van,der,\VVaals force. Accordingly, the Jubricant molecule adheres to
the protective |§$%¥3|:8§i’69ﬁn%hﬁﬂ%?ﬂ1ey ﬁ%rg%m ArotbsD éDan'Pé%%&ﬁ%iﬁ@%%%@%%ﬁrated cyclic
hydrocarbon grivap itentedisarsantiest orthesgivfaserglitbe proteetivetayer maddherafore, in
addition to the interaction between the hydroxyl groups at both ends of the lubricant molecule and the
protective layer? (1APETHIENESGh occurs between the hydroxyl groups on both sides of the saturated
cyclic hydrocarbon gromr@f@,theﬂgg&gy%e lgyer. A7 a regilbdhg.adhesiqn of g lubricating layer is
improved due to the interaction between the hydroxyl groups of the lubricant and the protective layer
conjointly with thrifintrasticringitiyhie pretebivertdgathy tHegniepmeteeskatddroe Bkthe saturated
cyclic hydrocarg%nv%[r%u%&%e § t at the center of the lubricant molecule. By the interactions described
above, it is possi 1€ 10 formea Tubricant layer (lubricating layer) in which lubricant molecules adequately
have a folding 25 strugtiggrpn 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 obtai#fis§eHe RiBiTcathdhayapanieiitidipkdinadsitity, 0040k procdsarther, according
to an embodim boye perfluoropglyether group. may be the group re esente%rb the above
formula (llI). 8%%%&(?%%%%%@?% aret eé/m’lg@%e |%§68i§< lu ?lnc%?r‘ﬁ? agﬁd?héesgégasg {5 oducing the
same. The magmeétiestiskdybiiesntisos treaptie.proshigkheiveaibaequivalanss ab het of
perfluoropolyether com%ound and 1 equivalent of the aromatic compound. The 2 equivalents of the

perfluoropolyethr ARRPELARE B BRI EIB SHIyElHER PRt cRRAPI o FraRtt@eviRdi®e hydroxyl
groups at the epdsibrisolcgG taapb@ignt ofie Aromaliscampeynd has ibe,sHYSIHLeS each

capable of reacting with the perfluoropolyether compound. Thus, according to the process for
producing suclFarmragneétiasiisie lngficarmpi vetbessise whebtaireanmiguktisrdisielubgitiaat in which

hydroxyl group Intr ed pear bath sides of an argmatjc group, i.e. around the center of a
molecule, in acﬁ&%%%ri!?é) ﬁg o§(y g%ﬁpgnastﬁg%rﬁ ?of tﬁgemjéle%iép%‘f/rﬁnﬁfn Sh Baﬁ“ﬁm aromatic

group, perfluoropelyether cosspoiiedsstachuheyingdtydreadgreupsson-atitie maeculy ends thereof
to dimerize them. [0041] )

perfluoropolyether compound. Thus, according to the process for producing

such a magnetic-disk iubricant, 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 hydroxy!

groups at the ends of the molecule by linking perflucropolyether 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.



Disclosed herein are the magnetic-disk lubricant and the process for producing the same. The
magnetic-disk lubricant is a reaction product between 2 equivalents of the perfluoropolyether
compound and 1 equivalent of the saturated cyclic 26 hydrocarbon cqmpound.The 2 equivalents of
the perfluoropolyether compound has the perfluorog@lyether main chain ina molecule and the
hydroxyl groups at the ends thereof. The 1 equivalent of the saturated cyclic hydrocarbon compound

has the structure$chaye SabieroprbmitpORITR S b ETiY bk s yrstimpocochpeskfibd syaccording to

the process for. %gﬁ) agnetic-disk lubricant, it is possible to obtain a mggnetic-disk
lubricant in Whitc%éhy rogxgﬁg}%g]s%re introduced near both sides of a saturated cyclic hydrocarbon

group, i.e. around the @88} of a molecule, in addition to hydroxyl groups at the ends of the molecul_e
by linking, through the atur&ted cygic hydrocarbon group, perfluoropolyether compounds each having

hydroxyl groups only &t tHe Ha%Ell ?@ﬁ)ésaﬁ%@o% iRsEIPRE-tHenjubrcant rergpases the
. OPOYebOMpOMROLN A deRIRISAD M SABRBBILIEr HENIRTY HismaBRNE formula (V).

[0042] According to the seventh aspect, in the magnetic disk ha\./mg' he magnetic layer, the
protective layeFhRthentsaLahiioe sjeievaranaatitsstrdre, thedubfitmingriayecpoyedies the above

L \ o i . ey : cating laver
magnetic-disk n t hl coverage upiform lubricating lay
capable of, evektrr‘l(la v%%% g’%&ﬁ‘%ﬁ%ﬁ%ﬁ@ ss,%ﬁ#?c%ﬁféiiﬁ/ %@%%rfﬁ%&ﬁe%ﬁuﬁ_ f*g gf’?ﬁ%oﬁr%? cﬁvm_a layer and
excellent in hedyrssitogrosiand anlkeditretedhapdotettsreHayer Whsyitdropessibipd eiashieve a

further reduction in thickness of a lubricating layer required for reducing the magnetic spacing, so that
@OSB%O it B‘3’*'}%§e i@%i@‘i? ARG R %ﬁ?ﬂimﬁ“a\%ﬁ%it%ﬁ‘% GONRRARS Reryht of a

it is possible to provide a mag

magnetic headriliaxingtepin ekeasson m@%@ﬁeﬁﬁﬁkm_%ﬁﬁtwgﬂ&ﬁ%ﬁgﬁ%’ﬂ ylrict

environmental (rzgglit%tragfcae r];%ligg\ll,ldne%l%ha%gilt\i/oer{ ?g 'ﬁ?é'%%fg?gggg %E'%gﬁh en7ds of the molecule.
Therefore, when the Ilubricart according to embodiments of the present
invention is coated on a protective layer, the lubricant interacts with the
profective layer due to a T-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 tayer by the
electron cloud of the aromatic group present at the center of the lubricant
molecule. By the interactions described above, it is possibie 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



[0043] According to an embodiment, since the above protective layer is thg carbo_n-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 exhibited more preferably. Furtladr, in an embodiment, the magnetic disk having the
lubricating layer containing the abgve lubricant is Farticularly suitable as a magnetic disk adapted to be

mounted in a RS A A4 ERTD SiAeafig ¥fibaHIgsIin corRfiotha s inaestiohny 0044]
According to emppaifnes ehauBEGang ﬁﬂ%%mﬂﬁ\g%@@%ﬁﬁgﬁgmﬁl&g%@g& it is possible to form a

high-coverage uniform lubricating layer Capable of, even'with a reduced thickness, sufficientl_y covering
the surface of a protdfi&llayer and excellent in heat resistance and adhesion to t_he protective layer.
According to embodmgn{gs O!t;)f a.magnetic-disk lyb icantaproduct'_on rocess of this invention, it is

possible to suitably proé:uéeirétqla% ARt 0 PRy i E FRC IR WWW§ﬁ%§Woxyl groups
are introduced@nthemmbleculahendsardifdrties abihecrepiiiaha HRiaeH 8 HoR&erding to

embodiments of a magnetic disk of this invention, by forming on a magnetic disk surface a lubricating
layer containiﬁ&@lﬁm%a@f%fﬂaiﬁéed Wy ipRiRieH, W@*%%y§ﬁ@a{@@bme tﬁ@@k’bﬁf'f/eragf
lubricating layeicaBARIS-G5RERSNIGLERINSSHRIGKERRRraHTIRianIY cayering he syface of a
protective layer ahﬁt? exceﬁ‘gnt in hea%f'res%tance and adhes%roillaI tﬁﬁggprotectl\%éyer and therefore it is
possible to acHEGBIEfihaieptea@ it ipirkgessopthenwnit tirrgdayand2Briher has a

hydroxy! group on the side closer to the bond than the perflucropolyether main
chain. The compound has hydroxyl 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 according to embodiments of the present invention is coated on 2
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 hydroxy! 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 layer 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



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. Brief Description of the Drawings [0048% Fig. 1 is an exemplary sectional \_/ieW (_)f an
Example of a magnetic disk of this invention. I%‘I.’—(Z is a diagram for explaining the relationship

Fi
between the nuffbEHEetage MBIRSHS JAvRht anb @fﬁfﬁmﬁﬁ%dif/éﬂ& BiaeeRtnsbelhst hydroxyl
groups containgghin.a:mplageleiin eachel Magnsliciskbipsicans, piHHs IMKRRLAR, RgRgription of

Symbols [0046] 1substrate 2aadhesive layer 2bunderlayer
sufficiently covering the surface of a magnetic disk, thus obtaining the lubricating
iayer with high durability,

100401

Further, according to an embodiment, the above perfluoropolyether
group may be the group represented by the above formula ().

Disclosed herein are the magnetic-disk lubricant and the process for
producing the same. The magnetic-disk lubricant is a reaction product between
2 equivalents of the perfluoropolyether compound and 1 equivalent of the
aromatic compound. The 2 equivalents of the perfluoropolyether compound has
the perfluoropolyether main chain in a molecule and the hydroxyl 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 lubricant, it is
possible to obtain a magnetic-disk lubricant 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, perflucropolyether compounds each having
hydroxyl groups only at the molecular ends thereof to dimerize them.

[0041]

Disclosed herein are the magnetic-disk iubricant and the process for
producing the same. The magnetic-disk lubricant is a reaction product between
2 equivalents of the perfiuoropolyether compound and 1 equivalent of the

saturated cyclic



3magnetic layer 4carbon-based protective layer 5lubricating layer 10magnetic disk Best Mode for
Carrying Out the Invention [0047] Hereinbelow, this invention will be described in detail by

embodiments 29 thereof.
26

hydrocarbon 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 saturated cyclic
hydrocarbon compound has the structures each capable of reacting with the
perflucropolyether compound.  Thus, according to the process for producing
such a magnetic-disk lubricant, it is possible to obtain a magnetic-disk Iubricant
in which hydroxyl groups are introduced near both sides of a saturated cyclic
nydrocarbon group, 1.e. around the center of a molecule, in addition to hydroxyl
groups at the ends of the molecule by linking, through the saturated cyclic
hydrocarbon group, perfiuoropolyether compounds each having hydroxy! groups
only at the molecular ends thereof to dimerize them.

The above perfluoropolyether compound may be preferably the
compound represented by the above formula (IV).

[0042]

According fo the seventh aspect, in the magnetic disk having the
maghnetic layer, the protective layer, and the {ubricating layer over the substrate,
the lubricating layer contains the above magnetic-disk lubricant. 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 possibie to achieve a further reduction in thickness of a iubricating 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.



A lubricant for a magnetic disk according to this invention contains a perfluoropolyether-based
compound in which the relationship between a number-average molecular weight and a normalized
value of the number of hydroxyl groups contained in a molecule falls within a predetermined range, i.e.
the number-average molecular weight is in the rang&of 1000 to 6000, the normalized value of the
number of hydroxyl groups contained in the molecule is 180 or more, and the perfluoropolyether-based
compound is in a regiom%%%w a line connecting a point (A) where the number-average molecular

weight s 1000 and the Agimaliget e ALY AT ERNIFAURR RN a(REddn the molecule is
an e nor

400 to a point (B) where the number-average molecular weight is 60 malized value of
the number of hifigrdiarbgrobpsecontalneiivi emdhecinteisctiooOhetme:dur ter, Hiadroxy!

perfluoropolyether-based compound.has at least one hydraxyl group around the center of a molecular
chain. In tﬁiﬁ%&?ﬁ?ﬁaﬁfﬁ%@gﬁg urécgﬁho %ﬁ%@g?%mﬁ%i ﬁrg[?ﬁg(%ﬁﬁtained ina
molecule (hereikately éfefeddorasdad/ (& auivatenspieishn) dndherspesiteatipphistaiyalue obtained by
dividing a number-average molecular weight by the number of hydroxyl groups. For example, in a

compound whef@FENABEARIBGERBIRIEARE RIght is 5000 and the number of hydroxyl groups
contained n & molecules RoEVH 5 0RJIRAEN, o Fillda AR e FIZHR s

representing EW and the abscissa axis representing number-average mofecular weig n, wherein a
range surroundésydy setmiengstbeialebicthédataviepreditearinead:shite og epresgmdiingdible relationship

between the number-average molecular. weight and EW. in the magnetic-disk lubricant of this invention.
The segment a Eraé%lg‘-)et%ce}/r?t% ﬁﬁ}n %“PEB%(S? fF Wﬁ%gggﬁ@ﬁﬁgsﬁﬂgﬂrﬁ%@oﬁﬁ eal?f?@l‘]!'nf"‘!lall%'ifgporation of a
lubricant becomggastasge and thus the heat resistance degrades. 30 The segment b is the line
connecting the point (A) where Mn is 1000 and EW is 400 to the point (8) where Mn is 6000 and EVV
is 1600. This straight line b represents the upper limit of EVV necessary for obtaining proper adhesion
performance to gaugtgetiverdanercl EW becomes greater than it, the pickup of a lubricant

(phenomenon in which a lubricant adsorbs to a head) tends to occur. Further, the viscosity becomes
too small and thus the Hfltion tends to occur. The segment ¢ represents Mn of 6000. If Mn exceeds

6000, the viscosity becgme large ,so that the lubricatin formance decreases and the
self-repair properties de’q?:%r]%cigieﬁ.g%oe ‘%Qé’r%de‘m%’ rse&]légeﬁﬁ%sné/r%efé{ 1%6?79@%%&%%3‘7@55 than 180,
the ratio of hydriowgngjooy isspaskibiecaribmmoesigle krermges mdtyrhighmrgih usykie bbigating
performance decreases. Further, it impedes the formation of low surface energy by a fluorine-based

lubricant. [0049f" VL8 (EIHES alHRRERsKIIBHERHY PR oS UESS RS dBbove, it is
possible to imprgvacitRdesidesitianceihpUhextRBMHRC B RhRGRUM BRI Gvesagr molecular

weight. Further, when the lubricant of this invention is coated on a protective layer, proper interaction
occurs betweeH*'%M%rhydroxyl groups of the lubricant and the protective layer to improve the adhesion

oo o s P WSS 410 D SRR
enabling a reduptizness thfctressvehtios |ubicatbsgitdydn suitably produce a lubricant for a
magnetic disk of this invention in which hydroxyl groups are infroduced at the
molecular ends and further at the center of a molecule.
According to embodiments of 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 possibie 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 o

the protective layer and therefore it is possible to achieve a further 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 31 it is possible, by dimerizing the above
perfluoropolyether, to obtain a high molecular weight lubricant without extremely increasing the
molecular weight, thus improving the heat resistance. [0050] A lubricant for a magnetic disk
according to this invention is preferably a lubricant containing a compound in which perfluoropolyether
groups are bonded to each other through a divalentégking group and which has at least one hydroxyl
group around the center of a molecular chain. According to this lubricant, by dimerizing the above
perfluoropolyether, it is possible to obtain a high molecular weight lubricant without extremely
increasing the m@@g@g@y@&ﬂ@@%@@@i@g@@@m beatdesistapssiaaeh fuahes it is possible to
improve the adhesion between a lubricating layer and a protective layer. Therefore, even if the

thickness of the TpgEsiRrlayerrorbigliceda ity pyssimBnonsumiBritg Beiedt fié@ surface of the

protective layer, thus naﬁ% ev? o0 i ‘%I%%’I % % icatir The viscosity
of the above Iubwggk?tgg?- @l&r)i ﬁét@%éﬂco O%S %)8 é%% %&@Eﬁiﬁ%ﬁ *Sg%%ls&s?gle to obtain
excellent flow prepertes svensaiviowtempératisesientbibuintptbbt@iretughaiiability even when used
at low temperatures, . Further, in the lubricant of this invention, the amount of change in viscosity
relative to a chaRBelifrtEfherature is preferably in the range of -0.03 to -0.03mPa.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]
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 number 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 underlayer

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

10 magnetic disk

Best Mode for Carrying Out the invention
{00471

Hereinbelow, this invention will be described in detail by embodiments



jFirst Embodiment of Lubricant] The above magnetic-disk lubricant according to this invention 32
comprises, for example, 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. The above divalent linking group has at least three hydroxyl groups in the
structure thereof and, for example, includes a groupgepresented by -(CR,R2)- where R1 and R2 are
each a hydrogen atom or a hydroxyl group. [0053] 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 hydsgxy-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 |ary@ e HinisemnenitssclinfaresT 4 reLissitalf vantisst elnif& Aydroxyl groups

are oriented towarﬁ?} éipf%’ BQ’éﬁth‘r‘-’ﬁa'saé’c% g;grﬁ {é[ﬁ ?Cogtrjl%yctgogﬁ ﬁ;ﬁgg&j@ﬁ@gg’%\%@ the protective layer

and thus it is nStt € effect of improve in'adhes; e protective layer increases
correspondingr{onthesabaicoffaystony \gsapsin thesnelecde fB084]f the rdlretabave

perfluoropolyether group has, in its structure, a perfluoropol¥ether main chain represented by, for

example, hydroxyl groups contained in a molecule falls within a predetermined range, Le.
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 perfluoropolyether-based compound is in a region below a
line connecting a point (A) where the number-average molecular weight is 1000
and the normalized value of the number of hydroxyl groups corztained. in the
molecule is 400 o a point (B) where the number-average molecular weight is
6000 and the normalized vaiue 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.

In 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 o d is the above predetermined range
representing the relationship between the number-average molecular weight
and EW in the magnetic-disk jubricant of this invention. The segment a
represents Mn of 1000. If Mn becomes less than 1000, the amount of

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



-(0-C2F4)m-(0-CF2)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 (I) [0055] 33
[Chemical Formula 7] HOCH2CF2(0C2F4)m(OCF2)nOCF2CH20- In the formula, m and n are each an
integer of 1 or more. [0056] Since the magnetic-disk lubricant according to this invention described
above has at least three hydroxyl groups at the cendgr 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, proper
interaction occurs between the hydroxyl groups of the lubricant and the protective layer to improve the

adhesion betWﬁ#@%##h@ﬁﬁH”&s:ﬁé’%@%@ﬁh&@ esivR iayer) FHEReRibysthececssreneesof proper

interaction between the hydroxyl groups of the lubricant and the protective layer, it is possible to form a
lubricant layer {RibricttengdayéD ivbencMiulsriit anslédiés Hidhuatély ﬁﬁﬂ@@i‘@l@lﬁg structure on
the protective I?éer and, therefore, even fﬁﬁ thickness ,oft Iubrlcatln aye |s eruced it is

possible to suff é‘?ﬁﬁ)“&%%% e %ﬁ?fﬁhéj ¢ %cr%?e(‘?t%eolayera<'§1rHHQtrE|J ubrlca’ung layer can be

uniformly formgd,Rpiaesbiiag RitBMRORGHE d'ﬁ'EW%@lﬁ)}ﬁQﬂ@@@@@ﬂQN@ﬁ aoveFggekinemEases, it
represents that the surface of the magnetic disk is more uniformly covered with the lubricating layer,

and thus it is padésitieats Guppreseias fresdicrashbilerat AuPeHes dorFdsran KR0S [T REEI; as the
Iubr!cat!ng lay ! fiﬁ}\:\ ige mcz‘_;rg()esai Sé(t%e sgr{gges r%fa }l g@gﬁéﬁeﬁ_ﬁl g}]qre%ggo&eg@&“so that the

lubricating per Re-SUrface of the magnetic urther It is possible to protect

the surface of thesraaginetie dlislpfearmativsiancesthattend saceausestiEncureosiamdiiiure or the fly
stiction failure, such as acid-based contaminants or siloxane-based contaminants present in an
atmosphere inSEROE RSP ERR @R ML bricating performance decreases and the

self-repair properties decrease. The segment d represents EW of 180.  if EW
becomes less than 180, the ratio of hydroxyl groups in a lubricant molecule
becomes very 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 accurs betwaen the
hydroxyl groups of the lubricant and the protective layer to improve the
adhesion between a lubricating layer and the protective layer and, therefore,
aven 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 preferabiy three or
mare.

Further, the above lubricant is a compound in which perfluoropolyether

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



[0057] Further, since the magnetic-disk lubricant of this invention comprises 34 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 to suppress a reduction in molecular weight due to thermal decomposition.
Therefore, when a magnetic disk is manufactured using such a lubricant, it is possible to improve the
heat resistance thereof. Because of the further reduction in magnetic head flying height (10nm or less)
following the increase in recording density in recentfy ars, the possibility becomes high that contact or
friction between a magnetic head and the surface of'a magnetic disk frequently occurs. When the
magnetic head is brought in contact with the surface of the magnetic disk, there occurs a case where

the magnetic hegel dpgnat @@%ﬁ% 902 QL8 cRpiast M ts-suriaemel thegnagnetic disk, but

slides with friction for a while. Further, bécause of recording/reproduction performed by the high-speed
rotation of a magnEticidiskvinglidehtiyezirgjiheat eldestopbomereasintgitiomidegeise meéghinore than
conventional. Therefore, it is c ncern?d that the possibility becomes higher than conventional that a
material of a lub |é4§tf%)¥gvyigﬁﬁetﬁgasdﬁ%‘8 Ofthe magnetic disk is thermally decomposed due to the
generation of such heatpsaghat 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 consideratioft g8 FdeoRdnrgIReBroitlc Ao i 18tHIHS NMETECR iR REFEIRINeAd and a
magnetic disk angip-coniack il Sach AMEID RGAHdHHE N AR pAHeNeS Qidpatoensipiion due to the

constant contact is further concerned. Taking this situation into account, it is desired that heat
resistance requiteddoh athbribeniig layirabefuinkisgigrpupvect] abthiasthiddabricamt of this invention is
exactly sultable. o o Srened AR MRS LR AR SR nyption Is

lubricant, by dimerizing the above perflucropolyether, it is possible to obtain a

high molecular weight lubricant without exdremely increasing the molecular

weight and thus to improve the heat resistance and, further, it is possible to

imprave the adhesion between a lubricating 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 fayer.

[0051]

The viscosity of the above lubricant at -10°C is in the range of 5000 to
12000mPas so that it is possible 1o obtain exceilent flow properties even at low
ternperatures and thus to obtain high reliability even when used at fow
{emperatures.

Further, in the iubricant 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.{}8mPa-s/°C. By this, the change in flow properties is smail over a wide
range from low {o high temperatures and thus the stable lubricating
performance can be obtained.

[oos2]

[First Embodiment of Lubricant)

The above magnetic-disk lubricant according to this invention



35 excellent in properties such as, particularly, adhesion to a protective layer, coverage of the
protective layer, and heat resistance and thus 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 (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 Iubrican?%roduction process according to this invention,
there is preferably cited, for example, a production process comprising reacting 2 equivalents of a

perfluoropolyether compound. havii.q& a erfluorogﬁlyet er mai‘[} chaincg1 a,molecule and having
e ¥

n
hydroxyl groups g?ﬂ%neehsdsf%%)%o With Teguivarent & Egﬁ Qﬁp AT ﬁ?)e(fr%%miﬁﬁcﬁructures each

capable of reactingvirigatbernesfbaiopolyethen corInauRdiatars minwdrand BEHMmavingAS the above
aliphatic compound, there is preferably cited, for example, a diepox& compound having at least one

hydroxyl group iﬁédmél@@mé%ﬁﬁma@ﬁlﬁgt%%ﬁi@é@swa@@&? dhratebe tsmensuch a
compound. it s PR%SIRIG%, 0 4y REER R L HIIBYARBOY T RNGR BrybyARdapith high yield. A
specific example of such a diepoxy compound is Cited bélow, but this invention is not limited thereto.
[0060] [Chemical Formuld@pig&e divalent linking group has at least three hydroxyl groups in
the structure thereof and, for example, includes a group represented by
~-(CRFz)- where Ry and Ry are each a hydrogen atom or a hydroxyl group.
[0053]
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 hydroxy! 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 perfiuoropolyether group has, in its sfructure, a
perfluoropolyether main chain represented by, for example,
AO-CoF m-{O-CFz)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 foliowing formuia (I} is preferably cited
as such a perflucropolyether group.
Formula (1)

[0055)



A [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 37 structures at the ends thereof, thereby obtaining a dimer
compound in which the perfluoropolyether compounds are bonded to each other through a linking
group changed from the aliphatic compound. As the above perfluoropolyether compound, there is
cited, for example, a perfluorodiol compound havingigydroxyl groups at the molecular ends thereof,
represented by the following formula (11).

[Chemical Formula 7]
HOCHCFAOCFIm{OCF ) nOCFCHO-

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

[0056]

Since the magnetic-disk lubricant according to this invention described
above has at least three hydroxy! groups at 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, 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.  Further, by the
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 iayer 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 unifo%m!y formed on the surface of a magnetic
disk. As the iubricating layer coverage increases, it represenis 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 s, 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 subsiances 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



[0062] [Chemical Formula 9] HOCH2CF2(002F4)m(DCF2)nOCF2CH20H 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 éﬁf’phatic 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. Exem ,Iifiﬁ%éom ounds of magnetic-disk lubricants of this invention are
cited below, but HREECHTIEAHBE 12 WBE( ML S, fBUo Yner oroups aré borded fo

each other through the above divalent linking group, it is possible to obtain a
high molecuiar weight lubricant by dimerizing the above perflucropolyether and
thus to suppress a reduction in molecular weight due o thermal decomposition.
Therefore, when a magnetic disk is manufactured using such a lubricant, it is
possibie to improve the heat resistance thereof, Because of the further
reduciion in magnetic head flying height (10nm or less) following the increase in
recording density in recent vears, the possibility becomes high that contact or
friction between a magnetic head and the surface of a2 magnetic disk frequently
occurs.  When the magnetic head is brought in contact with the surface of the
magnetic disk, there oceurs a case where the magnetic head does not
immediately go out of contact with the surface of the magnetic disk, 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
cornitact or friction is generated more than conventional. Therefore, it is
concerned that the possibiiity becomes higher than conventional that a material
of a lubricating layer on the surface of the magnetic disk is thermaliy
decomposed due to the generation of such heat, so that data read/wrile 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 magnelic disk are in contact with each other in near future,
an influence of heat generation due 1o 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
axactly suitable.

[0058]

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



[Chemical Formula 10] Exemplified Compound HOCH20F2(ROOCFzCH20CH2CHCH20-* OH
*-CH2CHCH20OCH2CHCH20CH2CF2(RF)0OCF2CH20H OHOH Rf : -(002F4)m(OCF2)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 (CgDC) method, molecular weight fractionation by a
supercritical fluid extraction method, or the like. [006 f[Second Embodiment of Lubricant]

excellent in properties such as, particularly, adhesion 1o a protective layer,
coverage of the protective layer, and heat resistance and thus 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 slability of a formed
lubricating layer, so that it is suitable for realizing a magnetic disk having high
refiability (capable of ensuring stable operation) even with the low fiying 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 perfluoropoiyether compound having a
perfiuoropolyether 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 struciures 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.

10060}

{Chemical Formula 8]



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 39 other through a divalent
aliphatic group. The above divalent aliphatic group is, for example, a group represented by
-(CR1R2)p- where Fli and R2 are each a hydrogen atom or a substituent (e.g. hydroxyl group, halogen
group, alkyl group, or the like) and p is an integer od or more. The above perfluoropolyether
group has, in its structure, a perfluoropolyether main chain represented by, for example,
-(O-C2F4)m-(0-CF2)n- (m and n are each an integer of 1 or more), has a hydroxyl group (preferably at
least two hydroxyl groups) atan end therof an ingd further has at least one hydroxyl group on a side
closer to a bond thanthe 6ropoly “grain’ A group represented by, for example, the
following formula (Ill) i isgs referably cﬂhas such a peg uoropolyether group. [0067] [Chemical Formula
11] HOCH2CHCH20CH2CF2(0C2F4)m(OCF2)nOH

O
0
T/\G/\XO\/Q

[0061]

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

nucleophilic ring-opening reaction with an aliphatic compound having epoxide



*-0CF2CH20CH2CHCH20- OH 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
lubricant layer (lubricating layer) in which lubricant molecules adequately have a 40 folding structure
on the protective layer due to the interaction between the hydroxyl groups of the lubricant and the
protective layer. Further, by changing the length ofdhe aliphatic group, it is possible to adjust the
position of the hydroxyl groups around the center of the molecule and, as a result, it is possible to
control the folding structure of lubricant molecules formed on the protective layer to adjust the
thickness of thethubticasiagtlayend®0e9do!, thatkayishbadcarnditethemagmetic-disichubegcant of this
invention, detailed, tunin he molecular structure.is enabl dgbi\{?gg%ustin the length of the aliphatic

f €
group so that it1€ %%@B%é? NGRS THR HRTEHESSS AJEHBA g Molecular

level. When the:diphatiggroMB isitheiarespseprasented by -(CRIR2)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

possible to adjust the peshRASTRRREXATBRSISSGF CIRPHEd cliterieds gilegricaskaiaréeule. When the
aliphatic 9r°“pé§a§‘rﬁu%FBHi%ar8&9ﬁg‘%ﬁM§ﬂ§5ﬁ% Re Pﬁéﬁ@é‘m@%@z& pORAD fhg main chain, i.e.

the value of p, Is'not particularly limited, n terms o rovement in affinity to the protective layer
and of the thickepsssepiatidly ithis {fdoexanipieupréierably in the range of 1 to 30, more preferably in the
range of 2 to 20, and %%%tﬁreferably in the range of 3 to 10.

[Ghemical Formula 9]
HOGHCF(OCF)m{OCFINGCF.CH0OH

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

[00863]

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 af 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 (1) is used as the above
perfiuoropolyether compound and the diepoxy compound exemplified above is
used as the above alfiphatic compound, there is obiained a lubricant compound
having one hydroxyl group at each end of a molecule and three hydroxy! 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 thersto.

[0064]



[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 41 magnetic disk is more uniformly covered with the lubricating
layer, and thus it is possible to suppress the head ¢ash 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 magitétisrdisk framiusalisfances that tend to cause the corrosion failure or the fly
stiction failure, such agE%;%;?piﬁsg%g%ntgrﬁinants or siloxane-based contaminants present in an
atmosphere inside a maghetic dfs apBalrla us. 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_(@g@ﬁ%m@@%ﬁ@,@@g@ﬁ@@m with the low flying height of a
magnetic head following the increase in récording density in recent years. [0071] As a
magnetic-disk lubricant production process accordg-g to this invention, there is preferably cited, for
example, a production process comprising reacting’Z 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 #lipBEtCdEMSELNCHEHG SHhisTRBREEEABHble of reacting with the
perfluoropolyether compound (e.g. an aliphatic compound having two halogen groups or epoxide
structures at the ends thereof)ygpecificallypnder a base condition, for example, with a base catalyst,
perfluoropolyether compounds each having hydroxyl groups at the ends thereof are reacted with a
ba_lse t(_) obtain an aIkoﬁged(@ggpgw(@&%jg_e(pgr}gozrrgﬁ iﬁ_t%@}e&mgmgitution_ _rea_ction 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 42

10065]

It is preferable that the molecular weight fractionation of the
magnetic-disk lubricant of this invention be carried out by an appropriate
method o 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 exiraction method, or the
like.

{0068]

[Second Embodiment of Lubricant]

A magnetic-disk lubricant according to this invention comprises, for
example, a compound in which perfluoropolyether groups each having a
perfiuoropolyether 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 the perfluoropolyether main chain are bonded to each



compound in which the perfluoropolyether compounds are linked to each other through an aliphatic
group. [0072] As the above perfluoropolyether compound, there is preferably cited, for example, a
perfluorotetraol compound having a total of four hydroxyl groups at the molecular ends thereof,
represented by the following formula (V). [0073] [Chemical Formula 12]
HOCH2CHCH20OCH2CF2(0C2F4)ra(OCF2)n-* OH *-0CF2CH20CH2CHCH20H OH In the formula, m
and n are each an integer of 1 or more. [0074]

39

other through & divalent aliphatic group.

The above divaient alfiphatic group is, for example, a group represented
by -(CR:Ry)p- where Ry and B; are each a hydrogen atom or & substituent {e.g.
hydroxy! group, halogen group, alky! group, or the like) and p is an integer of 1
or more.

The above perflucropolyether group has, in ifs structure, a
nerfluoropolysther main chain represented by, for example,
-{0-CoFs)m-{O-CF2)n- (m and n are each an integer of 1 or more), has a
hydroxy! group {preferably at least two hydroxyl groups) at an end thereof, and
further has at ieast one hydroxyl group on a side closer to a bond than the
perfluoropolyether main chain. A group represented by, for exampie, the
following formula (lll) is preferably cited as such a perfluoropolyether group.

[0067]

[Chermical Formula 11]

HOCHz?HCHgOCHzCFz(OCzFO m(OCF)n—*
OH
*— QCFCH,OCHCHCH.O0—
o

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
iubricant of this invention is coated on a protective layer, it is possible 1o form a

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



According to the magnetic-disk lubricant production process of this invention described above, it is
possible to obtain a magnetic-disk lubricant 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 (the number of carbons in
the main chain). For example, when the perfluorotéffaol 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 molecular end (four in total) and one hydroxyl group near each of both
sides of the 4P4lipRstgHaS™ the BRRIRHIMGES AR IhEE d'R1ag i@%fgﬁ%gﬂs&ants of this

invention are qg&@ﬁpgym%g thisdnvention isRohimied el ei0e {00FRlichemisalfargnula 13]
HOCH2CH CHZOCH2CF201.00CF2CH20CH2CH CH20 -* OHOH *-(CH2)pOCH

2CHCH20CH2GR2(18 00 CrR2aizaic srRTpdHRoEsblaOHRLSL e 2rIidtOBRE2)n- (in, n = an
integer of 1 or H}%I;%}(yl groups around the center of the molecule and, as a result, it is possible

to control the folding structure of lubricant molecules formed on the protective

layer to adjust the thickness of the lubricating laver.

[0069]

That is, according to the magnetic-disk 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:Rz)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
possible to adjust the position of hydroxyl groups around the center of a
lubricant molecule. When the aliphatic group is the group represented by
-(CR1Ry)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 {o
0.

[0070]

Further, according to the magnstic-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

forrmed on the surface of a magnetic disk with a high coverage. As the

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



Exemplified Compound No. 111111111111111 p=3p=8p=13111111111111111111 p=185p =23
[0076] [Third and Fourth Embodiments of Lubricants]

41

magnetic disk is more uniformly covered with the lubricating layer, and thus itis
possible to suppress the head crash failure and the corrosion failure.  That s,
as the lubricaling layer coverage increases, the surface of the magnetic disk is
mare 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 contaminanis or siloxane-based
contaminanis present in an aimosphere 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 ensuting stable
operation) even with the low flying height of & 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 & molecule and having hydroxyf groups at the
ends thereof with 1 equivalent of an aliphatic compound having structures each
capable of reacting with the perfluoropolysther compound (e.g. an aliphatic
compound having two halogen groups or epoxide struclures at the ends
thereof). 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 1o obtain an alkoxide, then this alkoxide performs a
nucleophific substitution reaction with an aliphatic compound having halogen
groups (or this alkoxide performs a nucleophilic ring-opening reaction with an

aliphatic compound having epoxide siructures), thereby obtaining a dimer



A third embodiment of a magnetic-disk lubricant according to this invention is a 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 44 bonded to each other
through a divalent aromatic group. As the divalent aromatic group, as also cited in connection with
later-described exemplified compounds, there are cited, for example, a phenylene group, a
biphenylene group, a naphthylene group, an anthraignedyl group, a pyridinedyl group, a thiophenedyl
group, and so on. The above perfluoropolyether group has, in its structure, a perfluoropolyether
main chain represented by, for example, -(0-C2F4)m-(0-CF2)n- (m and n are each an integer of 1 or

more). has a el et (HEfeibkaLisas a il arpuns 3 an end lngplnd further

has at least one hydroxyl group on a side closer ond than the perfluorop er main chain. A
group representéddpgnfan edahaie gthedfollowing formula (1l) is preferably cited as such a
perfluoropolyether grog@;g[? 77) [Chemical Formula 14]

HOCH2CHCH20CH2 2F4)m(OCF2)n-* 1 OH

As the above perfluoropolyether compound, there is preferably cited, for
example, a perfiuoroteiraol compound having a total of four hydroxyl groups at
the molecular ends thereof, represented by the following formula (1V).

[0073]

{Chemical Formula 12]
HOCH;CHCH:OCHCFAOC FJm{OCFn—*
on
* =G CF.CHOCH.CHCH,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 hydroxyl groups are introduced near an aliphatic group, L.e. around the
center of a molecule, in addition to hydroxyl groups at the ends of the molecule
by linking perflucropolysther compounds each having hydroxy! 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 compeound represented by the above
formula {lV) is used as the above perfluoropolyether compound, there is
obtained a lubricant compound having two hydroxyt groups at each molecular

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



*-0CF2CH20CH2CHCH20 - OH In the formula, m and n are each an integer of 1 or more. [0078)

The third embodiment of the magnetic-disk lubricant 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 Tr-electron cloud of the
aromatic group present at the center of the lubricant 45 molecule. Accordingly, the lubricant molecule
adheres to the protective layer and, following this, thgyhydroxyl 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 intefigéligio @ecis 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 gﬁiﬁﬁ@%?ﬁé%@?@ﬁ?ﬁ%ﬁdﬁﬁ%ﬁ&@?@@ﬁw&%@Wﬁliﬁ%ﬁﬂﬁ@ﬁéﬁ‘»r’ﬁteraetion with
the protective laéf@éc%ét'&%}bﬁﬁﬁﬁ‘?ﬁbgl‘&%?é Hgg i gﬁaﬁ%g_{{&gp present at the center of the lubricant

molecule. By the interactions described above, the magnetic-disk lubricant of this invention can
form a lubricant layer (Iil&dting 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 lubricatingcaedivitiF sighyidurability.
H@ﬂﬁzglﬁﬁﬁsﬂ CHﬁCFz(RﬁOG%CHzGCﬁz?HCHzU e
OH OH

* '““(GHz)p@CHz?H@HzGCHzCFz{RﬂOCFzCHzOCHQ?HCHzOH
OH : OH

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

Exemplified Compound

No.

1 p=3

2 p=28

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 a lubricant comprising a compound in which perflucropolyether
groups each having a perfluoropolyether main chain in a struciure thereof, each
having a hydroxyl group at an end thereof, and each further having a hydroxyi

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



[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. [0090] A fourth
embodiment of a magnetic-disk lubricant according to this invention is a lubricant comprising a
compound. In the compound, perfluoropolyether gr yps are bonded to each other through a divalent
46 saturated cyclic hydrocarbon group. Each of the perfluoropolyether groups has a perfluoropolyether
main chain in a structure thereof, and a hydroxyl group at an end thereof, and further has a hydroxyl

group on a side.closet 1o @a@ﬁ%%té]"’}ﬂ MH%rgH%q@ﬁpéy&%@ng_hain. As the divalent saturated

cyclic hydrocarbon group, as also cited in connection with later-described exemplified compounds,
there are cited, for exarmptoe aliegsiohexylsie group, 26 Qefopiepiesaeelyy; # & clopentylene group,

tird embodme RGBT EE LBEUBP i T I B eeer B 5 S Tok Pt he ove formua (I <
preferably citediagsuehageifiuanspabetieegoup, ORFHhylene group, an anthracenedyl

group, a pyridinedy! group, a thiophenedyl group, and so on.

The above perfluoropolyether group has, inits structure, a

perfluoropolyether main chain represented by, for example,

{O-CoFym-(O-CF)n- {m and n are sach an integer of 1 or more}, has a

hydroxyl group (preferably at least two hydroxy! 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 (1) is preferably cited as such a perflucropolyether group.

[6077]

[Chemical Formula 14}
H@CHz(EHCHg(}CHzCFg(GCzFQm(OCFz)n- *

OH
b @CFzCHzOCHz?HCHz@ -

OH

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

[0078]
The third embodiment of the magnetic-disk lubricant according 1o this

invention has hydroxy! groups near both sides of the divalent aromatic group
present at the center of a molecule in addition to hydroxyt groups at both ends
of the molecule. Therefore, when the lubricant of this invention is coated on a
protective layer, the iubricant interacts with the protective layer due fo a

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



The fourth embodiment of the magnetic-disk lubricant according to this invention has hydroxyl 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
Weals force. Accordingly, the lubricant molecule adheres to the protective layer. Following this, the
hydroxyl groups present on both sides of the satura#éd 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 hydreRGfoupsERisy dhifebticha spiratiersharehiplor BT iR nd the
protective layer, Qs a.iesil, the adhesian of {IHNICAHNG RYRI S ImRieYer Hde g fagdnteraction

between the hydroxyl groups of the lubricant and the protective layer conjointly with the interaction with
the protective |layeupyethe intermoteqsianfotice ofithe: aftbatueitsdioyiehydrbesises group present
at the center of the. ubnca&t mglec £ mteE{;a();(tl?ns descrl%%%aboveéftﬁl% magnetic-disk

le. B
lubricant of thisw iRl 7@%@@&%&’#@?@ ?I’ﬁ *ét?#%”&‘fgg%eaé 1R WHIGH IUbricant molecules

adequately have,rfeddingcibistlsaoma featrativedayeprdberefaneceyendiihe tbiskeess of the
lubricating layer s rdced, it is possible to form a uniform lubricating layer sufficiently covering the

K BReIRSIRIRME Hite U IRAHMETES SRIPHIGH B ARG U608

surface of a magietits
Therefore, the icadisk. lulrica: ISl ati ILRASsIlgt [ her reduction
in thickness of %%%:%%igg%égfﬂge%%gﬁg%%ﬁ%h %Z ll(r%gg%etic s%ggi%)gat %Qeﬁ{g{e%{?gmagnetic head
and a recordingteirereof hetagnetid giskpsvidheisubuitabl efor tregfiitestivenagaetiondisikihaving high
reliability (capable of ensuring stable gperation), even with the low flying height of a magnetic head
following the inc‘?’étggg%r\ig@d%ﬁqﬁdmﬁgﬁgﬁﬂﬁ?ﬁgggﬁﬁwéky %ﬁggfle {r%scg}%rga(gr%gﬁc-disk lubricant
production procggesnageoseing fedbsnthirdrebadingg e therm isprefrialiy cited, for example, a

production process comprising reacting 2 equivalents of a perfluoropolyether compound having a

perfluoropolyether mairPERBMINEERRMISRE dRSSHRPARARRP N P IREtHSkIREERbS tNeof with 1
equivalent of an aromatic.compound Navino SRS RACN SRRARI G RIIERBHREAYIth the

perfluoropolyether compound (e.g. an aromatic compound having two halogen groups or epoxide

structures as sutvstiitoelets podBpeeidbaligyeadeldinhasedoralition, fortestive Meewit berriseecatalyst,
perfluoropolyether compounds each having h cgox | groups at the ends thereof are reacted with a
base to obtain a%"%fkﬂ%e\‘?‘{ﬁ%’%eﬁ%? gﬁ%)‘(l 38/8 ”ﬂ%?fﬁ?gse anﬁecc? gﬁﬁ’iﬁc‘%ﬁggﬁﬁﬁggﬁ\ {rfggic lon with an

aromatic compogebRAViBERMaYRIYer sufficiently covering the surface of a magnetic disk,

thus obtaining the lubricating layer with high durabiity.

{0079}

Therefore, the magnetic-disk lubricant of this invention makes it
possible 1o 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.

10080]

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

perfiuoropolyether groups are bonded to each other through a divalent



48 groups (or this alkoxide performs a nucleophilic ring-opening reaction with an aromatic compound
having epoxide structures), thereby obtaining a dimer compound in which the perfluoropolyether
compounds are linked to each other through an aromatic group. [0084] As a magnetic-disk
lubricant production process according to the fourth 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 ggmpound having structures each capable of
reacting with the perfluoropolyether 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, perfhieropeivethersempousdsgachaa\intb ydrnyrarionemhat theuends thereof are
reacted with a base to obtain an alkoxide, then this alkoxide performs a nucleophilic substitution

reaction with, fof@xarppiderepaleificn BEncharecamiosEenpem RAVIA] HAOHRAGHBups, thereby
beaining a d DU ' . b oth
obtaining a 'm%%%ﬂg%ﬁ?ﬁé@&ﬂ%%gﬁe?%gg‘gWﬁ?ﬁ%&&ﬁ@?Qlérrlﬂjesc%géﬂgeadb%@ac other

through a satur drocarbon group. e above perfluoropolyether compound, there
is preferably citedafahexaniplepapesfieonotetrabkcompound having a total of four hydroxyl groups at
the molecular ends thereof, represented by the following formula (1V). [0085] [Chemical Formula 15]
49 As the divalent satur%’zede cychc hy Qcar;gun g(roi}p, as aﬂé cQad in
connection with later-described exemplified compounds, there are cited, for
exampie, a cyclohexylene group, a cyclopropylene group, a cyclopentylene
group, a cyclooctylene group, and so on.
The above perfluoropolyether group is the same as that of the third
embodiment described above. The group represented by, for example, the
above formula (1i1) is preferably cited as such a perfluoropolyether group.
[0081]
The fourth embodiment of the magnetic-disk lubricant according to this
invention has hydroxyl groups near both sides of the divalent saturated cyclic
hydrocarbon group present at the center of a molecule in addition to hydroxy!
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
lubticani molecule adheres to the protective fayer.  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 tayer 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 iniermolecular force of the



HOCH2CHCH20OCH2CF2(0C2F4)m(OCF2)n-* OH *-0CF2CH20CH2CHCH2011 OH In the formula, m
and n are each an integer of 1 or more. [0086] According to each of the magnetic-disk lubricant
production processes described above, it is possible to suitably obtain a magnetic-disk lubricant of this
invention in which hydroxyl groups 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 hydroxyl groups only at the
molecular ends thereof to dimerize them. For exampte, when the perfluorotetraol compound
represented by the above formula (V) 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 gredn;peas epdl el detrsides el ibemmaticgieepier thensatuwaiest cyclic hydrocarbon
group. Exemplified compounds of magnetic-disk lubricants of this invention are cited below, but

this invention is A&iafHieed thereto. [0087] [Chemical Formula 16] Exemplified Compound
By the interactions described above, the magnetic-disk lubricant of this

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 tayer is reduced, it is possible o form a
uniform lubricating layer sufficiently covering 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 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.

[0083]

As a magnetic-disk tubricant 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 a molecule and having hydroxyt 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 hydroxyt groups at the ends thereof
are reacted with a base o obtain an alkoxide, then this alkoxide performs a

nucleophilic substitulion reaction with an aromatic compound having halogen



50 HOCH2CHCH20OCH2CF2(ROOCF2CH20CH2CHCH20-* OHOH
*-(A)-OCH2CHCH20OCH2CF20100CF2CH20CH2CHCH20H OHOH Rf -(0C2F4)m(OCF2)n- (m, n =
an integer of 1 or more) Herein, A is a phenylene group, a biphenylene group, a naphthylene
group, an anthracenedy! group, a pyridinedyl group, a thiophenedyl group, a cyclohexylene group, a
cyclopropylene group, a cyclopentylene group, or a cycloodylene group. 100881 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 may etic 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

ubricating 1ayeraniaipehibe MARRSHCHAIRICNIEAR ALAR'SHENSIUAR, PzRbl ARiing purface of the

magnetic disk, it'is possible to obtain the high-coverage lubricating layér capable of, even with a
reduced thickness;rsafficienthpooydrnggrostdaciretithes)rdiectivedbisniapd eiwelient in heat

resistance and adhesion 10 the. pratective layer. Therefore, it is possible to achieve a further reduction
in thickness of aC%Hgﬁ?é&lgﬁé&rM%rp@mg R i%%fﬁféﬁ% ,Os afﬁh?{i‘?é possible to
provide a magneiiesiskahaynadighrteliability (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 environmentaP#8distance following the diversification of applications.

As a magnetic-disk lubricant production process according to the fourth
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 hydroxy groups at the
ends thereof with 1 equivalent of & saturated cyclic hydrocarbon compound
having structures each capable of reacting with the perfluoropolyether
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
hydroxyt groups at the ends thereof are reacied with a base to obtain an
alkoxide, then this atkoxide performs a nucleophilic substitufion reaction with,
for example, a saturated cyclic hydrocarbon compound having halogen groups,
thereby oblaining a dimer compound in which the perflucropolyether
compounds are linked to each other through a saturated cyclic hydrocarbon
group.

As the above perflucropolyether compound, there is preferably cited, for
example, a perfluorotetrac! compound having a tota! of four hydroxyf groups at
the molecular ends thereof, represented by the following formula (1),

[ooas]

[Chemical Formula 15]



51 [0089] When forming the lubricating layer using the magnetic-disk lubricant of this invention, it
can be formed by using a solution in which the lubricant is dispersed and dissolved in an appropriate
solvent and coating the solution, for example, by a dipping method. As the solvent, use can be
preferably made, for example, of a fluorine-based solvent (trade name Vertrel XF or the like
manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd.). A film forming 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 meggjod, 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 to an atmosphere at 70C to 200C after the film formation. [0090] In

this invention, the thic ;@@%%@@W@@%ﬁ @@%ﬁgﬁto 4A to 18A. If it is less than 4A,
elu

there is a case where the lubrigating performance as bricating layer is lowered. If it exceeds 18A,

it is not preferable in terms of @f&duction in film thickness, there is a case where the fly stiction failure
occurs, and there is a case where the LUL durability is lower % 0] %ﬁ; As the protective layer in
this invention, a carbon-based protective Iaye??é@ﬁ%ﬁggﬁ §%}% .@ﬁticularly, an amorphous
carbon protective layer is preferable. With the protective layer beyag particularly the carbon-based
protective layer, the interaction between the hydroxyl groups of the magnetic-disk lubricant of this
invention and the protettite llyenig forhed esharest 8o iauti@bperdtersand 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 52

[O086]

According 1o each of the magnetic-disk lubricant production processes
described above, it is possible to suitably obtain a magnetic-disk lubricant of this
invention in which hydroxyl groups 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 hivdroxyl groups only af the
molecular ends thereof o dimerize them. For example, when the
perfluorotetracl compound represented by the above formula (V) 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 18]

Exemplified Compound



carbon-based protective layer 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 20a1% when
measured by hydrogen forward scattering (HFS). The content of nitrogen is preferably set to 4 to
12at% when measured by X-ray photoelectron spectroscopy (XPS). [0092] When using the
carbon-based protective layer in this invention, it can 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 §VD method, the surface of the protective layer
becomes uniform and dense. Therefore, it is prefer Ble 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 carbo qQtective layer formed b the plasma CVD method.
[0093] In this inveftidhtatdtipe e %@l 4 'the glass substrate is rigid
and excellent in smoothness afygkthus is swtable for an increase ¢y ecordlng density. As the glass
substrate, an aluminosilicate glass substrate, for example, is cited and, particularly, a chemically

strengthened aluminosilicate glasssubstate is preferable. In this invention, the main surface of
the substrate is preferabiy dra SFbetii BrEIGE S REHEHh or less. Rmax and
Ra herein referred to are based on th IJgS 30601 standard. [0094] magnetic disk of this

invention has at least the magnetic layer, the protective layer, and the lubricating layer over the

?(;ertsht;a%aé In this inven%?n {ISE;'EG)%}%&J% er |s not g{}}ltceuégglgfh{nlted and may be a magnetic layer

Herein, A is a phenylene group, a biphenylene group, a naphthyiene
group, an anthracenedyl group, a pyridinedy! group, a thiophenedy! group, a
cyclohexylene group, a cyclopropylene group, a cyclopentyiena group, or a
cyclooctylens group.

16088]

This invention further provides a magnetic disk having at least 2
magnetic layer, a protective layer, and 2 lubricating layer over a substrale.

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-coverags
lubricating layer capable of, even with a reduced thickness, sufficiently covering
the surface of the protective layer and excellent in heat resisiance 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 possibie 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.



in-plane recording system or a magnetic layer for the perpendicular recording system. Particularly, if it
is a CoPt-based magnetic layer, high coercive force and high reproduction output can be achieved,
which is thus preferable. In the magnetic disk of this invention, an underlayer may be provided
between the substrate and the magnetic layer if necessary. Further, an adhesive layer, a soft magnetic
layer, and so on may be provided between the underlayer and the substrate. In this case, as the
underlayer, for example, a Cr layer, a Ta layer, a Ru layer, a CrMo, CoW, CrW, Cry, or CrTi alloy
layer, or the like is cited and, as the adhesive layer, for example, a CrTi, MAI, or AlRu alloy layer or the
like is cited. Further, as the soft magnetic layer, for &ample, 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 appara%l}Js gf the load unload system. Examples [0095] Hereinbelow, this invention will
be described in further Hetait based on Examples. (Example 1) Fig. 1 shows a magnetic disk 10

according to one Examplef ihisinyeniabricatinheysragneliediskalfdsdalicateitdy: tdrming a
nonmagnetic metal layer 2 composed of an adhesive layer 2a and an underlayer 2b, a magnetic layer

3, a carbon-bastsprurstiave fsast e Siaad Ryrisitng fRJeioniin ishicsHs Yhngatidstrate 1. [0096]

dispersed and dissolved in an appropriate solvent and coating the solution, for
example, by a dipping method.  As the solvent, use can be preferably made,
for example, of a fluorine-based solvent (trade name Verirel XF or the like
manufactured by DuPont-Mitsui Fluorochemicals Co., Lid.).  Afilm forming
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 to an
atmosphere at 70°C o 200°C affer the film formation.

[0080]

In this invention, the thickness of the iubricating layer is preferably set o
4h 1o 18A. 1 itis 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 fiy
stiction failure occurs, and there is a case where the LUL durability is towered.

[0081]

As the protective layer in this invention, a carbon-based protective layer
can be preferably used. Parlicularly, an amorphous carbon protective layer is
preferable. With the protective layer being particularty 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 te this invention are further
exhibited, which is thus preferable. The adhesion between the carbon-based

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



(Production of Magnetic-Disk Lubricant of First Embodiment) The lubricant compound exemplified
above was produced by reacting 2 54 equivalents of the perfluorodiol compound represented by the
above formula (1) with 1 equivalent of the diepoxy compound exemplified above under a base
condition. Specifically, both compounds were agitated in acetone and then refluxed, with sodium
hydroxide added thereto. The conditions such as reaction temperature and time were suitably set.

A lubricant comprising the compound thus obtained was properly subjected to molecular weight
fractionation, for example, by the supercritical fluid extraction method. [0097] (Manufacture of Magnetic
Disk) A 2.5-inch glass disk (outer diameter 65mﬁ% inner diameter 20mm, disk thickness 0.635mm)
made of a chemically strengthened aluminosilicate glass was prepared as the disk substrate 1. The

e o A R R R g, O
in this order in andirsgag ekmasphere! by dheyRXCamagnatrogasputieniny taethatk conient of

hydrogen is preferably set to 3 to 20at% when measurad by hydrogen forward

scattering (MFS).  The content of nitrogen is preferably set 1o 4 {0 12a1% when

measured by X-ray photoelectron spectroscopy (XPS).

[0092]

When using the carbon-based protective layer in this invention, it can
be formed, for example, by a DC magnetron sputtering method.  Alfernatively,
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 preferabie 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 subsirate. The
glass substrate is rigid and excellent in smoothness and thus is suitable for an
increase in recording density.  As the glass subsirate, an aluminosilicate glass
subsirate, for example, is cited and, particutarly, a chemically strengthened
aluminosilicale 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 0.8nm or less. Rmax and Ra
herein referred 1o 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 tayer over the substrate. In this invention,

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



As the adhesive layer 2a, an NiAl alloy film (Ni:50at%, A1:50at/0) was formed to a thickness of 300A.
As the underlayer 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:6at70) 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] 55 Then, the lubricating Iag r 5 was formed in the following manner.

There was prepared a solution in which the Iubricant%Mn measured by the NMR method was 4000
and the molecular weight dispersion was 1.25) comprising the compound (the above exemplified

compound) of thisdnyeniieapradypadas fescihediahare apdaybinsiagitaithednaiaalar weight
fractionation by the supercritical fluid extraction method was dispersed and dissolved in a
fluorine-based saivemt, VerrBeXF rdddsrnfrd) e AtiBtiieefbyeprPoieh MRSEH E Uit hemicals Co.,
Ltd., at a concentration of 0.2wt%. Using this solution. as a coati ti netic disk formed
with the layers uapn?owﬁr}é Eije:"rr‘c))rtmedc R)Pg Ta?/(gg ﬂtivt\;/aé%%%r%ge&éegﬁhﬁ%ﬁ %r?ﬁ%o‘g% t%?%%’géwith by the dipping
method, thereby forming: e lbgcaithgidayenisis invedifter, trediloefoxmatialy, Bhemedeetic disk was
heat-treated in a vacuum furnace at 130C for 90 minutes. The thickness of the lubricating layers was

measured by a E8IYREHHRSIRRY AFrared S BB HOIBHRE L P BETSRE Mnd iR B8 In this manner,
the magnetic disi10-f-FxamRie :wasRRiRINEL:, and so on may be provided between the

undertayer and the substrate.  In this case, as the undenavyer, for example, a
Crlayer, a Ta layer, a Ru layer, a CriMio, CoW, CrW, CrV, or CrTi alloy layer, or
the like 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 exampie,
a CoZrTa alloy film or the like is ciled.

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 unioad
sysfem.

Examples

[0095]

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

Examples.

{Example 1)

Fig. 1 shows a magnetic disk 10 accoraing fo one Exampie of this
‘invention.

The magnetic disk 10 Is fabricated by forming a nonmagnetic meial
tayer 2 composed of an adhesive layer 2a and an underlayer 2k, a magnetic
layer 3, a carbon-based protective layer 4, and a lubricating layer 5 in this order
on a substraie 1.

[0096]

{Production of Magnetic-Disk Lubricant of First Embodiment)

The lubricant compound exemplified above was produced by reacting 2



[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 thg immersion in the solvent, portions of the
lubricating layer with poor adhesion are dispersed and dissolved in the solvent, 56 but portions with
strong adhesion can remain on the protective layer. Then, the magnetic disk was removed from the

solvent and the dhigkngsss o the b&fi&@%&:l%%@%@@éﬁé&&%@ﬁ@ﬁ@éb%@ﬁﬁﬁ@h@d- The ratio

of the thickness of the lubricating layer alter the immersion in the solvent to the thickness of the
lubricating layeiMiEforectivaigiih et sieriinnme seivamLisccaxedilieerraivgrYRT BEREIon ratio (bonded

ratio). It can be the that the.higher the rati e higher. in r ce of the
lubricating Iayer(E Wffﬁ% %%pé%? %ﬁ:gﬁ&g%gg@ﬁﬁ@@%ﬁg%%&a%%@ﬁg%&%ggﬁi@%mple’ the
bonded ratio wasiRRe4, Siicedtivhandeskiddiadsgudpeatin. be peefendiiens Bustvy88 or more, it is seen
that the magnetic disk of this Example is extremely excellent in bonding performance of the lubricating

layer. The (RIS EBARE S RAHG fayerR R d#lYeifilined by deriving a correlation using two
methods, i.e. the FTIR m%m%%@@l@@@%gﬁm%mm this epsralaon. 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 dependirigleincied kinaaedubsicwighiieretienaisSibikyamalee e ilie OBTIRIGRbak height is the

same, the actu%,utI %I)((% 8848 g{fef%reé’nt. In view of this, disks having thicknesses of 8 to 20A (per 2A)

were prepared and an increasein Hickness from the surface of each disk with no lubricant was
derived using an ellipsgpogtar. With respect to these disks, the peak heights in C-F stretching vibration
were measured using the FTIR, therehy deri\(inc%a correlation equation based on the obtained peak

values and the ellipson¥aryariue Didiagraiedd

Flation equation, the thickness of the lubricating
layer can be easily derixedenirdReELRiSEBREEMEABLer 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 layer 2a, an NiAl alloy film (Ni:50ai%, Al:50a1%) was
formed to a thickness of 300A.

As the underlayer 2b, a CrMo alloy film {Cr:8Cat%, Mo:20at%) was
formed fo a thickness of 80A.

As the magnetic layer 3, a CoCrPiB alioy film {Co:62ai%, Cr:i20ai%,
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 1o a thickness of 25A.

[0098]



[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. 57 As the lubricating layer coverage increases, it represents that the surface of the
magnetic disk is coated with the lubricating layer more uniformly, and thus it is possible to suppress
the head crash failure and the corrosion failure. With the magnetic disk of this Example 1, the
lubricating layer coverage was as high as 90%. When a lubricating layer is formed by the dipping
method using a conventional perfluoropolyether-ba 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 1 has the uniform lubricating layer with a small thickness and yet with an

extremely high lubricatifg]aygl.qQuerage, Q%eri was (SN A8 ldibvhaadddpiead) durability test

was performed for evaluating the LUL durability of the magnetic disk of this Example 1. An
LUL-system HDD (Hard Disk Bai/pieE4o0davidtation wiped) aduprispaidtil ambaswagretic head with a

flying height of | d the magnet] @ his E le 1 wer mounted the A slider of the
magnetic head @%%ﬁ% %e{g ve‘itﬁﬂ ssureg'sll &F %r YRl %18 Wit nawr%%gng% resistive effect

element (GMR elgmeRihgs am@duﬁmgw@me&e@m%mﬂmﬁoan@)aﬁam atvéeNirbased
permalloy alloy. By causing the LUL-system HOD to continuously repeat the LUL operations, the

number of LUL #RescsstRf sy Ree ARQYRaRdAuRien 8 hd6calrenBs weidiure was measured.
As a result, the mﬁﬁﬁw%@%mﬁﬁ%%@@wﬂ UiekddhoaReIatianR AEANMF00 times with no

failure at a very low flying height of | n a normal HOD using environment, use for about 10 years
is generally requiissahtimdtireaniiumbine-obEed stinestiyexeded 400:600tmERBIHsetareddnnetic disk i is

el 0 TP A 90000 TS i 90 5 e maonet
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
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 io the
protective layer.

Hirst, 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 dissclved in the solvent,



The surface of the magnetic disk after the LUL durability test was 58 observed in detail using an
optical microscope and an electron microscope and was found to be excellent, Le. no abnormality
such as damage or dirt was observed. Further, the surface of the 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. [0102] (4) Then, a
fly stiction test was performed. 100 magnetic disks @fthis 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 oftheglidpdead swadenbnbseamss abnonaal dadirthesttermyby nidritoring a signal of a
piezoelectric element bonded to the glide head, the occurrence of fly stiction can be detected. As a

result, with the IHEJRBEGSHIB RIS MAR ERAHAS&aMHHe P KaBESRDREIGINEHSS 8ldot occur and the
pass rate of theié%?fc‘éﬁﬁfgi%fé{"wa m@géﬁﬁﬂlﬁggﬂgb@%QWﬂBﬁr tiegn dhgik ¢k frability test and

the fly stiction lest were ormed In atmosphéres of -20C to 50C. With the magnetic disks of this
Example, no patticitarstailtireedabuicihgial ehafimdde ésolersierédbeasnbenie 03} (Comparative
Example 1) As ?hliléitﬂ);rliec%ngif liji’lsee lu ?—%Q%%S a%? b%?gi%e h%qgi%ersion in the solvent is called &

iubricating laver adhesion ratio (bonded ratio). It can be the that the higher the

bonded ratio, the higher the bonding performance of the lubricating layer with

respect to the protective layer. With the magnetic disk of this Exampie, the

bonded ratio was 90%. Since the bonded ratio is judged to be preferable if itis

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.  In 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
elipsometer. 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 layer can be easily derived
by the FTIR measuremeni.

[0100]

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

The lubricating layer coverage was measured by the X-ray

photoeiectron spectroscopy known from United States Patent No. 6099881,



perfluoropolyether-based lubricant, Fomblin Z-DOL (trade name) manufactured by Solvay Solexis,
Inc., having been subjected to molecular weight fractionation by the GPO 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 59 fluorine-based solvent, Vertrel XF (trade name) manufactured by DuPont-Mitsui
Fluorochemicals Co., Ltd., 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 concentratio% f the coating solution was properly adjusted so
that the lubricating layer was formed to a thickness in the range of 10 to 12k A magnetic disk
manufactured in the same manner as in Example 1 except the above was used for a Comparative

Example. [0104Ls oy hoRding pE/EPEDANEs LYRIvalER A hedubricating sy afthe:magnetic disk of

this Comparative Example was performed in'the same manner as in Example 1, wherein the bonded
ratio was 62%, anegineliswiiehlise;dRirtherhahedroatailninpeecoverageifovalyatichtvastperformed,

wherein the lubricating layer coverage was 80%, a very low value as co red with the magnetic disk
of the Example.pﬁ%f |§,?\%ﬁgﬁ%e§ ?L%ﬁgﬁ?ﬁgcfﬁgﬁﬂiqéﬁ%%ygﬁ ﬁ%“&*?’b%ﬂ%ﬁmgtho ‘H‘s?ﬁ% the
conventional perfiugrepoeiheriiasac inpdcanhdiitbadhiekness: ibereekis wat sahgukd 0 to 12A, the
lubricating layer coverage is largely reduced and it is difficult to form a uniform lubricating layer with a

high lubricating f&r c8VRsAG S RAM e b e Rnine diopims) methe Hpge &n LUL durability
test was perforn@fﬁV@Yﬁ%@%@ﬂﬁ%ﬁ{%@%@é@E&@M,%ﬁi%WlQJQIS&&Q(;@Q the number

of LUL times reached 500,000 times. After the test, a magnetic hea he magnetiC disk were
removed and exanuidgel! PHenbyrandfiergf theftulviednit endleerosiorefaiha thereferepinfymed at an

e 8 A R oo
HDDs (pass ratev#d%gm@f thickness and yet with an exiremely high lubricating layer coverage.

[0101]

(3) Then, an LUL (Load Unload) durability test was performed for
evaiuating the LUL durability of the magnetic disk of this Exampie 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 aliey. 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 fiying height of 10nm.
In a normal HOD using environment, use for about 10 years is generally
required for the number of LUL times io exceed 400,000 times. Since a
magnetic disk is currently judged to be preferable if it endures 800,000 timeas or
more, it can be the that the magnetic disk of this Example 1 has extremely high
refiability.

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



For evaluating the thermal properties, the LUL durability test and the fly stiction test were performed in
atmospheres of -20C to 50C. Then, failure occurred in the magnetic disks of this Comparative
Example and the degree of failure was large depending on the temperature of the atmosphere. [0106]
(Example 2) 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. (Production of Mag%%tic-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 aliphalig GORPAURASITERIRSEAGHiON GitkdIdps ARsh Bleliod Snidkidiypkinds) under a

base condition. The reaction conditions were suitably set. Lubricants comprising the compounds
thus obtained, regsdotivelio herxgsissdrhesubjabradiehiiciechlas datgiaseicisnsdion, for example, by

the supercritical fluid Sxtraction,mefed; 1212 driemiasties,8LY'2005HS Pikburaiity
test was observed in detail using an optical microscope and an eleciron
microscope and was found 1o 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.

[0102]

(4} Then, a fly stiction {est was performed. 100 magnetic disks of this
Example 1 were manufactured and, by periorming a glide test using a glide
head with a flying height of 5nm, the test was performed to see whether or not
the fy 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 resuft, 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 aimospheres of -20°C 1o 50°C.  With the
magnetic disks of this Example, no particutar failure occurred and the good
results were obtained.

10103]

(Comparative Examplte 1)

As a lubricant, use was made of a conventional
perflucropolyether-based fubricant, Fomblin Z-DOL (trade name) manufaciured
by Sclvay Solexis, Inc., having been subjected o molecular weight fractionation
by the GPC method to have Mw of 3000 and a molecular waight dispersion of

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



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 61 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%, A1:50aV/0) was formed to a thickness of 300A. As the underlayer 2D,
a CrMo alloy film (Cr:80at%, Mo:20at%) was formedgo a thickness of 80A. As the magnetic layer
3, a CoCrPtB alloy film (Co:62at70, Cr:20at%, Pt:12at%, Mat%) 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 hygliogenigasthydvege ivgas CoRtiaEB0%nbY thenDie:meaghetronpuithdiisig method,

ey O O riCAls (o LI Wh s 56 & COAITg SOLTOn Sd & meghate disk 0!
formed with layers up to a protective layer was immersed therein and coated
therewith by the dipping method, thereby forming a lubricating fayer. Herein,
the concentration of the coating solution was properly adjusted so that the
lubricating layer was formed to a thickness in the range of 10 to 12A. A
magnetic disk manufactured in the same manner as in Example T except the
above was used for a Comparative Example.

[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 82%, a very low vaiue. Further,
a lubricating layer coverage evaluation was petformed, 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 124, the lubricating layer coverage is
largely reduced and it is difficult to form a uniform lubricating fayer 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 portien 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 fiy stiction failure occurred in 70% HDDs
(pass rate 30%;).



Then, the lubricating layer 5 was formed in the following manner. There was prepared a solution in
which the lubricant (Mn measured by the NMR method was 2500 and the molecular weight dispersion
was 1.25) comprising the compound (the above exemplified 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 0.3w1%. Using this solution as a
coating solution, a magnetic disk formed with the laggrs 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 130C for 90 minutes.

The thickness of the lubtealinpdaygrBovas-maasuediby, aHeauniestransigrasinirarek fiy
spectrophotometer (FTIR) and it was 5k In this manner, the mgggetic disk 10 of Example 2 was

obtained. 62 ﬁ‘@@%ﬁ?ﬁj @@F@t@ﬂm@éﬁéﬁﬁﬁémﬁfﬂ@%s{%@ %ﬁﬁ‘é@as%brﬁ@@ﬁ%bov_e, using the
lubricants compyjs 5)%%@5@&8;%%%%&{%&9.MQW%%?E%%@W%%@@A\dbrlcatlng

layers were forme ubricating layer thicknesses were obtain€d. That is, the
thickness of a |iditicatings|iyge teberfdined dantberetpistechbiha alifferghesan length (the number of
carbons in the main chain, Le, the value of p) of an aliphatic group in a compound, [0109] [Table 1]
[0110] Then, evalu@ﬂgﬁls of the magnetic disk of this Example 2 were performed according to the
following test methods.(exampie 2}

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
laver 2 composed of an adhesive layer 2a and an underiayer 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 exempilified compounds Nos. 1 to 5 described above were each
produced by reacting 2 equivalents of the perfluorotetraot compound
represented by the above formula (IV) with 1 equivalent of each of aliphatic
compounds represented by CI(CH)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 substraie 1. The main surface of the disk substrate 1
was mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.

{n the disk subgirate 1, the adhesive layer 2a, the underlayer 2b, and



(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 63 uniform lubricating layer with a small thickness and yet with an
extremely high lubricating layer coverage. [0111] g4 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 2. As a result, the magnetic disk of this Example 2 endured the LUL operations of

900,000 times with o failire:3bAd et dantinchrigblal Qrm An@adarmaipned tising environment,
use for about 10 years is generally
DC magneiron sputtering method.

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

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

As the magnetic layer 3, a CoCrPiB alloy film (Co:62a1%, Cr20at%,
Pt:1251%, B:6at%) was formed to a thickness of 150A.

Subsequently, sputtering was carried out using a carbon target in an
atmosohere of a mixed gas of an Ar gas and a hydrogen gas (hydrogen gas
sontent 30%) by the DC magnetron sputtering method, thereby forming the
protective layer 4 of hydrogenated carbon 1o a thickness of 25A.

[0108)

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

There was prepared a solution in which the lubricant (Mn measured by
the NMR method was 2500 and the molecular weight dispersion was 1.25)
comprising the compound (the above exemplified compound No. 1} of this
invention having been subjected o the molecular weight fractionation by the
supercritical fluid extraction method was dispersed and dissolved in a
flucrine-based solvent, Verirel XF (trade name) manufactured by DuPont-Mitsui
Fiuorochemicals Co., Ltd., at a concentration of 0.3wt%. 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.



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 reliability. 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,g: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(weignasufacivede Aradesult ofdhatesthmwitiethe magnete disks of this
Example 2, the flg stiction phenomenon did not occur and the pass rate of the test was 100%. [0113]

(Examples 3 an808ye: using the lubricants comprising the above exemplified compounds Nes.
210 5, respeciively, and lubricating layers were formed.  Then, the following
lubricating layer thicknesses were oblained. That is, the thickness of a
lubricating layer to be formed can be adjusted by a difference in length {the

number of carbons in the main chain, L.e. the value of p) of an aliphatic group in

a compound.
[0109]
[Table 1]
Exemplified Compound No. L ubricating Layer Thickness (A)

i{p=23) 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.

(Evaiuation 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
fayer coverage was as high as 98%. When a lubricating layer is formed by the
dipping method using a conventional perflucropolyether-based lubricant, the
lubricating tayer coverage is judged to be by and large preferable if it is 70% or

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



64 A magnetic disk of Example 3 was manufactured in the same manner as in Example 2 except
that a lubricating layer was formed to a thickness of BA using the exemplified compound No. 2 (Mn
was 2600 and the molecular weight dispersion was 1.2) of this invention as a lubricant of the second
embodiment. Further, a magnetic disk of Example 4 was manufactured in the same manner as in
Example 2 except that a lubricating layer was formed to a thickness of -10A using the exemplified
compound No. 3 (Mn was 2700 and the molecular weight dispersion was 1.15) of this invention as a
lubricant. In each of the magnetic disks of Exampleg3 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 small thickness and yet with an extremely high lubricating

layer coverage. [@idd4d lubritBenmrgactisdisksall Exampiesaddanet divete evadnadadiigithe same
manner as in Example 2. In each of Examples 3 and 4, the magnetic disk endured the LUL operations

of 900,000 time & @i ifE¥G AR &Ry low flying height of 10nm. The surfaces of these magnetic
disks and the surfaces &f.m gnetic 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 Thas,dhsesmred bt {fwdtdinioady bricanimdesisienttat indraagretic heads or no

corrosion failure was observed. Further, a fly stiction test was performed. |n each of Examples 3
and 4, the fly su%’ﬁén?% %%?ﬁg%%"a\aaﬂ% 8%%#*’;‘%"%%& %éf’g\ﬁ e%c?lgt'ﬁ%{;?e%F !'\}v%?s 'B09%. [0115)
(Comparative E@m@MlAs a lubricant, use was made of a conventional perfluoropolyether-based

lubricant, Fomblin Z-DOL (trade name) manufactured
As a result, the magnetic disk of this Example 2 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 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 reliability.

The surface of the magnetic disk after the LUL durability test was
ohserved 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. Furher, the surface of a magnetic head after the LUL durability test
was observed in detail using an optical microscope and an efectron microscope
and was found to be excellent, i.e. no abnormality such as damage or dirt was
cbserved 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 resuit of the
test, with the magnetic disks of this Exampie 2, the fly stiction phenomenon did
not oceur and the pass rate of the test was 100%.

[0113]

{Examples 3 and 4)



65 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., Ltd., 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 lubricatingdayer was formed to a thickness in the range of 5
to 10A. A 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 CémparatiicedBkarhplamak Serfas et ietier et ind 1A 2aMa B8MExample 2,

wherein the lubricating layer coverage was 70%, a very low valye yler! ith thexmagnetic
disks of Exampl%%*?%ﬁ%?ﬁﬁ ?SXC\%#:%T %ﬁ% (ﬁ%rﬁ%ag&?ﬁggcy%%W%Sf%rﬁeggc g{i/ thef%%%%g&rr%‘thod using the
conventional pegiyprarobeipitRaseshiybiicantio it thicknessitheroiisresttdoiabeiybito 10A, the
lubricating layer coverage is largely reduced and it is difficult to form a uniform |ubricating layer with a

high lubricating HSRe Everagd 23 ShitiFigerien aredpbiertahiascond BRRABIMERY UL durability
test was performaed whercin e mAgnie sk of s CERACEIVRE oo s, faladihen the number
ache ,

of LUL times re 0 times. After the test, a magnetic head and the magnetic disk were
removed and examiriExhiier?, eraestahaf shelubrivanbandvens fostoecf i drthigleressrified at an

s R B o O e B R o
HDDs 66 (passdigir@@ivas 1.15) of this invention as a lubricant.  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 thal, also in each of the magnetic disks of Examples 3 and 4,

there is formed the uniform tubricating layer with a small 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 800,000 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 eleciron microscope and were found 1o 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
106%.

[0115]

{Comparative Example 2)

As a lubricant, use was made of a conventional

perflucropolysther-based fubricant, Fomblin Z-DOL (frade name} manufaciured



[0117] (Example 5) 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. (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 (IV) with 1 equivalent of 1,4-dichlorolggénzene 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) by Sév2:bsnkxigldss. diskilguterdianeis Sommm iaws: digipbtéegiemaliodisk thickness

cubsirate 1. ThEHA SLHEE S BRSE BB AR A IA BT ah e o e of o g and Ra of
0.43nm. 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
Flugrochemicals Co., Lid., was used as a coating soluiion 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 1o 10A. A
magnetic disk manufactured in the same manner as in Example 1 except the
above was used for a Comparative Example.

[0118]

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 iubricating layer coverage was 70%, a very low value as compared
with the magnetic disks of Examples 210 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 ocgurred in 70% HDDs



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:50ark, A1:50at%) was formed to a thickness of 300A. 67
As the underlayer 2b, a CrMo alloy film (Cr:80at/o, Mo:20at%) was formed to a thickness of 80A.
As the magnetic layer 3, a CoCrPtB alloy film (Co:62at%, Cr:20at%, P1:12a1%,13:6at%) was formed
to a thickness of 150k Subsequently, sputtering was carried out using a carbon target in an
atmosphere of a mixed gas of an Ar gas and a hydrggen 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. [0119] Then, the lubricating layer 5 was formed in the following manner. There
was prepared agghi#figRanywhich 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 fractidRation by the supercritical fluid extraction method was dispersed and dissolved
in a fluorine-based solvgggaMos%@ XF (trade name) manufactured by DuPont-Mitsui Fluorochemicals
Co., Ltd., at a concentration .2wr/o. Using this solution as a coating solution, a magnetic disk
formed with the layers igto! thieoprotecthgmddigerigk was onrndirget threréinearmlecobifsd therewith by the
dipping method, therebx forming the lubricating layer 5.
inveniion.
The magnetic disk 10 is fabricated by forming & 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 subsiraie 1.
(Production of Magnetic-Disk LLubricant of Third Embodiment)
A lubricant {a compound in which A in the above exemplified compound
i5 a phenylene group) of this invention was produced by reacting 2 equivalents
of the perflucroietracl compound represented by the above formula (IV) 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 molecuiar weight
fractionation, for example, by the supercritical fluid extraction method.
[0118]
{(Manufacture of Magnetic Disk)
A 2.5-inch glass disk (outer diameter 85mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthened aluminosilicale 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 undetlayer 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 tayer 2a, an NiAl alioy film (Ni:50at%, Al:50at%) was

formed 1o a thickness of 300A.



After the film formation, the magnetic disk was heat-treated in a vacuum furnace at 130C 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 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 68 1 was performed. With the magnetic disk of this Example
5, 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 1 hasitbe Haiaspaiulyicatingd ayey with @setiihivknessaned:yet with a high
lubricating layer coverage. Then, the same lubricating layer adhesion test as that in Example 1
was performed f@ﬁ%?@&l%ﬂiﬁ@%ﬁ%performame (adhesion) of the lubricating layer with respect

to the protective layer. %Qt(?’ran g%e{é%éj’? FE(éaéﬂBFﬁim @gge} r@@ms/%% Since,

conventionally, the bon y and large preferable if it is 70% or more, it is seen
that the magneti;:dizkvif mmaméosmdmeryc&meﬁeﬁﬂﬁ@dhesmn of the lubricating layer even
with a reduced thICkneSSSukggéguéntEy, 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 254,

[0119]

Then, the lubricating faver 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 fiuid extraction method was dispersed and
dissolved in a fluorine-based scivent, Vertrel XF (irade name) manufactured by
DuPoni-Mitsui Fluorochemicals Co., Lid,, at a concentration of 0.2wi%. 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 tayer 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 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 lubricaling layer coverage evaluation as that in Example



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 900,000 times with no failure at a very low flying height of
IOnm. In a normal I-100 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 reliability. 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 69 observed. Further, the surface of a
magnetic head aftersthefdahaturabiiity testnagsatbsbsved inicErampnt dedgatingcroscope and an

electron microscope and was found to be excellent, | e, no abnormality such.as damage.or dirt was
observed and, flﬂéfﬁ{e?;c’ﬁ%r%r’i’g%?ﬁm%%l/ﬂﬁe %ﬂ‘}n%t% Bﬁ%&ﬁ}'&'%%er e e

corrosion fafluré was

observed. [O12%lifpping-ra'lﬂﬁfho@ﬁsﬁ@@cfbhﬁgﬁﬁ&ﬁ‘atmiﬁébi?e%m@@d}wﬂ&@ﬁffﬁf@ned- 100
t

magnetic disks of this Example 5 were manufactured. As a result of the test, with the magnetic disks of

this Example 5, \uhsiesiisadaver sRepESR foHmecHstsdy Paf e prderalie Bitise/ 8% Was 100%.
[0123] (Examplem%)re, and therefore, it is seen that the magnetic disk of this Example 1 has the

uniform lubricating layer with a small thickness and yet with a high ubricating
layer coverage.

Then, the same lubricating layer adhesion test as that in Example 1 was
performed for evaluating the bonding petformance (adhesion) of the lubricating
layer with respect fo the protective layer.  With the magnetic disk of this
Example, the bonded ratio was 82%. 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 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 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
refiabifity.

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



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 (IV) 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 thicksgess 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 wasasdhigiFas-@8%sThatdse ivis sesgnthiat theresiteioméd/thduradiliiwifes lubricating

layer with a small thickness and yet with a high I%I%Licatin%égger c vegagﬁg.t;%%r%jggbg\gth the magnetic
disk of this ExaMiffeOtRe RIS A1 HE2g88 A QO &t AR RE TRRINETE Gk of this

Example is extrgmely,exseient hoadhesion obthe biisating,ayer evemmibedieduegsthickness.

Further, an LUL durability test was performed, wherein the magnetic disk endured the LUL operations
of 900,000 timeshsrverd dailuferiiea vedytoaanyrd ReRhicoNOMFNEE S6AACE B the magnetic disk

and the surface of a mai;gpqtic he%d %fst&[vgbe LUL durability test were observed in detail using an
: : corosiaiariie was o : : ,
optical microscope and an electron microscope and were found to be excellent, i.e. no abnormality

such as damage or dirtjmazpbserved and, further, no lubricant adhesion to the magnetic head or no
corrosion failure was observed. Further, a fly stiction ti’f} wasﬁgerformid, Wher§in the fly stiction

phenomenon did not oddtfiMa kP FRHALK SUFHORY i8Rt BedPaiHE FoBEP'fol Jggs performed.

100 magnetic disks of this Example 5 were manufactured. As a result of the
test, with the magnetic disks of this Example 5, the fly stiction phenomenon did
not oceur and the pass rate of the test was 100%.

{0123]

(Exampie 8}

A lubricant (a compound in which Ain the above exemplified compound
is a cyclohexylene group) of the fourth embodiment of this invention was
produced by reacting 2 equivatents of the perflucrotetracl compound
represented by the above formuia (IV) 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 fayer was formed 1o 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 fubricating layer

coverage was as high as 93%. That is, it is seen that there is formed the



(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 GPO 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.,
Ltd., 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 gipping 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 puexeephthe:afitpheve wiksaused! fdrckGammpachyvienitkantyds. {0128]ing A coverage

evaluation of the lubricating layer of the magnetic disk of thjs Comparative Example was performed in
the same mann@/4<SHYEREmplé WA W@Hﬁﬁ&‘%@%&&p@é?%ﬁ%@? %Wgé? very low value
as compared witfythgmagaetiongisks of S @mplas IanddiMrendosrubsicatnglayer is formed by the

dipping method using the conventional perfluoropolyether-based lubricant, if the thickness thereof is
set to about 5 textGMmeheshusiieatingaiiyesion vk thg dulyinaiRdy e RED AVEN B LEHRRRIL to form a
uniform Iubricat{%}é%gé with a high lubricating layer coverage as that in each of the above Examples.
Further, an adhesion évaluation of the lubricating layer of the magnetic disk of this Comparative
Example was performegwaerem ihe doaeid ratiowas:20%redenhéoarvilaeragrgmpared with
Examples 5 and 6. Further, an LUL durabilitétest was perfor vherein the magnetic disk of

yrmed
this ComparativdSE,afiesr iR d I PIREITS AbEP L PRI TR Y g‘&ﬁ%‘ %08 BOGHHRYE. Atter the test,
a magnetic heafﬁ(ﬁ%dh@!ﬁkﬁ"&gmﬁ.di%@%ﬁém%g Aad iR pisednd hed stidnsies af the lubricant
ailure

and corrosion f were confirmed at an NPAB pocket portion and an ABS surface of the magnetic
head and adhesisgoititasdsitontienddLofiabiby fadavsrerbreadgbiicdead Ysiie?, among tested

HDDs, the fly Sté%éggsf%{grgesgggg A aipr g%@rgrp Rﬁ&%%%ﬁé%ﬁo%gg@ f%@o 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 occur 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 dissclved in a
fluorine-based solvent, Verrel XF (irade name) manufactured by DuPont-Mitsui
Fiucrochemicals Co., Ltd., was used as a coating solution and a magnetic disk
formed with layers up io a protective fayer 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 1o 10A. A

magnetic disk manufactured in the same manner as in Example 5 except the



(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 (II) with 1 equivalent of the diepoxy compound exemplified above under a base
condition. In this event, by suitably changing the monomer charging amount 72 and the reaction
conditions, there were obtained eight kinds of lubricant compounds Nos. 1 to 8 having different
molecular weights. Mn (measured by the NMR method) and EW (derived by the method described
above) of the respective compounds are as follows.”No. 1 Mn:1500, EW:300 No. 2 Mn:2500, EW:500
No. 3 Mn:3000, EW:600 No. 4 Mn:4000, EW:800 (used in Example 1)

above was used for a Comparative Example.

10126]

A coverage evaluation of the lubricating layer of the magnetic disk of
this Comparative Example was performed in the same manner as in Example 5,
wherein the lubricating layer coverage was 70%, a very low value as compared
with the magnetic disks of Examples 5 and 6.  When the lubricating laver is
formed by the dipping method using the conventional perflucropolyether-based
lubricant, if the thickness thereof is set to about 5 1o 10A, the lubricating layer
coverage is largely reduced and it is difficult 1o 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 Exampie 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 (H)
with 1 equivalent of the diepoxy compound exemplified above under a base

condition. In this event, by suitably changing the monomer charging amount



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 a to 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 sgiface 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 his wederendhenkiamed magneaiie-digkigtassigubistradef Thsiaaicarbon-based

protective layer was formed by the o _
compounds Nos. 1 to 8 having different molecular weights.  Mn (measured by

the NMR method) and EW (derived by the method described above) of the
respective compounds are as follows.

No. 1 Mre1500, EW:300

No. 2 Mn:2500, EW:500

No. 3 Mn:3000, EW.600

No. 4  Mn4000, EW:800 (used in Example 1)
No. 5 Mm4340, EW:903

No. 6 Mn4500, EW:B10

No. 7 Mn:5500, EW:1150

No. 8 Mn:B8000, EW:1260

[0128]

With respect to the above eight kinds of compounds, the relationship
hetween Mn and EW is plotied in Fig. 2 described above.  All the compounds
are within the predetermined range (the range surrounded by segments a to 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



73 plasma CVD method and a lubricating layer was further formed thereon by the dipping method.
This magnetic disk is a magnetic disk for the perpendicular magnetic recording system. As the
adhesive layer, a Ti-based alloy thin film was formed to a thickness of 100A. As the soft magnetic
layer, a Co-based alloy thin film was formed to a thickness of 600A. As the first underlayer, a
Pt-based alloy thin film was formed to a thickness of 70A. Further, as the second underlayer, a
Ru-based alloy thin film was formed to a thickness of 400A. The magnetic layer was made of a
CoPtCr alloy and formed to a thickness of 200A. [0¥30] 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. Theserneas Piepatoddicesdl atlotvireiirdaye wiicknteo Faprisihthervecsdi forind (the above
compound No. 5) of this inventio%produced, aa,%ﬁescribed abiov : ng ?%@e%ﬁe% m Igcular weight
fractionation by4HE'0aSeeEMfkal Al BREAROA &THOY S Hid 280 An  AREONETin a
fluorine-based splvpRliMersehing djkage 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 thépotcrdivesivgéniphg iimnraedaineiain HResdeaakiefith by the dipping
method, thereb%&gﬂggg Cgpgngrieating layer.

As the soft magnetic layer, a Co-based alloy thin film was formed o &
thickness of 600A.

As the first underlayer, a Pi-based alloy thin film was formed to a
thickness of 70A.  Further, as the second underlayer, a Ru-based alloy thin film
was formed to a thickness of 400A.

The magnetic layer was made of a CoPiCr alioy and formed to a
thickness of 200A.

[6130]

The protective layer was a diamond-like carbon protective layer and
was formed by the plasma CVD method. The protective fayer was formed 1o a
thickness of 504 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,
Verirel XF (trade name) manufactured by DuPont-Mitsui Fluorochemicals Co.,
Ltd., at a concentration of 0.2wi%. Using this solution as a coating solution, 3
magnetic disk formed with the layers up 1o the proteciive layer was immersed
therein and coated therewith by the dipping method, thereby forming the
lubricating 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



After the film formation, the magnetic disk was heat-treated in a vacuum furnace at 130C for 90
minutes. The thickness of the lubricating layer was 74 measured by a Fourier transform infrared
spectrophotometer (FTIR) and it was 12A. In this manner, the magnetic disk of Example 7 was
obtained. [0131] Then, evaluations of the magnetic disk and the lubricant of this Example 7 were
performed according to the following test methods. (Lubricant (Bulk) Heat Resistance Test and
Alumina Resistance Test) The weight reduction ratio at 300C was measured using a thermal
analysis apparatus while heating the above lubricamtg£zompound No. 5 used in this Example from 40C
to 500C. The weight reduction ratio was 4%, i.e. very small, and thus it was seen that the compound
was excellent in heat resistance. Further, the above lubricant compound was added with 20%
alumina (Al203)resak oradntainéth atier canstant tefmperatpeeioh 200G ToreB 0D Mhatesiantsthen the
alumina resistance was evaluated. The reduction ratio was g’ﬁ I,e. very small, and thus it was seen

that the compoutid'wal SYEJTBRTS: S HIRARIGLiK Fsaape / was colaned.
0131]

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

(Lubricant (Bulk) Heat Resistance Test and Alumina Resistance Test)

The weight reduction ratio at 300°C was measured using a thermal
analysis apparatus while heating the above lubricant compound No. § used in
this Example from 40°C to 500°C. The weight reduction ratio was 4%, i.e. very
smuall, and thus it was seen that the compound was excellent in heat resistance.

Further, the above lubricant compound was added with 20% alumina
(AlLQOs;) 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 excelient 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 peirformed in the same manner as in
Example 1, wherein the bonded ratio was 85%. Further, a iubricating layer
coverage evaluation was performed, wherein the lubricating layer coverage was
97%., a very high value. That is, it is possible 1o form a uniform lubricating
layer with a high iubricating 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 800,000 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

L.UL durability test were observed in detall using an optical microscope and an



(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 is, 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 very7tow flying height of IOnm. The surface of the
magnetic disk and the surface of a magnetic head after the LUL durability test were observed in detall
using an optical microscope and an 75 electron microscope and were found to be excellent, i.e. no
abnormality sucticatraamagesorrirewhseedervstiand sxreier nelusrisant EuHésBittcithe magnetic

head o o coge e N A B b IR MR R e s

not occur e pass rate o test was 100%.

[0133)  Furthesadepireamyabitiantestwasqevtarmetdhapplying e bpdietid0gido the surface of
the magnetic disk at a position of disk radius 20mm, rotating the disk at a rotation speed of 120rpm,

and performing 28riteh du Fermartauhtivas maTTeR e warreliiied walichrairlin AR Hthgnetic disk of
this Example 7,ggw@@gp&m@sggggqg@gpt%g Wwas §§¥) that this magnetic disk was excellent in
no i .

physical durability even it the thickness of the lubricating layer was reduced. For evaluating the
thermal properties, the [GtUk3durability test and the fly stiction test were performed in atmospheres of

-20C to 50C. With the magnetic disks of thjs Example 7, no particular failure occurred and the good
results were obtained?Hg n%@*lhﬁﬂ@éfﬁ!‘{?gé’&‘%% ‘fgaé)?aer&%@% %%&ﬁggél&? |%%%g$ange of 5000 to

12000mPa-s pagtigkiariaturtte AnthiHRpRsiexsalant Boniniapediss evrrs 20auah a low
temperature, and therefore, it has high reliability even if used in a low temperature environment.

The evaluation FE&HITE iGeHis sk anprRiaresesredvElBRb IR PRITEIUBE GBI SHaRRe!

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 durabifity 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 cccurred 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
excelient flow properties even at such a low temperature, and therefore, it has
high reliability even if used in a fow temperature environment.

The evaluation resulis for this Example are coliectively shown in
later-described Table 1.

[0134]

{(Example 8}

A magnetic disk manufaciured in the same manner as in Example 7
except that use was made, as a lubricam, of a lubricant comprising a compoung
(the exemplified lubricant compound No. 1 of the second embodiment described

above) of this invention having been subjected to molecular weight fractionation



[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 76 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] (Comparativ&éExamples 4 to 7) As a lubricant, use was made of
a conventional

by the supercritical fluid exiraction method, was used for Example 8.

The magnetic disk and the lubricant of this Example 8 were evaluaied in
the same manner as in Example 7. The resulis thereof are collectively shown
in Table 2 given below. Excelient results were also obfained 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 (trads name)
manufactured by Solvay Solexis, Inc., having been subjected to molecular
weight fractionation by the GPC method o have Mn of 1860 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 DuPornit-Mitsui Fluorochemicats 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 concentiration of the coating solution
was properly adjusted so that the lubricating layer was formed fo a thickness in
the range of 5 to 10A. A magnetic disk manufaciured in the same manner as
in Exampie 7 except the above was used for Gomparative 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 (irade name} manufaciured 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



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 dissolved in a fluorine-based solvent, Vertrel XF (trade name) manufactured by
DuPont-Mitsui Fluorochemicals Co., Ltd , 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 concgntration 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.  rEogthéhearanggretiodisiesianstgotarde drialieisfigehmmiesewieepithat use was
made, as a lubricant, of a conventional perflugropolyether:based lubricant, Fomblin Z-DOL 4000 (trade
name) manufacfﬁ?%@ﬁ%o?%‘ge@glﬁﬁs%ﬁ!cgﬁg%ﬁ %%éggﬁhéﬁbﬁg%?ﬁg to molecular weight fractionation
by the GPC method to m@;j\/ln 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™#i166|atBASARIHERYEEAMIEHE & I fifeFaBIaVRY IBETBIdER riangle
marks) in Fig. 2 dlesgiRedahoxe e ppmpouasatse A eudieA i pigdetermined 77 range

(the range surround y segments a to d in Fig. 2) representing the relationship between Mn and EW
defined by this ineition. fo&a6) Z-Tdthand ragaoticrdiskaraiudactréy Botvey Sstsitanner
except that use was made, as a%mant of a onventlon%llﬁerf uorotpol etk&%-gg,ﬁed lubricant,

Fomblin Z-Tetrad!*z ’ﬂga%%pﬁ ?ﬁ%ﬁg&?ﬁﬁ%ﬂ%ﬁ“@@ e

§a§l6?gms, néf., having been subjected to

molecular weight-iaglipRation e BB methed thavadihofiggdRiandial releesdar weight

dispersion of 1.08, was used for C;orrr%g(arative Example 6. Further, when producing the lubricant
compound of thissavdeftieAriRediMaFaypBlREExample 7, a compound was produced as a lubricant by

timerization of perfiuorepolyeigr I guol A KON TRUR B HBBIEING R BAESIZIRaSONdiions

thereof. A magnetic disk manufactur e 'same manner except that use was made of this
produced trimer iacthpabma: admgibéea subjpcted teampledutadesighulrietiviation by the GPC

T e s SR SRS R AR e e,
Example 7. The spsiftsithesecharaelinstivaly shawgraitaie @ giveschetiin [0@38ne
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 Comparalive Example 7.
The magnetic disks and the lubricants of Comparative Examples 410 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]



[Table 2] 79 (0138] With the magnetic disks of Comparative Examples 4 to 6 each using the
conventional lubricant, the evaluation results were low for almost all the evaluation items such as,
particularly, the bonding performance to the carbon-based protective layer, the LUL durability, the fly
stiction test, the pin-on test, the lubricant (bulk) heat resistance, and the alumina resistance. Further,
with the magnetic disk of Comparative Example 7 using the perfluoropolyether trimer compound, the
molecular weight and the viscosity were both high and the evaluation results were bad particularly for
the LUL durability and the fly stiction test. Thus, the f8liability is low as compared with the magnetic
disks of the Examples. 80 CLAIMS
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1. A lubricant for a magnetic disk, said lubricant containing a perfluoropolyether-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 perfluoropolyether-based compound is in a region below a line
connecting a point (A) where the number-average molecular weight is 1000 and the normalized value
of the number of hydroxyl groups contained in the mBlecule is 400 to a point (B) 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 arolitF&icenter of a molecular chain. 2. A lubricant for a magnetic disk
according to claim 1, Wﬂ@(ﬁ%@ﬁz@?@ﬁ@ﬁ%&@b@@éﬁ! uPs Braundhe cesieref iemalecular chain
is two or more. 3. A lubricant for a magnetic disk according to claim 1, wherein the number of
hydroxyl groups @rovaitiahel depiiends the enaleainarepalis atiremoenidmost all thg, A lubricant for a

magnetic disk according to ne of claims 1.to 3,. wherein sai luoropolyether-based compound
is a compound i Jv%ﬁé%%ééEﬁ%r%%%qyaésth%#%%]@&‘atpg %ﬁ§%§ %gg%?cﬁ%‘%%?ot%%ugh a divalent linking
group. 5. Aclirbaisdnistal pronagivetisydiskysaidl darisintycontaininigimcasspabagimahich
perfluoropolyether groups are bonded to each other through a divalent linking group, said compound

having at least off& h{ErSRIGrIBUEL HdURS SR er St WiABAr eHaR e FEMASubricant for a
magnetic disk aGaHAROAAGIRID AsheEein fMace ERaRlsaId IIRICARl Al Qo Hbtherange of 5000
to 12000mPa.s. 7. A lubricant for a magnetic disk according to claim 6, wherein an amount of
change in viscosh{naslative et ctiwngelestienpeighi eadsthe thieoeriyevefe G OBtbighaBrd e s/C.
evaluation results were bad particularly for the LUL durability and the fly stiction
test. Thus, the reliability is low as compared with the magnetic disks of the

Examples,



8. A lubricant 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. A lubricant 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 og§, wherein said divalent linking group includes a
group represented by -(CR1R2)- (Riand R2 are each a hydrogen atom or a hydroxyl group), 11. A
lubricant for a magnetic disk according to any one of claims 8 to 10, wherein said perfluoropolyether
group includes a group represented by a formulac{lxif@hemical Formula 1] HOCH2CF2
(OC2F4)M(OCF2)nOCF2CHZ20 (in the formula, m and n are each an integer of 1 or more). 82 12.
A lubricant for a magnetic disk, said lubricant comprising a compound in which perfluoropolyether

groups are bonded to JFaCQ %%%ée{r?%?# é%%ﬁ%&@&i@ﬂ??ﬁi@ci HHQme&ﬁl{}a%% Jerfluoropolyether

groups having a perfluoropo n in a structure thereof, and a hydroxyl group at an end
thereof, and fupthrenbayoyettydsaxytigroupamd sidenicloskr doraldiamd irabesarbperfluoropolyether
main chain. 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 normatized value of the number of hydroxyl

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

perflucropolysther-based compound is in a region below a line connecting a

point (A) where the number-average molecular weight is 1000 and the

normalized value of the number of hydroxyl groups contained in the molecuie is

400 to a point (B) 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 a center of a molecular chain.

2. Alubricant for a magnetic disk according to claim 1, wherein the
number of hydroxyl groups around the center of the molecular chain is two or
more.

3.  Alubricant for a magnetic disk according to claim 1, wherein the
number of hydroxyl groups around the center of the molecular chain is three or
more.

4. A lubricant for a magnetic disk according to any one of claims 1 to 3,
wherein said perfluoropolyether-hased compound is a compound in which
perfluoropolyether groups are bonded to each other through a divaient linking
group.

5. Alubricant for a magnetic disk, said lubricant containing a

compound in which perfluoropotyether groups are bonded to each other through

a divalent linking group, said compound having at least one hydroxy! group



13. A lubricant for a magnetic disk according to claim 12, wherein said divalent aliphatic group includes
a group represented by -(CR1R2)p- (R1 and R2 are each a hydrogen atom or a substituent and p is an
integer of 1 or more). 83 14.A lubricant for a magnetic disk according to claim 12 or 13, wherein said
perfluoropolyether group includes a group represented by a formula (lll); [Chemical Formula 3]

HOCH2CHCH20OCH2CF2 (0C2F4)m(OCT2)n OH - OCFICH20CH2CHCH20 OH
around a center of a molecular chain.

6. A lubricant for a magnetic disk according to claim 5, wherein a
viscosity of said lubricant at -10°C is in the range of 5000 to 12000mPa-s,

7. Alubricant for a magnetic disk according to claim 6, wherein an
amount of change in viscosity relative to a change in temperature is in the range
of -0.03t0-0.08mPa-s/°C.

8. A lubricant for a magnetic disk, said lubricant comprising a
compound in which perflucropolyether groups each having a perfluoropolyether
main chain in a structure thereof and each having a hydroxy! 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. A lubricant for a magnetic disk according fo 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 8, wherein
said divalent linking group includes a group represented by -(CR1Rz)- (R1and Rz
are each a hydrogen atom or a hydroxy! group),

11. A lubricant for a magnetic disk according to any one of claims & to
10, wherein said perfluoropolyether group includes a group represented by a
formula (I):

[Chemical Formula 1]
HOCH,CF, (OCF 4m{OCF2nOCFCHO ~

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



(in the formula, m and n are each an integer of 1 or more). 84 15. A lubricant for a magnetic
disk, said lubricant comprising a compound in which perfluoropolyether groups are bonded to each
other through a divalent aromatic group, each of the perfluoropolyether groups having a
perfiuoropolyether 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 &Bond than said perfluoropolyether main chain.
16. A lubricant 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 hydroxyl

group at an end theregf, apdgagtetrtbeahavigaaibyikoxyhirdupripaa sideptosagte a bond than said
perfluoropolyether main chain are bonded to each other through a divalent saturated cyclic

hydrocarbon gaBiRpund in WhinasTtEATIEPY AaRNEtR BB ECEERIIAY 16 ek 2i9F fEotHerein said
e A AU s A ey
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 perfluocropolyether main chain.
13. A lubricant for a magnetic disk according to claim 12, wherein said
divalent aliphatic group includes a group represented by -(CRiR2)p- (Ry and R

are each a hydrogen atom or a substituent and p is an integer of 1 or more}.



(in the formula, m and n are each an integer of 1 or more). 85 18. A magnetic disk having a
magnetic layer, a protective layer, and a lubricating layer over a substrate, wherein said lubricating
layer contains a lubricant for a magnetic disk according to any one of claims 1 to 17. 19. A
magnetic disk according to claim 18, wherein said protective layer includes a carbon-based protective
layer. 20. A magnetic disk according to claim 18%r 19, said magnetic disk being adapted to be
mounted in a magnetic disk apparatus of a load unload system. ABSTRACT A lubricant for
magnetic disks which can form a lubricating layer having a reduced thickness while attaining a high

coverage and is excélfent in heatAdslutiaases fan@ Aup@eds s getardivs tyerithedWricant for
magnetic disk rises a perflyoro ether com ound in, which the relationsh een the
nurbor-averbye THETER R S EH RS S O ot S et S BB aroups

contained in the,melecule satisfies the following: the number-average molecular weight is in the range
of 1,000-6,000; the standardized value of the number of hydroxy groups contained in the molecule is
180 or higher; and thiEtemmetindiginia 3egion located below the line connecting the point where the
number-average molecular weight is 1,000 and the standardized value of the number of hydroxy

groups in the molecu}éw{d%@ﬁﬁaﬁﬁe@%m%rage molecular weight is 6,000 and

the standardized value of the! ber of hydroxy groups in the molecule is 1,600. The compound has
at least one hydroxy group around the center of the molecular chain.
- OCF,CH,OCH,CHCHO —
H

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

16. A lubricant for a magnetic disk, said lubricant comprising a
compeund 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 hydroxy! 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.

17. A lubricant for a magnetic disk according to claim 15 or 16,
wherein said perfluoropolyether group includes a group represented by a
formula (i)

[Chemical Formuia 5]
HOCH,CHCH,OCH,CF, (OC,F ym(OCF)n — *

oH
¥ _ OCF,CILOCH,CHCH,0 —
H

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



85

18. A magnetic disk having a magnetic layer, a protective layer, and a
lubricating layer over a substrate, wherein said lubricating layer contains a
lubricant for a magnetic disk according to any one of claims 1 to 17.

19. A magnetic disk according to claim 18, wherein said proteciive
layer includes a carbon-based protective layer.

20. A magnetic disk according fo claim 18 or 19, said magnetic disk
being adapted to be mounted in a magnetic disk apparatus of a load unload

system.



