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 magneticldisks adapted to be mounted in
magnetic disk apparatuses, such as hard disk drives (hereinafter
abbreviated as HDDs), a protective layer and a lubricating layer are
provided on a magnetic recording layer f d over a substrate, for a
purpose of ensuring durability e%é%gﬂ f the magnetic disk.
Particularly, the lubricating layer used as the outermost surface is required
to have various properties such as long-term stability, chemical substance

resistance, frictiGir §répertise AABCHIET fe JERIRBRIOBESE FO™ o satisfy
such a require%w&fm y§£ﬂﬁi§ %ﬁ@@’?ﬁ? B{g g hydroxyl

groups in moleculés’have often béen 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
wittCEehitisidalkylpolyether lubricant having a structure of
HOCH2GEZ#(C2F40)p(CF20)qCH20H. In this lubricant it is known that

when hydroxyl groups are present in molecules of a lubricant, adhesion
propertie$tg$ invention refates 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 ofZhese lubricants being a polymer
substance, various purifications have been carried out and purified
products have been used as lubricants for magnetic disks. Further,
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olecular chajn per molecule. [0004] Patent Document 1:JP-A-S62-66417
5 e P 006: 7179 Reui5SIn B U8l P b
tosheSivadddned mentees[BPMR 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 t:  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 operations is called
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expand to cause damage to the surface of a magnetic disk while flying. 4
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 moleculkes 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
lubricatin§d8yer tends to be promoted. If the molecular weight of the
lubricant+ s fluidity Incr that its adhesion to a
protectivg}%‘i‘égie;%'J %%%rﬁggé%g ﬁéﬁ% |§%s§§0n%§%g gcﬁ%?a%%g%%ﬂri%%%? %ime
trebiver brlseek fhedityiisctranistervédiancbdepesited ndibesmagneticchensh
Ic%catel%in an extreme ){gclose positional relationship to make its flying
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been found that, in the case of the LUL system, as opposed to the case of
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computers, but also as those of, for example, portable information
terminalf®¥H navigation systems, and so on and, therefore, due to
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required for magnetic disks has become very strict.

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 an@, therefore, it has become
necessary to further reduce the thickness of a lubricating layer present

etween the magnetic head and the recording layer of 6 the ma ne%ic
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described above, currently, the commercial perfluoropolyether-based
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thickness o ubricating layer can be by and large reduced. However,
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concentration of the lubricant solution, the coverage of the surface of a
nibRyictare s Heeiwstisatios mingarppplications 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
diffR e kntiShigh-coverage uniform lubricating layer with a further
reduced Higkpess B suastahiqgmaensliadiskevhish Basheen an
impeding factor in realizing a magnetiC disk excellent in long-term stability
ofeadhetie diRioacating eyt hadingbiity bigheetiabilitticotiek witls thscribed

re jon, i tic_ spacing following the increase in recarding densjt
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magnetic disks has become very strict due to diversification of use
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Embodiments of the present invention provide a lubricant for a magnetic
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Of course, if the concentration of the lubricant solution is reduced, the
thickness of the lubricating layer can be by and large reduced. However, with
a lubricating layer formed using such a 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 hf/droxyl 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
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hydroxyl group around a center of a molecular chain. [0015] In an
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of hydroxyl groups around the center of the molecular chain may be three
or more.{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 other

through a divalent linking group, said compound having at least one _
hydrox§n@b@@iﬁ1§f$m@a he.oreseot BYABIBRUMPYRRIA. lUbTicRhfpr a magnetic
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thereof. In an embodiment, the divalent linking group may have 3 to 6
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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 (I): [0017) [Chemical Formula 11
HOCH2CF2(0C2F4)M(OCF2)nOCF2CH20- (in the formula, m and n are
each an integer of 1 or more). Digclosed herein is a lubricant for a
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having a perfluoropolyether main chain in a molecule and having hydroxyl
groups s thereof, the 1 equivalent of an aliphatic compound having
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to form a hydroxyl group
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 ggmpound may include a compound
represented by a formula (I1); [0018] [Chemical Formula 2]
HOCH2@B2(PC2F4)m(OCF2)nOCF2CH20H (in the formula, rn and n are
each an integer of 1 or more). [0019] According to a fourth aspect,

there is PESHEEW 49U tiEherscstrRg o tic RAQKCSS @ Ilubvisarit fehAgggetic
.compound._in which perfluoropol r 0 t
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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 hydrggen atom or a substituent and p is
an integer of 'l or more). In an embodiment, the perfluoropolyether
group may include a group represented by a formula (l11): [0020]

[Chemical Formula 3] HOCH2CHCH20CH2CF2(0C2F4)m(00F2)n-* OH *-
GUf CRReTH2GH Ghadde O#irintthesfoeaniia, capabld ndreeadimanwith  the

inte!%e{r}!%jc 11%{@@0@ . aun%i§§%5ed i’her%in is a lubricant for a magnetic
d?sek e Rbfieant comglnlng a corrrﬁqp%u Ui Feition product between 2

equivalemis@hacperinaro ROl ihar-LemBoBRshan Ayl LAMBIRNtBF AN magnetic
aliphatic compound, the 2 equivalents of a perfluoropolyether compoun

hdibin §RANPERGIEBsithe BRI ehtintincanndlediviechist raying bydroxylth 1
i R R
reacipngvdtivaiepeifigerppsiyethenicompaiindnain in 2 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 ¢ % uivalents of a perfluoropolyether
compound 13 having a perfluoropolye er main chain in a molecule and

hayi %H% gﬂ%{ quivalent of an aliphatic
cggr{h%%ﬂaﬁ]yﬁ %ﬁ%i%%! truth%rgé'& 2 gg%bqj&lf}feactmg with the
perfluoropolyatherdamipoent. the dividienpestipbatpolyretiercampaivik a
may include a compound represented by a formula (IV) Eb’ 21] [Chemical

FARUREPEeRS OISO BIROR E JimR T ®Rydrogen atom or
'Oggggﬁ%ﬁf%ﬁ%%%er 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 compgund in which perfluoropolyether
groups are bonded to each other throJ&h a divalent aromatic group, each

| havi fl lyeth in chain i
A TSN 1 PR LN P

hetvingsatnyrdedx s rospiuziarside slosiphiaia Qongdhanisaidg structures each
perfluoropolyether main chain. According to a sixth aspect, there is

SRS '?%‘FTB’_%‘MHP @%ﬁ%@fé’wtgﬁf&%%ﬁ?ﬁ-cpmprising a
compourd I which, BEHaraPRly GG -ar it‘?&ﬁ%@hg\eﬁ&@ound represented

perfluoropolyether main-chain in a structure thereot, each having
tyciedsyingredip’at an end thereof, and each further having a hydroxyl
group OE %zstide closer to a bond than said perfluoropolyether main chain
are bon % B each other through a divalent saturated cyclic hydrocarbon
group. 14 in an embodiment, the perfluoropolyether group may

S HOCTSEN RSO AOC2Fm(OCE DS OF
HOCH:CHCH0CHCFOCFom(OCF)n—*
o
*-OCF.CH.OCHCHCH0H
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 co?ﬁbound and 1 equivalent of an
aromatic,comp he. 2.eguivalents of a,perfluoropolyether.compound
having agﬁeéﬁu%%%%%%%%r gﬁ%h}% ‘é@&ﬂ?ﬁ%’%@%ﬁf in%}“ﬁ%d RogyPuP
gepips et lendstefeof,tke(lilequivalent of an aromatic compound having
substituents or epoxide structures each capable of reacting with the
perfluoréggﬁ}ﬂther 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 satdfdiemnRIfchyafscalrbon compound, the 2 equivalents of a

perfluorqu @h fiﬁgﬁ Vi er@ olyether main chain in a
molecule éeg\d "'é%mg %@%%%@p%%@énn s%{ﬁgr%of, the 1 equivalent of
a saturated cycliglHydrocarbon compound having substituents each
capable of reacting with the perfluoropolyether ound. [0024] 15
Disclosed herein is a process foﬁ“bé)ﬁ%é%ﬂﬁﬁﬁé mwmagnetic
disk, comprising reacting 2 equivalents of a perflugsgpolyether compound
with 1 equivalent of an aromatic compound, the 2 equivalents of a

gerfheofopalysthenaompaenshbaingneeperthifarepelygpther 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 perf or? olye;[;? compound. = Disclosed herein is a process for
producirg® Eﬁﬁ?c BN almay ik feorApAsegebisceisk.2 the lubricant

COHIRIRYS: LB ABHIRIOBP HCHELFAMARKRA S Va
saturated cyclic hgdrocarbon compouncﬁ@he t\g%%?\&geé]ﬁtg O?%&fval%nts of a
perfluoieipiiysties coonmeonddahdvingpaivsdhi afopolyashetimaimeiindntee 2
énodte%w% and havi hgdroylngrou s at ends thereof, saidl equivalent of
aaéa\{ur?até%%y%lﬁze% RRIGH O BRI R StRBRITE RSl et Teain
ohsending Wibidie ee B raROINE LAPPYBGps 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]
HOCH2CHCH20CH2CFAIDC2F4)m(OCFOn-* OH
*.0CF2CH20CH2CHCH20H OH (in t@ formula, m and n are each an

. . here is
integer ofg}sgrﬁ%%r%)éaﬁ. .hAccordlr:g to a seventh aspect, there i

R 5ating S radtietie P9 £ dH ety apetic

provided a magnetic ik Fa¥i ga
aduiicatingitmye Feaeting SURRIAARNAG 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 unifad system. [0026] As
described in the first aspect, according to the magnetic-disk lubricant
containing the perfluoropolyether-based compound in which the

relationshi t Ql“@ - weight and the
n%ﬁ#%ﬁ@? \%ﬁﬁ%ﬁ ﬁm%%um %’%@? ﬁ@%@@%ﬁ%mained ina
moleculérfalis vathbutiregrediiermicedtiandaandiiagtheethe carbon-based

perfluo_rOé)oagether-based compound has at least one hydroxyl group
AR YEeEERter of the molecular chain, it is possible to improve the heat

resistange JWBoMLEFHEN ehel HEASIRAIKICIMIBRARAHRI 39 BANAIREUEY in 2

weight. Further, when the lubricant of this invention is coated on a
priagotie dipjcrppriptidmbealstish wroas Bgleaen the hydroxyl groups of
the lubri nd the protective layer to improve the adhesion between a
Iubricatinﬁgd%@er and the protective layer and, therefore, even if the

thicknesgwtitheribbdtatingfayesisotducedlitdsporsinie tesuticicotyicant
cover the surface of the protective layer, thus enabling a reduction in

tRRIKAEUSSoF R ePRASHEERRRYY BT 1889 COMPRUBF b dER ! h EPfiRTISENP
PR W@&Qﬁé‘%&@&%%@%@%@h&ﬁﬁéﬂ@@%&ﬁe of the

preferably two or more and, particularly, the number of hydroxyl groups
arouigthelcdhdicalthg@mameculanieingd niay de prideid|faiseerdhimolbe
Aﬁ)cr%gé eian itnoeg ?a%ré‘eb 8%?5{%@?itr}]\(éepte?rﬁuolrgpoiyether-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 lubricaht without extremely increasing the

molecular weight, thus improving the heat resistance. As described in
QE@SHB%%@%E%&%iﬁ@%%@%a@ne‘tt@dig@ma@mt dontavhing tHise

CORIRALI N RIS D6 RESf BPRR ed fo each,
o?f?;?th(o_uglk the |valeﬂr%t linking grgjéh%ﬁ{v%]%ﬁ:%ﬁgggﬁq%a% S’r"%ﬁee”p“”k'“g
hgereRy it g eossdrisuin divaemgrtot theomotecilarghsiaiitis passile aigh
dimerizing the.above perfluoropolyether, to obtain a high molecular weight
G e B R S e e (P wsort,
iftpreventheieatiresisianessangdnfurther, it is possible to improve the

adhesion between a lubricating layer and a protective layer, so that even if

the thickiEsESFRER LR dhengaesed igseamicatopidinmdsilie toragifieiientlyk
Cc f ] yer, nahling a reduction in
o o oL e B R BGHR Gkbesie
tivenekashitorech Cteighratigin thetHivalistdsikrat gkQEG mayedR e rANE8st
of 50 Oﬁso 12000mPas, it is possible to_obtain excellent flow properties
Ven attow e%%%if-‘a%%&@gﬁ% {REIED %{%ﬁw&w@rﬁwwﬁém@@a@ by

even a¥

lelinterapryatiresbove pErRbRIPHNEIMSNtoSRSRING H’i&é&eﬁbﬁf_%%@m

viscaqsity relative to a change in temperature may be in the rang

e PeSie i R<EREIRYe indreastiopbrica1denmal oveight vadd ringe to
I A SN, MR AR e s8esin

can be obtained. Accor aspect, si
rhefmetic-aliskricsting immrtauhmpisitgibe Eompeunthasat leas! thig®ess
h%/%oxglllgro%s Eft the_ce%jar of a molecule in addition to hydroxyl groups
at the end< Bt te HoTR iR URRE T RenaRRis-oadrianty teovaiibaimetaee
ot reRABEINC RN ISRAIRH MY PEIRSINEBYEHPIPRS IBLeragtion.
occurs between the hydroxyl groups of the lubricant and the protective
I&Vérr"iétfﬁﬂaf@%rthe adhesion between a lubricating layer and the

protectivi@@ggr. In the compound, the perfluoropolyether groups are
bonded to each other through the divalent linking group. Each of the

perfluordpodyetbreibgimesthasrite perfkorppelyRiheomaheiaRithts the
structure the{ﬁpéand aghydr%xyl group at an end thereof. The divalent
ITRIRG YrBbip Has KEELS thide MW SIRieR R IR aRersRasitdsthersitie 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 protecti&e layer. As a result, even if the
thickness of the lubricating layer is reduced, it is possible to sufficiently

cHREFERE SomRtsieg dhe sritRamrd bpsr aineasti§wse loydioashgriayesr shithe

be-HR , § netic disk. Therefore, it is
e o e R B AR AT IR ERs fgoute
higreodlierabdcanirdvenrding ectbentraiimeticsdisk ki brisant: asearaifdd@oated
embodimen oj the present invention comprises the compound in which

thE YV A RUBYSh S RAE M RS R REBESRIME Fadre diMeOm RIGHRR ST
apeveBivalentieKing SRUB.IUES RRSSIRe i?ﬂ%@@ntﬁ@ g moleCWalveen 2

weight lubricant by dimerizing the above pertluoropolyether and thus

théiealiag comBbsiEn che berstpphassiyeTherefore, tikercampagneltic the
= : N b e to o
e B P s el 2 e Bt s

lgbrigant Bechrdfntgdperfhedjrataafdhrpsasantipyritiondsereeliantin
pé%erties such as, particularly, covervag%e of a protective layer, adhesion
t

B Botéefiehys: RaT it csitishey hsiPiusean apRidberaciio The
furverrteshionibupiRkacse RiaibreatingdrYe) BRbISd forFRdusg, o

the magnetic spacing between a magnetic head and a recording layer o
I’H’&jﬁ ic disk, and further, it is excellent in long-term stability of a formed

lubricati r, at it is suitable for realizing a magnetic disk havin
high re|ig%“.@xge’v@ﬁ%hbé?ear%ﬁcﬁyfﬁdoﬁ%‘?ﬁﬁt‘@ﬁgaﬁ%r%e‘?%’%%%&bsl%Mi%?éyi
theims eddes iutezemtingdgrsfioindpeelipeardsaanskwiie v sirisiubricant
nviro rgent | re istapcef llowing the diversification of applications,
g brcang SRR Pl RISy At raYReARlsing

theuaiR e Ve i inkige0 rap Mapd1aves3 iR SOVETPUEIIRHRSIEIRE the

structure thereof If the number of hydroxyl groups present at the center of

dupnisrting mEeluledyeadall sreosshisstarsifiisievirmeves thasbyfabe of the
[ ' | ive.l [ iciently. On the

N AR G R R K i eSS
rsorfabenef Bytegglgrdisss aftensbmed iowasditie foratdotizdrayhickigs st

trj rqper interaction with the protective layer and thus it is not
t%%gt t‘%ﬁegf?tgggoa%ﬁ%r&%?%e%&?ﬁeggﬁegfgh tgcfﬁ%rﬁggtecti\gé’rgifér since the
inGEgasisdiskrésipdrtin gitechingumbemebayd ey @rqu@sgfeaéﬁﬁt invention

molecule. [0032] According to an embodiment, since the above

FURRTRSH B SRERP L) Bethich beparavaaidugrenplyelhsseruasgre
HERER Ry é%@ﬁ%&%m@@%aa%%%wéﬁ?%ﬂhg %@ﬁ%yk@@%e?ﬂag B

possible to suitably introduce hydroxyl groups aroun enter of a
leb@#AnEmdNulenolecular  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 (1). [0033]
As disclosed, according to the 20 magnetic-disk lubricant obtained by
reacting 2 equivalents of the perfluordfolyether compound having the

pferf uoropolyether main chain in a molecule and having the hydroxyl
gmﬁ’iﬁ SEHEUSN D HARSBE SR 1 lihreabng deves et ebmpsbinip the

havigeeie StRIGH 9sRRsBrapahie Aifeacting with thrB%?diﬂeépﬁ’%é?t%?ra
cess 10or

compound to form a hydroxyl group and according to the pro

picingie diskh anfagnese-disk lekerdiant, inidopossibte stebilitats ebiaimed

ic-dj icant.that is ound.in which at least three hydroxyl
o . e el e s Ty
geliapdigt Gverendthotitbeonoigoute yidhtkifgpentigoesipoheibetliowing the
compounds each having hydroxyl groups only at the molecular ends
ISP Co e Pt B alN SR MR AEh B SR eormental

oRERgeeifalINIRg e aNRrsARMRIABIQHIRsataive layer, and heat
resistance and thus can achieve a further reduction in thickness of a

Iubricatin%%o}%@er, [0034] The above aliphatic compound may be the

compou ' t - oxyl.ar in a molecule and. havin
the epox%&ﬁéﬁgﬁe%@mg%n S 'Ehﬁr%%fg %%Jf%@l? ¢R %%@%%%%Eﬁ? i?lgg ve
pdissibie liokolgajroadubey disvef 3His Snventien withubigh therigyractdrvithereof,
t‘ﬁi g ield. (@Ihe aboye perfluoropolyether compound may be _
o SHIT RRE SN SO rBHRSRIS e At tHE SBBYS RoAipaay [Dalssyie i

oo e Dt Op ey G EAT i CAry Ber
JtaerehRsUepiaifedRicitdipRinithgelpr Fauh bbweyvpeHigeitpaiyether of
HRLRSNARIOP REUHFRPHETE! AR AR BRIV L Briented 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
hydroxyt 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 molé@ule, in addition to hydroxyl groups
at the ends of the molecule, when the lubricant according to embodiments

o RARBHER inlHibeRts chiakedn RbrdRR%ENg layer, ROYRIeaIBle & the
; . cod rotec . o
%ﬂéd@mmys&ﬂgenﬁa“ﬁgdﬁg%ﬂ{g@%&%@egpﬁgﬁu B%ain in 2

adequately have a folding structure™on the protec e to the
intelactisrebd thaérptine hydroxyll gmepssot b eldbricantcdndithecpndtedtiviest

layer... . . Further, by changing the length (e.g. th ber of carbons i
O R T B P15 S P SO e
obdrRubiyishedi@ounasoHAddhR e iehRi g AatepH 8 A S ERSHE, ibishe

possible to control the folding structure of lubricant molecules formed on
tIRECSRSR &N BRAKSIRG SHTsBtRRagEkAdisk duknisaabritiingsaipe . rimatibly
detailed tyni i : rei I justing the

length of %ﬁ%@%@%@%ﬁg@ﬁgﬁ% %éﬁﬁﬁé’@%ﬁ%{cw C%E‘nfafglf?ﬁgt three
thigkioegt ofcthes e cetingllayer eh the nwotecubdr feveblésuihan byidition 1o

TR GrHHeo 6 W Yo TIBIT A o SS v RSt
CePpHIRSs Eace BallR W@W%#@MS& ane thusdhe dubricatingdayeseapio

be uniformly formed on the surface of a magnetic disk, thus enabling a
rEfRiEH P Ih R E3 branesiiastidnbrpeaies wsleaacieningerigia protective
GAVES pﬁg ic-disk Iubri din :
e R SR Ay SN RREE T s e
thitlnttessafutiobicdtidgesseofre diiriedttay keghicing the magnetic spacing
betweenﬁg%i\gnetic head and a recording layer of a magnetic disk, and
further, it1s excellent in long-term stability of a formed lubricating layer, so
that it is Shialeve AR SSHBBORS iR ehmanaRish rRliakiligeyeRast
with the low flying height of a magnetic head following the increase in

rEBErRIREPIEERY riteceIisR dpsanddusinathe epoxistorlingusant the ends
efbedimepiitheabave diyalentalinh 'BaIgR %aléﬁd%i% LBHEant of this

represented by -(CR1R2)P- (RI'and R2 are each a hydrogen atom or a
sowettioswitndighiseiyised eitbfrigbryiebie), the length of the aliphatic
group c%gegg r%ged by the numpber of carbons,in the main chain ere&%

so that it S posaible thatjiot the Poshior SR xidfoliSs BFSHaMe

centeroohd feprisantan dethdeabove formula (i),
Further,%}cié:ogdingtoanembodiment,theabove perfluoropolyether group

may be ably the group represented by the above formula (Il).
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 compoundataving the structures each capable
of reacting with the perfluoropolyether compound. The 2 equivalents of the

G RSKOR BHTERP 86 9issarRt RESIHE thervlomsbivehasaam eydiman aroup
a}\pl@@l@@*%e@g&%%wgmﬁgwﬁ g]émﬁo? re%o%é\iﬂe(%]ain. The

equivalent of the aliphatic compoun e structures each capable of
peampigWitasHe gl gropply etmr tbendpoiend . Sipbistiagoondingiatbend the

ess.for producing such.a magnetic-disk lubricant, it is possible to
S R B S R R bt o e olecue,
Werothyl gtoitpsiarectntioducashieriiranadiph alic Gexup ieatng dhsted on

center of a molecule, in addition to hydroxyl groups at the ends of the .
FOTREY BiPNRIiA G RATRIBIS Fo KETh & WBRRBBLIRMS < K FRAHd K Bxhich
BEHERRORNIER, ABS faalacuiay RAGS %!ﬁﬁg@tr@mﬁé%%%@%ﬁ%ﬁﬁ%r due

the position of the hydroxyl groups around the center of the molecule s
ieriiednigrasiostbatweriy fire anpmacaronp dffferehbiickitigind @ Phetective
Egggﬁe perfluoropolyether compound may be the compound represented
by the above formula (1V), [0038] According to the fifth aspect, the
magnefrexdlisk, |opritenttentbedesgte(eamipeund riesthel ceompasnd  tHeemain
erfluoropolyether groups are bondeg to each, other through the divalent
R BRI B PO Re o RGP Ee PR B IS RELaR e Mooy
gedposepaivetiecsnain B tbibeuriruay e dieneof 3R ss e ntrol the

fgroup at an end thereof, and further has a hydroxyl group on the side

Plgng sBuRRsRIdpER R & RlatdsrdsaneiHeT inaprelestivernres sprastusidhe
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present at the center of & molecule in additio ydroxylgroups at

Yot tiseanadet by Beivstow thehéangte hitfieaalicmatardjirmpo so that it is

imenis af the present.invention is coated.on a protective layer, the
S B R e e A R oo ilaer
lavematfeugraupbyreseningtdbeteeniigicofibnkdy icamtshelegwdanclecular level

R s B e e

@RDIRNEIRE JTFNIHREING SHYERCERS thEPIRECRINRIRYE fayer can be

Therefore, in addition to the interaction between the hydroxyl groups at

BB BReReoR iR S ARSI < AerBRaafis ke diive eapblingrepduction in
IR FRIEMON, ‘H‘F&%ﬁ%ﬁpﬂg{}gﬁ\mﬁ %t%@épﬁéé’ﬂ é’%%r%%?s YriB&fore, the

aromatic group an rotective layer. esion of a
magmeiitrdisiayerrisaniprovedidg edoambaiisractsoof Hetvers ¢he hydntisyl can
roups of the lubricant and the protectjve, layer conjointly with the _
A it R AT e RECH RVl g dor reouig

tacomatingioupauegeptaldbe centeigpkiite HeBtcant molRedRIRY BRr of a

interactions described above, it is possible to form a lubricant layer

RGP EStay 8RAnfWINeR 1fbitcsrerRlsRc e Laadamarskbilive o raldriged
iSiRcliig ofyarPuoRlYe RYelidberalprRaRyRR LNEUNERBRISIOR g hich

lubricating layer is reduced, itis 24 possible to form & uniform lubricating
relipBiiSUfRYRSh b Vesingwhd¥ogabeigittaohayedg ik, teas ofstiining the
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[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 perfldBropolyether groups has the
perfluoropolyether main chain in the structure thereof, and a hydroxyl

group at AR dPedt, amaditRitnie RowroyPiRdupiBhale grielee may
C t of olyet ai [
A o e earont Saniad Loaa 4
hiid Foeelbstiveibappreseat dotbgecaritdr of mormlethal ddnglu ditithretaliphatic
hydroxyl aroups at both ends of the malecyle. Therefore, when th
e B S e B s e e e oo
aiproteitiveskayerjdheisatutated aychcohydmearben gsoupdaresant abthe of
center of the lubricant molecule interacts with the protective layer by the

i eRGRIGITEISSHE, i e. the van der VVaals force. Accordingly, the
lubricantgglecule adhsrgado the profgctiveJayveifsptiowing this, fhe
hydroxyl groups present on both sides of the saturated cyclic hydrocarbon
gretpesrrebtvele agmgotanbh esdefacy oficherpiptegtieedaist andhe
tg%r%fé) e in ]adﬂll ion to the interaction between the hydroxyl groups at

both ends of ?n(e lubricant molecule and the protective layer, proper
interactiqpgaggurs between the hydroxyl groups on both sides of the
saturated cyclic hydrocarbon group and the protective layer. As a result,
the adhée3ispiased (bpriatg thgemroinsbeclield tindertheridtéragioness for

he_hy | gr of the lubricant and the protective layer
B e e achi i e oS L Ty A e “roctc

ibteweotetudguinreatefdhihsaltmateoysitHay drapthen greup ssaremtors
the center of the lubricant molecule. By the interactions described above,

it§ BURLTIIE T8 TEItHY |IBYIRE R RpEr b TeatiFly apap/arPiviserbHEarte
'BeIRGUISE ARGALAIRIMN PEYR.A TolgiRO 228 SHAUEE BP #ETRLRRINR polyether
layer.Therefore, even if the thickness of the lubricating layer Is red%ced, it

iSoRaE fesdha eediifvapolupbtisatngifagkaisffigientigooteridditving the

f tic disk, thus obtaining the lubricating layer with high
e R R e T el sl
perfiporopolyeibertgeouptrnayee thesgroupaspsrsentedrbyditgyabave  the
formula (IlI). Disclosed herein are the magnetic-disk lubricant and the

YIEEEE (Bl FRG IR S P S rag R Se 1 miPRR R 9/ PRk
RIGISTRESMERNAsRAUVRIRIS: & e aerinorRaly Shel CamPORd ARd.h:
equivalent of the aromatic compound. The 2 equivalents of the
peiriteolss Iyt ér oo imavhinh thedrexfiugroppy etiee iminadiu cithingar aan
le and the hydroxy| groups at the ends thereof. The 1 equivalent of
e e R I R B e gpo
the pesflutonepelyethel Lenmpobdie Ty SnrRisgOHINE deo By BIBSE B ifounds
producing such a magnetic-disk lubricant, it is possible to obtain a

R SR B RYHFRYAS YRS RIS BRy MAte aRe A pa s B8R A <limBEES

$ies ShANGRBAlic oMok B ARUNH Psm&ﬁsogﬁong%'ﬁi'sem%ﬁ of the

addition to hydroxyl groups at the ends of thé molecule by linking, throug
thelacoindgie gy peitsisrbpslye theraiphabiowrdspeditaraavindgshytroxyl
groups only at the molecular ends thereof to dimerize them. [0041]



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 26hydrocarbon compound.The 2
equivalents of the perfluoropolyether compound has the
pﬂﬁﬁlﬁ?@\fﬁ)@@ﬁ\@ff PRaivedriSomaTHBtbale be ththednypbaryl groupsmtd by
tﬁ%%%éqﬁﬁ%%‘ﬁmﬁ 1 equivalent of the saturated cyclic hydrocarbon
compound has the stfuctures each capable of reacting with the
perfluorg@adpdther compound. Thus, according to the process for
producin a ma%%eﬁic-disk lubricant, it is possible to obtain a

[

suc

magnetlc-c(iﬁ‘él (8riedheif WisieRas) disidrsane dek ivhteridceradseothe

stdampal Acatualestayslip YRR FADRG ISR RREP WA e BN OLA 1o
e molecu

molecule, in addition to hydroxyl groups at the €nds of e by
IRt ea divalent éyentatiggrosarb draghouithperticmppbypstiesr
i only .at the molecular ends
thereof t%gc'iéirﬁ?eé;%eg ﬂ?ea‘rﬁmgé?ﬁlegg%%ﬁéhgé%ﬁoﬁ%(%Léﬁ\‘g?c{gﬁ{ 8&@5” a
?’iW@Efmelya’h@mTBmmdm?faﬁbei&mgﬁthﬁj&b@ﬂ/gri?jjﬂr(ﬁr}]atﬂé/éide
42 ccording. tg the seventh aspect, in the magnetic disk havin
i e e o B TR At o gaB gL e s
syhistrajeg tbedubrentinglaiessonainsitha-r evemag e iciskduhricante
Therefore, it is possible to obtain a high-coverage uniform lubricating layer

CEPLH10'6t, B0 IR 27dilianda hydierrbsrainrat i s righaenolecule.
sHireR A thenerotgEiveRYSHANL &xaRle n@”ﬁ%@%ﬁ% G AE present

adhesion to the protective layer. Thus, it'ls pos leve a further
ievefatiem i thiskadssnfa bfrsting layen rguitdttentetitsiagdheith the

[ ing, sp that it,is possible to provide a magnetic disk havin
e e R e R R oAl BB veTbRh e
ttenincifdbe inbecantimgidenisity Mcrereniiears Anshvdm vesestiChdneres

n\ﬁi,]ronm?nt I refistance following the diversification of applications. 27
0 he protecuve iayer.  Foliowing 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 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 the2dperation and effect according to this
invention are exhibited more preferably. Further, in an embodiment,

RRESRSy IRy Whsivating AavRy RiyfEeieptivraieiinadhmevdace of a
J | ' - SH éfm{%ﬁ Ic. o e mounted

ﬂﬁ%@%ﬁ%ﬁ? ﬁﬁ%ﬁzﬁ Sgé?ﬁﬁne oa %g%%\g@%@fn&g%é%ﬁof the

inventiddOf44] According to embodiments of a lubricant for a

netic disk of this invention, it is possible tg. form a high-coverage
umnail%rmgﬁ%}rﬁcg'@n{é)l Gt paa%f’ fﬁ&/@?ﬁﬁﬁ%ﬁ“&mgégﬁﬁ%ﬁ?@%@% the
cuffigientdy cavefigdhessifaceral anmiscieayer e pxcaiendndasal

resistance and adhesion to the protective layer. According to

G HiIe REOBPR aghalRTisRN iBlRehRY PlotE TR @5e bt thisach of
iRy eRlinnolbinRansibie o pritall MQ%%&}BBB%MJPV%%%H%H@&

of this invention in which hydroxyl groups are introduced e molecular
e EhderRbrandhe tementioowpletaie. end ihesmtlingddurther has a

R R R g RS e
dbgithiSimveruiopoitrid passibjeitogbiaiugiae figh-boiterages ubrigasing mser
SGUTRCE o oA OEALE! Gt B, BTGRP ndi /oSSt 3 G
dediterpitemtioryRyRipathiterefamil i pRrSSIBIEIAEChEMeRI AN the
kﬂgﬁggft}itogégotﬂﬂén?g seggggggg%gagp ?hg )gjerresiit invention is coated on a
protective layer, the saturated cyclic hydrocarbon group present at the center of
the lubricant molecule interacts with the protective layer by the intermolecular
force, i.e. the van der Waals force.  Accordingly, the lubricant molecule adheres
to the protective layer. Following this, the 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 res#tance following the diversification
of applications. Brief Description of the Drawings [00451 Fig. 1is an

eREHPETy Lo QoA SFEVE olRYRT Exan PREDPE maRletE H?‘@k"@f%ss of the
INYBAAThg Iaydrids 24a.&EiAGFA0 I0E SxRIaNIngG e r&mﬂﬂsmgsﬁﬁ%qayer

the number-average molecular weight and the normalized value of t
néifilses ol IRpaaiag Hroapdassntaimethimelimdigculeinabighing the lubricating

m i6-disk lubricants of this invention. Description of Symbols [0046]
151%%1?512%%%@5 rtr;;ég)ﬁ\j}/riylayer 2bunderlayer

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 molé¢ule falls within a predetermined
range, i.e, the number-average molecular weight is in the range of 1000 to
6000, thé4irthalized value of the number of hydroxyl groups contained in
the molepide,iitEAoLRaraathIR RGHEHARPANGIDSBRACRHRONNT
is in a region below a line connecting a point (A) where the
nilMabezraoarageceholetatdivodiyit,ishE0 Dteanditine beiwaalizéw: viaydeoafithe

number of-hydroxyl groups cqontained in. the molecule is 400 to a point (B)
e o e
véadyera thetmmabaseddiy droxdiareupscseaiiaingd ifthe selperle is HE00,

and further, theéer_fluoropolyether-based compound has at least one

hRFIEAY AR 5 arbRS (Re & RtsfeeRolecular chain. In this
invention ali Yalei MR y al

ina moleiglrg%@ﬁéiéﬁa?teér reféﬁr{ééggo as E\glé‘?é%&u%%ﬁ?q\ﬁﬁgﬁg: %ﬂ%i{%&%ﬂg
sprsHicandrinisgaivaltieoubthihgcbby idipetimylaryusniizbia\ey agsayoksitutisk
weight by the number of hydroxyl groups,.For example, in a compoun
R R BT S Aeeia e ok oeipb s B nitbentac
hygteaxsyh 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
suteUngdefdynsdments a to d is the above predetermined range
representing the relationship between the number-average molecular
weight afféPE4l/ in the magnetic-disk lubricant of this invention. The

segment LTepIes @63 Mrfb ferr(\)gr%)cslf g%%?om s.less than 1000, the

amount of evapo tloneg} a ubncant%ecome‘gqg Jgra%cmﬁ%? % ﬁ%g‘to‘f this

resisatioe, dégpadeibie30 fohe sagghetteisgbedinaeanpecig tagpeiRtable
(A).where M’%ié 1000 and EW is 400 to the point (8) where Mn is 6000

afltl BT isHB06 TR GHEAESS rapiEcBRtY e\ it Brispe of a
neesEsany: flayobiainingpleReMAhRSenRat i BIRNSBAEH RIS IS otective

layer. If EW becomes greater than it, the pickup of a lubricant
(Momenon in which a lubricant adsorbs to a head) tends to occur.

Further, Wlﬁﬁg ity becames tog smal he migration tends.to..
occur. The segmént ¢ represen%n@g‘%%%%gﬁ%a%%gigeﬂéjﬁ%a ?%%uctlon
vigissisg (s cihineipwantjolar geis otrsaitiiee thulsidabiyg prediocenanaéricant for a

decreases and the self-repair properties decregse. The segment d
RIS R TR 5 R U U, TG PR AL B e
grovipsuacdndicanforplecethecames very higlkame thus the lubricating
performance decreases. Further, it impedes the formation of low surface

energy by EAGHIhdDERRPRIFIGNMOf0B4DPINetin digh o s tivention, by
MagRRECHisK BHRant RfidRis imertign frReiiRgdako Ve R RESS B ARant

imgg;ve the heat resistance without extremely increasing the
noRfbBRA Ry Btk iImeiianaitiierpasiblertaabirireiienaighbrvanag thisricating
i ion is, coatad cliv r rinteraction qccurs
oEieor 1y GO glouny o e IohculF A e the DG Le [aygrtg the
imprace thfecapiindsitivebietyeeeamad bxosdating lbyer @stbthecpratectivedaier io

d, therefore, even if the thickness of the lubricating layey is reduced, it is
e B H P RE L RSP 1o A g LSt ction
emabiiRg e deBiedtipndstityckpess 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 itis 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 amagnetic disk according to this
invention is preferably a lubricant containing a compound in which
perfluoropolyether groups are bonded to each other through a divalent
linking-group RBdviehhAs Rideashanad warmarligeosmsaraune shevisenter
of a molecular chain. According to this lubricant, by dimerizing the above
peTfabRsissliskthayingibipo selipleliy epeaimiEnHiyhiaiolbEw ta
lubricant with r ir ing.t ' t
R e e e
adtigsiembativesenadubecitingdayercaridiawirg eot diviagéicaliberefore,
even if the thickness of the lubricating layer is reduced, it is possible to
SURRBISH Bover the surface of the protective layer, thus enabling a
reduction in thickness of the lubricating layer. [0051] The viscosity of
the above lubricant at -10C is in the range of 5000 to 12000mPa.s so that
it Brisosuisfeingwbthiheksanériglow properties even at low temperatures
and thus ILB l%ﬁain high reliability even when used at low temperatures.
Further, in"the 1ubricant of this invention, the amount of change in viscosity
relative toFgchange éxdemiaey atertoisap viderabhnii thepéngeachaO8itatisk
-0.03mPa.s/C, By this, the change in flow properties is small over a wide
raRGE % MaBIPTo high temperatures and thus the stable lubricating

performange €38 bg;ebtained-d9a#ling 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 strgture thereof. The above
divalent linking group has at least three hydroxyl groups in the structure
thereof and, for example, includes a group represented by -(CR,R2)-
wheterR1 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 hydroRyiugrinass iarthenaeietinditherse ding fe Aysnmam HInBimber

of hydroxyl grqu resent at the center .of a lubrica ole is. small,
At ok et N RO o i

aanmrke ekigined suifisianty anshCcammraealy.ddoweveniargetiatmmber
of these hydroxyl groups may be, not all the hydroxyl groups are oriented

el proteetve RginstHR s EelRiBlRe T roperHHerattieh wiethe®:
RSN A R g e oot v
hyeiexilgyoups ioftive molesederl [R5yl grolipe aboienperfivibropalisthieris
JE005F Bt ine periorepalyeerbdsed compound 1 It & region below
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,@f 1 or more. [0056] Since the
magnetic-disk lubricant according to this invention described above has at
least three hydroxyl groups at the center of a molecule in addition to

hydroxyharaupssah thenends eidhsmolassiie. whendhe lubricant ObHESEW is

invention is coated on a protective layer, proper interaction occurs
Befneahamehydroxyh grobirs ol abrdait arid e protectieissydped
improve the adhesion bet a lubricating layer.and the protective layer.
oy gk g=iee e e
gEoupmahthadubricarkand e profectivedayaied isamssibientn, forepackup of
lubricant layer (lubricating layer) in which lubricant molecules adequately

heverizdoldipgestnieanns on Wikcpratebivanaperend, tharafsrd, 808A 1Phieru”
Picknesygf e unicaling laver s requsetl isRosaiblade sistencor

o
ace € protectve Iayer an us the ricating layer can

hesBifgralytformed amtbe/swfarmof amageetieisicohs thelulutoating
layer coverage increases, it rePresents that the surface of the magnetic

BRI RSOrRTY IRy deidhedwitls3HBAMSHILMAY £ drCHRPRT RS 1be
RERSIRIE Bg&g'ﬁgﬁ?ééé@@r!a}&?& crash failure and thecanesion Gikee. Thatwy

iS, as the lubricating layer coverage increases, the surface of the magnetic
diskds ezoes pthtectsd sthehatithef lnpdicatingrpepo imahdeiofthensigfade of
the magnetic disk is high and further it is possible to praotect the surfac

f .
{RRCATRERXBEVIR YR Ktsstam d HRlinR RETETRAISE HRCK3#rESion T4Ii h%e“ k
Zﬁ'\g(égigéf SHCHOR Qe S RS RS RIS S AMRBRABMINE Y Iubricant.

ne-based contaminants present in an atmosphere inside a magnetic
disk appéfsts.

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, §.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

refeNEYEAER e ARRS DML RE oM RN NAARNAG! & dHERR Reween

a magnetic head and the Surface of a magnetic disk frequently occurs.
Witigre thiémagpieitio brissdisvibroubbitiieroeiytintreaging érsurfaeeLbitingight,

m&ﬁlnetic disikn, t er%ocicrurs %ase where the magnetic head does not
im gdfgpéﬂygg Buet OF Romtact With the surface of the magnetic disk, but
slides witfpfretjon for a while. Further, because of recording/reproduction

performed by the high-speed rotation of a magnetic disk in recent years,

heat due fol gt bF friEtRsmedigeitaterr Anida iR ByRvERfibRigterably a
THERERER obiRAARE I RSN BRSNS LRI ALINRSIAREre bonded

conventional that a' material of a lubricating layer on'the surface of the
mageatic aisk bimamalijvdecs iydregrdue sodhvéinaatdreasisuieh
hehat SO tpat data read/write is sub#'ecte to [ailu e due to adhesipnf to a
mAGHSEY HEA BFAH e At A IR & R S d 15 LRGN
maleechar, weigtanchinaigaseve fuiditydpatikesenicensisamd ancefisata
recording/reproduction in the state where a magnetic head and a

mAgRetie aratea HeiRdHPACARIN Rk B RVHEETERRINR e IRIRIA e of
healigRNSFAIRAISAHSHRAHR S0 RaN L EoRtARLSIMItNGRIANGSE IR sbRKIBY

this situation into account, it is desired that heat resistance required for a
lulripetitg hayitssifurrswiaprobddicativo ke tieilbicairtbfativger.

inyenlion e Sxacly suitable: 005 A% drssiibs Ao s mapRes: sk
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 hea%?following the increase in
recording density in recent years and with very strict environmental

resistance following. the diversification of applications. [005 As a
R el e S e PR S R0 e U i et
thetaviagprafernlyogiteehifer examgiairfiProgduation:nrReess:cRMARSINGving a
reacting 2 equivalents of a perfluoropolyether compound having a
peMGBIOPSIRRET Afaf CHeiPRT ar%%\@a%t_grﬁﬁﬁ%mmmﬁ%|agmt
2 IRiRgdRUieraony i kLAl Rb AN AIRIAIG SamRaRd haoe
structures each capable of reacting with the perfluoropolyether compound
to form a Rydrakgvevggent inkinglroabdws alipteticrrempolmey\thenesisin

preferably cited, for example, a diepoxy compound having at least one
hy% r%gﬁ%}gﬂﬁpﬂ?ﬁfgom%?&%% e he i@%ﬁ%ﬁ@*&?&'ﬁﬁ%@%’?@ébé’nds_
theresf, RJsingsach, &eeRpar daliis poasiblsntateiainaliseanehthis

invention with high purity and with high yield. A specific example of such a
diepoxy c nd is cited below, but this invention is not limited thereto.

[0060] [ChemicaliEQEm 3 8Lr3Bie 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 limging group changed from the
aliphatic compound. As the above perfluoropolyether compound,
there is cited, for example, a perfluorodiol compound having hydroxyl
groups affiemickEolandads thereof, represented by the following

formula (QOCHECFQ(0@2F4)m(EDGFE)nOCFQCHQG_,

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 ther¥of to dimerize them. For example,
when the perfluorodiol compound represented by the above formula (Il) is

used as the above perfluoropolyether compound and the diepox

et R e e G e e e S
thgeeis-hiaiRrd arluRiisapicampeHNthRAK BE.OPeYHObar QYBARach
end of a molecule and three hydroxyl groups at the center of the molecule.

EXégnpiiasdanpaidhtiy icmalgnedengisknatiie aheyefogibupiaaslicingreand

It ORI RIS L RRER T SRt RIS RS dORHh Brecomposition.
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)OCF2CH20H OHOH Rf :
-(002F4)m(OCF2)n- (m, n = an integer of 1 or more) [0065] Itis
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-averagg.molecular weight (Mn)) to 1.3 or
less. In this invention, it is not necéssary to particularly limit a method
for molecular weight fractionation, but use can be made, for example, of

mg%!%ﬁ% ag@%%ﬁ o a"&le&ﬂa@g %lﬁ?ééﬁ’&h‘ig@ pRtghep| 8gFIR Y, (5PC)
ght fracfionatio a supercritica xtra t|on

methadzgs tehikprdRO66G [SecoacBEradiogiimtamtaf m::bﬁm;am:}an 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
reliability (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 ggample, 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
above perfluoropolyether group has, in its
Styéthetg haia represented by, for example,

j m ".:. h an integer of 1 or more), has a
hydroxyl group (preferab y at least two hydroxyl groups) at an end thereof,
and further has at least one hydroxyl group on a side closer to a bond
than the perfluoropolyether main chain. A group represented by, for
example, the following formula (lll) is preferably cited as such a
perfluoropolyether group. [0067] [Chemical Formula 11]
HOCH2CHCH20CH2CF2(0C2F4)m(OCF2)nOH

[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 aggquately 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 of

thicualiphatid roapdit iscpessiblertoiadiistthe positercofria:hydnoxdyich the
%zr)%ﬁ%s around the center of the @ﬁglecule and, as a result, it is passible to

RO BTG SIS S GRS R S R R B 3HEKINg group
RYeieetMe I eni0.AiuSE RS Bisimess of the lubricating layer. [0069]

That is, according to the magnetic-disk lubricant of this invention, detailed

tuning of thERTNIEKE B EHOGReY phen spTBBCbY G dfiRieNg tHedelagirample.

. ) e : | | )
D R T U s B L A Rt
gepugseeped<anie (oW OR B2 pisd@scribed above, the length of the

aliphatic can be changed by the number of carbons in the main
chain th 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 -(CRIR2)p-, the number of carbons in the main
chain, i.&-BEWEOBTRIEShot particularly limited, but in terms of

improve%eggb%g{'@% @%ﬁwﬁ%ﬁ@&%@#b@pd of the thickness control,

it is, for example, prefera rangé of 1"to 30, more preferably in the
range ofii2 tte 26rnawid, mostpreder alalyhimnhetegpgefdf & tade.

[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 lubggating 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 crdShéailagé maithe Wrrosion failure. That is, as the lubricating
layer co 2ra eﬁf%nec%%?sesbth% surface of the magnetic disk is more
protected so Sfhe WIC%RIHQ 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 stighanHadprguen 2526 Dasrscgniaminants or siloxane-based
contaminants present in an atmosphére inside a magnetic disk apparatus.
Therefore, it is possible to achieve agglrr]ther 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 realizihg &ihEYREGCEIBKIHIMG AigC FelRBMERQipdbte of ensuring
stable operation} even with the low flying height of a magnetic head
following the ingrgase in recggding density in recent years. [0071] As
a magnetic-disk lubricant production process according to this invention,
there is prefergbly giiadderexample. aPrdyelion PEPFESR FOMPrising
reacting 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule and having hydroxyl groups
at the eggaﬁtlélereof with 1 equivalent of an aliphatic compound having
structures each capable of reacting with the perfluoropolyether compound
(e.g. an nliphaiieraddpratiddadRasONal g e oM ATEpRXIde
structures at the ends thereof). Specifically, under a base condition, for

SRERTHECHith ‘295580 NS EMRR RSTSHARAEE bt BB FRBoRgaif having
hydirsyharaurs pterrndsitheisrhalsrensiehkininakasaafhiain e

alkoxide, then this alkoxide performs a nucleophilic substitution reaction

vitplenylan el ddmpjoumberaaiapbalogEegriupsigby thie) Bldxider less.
perform ilic ring-apening reaction with.an aliphatic compound
heving SRR R PR AT Tl Y ey
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 (IV). [0073]
[Chemical Formula 12] HOCH2CHCH20CH2CF2(0C2F4)ra(OCF2)n-* OH
*-0CF2CH20CH2CHCH20H OH In the formula, m and n are each an
integer of 1 or more. [0074]

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#ydroxyl groups around the center of
the molecule is arbitrarily adjusted using the aliphatic group different in
IenF%th (the number of carbons in the main chzauggS For exam&e w en the

DR FOMATHEE EOMERIAIPrERTdakehEY DY the SBEACHBRMERYER) Yeused
a5dhsabeusResiv RpRSstbersenanauRditRats és. obtatned, ajubkeanty

compound having two hydroxyl groups at each molecular end (four in
toeafpagith ohthdpdpbryicgroup resrnssstvef bt et sragiboa gfdhighatic

Exemplified compounds,of ma Kk lubri nt f
R PO BRI Brre R i e R £1o B
[chemieatitormivg %ﬁﬂnﬁ&)@b&ﬂ@dﬂg@kﬁ&@ﬁéﬁﬂ@E?&k@ﬂ@ﬁM@@ﬁMH
CH20 -* OHOH *ﬁ% H2)pOCH

SYRCR 2L BE %ﬁ%@@@%@ﬂﬁ%%zw OHOH RI :
-(OCZFﬁbﬁé@JCFZ)n (in, n = an integer of 1 or more)

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=3 p=8p=13
1111222222212111111 p= 18 5p = 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 di glent 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

QMR A ANNARSN YL SR B Eﬁé’?&%&é&%ﬂ& aLheRbenedyLeauR,

and so on. The above perfluoropolyether group has, In its structure, a

pérfloegbpolyditietimaiouchain represented by, for example,
-(0-C2F4§§ﬁ%CFZ)n- (m and n are each an integer of 1 or more), has a
hydroxyl (preferably at least two hydroxyl groups) at an end thereof,

and furtheshias A6d0agMeRYIINIA s ALASIER €l RsBFdR MR, for

than the perfluoropolyether main chain. A group represented by, for
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[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 pygtective 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
lagtytanid, dellgwing this, the hydroxyl groups present on both sides of the
aromatic group tend to be arranged on the surface of the protective layer.

Thereforé iRBRIHiRE F16789% TR PSRN Bl bEnIvRE S LD igrbps tian are
PURBMIRA IR RTIGATmR G ANG MR ARgiective layer proper
interaction occurs between the hydroxyl groups on both sides of the
aromatic [§®ti) 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
interactiorrwethitae nyetegiivejayer by the tr electron cloud of the aromatic
group present at the center of the lubricant molecule. By the
interactiofE des efIHE RO IR R ApD BT ISIC R pHEAH 0 this invention
can form a lubricant layer (lubricating layer) in whic$ bricant molecules
adequately have a‘tolding structure on a protective tfayer. Therefore, even
if the thickness of the lubricating layer is reduced, it is possible to form a
uniform Iubrit@tiakp YEL SHH O H R (RO sCH 0 6 105 QETaATHEIC
disk, thus obtaining the u!g)ﬁcating layer with high durabilityéH

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. [QQ90] A fourth embodiment of a
magnetic-disk lubricant according to this invention is a lubricant
comprising a compound. In the compound, perfluoropolyether groups are

bondeshin eagh sifer {hrauahafialant 8-satyrated cyclic hydrocarbon

group. Each of the perfluoropolyether groups has a perfluoropolyether
main chahs iheacktrient @ eneriéofrowel assideoxigd papHEsticshdithereof,

and further has a hydr, roup on a side closer.to.a.b the
SO PR e ot e e OBl
hyaERGRIRO BO VR, BsIRIsPIedrtLe0anaptian with latepdascritedcenedy!

exemplified compounds, there are cited, for example, a cyclohexylene
gEBOND aiERBY BB JROR BRI RN 8BS0 cyclooctylene
thatof s e B e o wsemted by,
fqreeiamnmpie)tbaboue: dramu etk md s dblyeststls such a
p?(rgyﬁégﬁ%'y(%f'@h r@?r%’ égg 8nlére gach an integer of 1 or move), 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}
HOCHCHCH0CH:CFH0CFom(OCF)n—*
OH
* O CF,CH0CH CHCHO —
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 th 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 tAle@dturafequiidnyiRdearisan! grelss e s e drsgud Britirdaye
subace fl e BIEERUS el §J&%§£%s@&@&%&ﬂ dhednigsactiofic

between the hydroxyl groups at both ends of the lubricant molecule and
theqmtectivie ayernopertisractitieootiirs beieioe tagehy didwyefore, in

groups on both sjdes of the saturated,cyclic hydrocarbon group and,the
O E el e RS L ey e SR it
imprayad Bkt adntemptiaadiebians the pyditsylaronpsmishetween
lubricant and the protective layer conjointly with the interaction with the

pEBRBYR Tl PR §E RBERERE QIR foRERTBHIR 6 P SH faRBreipdive laver.
h t i ;

ReE R e
inbemtiam dae Hednmo/l ghriganol dye iutulsscbting fasy erptaclivichyebeiogantly

moJlecules adequately have a folding structure on a protective | ;
TH R R R R AR R B g R R T TGS e
Pessiigi i fonm mdsaifeenhdsinatingrlayeusubicienidyeeauering the
surface of a magnetic disk, thus obtaining the lubricating layer with high

durabilityBjoiezieractivmssierelitRg ARayRetie Maenalrds bipqant of this
InyGaHABRAKTShROSBRIE P ARNRVE RAHBRIESHCURRLINBIRkRSS of a

lubricating layer required for reducing the magnetic spacing between a
magtestiteh ead qualeyrbeoedirgitiye sbfdurmgnetiprdiskiivenizgyels stialstiore,

for realizj .magnetic disk having high reliability (capable of ensurin
LR B R B Ry TG e P P e T i
follawdng (RRiREIRARE N seERIGHNY censity iheeaanioyrears. TREB3lic disids
a magnetic-disk lubricant production process according to the third
efyS ARtERIHER G aRBRRIBNEE YA RN URIEY-a production process
comprisirtgd%cting 2 equivalents of a perfluoropolyether compound
having a perfluoropolyether main chain in a molecule and having hydroxyl
groups aflthereinus themsegustis-tislyluvatant of Hrisdrogidins coaipsiind
DSk ees eoch capel sl icar oL Ing perllereRolioler
pound(e.g. an’aromatic compound having two halogen groups or

epayifiesuickiesasipubstfmentsipaaegiisaliyetndargnetseeanditda,
for example, with a base catalyst, perfluoropol)ﬁther compounds each

h4GHYIRERGN Sraupaeirisiud tith &b uiayadeidaatins 3886 e
O%K‘kﬁdﬂn ; ﬁ?@ﬁ%ﬁﬁ@i‘ﬂtﬂ%ﬁuﬁ%'@9&%[!%%:@@5%‘6@&@%&9 SubstHIHIRe
reaction with an aromatic compound having halogen
low flying height of a magnetic head foliowing the increase in recording density
in recent years.
{0080}
A fourth embodiment of a magnetic-disk lubricant according to this
invention is a lubricant comprising a compound.  In the compound,

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 coggpound having a perfluoropolyether
main chain in a molecule and having hydroxyl groups at the ends thereof
with 1 equivalent of a saturated cyclic hydrocarbon compound having

steyaies each ¢apahierpbrapeling Withe periveropolysiheneompaind

(e.g. a saturated cyclic hydrocarbon compound having two halogen

gl REbisRRlERRe P AR AN IS B HERIG, RERY oPhE S bt RIMba ouP
f i , t .
0&%@%@%&&5@3&%@@ 3?’?&%‘5’32?%% BRTCORMIHEdS £ aHbnd

having re reacted with a base to
ohitaintae pdduddepthethtishatkotidia performs a nucleophilic substitution

reaction with, for example, a sa urai{ed cyclic hydrocarbon co[n 0 ng.
naving hASAER UYL LRSS SHEmHG 2D S Both ATt GITEH tne
pediarplyathescomnenpes aedipkad iaasuatRenribuahaed, for

saturated cyclic hydrocarbon group. As the above perfluoropoIYether

conyonitd AR S PHERS SPYIRIBEY RIRERBIRSIE, XY fuBYBIRRAABY e

L e A A Sy

Formula 5k dBove 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



HOCH2CHCH20CH2CF2(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 cegifer 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

thesephisodimes zgdhrabbapexampisevnanibeaadiuototetiaatant

compound represented by the above formula (IV) is used as the above
péMRsigBolyether compound, there is obtained a lubricant compound

having twg,diay grauesat enshmglocuiac and (ol and orfis

hydroxyl group near each sides of the arorhatic group or the
satweatiehcyseli hydrddarbort greurdlubricdirgapkficd edimp dutrrés:of
magnetic-disk lubricants of this invention are cited below, but this
TBIREHES PRI (RGP o 08 A SHUR BRI S S iSkerToRTEE e

CouapaEnd thickness of the lubricating tayer is reduced, it is possible to form a
uniform lubricating layer sufficiently covering the surface of a magnetic disk,
thus obtaining the lubricating layer with high durability.

[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)-OCH2CHCH20OCH2CF20100CF2CH20CH2CHCH20OH OHOH Rf
-(0C2F4)m(OCF2)n- (m, n = an integer of 1 or more) Herein, Ais a
phenylene group, a biphenylene group, a naphthylene group, an
anthracenedyl group, a pyridinedyl group, a thiophenedyl group, a
cyclohexylene group, a cyclopropylene group, a cyclopentylene group, or
a cycloodylene group. 100881 T ? invention further provides a
magnetic disk having at least a magnetfic layer, a protective layer, and a
lubricating layer over a substrate. That is, this invention is a magnetic disk

2%51 & (BagRelicaYE - AHBrRS Slive-layshuant ~&§¥éﬁ§éi%@w@¥%ﬁ

strate, wherein the lubricating layer is formed using the magnetic-disk
lubricastofthisdnve Méomg epoAdectiding. toghdherapelidadisigef tiiser

invention, since the lubricating layer containing the magnetic-disk lubricant
et Gt R N i e
toreiain Hiedieiagovesage lubricating layer capable of, even with a
reduced thickness, sufficiently covering the surface of the protective layer

and excelf§ft4h heat resistance and adhesion to the protective layer.

and excelfiith heat resistanc he prote
bricatng 1 SRR PR DA R R e

pessialgitesprovice & magnelly distahivringhigherelialititc{ocagablesf
ensuring stable operation) even with the |low flying height of a mcgane,tic

hERT RSIRNG RS e RS RS B T ey Ve R SR B PR
VeRy Aitiiet SElyEeRMA R LIRRMSRRGRJIOwIBa e MeRYHCAIPE8fips af the

applications.
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 o obtain an
alkoxide, then this atkoxide performs a nucleophilic substifution 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),
[00as]

[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 tQ& 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 cogt InAkis ' her improving the
adhesio?gﬁ}g%%%%%% %%%?é%g?ﬁsé@)%gto gé@j ;%%Et%ective layer, the
magnetic disk mayibe exposed to an atmosphere at 70C to 200C after the
film formation. [0090] In thig inve tionﬁ%&e ickn oflggﬁe lubricating
layer is preferably set to 4A to 16AY ﬁzi@ Mgﬁﬁﬂg is a case
where the lubricating performance as the lubricatiagayer is lowered. If it
exceeds 18A, it is not preferable in terms of a reduction in film thickness,
there is dictseforhede, thiesfiyi stietfosafalilarciiegeryfang theré.is a case
where the LUL durability is lowered. [0091] As the protective layer in
this invention, a carbon-based protective layer can be preferably used.
Particulaghpagp amorphous carbon protective layer is preferable. With the
protective layer being particularly the carbon-based protective layer, the

int.er.actio?ﬁ%%ﬁ}% @tﬁé%r%ﬂ%ﬁ@ﬁ%ﬁé@%ﬁ@@@‘%ﬁ@éﬁ%@
thizgdaveagaBaRd the ;958%%9@\@ é@%ﬁ.ﬁsﬁfﬁ ég%f‘oﬁr%z\?e e RAR0 NBHERS of this

operation and effect according t ther exhibited,
winigni thinsapriefenabte x il iecagh esombetweshitber tatbadbasédn

Protectiye layer and the ubricating Jayer ca be contalled by forming e,
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 éjp eferably 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 den%@gﬁ’m g%@@%?é@ﬁ@ﬂ%@ﬁéqgﬁ @ngler by this
invention be formed on the protective layer with smgjter roughness formed
by the CVD method. Particularly, it is preferably an amorphous
hydrogenated carbon protectlve Iayer forme the plasma CVD method.
[0003] *~iAtniiteRitnHa t&ﬁa CReEES sk rate.
The glass substrate is rigig and excellent in smoothness thus is
suitable for an increase |nrecord|ng density. As the glass substrate, an
alumlnosﬁ ? h"gﬁﬁ@% te, for examp f§ is cit % and rticularly, a
chemic 3} @%? f |Incat% d §8% r%‘teﬁ’% eferable.

In this invention, the main surface of the substrate is preferably

ultra-smooth yvith Rmax of 6nm or less and Ra of 0.6nm or less. Rmax
and Ra Hdeegiréféneaheraiensaiedion fHehRey BO6O BiEnd AP THSAE

TBO%%?NE %@?%%@%9!5?}% ﬁ:at%é@jero hg]esubs ra%e #ﬁ 'rmtge

Immmwhma@mmdweptsmmmmmﬁmmmmmewm ara
%netlc layer for the 53
looctylene 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 | §/er, 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. Fuf ,las the soft magnetic layer, for example, a CoZrTa alloy film

or the likgygitetiming HeMranaticdiskefihiminveniendsipamticdtanty of
suitable as a magnetic disk adapted to be mounted in a magnetic disk
apjaiauesETthis seade Mraa SRS EMTIes [00SETHER BB, $his
inyenti il ' inf i :*ﬂ?e?ﬁ £s <rxam
1)5%;;&&'%&"%@}1%%\/85 %ﬁ%ﬁ%@@‘ﬁ%eomi%&%‘%@ xam%le of trjlqicl‘s?f
ingemtioe, by a Bieimagretiodliski g this fabeichteskiyafomiprgiarably made,

e T e e GO

a Hhrisatingdaysr Supdhismds b aauhsicate 3o [0086] 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 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.

[0061]

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 suyitably set. A lubricant
comprising the compound thus obtaingd was properly subjected to
molecular weight fractionation, for example, by the supercritical fluid

extraction method. [0097] (Manufacture of Maagnetic Di A 2.5-inch
o e e e i L MAGNEIE D, cardorf B hna

0.63hetny madernéa ehavderibrsirengthenedralumingsiticste glasswas of
prepared as the disk substrate 1. The main surface of the disk substrate 1

WASHHRERR-SRSHRIARY REh X OI028RME ANERESHYSHA Ny drogRN RSk
supsirated (HisadhesVEIRKEY sanihgAndeRYSHRE ARG iReM3gRetithen
layer 3 were formed in this order in an"Ar gas atmosphere by the DC
magretronl Syuttezinghotethectron spectroscopy {(XP3).

[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
ulira-smooth with Rmax of 6nm or less and Ra of 0.8nm or less. Rmax and Ra
herein referred to are based on the JIS B0601 standard.

[0094]

The magnetic disk of this invention has at least the magnetic layer, the
protective layer, and the lubricating 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 (hydroggn 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

lubriafingdayeniR wasdermedin e felianing nman pefendiclif TR WRGIng
prepared a solution in which the lubricant (Mn measured by the NMR
mistbied waB2io0aaidithdsradietlibpspsigratiselaysh gy ¢opsyive force

comprising the compound (the above exemplified,c ﬁu’}s
in%ntri]&ﬂgfegé%%%%?%%%if@%i Bl 5 %C\:/eiegr%[‘)svﬁ@?ehc?’e%ﬁg} ref?o e!cUIar
weight fragtingatigmbyctbieisupeis iteahfhridextrattitry enethg bwasvided
dispersed and dissolved in a fluorine-based solvent, Vertrel XF (trade

n&RReRTR G 2L RAEIDYNE (DN BIRS b aRsRw™ams cbU e, A a
copgRRIRNANPT D2WiKedHeiRg s SOyl asAF SR RMIdNwRen the

magnetic disk formed with the layers up to the protective layer 4 was
immasseyehendithandisbated thetewithdsy aisdhdipisiey imah ber, ehareng. a

forming the lubricating.Jayer 5. Aft llm, formation the magneti
oK R Rt v Y G o ot o b T e e o
thigkngestitbe dunbriaating Aayess was/engasareshble pFOtTiavika nefafu
infrared spectrophotometer (FTIR) and it was 12A. In this manner, the

malicRyaliok 6 Braoratisle FHARSSIARIHESON magnetic layer, for example,
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 & 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 transfggm 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

mipyte: Bydhe tamersivndddhesaivant Reticrseh thethbasaintiayen (1)

with poor adhesion are dispersed and dissolved in the solvent, 56 but

pwiﬁbh§wi‘fﬁ§ﬁ§@@tﬁﬁ%@@ﬁ?@m@%ﬂam@i@%iﬁ%t@m *fﬁﬁéf.aﬁ%‘iﬁ
}ngn%ﬂg%e“% 'escﬁf%;vaﬁﬁ%resa@ggﬁxg%é@&éé‘&ﬁ%@@{g@@sﬁhaecg)q&;gg%@ fldhe

ricating layer was red again metho ratio of the
thighoness efitheotibmdativg alyescaiter thedtomersmndnditiersadvehtds the
thickness of the lubricating layer before the immersion in the solvent is

RN BFRETRIY Rapar JAIRURIR RYIERY G Ried ratio). It can be the that
the highef thebandeddatiandnadighesdhedonndingnrelpwaanssiihe

lubricating layer with respect to the protective layer. With the magnetic
dRsICIstcliars B Xaptgslelamesipn ded ratiasiwad @09E B cOtht® SHERG THED is
j%glggd)} sa% ﬂr%ﬁgfﬁgée if it is 70% or more, it is seen that the magnetic

sk of thiS'Example’is extremely excellent in bonding performance of the
lubricatingdayer. The thickness of the lubricating layer was
determined by deriving a correlation using two methods, i.e. the FTIR

method dNFAYHIERhMASHREHBS AN using this correlation. That is,
the main ghain i aia dulkigaiis repinikdor ey habimend 22iRee, sk

density of C-F in one molecule differs depending on the kind of lubricant,
tHbiekneasgbEsiiin) ihatewén ghaecTiRsieohesd Huminsaiinaiersass
actual thic is, different jewy of this, di Vi o
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swiacrinteachsdiskiwithnas hilkrigant avasdesivedarsing an ellipsometer.
With respect to these disks, the peak heights in C-F stretching vibration

were meSUHRRI SR BSYET R IRAEBsSAG GHY A dir IR R atrynd
basedhogrtie: WW@@@@M@&%aﬂ&%&ﬁ@ﬁuiaﬁwgga&ﬁ{b}@gw@59 fikis

correlation equation, the thickness of the lubricating layer can be easily
d &Y ERayaiensPIRieHaa SiekREnt.

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 1o 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.

10098]



[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 Examplg:1, the lubricating layer coverage
was as high as 90%. When a lubricating layer is formed by the dipping
method using a conventional perfluoropolyether-based lubricant, the

lubricating/ayefcOuBrRgsig igeriabe Pyand |aEs raierahipibit is

70% or more, and therefore, it'is seen that the magnetic disk of this
Example Tihheswhe orsifened amidaiiryitaybiolithed wimedininitknese surdd /ey

with tremely high lubricating layer coverage, [0101] . (3)T. an
L e e S A B e g Rl st sion R E81
dutahiityied the soagneiie disk abdhisxxammied compond) B iRsiemntitD
(Hard Disk Drive) (5400r%r?n rotation type) was prepared and a magnetic

h&sRARTRAFIREF ARSI SIOAR SHBIFRIETHAIABIEURIKIBF #RDEXample 1
Wﬁ%ﬁﬂﬂ%ﬁ%mﬂ%%péyééi% flibemagnstic-BeRl BAUNPARE and

(negative pressure) slider and is mounted with a magnetoresistive effect
eldirsamtaGMR falerimenitp agcestdyproid Weititpletdnitsadsng hiel drportientiged by

madg of an FeNi-based permal lloy. By causing the LUL- m HQD
o E ) e W EEIE Gl At e BB s Using
enaiyreslingihe magasiis siskiop, o iheesaierceobtnlivetvaryers up to
measured. As a result, the ma@gnetic disk of this Example 1 endured

thi'e DLIEERYRIRY Grietoinnts iirdd RiginR raries Bare oty Ahmgirping
hq}@lﬂg_&j’I@mew&rﬂg{é’qﬂgm%gﬁi@q@@/ig]gnment, use for about 10
y

years is generally required for the numbeér of LUL times to exceed 400,000
times. Sirdteathsdfjmeiterdidiois herreagiyciicigisd veabaenbitalerd if & vacuum

CShES S0P e armate. Lian bedhe el e RARRYS e 8\be
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 atglirt 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

magnetitorisksrkitisdxanslenlcae rermanufasiuiedisnddipyprrforiming a
glide test using a glide head with a flying height of 5nm, the test was

odiomaseets shekwretrPorashTane o Sabeon FKLIGHERGIeELelEd.
V\{Q{?Jﬂc%%fi Q/%%Qﬁ%%% Rl%%&%%e PRAKYIR ibp fyingResture ot she aide

head s ecomes abnormal and, therefore, by monitoring a signal
oflddhiezacte chedudeoating teruedito itteighcer siead; the sdeeantdndesof fly
stiction can be detected. As a resugt, with the ma ne.ticﬂgiiskswoefnttr}!ssc alled
ESURBRSS OB A0 S ORISR M RIRLT BRELY ANa TREPALE 1aled
theRshiMaI=lRP KeinesinFP5iRY MbAtag e thermaknsenestias: the tigher the

durability test and the fly stiction lest were performed in atmospheres of
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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 solutijgn 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

conceriiatianahing Loating SgL HeRWaS PrORBFN B Fiar 59 ét}ﬁ%&!@/ﬁof the

lubricating layer was formed t0 a thickness in the range of 10to 1
mEgEss Cilkrisarnaiecwiguiive thb riating faganmoas imiExennptad tbxedps

the abgye was used for a Comparative Example. [0104 A bondir,
ST R Can AT SR T CHIG B 5 tRE gt aies e
Camgasat visksamplewasperfaraadtinesrng RaBngasdp EXampies
1, wherein the bonded ratio was 62%, a very low value. Further, a
luBRéating 18yt boverige ByaliadermpadpEmorineagiriies wrisg a
lubricadi o " : .
e o o
foisriedply théelippang incghodedsiaigehbidef0shtomadre, and therefore, it is
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coverage as that in the above Example. [0105] Further, an LUL
durability[fgé)ﬂ\lvas performed, wherein the magnetic disk of this

comparaiyerFRmnieURIEdNANIAE EBRLALLHUBERARREIRS

500,000 times. After the test, a magnétic head’an agnetic
regMelusdingnid @ kil iteadbityerf, thansigneafdcislubiitémEaamimertosion
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O%(l:gig rﬁefdt?:!ns Eg?mlgig?Sw(eprgsnsmrg}m?e?ﬁot?{%)feir?o A sliger 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 gﬁetal 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

sibstatety (adysiionef Magneliebiskld Brsant 9ESRGPRfLroscope and

Embodiment) The exemplified compounds Nos. 1 to 5 described
abedavertie bereprolitde tebyeadstinigi@ivoiivhlaaiiaoiape or dirf was

peﬁé‘é‘?&%&ftr%} ampound represanted.ox the abovedarmula (Vi
engalen"of eacho aﬁipHa ic’compoun srepresen?eg by

CléehApcidpmandn Hitalilishdy vekinds)nindesaybase epnsliinnnThe
reaction conditions were suitably set. _Lubricants comprising the

CONPBERRRS HlfS WhtdRIEY RapEctrlnvisre prafaalibiserpp damage
moleg R algh EACON RN 1A BYAR é?c}h%ﬁtte%;ér%h%%dhead or

extraction method. [0107] (Manufacture of Magnetic Disk
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. 58As the adhesive layer 2a, an NiAl
alloy film (Ni:50at%, A1:50aV/0) was formed to a thickness of 300A.
As the underlayer 2b, a CrMo alloy film (Cr:80at%, Mo:20at%) was formed
divieknessiafoB@t, Vertdss Xire(insaigneticdayer 8facCoCr PR afey kst
Co 62at70 Cr:20at%, Pt:12at%, Mat%) was for ed to at ickness

ERjarobhomEplech ety SFRASTTAR A EAPRE O DAY e e
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(hydrogen gas conten t 30%) by the DC magnetron sputtering method,

tnemewbmm@@@mﬁa@tmm@dav@fab@ffﬁwmeﬁ&é@a@%’@ﬁ% aHerein,

t Il%( %%%{S:e%ftrz [:91( e]coatmg 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 12A, 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 (tragge 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

layers uprtg the REptestive tlaverd yascinpensed thereianand eeated the fly
therewith by the dipping method, thereby forming the lubricating layer 5.

AFtistieRc eIt RAGRMAR mhalpetrharsr Waghéaorhfed iNEYd&lum
fur t.130C Naglls - ' f icating.|
e ot Sar ey
afatlitevasSledgetteparafimeontie ieagrerttudistd 1lafiBrapisie 2 was
obtained, 62 Coating solutions were prepared in the same manner as
describeép&B%l\/e, using the lubricants comprising the above exemplified
compoungls e210 5, respectively, and lubricating layers were formed.
Then, the following lubricating layer thicknesses were obtained. That is,
the thickriéss! o e catisieplis /@it to! B feATEMICEP bR Bejigachy i
diﬁeéﬁgﬁﬁ in length (the number of carbons in the main chain, Le, the

value 6 p) of an aliphatic group in a compound, [0109] [Table 1] [0110]

Then, ev@lmaticgseidhiksnEy rctbiiskedithisExagp e merespie roraied

a%:yc?erp iznge%)ggseegog?\évri}nagd%ee%twrg%@g{d %é and an undertayer 2b, a magnetic
layer 3, a carbon-based protective layer 4, and a lubricating layer 5 in this order
on a substrate 1.

{Production of Magnetic-Disk Lubricant of Second Embodiment)

The 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 sggn 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] Then,

theesamghkiLi4lead Inload-durability destas thatinRxamplepianasy the

performed for evaluating the LUL durability of the magnetic disk of this
ER&nippgeiron spetierasunetedmagnetic disk of this Example 2 endured
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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 observedgd-urther, the surface of a magnetic
head after the LUL durability test was observed in detail using an optical
microscope and an electron microscope and was found to be excellent,
i.e. no abpesmmalit:Bichessamage eddirtiwasoksenacand dbuthesdno
lubricant adhesion to the magnetic head or no corrosion failure was

ol5E8NFe SR 11 HRER R COMREHOC PSS P XA BBRTRYE Das
perfrengdL LR magnetic disks of (s Example fuere-anuiactisd: s

a result of the test; with the magnetic disks of this Example 2, the fly
stigtictapihg romdhokridasetverewanidatie pass mtéhofitirkness wos

19%4?{':49%91 ﬂy@%@é’ %?n?e%ncda# %e 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 thiclgaess 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

Exanopie s8¢ Hiedubricating pyaieeveragewasiasdnghtas@high
That is, it is seen that, also in each of the magnetic disks of Examples 3

atiprcafieada¥sopRY&EgRe uniform lubricating layer with a small thickness
and yet VY!HWP extremely high lubricating layer coverage. [0114] The
magnetic disks of Examples 3 and 4 were evaluated in the same manner

as in Exafiple el saaeh. df Bxaar pletssdand 4ptity iesigrcticdis ik sropled
he LUL j f 900,000 ti [ fail low flyi
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maghalieheads after the LUL durability test were observed in detail using
an optical microscope and an electron microscope and were found to be
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luBrigRliFasrbiNEdePle g BARR) iMcsntaritiethicularly 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 thereig4nd 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 tehanthicktie sisindhBxamgle ShapnamiAchegnistibegne manner

manufactured in the same manner as in Example 1 except t
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performed in the same manner as in Example 2, wherein the lubricating _
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wherein the magnetic disk of this Comparative Example failed when the

nafkepOEXaNPlRnSerchinbe BHOICHHGIALET FHEFIAE YAt 33 HEhAERD %
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ubricant and corrosion failure were confirmed at an NPAB pocket
pahtios iaforaeddBS sildaodubiritmingdgyetiviticadralt thigheshsraot diet with
was confirm& %ﬁﬁ;}s Sur'fac<(95 of the magnetic disk. Further, among tested
i

HADEYREH PEARIRS SR EYSF90% HDDs 66 (pass rate 30%).
[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
100%.

[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 exggnplified compound is a phenylene
group) of this invention was produced by reacting 2 equivalents of the
perfluorotetraol compound represented by the above formula (V) with 1

eqyigalent 6bkicilorebenybaenumdged :

" _ BEpESETEORT m‘_mfargét feagitemtion
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S%R%Pfifi@@ni'léi@&%ﬁ@@ﬁpwmﬁtm@ld@m (Manutaetueel of i agaetied in a

Disk) A 2.5-inch glass disk (outer diameter 65mm, inner diameter

2(nutinetirsetorriest 0Vegshit) fifade 1A R EaE Ry tHeRapt-Mitsui

aluminosilicate glass %Q{ﬂé%ﬁﬁﬁ%ﬁtsrﬂd TRe: BRI disk
sﬁg%gq%%ﬁﬁéeﬁ%@ﬁ\gﬁéﬁgf%% r%girror-poli hed to Rmax of 4.8nm and
Renoh€iditnayers up to a protective layer was immersed therein and coaied

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 hydrogen gas
(%@g@@%ﬁ/@pntent 30%) by the DC magnetron sputtering method,
thereby forming the protective layer 4 of hydrogenated carbon to a
thicknesd®fiZ5A. [0119] Then, the lubricating layer 5 was formed in the
following @wﬂnﬂ@ 5 There was prepared a solution in which the above
lubricant (Mn measured by the NMR method was 2800 and the molecular
weight disfrersismwas tnafhetfchistin@atiorrdiagitgobedrksuigiectéthte the
molecular weight fractionation by the supercritical fluid extraction method
Wﬁ‘é’%ﬁ‘gﬁgrsed and dissolved in a fluorine-based solvent, Vertrel XF (trade

name) mangfagiyredydRuBantvilssictlupreshamisalsirmghitds Mol

concentration of 0.2wr/o. Using this solution as a coating solution, a

| SReRBThRIARAENEYRYS R ENA &b HIRRIRIESIBferarTagg otic
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forming the Tubricating
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 InbricatingdayesiS0enmeib the fipNiDgInetholiusingR) was
conventional perfluoropolyether-based lubricant, the lubricating layer
coverag éis jliyed s ®ebBf-and large preferable if it is 70% or more, and

therefore ggﬁes%%%ﬁggé i\%ﬁ%%{‘é i sk OfdPisEaRRE b nes Bigne,

uniform I@brlcatlng ayer with a small thickness and yet with a high
lubritzding Bgetcoverafemed td adncknessanhd HbBricating layer adhesion

test as thﬁt igéﬁ(ﬁén&e 1 V\§asl erformed fqr e\{alulating tk}g botndiggm an
performa be 53081“ AR siiiesil o RtV %Wr%gﬁecqntoa{ €
Pratastivedaver - With the-9aanetic siskaal thisyaraianigadheyaengedgatio
was 92%. Since, conventionally, the bonded ratio is judged to be by and
lapgatpre R %D leyithei S Govegnsiiorenutiedea imgihpthdrigghSiede st
YD el Rl ek agsenna e

[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 diskggs 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
thewnagrehicnokisk altétithies iuigostiabiltydesinbsonsefrdbandenslioging

an optical microscope and an tron) microscope and was foun e
ei@’@féﬁ‘f??ggﬁg" 4B ﬁér%ﬁgﬁ@gs%c%é ‘as #aag?é?%rmgiﬁp %Eﬁ% %685 ﬁ%%%%@e%’ tne
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observed in detail using an optical microscope and an electron

miidpoeaibie arR uRveteemis loduediebrdit 206 AR BIRIRTRRIR Stih74ge of
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magnétic head or nd corrosion failure was observed. [0122] Then, the
samienfly Blictianiteshas thigh indhaniprieveasnpoyrbribo: B0 Madraitic
disks of this Example 5 were manufactured. As a result of the test, with
tHBYHaNERGisks of this Example 5, the fly stiction phenomenon did not

occur ang{ae RRESAAIE bR TASIAYRS ddHAMIotObABL{ENaMPEX@Iple 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.

10121]

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 ggample, 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
fanwed/tol a thickreshek8Aausingaeagbele haebrcdier (m WhspgBdignest
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high as 93%. That is, it is seen that there is formed the 70 uniform
lubirReived dagefuritaransnidingnokadeesiittgdbavinranaiifne®dieatig layer
cqverage, %ﬂﬁt@ﬂr’awiégggﬁgaagnetic disk of this Example, the bonded

0.

ratio Was afqls, It'is seen that the magnetic disk of this Example is

extremeljoexeellent in adhesion of the lubricating layer even with a
reduced thickness. Further, an LUL durability test was performed
wherein thehadh&ataitk e Hbgéﬁ%ﬁ@ Set066 TR
withgadailere gisRevannlewihinadsigbicohinmeiliicsuriace ebthef the

magnetic disk and the surface of a magnetic head after the LUL durabilit

telesivaithdhe areanaicabsks osthis Siapred e By sopicahancalserpAid
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serve er, no lubricant adhesion to the
magnetic{rezg] or no corrosion failure was observed. Further, a fly stiction
test was performed, wherein the fly stiction phenomenon did not occur
and the p@%‘é%’?@ the test was 100%. [0125]

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 Dufgont-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

byrirerdippinghnetody thisrabyrfathiideeksoricatingvétier Nithrdinriching
concentration of the coating solution was properly adjusted so that th
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the 71 above was used for a Comparative Example. [0126] A
covieeatdyevaislainctdhesiopriatindukrimatipotiyanayprHélbid kastgRs

C;2 { na}ey%ive Example was performed in the same manner as in Example
5, Whereri the lubricating layer coverage was 70%, a very low value as

comparekhwibrtae magoetibiliske afiaamepiesbdneh6rdiiba timnetic
lubricating layer is formed by the dipping method using the conventional
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orm a uniform lubricating layer with a high lubricating layer coverage as
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performed, Wherein t ratio , a very low value as

cogparepryithdixesnplessdanthge or dif urisarbsemiddladdy dtlitgr test was
performed, wherein the magnetic disk of this Comparzig_\(e Example faile
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transfer of the lubricant and corrosion failure were confirmed at an NPAB
pdiskaepertioncaddnenPABS dgriddbedrtievasaliiftic head and adhesion of
dirt was E%wgéred on the surface of the magnetic disk. Further, among
tested HDDS, the fly stiction failure occurred in 70% HDDs (pass rate
30%). [0X28émparative 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 (I) 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 Né$. 1 to 8 having different molecular
weights. Mn (measured by the NMR method) and EW (derived by the
method described above %of the re r ectl e compounds are as follows. No.

13ARVESHBS BIRFI8HN° %Fﬁ%% EWM500 No. 3 Mn:3000, EW:600 No.
4 Mn.40q9ﬁ§é4\/.800 (used in Example 1)

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) A2 .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

sHRgMe bR MARSHsacerel shectiskisubsitaig wamdsinopotishied to
Rmax of 4.8nm and Ra of 0.43nm. Then, using a single-wafer sputterigg}
¥

appaRsuedaMetHg Ry ar HRThAgIRAHARYRI AsirsMihdRr A LR
A D ey e
cazbpsstiaseooteivartagetaliasgormed by the B

No. 1t Mre1500, EWS00

No. Mn:2500, EW:500

No. Mn:3000, EW:600

No. Mn:4000, EW:800 (used in Example 1}

No. Mn:4340, EW:803

No. Mn:4500, EW:910

MNo. 7 Mn:S500, EW:1150

No. 8  Mn:8000, EW:1260

[0128]

(o> T T S B A

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 the7gecond 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. [0130]
Tlespratettivenziyerwas a \diaisid ikescarbo fupterdotivedaieraimdow s

formed by the plasma CVD method. The protective layer,was form a
RSB ol Uh ARG AR 3 TBHPAE HIBK Caihg P B &
f i thedrllawingigranner. There was prepared a solution in
which a lubricant comprising the compound (the above compound No. 5)

of this indentieraphegivedavas aditiased alw B isedesaes Mélecular

wel rac p’ @ n by the supercritical fluid extraction method was
dﬁbggﬁsée% énd fg'solved in a fluorine-based solvent, Vertrel XF (trade

name) magtfacitiad-y®isPor:MiGoilfkmiathe ticaisrCeasiitamed & &
concentration of 0.2wt%. Using this solution as a coating solution, a
malHeaESR5R 6 ined with the layers up to the protective layer was

immersed dheesirsansuenales theramibdoxitieriprinovastbetedhergby

forming the lubricating layer. .
thickness of 70A.  Further, as the second underlayer, 2 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 Resigtance Test and Alumina Resistance
Test) The weight reduction ratio at 300C was measured using a
thermal analysis apparatus while heating the above lubricant compound
Nowbased iy thidbsanplesfoom 406 4d S08@ oPheturembt fetiibtroninatias

was 4%, i.e. very small, and thus it was seen that the compaund was
exAlerr i dB B RBA0NS R Gtk KHE BB 6 AR Binpound
was add?g-;\yit 20% alumina (Al203) and maintained at a constant
temperature of 200C for 500 minutes and then the alumina resistance was

evaluated 'eRessduriivNe @ttbama%%tjq.@i.s&e&_vctmwiyﬁ‘@mhQgtnfﬁvﬁgamp!e
SeERSIA NG BRBHRGE R TESLROMA AL inR iRigtance- (0132]

(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 LUL7#8urability test as that in Example 1
was performed, wherein the magnetic disk of this Example 7 endured the
LUL operations of 900,000 times with no failure at a very low flying height
okl@nion Thesindacsiof thermiaynetio diskxantaiie isufacbop amldy soge as

head after the LUL durability test were observed in detail ical ..
RETBRES b GOV P TR B b SR b Rl
exeabestnbeone abneamAitsiehasdamagabeditiavasabbesiedondst
further, no lubricant adhesion to the magnetic head or no corrosion failure

was BbiErFeammiptharasieedamet, rinhh el w stirian st {ids
pﬂg%e&%?ﬁw einhe i stigHiandberemsgon did not occur and the

pass rate of the test was 100%. [0133) Further, a pin-on evaluation
test was jigi¥8rmed by applying a load of 30gf to the surface of the

magnetic,disk at a position of disk radjus 20mm, rotating the disk at a
rotation SR b B0 BE B T PR A e e
thepgisk s faganasiirekeaghdib e magpetiashisk aidbiadixanpieny, it
was 700 (pass count) and thus it was seen that this magnetic disk was

exeiioaLIe S ERIAHBNGPETErD I BRI RRle R P B TARRY PR
WaRiSHEPEn the SO SHPAHBYNGL R KA maliBreReriEsndhe bisk dusRbily

test a e tly stiction test were performed in atmospheres of -20C to
S5@EzaMith Thi wesghedi(pdisksfmhisrBxbusgievassepattistibisfaiagrstic disk

d and th d results ) btained, The above lubricant.used i
CE PR A PR GEL RN Va0 B LDt 3 B0perioica g o

paFtisWarlyat -10C and thus has excellent flow properties even at such a
low temperature, and therefore, it has high reliability even if used in a low

temperatfit eaiRgdRe thermm epsilistolhed<dhSvsraiNR IERhATsdna By
CllRpinabs SRR HEHAREAS S SHIRBE-RBRIE & 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 wége 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]
(Bpihparatveriizaiipié samctiyneetngbrivantu s s mage &t a
Convent'?ﬂglmagnmic disk and the lubricant of this Example 8 were evaluated 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 Comparative Example 4.

Further, a magnetic disk manufactured in the same manner except that
use was made, as a lubricant, of a conventional perfluoropolyether-based
lubricant, Fomblin Z-DOL 4000 (trade name) manufactured by Solvay Solexis,
Inc., having been subjected to molecular weight fractionation by the GPC
method to have Mn of 4120 and a molecular weight dispersion of 1.08, was
used for Comparative Example 5. Comparative lubricants having different Mn
were prepared by the molecular weight fractionation and the relationship
between Mn and EW thereof was plotted (black triangle marks) in Fig. 2

described above. All the compounds were deviated from the predetermined



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 &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
coacenithtonrgfthercnating Sylatomevas pioperly ddjdstenr sertiathe
lubricating layer was fqrme hickness in the range of 5 to 10A. A

m &*W%Eé%%%ﬁfb?@% %‘%@ég?ﬁfeg%?ﬁﬁsngy ggnl%%Example 7 except
the abov used for Comparative Example 4. Further, a magnetic
disk manufactured in the same manner except that use was made, as a

lubricant, BF HebRVERABRLE PiskiTEoH8 HRESHINB R ER BN At
213044000 feade namemank AR e SN el R nhadng

een subjected to molecular weight fractionation by the GPC method to
hawferivimi F4tafiaidl el rac €60 ivadiz ha tis pewsiofrofusdsy wEeMasasbiexis,

Comparative Example 5, Comparative lubricants having different were
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described above. All the compounds were deviated from the
preseAddpmreapa 2l §EatRa nge surrounded by segments a to d in Fig.

2) rem%@%@{%@%@f&@aé%%wmm B UAEIRR VISR used

invention. ther, a'magnetic disk manufactured in the same
manimer axcet thatnlis @ \eas mpoleydwzs pitmet] of a adnigantional
perfluoropolyether-based Iﬁriﬁan{ﬁ Fonhbliﬂ. -Tetraol 2000 tradg %rge)
mAHORREHHEY B\PLORAIRONENST IRECUAEANG DAL AR BE RIS R Iec ular
W%th&@%@ﬁﬁﬂ%ibb{st%@l?@ meheAdec @y dnafa28R8dindia: same
mole

cular weight dispersion of 1.08, was used for Comparative Example

6. manreqRKGP I heh proges Mg IR BB A AT EBRASETIRE CATIMSURY &R
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by trime perfluoropolyether through a linking group by changing
théisyritBé3(zing cosetition S tmapacdlive magmnptic disk manufactured in the

same manner except that use was made of this produced trimer
compaund T TR I et e BRI R Lt Campies o,
GREsmeiwedevbaverdivaledtinwes 3566 irbennigdraiventpiampla e

The magnetic disks and the lubricants of Comparative Examples 4 to 7
desae hamaRsadisdiakietoniie BHFEHYSARS N Example 7.
The resulﬁ{gﬁreof 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 perffioropolyether trimer compound,
the molecular weight and the viscosity were both high and the evaluation

results were bad particularly for the | UL durability and the fly stiction test.
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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 conﬁﬁ)und 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 1 4He molecule is 400 to a point (B) where the number-average
molecularygight 5830 8B Maliaad Y aluenql e I BREERlising the
hydroxyl groups contained in the molecule is 1600, and further, the
pefitivroliie thieidsasdbcerapoling eyt veeist lowd diyarsl Yroup

ar b’&ﬁa%ﬁée sogacwg%?(é%ir%&g%]ihe bor ir%ﬁ?%&%%ﬁ% fmpgnetic
disk according to claim™I; Wherein the number 6f hydroxyl groups around
thezzeotenaddb @ neteicwlvehaleislvawsnikie the fiy sBcholulicankipineon
magnetic disk accordinzto claim 1, wherein the number of hydroxyl

grBiyda ibriFant Lufterest f5s Al eu RGNS A iR Ee5isiAbre. yFumlf«fﬂ
A lprigantianRimagnelicelisihacarding ipany aeeeiciaimabiSivether

wherein said perfluoropolyether-based compound is a compound in which
peiritneropolpetiey Hroupdeudabovsighl anaddeh vasesithnveghhatbivigerend the
"”é{{%%{%é@esuns w%ré\éﬁg”%a ;éé%ﬁ%@ﬁ%%%ﬁhd&ﬁaéﬁ}{d é%%”@% k sfiglion
containing a compound m which perftuocropolyether groups are bonded 10
eaebiothenufrorglisiiialiend knidng gieupd said tempayrdidaskRgdthe
least one hydroxyl group 81 around a center of a molecular chain.

6. RRBPIESNt for a magnetic disk according to claim 5, wherein a viscosity
of said lubricant at -10C is in the range of 5000 to 12000mPa.s. 7. A
lubricant 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
-0.03to0-0.08mPa.s/C.



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 ggyherein said divalent linking group
has 3 to 6 hydroxyl groups in the structure thereof. 10. A lubricant for

a magnetic disk according to claim 8 or 9, wherein said divalent linking
group includes a group represented z€R1R2)- (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

peff'U°_r990g?a%ﬁ%§m%ﬂgﬁ§%@ groun.represanied Oy.afarmula (1):

[Chemical Formu 2 (0C2F4)M(OCF2)nOCF2CHZ0 (in the
fesrudao poisether dresedcioapinteg er whitlarimenre)atR2iship HE2vden a
lubricant for a magnetic disk, said lubricant comprising a compound i

PN RTARSH O IR e 2P o RO BB e R aLRes of
gg@&% Yiphaticteipearh Ridheneriiorpeivetagr SQURRRYIBE Beight

fluoropolyether main chain in a structure thereof, and a hydroxyl group
& it tenchtiyer e f| GO EUBHED, Hiawingrandiiahd il grarfgron e sidler clbked exy!
a e A Pl R e T AN D& andt 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 magpetic disk according to claim 12 or
13, wherein said perfluoropolyether %p includes a group represented
by a formula (lll); [Chemical Formula 3] HOCH2CHCH2OCH2CF2

arg) %Faﬂ:rgs(n%r o?zgnmoiecu %’F(_‘!E’C!:al_tl?%OCHZCHCHZO OH

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 strééture 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
magnetig digkisigid dnpicantreammstiingisk coau utrdoanibighprising a
perfluoropolyether groups each having a perfluoropolyether main chain in

CarBRudiisdtHatissr PestraanRly N RENP § RGP Wed e asfesthahirough
edachlfur,gth rﬂa in '
2 aiysheht ail %ﬁ(e:

perfludropolye r%ipﬁxdr%)%l I r% r@,;?%%?p%'&%%}éeg %8859 gﬁg‘i‘éf}l\E’J;éédnt

ain’'chain are bonded to eac rough a

petuEaschayalicRySERC AR BreUtructure kelebibEaan fofRdnpgneli® at an

disk according to claim 15 or 16, wherein said perfluoropolyether group

enhttiingsec, grod fudhes Sevied Byrydomadiergip Endsikaldsaidaspond than
HgCHéE‘:HCHﬁO H2CF2%(%$2F4)M(OCF2)n OH
SHEPSCHIBRRISTHT 2D OR™™™
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 clai®318, wherein said protective layer
includes a carbon-based protective layer. 20. A magnetic disk
according to claim 18 or 19, said magnetic disk being adapted to be
mountdé-in a magrféﬂi@bdi@ﬁfﬁﬁﬁéﬁhmggiﬁ%@bﬁf&ﬁkﬂ%&@t@?ﬁ‘a'm 12 or
$ ?{RACT ubricant f ma netlc d| WhIChr(():S.n formeg nted b
Tl eal?ﬁ% ?Mlpﬁ éog? |c ness \WiiTe a%aln% "R h ﬁ y
= FOVRIAGiANd is excellent in heat resistance and adhesmn to a protective
layer. The lubricant for magnetic disks comprises a perfluoropolyether
compoiiritein adicClotei@Bionship between the number-average
molecular weight and the standardized value of the number of hydroxy
groupsHEoitiirie (e Widiedlnd S&tshes e folibwing: the
number- averagg? olecular weight is in the range of 1,000-6,000; the
standardized v of the number of hydroxy groups contained in the
molecule is 180 or higher; and the-eéMpoaitd,igtitaddidridocated below
the line connecting the point where the number-aveg?[%e molecular weight
is1 OOO and the standardized value of the number of hydroxy groups in
h t ge molecular
(Ib\/éﬁ‘I g %@03" ﬁ%ﬁ‘e%ﬁ%&# %%é%éﬁpgfnﬁg Fn%\féﬁl%r of hydroxy
groups in the molecule is 1,600. The compound has at least one hydroxy
group around the center of the molecular chain.
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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).
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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.
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ABSTRACT

A lubricant for magnetic disks which can form a ubricating layer having
a reduced thickness while attaining a high coverage and is excellent in heat
resistance and adhesion 10 a protective layer.  The lubricant for magnetic disks
comprises a perfluoropolyether compound in which the retabionship between the
number-gverage molecular weight and the standardized value of the number of
hydroxy groups contained in the molecule satisfies the foliowing: 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 molecuie
is 180 or higher; and the compound is in & region located below the line
connecting the point where the number-average molecular weight is 1,000 and
the standardized vatue of the number of hydroxy groups in the molecule is 400
to the point where the number-average molecular weight is 8,000 and the
standardized value of the number of hydroxy groups in the moilecuie is 1,600,
The compound has at least one hydroxy group around the center of the

maolecular chain.



