1 DESCRIPTION MAGNETIC RECORDING DISK AND METHOD FOR
MANUFACTURE THEREOF Technical Field [0001] The present invention
relates to a magnetic recording disk and a method for manufacturing the
magnetic recording disk. The present invention particularly relates to a
material technology for lubricating layers. Background Art [0002] Magnetic
recording disks each include a nonmagnetic substrate on which at least a
magnetic recording layer, a protectegs@pes a0 a lubricating layer, are
arranged in that order. The lubricating layer has a function of reducing the
impact of the magnetic recording disk against a magnetic head. The distance

between the magnetic rﬁﬁgﬁhﬁﬁsﬁﬁggﬁm@ﬂﬁwm?@d becomes
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narrower and narrower with an increase of a recording capacity of a
magnetic recording MEK IO FOENNANUFROT SRET HEREJ®ad/unload)
system has been employed, the flying height of the magnetic head is
reduced. The magnetic head needs to stably operate at an ultra-low flying
height-ahQ e @r less. [0003] Under such conditions, the magnetic head
may often instantaneously contact the magnetic recording disk rotating at
high&$8éd and therefore contact portions thereof are heated to high
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particularly relates to a material technology for lubricating layers.
Background Art
[0002]

Magnetic recording disks each include a nonmagnetic substrate on which
at least a magnetic recording layer, a protective layer, and a lubricating layer,
are arranged in that order. The lubricating layer has a function of reducing the
impact of the magnetic recording disk against a magnetic head. The distance
between the magnetic recording disk and the magnetic head becomes narrower
and narrower with an increase of a recording capacity of a magnetic recording
disk drive such as a HDD. Since a LUL (load/unload) system has been
employed, the flying height of the magnetic head is reduced. The magnetic
head needs to stably operate at an ultra-low flying height of 10 nm or less.
[0003]

Under such conditions, the magnetic head may often instantaneously
contact the magnetic recording disk rotating at high speed and therefore contact
portions thereof are heated to high temperature (flash temperature) due to
friction. Therefore, the lubricating layer needs to have high heat resistance so
as not to be decomposed or vaporized due to heat under such high-temperature

conditions.



[0004] The rotation of the magnetic recording disk at high speed causes the
lubricating layer to migrate; hence, the thickness of the lubricating layer is
likely to become nonuniform. In such a state, there is a problem in that fly
stiction occurs when the magnetic head approaches from outside during an
LUL operation. Fly stiction is a problem that the flying behavior and height of
the magnetic head are changed during flight, causing irregular fluctuations in
repl[@@gq}ion output. The magnetic head contacts the magnetic disk during
flight in some cases. This can cause head crush. Therefore, the lubricating
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used as a parameter for purification (see Patent Document 1). [0006] [Patent
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precisely evaluating properties of lubricants, particularly whether the
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[0005]

In order to cope with such a need, a lubricant, such as FOMBLINE Z
available from Solvay Solexis Inc., having high heat resistance and long-term
stability is usually used to form lubricating layers for magnetic recording disks.
The lubricant is purified such that impurities are removed from the composition
or the molecular weight thereof is adjusted to an appropriate value. Weight-
average molecular weight (Mw) or number-average molecular weight (Mn) has
been usually used as a parameter for purification (see Patent Document 1).
[0006]

[Patent Document 1] Japanese Unexamined Patent Application

Publication (JP-A) No. 2004-319058

Disclosure of Invention
Problems to be Solved by the Invention
[0007]
There is, however, a problem in that weight-average molecular weight or
number-average molecular weight is not effective in precisely evaluating

properties of lubricants, particularly whether the migration of the lubricants that



causes fly stiction occurs, because weight-average molecular weight or
number-average molecular weight does not specify the composition of each
lubricant. Therefore, it is preferable that the lubricant be specified in terms of
both molecular structure and quantitativedata. However, if a lubricating layer
is analyzed by a conventional technique, for example, nuclear magnetic
resonance spectroscopy, there is a problem in that a peak originating from a
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group (-OH) as shown in Fig. 3 and therefore the lubricant cannot be
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Means for Solving the Problems [0009] In order to solve the above problems,
the metniere IgaverdeCided avadehaiyiib suiedkotoinatay o a hyshieayitdpup

nucleal naonel tesenance, SRECHASCORY Ad have evaliled vaous
ubricants containing petfluoropolyether compounds which contain ditférent

ternénalsgsbbpih anslewdie s thavedifiece ot sonmmupeitezns. This has resulted in
the development of a lubricant capable of solving the problems. [0010]
Acdt%ﬁﬁb to this invention, there is provided a magnetic recording disk

comprising, §iBRNEPANRIEHRGERER AUIIER ALiLERIRBIAYIRHE Fusint 4
invention to provide a magnetic recording disk that exhibits high reliability even
if the flying height of a magnetic head is reduced because a lubricant used to
manufacture the magnetic recording disk is specified in terms of both molecular
structure and quantitative data. It is an object of the present invention to

provide a method for manufacturing the magnetic recording disk.

Means for Solving the Problems
[0009]

In order to solve the above problems, the inventors have devised a
technique suitable for analyzing a lubricant by nuclear magnetic resonance
spectroscopy and have evaluated various lubricants containing
perfluoropolyether compounds which contain different terminal groups and
which have different compositions. This has resulted in the development of a
lubricant capable of solving the problems.

[0010]
According to this invention, there is provided a magnetic recording disk

comprising a nonmagnetic substrate on which at least a magnetic layer, a



protective layer, and a lubricating layer are arranged in that order, wherein
the lubricating layer is made from a lubricant; the lubricant contains principal
components which are perfluoropolyether compounds represented by the
following chemical formula (Chemical Fogmula 1) and which are a first
component having terminal groups X represented by X1, a second
component having terminal groups X represented by X2, and a third
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magnetic resonance spectroscopy:
[0011]

(Chemical Formula 1)

X-OCH2CF2-(CF20)m(C2F 40),-CF20CH,0-X
m,n=9to 11

first component: X = Xy = CH,CH(OH)CH>OH

second component: X = X, = CH,CH(OH)CH,OCH>CH(OH)CH-0OH

third component: X = Xg=H
[0012]

In this invention, it is preferable that the sum of the content of the first
component, that of the second component, and that of the third component in
the perfluoropolyether compounds is 99.0% or more on a molar basis in the
case where the lubricant is analyzed by nuclear magnetic resonance
spectroscopy.

[0013]

According to this invention, there is provided a magnetic recording disk

comprising a nonmagnetic substrate on which a magnetic layer, a protective

layer, and a lubricating layer are arranged in that order, wherein the lubricating



5 layer is made from a lubricant; the lubricant contains principal components
which are perfluoropolyether compounds represented by the
above-mentioned chemical formula (Chemical Formula 1) and which are a
first component having terminal groups X represented by X1, a second
component having terminal groups X represented by X2, and a third
component having terminal groups X represented by X3; and the sum of the
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third component in the perfluoropolyether compounds is 99.0% or more on a
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perfluoropolyether compound pre rther contains a fourth-.component
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CH2@E@©iHeTbicdmisecantdyeethppnedieat maghetic resonance spectroscopy:
CH2CH(OH)CH20CH2CH(OH)CH20H third component: X = X3 = H fourth
con{B% nt: X = X4 = CF3 fifth component: X = X5 = CF2CI

According to the present invention, the perfluoropolyether compound
preferably further contains a fourth component having terminal groups
represented by X4 and a fifth component having terminal groups represented by
X5 in the following chemical formula (Chemical Formula 2) and the sum of the
content of the fourth component and that of the fifth component in the
perfluoropolyether compound is preferably 1.0% or less on a molar basis in the
case where the perfluoropolyether compound is analyzed by nuclear magnetic
resonance spectroscopy.

[0015]

(Chemical Formula 2)

X-OCH2CF2-(CF20)m(C2F 40)-CF2OCH20-X
m,n=9to 11

first component: X = Xy = CH,CH(OH)CH,OH

second component: X = X, = CH,CH(OH)CH,OCH>CH(OH)CH-0OH

third component: X = Xz =H

fourth component: X = X4 = CF3

fifth component: X = X5 = CF,CI
[0016]



[0016] 6 According to the present invention, when the lubricant further
contains a fourth component having terminal groups represented by X4 and a
fith component having terminal groups represented by X5 in the
above-mentioned chemical formula (Chemical Formula 2), the content of the
fourth component is preferably less than that of the fifth component in the
case where the lubricant is analyzed by nuclear magnetic resonance
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is made of a carbonaceous material. [0018] In a method for manufacturing a
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causing fly stiction hardly occurs can be specified. Accordingly, the present
invd@fdnlcan provide a magnetic recording disk that exhibits high reliability

even if the flying. height of a magnetic head.js reduced. Brief Description of
Dravings 1000] Mg Bl RSt o Biaike T BedR e e
scheanpticasestionateieay, of the magnetic recording disk in (A) and (B),
respectively.
[0018]
In a method for manufacturing a magnetic recording disk according to the
present invention, the lubricating layer is formed from the lubricant obtained by

molecularly distilling a raw material for lubricants.

Advantages
[0019]

According to the present invention, terminal groups of perfluoropolyether
compounds contained in a lubricant are specified in terms of structure and
quantitative data; hence, properties of the lubricant can be clearly specified.
According to the present invention, a lubricant which has high heat resistance
and in which migration causing fly stiction hardly occurs can be specified.
Accordingly, the present invention can provide a magnetic recording disk that

exhibits high reliability even if the flying height of a magnetic head is reduced.

Brief Description of Drawings
[0020]
Fig. 1 shows a plan view of a magnetic recording disk and a schematic

sectional view of the magnetic recording disk in (A) and (B), respectively.



7 Fig. 2 is a schematic view of a molecular distillation unit. Fig. 3 is a graph
showing the results obtained by analyzing a sample by nuclear magnetic
resonance spectroscopy in such a manner that 1 H is measured. Reference
Numerals [0021] 1 magnetic recording disk 11 nonmagnetic substrate 12
magnetic layer 13 protective layer 14 lubricating layer Best Modes for
Carrying Out the Invention [0022] Embodiments of the present invention will

now be desgripedydiheiatare desvierihendrsairpatingie reumgs. [0023]
(Configuration of magnetic recording disk) Fig. 1(A) is a plan view of a

magnetic FéGobdeng HivRNattomingghe easutmeRidinrshbyBifrlygiegériample by
inventi 9. L(BLi h ' i ' niagn [
recordbﬁ;\%%ls 5{%}{# re éspegr@% %%1%}8853 ?%&&%ﬂs%%g\,rxﬁarﬂggn@t%c reco%%ng disk 1
inclutessaredcular nonmagnetic substrate 11 having a center hole 111, a
base layer (not shown), a magnetic layer 12 formed by a DC magnetron
sputtering process, a protective layer 13 formed by a plasma- enhanced CVD

pro¢esisr&nd AlhEeating layer 14 formed by a dipping process, these layers
being arranged on the nonmagnetic substrate 11 in that order. The

noniP@gtetic substrate 11 is made of, for example, chemically reinforced 8
1 magnetic recording disk
11 nonmagnetic substrate
12  magnetic layer
13  protective layer

14 lubricating layer

Best Modes for Carrying Out the Invention
[0022]

Embodiments of the present invention will now be described with
reference to the accompanying drawings.
[0023]

(Configuration of magnetic recording disk)

Fig. 1(A) is a plan view of a magnetic recording disk according to an
embodiment of the present invention and Fig. 1(B) is a schematic sectional view
of the magnetic recording disk. With reference to these figures, the magnetic
recording disk 1 includes a circular nonmagnetic substrate 11 having a center
hole 111, a base layer (not shown), a magnetic layer 12 formed by a DC
magnetron sputtering process, a protective layer 13 formed by a plasma-
enhanced CVD process, and a lubricating layer 14 formed by a dipping process,
these layers being arranged on the nonmagnetic substrate 11 in that order.

The nonmagnetic substrate 11 is made of, for example, chemically reinforced



glass such as aluminosilicate glass. The protective layer 13 is, for example, 5
nm thick, is made of hydrogenated carbon (diamond-like carbon), and has
high wear resistance and a function of protecting the magnetic layer 12. The
lubricating layer 14 is, for example, 1.2 nm thick, is made of a polymeric
material, and has a function of reducing the impact of the magnetic recording
disk against a magnetic head. In order to form the lubricating layer 14 by the
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magnetic recording disk is dipped into a chemical solution prepared by
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magnetic recording disk, which includes the lubricating layer 14 made from
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shownin Fig. 2 is used to molecularly distill the raw material, whereby
various lubricants are prepared. [0025] Principal components contained in the

raw[0@&rial are

(Preparation of lubricating layer)

Fig. 2 is a schematic view of a molecular distillation unit. In this
embodiment, the following lubricant is prepared and then used to form the
lubricating layer 14 of the magnetic recording disk 1: a lubricant containing a
plurality of perfluoropolyether compounds having different terminal groups at a
predetermined ratio. The magnetic recording disk, which includes the
lubricating layer 14 made from the lubricant, is subjected to various tests. In
this embodiment, a raw material such as the lubricant FOMBLINE Z (trade
name) available from Solvay Solexis Inc. is used to prepare the lubricant. The
raw material purified is used as the lubricant. Examples of a purification
process used include supercritical extraction processes, gel permeation
chromatography (GPC), and molecular distillation processes. In this
embodiment, the distillation unit shown in Fig. 2 is used to molecularly distill the
raw material, whereby various lubricants are prepared.

[0025]

Principal components contained in the raw material are



9 perfluoropolyether compounds represented by the following chemical
formula (Chemical Formula 3) according to the analysis by nuclear magnetic
resonance spectroscopy. The perfluoropolyether compounds are a first
component (mono-adduct) having termingal groups X represented by X1, a
second component (bis-adduct) having terminal groups X represented by
X2, a third component having terminal groups X represented by X3, a fourth

COWE&V@?S&%W%&J%P&@H@@%W% oy dbirRehariféal formula

component having terminal groups X represented by X5. The raw material
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= X5 = CF2CI [0027] The raw material has the following properties: a
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Wel%]rmﬁél-g'gu gokge%crgszgﬁpe% by X5. The raw material has the following

contents:
a first component content of 71.9%,
a second component content of 10.5%,
a third component content of 15.0%,
a fourth component content of 1.4%, and
a fifth component content of 1.2%.
[0026]

[Chemical Formula 3]
X-OCH2CF2-(CF20)m(C2F 40),-CF20CH,0-X
m,n=9to 11
first component: X = Xy = CH,CH(OH)CH>OH
second component: X = X, = CH,CH(OH)CH,OCH>CH(OH)CH-0OH
third component: X = Xz =H
fourth component: X = X4 = CF3
fifth component: X = X5 = CF,Cl
[0027]
The raw material has the following properties:
a number-average molecular weight (Mn) of 2326.50,
an average molecular weight per —OH group of 627.06,

an average —OH group number per molecule of 3.71, and



an average -OH group number per molecule of 3.71, and 10 a main chain
(C2F40)-to-(CF20) ratio of 0.89. [0028] In order to purify the raw material
with the distillation unit 300 shown in Fig. 2, the raw material is charged into
a feed flask 31. Molecular distillation negg not be necessarily performed
under vacuum and is preferably performed under predetermined vacuum
conditions when the raw material contains a polymer component. This is

because if therpsanaterisl 5)net @elepulasly ofipiibed under vacuum, the
frequency of collisions between vaporized molecules and other molecules is

high®28lktherefore the vaporized molecules that are within the mean free
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degree therein is, for example, about 1 x 10-2 to 1 x 10-3 Pa and is
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material in the feed flask 31 may be heated with a feed flask mantle heater

32 483iR[GIWENTOBSIT AR IR RALL AR BFRURRIRI(RR PRI fpRdensed.
predeisuminedHarHEMAeaeRNR [ RIS ek iaasibe:fapd SR8lAbn

to a distillation column 35. The rate (feed rate) of the unpurified lubricant fed
fronuniesfegddiadedd @ phedelatifiadorveolummdsgreaniit eonereiteatinn unit 42.

adjuﬁ%iengatgt?upr{jgggggeogh%r%?r? ll(s,sf%r example, about 1 x 10%t0 1 x 10° Paand is
preferably less than this pressure range. The vacuum degree can be
measured with a vacuum gauge 40. The raw material in the feed flask 31 can
be degassed with the help of the negative pressure in the distillation unit in
advance such that gaseous impurities and the like are removed from the raw
material. The gaseous impurities, which are contained in the raw material, flow
toward the evacuation unit 42 through a pipe 44 and are partially trapped in a
low-boiling point substance condensation trap 39. The raw material in the feed
flask 31 may be heated with a feed flask mantle heater 32 as required.
[0029]

After the distillation unit is evacuated to a predetermined vacuum degree,
the raw material is fed from the feed flask 31 to a distillation column 35. The
rate (feed rate) of the unpurified lubricant fed from the feed flask 31 to the
distillation column 35 can be controlled by adjusting the opening of a cock 35
disposed under the feed flask 31. In usual, the feed rate thereof is preferably

about 1 to 30 g/min. When the feed rate is small, it takes a long time to



disposed under the feed flask 31. In usual, the feed rate thereof is preferably
about 1 to 30 g/min. When the feed rate is small, it takes a long time to 11
distillate the raw material. When the feed rate is large, the distillation
efficiency can be low. [0030] The raw mgterial in the distillation column 35 is
heated to a predetermined temperature with a tubular distillation column
mantle heater 36 surrounding the distillation column 35. In this embodiment,
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material is vaporized. The heating temperature of the raw material can be

conf@Nég Mw.adjusting the temperature of the distillation column mantle
he . The heating temperature of the raw material in the distillation
column 35 can be measured with a thermometer placed in the distillation
column 33 HO034 nTénerthistil gt distlation 301 cont36 i deadgphetia coupling
agitator 33 which extends in the longitudinal direction of the distillation
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20 to 100 rpmin a constant direction. The rotation of the wiper allows the
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38. Cooling water is introduced into an inlet port 46a located at the lower end

of tREUBUitRYTHRR A" @R teiR e MBIRER iR s BRI PRV A S, G8fePe
resiie UG Pt YAROREAN B AR IRRIBH SRRV flask 37

may be repeatedly distillated in such a manner that the heating temperature

is ckeijdd with the

The distillation column 35 contains a magnetic coupling agitator 33 which
extends in the longitudinal direction of the distillation column 35 and which
includes a wiper made of a fluororesin. The wiper is controlled with an agitator
control box 34 so as to rotate at a speed of about 20 to 100 rpm in a constant
direction. The rotation of the wiper allows the raw material to form a thin film
on the inner wall of the distillation column 35, thereby promoting the
vaporization of the raw material. The vapor of the raw material contacts a
cooling rod 46 placed in the distillation column 35 and therefore is liquefied.
The distillate is collected in a distillate-receiving flask 38. Cooling water is
introduced into an inlet port 46a located at the lower end of the cooling rod 46
and then removed through an outlet port 46b. The residue, which is not
vaporizable, collected in a residue-receiving flask 37 may be repeatedly
distillated in such a manner that the heating temperature is changed with the
distillation column mantle heater 36 and the residue is then fed into the feed
flask 31. The above procedure is controlled with an operation board 43.

[0032]



distillation column mantle heater 36 and the residue is then fed into the feed
flask 31. The above procedure is controlled with an operation board 43.
[0032] 12 A lubricant was obtained using the molecular distillation unit 300
as described below. The raw material was charged into the feed flask 31 of
the distillation unit 300 and the pressure in the molecular distillation unit 300
was reduced to 1 x 10-3 Pa with the evacuation unit 42. The raw material in

the feed fiaskrdaMiarasbbeamiBly (heqasehvibuiae fethaidheneaed e

pressure in the molecular distillation unit in advance such that gaseous

impgesibardeiaviikd hrorewanial Worchrdedintbrdreriarid el
WanT§ tlé iéﬂ%‘?ﬁ%‘&lﬁ‘ﬁ%@ YRR SRR, %B?S&T%?%?s%i@toﬂ 89[?%’86‘W§§?

rate. In this operation, the wiper in the distillation column was operate
a predistedintd nardtkanalispecvEcedeonperai@e of tibe alistikteinl dolinan
35 was 180C and was equal to the set tem&erature of the mantle heater 36.

A 1868 Rstidlevias dbnetibndranrsamnitidlrReRing g e sa AP RRTY e in
usetheAh S IHA RMaf BF METHCASPENEE Wik H B YA WETRRTIRITES dRPthe

clean room. The atmosphere in the clean room had cleanliness better than
Cladiseswepe etfieavigd JapraribeganwdustataStahderd Wi s e 2@ s 0es 8] the

order 10194 105 WRTERIng Yel.L4 rom e ubrsaal, Ine.subsliate g

the protective layer rming the magnetic’ récording dis |sedippne into
a chpraigabsoibéavigyiepareddmtithsiparsongninesBiateaspidratbe duarine-
containing solvent Vertrel XF (trade name) available from Mitsui Dupont

FluSYSEREHRARE sotRHRNISIRARE subdr e Re e Rl dhea RitiRiAaplmN 35
lubrigaat oHsechipdRe sHbsiBihe SariBMpEISHIBTHIHEMANRE AddRFYENCH

[0034] (Analysis by nuclear magnetic resonance spectroscopy)
180°C distillate was collected in the distillate-receiving flask 38 and then used

as the lubricant. The purification of the lubricant was performed in a clean
room. The atmosphere in the clean room had cleanliness better than Class 6
specified in Japanese Industrial Standard (JIS) B9920.

[0033]

In order to form the lubricating layer 14 from the lubricant, the substrate,
having the protective layer 13, for forming the magnetic recording disk is dipped
into a chemical solution prepared by dispersing the lubricant in the fluorine-
containing solvent Vertrel XF (trade name) available from Mitsui Dupont
Fluorochemical Co. The resulting substrate is heat-treated such that the
lubricant is fixed to the substrate, whereby the lubricating layer 14 is formed.
[0034]

(Analysis by nuclear magnetic resonance spectroscopy)

Nuclear magnetic resonance spectroscopy is as follows: the spin state
of a nucleus is split into two levels by applying a magnetic field to matter and
therefore analysis is performed by the irradiation of a radio wave corresponding

to the difference in energy between the spin levels. Since the difference in



Nuclear magnetic resonance spectroscopy is as follows: the spin state of a
nucleus is split into two levels by applying a magnetic field to matter and
therefore analysis is performed by the irradiation of a radio wave
corresponding to the difference in energysbetween the spin levels. Since the
difference in 13 energy between the spin levels reflects an electronic
environment (chemical environment) in which the nucleus is placed,

obtaiRgdPBakRANRE S8 IBNEH 1R BIBIROHC IR RPNEEnttthammeHNt

of each_ atom in t_he m_olecule can be' determined. _Therefore, the structure of
the ﬁﬁWl&ﬁuréeﬁﬁnfb‘é’hme&'tﬁgﬁt)@!ﬁuﬁ '@él@iﬁe[‘d)m]ilfheﬁrnﬁﬁbﬁe?%ﬂl bRi8sgIHed to

that uclear spins e, measur | , efi n
cpesl s IR el AR B B e S B e
1 Hdsteredsaded, Ttherpiead thigBtaingréontibenohetiidena geoinpdstigatey in
overlaps with the peak originating from the hydroxyl group (-OH) as
desBRifd above with reference to Fig. 3; hence, it is difficult to specify the
lubrjggssjn terms of both molecular structure and quantitative data. In this
embodiment, two techniques below are used to analyze the lubricant by

nuclear miagerétipleselhancidgsdbabBave yUDEIG NG sateba mpasusedrizy for

measuqin 19 F. If.the raw material js anal ze% %t is tthni%ue sri nals
. nugle m?gﬂ iC resonance, s ecér?scop?. X Reso SUC ngca? S include
with chemical shifts’ can be obtalned from components™ as described below.
ChéricEighitis arfspontingiconepenenistsaiativangingmProm Hha. 1

Peak assigned to main chain -53.7 Peak assigned to main chain -55.4 Peak
assfﬁﬁga'l@%%ﬂ%ﬁﬁwf) overlaps with the peak originating from the hydroxyl

group (-OH) as described above with reference to Fig. 3; hence, it is difficult to
specify the lubricant in terms of both molecular structure and quantitative data.
In this embodiment, two techniques below are used to analyze the lubricant by
nuclear magnetic resonance spectroscopy.

[0036]

A first technique is one for measuring 9F " |f the raw material is analyzed
by this technique, signals with chemical shifts can be obtained from components
as described below.

Chemical shifts Corresponding components

(relative values, ppm)

-52.1 Peak assigned to main chain
-53.7 Peak assigned to main chain
-55.4 Peak assigned to main chain
-89.1 Peak assigned to main chain
-90.7 Peak assigned to main chain
-125.8 Peak assigned to main chain
-129.7 Peak assigned to main chain

Chemical shifts Corresponding components



-89.1 Peak assigned to main chain -90.7 Peak assigned to main chain
-125.8 Peak assigned to main chain -129.7 Peak assigned to main chain
Chemical shifts Corresponding components 14 (relative values, ppm) -81.3
Peak assigned to terminal group of third gomponent -83.3 Peak assigned to
terminal group of third component -56.3 Peak assigned to terminal group of
fourth component -58.0 Peak assigned to terminal group of fourth

componenierAild 2Raksagsianed to terminal group of fifth component -29.3
Peak assigned to terminal group of fifth component -74.5 Peak assigned to

terminal group dtfith component -78.0Regkdgresionast tedak®iassigned to
terminal groups of first and second compon(?%tgu-g%fqr{p&egg%bo&&f]tpeaks

assigned to terminal groups of first and seco
-83.3 Peak assigned to terminal

group of third component
-56.3 Peak assigned to terminal
group of fourth component
-58.0 Peak assigned to terminal
group of fourth component
-27.7 Peak assigned to terminal
group of fifth component
-29.3 Peak assigned to terminal
group of fifth component
-74.5 Peak assigned to terminal
group of fifth component
-78.0 Integration of peaks
assigned to terminal groups
of first and second
components
-80.0 Integration of peaks
assigned to terminal groups
of first and second
components
Since the peak area ratio of each signal corresponds to the abundance of
fluorine in each component, the structure of each terminal group can be
determined and the molecular weight of the component can be determined from
the ratio of the main chain to the terminal group.

[0037]



components Since the peak area ratio of each signal corresponds to the
abundance of fluorine in each component, the structure of each terminal
group can be determined and the molecular weight of the component can be
determined from the ratio of the main chajn to the terminal group. [0037] 15
A second technique is one for measuring 1 H. According to the second
technique, after the raw material is pre-treated with a reagent such that a

functional geauprig RiAFRL TR HiR rRWHRATIHAN. thARBYdNg BiYRehd

the terminal group is modified, the resulting raw material is analyzed. As a
resti@chsigralaBershedaw Feaddialiearetieatrshivihifg @eeekpentingt a

COMBRARINS % l?ﬁi}éea‘{%&%d RO ?a@?ﬁaqc'%r?aﬁ%i H?ﬁ’eﬁ%tﬁglﬁhggs@rﬁsﬁﬂ?é%f?h%

Peak assigned to'second component Therefore, the ratio
componieat tpdhe isenodifiedthzormntitarbe rdeteralieahd(@388] As a result,
(Configuration of lubricating layer) In comparisons between the analysis

res B AHQY 5P QPRIBE iques and the test results of the magnetic
recording @igkmicarepared using the lubpieanis IBRSRYRBIHEABHRESItioN of

the lubricant is described from the analysis results obtained by nuclear
magnetic (@aivenvelggsedtpodcopy as described below. The
perfluoropolyetl‘?%compounds repses nted bgé e above-mentiqned

. i ) aK,assi 0 first compone
chemical formuld {Chemical Formuf® )areg{he flrsE comp(g)nen

(mono-adduct) Baying terminal grereesk XJsigresanteddoyiKdorthgoregtond
com hoer;g%trc(e? it%?(rjaq(%cct))f ?r?é’ if?rgttggm g]o%!egnrp tlcjngtﬁé( sreec%rr?g (ca:g'r[ﬁgo%%rﬁ 2c’an be
determined.
[0038]

(Configuration of lubricating layer)

In comparisons between the analysis results obtained by these
techniques and the test results of the magnetic recording disk 1 prepared using
the lubricant, the optimum composition of the lubricant is described from the
analysis results obtained by nuclear magnetic resonance spectroscopy as
described below. The perfluoropolyether compounds represented by the
above-mentioned chemical formula (Chemical Formula 3) are the first
component (mono-adduct) having terminal groups X represented by X1, the
second component (bis-adduct) having terminal groups X represented by X2,
the third component having terminal groups X represented by X3, the fourth
component having terminal groups X represented by X4, and the fifth
component having terminal groups X represented by X5. The lubricant has the
following contents (the mole percentage of each perfluoropolyether compound):

a first component content of 71.7%,

a second component content of 15.7%,

a third component content of 11.7%,



the third component having terminal groups X represented by X3, the fourth
component having terminal groups X represented by X4, and the fifth
component having terminal groups X represented by X5. The lubricant has
the following contents (the mole percentage of each perfluoropolyether
compound): a first component content of 71.7%, a second component
content of 15.7%, a third component content of 11.7%, 16 a fourth

componer&tfggﬂw&@,fpg@e‘z@t BKlent it somaagent content of 0.6%. [0039]
The lubricant has the following properties: a number-average molecular

weight (MaYith 2esmenenssanieragé hiSikecular weight per -OH group of
656 n average -OH group number per molecule of 4.01, and a main
cha{na(:&g; F40)-to-(CF20) ratio of 0.91. [0040] From a viewpoint that the
magnetic Teredtdjrigalmeadsltﬂna&)ﬁuﬁid@ptromjiabﬂ'tty even if the flying height of
a magnetic head is set to 10 nm or less, the content of each component is

specified 3 HROSH Y RAB W OteRY RS th VRO ALEH30F e first component

to that of ie 598 Qmema?we@ﬁhabpfmq JRitR epmmpaent in the
perfluoropolyether compounds preterably ranges from (71 to 73) : (15to 17)

‘(11to 1aroalvafﬁﬂﬂa|@d§wapthernbeénﬁhe’t@'@helel@bﬁdbhta!g(hnalyzed by
nuclear ma netlc €s0 0 hol-modified
& Mg ehaim 6&??551 ‘{ %ré} 3¢ 8159

perfluoropo ye &r'eo e perfluoropolyether
conjpo4wids includes compounds such as diols, triols, and tetraols, having
various terminal groups. Lubricating properties of molecules of the lubricant

and the afF¥SiGn'SMRRITRRAAED AUE PHoTecRE My Rp ez ARy sufficient

reliability even if the flying height of a magnetic head is set to 10 nm or less, the
content of each component is specified as described below. The ratio of the
content of the first component to that of the second component to that of the
third component in the perfluoropolyether compounds preferably ranges from
(71t0 73) : (1510 17) : (11 to 13) on a molar basis in the case where the
lubricant is analyzed by nuclear magnetic resonance spectroscopy. An
alcohol-modified perfluoropolyether compound that is one of the
perfluoropolyether compounds includes compounds, such as diols, triols, and
tetraols, having various terminal groups. Lubricating properties of molecules of
the lubricant and the adhesion of the lubricant to the protective layer 13 vary
depending on the degree of alcohol modification, that is, the number of hydroxyl
groups bonded to terminal groups of the perfluoropolyether main chain.
Lubricating properties of the lubricant molecules and the adhesion of the
lubricant to the protective layer 13 can be precisely specified if the percentage
of various alcohol-modified compounds, such as diols, triols, and tetraols is
specified.

[0041]

From a viewpoint that the magnetic recording head 1 has sufficient



depending on the degree of alcohol modification, that is, the number of
hydroxyl groups bonded to terminal groups of the perfluoropolyether main
chain. Lubricating properties of the lubricant molecules and the adhesion of
the lubricant to the protective layer 13 can be precisely specified if the
percentage of various alcohol-modified compounds, such as diols, triols, and
tetraols is specified. [0041] From a viewpoint that the magnetic recording
neagh hlaty SR n6d Ty abilht ovenvtiv fy Reaoiotiaba DS iedieast
is set to 10 nm or less, the sum of the content of the first component, that of

the Se@oridtoRapieRim! BiefiniacomraaanirdhebrigbasscrgrarRanes!, and
desﬁ#ﬁ?ﬁitﬂ%‘ﬂ%’%’rd%@é%tﬁeﬂjé% fe&?figaeggr?@éﬁ%g%eﬂfvmoLﬁng%&mﬂ@eof

basis in the case w ricant IS analyzed by nuclear magnetic
resdg preferapsca@seopy mMdretds, dhectanbadistiretboriasy ahtdre fhartbricant is

component and that of the fifth component is preferably 1.0% or less on a

mol AP YRS RNAE GRE AR hEPRIPRESALRGHRS Y by TRAL Sl FhaiRetic
reSQRERERIERESHPRORRYN BB FRISHBAN I iR-C SMABNRRE o RRIBRCFRTYHRAE by

the raw material. [0042] Furthermore, the fourth component is preferably less
tharl #% ititessopnpd Mmaiar PaRiddrobeatase thodutie Lruidiam soanadyreatdare

impurities in_the lubricant and are &mbaé)ﬁljé q!{)fe{en& from ?ﬁﬁh other in their

abilfty 16 “ProATBIE The ARcmBOSTOn GF (e ILBHCAhE B Righ e RapATaHiTe:

(0043 toererecniples) fEvematdigurations (shape, size, and arrangement)
used to describe the above embodiment are merely schematically shown in
the Wg%%]s such that the present invention can be understood and practiced.

Numbers gfidhermore, the fourth component is preferably less than the fifth
component. This is because the fourth and fifth components are impurities in
the lubricant and are probably different from each other in their ability to
promote the decomposition of the lubricant at high temperature.

[0043]

(Other examples)

The configurations (shape, size, and arrangement) used to describe the
above embodiment are merely schematically shown in the figures such that the
present invention can be understood and practiced. Numbers and
compositions (materials) used to describe the configurations are for
exemplification only. The present invention is not limited to an embodiment
below and modifications may be made within the scope of the inventive concept

disclosed in the appended claims.



compositions (materials) used to describe the configurations are for
exemplification only. The present invention is not limited to an embodiment
below and modifications may be made within the scope of the inventive
concept disclosed in the appended claimg. 18 CLAIMS 1. A magnetic
recording disk comprising a nonmagnetic substrate on which at least a
magnetic layer, a protective layer, and a lubricating layer are arranged in that
order, wherein the lubricating layer is gag&ifsom a lubricant; the lubricant
contains principal components which are perfluoropolyether compounds
representéd by MRRORSISVRRPEHBSISH FOMRIIGINC BetrAREBetfRgtERTe on

hich . : : : '
oo N TP S ERGRENY R o
ternaimahgeaupshat, @ddrthe ratio of the content of the first component to that

of the second component to that of the third component in the

perfluorop¥iFEaiR IS MY AINY IRvisgds Mads M r4ricas e Meri@@nio 13)
on 2 SRRIHSIRREIBaIRBRBEReMEGIRIEHa AN IS sUl ByhpYGIRR

magnetic resonance spectroscopy: (Chemical Formula 1) X-OC H 2C F2-(C
F20%preenieedyrihe foloding demical fesawda 1Chemigaiiponeda X and which

CH2CH(QH)CH20H second camponent: X = =

CHAE ) BB A ERLP FoRs & RBiSeSnos 2/ A0,
magiaeiisoreearainthdiskraceorghiogoo XXlaipretewiaarpinXbersingfe titnabgienps
of the first component, that of the second component, and that of the third

combGHERITR TP MG BRGTEoh e BBl RRIMBSNIE Y diRbP e S 8FPad
molgshpsitett BRHEAYE INBSFRANDMBANSREFUARDRLOYEIRRF BsstSlits

ranges from (71 to 73) : (15to 17) : (11 to 13) on a molar basis in the case
where the lubricant is analyzed by nuclear magnetic resonance spectroscopy:

(Chemical Formula 1)

X-OCH2CF2-(CF20)m(C2F 40),-CF20CH20-X
m,n=9to 11

first component: X = Xy = CH,CH(OH)CH>OH

second component: X = X, = CH,CH(OH)CH,OCH>CH(OH)CH-OH

third component: X = Xz =H

2. The magnetic recording disk according to claim 1, wherein the sum of
the content of the first component, that of the second component, and that of
the third component in the perfluoropolyether compounds is 99.0% or more on a
molar basis in the case where the lubricant is analyzed by nuclear magnetic
resonance spectroscopy.

3. A magnetic recording disk comprising a nonmagnetic substrate on
which at least a magnetic layer, a protective layer, and a lubricating layer are
arranged in that order,

wherein the lubricating layer is made from a lubricant; the lubricant



resonance spectroscopy. 3. A magnetic recording disk comprising a
nonmagnetic substrate on which at least a magnetic layer, a protective layer,
and a lubricating layer are arranged in that order, wherein the lubricating
layer is made from a lubricant; the lubricagt 19 contains principal
components which are perfluoropolyether compounds represented by the
following chemical formula (Chemical Formula 2) and which are a first

COMRPRARS Eﬂﬁ@ﬁéﬂ@ﬂfﬂ%‘rﬁﬂ§%%ﬁ%?@é&‘ﬂ¥ﬂﬂ&bb?§ét@ﬁ@@ﬁ unds

component having terminal groups X represented by X2, and a third

conipBrrsentrelrghe feipuingsipmicaioresdatdehayica! Epnvla 2uangmhish
Con(%l?gtaoifi&%ofﬂﬁf)to%%m%oe&ma’tgh%?r?él:g%aﬁg%%ﬁ%g(?@gg%g jﬂd hat e

third component 'in the perfludropolyettier compo o OF more on a
molesrinpsiseit g serwinat e thepk B iepnt seatedlpyebbymlialgdardcagpetient
resonance spectroscopy: (Chemical Formula 2) X-OC H 2C F2-(C F20) m
(C2RABNREHHR GRUPE XX SR GRS PP iR A BREHM 0 ILRG Content of the

CHZHEODEHERP thSESPIME SREMRRNSSHipSeft2and that of the third component
CH2CH(OH)CH20OCH2CH(OH)CH20H third component: X = X3 =H 4. A

madh & pedbreingotiskhes spmpmaydsis HNhadnetioud snaerotanpaivn i the

least a magnetic layer, a protective layer, and a lubricating layer are
e B L S B AR e B
the §aigastopgntains principal components which are perfluoropolyether
compounds represented by the following chemical formula (Chemical

Formula 3880GRIGP BN &3rst component having terminal groups X
represented by X1, & S66MBF ,-(CF20)m(CoF 40)n-CF20CH,0-X

m, n =9 to 11

first component: X = Xy = CH,CH(OH)CH>OH

second component: X = X, = CH,CH(OH)CH,OCH>CH(OH)CH-0OH

third component: X = Xg=H

4. A magnetic recording disk comprising a nonmagnetic substrate on
which at least a magnetic layer, a protective layer, and a lubricating layer are
arranged in that order,

wherein the lubricating layer is made from a lubricant; the lubricant
contains principal components which are perfluoropolyether compounds
represented by the following chemical formula (Chemical Formula 3) and which
are a first component having terminal groups X represented by X1, a second
component having terminal groups X represented by X2, a third component
having terminal groups X represented by X3, a fourth component having
terminal groups X represented by X4, and a fifth component having terminal
groups X represented by X5; and the sum of the content of the fourth
component and that of the fifth component in the perfluoropolyether compounds

is 1.0% or less on a molar basis in the case where the lubricant is analyzed by



component having terminal groups X represented by X2, a third component
having terminal groups X represented by X3, a fourth component having
terminal groups X represented by X4, and a fifth component having terminal
groups X represented by X5; and the supyof the content of the fourth
component and that of the fifth component in the perfluoropolyether
compounds is 1.0% or less on a molar basis in the case where the lubricant

is apalygshagRRiBYsRMaMAdSSiReRgNCe Spectroscopy: (Chemical
Formula 3) X-OC H 2C F2-(C F20) m (C2F40) n-C F20C H 20-X

m,n=9to1 {Cespicahfommeta: 3 = Xi = CH2CH(OH)CH20H second

component X = X3 X FTCHRE EARABN ok Okt (1Y i Component X

= X5 = CF2CI 5. A magnetic recording disk comprisimg, &a edhtaagnetic
substrate on which at least a magnetic Ia%/)el_bla protective layer, and a

lubricatind I8} EPARONGH: Ay it S HEP e the lubricating layer is
made fror@&é%ﬁéb?ﬁﬁoﬁ‘i@ww&r@@t&@%@%@q HP@@W}@HE?HS@W' are

perfluoropolyether compounds represented by the following chemica
formula (CUhechdealmementilX 4)%avd kihich are a first component having

terminal groups X represen c_l??l/)_( second component having terminal
groups ngrroeLf)rlﬁe]sCeor%% %ey%(é? a 4ir_cIJCC(Ilenponent having terminal groups X

representéfifgoXipoadatfCRNP@RIT having terminal groups X
represented %X4, and a fifth component having terminal groups X

represent@d by RBIBEHFHREUSIREIHIS BRERIIFIIDRSEPRIMGEGOSFATS Pt
of th -t RERCAGUJRLRE 159SE YPrRIR ARG hricant SADBhERM & Yayer are

arranged in that order,

wherein the lubricating layer is made from a lubricant; the lubricant
contains principal components which are perfluoropolyether compounds
represented by the following chemical formula (Chemical Formula 4) and which
are a first component having terminal groups X represented by X1, a second
component having terminal groups X represented by X2, a third component
having terminal groups X represented by X3, a fourth component having
terminal groups X represented by X4, and a fifth component having terminal
groups X represented by X5; and the content of the fourth component is less
than that of the fifth component in the case where the lubricant is analyzed by
nuclear magnetic resonance spectroscopy:

(Chemical Formula 4)

X-OCH2CF2-(CF20)m(C2F 40),-CF20CH20-X
m,n=9to 11

first component: X = Xy = CH,CH(OH)CH>OH

second component: X = X, = CH,CH(OH)CH,OCH>CH(OH)CH-0OH

third component: X = Xz =H



nuclear magnetic resonance spectroscopy: (Chemical Formula 4) X-OC H 2C
F2-(C F20) m (C2F40) n-C F20C H 20-X m,n=9tol11 first component: X =
Xi = CH2CH(OH)CH20H second component: X = X2 =
CH2CH(OH)CH20OCH2CH(OH)CH20H hird component: X = X3 =H 21
fourth component: X = X4 = CF3 fifth component: X = X5 = CF2CI 6. The
magnetic recording disk according to claim 1, wherein the protective layer is
made of g&athAGsHENMRLera)./cf,method for manufacturing the
magnetic recording disk according to any one of claims 1 to 6, comprising a
step of fofffithecmequBrtafirgayepfaéh the lubricant obtained by

molecularg{ d‘?HQ'%&J&Y& FB@B‘?H%IJ(&ES'HB@SM%Q to claim 1, wherein the

protective layer is made of a carbonaceous material.
7. A method for manufacturing the magnetic recording disk according to
any one of claims 1 to 6, comprising a step of forming the lubricating layer from

the lubricant obtained by molecularly distilling a raw material for lubricants.



