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 include nonmagnetic substrates, magnetic recording layers,
protective layers, and lubricating layess; thesedryers being arranged on the
nonmagnetic substrates in that order. The lubricating layers have a function
of reducing the impact of the magnetic recording disks against magnetic
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head becomes narrower and narrower with an increase of a recording
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magnetic head may often instantaneously contact the magnetic recording
disk. If the magnetic head contacts the magnetic recording disk rotating at
highrspesda eact portions thereof are heated to a high temperature (flash
temperature) due to friction. Therefore, a recent demand is directed to a
lubrie@h1 kapable of forming a lubricating layer which has high heat
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particularly relates to a material technology for lubricating layers.

Background Art
[0002]

Magnetic recording disks include nonmagnetic substrates, magnetic
recording layers, protective layers, and lubricating layers, these layers being
arranged on the nonmagnetic substrates in that order. The lubricating layers
have a function of reducing the impact of the magnetic recording disks against
magnetic heads. The distance between each magnetic recording disk and
magnetic head becomes narrower and narrower with an increase of a recording
capacity on a magnetic recording disk drive such as a HDD. Therefore, the
magnetic head may often instantaneously contact the magnetic recording disk.
If the magnetic head contacts the magnetic recording disk rotating at high speed,
contact portions thereof are heated to a high temperature (flash temperature)
due to friction. Therefore, a recent demand is directed to a lubricant capable of
forming a lubricating layer which has high heat resistance and which can
prevent properties of a magnetic recording disk from being deteriorated
because this lubricating layer is hardly decomposed or vaporized due to heat

under such high-temperature conditions.



[0003] In order to cope with such a demand, 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
nunp@@@f;}verage molecular weight (Mn) has been usually used as a
parameter for purification (see Patent Document 1). [0004] Patent Document
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magnetic recording disk including a lubricating, layer, exhibiting stable
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quajudtadively measured for heat resistance. [0007] It is another object of the
present invention to provide an evaluation . o

Patent Document 1: Japanese Unexamined Patent Application
Publication (JP-A) No. 2004-319058
[0005]

It has, however, been turned out that lubricants purified using weight-
average molecular weight or number-average molecular weight as a parameter
do not necessarily have sufficient heat resistance at high temperatures. That
is, weight-average molecular weight and number-average molecular weight are
parameters unsuitable to evaluate the heat resistance of lubricants used at high

temperatures.

Disclosure of Invention
Problems to be Solved by the Invention
[0006]

In view of the foregoing circumstances, it is an object of the present
invention to provide a magnetic recording disk including a lubricating layer,
exhibiting stable performance at high temperatures, made from a lubricant.
The lubricant is quantitatively measured for heat resistance.

[0007]

It is another object of the present invention to provide an evaluation



3 method for selecting a lubricant suitable for manufacturing a magnetic
recording disk. Means for Solving the Problems [0008] In order to achieve
the above-mentioned object, according to this invention, there is provided a
magnetic recording disk comprising a nofimagnetic substrate, a magnetic
layer, a protective layer, and a lubricating layer, these layers being arranged
on the nonmagnetic substrate in that order, wherein the lubricating layer is

MagRiUn Iy BRMHRIGH Shanue Bf ManiHhEeARy aneRMERM 8 ing

to -50% at 300C in the case where the lubricant is subjected to
theifgravimetric analysis in such a manner that the lubricant is heated
from 40C to 500C at a heating rate of 10C/min, and the lubricant has a
maximum peak at about 300C in the case where the lubricant is subjected to
diffevientigl fire3oiahgraly Sieoliding same manner as described above. [0009]
In this invention, it is preferable that the weight change of the lubricant
rané%%oﬁbm -25% to -40%. [0010] In this invention, the lubricant is made from

a COMPOSIHRPSR RN I & XBBUYEn SR HBLLEBRRY SIS aRIIROHIE Which

is represented by a chemical formula below and which is a principal
compeian Tthereeisproyideibalmagngiheaaordiutdirirsenipririfiaed as a

component of whi h content in . a omposm ni mole percent or
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layer, these layers being arranged on the nonmagnetic substrate in that order,
wherein the lubricating layer is made from a lubricant, the weight change of the
lubricant ranges from -20% to -50% at 300°C in the case where the lubricant is
subjected to thermogravimetric analysis in such a manner that the lubricant is
heated from 40°C to 500°C at a heating rate of 10°C/min, and the lubricant has
a maximum peak at about 300°C in the case where the lubricant is subjected to
differential thermal analysis in the same manner as described above.

[0009]

In this invention, it is preferable that the weight change of the lubricant
ranges from -25% to -40%.

[0010]

In this invention, the lubricant is made from a composition containing, for
example, a perfluoropolyether compound which is represented by a chemical
formula below and which is a principal component. The term "principal
component" used herein is defined as a component of which the content in a
composition is 50 mole percent or more.

[0011]

[Chemical Formula 1]



HO-CH2-CH-CH2-0-CH2-CF2(-O-C2 F4)p-(O-CF2)g-O-* OH
*-CF2-CH2-O-CH2-CH-CH2-OH i OH [In the above formula, p and q are
natural numbers.] [0012] According to this invention, there is provided a
method for manufacturing a magnetic regording disk including a
nonmagnetic substrate, a magnetic layer, a protective layer, and a
lubricating layer, these layers being arranged on the nonmagnetic substrate

in thatardep-thgmetaccompyisimis 6-siep Of pieReyingr adubricant by
purifying a corg?_?smon containing a pq;ﬂ&grg_p@“%l@;@p@p@p!l%%i@]_fs a
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principal component and a step of forming the lubricating layer from the
lubricant, wherein the weight change of the lubricant ranges frdih -20% to -
50% at 300C in the case where the lubricant is subjected to

thermogravimetrid" M RRAY G YRHE AR Graraiw RiBHERR R Iheated

frompA@g; to 500C at a heating rate of 10C/min, the lubricant has a maximum
peak at about 300C in the case where the lubricant is subjected to .
differentiaf\@gerdiag 4ndNsisvanien.dhere ipanrddes alewifibddaisoseyfaatiring

the perfluoropalyether compound is represented by the following formula;
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formula, p and g are natural numbers.] Advantages [0014] Accordin]\g to the

preSORTRGERTIE T URRIAYD gt A IAR haIRRNgRFomprising a step of preparing

a lubricant by purifying a composition containing a perfluoropolyether compound
which is a principal component and a step of forming the lubricating layer from
the lubricant, wherein the weight change of the lubricant ranges from -20% to -
50% at 300°C in the case where the lubricant is subjected to thermogravimetric
analysis in such a manner that the lubricant is heated from 40°C to 500°C at a
heating rate of 10°C/min, the lubricant has a maximum peak at about 300°C in
the case where the lubricant is subjected to differential thermal analysis in the
same manner as described above, and the perfluoropolyether compound is
represented by the following formula:

[Chemical Formula 2]

HO-CH2-CH-CH2-0-CH2-CF2(~0O-C2F4)p—(O-CF2)q—0O—*
OH #~CF2-CH2-O-CH2-CH-CH2-CH
OH

[In the above formula, p and g are natural numbers.]

Advantages
[0014]
According to the present invention, thermogravimetric analysis and

differential thermal analysis are used to evaluate a lubricant; hence, the



differential thermal analysis are used to evaluate a lubricant; hence, the 5
lubricant can be more precisely evaluated for heat resistance as compared to
a technique using weight-average molecular weight or number-average
molecular weight as a parameter before ¢he lubricant is applied to magnetic
recording disks. Therefore, if a magnetic recording disk including a
lubricating layer formed from a lubricant according to the present invention
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thermally decomposed or vaporized. According to the present invention, the
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a magnetic recording disk. Brief Description of Drawings [0015] Fig. 1 shows
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view of a thermogravimetric analyzer. Fig. 3 is a schematic view of a
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advantage that stick-slip motion is prevented in addition to thermal stability.

This leads to the enhancement of the reliability of a magnetic recording disk.

Brief Description of Drawings
[0015]

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.

Fig. 2 is a schematic view of a thermogravimetric analyzer.

Fig. 3 is a schematic view of a distillation unit.

Fig. 4 is a graph showing the thermal analysis results of a lubricant.

Fig. 5 is an illustration showing the weight change of other lubricants.

Reference Numerals

[0016]
1 magnetic recording disk
11 nonmagnetic substrate
12 magnetic layer
13  protective layer

14 lubricating layer



14 lubricating layer 6 Best Modes for Carrying Out the Invention [0017]
Embodiments of the present invention will now be described with reference
to the accompanying drawings. [0018] (Configuration of magnetic recording
disk) Fig. 1(A) is a plan view of a magnetjc 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
fornRagtpViedesfonfagienePspiitrelingpietess, a protective layer 13 formed
by OQJ a- enhanced CVD process, and a lubricating layer 14 formed by a
dipping process, these layers being arranged on the nonmagnetic substrate
11 in that Brolssdiffentsosintag petie stibstratieo d Wik moadseafeeribadmwite,
chemically reinforced glass such as aluminosilicate glass. The protective
lay P PEGRCEIORE AR A BRI NP8 de of hydrogenated carbon
(diaf@@nﬂ-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, (&emndigeretienpeiynagrietievgesidinamtisishs a function of reducing the
impact of E;';& q;ﬁnetic [ecordin disk agg{'nst a magne i head.én order to
icati
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the pitedtiverayehbdorigdiormirgiibe anagigticBeeo st ahsktis ppstiview
a chemical solution prepared b¥h dissolving a predetermined lubricant in an
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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
dipping process, the substrate, having the protective layer 13, for forming the
magnetic recording disk is dipped into a chemical solution prepared by
dissolving a predetermined lubricant in an organic solvent, removed from the
chemical solution, and then heat-treated such that the lubricating layer 14 is
fixed.

[0019]



fixed. [0019] 7 (Configuration of lubricating layer) According to present
invention, the lubricating layer 14 is formed from a lubricant evaluated and
selected by thermal analysis. The principle of thermal analysis (including
thermogravimetric analysis and differential thermal analysis) will now be
briefly described. [0020] (Thermogravimetric analysis) Fig. 2 is a schematic
view of a thermogravimetric analyzer. Thermogravimetric analysis (TG) is

such a thegpalignalsisdecPrikmihalehe weight change of a sample is
measured in such a manner that the sample is heated and thereby

dehydratedcenEHRthily RIesSRipDLRIHICH: Ehhpsigatingnigirsr1 dvigyforred from a
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an auxiliary beam Zgisgac,h swinging on the primary or auxiliary fulcrum 25

or 2614A84RR PHRINRSSYIRRBle holders 22, placed at ends of brackets of the
be (igcluding aluminum pans. The sample holders 22 are arranged in a
furnace 27. A reference material 21 is placed on one of the sample holders
22 and a $&hspreorygnstisednatysitd other one. A calibration weight 28

controlledeé(% Weigshth handler.29 isf gl%ced Qn one o{ the brackets on which
% £15 GSChgMafIc View eimogravimettic analyzer. o ..
the sample 207is placed. Théese components-are used to correct deviations
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the sample 20 is heated to a predetermined temperature in the furnace
weight change of a sample is measured in such a manner that the sample is
heated and thereby dehydrated, thermally decomposed, or changed in another
way. The thermogravimetric analyzer 200 shown in Fig. 2 is used. The
thermogravimetric analyzer 200 includes a balance including a primary fulcrum
25, an auxiliary fulcrum 26, and two beams (a primary beam 23 and an auxiliary
beam 24) each swinging on the primary or auxiliary fulcrum 25 or 26 and also
includes sample holders 22, placed at ends of brackets of the beams, including
aluminum pans. The sample holders 22 are arranged in a furnace 27. A
reference material 21 is placed on one of the sample holders 22 and a sample
20 is placed on the other one. A calibration weight 28 controlled by a weight
handler 29 is placed on one of the brackets on which the sample 20 is placed.
These components are used to correct deviations caused by gravity, the
physical change of the analyzer, or the like.
[0021]

If the sample 20 is heated to a predetermined temperature in the furnace

27, the sample 20 is dehydrated, thermally decomposed, or changed in another
way. This results in a change in the weight of the sample 20. The weight
change of the sample 20 causes the primary and auxiliary beams 23 and 24 to

be tilted to create an imbalance. The tilt of the beams is detected by a position



27, the sample 20 is dehydrated, thermally decomposed, or changed in
another way. This results in a change in the weight of the sample 20. The
weight change of the sample 20 causes the primary and auxiliary beams 23
and 24 to be tilted to create an imbalancg. The tilt of the beams is detected
by a position 8 detector (not shown) such as a photosensor. The detection of
the beam tilt by the position detector allows an electromagnetic

POWRITEABE[AINShBRHIIUERQEs SN ErRB ISURMliedatdtlshis e Bekm tilt by
current. The beams are moved so as to compensate the feed-back current.
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such a thermal analysis technique that a sample and a material (reference
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in a single, furnace, the furnace is heated,to a predetermined.temperature,
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matetiiidge brenalsiaipineo wiinesspguet sampipant tbeseieseacCEOmiedas are
supplied with external heat under the same conditions, even a small thermal
chaRB&ies e driedhsd. BeIBWA curve can be obtained in such a manner
that[@@ég]ned data is plotted on a graph such that the abscissa represents
time or temperature, the ordinate represents the difference in temperature
between thdftaaniial Hretra asklyeisge material, and a

Differential thermal analysis (DTA) is such a thermal analysis technique
that a sample and a material (reference material) which is thermally stable at
measurement temperatures are placed in a single furnace, the furnace is
heated to a predetermined temperature, and the difference in temperature
between the sample and the reference material is then determined. Since the
sample and the reference material are supplied with external heat under the
same conditions, even a small thermal change can be detected. A DTA curve
can be obtained in such a manner that obtained data is plotted on a graph such
that the abscissa represents time or temperature, the ordinate represents the
difference in temperature between the sample and the reference material, and a
positive peak represents an exothermic process.

[0023]

(Properties of lubricant)

A first feature of this embodiment is that the weight change of the
lubricant, which is used to form the lubricating layer 14, ranges from -20% to -

50% and more preferably -25% to -40% at 300°C in the case where the



positive peak represents an exothermic process. [0023] (Properties of
lubricant) A first feature of this embodiment is that the weight change of the
lubricant, which is used to form the lubricating layer 14, ranges from -20% to -
50% and more preferably -25% to -40% at 300 C in the case where the 9
lubricant is subjected to thermogravimetric analysis in such a manner that the
lubricant is heated from 40C to 500C at a heating rate of 10C/min. [0024] A
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the lubricating layer 14, has a maximum peak at about 300C in the case
wheretiantisriteaies feerpjdiddten@f&raitmhaating dpthalyistiminch a

ma %‘nat the lubricant is heated from 40C to 500C at a heating rate of 10
C/min. [0025] In this embodiment, the lubricant, which is used to form the
lubricatinghlagesridifeneetsofet|is entetisndatdsniae thb yutihsam o et s ed to
analysis and differential thermal analysis; hence, the magnetic recording disk

1 hdQ Mdhe/URECA R GKRcE a8 3D B W RERKFh AR WYY LribHisFRse
SelepHRAHFI LB LAY BHRAGSH UG MEI BMHA A ARG/ RVFI 866 a

molecular weight as a parameter. Therefore, even if the magnetic recording
diskriaooatdbas thentidyinstic isdastec amdriddtintplaferd 4tot treaiinggatgiof
recqr&lie%dlisk 1 can be prevented from being deteriorated due to thermal
decomposiﬁ()n or vaporization. According to the present invention, the lower
limifaiabe weight change (the lower limit of the absolute value of the weight
change) of the lubricant subjected to thermogravimetric analysis is set;

hence, therdhis &mgaqgﬂ%etqﬁé%ﬂﬁﬁ%ﬁwhmh is used to form the lubricating

layer 14, meets requirements determined by thermogravimetric analysis and
differential thermal analysis; hence, the magnetic recording disk 1 has higher
heat resistance as compared to that formed using a lubricant selected using
weight-average molecular weight or number-average molecular weight as a
parameter. Therefore, even if the magnetic recording disk 1 contacts a
magnetic head, the lubricating layer 14 of the magnetic recording disk 1 can be
prevented from being deteriorated due to thermal decomposition or vaporization.
According to the present invention, the lower limit of the weight change (the
lower limit of the absolute value of the weight change) of the lubricant subjected
to thermogravimetric analysis is set; hence, there is an advantage that stick-slip
motion is prevented in addition to thermal stability. Therefore, the magnetic
recording disk of this embodiment has high reliability.
Examples

[0026]

The present invention will now be described in detail with reference to
examples.
[0027]

(Preparation of example and comparative example)



motion is prevented in addition to thermal stability. Therefore, the magnetic
recording disk of this embodiment has high reliability. Examples [0026] The
present invention will now be described in detail with reference to examples.
[0027] (Preparation of example and compgrative example) 10 A lubricant
according to an example of the present invention and a lubricant according to
a comparative example are prepared as described below. The lubricant "Z

TETRAOIA' (rrdaaicororis tosicexafrpIe dfenasorss e MMEIRG hudrigant)
available from Solvay Solexis Inc. is used as the lubricant according to the
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principal component an contains impurities such as an inorganic ion
andunpwitiediceriteni) Rigdildisiedrirh &k ayi G ledteitiglas wedghds dissribivdicamt
due to the length of a primary chain and contains various functional groups.
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formula, p and g are natural numbers.] [0029]
and which is a principal component and further contains impurities such as an
inorganic ion and an organic acid. This lubricant has a wide molecular weight
distribution due to the length of a primary chain and contains various functional
groups.
[0028]
[Chemical Formula 3]

HO—CH2—(I3H—CH2—O—CH2—CF2(—O—C2 F4)p—(O-CF2)a—O—x*
OH *—CF2—CH2—Q—CH2—C|)H—CH2—OH
OH
[In the above formula, p and g are natural numbers.]
[0029]

The purified composition is used as the lubricant according to the
example. A principal component of the purified composition is the
perfluoropolyether compound, which is represented by the above formula.
Examples of a purification process used include supercritical extraction
processes, gel permeation chromatography (GPC), and molecular distillation
processes. Adistillation unit below is used in a molecular distillation process.
Fig. 3 is a schematic view of the distillation unit.

[0030]

In order to purify the unpurified lubricant with the distillation unit 300

shown in Fig. 3, the unpurified lubricant is charged into a feed flask 31.

Molecular distillation need not be necessarily performed under vacuum and is



The purified composition is used as the lubricant according to the example.
A principal component of the purified composition is the perfluoropolyether
compound, which is represented by the above formula. Examples of a
purification process used include supercyitical extraction processes, gel
permeation chromatography (GPC), and molecular distillation processes. A
distillation unit below is used in a molecular distillation process. Fig. 3 is a
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lubricant with the distillation unit 300 shown in Fig. 3, the unpurified lubricant
is cCMAYRJERINBIEdabFHRIGNEI ARSIKEIREE GRMRANSH i EXATIRANSE hErRaesgHIdy
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predetermined vacuum conditions In the case where a lubricant, containing
polyiistitiecconieoneatuior tihadreienegaitiotisdiskbsweeleoufzutizdistilled.
This is because if the lubricant is not molecularly distilled under vacuum, the
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are within the mean free path are prevented from being condensed.
Thelteforeciafiaromdense@rial Rectiargedfietdhtentsedalissih et intishgaited

unit,js ev, ted.t redetermined vacuum degree with an evacuation unit
1o g e AR R s e Rt A
10-yvRnaangigiadarahlydess than this pressure range. The vacuum degree
can be measured with a vacuum gauge 40. The material in the feed flask 31

can[B%%iegassed with the help of the negative pressure in the distillation unit
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and is preferably less than this pressure range. The vacuum degree can be
measured with a vacuum gauge 40. The 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
material. The gaseous impurities, which are contained in the lubricant, flow
toward the evacuation unit 42 through a pipe 44 and are partially trapped in a
low-boiling point substance condensation trap 39. The lubricant in the feed
flask 31 may be heated with a feed flask mantle heater 32 as required.
[0032]

After the distillation unit is evacuated to a predetermined vacuum degree,

the unpurified lubricant 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
distillate the unpurified lubricant. When the feed rate is large, the distillation

efficiency can be low.



material. The gaseous impurities, which are contained in the lubricant, flow
toward the evacuation unit 42 through a pipe 44 and are partially trapped in a
low-boiling point substance condensation trap 39. The lubricant in the feed
flask 31 may be heated with a feed flask;mantle heater 32 as required. [0032]
After the distillation unit is evacuated to a predetermined vacuum degree, the
unpurified lubricant is fed from the feed flask 31 to a distillation column 35.
The[@@ggffeed 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 disgosuitiertupricast inflhaskastillatie galume 3648 haaiaf épcdf is
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distillation column 35 is heated to a predetermined temperature with a
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which the unpurified lubricant is vaporized. The heating temperature of the
unpiéfiethraratet ddheodigiilatiolexp lbynadnanttegh eateteifperehareecatitige
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thenmsiseted placedizihe distiiatiacedatima &stillaid4 Lohendissllation
column 35 contains a magnetic coupling agitator 33 which extends in the
Iondﬁ%ﬂal direction of the distillation column 35 and which includes a wiper

made of ariiqiRifsib 85 RS ITERRIFISIMEREAR B8IIBHAG 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 unpurified lubricant to form a thin
film on the inner wall of the distillation column 35, thereby promoting the
vaporization of the unpurified lubricant. The vapor of the unpurified lubricant
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 46. 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.
[0035]

The lubricant according to the example was obtained using the distillation

unit 300 as described below. The unpurified lubricant was charged into the



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 unpurified lubricant to form a
thin film on the inner wall of the distillation column 35, thereby promoting the
vaporization of the unpurified lubricant. Fhe vapor of the unpurified lubricant
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

watesdg {EERACET RIS HISH RATE I66 dAeatrdsrbisarowmanskaldtien unit

cooling rod 46 and then remgved through an outlet port 46. The residue,
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fed prtsshecfieeith efidiskiAfion lneininavdy proeeslivie tisat gatyedles imilaréties and the
operation board 43. [0035] The lubricant according to the example was
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the pressure in the distillation unit 300 was reduced to 1 x 10-3 Pa with the
evagipgidn theidisti@hen eblicant3a imasapesaiedatia Pledetesuifietermigtional
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lubrigauat. tbhed wetieanperasfechiatb endisiié aléeiec®umA 380frordishigaieadas
flask 31 at a constant feed rate, In this operation, the wiper in the distillation
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temperature of the mantle heater 36. A 180C distillate was collected in the
distlMBSteceiving flask 38. This distillate is hereinafter referred to as the
lubricant ensfb?tg !)L*%igﬁrrllt %%%ngsr)lg to the example.

The lubricants, obtained as described above, according to the example
and the comparative example were subjected to thermal analysis
(thermogravimetric analysis and differential thermal analysis) in such a manner
that the lubricants were heated from 40°C to 500°C at a heating rate of
10°C/min, whereby the results shown in Fig. 4 were obtained. In Fig. 4, the
abscissa represents temperature (°C), the right ordinate represents the results
of thermogravimetric analysis (TG) (weight change (%)), and the left ordinate
represents the results of differential thermal analysis (DTA) (voltage (uV)
corresponding to temperature). With reference to Fig. 4, the solid line L11
represents the TG curve of the lubricant according to the example, the dotted
line L21 represents the TG curve of the lubricant according to the comparative
example, the one-dotted chain line L12 represents the DTA curve of the
lubricant according to the example, and the two-dotted chain line L22

represents the DTA curve of the lubricant according to the comparative example.

[0037]



[0036] (Results of thermal analysis) The lubricants, obtained as described
above, according to the example and the comparative example were
subjected to thermal analysis (thermogravimetric analysis and differential
thermal analysis) in such a manner that{the lubricants were heated from 40C
to 500C at a heating rate of 10C/min, whereby the results shown in Fig. 4
were obtained. In Fig. 4, the abscissa represents temperature (C), the right

ordinate raRrasaess T &% tisedh ShRIMABTAY ERaIYS ARARSHdwh(Ne gL,
change (%)), and the left ordinate represents the results of differential
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chain line L12 represents the DTA curve of the lubricant according to the
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the thermogravimetric analysis results shown in Fig. 4, the weight change of
the 8Africaanadihakostherplriaant tidhecoronataiven siine bemparatdeoeak

example are -26% and -43%, respectively, at 3 ?‘1? [a %8 As is clear from
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lubricant of the comparative example has a broad peak and a maximum
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[0039]

(Evaluation results of magnetic recording disks)

The following disks were prepared and then subjected to various tests:
magnetic recording disks 1 including lubricating layers 14 formed from the
lubricant according to the example or the lubricant according to the comparative
example. In order to form the lubricating layers 14, substrates, having
protective layers 13 thereabove, for forming the magnetic recording disks were
each dipped into a chemical solution prepared by dispersing the lubricant
according to the example or the comparative example in the fluorine-containing
solvent Vertrel XF (trade name) available from Mitsui Dupont Fluorochemical Co.
The resulting substrates were heat-treated such that the lubricant was fixed to
the substrates, whereby the lubricating layers 14 were formed.

[0040]

The magnetic recording disks 1, prepared as described above, according
to the example or the comparative example were subjected to various tests.
Properties of the magnetic recording disks 1 prepared using the lubricant

according to the example were prevented from being deteriorated due to the



the lubricant of the comparative example has such a broad peak suggests
that the lubricant thereof is decomposed over a wide temperature range.
[0039] (Evaluation results of magnetic recording disks) The following disks
were prepared and then subjected to varigus tests: magnetic recording disks
1 including lubricating layers 14 formed from the lubricant according to the
example or the lubricant according to the comparative example. In order to

fornpigtenty RIS BRSO Y e pHRSHIRIR D f IRYINGrBERIRS IR I8YRI®sh when

thereabove, for forming the magnetic recording disks were each dipped into
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The(fleshitergrubtiral ek veere e dtdieatedsigohtthat, the lubricatimguageiz e
to the substrates, whereby the lubricating layers 14 were formed. [0040] The
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Properties of the magnetic recording disks 1 prepared using the cant
acctreingrioahicassardipie indhe pesverraity frexamping ratabnpaiteighiapaedthe

15 (t:rcl)e n%?ég?ncgmgﬁgiﬁigg Qr vaporization of the lubricating layers 14 even
when the magng{i]c recording disks 1 rotating at high speed contacted

magoedit] heads and therefore contact portions therebetween were heated to
high temperature (flash temperature) because of friction. In contrast, the

lubricatind\REReIRPhAIBMRed R ARG RatE ARG feomdne ubricant
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recording disks 1, prepared using the lubricant according to the comparative

exafapied treninheachiyedmsed lubricant selected using weight-average molecular
weight or number-average molecular weight as a parameter because the
lubricant according to the example meets requirements determined by
thermogravimetric analysis and differential thermal analysis. Therefore, the
magnetic recording disks 1 prepared using the lubricant according to the
example can be prevented from being deteriorated due to the thermal
decomposition or vaporization of the lubricating layers 14 formed from the
lubricant according to the example even when the magnetic recording disks 1
contact magnetic heads. The lower limit of the weight change (the lower limit
of the absolute value of the weight change) of the lubricant, subjected to
thermogravimetric analysis, according to the example is set; hence, there is an
advantage that stick-slip motion is prevented in addition to thermal stability.
This leads to the enhancement of the reliability of the magnetic recording disks
1 prepared using the lubricant according to the example.
[0042]

In order to specify the appropriate range of the weight change of the

lubricant according to the example, various lubricants were prepared and then



contacted magnetic heads. [0041] As described above, the lubricating layers
14 formed from the lubricant according to the example have higher heat
resistance as compared to those formed from the conventional lubricant
selected using weight-average moleculaf qweight or number-average
molecular weight as a parameter because the lubricant according to the
example meets requirements determined by thermogravimetric analysis and

differesdial prapa aRghisie rbosreiyRiidke 1MasieRtidiaaeriing dinks 1

prepared using the lubricant according to the example can be prevented
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enhancement of the reliability of the magnetic recording disks 1 prepared
using the lubricdne avesrdihy & tralusxam@% [0048%<n order to specify the
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lubricants contain molecules with low molecular weight, impurities causing
decomposition, and/or the like. The use of lubricants having a weight
reduction less than the above range may cause the stick-slip motion of
magnetic heads. This is probably because these lubricants contain a large
amount of compounds with high molecular weight and therefore have an
extremely large friction coefficient. The use of the results of thermogravimetric
analysis as parameters illustrates the molecular weight distribution of a lubricant
that have an influence on the heat resistance and the like of the lubricant, the
state of a terminal group of the lubricant, and information about contamination.
Accordingly, if a lubricant with high heat resistance is selected on the basis of
the results of thermogravimetric analysis, this lubricant has good molecular
weight distribution, has a terminal group in good condition, and is
uncontaminated.
[0043]

(Other examples)

The configurations (shape, size, and arrangement) used to describe the

above example are merely schematically shown in the figures such that the



the average 2G value =-23% to -47% the average 3G value =-18% to
-48%. In consideration of other results, the appropriate range of the weight
change of the lubricant according to the example is preferably from -20% to
-50% and more preferably -25% to -40%Lubricants having a weight
reduction greater than the above range have low heat resistance. This is
probably because the Iubricants contain molecules with low molecular
Weig%sgﬁpmgﬁﬁd?ﬁé@ﬁ“ﬁe Gﬁ@@@%‘atm Ricthe kgmbbe upR of
lubricants having a weight reduction less than the above range may cause
the SOTIRGHIHINBHBIRISHdtFayetdMease s ecpriBHEi tscaips®these
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below and modifications may be made within the scope of the inventive
concept disclosed in the appended claims. The perfluoropolyether lubricant
(the lubricant "Z TETRAOL" (trade name) available from Solvay Solexis Inc.),
which principally contains a tetraol, is usgd as a starting material for
preparing the lubricant according to the example. A compound with a
terminal group having at least one selected from the group consisting of a
diol structure, a triol structure, and a gtrgeistructure may be used to prepare
the lubricant. 18 CLAIMS 1. A magnetic recording disk comprising a
nonmagnétic AUB3aReHCepRsginatiiskgemarisiatez N lRgarctipgupstrate, a
lubricating,! r ' [ i rgte
in 0L et R B R L B Gt TR e el
weightatigadgm ibictihe dorgranicrauigs sateoim 2 UYrder,50% at 300 C in the
case where the_ lubricant is subjected to thermogravimetric analysis in such a
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where the lubricant is subjected to differential thermal analysis in the same
marienicaside ssijecied vovieermadiavimajrieto absisdingHdisR axurelingaidhe
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-40 € magnetic recording according to<tlaim , Wherein
lubrigentagttieparethkiomn searReSiIbo 0t GDUENiNtha pasBuatienoiyeth@ricant is
compound which is a principal component and which is represented by the
foIIOWFHE]OF@FHBIgfffﬁfﬁ'éﬁ'ﬁléﬂﬁﬁﬂﬁlrﬁﬂéliﬁ's in the same manner as described
HO4pl¢sCH-CH2-0O-CH2-CF2(-O-C2 F4)p-(O-CF2)g-O-*

2. The magnetic recording disk according to claim 1, wherein the weight
change of the lubricant ranges from -25% to -40%.

3. The magnetic recording disk according to claim 1 or 2, wherein the
lubricant is prepared from a composition containing a perfluoropolyether
compound which is a principal component and which is represented by the
following formula:

[Chemical Formula 1]

HO—CH2—(;,H—CH2—O—CH2—CF2(—O—C2 F4)p—(O-CF2)q—0O—%
OH *—CF2—CH,2—O—CH2—C|:H—CH2—OH
OH
[In the above formula, p and g are natural numbers.]

4. A method for manufacturing a magnetic recording disk including a
nonmagnetic substrate, a magnetic layer, a protective layer, and a lubricating
layer, these layers being arranged on the nonmagnetic substrate in that order,
the method comprising a step of preparing a lubricant by purifying a
composition containing a perfluoropolyether compound which is a principal

component and a step of forming the lubricating layer from the lubricant,



*-CF2-CH2-0-CH2-CH-CH2-OH OH i OH [In the above formula, p and g are
natural numbers.] 4. A method for manufacturing a magnetic recording disk
including a nonmagnetic substrate, a magnetic layer, a protective layer, and
a lubricating layer, these layers being arrgnged on the nonmagnetic
substrate in that order, the method comprising a step of preparing a lubricant
by purifying a composition containing a perfluoropolyether compound which

is a principaecHMAENEALANEhariBR PO TINASHe JHBES MM layer fbaBnbaat
lubricant, 19 wherein the weight change of the lubricant ranges from -20% to

-50R0AfBonthancane v aerbiBieanbiscapsEbje dheamogravimetric
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eating rate of 10C/min ubricant has a maximum

peakeaitiahoate3600(0 AT/ thie, caseubliedatthasl arieaint isrspéacieddout 300°C in
differential thermal analysis in the same manner as described above, and
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[ChegirahfzomaH R Heddthedbbld:; GRd 1 E@&F%é@é@%r com?ound is
F4)p-(0-CF2)g-O-* OH *-CF2-CH2-O-CH2-CH-CH2- i OH [In the above

fornegacgeatet dpyibentalioraingliomevia)
[Chemical Formula 2]
HO—CH2—(I3H—CH2—O—CH2—CF2(—O—C2 F4)p—(O-CF2)a—O—x*
OH *—CF2—CH2—Q—CH2—C|)H—CH2—OH
OH

[In the above formula, p and g are natural numbers.]



