1 DESCRI PTI ON MAGNETI C RECORDI NG DI SK AND METHOD FOR MANUFACTURE THEREOF
Technical Field [00011 The present invention relates to a magnetic recording
di sk and a method for nmanufacturing the magnetic recordi ng disk. The
present invention particularly related to a material technol ogy for

| ubricating |layers. Background Art [0002] Magnetic recording disks include
nonnmagneti ¢ substrates, nagnetic recording |layers, protective |ayers, and

| ubricating |layers, these |ayers gggﬁgupqﬁ?gpged on the nonmagnetic
substrates in that order. The lubricating [ayers have a function of
reduci ng the inpact of the magnetic recordi ng di sks agai nst mnagnetic heads.
The di stance between each nagnetic recordi ng disk and magnetic head becones

narrower and narrower W tIABNET RECDORDING'BIBK ANID capacity on a
magnetic recording disk drive such as a HDD. Therefore, the nmagnetic head

may often instantaneoudiFTHOD EOR MANUBAOTURE TEIEREIDAg disk. If the
magneti ¢ head contacts the nagnetic recording disk rotating at high speed,
contact portions thereof are heated to a high tenperature (flash
tenperature) due to friction. Therefore, a recent demand is directed to a
| ubri cant Teclpaeald-ied forming a |ubricating | ayer which has high heat

resi stance and which can prevent properties of a magnetic recordi ng disk
from bei nfPMdderi orat ed because this lubricating layer is hardly deconposed
or vaporized due to heat under such high-tenperature conditions, 2

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 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.



[00031 In order to cope with such a demand, a lubricant, such as FOVBLINE Z
avai l abl e from Sol vay Sol exis Inc., having high heat resistance and

| ong-term stability is usually used to formlubricating |ayers for nagnetic
recording disks. The lubricant is pufified such that inpurities are renoved
fromthe conposition or the nolecular weight thereof is adjusted to an
appropriate value. Wi ght- average nol ecul ar wei ght (Md) or nunber-average
nnleculagxmgkght (M) has been usually used as a paraneter for purification
(see Patent cunent 1). [0004] Patent Docunent 1: Japanese Unexam ned

Pat ent Appl i ciatdr@Br td etPd with isBBh @ldErand\a WBRe4nB LHER As[FOMBILINE as,

however, been turned out that |ubricants purified using weight- average

nol ecul apvakibisfronr Sovah Soleue g ehamh @ highaeatebsiBianze shdiehgieier  do not
necessarily have sufficient heat resistance at high tenperatures. That s,

wei ght - aytabiigeisnuduadiy sedvwe ifgit ubnida ersfof maggneti recotding Wiskght are
paraneters unsuitable to evaluate the heat resistance of |ubricants used at
hi gh t efipeduettricass is pirdddosuochethaf impuwritiesiave rémobed imont thebeor@pbsiidnby t he
I nvention [00061 In view of the foregoing circunstances, it is an object of
t he presenthe molesniaroveight themaf deadjustegrietarcaprropridtanyaldesk Weightadi ng a
| ubricating layer, exhibiting stable performance at high tenperatures, nade
from a | averagamnolecyiae weighti (Mawtoriringbeiravearage molgcuapweighd (Mp) haeat
resi stance. [0007] It,is another qbject, of, ttze gr esent inventign to provide
an eval uBeepnsually used as a parameter for purification (see Patent Document 13.
¢ [0004]
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 molecuiar 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 nethod for selecting a lubricant suitable for manufacturing a magnetic
recording disk. Means for Solving the Problens [0008] In order to achieve
t he above-nenti oned object, according to this invention, there is provided
a magnetic recording disk conprising &8 nonmagnetic substrate, a magnetic

| ayer, a protective |layer, and a lubricating I|ayer, these |ayers being
arranged on the nonnmagnetic substrate in that order, wherein the

| ubricati | | de fr lubrjcant, the weight change of the

| ubri cantrﬁl%gﬂgi@rSfé'%%ﬁ%z%%qrggpgﬁ%%g}lé &fd"@‘i’%q%@ggaag@gmggée?q{gmﬁubri cant
I's subjegted to thernogravinmetric analysis in such a manner that the

| ubricant™ 1S heated from40C to 500C at a heating rate of 100 mn, and the
| ubri cant has a maxi num peak at about 300 C in the case where the |ubricant
is subjected to differential therrmal analysis in the sane manner as

descri beqsdivier dohHRFthe Prddibmsi nvention, it is preferable that the weight
change of the lubricant ranges from-25%to -40% [0010] In this invention,

the lubrijgggg] i s made froma conposition containing, for exanple, a
per fl uoropol yet her conmpound which is represented by a chemcal formula

bel ow and whi trhoider 2o pthieek thaé aboveensmionedivbjéd| aecopdingabnpis conponent ”
used herein is defined as a conponent of which the content in a conposition
i s 50 nolievemdipnetiereis provided & OlabnetiCnecordiadg disk comprisingda
nonmagnetic 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 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 contentin a
composition is 50 mole percent or more.

[0011]

[Chemical Formula 1]



HO CH2- CH CH2- O- CH2- CF2(-O-C2 F4)p- (O CF2)g-O-* OH *- CF2- CH2- 0- CH2- CH- CH2- OH
OH [In the above formula, p and g are natural nunbers.] [0012] According to
this invention, there is provided a nethod for nmanufacturing a magnetic
recordi ng disk including a nonmagneti cdsubstrate, a magnetic |layer, a
protective layer, and a lubricating | ayer, these | ayers being arranged on
the nonnagnetic substrate in that order, the nethod conprising a step of

preparing,~a hubr~eans by Pukiif VARG 3 C Liho 1t43iQing a

per fl uor otﬁigfy‘%ﬁﬁe]?—@g@ﬁ'gu%%%igﬁg‘?a ?ﬁc?%ap%gcﬂp@ngnt and a step of
forming the lTubri©ating | ayer from ¥heR2ai2zrCHarGBrEHarOMei ght change
of the lubricant ranges from-20%to - 50% at 300C i néple case where the

| ubricant is subjected to thernogravinetric analysis in such a nmanner that
the lubricant is hegted from40C to 500C at a heating rate of 10C/ mn, the
| ubri cant has a max Hﬁ'ﬁ?ﬁbﬂkeé‘?mﬁ-ﬁ%& anpGreatyige NEERSGvher e t he | ubri cant
IS subj eﬁbﬁg%to differential thermal analysis in the sane nmanner as

descri be e, and the perfluoropol yether conpound is represented by the

Fa) pe ( O Cr2) o RocDreing 16 TS Rouqs B crels eibtelss NG Tom R UBE 0L oyt o,
vent e e sPAPRRG st dARADh A hrhattit, ARRER P rRBrRlF RE Ve s are

used to eypldiatifettaytP A ubriRafiSs 1aybP Ghese 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, 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—C|:H—CHz—O—CHz—CFz(—O—Cz F4)p—(O-CF2)q—-O~*
OH *—CFz-—CHz—O-CH2—(|:H—CH2—OH
OH

fIn 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



5 [lubricant can be nore precisely evaluated for heat resistance as conpared
to a technique using weight-average nol ecul ar wei ght or nunber-average

nol ecul ar weight as a paraneter before the lubricant is applied to nagnetic
recording disks. Therefore, if a nagretic recording disk including a

| ubricating layer formed froma |ubricant according to the present

I nvention contacts a nagnetic head, the lubricating | ayer can be prevented

f bei | . ' t
 rvont  on o REt FAn b AEROEREREN, o PiufRRTb! RBEt relRERCY McMepRl 87 Tl
absol ut e té«_,-'Hm@@bsihgw}ghﬂmeragambc%r Wegght 'ov*ﬁhhfb%ﬂav%v@%@ﬁkﬁ@bm
thernogravi netric analySis 1s Set; hence, there is an advantage that

stick-sl Wi@mtés)aphﬁarﬁé%v%\‘cﬂé th8 w&ﬂﬂah;g Ragpfiett8 mM@gn&ticd@biding Thi s | eads

to the enhancenent of the reliability of a magnetic Tecording disk. Brief

Descri pt idigksof Thesstorgst & Gtinetitirgcordirg)@ivg irtluding avuBrestingdayggnet i ¢
recordi ng disk and a schematic sectional view of the nagnetic recording

di sk in {é¥mehftofB Jubrizaptatiording. tofhg présdmnt invesdibarmontacty aanagrietic
thernogravinetric analyzer. Fig. 3 is a schematic view of a distillation
unit. Fi dead, the labgealpig Biyentan be peevdrdeddiomabaingsthermaliyutieésorposed ubri cant .
Fig. 5is an illustration show ng the weight change of other |ubricants.
Ref er enc@rNaperizad [Acusling todhe gresent énentibngtheilewer limitrad iveyieéghtc
substrate 12 nmagnetic |layer 13 protective |layer 14 |ubrjicating |ayer
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.

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.
C 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]
i magnetic recording disk
11 nonmagnetic substrate
12  magnetic layer
13  protective layer

14  lubricating layer



6 Best Mddes for Carrying Qut the Invention [0017] Enbodi nents of the
present invention will now be described with reference to the acconpanyi ng
drawi ngs. [0018] (Configuration of magnetic recording disk) Fig. 1(A) is a
pl an view of a magnetic recording diskéaccording to an enbodi nent of the
present invention and Fig. 1(B) is a schematic sectional view of the
magnetic recording disk. Wth reference to these figures, the magnetic
recording disk 1 includes a circular nonmagnetic substrate 11 having a
center hole 111, a base |ayer (not shown), a magnetic |layer 12 forned by a

DC nmagn ret : otective layer 13 forned by a pl asna-
enhancede%%/%mgég%%gdzpé;mﬁgt%gﬁ?(i:rgvtdlhﬁgﬁl ayer 14 formed by a di pping

process, [robh?rﬁe | ayers being arranged on the nonmagnetic substrate 11 in
t hat order. e nonmagnetic substrate 11 is nmade of, for exanple, chemcally

reinforced glEABogHfdNta Sl M picRBAT hvEatich Gliassv bEeRFiBEgWiihve | ayer 13 is,
for exanple, 5 nmthick, is nade of hydrogenated carbon (di anond-1ike

carbon), @ferehas ihtighacowmapanmgsg diawningsand a function of protecting the
magnetic |ayer 12. The |lubricating layer 14 is, for exanple, 1.2 nmthick,

i s made of00a8pol yneric material, and has a function of reducing the inpact
of the magnetic recording disk against a magnetic head. In order to form
t he | ubri cati rffonfigeration diynagreticdeppiding giskcess, the substrate, having the
protective layer 13, for formng the nagnetic recording disk is dipped into
a cheni cal solfi@i tiA)ps 8pdardiewyof &l magmelic necardingedisk aceonding tour i cant in an
organi c solvent, renoved fromthe chem cal solution, and then heat-treated
quch t hat embedimaitiol e peeseay Bvention @ndshig.eYB) 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

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]



[0019] 7 (Configuration of lubricating |ayer) According to present

I nvention, the lubricating layer 14 is forned froma |ubricant eval uated
and sel ected by thermal analysis. The principle of thermal analysis
(including thernogravinetric analysis a@nd differential thernmal analysis)
will now be briefly described. [0020] (Thernogravinetric analysis) Fig. 2 is
a schematic view of a thernogravinetric analyzer. Thernogravinetric

anal ysis (TG (b%n?i ﬁrét tc;}efugl’?r%]at %%&LS technique that the weight change

of a sample is ure r that the sanple is heated and

t her eby dehydrﬁéc%qdmg g?é%dﬁtﬁﬁgﬁﬂoﬂﬁdl bﬁéa@{qaiggg Hg%ﬂﬁ{éﬁfom\gﬁy. The

therm)grawrretrlc an wn I n

t her mogr aybBAht é“va%rb’zlb&!?a?fd Qe@é’cté&@gl{ﬁ@ﬁna a%hy?g'ts;e Tﬁ@bHHelpﬂa &¥ tRBHAEN Y
fulcrum 25, an auxiliary fulcrum226, and two beans (a prinmary beam 23 and

an auxi | i gfiaty s.beemmuaﬁdg BREMoYraVisiefit @tﬁhlg§§ aPdli diférenfial tAeirhhl &falydisy crum 25
or 26 and also includes sanple holders 22, placed at ends of brackets of

t he beanswn]lnmd;bélm@ﬂyaiesmmm pans. The sanple holders 22 are arranged in a
furnace 27. A reference material 21 is placed on one of the sanple holders
22 and a 8@P0le 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
t he sanpl e 20 (Tsephageyimelficemwlysisjponents are used to correct deviations
caused by gravity, the physical change of the analyzer, or the |ike. [0021]
If the sanple H9. 28 ﬁé‘ﬁh@ﬁl‘aﬂ@ view pbadhermagradmetripenalygee in t he furnace

27, the sanple 20 js dehydrated, thermally deconposed, or changed in another
( Thermogravimetric anaIyS|s (TG) is such a thermal analysis technique that the

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 fuicrum 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



way. This results in a change in the weight of the sanple 20. The wei ght
change of the sanple 20 causes the primary and auxiliary beans 23 and 24 to
be tilted to create an inbalance. The tilt of the beans is detected by a
position 8 detector (not shown) such @s a photosensor. The detection of the
beamtilt by the position detector allows an el ectronagnetic
power - generating section (not shown) to be supplied with a feed-back

%i”rnf;li”i heJé*ée@?Eﬁ@ks%rﬂ‘éﬁ%ﬁiaifa ‘B‘Beta%gv%%F‘Sﬁ“hﬁiéq?ﬁ%‘?q%ééﬁgmb“kg@%? “The

20 YTSY 2 | .
ign”"bi 5 R Rt AP A OCr B AT S0P brnd BTG Shatich 17T ﬁ:ejafmé{ ght
he der [ viTFUIEEE Rurrtelih o IERRBEL bOVRRE TRl Lo S Bk RS 15 '™ °
temper al Weqnigertdid 1 REbANColferO Shidaeped stk chdnbR o [ 0022]

(Differential 'thernmal analysis erentl a ermal analysi's (DTA) is such

a_ther m préBaHihattd AENAbIBHEChAT oRthe RSl 210t WRBIGH: cRangé 8f Rience

mat eri al ) ich is thermal'ly st e at neasurenent tenperatures are placed

in a singdanpleraraath refsedtus fafperatureedt B8 nignitdred Byleicistiringdhé enper at ur e,
and the difference in tenperature between the sanple and the reference

material feedtduek cletentn Mhd dafil otcwetwsighsemge ¢itdetshenpleRengiice materi al
are supplied with external heat under the sane conditions, even a snall

t hermal crlespget todemperatetreche e cbnbéred intoehe derivitiveodlt taevesighihh such a
manner that obtained data is plotted on a graph such that the abscissa
repr esentchangesnfdhe isampe 20uwith) raspecbiodiempesatuegrsssihat & TTheurd isf er ence in
tenperature between the sanple and the reference material, and a positive
peak repredsined amdesastbegralewpr ocess.

[0022]

(Differential thermal analysis)

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



[0023] (Properties of lubricant) A first feature of this enbodinent is that
the wei ght change of the |lubricant, which is used to formthe |ubricating

| ayer 14, ranges from-20%to - 50% and nore preferably -25%to -40% at 300C
in the case where the 9 lubricant is gsubjected to thernogravinetric
analysis in such a manner that the |lubricant is heated from 40C to 500C at
a heating rate of 10C mn. [0024] A second feature of this enbodi nent is

that the |ub t, which i f. he | ubrj cat | 14, h
raxi mum JUBCAT 5 5 satle i earauiaein BBveR nuehia meaer FALdng wct od to

fr om aoc wiesies ABe iRt DO A PN g BbaBIEmH L S crbaai ment

the | ubri @ which is used to formthe lubricating |ayer 14, neets
requi rerTE[n S ]det erm ned by thernogravinetric analysis and differenti al

thermal anal | sicdhafanrb/ef HBSAMIddm 5ﬁpertﬂanﬁg%ﬁéfcéqt Bick!191ig6a et

resi stance as corrpar US ng a brica

wei ght - avgfAgRe rﬁ:‘éﬂhg e)}’é?'ﬂhh Q%rﬂH?ﬁﬁIm%\éﬁkaa@?b g@@"‘@fnﬁ@ ik as a

paraneter. Therefore Re magnetic'recor sk 1 contacts a

magnet i ¢ \e&@. the gbriddm i Qibjastetiay iffekénidl tﬁéﬁn%&@}élé?lrfﬁf&f@“ ng disk 1 can

be prevented from being deter| orated due to thermal” deconposition or

vapor i zatanner that tiediubeicamt it heafydiemt40 “CMer800°T, attdRek fatélo!mt of the
wei ght change (the lower |imt of the absolute val ue of e wei ght change)

of the | @i, subjected to thernogravinetric analysi s I s set; hence,
there is an advantage that stick-slip notion is prevented in addition to
t{‘her mal d08BS)ity. Therefore, the magnetic
In this embodiment, the lubricant, which 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)



recording disk of this enbodi ment has high reliability. Exanples [0026] The
present invention will now be described in detail wth reference to

exanpl es. [0027] (Preparation of exanple and conparative exanple) 10 A

| ubricant according to an exanple of tilde present invention and a | ubricant
according to a conparative exanple are prepared as described below. The

| ubricant "Z TETRAOL" (trade nane, hereinafter referred to as an unpurified

L5 5  A hnE  Ohe Fpo, *

R RS @ﬁé@fﬁ@tﬁéeﬁ%ﬁﬁ% G o 2, el

an. | nor gl fBAnASTERAAIANG rSinaHBf @b I8 de ol ecul ar
pe e %

wei ght distribution due to a primary charn and cont ai ns

various f
o gy e %@%ﬂ%ﬁéx@% 8L BB o, oo o

OH [In taondiay o ties Bumpardtivenskathpee TRisWorhposhidetsnthidst929] The purified
conposition is used as the lubri cant according to the exanple. A principal
conponentparfludfopoyetihér comseumbwhichds réprekbeted by a chemical formula below

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- CH —~CH2-0-CH2-CF2(~0-C2F4)p—{0O-CF2)a—O—*
OH *—CF2- CH2—O—CH2—-CH CH2-0OH
OH
[In the above formula, p and q 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. A distillation 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



per fl uoropol yet her conpound, which is represented by the above fornul a.
Exanpl es of a purification process used include supercritical extraction
processes, gel perneation chromatography (GPC), and nol ecular distillation
processes. A distillation unit bel ow ilsl used in a nolecular 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
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therefore the vaporized l'ubricant nolecules that are within the mean free

path are piotscigseef thbrigbtidaaitrmdanneenskeulcBieMmdiPaAd tiéretdrelthe naterial is
charged into the feed flask 31, the distillation unit is evacuated to a

pr edet er nvaysatizedduloncald gnelecules tthatcare evitodn #id meanrfrde path dreQiiéldenbd vacuum
degree therein is, for exanple, about 1 x 10-2 to 1 x 10-3 Pa and is

pr ef er abl fromdszng sandemsexd. prifeyafoze r ateyehe Mederialds el et thefebd  neasur ed
wi th a vacuum gauge 40. The material in the feed flask 31 can be degassed
wi th the Hesko3bfthe ikistiatian und ipewacuated tna phedetesminedatdaconmudegreen  advance
such t hat aseous | rrgurltles and the like are renoved fromthe nmaterial.
Qe gaseoWsh @fRMacUaEan UARi42h are contained in the lubricant, flow toward
evacul%tl?r unit 42 through a pipe 44 and are partially trapped in a

The vacuum degree therein is, for example, about 1 x 10%t01x10° Pa
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.



| ow- boi | i ng poi nt substance condensation trap 39. The lubricant in the feed
flask 31 may be heated with a feed flask nmantl e heater 32 as required.
[0032] After the distillation unit is evacuated to a predeterm ned vacuum
degree, the unpurified lubricant is fied fromthe feed flask 31 to a
distillation colum 35. The rate (feed rate) of the unpurified |ubricant
fed fromthe feed flask 31 to the distillation colum 35 can be controlled
by adjustgﬁ% Lhe opening of a cock 35 disposed under the feed flask 31. In
usual, th Q d rate thereof is preferably about 1 to 30 g/mn. Wen the
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can be controlled by adjusting the tenperature of the distillation colum

nmant | e helg¢gtingB@empdrature aff it unpeifiel iBbbcantPantdecomtpslidd heddjusting cant in

the distillation colum 35 can be neasured with a thernoneter placed in the

di stil | atfheneoyenaturd 6f tHeOdisHatibhecalirahinhartle beatenB36M TBE heatingi ns a
magneti c coupling agitator 33 which extends in the |ongitudinal direction

of the ditenipdraturerfthd unpudiechlubriesmtdh the distillkatéos eoluimpeds caddeof a
fluororesin. The wiper is controlled with an agitator control box 34 so as
to rot at emeasarashwit adhegmemeterplaced nahe sistiliatian colustradb. direction. The
rotation %f03t451e wi per allows the unpurified l[ubricant to forma thin
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 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



filmon the inner wall of the distillation colum 35, thereby pronoting the
vapori zation of the unpurified lubricant. The vapor of the unpurified

| ubricant contacts a cooling rod 46 placed in the distillation colum 35
and therefore is Iliquefied. The distilgate is collected in a
distillate-receiving flask 38. Cooling water is introduced into an inlet
port 46a | ocated at the | ower end of the cooling rod 46 and then renoved
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| ubri cant accordi ng tot e exa tal ne ust ng stillation wunit

300 as de ?ééé@:‘??’i@ﬁ@ﬁstllrdi%n%mﬁh'ddvﬁﬁcgggé ggmt aé%ughﬁgaﬁﬂbs Qﬁ(ﬁtﬁehe 13

feedflas 31 of the distillation unit e pressure 1nt

di still at ljRg wehe remd08d Wetn frRdeagant0 The IdBricaritavad e thhBe eNaligfién on uni t
42. The lubricant Ain the feed flask 31 was sufficiently degassed with the

hel p of t keluneyabifioen ths tespifiaski 31 ahe cdhstint feaidi rate. Unintthisropedtsgit @hguch t hat
gaseous i rrpurl ties and the |ike were renoved fromthe |ubricant. The

| ubri cant wiper if dde distilatomitelunir 3% mas operhiledrat3bpfedeterntined estdtibhalsk 31 at a
constant feed rate. In this operation, the wper in the distillation colum
35 was opspeedd ahe demppecdurer ofi thedistidation colwimn 8peat 18hE artasat ure of the
distillation colum 35 was 180C and was equal to the set tenperature of the

nt| e he&fleal t9ahe sel aapaiadirel of dhe maaile hﬁﬂtel’e%@ edAiB0 Galistillate was
di'still ate- rece|V|n fIa@§ 38. This distillate is hereinafter referred to
as the | usplieded in mﬂﬁj*ﬁt' etraeRivieariaskaage orldiingistibateris hesgirpliter. [ 0036]
(Results Of etrrggrtg%s tﬁe?ulyncar?t (purified lubricant) according to the example.
[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 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 L.21 represents the TG curve of the lubricant according to the comparative
example, the one-dotted chain line L12 represents the DTA curve of the
fubricant according to the example, and the two-dotted chain line L22
represents the DTA curve of the lubricant according to the comparative example.

[0037]



The | ubricants, obtained as descri bed above, according to the exanple and
the conparative exanple were subjected to thermal anal ysis
(thernogravinetric analysis and differential thermal analysis) in such a
manner that the lubricants were heat efl from40C to 500C at a heating rate
of 10C/ m n, whereby the results shown fn Fig. 4 were obtained. In Fig. 4,
the abscissa represents tenperature (C, the right ordinate represents the
results of thernogravinetric analysis (TG (weight change (%), and the

left ordinate Aséptieaefomn tHetheepobisvimétridi driaysiatesultstdmemwmin Figadysi s (DTA)
(voltage (sV) «corresponding to tenperature). Wth reference to Fig. 4, the
solid |inehéWeightepaagemtf she hubrité@ntofrthe extimpie ahd ihatosirthe dulraatit ofthieo t he
exanple, the dotted l|ine L21 represents the TG curve of the |ubricant

accor di ng conpanativeoexamplei are -26%aand e43%hresprotivaly,taiB0Gi n | i ne L12
represents the DTA curve of the |ubricant according to the exanple, and the
two-dott edO@3&in |ine L22 represents the DTA curve of the |ubricant
according to the conparative exanple. [0037] 14 As is clear fromthe

t her mogr avi met ABds alear yrom theediffetentishthesmaharalysis Fesylbeshowy it Fi@hdnge of the
| ubri cant of the exanple and that of the |ubricant of the conparative
exanpl e atle @%LHH%%?H?%UW'@@B@HW&X?WP&Q hag @naxipig Peak qtg%@l-’bar from
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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 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



[ 0039] (Evaluation results of magnetic recording disks) The foll ow ng di sks
were prepared and then subjected to various tests: magnetic recording disks
1 including lubricating |ayers 14 forned fromthe |lubricant according to

t he exanple or the lubricant according %o the conparative exanple. In order
to formthe lubricating |ayers 14, subd rates, having protective |ayers 13
t hereabove, for formng the nagnetlc recordlng di sks were each dipped into
a chem cal solution prepared by dispersing the |ubricant according to the

exanpl e onhéreal despapaisition ersaporieaiion bhihefilibdeating-lagaisad Hevgn whehvent
Vertrel XF (trade nane) available from M tsui Dupont Fluorochem cal Co. The
r esul ti ng tsebsgretie seeendinghdiaks t retatied at igh speetd cordatiedrmagnetiobsads xed to
the substrates, whereby the lubricating |layers 14 were formed. [0040] The
magnet i c ra@ddhareﬁgr%ncynactmorba@@meeeb@tweeamreﬁmte@m/btghateamenaﬁmge to the
exanpl e or the conparative exanple were subjected to various tests.
Proper t i edflagh temperatinel bécawfdrlﬁf@fm Jrsontrpsie Hag biprigating layess dbri cant
according to the exanple were prevented from being deterlorated due to the
15 t her nirepree i the Mf@ﬁnbﬁmg‘ﬂﬁttpéhe GPmlPﬁéaﬂV@lﬁ)iaf%ﬁ Preeayers 14 even
when the netic recordi.ng,disks 1 rotating at, hi eed contacted
magnet i ¢ FESHTIPOSAE WW@P@T%&%W&@HH%WW'% cording 55% BIPRAEP@ URE'Et ed to
hi gh tenp rature) because of fri . I n caontrast, the
bt cat | 0 MiERet acc BingIER CoHbRr e St Baratatid of Biohhetd he
conparativ orrposed or vaporized when the magnetic
recordi ng §p§ﬁ@&¥hﬁgﬁ@ﬁgﬁg§8 sing the lubricant according to the
cgnparatlng@ﬁanple rotating at high speed contacted magnetic heads.

041]

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 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

C 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



As descri bed above, the lubricating layers 14 formed fromthe | ubricant
according to the exanpl e have higher heat resistance as conpared to those
formed fromthe conventional |ubricant sel ected using weight-average

mol ecul ar  wei ght or nunber-average nohgcul ar wei ght as a paranmeter because
the lubricant according to the exanple neets requirenents determ ned by
thernogravinetric analysis and differential thermal analysis. Therefore, the
magnetic recordi ng disks 1 prepared using the |ubricant according to the
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reliability o ﬁ% e ragnetic recording disks 1 prepared using the |ubricant

according to the ex Q¢ oI dgifo ) cify the appropriate range
of the weight changgw% %rg@@ "IA%%M [:ﬂ'gnt déat{:éggd%ﬁ% to the exanpl e, various

| ubricants were prep 8¢e@ne 4 960alle = U th o4@y.epare nmagnetic recording
disks 1, which were teste%.eJ 'I’h?@ %%m)nstrat ed that 16 of the Iubricants
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of the 16 lubricants. Fromthese results, the average 2a value and the
average 3aeVabricamaecoeding t0 thetexamplods preférblyoftsm 20e: &y S®gand2a val ue =

-23%to -47% the average 3a value = -18%to -48%
more preferably -25% to -40%. Lubricants having a weight reduction greater
than the above range have low heat resistance. This is probably because the
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



In consideration of other results, the appropriate range of the weight
change of the lubricant according to the exanple is preferably from-20%to
-50% and nore preferably -25%to -40% Lubricants having a wei ght reduction
greater than the above range have Iowqpeat resistance. This is probably
because the |lubricants contain nolecules with | ow nol ecul ar wei ght,
inpurities causing deconposition, and/or the |ike. The use of |ubricants
having a wei ght reduction |less than the above range nay cause the

sti ck- sl i prasent oweofion nagbeturddnstadd andipracticedor dbarbbgrebandchuse t hese

| ubricants contain a |arge anmount of conpounds with high nol ecul ar wei ght
and t her e¢@npositiors dnatasials) arpedyto|desgabe thecodigusaléans aredor . The use of the
results of thermogravinmetric analysis as paraneters illustrates the
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scope of the inventive concept “disc e appended clai ns. The
per f 1 uor ogalidtaie) @ind ddtisvrBlructuPemay be used to prepare the lubricant.



| ubricant " Z TETRAOL" (trade nane) avail able from Solvay Solexis Inc.),
‘Wwhich principally contains a tetraol4gis used as a starting material for
preparing the lubricant according to the exanple. A conpound with a

term nal group having at |east one selected fromthe group consisting of a
diol structure, a triol structure,Clafis tetraol structure nmay be used to
prepare the lubricant. 18 CLAIMS 1. A magnetic recording disk conprising a
nonmagneti c substrate, a nagnetic |ayer, a protective |ayer, and a

| ubricati ng 4l pel -1l - etic substrate
in that or déf ?ﬁ(maé’r”t&ﬂﬁ??%‘{éﬁmg'ﬁgg? ﬁ%&sﬁ{%éﬁ Qﬁﬁaﬁﬁgﬁgg Pgwggbri cant
pr epar eshdrietitni@yerc anpoteictive myeondrd alutgicating idyerothepeliagdrb@eimpnpound whi ch

is a principal conponent and which is represented by the follow ng fornmula:
HO- CH2 agrangeg 00 benoomaareticsubsirpte intorbyges * oH *- CF2- CH2- 0- CH2- CH CH2- OH

per 1 uor opol T i 4 i rRIcE B Y RbrBBRTePated iR 1 o

ext r actbaipoitiotesMtaidRly P perfRatdsilysthepomhpanad mhidH38Q priecipal ol ecul ar
distillation process, until the welght change of the purified conpound

r anges COMpONeptapd whictpiz rgpresgoted by theefollawingdesmelahe purified conpound is
subjected to thernogravinetric analysis in such a manner that the purified

conmpoun@-iEHireaHeE M2 T 40t 1eF Bobe GaFarh&at Chglar&te* of 10C/ nin, and the

purified corrpo@ppl has a maxi num peakFat-Capou-GPRCOM-thp—<caige where the
purified conpound is subjected to a differenti al tlbe}%rral analysis. ( 2. A

nmet hod for manufacturing a nagnetic recordi ng disk cluding a nonmagnetic
(substrate, a magnetic layer, a protective layer, and a lubricating |ayer,

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

wherein the perfluoropolyether compound is purified by the use of a
supercritical extraction process, gel permeation chromatography (GPC), or a
molecular distillation process, until the weight chan'ge of the purified compound
ranges from -25% to -40% at 300°C in the case where the purified compound is
subjected to thermogravimetric analysis in such a manner that the purified
compound is heated from 40°C to 500°C at a heating rate of 10°C/min, and the
purified compound has a maximum peak at about 300°C in the case where the

purified compound is subjected to a differential thermal analysis.

( 2. 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 composition containing, as a main component, a

perflucropolyether compound which is represented by the following formula:

HO=-CHa~CH-CH2—=0—CHa=CF2(-0-C2 Falp—(O—-CF2)q-O—*
OH +-CF2-CH2-0-CH2-CH-CH2-OH
OH

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



these | ayers being arranged on the nonmagnetic substrate in that order, the
met hod conprising: a step of preparfpg a conposition containing, as a nmain
conponent, a perfluoropol yether conmpound which is represented by the
following formula: HO CH2-CH CH2-0O CH2-CF2(-O-C2 F4)p-(O CF2)g-O-* OH

* - CF2- CH2- (& €1 @fHhCifign @ithe @blové-merttioeed movgpdiordnoy the pseaoblaq ar e nat ur al
nunbers.] ;

19, a step of purifying the above-nmentione npound by the use
of "o st eRreeih SocBsh 95 GeRusATo RSB BRI (Ot or aphy (GPO)
or a itk h | i ¥ LS 1 i ieeN@me the purified
corrpourﬂg'é%??rqggss?m? ﬁ%ﬂrmnplr(g%e%%% tr!J orﬁl! 40% g‘tgml\lg'}é?%@ts L@%Ic’g‘is}gle\%her e&t) ed purified
conpoundges frosuk}Eettedd®% atidi0iCgndvé vese imhesm e/ punifiechcemphuad imnner t hat

the purified, c ound i.s heated from40C to 500C at.a heati rate of
100 piswbieies 18 HaTAGr pu et B PN NAS IS AP WBbINERUTILT 500G 1 n the

case VRghBodiifis Mudibd 'fr?»q? ﬁ@“@%‘@@%‘iéP%ﬁ@ie%ﬂhgq?ieoofdfdﬁ%hﬁﬂﬁhé"thé hermal
analysis; and a step o ormng the |ubrican ayer fromthe above-nentioned
puri f i pdifiedorgropmehd has a maximum peak at about 300°C in the case where the
purified compound is subjected to differential thermal analysis; and
a step of forming the lubricant layer from the above-mentioned purified

compound.



