1 DESCRI PTI ON MAGNETI C RECORDI NG DI SKAND METHOD FOR MANUFACTURE THEREOF
Technical Field [0001] The present invention relates to a magneti c:

recordi ng disk and a method for nanufacturing the magnetic recording disk.
The present invention particularly relates to a material technol ogy for

| ubricating |ayers. Background Art [OObZ] Magneti c recordi ng di sks each

i ncl ude a nonmagnetic substrate on which at |east a magnetic recording

| ayer, a protective layer, and a lubricating layer, are arranged in that
order. The lubricating | ayer has DESCRIPOIONT reducing the inpact of the
magneti c recordi ng di sk agai nst a nmagnetic head. The distance between the
magneti c recordi ng di sk and the magneti c head becones narrower and narrower

with an increase of a recordi n%Lcapacity of a magnetic recording C disk
drive such as a HDD. Si ncMAGNHTICIRRGORDIDDISKAND has been enpl oyed,

the flying height of the nmagnetic head is reduced. The magnetic head needs
to stably operate at aHWEWﬂ‘&%\DIF@\RN/}N%A&T‘éRE DAEREMM or 1 ess. [ 0003]

Under such conditions, the magnetic head may often instantaneously contact
the magnetic recording disk rotating at high speed and therefore contact
portions thereof IF heated to high tenperature (flash tenperature) due to
friction. ¢RMIEALFIEd t he | ubricating |ayer needs to have high heat
resistanchgﬂ as not to be deconposed or vaporized due to heat under such
hi gh-tenp Ire conditions. 2

The present invention relates {o 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 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
C 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
| ubricating |ayer to mgrate; hence, the thickness of the lubricating |ayer
is likely to becone nonuniform In such a state, there is a problemin that
fly stiction occurs when the magnetic head approaches from outside during
an LUL operation. Fly stictionis a problemthat the flying behavi or and
hei ght of the nagnetic head are changed during flight, causing irregular
fluctuations in reproduction output. The magnetic head contacts the
magnetic di@04during flight in some cases. This can cause head crush.
Therefore, the lubricatin | ayer needs to be prevented from m grating.
[0005] In orderTE® r@@ﬁ@nﬂ?ﬁfﬁﬁ glagnelic raegrding q?lﬁgrait@égh SPeRt RALSEORBLI NE Z
avail able from Sol yay Sol exis Inc., having high heat resistgnce an
ong tor m IEBIRG {9ar 30 dabktey e The th kRS e debA &y BV B dkelyagnet i
recording disks. The |ubricant i urified such that i rities are renoved
from ¢ he cBEEImPARNUIOMe TrudRaa el & Rerager & bt ik Siefs an
appropri ate _val ue, i ght - =1 I r i . . qr er - aver age
nmol ecul ar \?B?‘ﬂ’ﬁtwre%vﬁaﬂ?gngﬁgn%gaﬁzﬁhr@éﬁte%cﬁ% @%’gémpﬁra'{]gmpuri fication
(see Paten n N Gu | I% R . exam ned
bat ent. AppPPECHn  TiLstoent sk EHera e soRH HEGhad oig HRRET oL K
| nventi on ; il i.s, however,
a problem ﬂl%gﬁ %ﬂgﬁ@-@@g}'{}ggeﬂnﬁbﬁ%t&és%@Ertre%@gpﬂh%lea‘r%g%ﬁage
nmol ecul ar i i ff i % 1 ~ L ithes of
| ubri cant s\,‘@%g?%?ﬂéu gg &‘% an[j Q?I&qq}églcmeg@aﬁgﬁdg}tﬁ%@g?ﬁﬁ(@gﬁte g%%at 3
<" flight in some cases. This can cause head crush. Therefore, the lubricating

layer needs to be prevented from migrating.

[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).
C [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 wei ght-average nol ecul ar wei ght or
nunber - aver age nol ecul ar wei ght does not specify the conposition of each
| ubricant. Therefore, it is preferable that the lubricant be specified in
terms of both nolecular structure and quantitative data. However, if a
| ubricating layer is analyzed by a conventional technique, for exanple,
nucl ear magneti c resonance spectroscopy, there is a problemin that a peak
originating froma nmethylene group (-CH2-) overlaps with a Eeak originating
from a hydfauges ty stigtion oegyrs decansarveight-pyeragedngleckiar yejgt @he | ubri cant
cannot be sgeijfied in C Herqs Ofg@Pth nDIecngé/@%ructure.and %u ntitative
data. [ ooOHMDSR-ayeERgSMAlRRIaLYRIGH Ages NPE SReEHEELOMPOFIHoR AT BBERct of the
present invention 1o ovide a netj.c.recordin i sk that,.exhi bits high
el abi 11 ¢ oEERent TRerBiote) s Broferdiie i V6 Riiath Be Rbatel iF Ima i bocause
a lubrican sed to nuf.acture the. peti.c recordin isk is specified in
Cerme. of bBeH AR TR ARG Ao TR B Hio0Rvat 2 BioathGREL ect of
the present_ | i t roV| og f i e magnetic
recording. 1 &RTRRARY 4 Gm b AGBATBHE i ekerlERE BisY MRBBHAE, T col ve
t he above , ' hav j I S Ui e for
gé%a%s Eer&grgbﬁwgﬁér% |an obffh §ethe a Cﬁ@eﬁbgr'é hﬁtlﬁ@%@@?é

anal yzi ng rrca ar ‘magnet1 Cc resonance S ros and have
eval uat ed i I ¥ 5 el : i ch
cont a ndi 1TarQERe difin EANE) SEBAARTHAA 5K oARREN] FORES HRRRB B e
Thi s has rF—M}?Qsthhhﬁ FREVE BAAIRITGIGE tho 1IN BRANGARAShECiAGD P! Vi ng the
probl enms. [0010] According to this invention, there is provided a nagnetic
:ngordi ng @ks offiedtRIThElcBalaR SHABIRE 2R quaiitiRiiveadataon which at |east a

netic layer, a 4 )
[0008]

In view of the foregoing circumstances, it is an object of the present
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. lt is an object of the present invention to

provide a method for manufacturing the magnetic recording disk.

Means for Solving the Problems
C [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 |ayer are arranged in that order,
wherein the lubricating layer is made froma lubricant; the |ubricant
contains principal conmponents which are perfl uoropol yether conpounds
represented by the follow ng chemcal fpormula (Chemcal Fornula 1) and
which are a first conmponent having termnal groups X represented by X1, a
second conponent having term nal groups X represented by X2, and a third
conponent having term nal oups X represented by X3; and the ratio of the
cont ent of ptaiecive keyer, @mﬁo@ﬂ&maﬂa@dw ase afeagedda mricapbnerrendhenat of
the third conponent in_ the perfl uoropol yether conPounds ranges fron1(71 to
73) : (15 {ubrlpa;mg layer is adesiyom kbrisrak the 4ikyicant castamsRIiNHeRle t he

(hem on] Eém%ﬁ%'sxzed 2 nuc'eguqreﬁg%fﬁ{%%ﬁﬁc?un@%%trc?iavﬁ%to[ﬁo? .
Do o iMoo e CE TN Rt 1 R A58 yinich 3¢ Gy | n thi s
comoonent cotpphght ﬁﬂ\éﬁ@géﬁﬂ‘h%f@&@ﬁ@iFéB@%%ﬁf?ﬁé@O’g i °8 hebond BambhBbhent i n
e oher o RS G gfUBK PERs Bl ke AP ertnie corlt iy MRl ' " "€
spect 1 05c0pymk(ddhe e 59&&%&% 008 SudcHENLABD thOEBReP oPRRAET

magneti c recor I SI n a nonrragne rate on wh

magnetic | I t anged in
ragnet ] der%l\‘m)opgpﬁf f I%%(ﬁfﬁg corfpénént t4IhACE thBIhr@ ¥R enfi
<' the perfluoropolyether compounds ranges from (71 t0 73) : (15t0 17) : (11 to

13) on a molar basis in the case where the lubricant is analyzed by nuclear
magnetic resonance spectroscopy:
[0011]
(Chemical Formula 1)
X-OCH2CF2-{CF20)y(C2F40),-CF2,0CH,0-X
m,n=9to 11

first component: X = Xy = CHxCH(OH)CH»OH

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

third component: X = X3 = H

C (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 froma lubricant; the lubricant contains principal
conponents which are perfl uoropol yether conpounds represented by the
above-nentioned chem cal formula (Chem cal Fornmula 1) and which are a first
conponent having term nal groups X represented by X1, a second conponent
having term nal groups X represented by X2, and a third conponent having
termnal groups X represented by X3; and the sum of the content of the
first conponent, that of e second conmponent, and that of the third
conponent  {@Yef {gemagdefram & ! HBHP@’@EH’@( Uéﬂ%&ma'% RoiGCHAl GPMASNENEH a nol ar

Pesonante VTR 56%@3@&%%@@3&@4@%3%@4@%péégﬁta oﬁf@gﬂgﬁ Ad e
Fmglt o AeBIcaE st T B it pﬁéﬂﬁﬁaﬂ?ﬁ‘d&h@%%‘%ﬁﬁs B habig "
(Chem cal g{gﬁ&ﬁiﬂiﬁ%ﬁ%ﬁ?@ﬂ%&%ﬁ#@ )ﬂh gecgﬁtdquq%[g&%ﬂgﬂavgﬁ %mérgﬁponent and
that of thg bt GHRBARRA b} Rot Ba ARRNG BRI R0 1BAFRAY Afbigs X

preferably Yo or Ss on nol ar case

per f | uoropp s%%g%gwem Car]% %ﬂf\'ndful%fggggﬂﬁte%?%%fir@?@ﬂﬂpbﬁenfﬁﬁ&rﬁnce

spect r oscopy.

X- OCH2CF2- {{eF o »Aes t: X =X =
CH2CH( OH) CHZO—I seconﬁc%ﬁ%ﬁéﬁt ﬁthmmr@&&%ch?ﬁéﬁﬁﬁ tﬁgng(():lrjl(ena—l) CH2OH third

;gmjogggtq p&rtotchctyéinbPdbhipotREB #8D10% S Mafé oh &blaf basiB if geagnt : X =
( where the lubricant is analyzed by nuclear magnetic resonance spectroscopy:
[0014]

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-OCH,CF2-(CF20)m(C2F40)n-CF20CH0-X
m,n=91to0 11

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

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

third component: X=Xz =H

fourth component: X = X4 = CF3

fifth component: X = X5 = CF»Cl
[0016]



[0016] 6 According to the present invention, when the |ubricant further
contains a fourth conponent having term nal groups represented by X4 and a
fifth conmponent having term nal groups represented by X5 in the
above-nmentioned chemical formula (Chemgal Formula 2), the content of the
fourth conponent is preferably |less than that of the fifth conmponent in the
case where the lubricant is analyzed by nucl ear nagnetic resonance
spectroscopy. [0017] According to the present invention, the protective
layer is made oAceordig leohedqueaentiavention, wheyothe] lubricantferthetcarains a

manuf acturi ng a magnetic recordi ng di sk according to the resent i nvention,

the | ubri cmurﬂgcwrap@nentsha\@mmn?m@rsr@H@s IrQﬂiﬂeﬁ@& b4 mol ecul arly
distilling a raw material for |ubricants. %@% ccord ngto
the presenfOMRPBAN Bavmgé@rrw'ﬁa QI@N@%@P@SGB dﬁ&h R¥E-TE8

uanti a1 vBed ai? dachamigA ey %?Hné%bﬁﬁan?ea réor%ﬂeaﬁentys
eat resi PEABEOILIS thauhh%h&&ﬁs?@b oz Ty G MEBR I Plg Rt curs
Cecord ﬁgeébéiﬁ?ﬂgﬁﬁﬁcx%ﬂﬁé“% R PP OUEN T “The' 1 [ying hel gt of

a magneti c is reduced. Bri ef Description of Drawings [0020] Fig. 1
shows a pl <[an viiew of a magnetic recording disk and a schematic sectional

view of the magRgLdmidP e SresdhSivimidtih@prhieBive §ePRCMaYB!of a
( : carbonaceous material.
[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
Q 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. 2is a schematic view of a nolecular distillation unit. Fig. 3 is a
graph showi ng the results obtained by anal yzing a sanple by nuclear
magneti c resonance spectroscopy in such a nmanner that 1 His neasured.

Ref erence Nunerals [0021] 1 magnetic recording disk 11 nonmagnetic
substrate 12 magnetic |layer 13 protective layer 14 lubricating |ayer Best
Modes for Carrying Qut the Invention [0022] Enbodi nents of the present

invention will now be described with reference to.the accompanying
dr awi ngs. [0023f|9-@'§@o$ﬁh%@m1“8w fra W&é@‘r"éﬁ@r '?@g?é'roél]i%t-di sk) Fig. 1(A) is

a plan view of a magnetic regording disk. accor.di to gn. enbodi nent of the
present inventiglg~§ri§ €1:&?@})5111“( W'F%%&eW?%'nga&yi%?‘?zﬂ'(}g@ﬁa@?let e
magnetic recording disk. Wth reference to.these_figur e .agneti c
recordi ng Y& a_*[”%@%@J@S%%ri‘?ecﬁp%&r%ﬂ%%3‘("?%agﬂgg?&gqq@& 1'%' aving a
center hole 111, a base |ayer (not shown), a magnetic |layer 12 forned by a
DC magnet W%%g't ering process, a protective layer 13 fornmed by a pl asna-
enhanced CVD process, and a lubricating |layer 14 forned by a di pping
process, these |ayers being arranged on the nonmagnetic substrate 11 in

t hat order, 'Fgr%nragq@mg%gc substrate 11 is made of, for exanple, chemcally
rei nf orcedPBe

[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 wili now be described with

reference to the accompanying drawings.
[0023]
C (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



gl ass such as alum nosilicate glass. The protective layer 13 is, for
exanple, 5 nmthick, is nmade of hydrogenated carbon (dianond-I|ike carbon),
and has high wear resistance and a function of protecting the magnetic

| ayer 12. The lubricating layer 14 is, gfor exanple, 1.2 nmthick, is nade
of a polynmeric material, and has a function of reducing the inpact of the
magneti c recordi ng disk agalnst a magnetic head. In order to fornlthe

| ubri cati ng | ayer 14 by the g process, the substrat havi n
prot ect i vedlpg§ &HCh @8 3'%'?("”%”}%31‘59{3% EF&QIR’EP festive iptedi Wg'sd&g ed into

or gani ¢ sonahick. Re prs@?ﬁw rRanateq Baas B bR 66 CoRRt ﬁ@ﬁ% ita reat od
ubri cati nﬁgga{?ﬁsg 5@?% and & $heliod AL pliptini s BRORCHR[YEE2r dTeri 11 ati on

Yo form ¢ bRy EYET i bl Pk Pk BlackSof BREREG L. ' oo
ai'treront TR EhEesHubR b etch el fRiFREbY B Bran B RAHHInC or i ng
di sk, whi clycl BELES HEnGic be&a' CR{ o3y I e msﬁsamr@%h%'bg% cant, is

subjected rlous this e od I men as the

| ubri cant & | B¥6cé étthé%%bsﬂ«agr;ﬁ)eha%@'ﬂh%:j@t@técw@raﬁﬁqr»ﬂ%vﬁoﬂo%a@ fHac. is

used to pre t he ubrlcant erial fiéed is used as the

| ubri cant. m ﬁaﬁéeécd:rau MYk id HippbH Afto PERGARS yémﬂoh dsyper criti cal
extraction El)rgocesses é@ permegﬁl on chromat ogr aphy ?}?G:’%?t% 2?1&2 nol ecul ar

g/*rstl | | at | gigsovPRES pesdetbrmineddubeedrmads annirgatibeotiiesit ] lenadveaniromi theshown in
g. 2 is used to nolecularly distill the raw materi aI wher eby vari ous

| ubri cant sclgmicat splatiod, afd tHm héﬂﬂtr@atpdlsucbmfpatrtaathsbmatml laper 14ig he raw
material are
fixed.
[0024]
(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 iubricant containing a
plurality of perfluoropolyether compounds having different terminal groups at a
predetermined ratio. The magnetic recording disk, which includes the
C 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 molecuiarly distill the
raw material, whereby various lubricants are prepared.

[0025]

Principal components contained in the raw material are




9 perfluoropol yether compounds represented by the foll ow ng chem cal
formula (Chem cal Formula 3) according to the analysis I' by nuclear
magneti c resonance spectroscopy. The perfl uoropol yet her conpounds are a
first conponent (nono-adduct) having tegmnal groups X represented by X, a
second conponent (bis-adduct) having term nal groups ,x represented by X2,
a third conponent having term nal groups X represented by X3, a fourth
conmponent having termnal groups X represented by X4, and a fifth conponent
havi ng t epeifhigropelyaiher xompnuasisiepteseptedby thefallawing cbemigal fersulae
followng C contents: a first conponent content of 71.9% a second conponent
content of (Ghemigal Feriwia d) aceaTgneno theanahsicoly Nycleas magnalierrerorRdifsonent
content of 1.40/6, and__a fifth conponent content of ﬁ.Z@b g0026] [ Chem cal
Formul a 3] SREEH$BONY- (F@Pmrhv@f@p@ hetrompeunds aig & it companentt

(C:JC—)|r2rpCIC—)|?g—]|§ Q@@M@%ﬁ%@%rﬁg%%ﬁﬁ%gﬁ@ﬁg&%é&h )2:(1 :"11 %%‘EFP:'M] conmponent : X
ol o S el Bt R v P e 898 mcfed BUE B, Doe 11
average mol.geul A WRLIRY BhinaPhtURYR r&iref8rted%y X3, a fourth component

having terminal groups X represented by X4, and a fifth component having

terminal groups X represented by X5. The raw material has the following

contents:

Y

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(CaF40),-CF,OCH,0-X
7 m, n=9to 11
- first component: X = Xy = CHpCH{OH)CH,OH
second compenent: X = X3 = CHoCH(OH)CHoOCH>CH(OH)YCH-OH
third component;: X=X3=H
fourth component: X = X4 = CF3
fifth component: X = X5 = CF5Cl
[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 627.086,

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



an average -OH group nunber per nolecule of 3.71, and 10 a main chain
(C2F40)-to-(CF20) ratio of 0.89. [0028] In order to purify the raw materi al
with the distillation unit 300 showmn in Fig. 2, the raw material is charged
into a feed flask 31. Ml ecular distillagion need not be necessarily
performed under vacuumand is preferably perforned under predeterm ned
vacuum condi ti ons when the raw material contains a polyner conponent. This
is because if the raw material is not nolecularly distilled under vacuum
the frequency of maihichairos:Mel)wedl e satic e808% vl ecul es and ot her

nol ecules is high and therefore the vaporized nolecules that are within the
nmean free P¥¥8lare prevented from bei ng condensed. Therefore, after the raw

material is charged into the feed flask 31 he, dj st.i| i O uni t
evacuated to a @r@é‘@f@?ﬁvﬂg’d 95@\5’%%@1‘ é‘h\/(}]?l‘i"%wa%’&é'ﬁgtqo&ﬁ'lﬂwq 'MZ The

bref or abl yF ﬁsﬁ@i*\f@ﬁﬁéﬁmﬁsna?aé@r@% Eipd1on élja'\?g@ﬁgm%ﬁ?é@%(géﬂ”%@:anggguIrZd
degaseed wl'PR0 DAL BR A esPaiKecHoURER sy YBchPD i e et thni ¢ 1«
mat or ol g pRedtRTHEY &?Wé@téq%%ﬁ@% WG R S A o

fllow O OBl hduanIAt | SitaciRed RSBy dnBIchEl KA oRLBIRRT 11 21 1Y

trapped in poin ZRle condensat rol tra e raw

t | 1 tl heat
5,”3 26 requbilien LBB80y ‘*L?ffﬁ? (e chfey i TR Bete Rt a%?éd”“” ° e
det erm ﬁﬁﬁ?éiﬂéé"dﬁu(?ﬁﬁéﬁ%leduh& .@a}x@gﬁrﬁhe&h@ﬂefé@ th@dfabbﬁﬁba %nég@@sf lask 31

adIStI lon colum 35. The rate (feed rate) of the unpuri

I ubri cant fipd e amhifthd ﬁ@@nfﬂe?@!sat?bﬂarbqarbb@ntedlfﬁdm Ieid eondengem 35 can be
controll ed by adjusting the opening of cock
Therefore, after the raw material is charged into the feed flask 31, the distillation
unit is evacuated to a predetermined vacuum degree with an evacuation unit 42.
The vacuum degree therein is, for example, about 1 x 102101 x 103 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



di sposed under the feed flask 31. In usual, the feed rate thereof is
preferably about 1 to 30 g/min. Wien the feed rate is small, it takes a
long tine to 11 distillate the raw material. Wen the feed rate is |arge,
the distillation efficiency can be |ow;;[0030] The raw material in the
distillation colum 35 is heated to a predetern1ned tenperature with a
tubular distillation colum mantle heater 36 surrounding the distillation
colum 35. In this enbodinent, the heating tenperature thereof is equal to
a t enper at digtillate thiei ralw riatenialw Whesr ihel feed ratesipdaigee the Tissllalinn etigiency
tenperature of the raw material can be controlled by C adjusting the

t enper at ur gaoelow. di stillation colutm mantl e heater 36. The heating
tenperature of the raw nmaterial in the distillation colum 35 can be

measur ed wi@#BQ t her nonet er placed in the distillation colum 35. [0031] The

gt T R
an agi t at orpre‘i%‘ﬁfm %eia%eé{@tht%ﬂm%‘isﬁdt@nscﬁin ndpag%%ﬁ %(5 o 100
el C°U?rtaﬁﬁbyg?ﬂn%?p° bRfion Gy B n 0 vl AR E e BB, o S0t i
the raw maenPaRune g 5 el BB 4 ithbarule stnEAtETAE Rlerial 5, Y%ﬁ‘” o
colum 35 Jaflolibes ef? Hedtihy Wihbture dMRethil hbleaf b EPdridiRd B

distillate ngwa uce Into anlnlet

tg”- 46a | %gﬂ%ﬁﬂtg%ett?ﬁgggmfﬁSﬂﬁe‘ﬂlsﬁlrﬁloﬁ%lwﬂﬁ rﬁQﬁtléﬁea@f’@Gt hetyer emoved

rough an por e residue I's not vaporizable,

uch & manheE e e T AR s gadel Lated I

measured with a thermometer placed in the distillation column 35.
[0031]

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 controlied 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 distiliate 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 colum 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 obtai ned using the nolecular distillation
unit 300 as described bel ow. The raw rra;%ri al was charged into the feed
flask 31 of the distillation unit 300 d the pressure in the nol ecul ar
distillation unit 300 was reduced to 1 x 10-3 Pa with the evacuation unit
42. The raw material in the feed flask 31 was sufficiently degassed with
the hel p of theAnglgddant evay elsiained uging tHemmidoedad distilthtion unieB0®asunit in
advance such that gaseous inpurities and the 1ike were renoved fromthe raw
mat eri al . @becnitzad beloer | dlhenasy frederdal wasechatgediimtodhedecd dhakd 138 the om t he
feed flask 31 at a constant feed rate. In this operation, the wiper in the
di still ati distijaliamund80@andiberpreasuratindhe piceeular distibatiorouait 36Aayasspeed.
The tenperature of the d%]sti |l ation colum 35 was 180 C and was equal to
the set tenpdiucadioel sf1Q hBawilt the exaguatiogainit4?2. 180t mvmatedadnihe
collected in the distill at -,re(fei ving f|] ask en used as th

38 and t e,
| ubri cant . feafblipsly 31 meas suficigntly deog ‘@ﬁmh%g]pp%frtpﬁrﬂ?@@“yﬁ PEERIUERM room
cpeci 11 ed M e BHEBr il nafiaise o ebitest gaRess MVGRSE AW BRder to
pr ot ect 1 ve IR e 1aMovBH T e A0 Aigher 6 ARLBEUTA YASIEY 8 P pped i nt
o e o2l Al BorP 35 e Ind BT B chBRut Al et 1y Fgror e
[Ubri cant | CEorE 0 Aired 4 e BBttt E iy 5 WARRipe el & ® 1200 "1u 17
formed. [ QiiekiiBUMBLRIMAI BYSSE AT THEBMPAGIIBSHTAE ChstHRESH CBRFIPES
was 180°C and was equal to the set temperature of the mantle heater 36. A
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 tubricating layer 14 from the lubricant, the substrate,
having the protective layer 13, for forming the magnetic recording disk is dipped
Q- into a chemical solution prepared by dispersing the lubricant in the fluorine-
containing solvent Vertrel XF (frade 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



Nucl ear 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 perforned by the irradiation of a radi o wave
corresponding to the difference in energg bet ween the spin levels. Since
the difference in 13 energy between the Spin levels reflects an electronic
envi ronnent (chem cal environnent) in which the nucleus is placed, obtained
peaks can be assigned to atons in a nolecule; hence, the anmount of each
atom i n t heemaiggdhgtweennhdepindevelsnifiects arhelsetronie ermvirenstant¢chermicaf t he

nol ecul e can be investigated in detail. [0035] In principle, all nuclides

t hat have nemcvieamasni) irswhioh the nocleus sdlaged, mitticad peakeeaindg assigeed to
spectroscopy. Exanples of such nuclides include 1 H 13C 19F, and 31 P. If 1
H i s measura@ms inea prdkcwe| benea,ithg amamt oh eacketomie e gmieqwlenanzle;
overlaps with the peak. originating fromthe hydroxyl gro &

descri bed adoieaminad rdraspioiecthesticiurent th@m@ecule Gag léﬁf"f"teé g@teddn speci fy
the lubricant in terms of both nolecular structure and quantitative data.

In this enbdeid Hent two techni ques bel ow are used to anal yze the | ubricant
by nucl ear etlc resonance spectroscopy. [0036] A first technique is one
for neasurlmgﬁgg If the raw material is analyzed by this technique,

e W L NS OL SRR AL e L PSRRI e B o
52,1 Peak gssigngd B, fhalpechsdof e b Ra%H sn Midl&d ellide 55 4

Peak assign
('- H, 3¢, ®F and *'P. If 1H is measured, the peak originating from the

methylene group (-CHy-) 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 ®E. i the raw material is analyzed
by this technique, signais with chemical shifts can be obtained from components
as described below.

C Chemical shifts Correspaonding 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 Chem cal
shifts Correspondi ng conponents 14 (relative values, ppn) -81.3 Peak
assigned to termnal group of third copponent -83.3 Peak assigned to

term nal group of third conponent -56.3 Peak assigned to term nal group of
fourth conponent -58.0 Peak assigned to term nal group of fourth conponent
-27.7 Peak assigned to termnal group of fifth conponent -29.3 Peak
assigned to ter&éﬁﬁvev@hﬁﬁpp@ﬂﬂfifth conponent -74.5 Peak assigned to
termnal group of fifth conmponent -78.0 Integration of peaks assigned to
terminal groups of Bifk&t and second ~.Pedloapeigraddo tergyndl | ntegrati on of

Kk [ dtot i nal f first d )
peaks assigned to terminal groups of firs gargupso?(t:r?lpéjcomponent
-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
C 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]



conponents Since the peak area ratio of each signal corresponds to the
abundance of fluorine in each conponent, the structure of each term nal
group can be determ ned and the nol ecul ar wei ght of the conponent can be
determned fromthe ratio of the main chain to the termnal group. [0037]
15 A second technique is one for neasu??ng 1H. According to the second
technique, after the raw material is pre-treated wwth a reagent such that a
functional group is attached to the raw material and thereby the structure

of the term naAs@&@H@té@nrrr@%fsi@r%fdrhﬁ_eaﬁﬁmgﬂmg_A@&brmmgfefdmb degongal yzed.
As a result, signals below can be obtained. Chem cal shifts Correspondi ng

conponent stedhntdud, iaft@r Vied KR8 mdterdl ib pre Meakedtithgneshdent bucls thatemponent C
5.3 Peak assigned to second conponent Therefore, the ratio of the first

conponent fundtibrabgroonds attapbee itd trearavio matektdleamd thedeby esdTudt@endfither at i on
of lubricating layer) In conparisons between the analysis results obtained
by these terotinalgrespasthadified,dbe reasding aavoimatasalnagmelyized: e s airesuligli sk 1
prepared using the lubricant, the optinmmconposition of the lubricant is
descri bed sigmals heiowacan bsiobtainedl t s obt ai ned by nucl ear nagnetic resonance
spectroscopy as described bel ow. The perfl uoropol yet her conpounds
represent ed by Chemicalghiiite- nenti oned chertepPnding OMPENsi cal For nul a 3)
are the first conponent (nono-adduct) having term nal groups X represented
by X1, the sec@A@ti¥eVaBRSPPDI s-adduct) having terninal groups X

ted by X2, i i
represented by 55 Peak assigned to first component

( " 5.3 Peak assigned o second component
Therefore, the ratio of the first component to the second component can be
determined.

[0038]

{Configuration of lubricating layer}

fn 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 conponent having term nal groups X represented by X3, the fourth
conponent having term nal groups X represented by X4, and the fifth
conponent having term nal groups X represented by X5. The |ubricant has the
foll owi ng contents (the nol e percentage each perfl uoropol yet her
conpound): a first conponent content of 71.7% a second conponent content
of 15.7% a third conponent content of 11.7% 16 a fourth conponent
content of 0.3% and a fifth conponent content of 0.6% [0039] The
| ubri cant has t kefoliahl companegnt apetdrites 0.3%nantder - aver age nol ecul ar wei ght
(M) of 2630.12, an average nol ecul ar weight per -OH group of 656.31, an
aver age - OH gr oupfifttuabmpopent cavitecidid).6%.4. 01, and a main chain
(C2F40)-to-(CF20 ratio of 0.91. [0040] From a viewpoi nt that the nagnetic
recordi ng HBAAS has sufficient reliability even if the flying height of a
magnetic head is_set to 10 nmor |ess, the content of each conponent is
speci fied as dedhs Ibbricael kag thedellowingdPrepetties: content of the first
conponent to that of the second conponent tgo that_ of e third conmponent in
t he perfl uor opoI%/@#fﬁbﬁr'éﬁﬁﬁ?@@rm@%%éﬁ%{ﬁw&%)n%e%sgfor-i#fn (71 to 73) : (15 to
17) : (11 to 13) on a nol ar ba]sis i&ﬂﬂt he zﬂje wher 6&&}':’.1 | ubricant is
anal yzed by nuclaaaVerRgR&neleckial YieigNtPeL v tt%%%ﬁi @7 > al cohol - nodi fi ed
per fl uoropol yet her _conmpou that is one of the perfluoropplyether conpounds
i ncl udes corrpour?cﬁ’se,‘v%'ggﬁ" STQYR NUEOes PEr "Hﬂ%cmg&jrd'a@fé avi ng vari ous
term nal groups._ Lubri [ PAOPE A . ol | es of the lubricant and
t he adhesi on of &R&" E@&%‘égﬁﬁ(pg&f L@F%ﬁ%%g@?&vdégrayer 13 vary
( [0040]
From a viewpoint that the magnetic recording head 1 has 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

(7110 73) : (15 t0 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

CQ 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 alcchol 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-medified compounds, such as diols, triols, and tetraols is

specified.

[0041]

From a viewpoint that the magnetic recording head 1 has sufficient



dependi ng on the degree of alcohol nodification, that is, the nunber of

hydr oxyl groups bonded to term nal groups of the perfl uoropol yether main
chain. Lubricating properties of the lubricant nol ecul es and the adhesi on
of the lubricant to the protective Iaye{713 can be precisely specified if

t he percentage of various al cohol-nodi fTed conpounds, such as diols,
triols, and tetraols is specified. [0041] Froma viewpoint that the
magneti c recording head 1 has sufficient 17 reliability even if the flying
hei ght of arelimbitigt evern#ade figingeieiglot dfita magoetit éssd is bet tostOmof ot leescibet ent
of the first conponent, that of the second conponent, and that of the third
conponent i summdthé icodtens of de fiish edmipenent, tiialeofdhensebend ecbmpanept,efret abl y
99. 0% or nore on a nolar basis in the case where the lubricant is analyzed
by nucl ear tajoéthiecthirdsenrapererdpe specied gg.depssibed belae Fhersum thereofcont ent
of the fourth conponent and that of the fifth conponent is preferably 1.0%
or | ess on & prefesablyR9.6% or mese easematasrhasinid themasearieresthglapycasd 19y

nucl ear magnetic resonance spectroscopy, the fourth and fifth conponents

bei ng cont aff@yZeth by meICiaar MagReticaiesopa0ee FPrectrdsedbior dhat ise theosmipt

Four th and FeGaTISBAIGHEbUTa CEMRRSaR Enddnat et IPRAND QORI BT gDy -
B et T Rc By LS4 00 AL ok B R S o
D oo O O GFOR SesPldon, ATRBEDAPETRETS 250 A RS e (e
prf&__ent i “Vﬁé'ihb%n?é}ﬁeéf‘?n 'erdF‘a[ﬁh%ﬂQrié\!‘d practiced. Nunmbers and
[0042]
Furthermore, 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.



conpositions (materials) used to describe the configurations are for
exenplification only. The present invention is not limted to an enbodi nent
bel ow and nodi fications may be nade wiltthin the scope of the inventive
concept disclosed in the appended clains. 18 CLAIMS 1. A magnetic
recordi ng di sk conprising a nonmagnetic substrate on which at |east a
magnetic | ayer, a protective Iayer,cﬁngﬁslubricating | ayer are arranged in
that order, wherein the lubricating Tayer is nade froma lubricant; the

| ubricant contai FeRCi | d her

| ubrs cant oot a)aBRAC OBl RIS RBERUHEA Fickb tpRRalyi e
1) and WhiGBh aRlgast al aghefi® EYRRG brdiédtivedalér Bhaa 1uBrielRsy ?y’eﬁar@sent ed by
X1, a second conponent "having term nal groups X represented by X2, and a

third corgedifpd intdt Ogierer m nal groups X represented by X3; and the ratio
of the content of the first conmponent to that of the second conponent to

that of the tRiHedeipopdoBitatinglaydeispaadié froneadliyeddits thedubacdasts ranges from
(71 to 73) : (15 to 17) : (11 to 13) on a nolar basis in the case where the

| ubri cantcorgaiag rinzipdi bympooke s whichgne pecflu@spoyetwrapespowsizopy: (Cheni cal
Formula 1) X- OCH2CF2- ( CF20) m( C2F40) n- CF20CH20- X m n=9to0l1 first conponent:
X = X1 = repiSahizd bir2iekfamsing chemeal dormulX (EhXehical Formula 1) and which
CH2CH( OH) CH2OCH2CH( OH) CH20OH third component: X = X3 = H 2. The nmagnetic
r ecor di ngaréiasfrsheempenggt haviopaemmina! gleapsidramesenieddiy Xi ha seoonént of t he
first conponent, that of the second conponent, and that of the third
conponentCaMmPenRNt favind s e gsours XJerfrsenied by X3 ansh dthildeampenent
having terminal groups X represented by X3; and 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 ranges from (71 to 73} : (15t0 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)(CoF 40)-CF20CH0-X
m, n=9to 11
first component: X = X4 = CHZE(:H(OH)CHZC)H
second component: X = X3 = CH,CH(OH)CH,OCH,CH(OH)CH,OH
third component: X = X3=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 fubricant; the lubricant



nmol ar basis in the case where the lubricant is analyzed by nucl ear magnetic
resonance spectroscopy. 3. A magnetic recording disk conprising a
nonmagneti c substrate on which at |east a magnetic |ayer, a protective

| ayer, and a lubricating |ayer are arrg ed in that order, wherein the

| ubricating layer is made froma |ubricant; the lubricant 19 contains
princi pal conponents which are perfluoropol yether conpounds represented by
the followi ng chem cal formula (Chem cal Forrmula 2) and which are a first
conponent hvitaigs penaipahtogponpatsXvinieb raes petfebropoy@thes cosmpmudsconponent
having term nal groups X represented by X2, and a third conponent having
ternminal grreppEseXtedpy dise fallewviny cikemicah formda {Gheatical iorewka ghandwhiehe
first conponent, that of the second conponent, and that of the third
conponent  dra a first pemplonenbhaving tersninabaiesnn dsransesentestyr X na seeendy nol ar
basis in the case where the lubricant is analcfedéégin clﬁer n%gnetic
resonance COSTRAIGBIEYHEG termai @irewps Xdeﬁ{ﬁssnﬁ Ky a third component

GG O CHEEOHGLRE BT R S S0 50 0 1380k By okD LR SRR LRTER ¢ hi r
Subst rate dist ameangat. Inalsl TEE stgend panpapeR: SaaipetaeneVay sPaoaRE &
B e AT s
T e OB B o 5 e Wabud g e o
(:' spectroscopy:
(Chemical Formula 2)
X-OCH2CF2-{CF20)n(CoF 40)n-CF20CH0-X
m, n=9to 11
first component: X = Xy = CH,CH{OH)CH,0OH
second component: X = Xo = CH,CH(OH)CH2OCH,CH(OH)CHLOH
third component: X = X3 =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 compenent 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 represenied 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



are a first conponent having term nal groups X represented by X1, a second
conponent having termnal groups X represented by X2, a third conponent
having term nal groups X represented by X3, a fourth conponent having

term nal groups X represented by X4, and a fifth conmponent having term nal
groups X represented by X5; and the sunt®f the content of the fourth
conponent and that of the fifth conponent in the perfl uoropolyether
compounds is 1.0%or less on a nolar basis in the case where the |ubricant

i s anal yzegdyfyaPhagheft easorBHERes éerbgé%wce spectroscopy:  (Cheni cal
Formul a 3) X—OCHZ 2- (CF20) m( C2F40) n- CF20CH2O0- X mn=9toll first conponent:

X =X, = CH2CH( gQ—F@(mmch)corrponent X=X =

CH2CH( OH) CH2 2CH( OH) CH2OH third conponent: X = X3 = H fourth conponent: X
= X4 = CF3 fifth conpoKeDCHEFz-(XF-0)Gf2H . ,-OF 2@QHeDHX recordi ng di sk
conprising a nonmagnetic substrate on which at |east a nagnetic |ayer, a
protective layer, and a lubricating |layer are armangefliorilthat order,
wherein the lubricating |layer is nade froma lubricant; the |ubricant
contains pri ncifial comppoaehXs=vhi <& HeCHEENAHdpol yet her conpounds
represented by the follow ng chem cal formula (Chem cal Formula 4) and which

are a first congRONEGCAHBRME &naa CUEG%@W»}I"&%E@ @Hﬂ)@ Hx®H a second

conponent having term nal groups X represented by X2, a third conmponent
havi ng terninalt @ﬂ&@@époﬂﬁrgp?(éﬁgat:e‘d by X3, a fourth component havi ng

term nal groups, X resent ed nd a fifth conponent having term nal
groups X repres QHffgd«p%E}PWﬂa ?(he' Qghtent of the fourth conponent is |ess

( fifth component: X = X5 = CF2Cl

5. 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 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 speciroscopy:

(Chemical Formula 4)

X-OCHzCF2-(CF20)n{C2F 40),-CF20CHL0-X
m, n =91io 11

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

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

third component: X = X3 = H



than that of the fifth conmponent in the case where the lubricant is analyzed
by nuclear magnetic resonance spectroscopy: (Chem cal Fornula 4)

X- OCH2CF2- ( CF20) n( C2F40) n- CF20CH20- X m n=9to0ll first conponent: X = X, =
CH2CH( OH) CH2OH second component: X = X2 T CH2CH( OH) CH2OCH2CH( OH) CH2OH  third
conponent: X = X3 = H 21 fourth conponent: X = X4 = CF3 fifth conponent: X
= X5 = CF2C1 6. The magnetic recording disk according to claim1, wherein
the protective layer is made of a carbonaceous material. 7. A nethod for
manuf act uri ng t HeurtagoeatpanhenecX=ding Cisk according to any one of clains 1
to 6, conprising a step of formng the lubricating |layer from the |ubricant
obt ai ned by nol ditthl @mhpomest X+ Xgg @Fp@w material for lubricants. 8. A

met hod of determ ning a conponent ratio of a lubricant used for a '

magneti ¢ recor ditag iskagnenpreserding digks ecoprdimg taciaaduvdrasain ther 19F by

t he use of a nuc]ear nmagnetic resonance spectroscopy to analyze a raw

mat eri al ; iProtesdiveilayerds migee Pbaserpnnggouateatenal.raw material to nodify a
structure of term pal gcr)ggé)s to obtain a nodified material; and thereafter

perform ng a nedsurfmst F N iRCEYINERE HANRYGIreoRedingstish peePTHIGER al by
e e o ot SRR SIS 1 e TP RS RS BRY b icalRE Ry oS
the lubricant obtained by molecularly distilling a raw material for lubricants.
| 8. A method of determining a component ratio of a lubricant used for a
e magnetic recording disk, comprising: -
performing a measurement for '°F by the use of a nuclear magnetic
resonance spectroscopy to analyze a raw material;
introducing a functional group into the raw material to modify a structure
of terminal groups to obtain a modified material; and
thereafter performing a measurement for 'H in connection with the
modified material by the use of the nuclear magnetic resonance spectroscopy to

specify the component ratio of the lubricant.

PN



