DESCRI PTI ON LUBRI CANT FOR MAGNETI C DI SKS, METHOD FOR
PRODUCI NG THE LUBRI CANT USED I N THE MAGNETI C DI SKS,
AND METHOD FOR MANUFACTURI NG THE SAME Technical Field
[0001] The present invention relates to a | ubricant
for formng lubricating |ayers on magnetic disks
installed in magnetic di sk devices such as hard disk
drives, a nethod for producing the lubricant used in
the magnetic di sk, and_a-nethod for manufacturing the
same. Background Art PBESEFIPITHONagnetic di sk drives
such as hard disk drives (HDDs), the follow ng nethod
has been used: a CSS (Contact ‘Start. and Stop) nethod
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MANrACTORING THE SAMEt up operation, and data is then
recorded on or reproduced froma recording/reproducing
zone |ocated outside the CSS zone. The nagnetic head
is moved fromthe recording/reproducing zone onto the

Teabswatbigdd slid on the CSS zone, and. then stopped
_ dur i shut down operation. In the CSS nmethod, startup
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metoaksr ARRdrdRuiRYBcSihace irregularities with a
certai n roughness such that nmagnetic heads are not

Backgrosund Artt he magnetic di sks when the magnetic heads
. are brought into contact wwth the magnetic disks. 2
[000R]p dngpagnetisdink dodePavenas hapll diskidrives RUBIDY) athieofollowing
mePd b S e ¢ S (AR GAERAPE) method in which a
magnetic head is kept in contact with a contact sliding zone (CSS zone) located
in an inner region of a face of a magnetic disk r'during halt, the magnetic head is -
~ slid on the CSS zone and theniffte.d theréf-rc)m during startup operation, and .
~ data is then recorded on or reproduced fro_n_i a recordingl(eproducing zone
located outside the CSS zone. | The magnetic .h_'ead is moved from the
recording/reproducing zbne onto the CSS ZOné; slid on the‘CSS zone, and then
stopped duﬁhg shutdown operation. - In thé CSS method, startup operation and
_ shutdown operation, during which'contacting/sliding takes place, are referred to
as CSS operation. L

C8S8-type magnetic disks need to have both CSS zones and
recording/reproducing zones arranged in faces thereof. Furthermore, the
magnetic disks need to have surface irregularities with a certain roughness
such that magnetic heads are not stuck fo the magnetic disks when the

magnetic heads are brought into contact with the magnetic disks.



coated with a perfluoroal kyl pol yet her, having the
fornmul a HOCH2- CF20- (C2F40) p (CF20)y-CH2OH, useful in
reduci ng t he damage on occurrence of
contacting/sliding between a magneti c head and a:
magnetic di sk during CSS opgeration. [0003] Japanese
Unexam ned Patent Application Publication (JP-A No.

9- .282642 (Patent Docunent 2) and Japanese Unexamni ned
Patent Application Publication
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slope, referred to as a ranp, located 3 outside a
Docmpent 4)cdistisgesla mhagndtil recardingrmesiiuthriavindgosdistidiogt o
- the magnetic disk after the start of the rotation of,
propegiessandehigh GiS idugahilityglus: tora lbrigaat puriigskly agupercritical
extm,a@SrOdUCtl on is then performad This procedure is

apneethed: as

Patent Document 1: Japanese Unexamined F’_atent Application Publication
(JP-A) No. 62- 66417 '

Patent Document 2: Japanese Unexammed Patent Application Pubhcataon
(JP-A) No. 9-282642

Patent Document 3 Japanese Unexamined Patent Appllcatlon Publlcatlon

{JP-A) No. 10- 143838

Patent Document 4: Japanese Unexarnlned Patent Appllcatlon Publication -

- (JP-A) No. 2001--164279

i Disclosure of the Invention

Problems to be So_fved.by the Invention _

[0004] In recent yéar's, LUL (loadfuntoad)-type magnetic.dis'k drives tends to be:
Substituted, for CSS-type magnetic disk drives. In such an LUL-type magnetic

- disk drive, a magnetic head is placed on a slope, referred to as a ramp, located




LUL operation. An LUL-type magnetic disk has a
recordi ng/ reproduci ng zone w der than that of a
CSS-type magnetic disk; hence, the LUL-type nmagnetic
disk is preferable in view of an increase in data
capacity. Furthernore, the LUL- type magnetic disk
need not have any surface |?regular|t|es for CSS
operation; hence, the LUL-type magnetic di sk may have
an extrenely snmooth face. This |eads to a reduction
oufsidet dandgngticglistedigiing balt and nuved,/fsemithgriaipconfedbe magnetic
- Thus, the LUL-type magnetic head _can record data Mﬁth
disk afieg H‘%ﬁtﬁftr%ftth% reiiaévon of thehmaghstie diskdwingottartup and

ok o b R o Bt o o
O 7)1 S S O B o

' wxo‘e‘?% it %@gﬁbggqyp% Prfa%r}e%fhgi%(ﬁ fePBENGk L‘Ul‘?I ﬁitagﬁéﬁ@dlsk |

an extrenely snal t causes r obl ens “such

is preferable3h vidv @ﬂaan@braes?éhrp@étaqepemty [ Cmﬁlemﬁira the LUL-
stiction is a problemthat the tlying behavior and

- typbenginetief disk megd elot hate ady aufach imemdadiiss fog 33$ gberation;

“causing irregular fluctuations in reproduction.

‘henug, fhe LUTHypemaanatis meamaysmg«e@rgextremeb{ syoaotidece t his
a magnetic, di sk during fl in sone cases.. This
leaéeu%e reduefion lusthetfkymglw fr%"shvhth@e magnetic ka&?ﬂus
t He d bl h
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es with recording or reproduction. Th| S
therlae?@%brecorgcr“lng or reproduction inmpossible in sone

caseg rechidtiohnAtie fling Heittht of Bid pdedyse e&acb%?s@mqmres

| arge and danage the naghetic di sk durlng flight. In

| : that thedrWL e magnetio diskroperateshaialsle dt laer exdaposly ensaildﬁmg

.-~ of magnetic disk drives, the rotational speed of
- heighipfetd mmddrdrss.hakhe dight pﬁtheéaléle@!perﬁ@gneb@ hepdgyer the

- speed of snull-size magnetic | sks, ﬁ] P\ di anet er
LUlghype @agﬁeheglsk@teﬂch@a @dream 4lkiag height Gauses

cent d fr out 4200 rpmto @ 5400 rpm or
Propisies Slf‘ﬁb?%@ Ee?ﬁémfré’gl%‘nse speed. The '
_[006519 f%@ﬁﬁﬁoﬁ ‘?§ Qtdr&‘?leﬂ{ that IRPAALS Beﬂhﬁ%r SAdHeytt ofa
magnetlc head are changed during flight, causmg irreguiar ﬂuctuatlons in -
i.-reproduct-lon output The magnetic head is brought info contact with a
-magnetlc dlSk during flight in some cases. Th:s can cause ‘head crush to occur
~result|ng in the breakage of the magnetic disk. |
7 Head cerros_lon is a probiem.that the c_or'rGiSi'on of elements included in
\-.the',magnetic 'he‘ad:interferes with recording orreprdection. This makes
| -feeording or reproduction impossible in some cases. * Alternatively, the
corroded elements become large andldamage the magnetic disk during, flight.
In recent years, in order to en_he.nce the response speed of magnetic
disk drives, the r,otationa'l'speed of magnetic disks has been'increas;ed . The

" rotational speed of small-size magnetic disks, having a diameter.of 2.5 inches,




| ubricating layer on a face of the magnetic disk
partially mgrates due to the centrifugal force
generated by the rotation thereof, thereby causing the
t hi ckness of the lubricating |ayer to be nonuniform
[0006] An increase in the thickness of an outer end
region of the lubricating I4ayer can cause fly
stiction and/or head crush when a nagnetic head flies
across the outer end region thereof during LUL

suitaide dot mobildude dasdxeni recently inchéaseddsemaboah 4200 epm to
end region of the lubricating layer is liable to

S4Q@ remn armee, thensby eahpRgingribp sespansesngedas a resul t,

of ten, causes head crush, The | yprjcating techni que
di sof BS Bioh-apesr rasatiom ot ¢ disk atises g probjemdpat a
d | oped..t o | ve erati on. .Hence, the

tubf3E3finG B 25 ARG rlo i TS, B K En e iR e K e
corARE drod EhBrBU B IR Worolh ARL Y callfl
thidi@@ds o D ubricafing IHyertd bERABAIf6rdl Sks. This prevents.
©an increase in the capacity, S/Nratio, and/or '
[0006% pAmsiacraasedn die tHickndds-df apeoutegerd iregidh of she Iubricating -

an object of the present invention to provide a
Jlayeucan cause flyp stictiomandfor head brustavheiy al magnetihhesd flies

useful in preventi n% fly stiction and/or corrosion at
acrgps t@(?iﬂ"@ﬁ@ﬂ? reghon t ﬂe;ﬂfﬁig'"ﬁﬂi% opgratipgy é)%%@ﬁﬁe indhe

.amor Less, which is pregyvented fromm.gratjn t.a .
thickRRS b8 anatneLisaiast o thetbieatinRket 8)8bleth feseforate
i s, hi ‘ LA, rovide a
Iub%ﬁ’r& ?@Bgﬂl% %Sab\)i nga,ggsg‘{%@ﬁlg@g??%%éﬁg?%%r gr med usi ng
- suchrie lupbichfitechhuRa disGYs&d in the PSeAPDBRIGEHt 9T 2, 3, or
~~ the present invention to provide a lubricant for o
4 hhes beag develdpedcatimpmvea@ss oparationl eHente,ahk Wpplication of
~ (load/unload) nmethod and to provide a magnetic disk
~ the dubricaiting techriqed¢sto L L Nppa mdgnetisalisksnepusies te abbees
%0007] In order to_achieve the object, the inventor
problgms. nihgtjigydhe dubricating deehniguesramrot mpetarliahility
seriou or-- current etic djisks. The inventor .h '
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ltis an object of the present invention to provide a lubricant for forming
a lubricating layer which is useful in preventing fly stiction andfor corrosion at an-
extremely small flying height of, for example, 10 nm or less, which is'.prevented-
from migrating at a high-.rotat?onal' speed of, for example, 5400 rpm or more, -
and which has high adhesion and to provide a magnetic disk havinga | |
lubricating fayer formed using such a lubricant. In particular, it is an object of -
- the present ir_lvention to provide a lubricant for forming a lubricating iéyer |
suitable for a LUL (load/unload) method and to provide a magnetic disk suitable

| therefor.



Wiile a magnetic head is flying at an extrenely smal |
hei ght of 10 nmor less, a. lubricating |layer on a
face of a magnetic disk is repeatedly heated and
cool ed because air nol ecules on the lubricating |ayer
are repeatedly subjected to adiabatic conpression and
expansi on. This pronotes the degradation of a

| ubricant contained in the lubricating |ayer. The
degradation of the lubricant increases the fluidity

Mé%ﬁ'{ Pl divn fﬂésp[éble,lhgductl on in the adhesi on between

br| cating layer and a protective layer. The

[0GEA" adastdbity idhisle thvbisjechitghinvbhiodinay intestightss the above

the magnetic head close to the lubricating Iayer and
protdpos] Whidhhaneeserioustfor ebyenli magnelicdiskhie The invgntor has

behavi or of the nmagnetic head. This probably causes
found,out thet therproblempmiate plobably eaurgghiotaceunky @ maechanismdhat

a recently devel oped NPAB (negative pressure air
W“b@@ﬂ"@lﬁ' angdrhaley. s der that is, a negative pressure
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acid i n sone cases, thereby corroding an el enent
. to adiabhtit) compréssisrmgndiexpahsiad. This granictesitfer degradation of a -

magneti ¢ head including a nagnetore3|st|ve el enent is
lubrieadi ¢ontaimeddn éake (ubrieadsy layes i nvent or has di scover ed
~ The fte qﬁé%a%’a‘ito%fq?ﬁ‘ééiﬁnrﬁ%% Tiveeaes Y HETIRALS Gause a

I k f ,
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. Al
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to dhéhﬁbﬁa%lhg' iﬁyéreéw’c! H¥positmersbr, teeleb dlistagned tHe Masg

because the hmgnetic head sli des on and contacts.

behwlitr 6f ti8agmeticdicdde Thigpetbablycalisesiynstistionhe
probl enms hardly occur. The inventor has conducted
f ur t Inepartiovias ta maghetic headmmiednegm@canﬂwdevemed NPAB
| (negatfve pressure air bearing surface) slzder that is, a negative pressure slider
. readily attracts the lubricant because. of the generation of a negaﬂve pressure
E under the 'Iewer face of the mag_netlc hea_d-. This probably ca-u_ses the
migration and deposition of the lubricant. | ) |
The deposited lubricant generates' an acid such as fluoric acid in some
'c'ases, thereby corroding an element sectionldf the ma'gnetié head. In
particular, 'a magnetic head including a'magnetofesistive element is readily
. corroded. | o
"[0008] The inventor has discovered the LUL rhethbd promotes the above-
| mentibhed problems. The LUL method differé from 'theICS,S method in that a
magnetic head slides on a magnetic disk surface without any contaq’t and

* therefore a lubricant that has migrated and moved to the magnetic head hardly



object on the basis of these findings. In particular,
the inventor has intensively investigated the
| ubri cant and made the present invention as descri bed
bel ow. [0009] The inventor has found out that the
above probl ens can be solved and has led to the
conpletion of the present iévention. The present
~invention is as described below (Constitutionl) A
met hod for producing a lubricant used to forma
retbraBth ¢iaé hitriel isioN 1A R BT inetitbd the TUMiCARE RA8adily
conprising a step of degassing a crude |ubricant
rentavedafroTnrite atad restistheziebaigitik the argretit eadaides ont A1
of purifying the resulting crude l|ubricant.
- contatastith 8 GSEn zane af thet magnétic diskphkercien dhepraliderns duardly
used to forma Ilubricating |ayer on a nmagnetic di sk,
OCQURe net hod conprising a step of purifying a liquid
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{0009] 2ThavirRedtdt haddRuBY 'dut il $hes hBBvé Brdbisrh8 cBRb & SBI®Ed and
. vacuum condi tions. (Constitution 4) The nethod
hasded do thengormpledion afitlee pfesgabaivientibmons 1 to 3, wherein
the_l ubricant contains at |east one conpound
r epridedpreseniopventéon sais dedoniged defaw.a: 7 [0010] [d ]

ol Ao ot RedioRe AdbbraRTeg to form a
bl ERPFIEH HES HineBLR Hlo GBS Re 2hsf ofdpaassig
o6 LBTCER SohieKihg BFickst ond pelifibh b iEl 84 aThigp 9°
purifyin@iie Wsaithigthdeuicaat.t o 1. 3. (Constitution 6) The
'ubricant according to Constitution 5, wherein the

(Constitution 2) A method for producing a lubricant used to form a

o Iubricating layer on a magnetic disk, the method comprising a step of purifyi_ng a
. liquid crude lubricant bontaining at least one perﬂ'uoropolyether by vaporizing N
.‘the crude lubricant a_nd then liquefying the vapor of th’e,perﬂuoroﬁ)blyether within

_‘ a distahce IessAtha_n‘ the mean free path of molecules of the perf_luoropdfyetheh

. (Constitution3) The method according to Constitution 1 or 2, wherein ,

~ the purifying step is performed under vacuum conditions. |

- {Constitution 4) The method according to ahy one of Constitutions 1 to
3, wherein the lubricant contains at least one compound represented by the

following formula:




content of the perfluoropolyether in the lubricant is

greater than 85% when the content is neasured by

nucl ear magneti c resonance spectroscopy. (Constitution

7) A magnetic disk conprising at | east a magnetic

| ayer, a protective layer,_and a lubricating |ayer on

a substrate, wherein the Iu%rlcat|ng | ayer is forned

by applying the |lubricant produced on the protective

| ayer by the nethod according to any one of
[00aBhs{GCtlutions 1 to 4 or by.applying the |ubricant

according to Constitution 5 or 6. (Constitution 8) The

r.di wher ei n
' yﬁéﬁ%&ﬁéﬁgeﬁdﬁgb %%@ég’)ﬁggd/unl oad-type
magnetl c Qfsk drive (‘oRsCHeY ol @-Cilnethod for
manuf acturing a magnetic di sk, congHS| ng a step of
form ng a magnetic |ayer, a carbonaceous protective
| L2 Jiune r@A% 8nd HRopEREhDAat A Hurfierd] Substrat e in t hat
el n the carbonaceous protective |ayer is
formed by a pl asma- enhanced CVD nethod and the
lubricating layer is formed using the |ubricant
pr od@oestitution!sd nkehubdidaat; poodlicegl hyothenpetos axr:cording to any
Constitutions 1 to 4 or the |ubricant according
onecohi€onstitutions § tod, Bavm@@mtghtxamageaporﬁwl%wzﬁjg%tsof 4000

. according to Constjtution 9, wh in the magnetic
to &ﬂ@@ﬁ%am@?%l%\a’el%tQlﬁt@%l&r%ﬂ@feég? 1ye magnetic di sk

o onBrb BN ot OBk Asbhd G Eonslfii s i Bitne
corﬂgﬁtféfti@é g@ﬁidﬁ%ﬁk@&?ﬁeﬁ rgﬂé'rlﬂﬁm%ﬁ‘?é FeHt8f thalpl 88% w)hen 1;he

tT 1'on 0 ess nstltutlon 12

| con-@rﬁ i Wsd<eAed b peieledr ﬁ@hg}rﬂétx@@@%rhéndel sectbscbpr ei n

wei ght - aver age nol ecul ar wei ght thereof is 4000
t 0 (BRD8titutiGn T3t IA miagaetid djskTduenpriding et leastacvaghety layer,

: Constitution 11 or 12, further containing a conpound
a pratectivedayer, potfl Iubriealng/leyeicen grabatiatal M\erﬁw’m&ybncetmg

iay@rré%ore?ﬁ"qﬁﬁﬁgp}a&ﬁiﬂ Biswbia b didralon i ABANER afer by the

methor f aceré) Xg tlg %nylf %%e%ff OnSfl{ % LGPt 4 BE 89 léf)ﬁﬂmpé’ tﬂehlﬁbncant

~ according to Constatution 5 or 6. | -

(Const:tutlon 8) The magnetic dISk according to Constltutlon 7,

. wherein the magnetic disk is mstalled zn a loadlunload—type magnetnc d!sk drive.
(Constitution 9) Amethod for manufacturing a magnetic dlsk
comprising a step of forming a magnetic layer, a carbonaceous pro_te_ctlve_ layer,

"én:d a Iubricafing layer 6n a SUbStrate'iﬁ that order, wherein the éarbonaceous

| protective layer is formed by a plas_ma-enhanced CVD method and the
fubricatin-g layer is formed Lising the l-ubriéant produced by the method
according fo any one of Conétitutions 1 1o 4 or the lubricant according to
Constitution 5 or 6. | | '

(Constitution 10) The process according to Constitution 9, wherein the

. magnetic disk is installed in a load/unload-type magnetic disk drive.



according to any one of Constitutions | to 4 or the
lubricant according to Claim 5 or 6 or the |ubricant
according to any one of Constitutions 11 to 13.
(Constitution 15) The nagnetic disk according to
Constitution 14, wherein the magnetic disk is
installed in a magnetic disl drive including a
magneti ¢ head including a negative pressure slider.
- ‘Advant ages [0011] The present invention provides a
| ubr {Camdtitdtin TRYNRIidEng kiseditdeforrhdbiubsidatind Rydpehy
in formng a lubricating layer which is effective to
magnetie diskngonibining i peirflooropoti/atihe cand having satnobetular weight
- extrenely small or low flying height of, for exanple, -
distrputionsf 1itesk3 ofifeéssh is prevented fromnigrating at a

e SRRl Rl B R e erin e
. - ' ti .OVi high-rel jahilit ti
- welhER et GRSt OI de s 4B0DGS BlBBuci ny Such &
- lubrg o+ eSUi £8Dl he. : /A0l '
o e (Rl 47 o Rl o B SRR B2,
furlfeBooralring 8 compEiat tas's O IRS RN B s
hydrexyligrodd behéed terataragneti ¢ di sk according to an
. enbodi nent of the present invention. [Fig. 3] Fig. 3
i s . dConapitutiohdld) ncA tegnedicatisloosmppisingtanebricating layer
. weight-average nolecular weight and nol ecul ar wei ght
- forrged Oni pewitare BY the bse Shesiubsieant prodegadblydhe anetho
- Co ti EX | es.. Best > f ' t th .
- acoERARRIS o o PRt 4G et A%l B
- | 7 . X . . ot hod
5 ot or (ROMREAPARAERD PR brGolbLBgRETL %0 ™
ThvesenSRulion 35) TEETIEIRgs: ARRqcrdiT P RRsMution 14
- wherehstheanagretivsdiprid iﬁsi&lm@qh)@hﬁ@heﬁb dliski drivéeigareipy and

- then purified.
- magnetic head including a negative pressure slider.

' ‘Advan'tag_és |
{0011] " The present invention prqvides a lubricant for magnetic disks. The
: _.“Ii-'.zbri;_:a_n_t is useful in forming a lubricéting layer which is effective to preventing
. :f'ly. stiction and/or cotrosion at ar.zektré'me.ly small or low ﬂyi‘né‘ height of, for
.éXampIe, 10 hm or léss, which is pfevente_d 'fro.m migrating at a_-.hig‘h‘rotaiional
_Speédbf, for example;_5400 rpm or more, and which has high adhesion.

Furthermore, the present invention provides a high-reliability magnetic

. disk, having a lubricatihg 'iayer_- formed using such a lubricant, suitable.for the

LUL (load/unload) method.




The perfl uoropol yether contained in the lubricant is
preferably an al cohol -nodified perfiuoropol yether.
This is because the al cohol -nodi fied

per fl uoropol yet her has high affinity to a carbonaceous
protective |ayer described bel ow and therefore has an
appropri ate adhesion theret$. Exanples of the

al cohol - nodi fi ed perfl uoropol yether include conmpounds,
such as.nongols, diols, triols, and tetraols, having

Briel Daseviptive bfiteaDrawingsps. The conpounds are different
in lubricating properties and/or adhesion from each

[OO‘tﬂ]her dependl ng on the degree of al cohol nodi fi cati on,
: nunber of hydroxyl groups bonde
[tht é} nrﬁﬂaﬂ l@raéuﬂgsféatlcw pkan ﬁa@mpﬁwmlﬁ@ﬂlar eﬁallﬁlon system

[Flgoﬁ]et Lot eﬁti?ﬁ: ef;;lé zc? %ggtiaqr{?gﬁgiwu %r?q% ic d¥s corglngg(o. an
ernifii P“*’effﬁ%ﬁf?é?ﬁé@we“@%@?Z‘?"'aepr ocess For pr gol ng
[Fig% EE Bl Aela SRON dRAviRG thé Mé@@grﬁgﬁggﬁeerﬂﬁve[@&tbﬁl -alérage

present nvent1on, ~the per

, mol@é@éewatgm ahdhalcRaizt wétgﬁtfcﬁgirlbﬁtlbﬁ@)f nmiricﬁntswseﬂ ins
: because the lubricant has properties-suitable for

Exasyles agd Cumpdratiee fhaibhees. i f the lubricant is
' produced by the process of this enbodinent. A

; preferabl e exanple of the perfluoropolyether haV|ng

Besggrmnﬁal rouswi%%vghg%zgltgt;gc;ure is a |

[OO ‘l%‘jlr Ifédﬂﬁﬂgi%?etd}ﬁﬁﬁk B%%ﬁginv[aﬁ% w‘ﬁ[‘ﬁ&ﬂ bkt)ayd tshc?ibed in detafl.
%éﬁ%ﬁ’ Ao B FordoCrponlt dts

- accdidl ﬂtamﬂitﬁdmﬁ@mraf ﬁieabﬂekeﬁﬁfﬁv&mtﬂrﬁs@?@f@étéﬁzéﬂ irffhat

al co -nodi fied perfluoropolyether |ubricant include

the IEbnbbmiratZeeTﬂtcromm:n&peaﬁummamwtmn tha&tdsdegassed andthen
_éérade nane) avail able from Sol vay Sol exis. The forner
putitigd.nci pal | y contai ns the perfluoropol yether conpound

t b f
' epj’rﬁg %?a uorogolye e? c%\rg amg in ghe jubricant is preferably an

: ‘alcohol-modlf ied perfluoropolyether. This is because.the alcohol-modified
- perfluoropolyether has high affinity to a carbonaceous protective layer .
described below and therefbr’e has an ép‘propriate adhesio_ﬁ thereto. _
Examples of the alcohdl-modiﬁed perﬂuorbpolyethér include -
' .c'bnipouﬁds, such as monools, diols, triols, and te_traols, having various terminal
'groups. The compdunds are different in lubricating properties and/or adhesion
from each other depending on the degree of alcohol madification, that is, the
humber of hydroxyl groups bonded to terminal groups of a perfluoropolyether
-chain. Therefore, properties of the lubricant vary depending on the content of
| the alcohol-modified pérﬂtjoropol_yether, for example, a monoo!, a diol, a triol, or

~ atetraol, and/or a process for producing the alcotiol-modified perfluoropolyether.




and the latter principally contains a

perfl uoropol yether having a termnal group wth a
di ol structure. - If these. lubricants are produced by
the process of this enbodi nent, preferable

| ubricating properties can be achieved. An inpurity
gas or the like can be renoxed fromthe | ubricant
contai ning the perfluoropol yether by degassing the
| ubricant. The resulting lubricant can- be highly

. [0®H] FihqHe ipRegerliiditivAt tHpEHEBropeRRRSMGfdrabk@ntains a

degassi ng step. Since the Tubricant is usually’liquid
tetedol pRIRIPaEiPET AL US Bechliee thelubgedtit leaproperticeamitaile for
degassed in a vacuum at nosphere. |f such a vacuum’
- sobvingieharavel probleswsl if thé dubirichnt isgrodoeed by tise peogigs of khis
purified in the vacuum at nosphere. In particular, the
emhgstimeaht can be readily degassed in such a manner

that the.  |lubricant i | aced in a vessel and the
vess& prﬁ?f@ﬂ@@@%ﬁﬁéﬁe periyoiapqlyether Baying dermyiRalareups

il T s i BB R Bl R
peffloLdEa8 CompbARRoRRIS] PR ISkng Briias o' Vet

[001% i[gpprity gas be suffi ciently renoved fromthe
" lubricant. Furthernore, the [lubricant may be heated
to an agﬁro riate te_n‘BEe;rature duri ng degassi ng.
[ 0HEC HEFRIEH UBGQ I OCT - t he
per fl uor opHl yet her i s *gHheR-OUHLYCEOESCEd to
purification. The lubricant is pretgably purified by
a nolecular distillation nmethod descri bed bel ow.
Si ncg ,t he. nol eﬁgul ar di sti Lﬂ.at jon . nethod is effective
in & eé?'inrfbaﬂ _é;nregf%stqqtp 48 -‘@FP?@ ency under )
hi gh-vacuum conditions, the nolecular distillation
method is suitable for purifying the lubricant, which
- cont @bfndrcially ! aRAbIE FRRAAES of & aldthol-Hddifant 1s
degassed in a vacuum atnosphere, the |ubricant is .
- perflusfopohEtenlubritamidndnde Fombdined Teiaoldiradiel Hamie)oand Fomblin
met hod in such a manner that the pressure in the -
Z Dieldtrade aramepa@ilablesfromeSolvay Setexis:  The fosmier pdocipally
~In the first enmbodi ment; a nethod for purifying the
contgipetha periuorapRivetherompound repressntad e above formula

e S 0 R €0
witt? B ROPRRAGRNY 1B iLﬂJri&_H&eé:‘érdrB&ﬁééd by the process o this

) 7 ‘emblodimerit, preferable lubricating propértieé-caﬁ be achieved.

An impurity gas or the like can be removed from the lubricant 'contai'ning
't_hé perﬂu'oropoiyether by degassing the I’u‘b_rica-nt. The resultihg Iub;ricaht can
“be -hig.h'ly purified in a purification step subsequent to the degassing step.
Sihce the lubricant is usually liquid at room temp_eraturé, the Iubriéant-can be
'readily degassed in a vacuum atmosphére, If such a vacuum atmosphere is
used, the lubricant can be subse'quntIy purified in the vacuum .étmospheré._ In
particular, the lubricant can be readily degaés‘ed in such a manner that the

- lubricant is placed in a vessel and the vessel is then evacuated to a




extraction. [0017] A nmethod or process for producing a

-ubricant for magnetic di sks according to a second

enbodi rent of the present invention is characterized

in that a liquid lubricant at |east containing

per fl uoropol yether is puri_flged in such a manner that

the lubricant is vaporized-and the vapor of the

lubricant is liquefied within.a distance | ess than the

mean free path of nolecules of the |ubricant. 0018]
predgtagainedevacybm peessUEaydh a \aquugy BEMEINASYSIETH- a he vacuum

an the  nmean free path.

pressye 2 wHoh AsdHbREALeS edaare e gt PRI tackand s
e A i PRVt PR bt
the Wﬁ@ﬂk?&%&éﬂ%&@&@%f@ﬂgv@d {‘rbﬁfﬁ]eggﬁ{it%ht.suﬁﬁﬁﬁ&tﬁ&e, the

conde r 'S maln ess than the nean

lubricaBEnRt e Rbatcdto aPapptopiisReniRRSrEBLASY Hegadding.S

- technique 1s herein referred to as nol ecul ar .

[0018] stTHd dédansed Itbdcantmontzining \the perfiudremelethenise

- hardly returned to the vaporization surface by
 subserquaniyswbjedied ébpurificationhe fbe lubiiggnt ds prefenaklty pinified by a
. efficiency can be obtained. |In other words, accor‘di,n%_
moleculapdistiation methad degaribgd below | Sifce daamajepdar distillation

et BB eBie P o BRI ot R 8
condffighs. & Fn8Rbief ishtiBf T Abinod RSB 5 Bl Find R fbricant,

whicFPORRENENABB pher doRjRInt CIPUR) HbRBARIS debkosed il vacuum

that the | Ubricant

atrmdspire] thel lubBkiedntas prefeRbhPpurficy by ée foleodralistiliation
distillation wll now be described. Fig. 1 shows a
metleachin sustaa intannef thatitbegressuredn the vacitino atragsphete isThe
.nol ecul ar disti]lation system 20 shown in Fig. |
maintainedquJugheemducedsk 21, a feed- flask mantle heater

R e e
- timitgd 30 Il A G B e Bod e ibrichnt may e purifed by
ol it sach e piGet] oy AogaBRp P08 src
extraction. : _
7,'[00“17]. A method or prbcéss fbr p‘ro.duc‘ing a lubricant for 'még,netic disks |
| iéccording-‘to a second embediment of the present invention is characterized in
that a liquid lubricant af least cdntaihing-perﬂuoropolyether is purified in such a

manner that the iubricant is vaporized and the vapor of the lubricant is liquefied

.. within a distance less than the mean free path of molecules of the lubricant. .

~[0018] Since the !ubricani vépor is‘liquefied Within a distance less than the
~ mean free path of the lubricant vapor molecules as described above, that is,

distillation is performed in suph a manner that the distance betweena

vaporization surface (an evaporati_oh surface) and a quuefactioh surface (a

- condensation surface) is maihtainedle‘ss than the mean fr_e.é path of the

-



Ref erence nuneral . 31 represents a pi pe connected to
the evacuation unit 32 and reference nuneral 33
- represents a control panel for controlling this
system A lubricant to be subjected to nol ecul ar
distillation is placed in the feed flask 21..
Mol ecul ar distillation need2not be necessarily °
performed under vacuum conditions. However, the
| ubricant is preferably subjected to nolecular
iubdcant Vdpatr nwlecuide (thisateahnigae nsiheichn geferrél its ak snblecalase
: the nolecular distillation of the |ubricant under
_ distiltatiding,i the sulwidast vapenrmekcules arertdirdly setirnediste an
increase in the frequency of collisions of nolecules
vapsirizatien gufaee P golligions dasiebaiweens theacenbigh dlistdigtion -
- thereb reventing the,liquefaction,of the, vapor.ized
effiRGrY CARDERRANGTS [ Gihah MO ACoPRIRD 1o MolRsiiitdisdfation,
4 h thereof. . f . Lubricant s placed in
thefithicdnt §pPisiayEHed ke The ibficsHEV AR RholkCyBs Jofide Vitn
- ot BRFGICS ARANG FREHCE 16h: tho e THESY BLLRRYDH hiiigant
‘vapdr nidledul¥s ientePaistllatidy cAiebt peforhBah & Hoh-SAfBHIM
range. The pressure therein can be nmeasured wth the
manaeuinamgdy) gestafe refistely shifted frotnetiveiiguithvapar ergdlibrium such
hi gh vacuum degassing described above can be
thabtherlobrieantivapadisdiquefiedh i npurity gas contained in
he | ubricant flows towa he evacuation unit 32

_ d _
(00§ 8 &awt?rw_éobmée%}iaramam{@tiotﬁdwﬂ new handesdibedenai ns in
1 iR SRl ER Pl Sidgon ot o e
molgblir RIARSE AR TBAO n F6P 1 Sipidars REANAEETN, o focc

flasReEMitie/RedtiA82 Wina 'éﬁé§l éhuﬁlé@a%ﬂﬁtbf 28N h§itdel coAtr®
the distillation colum 25 fromthe feed flask. 21.

" boxThi eadistilfitionfohann 26e) didtiliatien colurircAvntic ddatart 28, ehe

distillation colum 25 fromthe feed flask 21 can be
residuatreceiviog flagk 2d) astistilgte-receifieg flagk 38, alavobrilipg-point
- located in_a lower end portion of the feed flask 21.
conggnsalgdrap 4@ Yaum geuge SlepRd AN evagHalien Ul y2apout 1
! mn,. reduction in feed rate.results i :
Refpfboe AU 3 STERe s PRESATTFSERdR 107 Rvebiatichu it 2R
‘andir ﬁr@ﬁéﬁgl}ﬁgﬁéﬁﬁeﬁf%&&ﬁ%ﬁ&ﬂw pandl 6 &ﬁﬁFoﬂﬁ‘%%'ié“sH&m.
~ Alubricant to be subjected to molecular distillation is placed in the feed
fiask 21. - Molecular distillation need not be necessarily performed under -
- vacuum conditions. However, the lubricant is preferaiqu subjected to .
_‘molecul'ar' distillation under vacuum conditions. = This is because the molecular
dis‘tillatioh of the-lubricant under conditions other than vacuum conditions |
causes an increase in the frequericy of collisions of molecules of the vaporized
' lubrica'nt with other molecules, thereby preventing the liquefaction of the
~ vaporized fubricant within a distance less than the mean free path thereof.
{0020] After the lubricant is placed in the feed flask 21, the system is

: évacuated to a predetermined pressure with the evacuation unit 32. The



.[0021] The lubricant flowng into the distillation
columm 25 is heated to a predeterm ned tenperature
with the distillation colum nantle heater 26 di sposed
outside the distillation colum 25 which is
cylindrical. The heating. tenperature of the | ubricant
depends on the type thereof3and is equal to a
tenperature at which the lubricant is vaporlzed. The.
Tubricant principally containing the ab

prepeurd indhekgsteavis prefgrabilgd x so%r@a & dbd 10 é’atce!dnay be less
to.about 100C to 220C and nore preferably. 160C to

thapdbis., vathermr@agwgTherp;s@mrartbe@ﬂn cae baunea%tarﬁtﬂ witththee

control |l ed by _adj t|n t he tenperatur '
Vagiust gavge fBn  ob) g%ﬁ"é I @giipingd a&ﬁwoh M@Cléwvuﬁ?gassmg |

de%ﬂ%ﬁﬁ%gﬁéiaﬁfb&tﬁ%@q e Tl AR Rty o8 cBltaingd n

e TN B B AR i 5,

por%n th&HEaf @ﬁaamé fh iR %Mn.ﬂﬁ@mb@haw@ﬂﬁﬁa 29 exm@ds

'ongitudinally 1n the dist ation colum 25, and is

lubOEsrtplRshdah the feddflashn2 $ pepcbe heatealit? the fectBfasiomantie
' a predetermned direction under control of the

heaigi 22terequired.ol box 24. The rotation of the w per
allows the lubricant to forma thin |ayer on _the inner.

}Nalb |Aftgr the gstamsisi EP\‘Ia&lﬂﬂtﬁﬁi o QW:E@m"Fﬁﬂ segafivadvapwim)
f
* preptige; it fhinte the TRBiaRR ca 25 BRI tigepdfask
o e G P A g
- frorf @8 %5’(—5& g@%oh é‘@BX déiin@tthé%eﬂfng} 6fa cock 35
0 rod 6 an di s ha

co ged™t hrough an outl et

loc@eH i b%\ﬁ@f end Bertion eftthdGeedifidsit Pe. ol hisual3fhe feetingte
di sposed in a [ ower region of the cooling rod 36. A

thereed ||33Ipnefmiablyrabmjtr1ctb 30/gipaini z Adedudtiathindieedgatd results in an
the residue-receiving flask 27 may be repeated|y
increapg ér theotime f@r distillation; ofn pankastnan inpRase in feed &aﬁﬁca"

' erature the,. distillati,on colum nmantl e heater
resglg[ﬁ)

- resf TS d3sieegn Tabte ey 5B 8mon Tod Tnio t he
- [002fEorhe Rt ér]rt RAFhG |%ty}§§ar5‘?étﬁi%ﬂ6ﬁ ot éb'iéhbg{éo%sé em
preH@qeﬁﬁ eartegip%*ré r@WnHrthé %lsimat.ém Bblufth Fr@arftlB' Meater 26
.. nolecu stillation system
‘disposed outside the distillation column 25 which is cylindrical. The heating
* femperature of the lubricant dépeh’d‘s‘ on the type thereof-and is equial- toa:
temperature at which the lubricant as v_apori_zed. The lubricant principally
containing the above perfluorotetracl compound-is preferably heated to about -
100°C to 220°C and more preferably 160°C to 200°C. The heating
temperature of the lubricant can be controlled by adjusting tha temperature of
| the distillation column mantle heate,r_26 and the actual temperature of the
- lubricant in the distillation column 25 can be measured with a therm_o’metei"

placed in the distillation column 25.




{0023] A lubricant produced by the nethod according to
the present invention preferably has a wei ght-average
nol ecul ar wei ght (MN of 4000 to 8000 and nore
preferably 4000 to 7000. The | ubricant produced by the
process preferably has a. nol ecul ar wei ght
distribution of | to 1.3 ardhore preferably | to 1.2,
the nol ecul ar wei ght distribution. being defined as
the ratio of the weight- average nol ecul ar wei ght (M)

[002B)] t The mundresticalle cagplenitd @izbbre?3 ineliugles 4 Wiper m&ie o for
the. lubricant produced by the process has such a

examplgha fluodnegentainiagueain, axtegids langitudinalyuindhe Wistigation
di stri buti.on, advantages of the present invention can

- colyanZn padde operated ab A refationsrRassc i hgutﬂ@et ptipgyin a
* preflElat it edtn it Brysh bl b adtBrer sattip b?’r*d“ e
rota‘ffo?l]‘: RO pr%%jam?safh%rlu[)ﬂéﬁntﬁg fgge,(/\% i irf Eger on the inner wall of

uor o er con

the%%tmaﬁag esiupin bhe %&S&l&wé fh\éel[]bh@éht%rﬂéoﬁeaﬁﬂy Epbixrd

INn Sone cases. Accor di ng t he process,

' Thd vipidrasitthe RISHCAAL & mughﬂuﬁ@ c@ﬁtabﬂmﬁtﬁ\aecmlmb rod 36 and
perfl uoropol yet her content. The content can be

thexdorerliguefidd by TRyRe$ulting dutrrlcamgmnliectecbmdhertbﬁjlIate—receiving

spectroscopy. -[0024] Furthernore, the gmeesen
ﬂaskraaentGQﬂ#ngwﬁ/tea issfed thrasighcaminletoioa ef rrgacémg rod 36-and

* tho R SRS S BB e i i S0 oo
ool LK B ol v, AT A Sl o

._vapﬂﬁ%@r?%i érwl & use?r\% ifth *Péglﬂﬁé‘-rééelﬁ gq&ﬂsg'z@ﬁﬁa

ricant or m ng Suc ri cat

repéatealy sibjsdied 3o qfs‘nﬂéﬁcbn/m $URcHRA avEriHdrnBat thig témp@tatare of the
: and/ or corrosion at an extrenely small flying height
dlstdiﬁtld:ﬁ) calunuy magdle, hastiec?6 isvariddand the rasiguesisghen fied into the
‘ mgration. at a high. rotational speed of, for
feedaﬂ@?ip%agsmo rpmor nore, which has high adhesi on.

' | ht, di stri but
- of Thed s sititeboR svetgar Ehatm B FIB 1 fiovexailerdd a

. | . 0
- oysBiPRREOREP BitaR Bra SRR iR R LN Svstem.
: '[002&?' Hfubtcaht produkes bytnk rH]éthod according to the present invention
| preferably has a weight-average molecular welght (MW) of 4000 to 8000 and |
. ‘more preferably _4_000 to 7000. The‘lubncant produced by the process

_preferably has a 'molecular weight distribdtion of 10 1.3 and more preférably 1

- to 1.2, the _molecula’r'w_eight distribution. being defined as the ratio of the weight-

average mbleéul‘ar weight (Mw) to the number-average mo_lecuiar weight (Mn).
Since the lubricant produced by the process has such a weight-aver'age.
m_olecular Weighf-and mdlecuiar weight distribution, advantages of the present
| invention can be ac_hieVed. | |
The lubricant produced by the process principélly contains a

perfluoropolyether and the content of the perfluo_ropolYe_ther therein is preferably



.lubricant is preferably 1.25 or |less, nore preferably
1.2 or less, and nost preferably 1.15 or less. This

| ubricant preferably has. a wei ght-average nol ecul ar
wei ght (My) of 4000 to 8000 and nore preferably 4000
to 7000. Since this lubricant has such a

wei ght - aver age nol ecul ar weiight, advant ages of the
present invention can be achieved. This |ubricant
preferably contains a conmpound that has a

gregtek kivai 85%. Y alvhen tﬁ@ﬁbﬁmgp@yeﬂh%a%n@w i Q:?ﬂ{éss any

group bonded thereto. In particular, ubri cant

advanafxyeabifthe présimsnvertionanndt b @chhﬂ%d&n some cases.
per fl uor opol yet her chai n and hydroxyl groups. |ocated
Acgordiog o ¢l prasfess hiaedbbiicantaaa beprducet soas tp have high
contains the above perfluorotetraol conpound. This is
petugyepalysthaiicontanie beeontent oasibshdeteivinaddut NMR (nuclear

_and/.or wei ght -aver nol ecul ar wei ght of this
m?ﬂﬂﬁticcrgﬁ?”g @?%838??% above, this lubricant has

10825, ARG B8 ESRE SRt A%fRess IREREHBefirting o

- IufrRARRG Ier e dd TR, OT@N BricRf BBfkalie 200 V19

. peffRRRepbIgethics &ndm ARWIEEAISr \%@'ﬁt alsthilRAn oMCE WHRSs. - Since
on the substrate a magnetic |l ayer, a protective _
- this dytmicantodntaires & pericadpoigethay end hashenloldgulaaiéight

| ayer can be formed by applying this lubricant onto
dlﬁm@tmm@fetﬁ iof dess, #yis lubrigant & esefut infermingesuchsa lubricating.

))oreferab car bonaceous. The |ubricating | ayer can be
wi/ff gchive Uy RrRyeating Ty sticlien @nAfpr cesiosin at@iextremely
d f th t dis
s bhER BFAT B 0% ayBien e S B ReauE i rtion o
 RERRREChASe LA B BohIG SARBATE ol i b i
‘adhé&sigh. 1S fornmed. In order to allow this |ubricating

. layer to securely adhere to the protective |ayer, the

_ nmagnéhe dowerslimitay tHeemeiqderdvéightdistribution e tisis lubricant is not
: mai nt ai ned at 50C to 150C after ‘being i mrersed
- pantigblaglydimited @lﬂfélsm@i%'ﬂbw Rt NeFe in bigler b aveidtdmigerease in

| ayer pref thlckne o
the ;OZS of % purifi cap or¥ s ep he mo!ecu?ar weight distribution of this

' .iubrlcant is preferably 1.25 or Iess more preferab!y 1.2 0r Iess and most
.- preferably 1.15 or less.

This lubricant preferably has a weight-average m_blec'ular weight (Mw)
of 4000 to' 8000 and more preferably 4000 to 7000. Since this lubricant has
_ “such a weight-average molecular weight, advantages of the present invention
‘can be achieved. ' |

This iubricant preferably contains a compound that has a

E p.elrﬂuoropolyether chain and at least one hydroxyl group bonded therefo. In
particular, this Iubncant preferably contalns a compound that has a
, perﬂuoropolyether chain and hydroxyl groups located at both ends of the chain

and more preferably contains the above perfluorotetraol compound.” This is




of 0.5 to 1.5 nm When the thickness thereof is |ess
than 0.5 nm the lubricating |ayer has unsatisfactory
| ubricating properties in sone cases. Wen the
t hi ckness thereof is nore than 1.5 nm fly stiction
occurs and/or | oad/unl oad LUL) durability is reduced
in sone cases. [0026] in th&€present invention, the
protective | ayer may be carbonaceous. In partlcular
the protective |layer is preferably anorphous and
becausrowher ts moleciar welght distkbition anboewtight-avessre has
high affinity to an al cohol -nodi fi ed
malrqulaneighbplbinkibrigaat ismsaigrosiberd abovadihisiubricamtleas good

adhesi on t hereof can be . adjusted in such a manner

lubfifaing REORERS 1t | vg | ayer i 3 prepared from carbon
100R¥ ABRBAGHE Hisk HohARIPO 16 BtietPei e Bodisnt g i pictent
:nv%ﬁtndﬁ‘ﬁa@\éqﬁl?ﬁé‘é}znﬁqg EMform&! 51 %;gﬁ?i gea Iﬂﬁh&%rﬁp%)%gr&}fg to the

drogen forward attering-s

' prel%ﬁf Rivahtion bRfePelrRagfettt §18kC wgéqﬁ@netﬂtﬁsk At fea80RBiudes,

content, which can bé determ ne

on ﬂ@s@ﬁtm&r@mm@bﬂmoaprot%ﬁ@ layes a@tdeth@ﬂ@llhheatfng%yer
to 12 atom c percent. [0027]. the: prot ective | ayer . used

Thebrbsicating aneefcenduel fprinedrintaprlying thisdulpioan ontmthe protective
car%naceous by pl asma- enhanced cheni cal vapor '
) 'aV%rep §1€thr8FF‘%?H%\(PF is prefgeatly sarkanaceaes.pr ot ecti ve

R%@Jbﬁ%{'@%%V%Cﬁa%&f%r@e%ypngﬁus N

mefﬂol T W ﬁr}%?g?; %E;tﬁbﬁzé S%Ie &V4h 393&@%@5&3}‘4@%@%@1&%8
proleRRE ISRrys ﬁﬁﬁt@r@bdfn% %mgn gi;e(g%rgtam péﬁsﬂ@a\ﬁlé I%Wﬁ&ant

sat ur at'ed hydrocarbon, suc

"~ in acfudrine-edriaming sdlesist, ivhepsts (%tf@lhbﬂcatmmﬁy@ﬂgﬁ@iméd In
| ayer preferably contains IS suitable. for

ordef tg*ﬂfl:whmls lubrieatingllayer t@anmﬂed;saaﬂﬁerehe tlmgmztéchyd lyer, the
i ncl ude -a - Pt magnetic Iayer and a

magrgficdisk maayfa@ eXnoRethigyRie AITROSRRRSE m@mkwmcbafa%@ 3¢ to 150°C
ol B i B e oL 00§ o ng et hod. The

| oagy 'tﬁl% pAdehy ve S, '8hbGubricating layer preferably has a thickness
of 0. 5 to 15 nm. When the thickness thereof is less than.0.5 nm, the
‘ Iubncatlng layer has unsatlsfactory Iubncatmg properties in -spme cases.
When the thickness thereof is more th‘an 1.5 nm, fly stiction 'dc'curs. and/or
-IOad/un!oéd--(LU.L) durability is reduced in some cases. _ |

[0026] Inthe pre_sent invé_ntion, the protective layer may be carbdnaceous-. in

S pai'ticular, the protective layer is preferably amorphous and carbonaceous.

'. This is because the protective layer has high affinity to an-alcohol-modified

perﬂuoropolyether and an appropriate adhesion. The adheéion_.thereof can be
adjusted in such a manner that the protective Iayér is prepared from carbon
hydnde and/or carbon nitride so as to have a desired hydrogen content and/or a

| des:red mtrogen content.




di sk drive. In the case where the magnetic disk is
installed in such a | oad/unload-type nmagnetic disk
drive, problenms such as fly stiction and corrosion _ -
can be prevented even at an extrenmely small flying

hei ght of, for exanmple, 10, amor |ess: The nmagnetic
disk is suitable for use int magnetic disk drive

i ncluding a magneti c head including a negative

pr essyr slider (an NPAB slider). This is because
such Ee%ygmgw%@@%wmwmbe etermingd by thydragendoevard-

or di ha | ybrj t.and_the lubricating | ayer
seqtiariio Spactrnitgh{HidRe & Bieferablytiren a20nthimaareent. The
[ the. ' i sk functions well as a
nitio B St iR Befiiped B Xy pipeledFebpagtioscony
s ' ion wll now be
OFRE T PRTerbly iy 86 RSl BABLLE" 5 Chove a
00U NThie G réf : _ iHeGai fﬁ?ﬂfj'dfﬁi@df
_[ prgsee_rgt Cﬁrﬁt\?gﬁ\t’%%ﬁ%ggn%@?ls gp%figsk 1f0 |nclt8 esé}gnqrphous
andicsibopabstusibyg alplasmaaniegicet ichenidéalvapbasi€position method.
i.ncluding a seed sublayer 2a and a base subl ayer 2b, a
- Inpagtiedar, dhe pradective lagecisriveferakiyusage of avbpiousasasbont,
o d a bricating |ayer 5; these |layers being
hyﬁﬁ@anakﬁ% the H@t%m@ layeysis faineed by the plasmaocehancethe
I jcating layer 5 is prepared. froma | ubricant '
chegtidhl Vios BpoRiih metbBrl el Rlaking R eearb s Breterably
Hescylntion i Preparatj_aon_of .Lubricant)
uschf DGRt (ool B CH Witod T BE Aol pidiaer
gt B € il (AT B
parlidqidambove perfl uorotetraol conpound, available from:
' Sol vay Sol exi s- was sel ected for preparation and then
pur i THesnapyetic layenbraferabiptentainsrCali witich issuitablerrtvgh
articular, a nolecular distillation system having

* densfyfeearing | fremples sihednpanellayenngbidEl A C oRmAINALe

e i S 3 D L SIS bl el Sy e
by a DC magnetron sputtering method. -

' The magnetié_ disk is suitable for use in a load/unioad-type magnetic '
disk drive. In the‘case where the magnetic disk is installed in such a |

. load/unioad-type magneti¢ disk drive, problems s-uCh as fly sticﬁoﬁ éhd
.' ., corrosion can be pre'vénted even at an éxtremely small flying height of, for
example, 10 nmor less. The magnetic disk is suitable fér use‘in a magnetic |
~ disk drive including a magnetic head including a negative pressure slider {(an |
NPAB slider). This is because such a negative pressure slider is liable to
inhale an ordinary Iubri-cént and the Ijubricéting layer readily has high adhesion.
A magnetic disk drive including. the magnetic disk functions well as a

load/unioad-type magnetic disk.




and the pressure in the nolecular distillation system
was then reduced to | x 10-3 Pa with an evacuation
unit. The tenperature of a mantle heater attached to
a distillation colum was ‘set to 180C. Lubricant A
placed in the feed flask maissufficiently degassed
usi ng a vacuum at nosphere in the nol ecul ar
distillation systemin advance such that an inpurity
gas or the like contained in Lubricant A was renoved.
'EKPUGQQ} Resul ting Lubricant A was fed into the
distillation olunn fromthe fe cons
[odasa tpiarepion ot 14 Bespat WveBion Wy bEdestbBd iF AEtale.
dlst{eI ation colum was operated at a predeternlned
nal speed. The 19 tenperature in the

_di st ] I ; Soidi At fithe
mant P8 Z 2 @ rbihel BRI ND sEoldify I iR
ré%é?ﬁ’iﬂ#é?&lbﬁam A at 180C. The obtained |ubricant
ereinafter referred to as Lubricant B) was neasured

f or makesayeatiowisigho indlsdes huliskosubisragei, aaonawEgnetic metal
chromat ography (GPC) usi ng pol ynet hyl net hacryl at es

. layen ingludirff @ seed sublayeuRaande gasessuldlayen %mcgamgnetlc layer 3,

- substances. The measurenent showed.t hat. r| cant '
a mﬂoraacewsg:rwte&tw éay@r AoPBE @ labﬂvﬁtﬂ‘@q'@y?m) 6§e 8%?&55 bging

*aribped arapoyHbRgaR b ook TRy BRI,
o A B B P
_deQH‘EjﬁifJn ieYﬁéd’é}s @R, ecul ar weight (M). The analysis of

ricant by NVR (nucl ear magnetic resonance)

(Pmpaeétr@s@mmbr&;bm/)ed that Lubricant B principally
- contained the perfluorotetraol ~conpound and the

cont Arrooéss foe ppedudingthet labrieant véitl inovtbrl dase it

Lubri cant B. obtai ned as deéscri bed above di sed
n- Femmling: fesaadede RRME) doppinatioVes Eren tRes iRzt A).

avai | abl r.om DuPgn

~ pritaaabegoRaEs e AR RS @f%fﬁ&?%% VR fg

* SISO e 0L G BB TR AR 1 ove

mIELSS dibHRtioRIREMRAS I BHioliaA a ﬁkﬂ@&ﬁérd&sﬁllﬂt@h @%&aﬁ

having substantially the same conf guration as that shown in- Flg 1 was used.
: Lubricant Awas fed into a feed flask included in the molecular distillation system
and the pressure in.the molecular distillation system was thén‘ reduced 10.1 x
103 Pa with an evacuation unit. The témpérat'u-re of a mantle He‘at_ér attached
to a distillation column was set o 180°C.  Lubricant A placed in thé feed flask
was suffi c:ently degassed usmg a vacuum atmosphere in the molecular ‘
;dlstl!iatlon system in advance such that an impurity gas or the like contamed in
Lubricant A was removed. | |
- [0029] Resuilting Lubricant A was fed into the distillation column from the feed
flask at.a constant feed rate. In this operation, a wiper diSposed in the

- distillation column was operated at a predetermined rotational speed. The




[ 0030] (Manufacture of Magnetic Disk) A 2.5-inch

chemcally reinforced glass disk (an outer dianeter of

65 nm an inner dianeter of 20 nm_and a thickness of

0. 635 nm) nmade of aluminosilicate glass was prepared

and then processed into the gisk substrate 1. A

princi pal face of the disk tdbstrate | was

mrror-polished such that Rmax was equal to 4.8 nm

and Ra was equal to 0.43 nm The seed sublayer 2a, the
terppetyngdn dhe distilatiemeolunm, rasgaell ps thejesmparatyveref the mantle

formed nmagnet r on

hegfirwes G ot ARt aE Stiaied TroR LTRECSHAIRL 180 Grer
o ot Shiindd hrdapfingte el Betbined e uiicaRb B B

meacRf 5t ToieBliar e dlHARARGE b3 et ¥fihedtord BB GoRlohy

(GER) gy Mletidfinehi Matativing afftehaft oleulr ifagntlas

standbay slisstrcennt RS mefsufsnent shavesd 8t LuBriEanicR haan
of 20 nole percent, a Pt content of 12 nole percent,

- weighd-aveRageomotadularfweaight (Wwd op 6138 huaheriaverage molecular
thickness of 15 n.m [0031] The protective layer 4 (a
weight {hng 98 4800 ;anthy melgeulsr weightshistibutien afddd- | iThe
SRR SRR Blah TS dhar i sEGRSEe
it S8GPe AP QLG o S S ctadMRlc DB .
Thb Rtef Sl eapEny S LA RO REGREROIELLY

spEdfdeeBpP ¥HEWEE thatlldsiRaARES OIYiPAIRsbnidingl ¥ perfluorotetraol
percent of hydrogen and ei ght atom c percent of:

compound end thid echtent bt tie perfiliaydetraovemsnpalrsbwas 90%.
- fornmed by a dip coating nethod using the _
| ubr biaivane Braliaied giscdaaripgdeaye wat gisepmestingse fluorine-
- cortSRig 85%nAISNEI XF (trade name) available from DuPont-Mitsui
| Fluorochemicals, whereby a: Iubricant_—contai_ning..Coating solutio‘nﬂwas prepared.
The above preparation was performed in a clean room. The
~_ cleanliness of the clean room was better than Japanes'e‘ Industrial Standards
(JIS) B9920 Class 6. . | |
[0030]- (Ménufacture of Magnetic Disk)
| A 2.5-inch chemically reinforced glass -disk (ain outer diameter of 65 mm,
" an inner diameter of 20 mm, and a thiékness'of'0.63.5 mm) made of
aluminosilicate glass'was prepéred and then -.process,ed into thé disk substrate 1.
A principal face of the disk substrate 1 was mirror-polished such that Rmax was
equal to 4.8 nm én‘d Ra was _eQUal'to 0.43 nm. |
The seed sublayer 2a, the base subfayer 2b, and the magnetic layer 3
| were formed on the disk substrate by a DC mégnetron sputtering method in that -

~order. .




After the lubricating | ayer was forned, the magnetic

di sk 10 was heated at 930C for 90 mnutes in a vacuum

oven, whereby the lubricating | ayer was bonded to the

protective layer 4. The lubricating |ayer 5 was

measured with a Fourier transforminfrared

spectrometer (FTIR). The ne4Surenent showed that the

| ubricating layer 5 had a thickness of 1 nm According

to the above rocedure, the magnetic disk of the

pr eséhe seadshblayer Rasvab tmsideeaf a Nbas alioy @bl mteohobﬁo
gnetic Disk) [Lubricating Layer Adhesion Test]

: mOJﬁ)PﬁfG@é'Haﬁﬁ@ﬁle%Q?”&?%‘l@ fsmolmpeseat)iand haka thlckness 5t 30

fI uorine-containing 21 solvent (Vertrel XF descri bed

Mabove) for one mnute. In the inmersion of the

S e 25 ¢ B PE Gr Blter e

- mo?éjpél%eﬁf‘ 483 HoSIRkRDIZY bR E)J?Hé%hg dAY FicReess of 8

vent a strong portion br| cating layer
nmt hat has h| gh adhesion was allowed to remain on the
- protective layer. The magnetic disk was taken out of
t he Tiié megnetic dayera wasgnade veatCaUrPi+Bhaloyfa Goaonient of
and the lubricating |ayer was neasured for thickness

62 male percemtl RCs gostard r@ét’c’@rmoiﬂwrcaﬂi @ Rircartenttafi &m&%
ol i ?eé%%rh%fsbéﬁ‘%d%%wéﬁr 5 R
1004} 8 iibolife e & EhiaSs of 5 eéeso‘?%ﬁwinhous
d.ah@%qg(%fceacgl V%sﬂtﬁ%ﬁﬁ?n&af&rﬁﬁed :?;\bs § rh?%nh'aﬁéf&& &b

‘method. erIﬁ"tMs %’ﬂi&i‘étlori ad Fn»txthife éfhlfﬂtroééﬁ 'aﬁ@ dl%'t)ﬂ@ﬁe '\ﬁhléﬁ was

- nmor |ess when the LUL nethod is uUsed, the
a lovagriumsaturatedeydrabasbonr, easarsedha i&(ﬁdﬁaliﬁls oﬁﬁwlpﬁdtectwe

di sk of this exanple had a bonded ratio of 85%
laygndk dmrdmetn igmembmaitﬁrmggsp_e&yr@met@ooﬁa)g@]omthat the
profapiie SRR RS Mah of GArDa0 YAGHo Y R AdaoRaInRG 13 atomic.
A ST A, 2

t he THRbHER S ByLRY %ag?%s%q‘ﬂ%\ﬁﬁfl e by a dip coating
.méthod using the iubrica'nt—containing coating solution prepared as deé‘cribed
‘-a_bove. | - '
| After the Iubricating layer was formed, the ma‘gnetic‘dis'k 10 was heated
- at130°C for 90 minutes in é vacuum oven, whereby the lubricating layer was

| bdnded to the protective layer 4. ~The lubricating layer 5 was measured with a

L _Fouriertransform infrared spectrometer (FTIR). The measurement showed

ihat the lubricating layer 6 had a thickness of 1 nm. According to the above
' _prOcedL_lre_, the magnetic disk of the present invention was obtained.

_ ) 7_[0‘032] (Evaluation of Magnetic Disk)

 [Lubricating Layer Adhesion Tesf]

The obtained magnetic disk was immersed in the fluorine-containing




[LUL Durability Test] In order to investigate the LUL
(l oad/ unl oad) durability of the obtained mnmagnetic
di sk 10, the magnetic disk 10 was subjected to an LUL
durability test. An LUL-type HDD (hard disk drive)
(rotatable at 5400 rpm was prepared. A 10-nm
flying-hei ght magnetic heac?ﬁnd the magnetic di sk of
this exanple were installed in the HDD. The nagnetic
di sk included an NPAB slider and a nagnetoresistive
 solveptr (vVertes NG desonived 4iGMR)dbroman)inuta. s i m&um@efamnf the
was made of Fe-Ni permalloy. The foll ovm ng_ numnbe V\@
magaoetic disk in doa fluatinersoniainiog selyenbra wask pepia hﬁ lubricating

great nunber of tinmes in connection 22 with t
Iaygu_hqt Vs lowadhegsion Wﬁ% @@Qﬁ ilg the- a;{o%ﬁggﬁgﬂg@ solvent but

a skiags Horon B beatibicatind eV thak his Hidthadesioh ik ied to
rerpgl NS AN L TRE AT AS wab taken oliftle

Pﬁ)ﬂq fRERAMIA dtdk IBRSatimadayer was

ﬂuérnﬁ nary co g?i;viggtn%tsae%gggs four hundred thoﬁlggn%l

medenaRl fot Bickmesakitlc adiSHR@pachometaranihe dio di¢he thickness

.. evaluated to be reliable. No fly stiction occurred in
of theytrdatsd tibridbing |ayes todlymthicknesead the untfagiﬁdt lubrieatisi layer

. subjected tothe LUL durability test ' .

is refereast fope adubricatisgdayenadhesioy Eﬂ&lpu (eametw i%%*é@e patigng An

i B IO o S T B e o

oA e A TR BB M, s e
flyi %E(elg%?fg 1%‘&1@‘& BPless e\/@%ﬁihe( @Em@tﬁo@)s uébd hhé b@ﬁé&@'r@ho is.

rrcant scrib ove was purified by nolecul ar

prefirab i drobictinan 5096 Themmyoeti dik ithis exapeplathadea bbnded
t he stillation columm nmantle heater was set to

ratid@¥@5% | ubri cant was prepared in this exanple in
- substantially. the sane manner as that described in

_ tM@mmgnnoék@@matmeLayeéﬁﬁ%péﬁgﬁ]e of the distillation

col LLPne rcrg@etzrlage%?%g 5ubr|ca g gy%r r\b%ds éel{ermnneﬁtm such a manner
that the average _thl_ckness of the lubricating layer was measured by X-ray

photoelectron spectroscopy. In the magnetic disk of this example, the

- lubricating layer had a coverage of 95%.

{LUL Durability Test] .
'In order to investigate the LUL (load/unload) durability of the obtained

‘ mag’netic disk 10, the maghetic disk -10.was subjected to an LUL durability test.
| An LUL—typé HDD (hard disk drive) {rotatable at 5400 rprh) was
| prépared. A 10-nm flying-height mégnetic-head and the magnetic disk of this

_.'example were installed in the HDD. The magnetic disk included an NPAB
' srlide-r and a magnetoresistive reproducing element (GMR element). A shield
~section was made of ‘Fe-Ni permalloy. The followihg number was counted:

o continuous LUL operation was repeated a great number of times in connection




had a wei ght -average nol ecul ar wei ght (Mv) of 6900, a
nunber - average nolecul ar wei ght (Mh) of 6000, and a
nol ecul ar wei ght distribution of 1.15. The anal ysis of
the lubricant by NVR showed that the | ubricant
principally contained the perfluorotetraol conpound
and the content thereof waf222% Magnetic di sks were
prepared using the lubricant in substantially the same
manner as that described in Exanple 1. The obtai ned
withrtgneULaygé HSD umgil theevwaghéfiediskwas shagédal |y the
sane manner as that .described in Exanple 1. The
{0088k Astd msuithihsamaghetic disk ofdlgs ediamplk sles didel taehduddtie
ratio of 84%and the lubricant had a coverage. of 95% .-
LUtrpperation rioe dbndradthogsand tigresovitirauidieingdamaged: hl is
etic disks of this.exanple were able to endure the

knﬂwaft?laé Hdrkes BROW; (B YeaRthal the,pUTWeA of fimes the Ll aperation
1o PR MDA DS oo RS Sl e
thogkdi| Moot 40 it S8 o D LRORF L R B e

relidiet were investigated in detail with an optical
m croscope and an el ectron mcroscope. The
i nveNd flg stiction sbauwes inhaty tebted MR i ¢ heads and 't he

magneti c di sks had no danmages or corroded portions.
Fur tTiher magoetic head iandesagngatic disk shbjseted todhe Ll durability
magneti ¢ heads had no | ubricant stains. [0035]
testvsrgripvestigated in detail withnan eptical spiccaseopa apdsit elsetion
. above was. purified.b | e r...distillatipn in such
- micf3gtRger Thdhiesiana sBPuel thiline adusta feacand e
_ ntl e 1 1.0.170C. L i.capt. was
ma T A RAGE ot a8S bAUHRRC, e
inveBBA66N 8RowBa thAlaRe ARkt hdatPhad ﬁolutﬁa&% E’Ftatirlila‘? -
tenperature of the distillation colum nmantle heater.
[003je (Blxtmipted) | ubri cant had a wei ght - average nol ecular
wei ght (Ma) of 4800, a number-average nolecul ar :
wei g'hthiQ prampfe, 4 L@dicanidl dasenliestalbeve was ghtified by molecular
- ,ﬂi strjbution of 1.15. The analysis_ of the | ubricant
distifigtiopr srdue anier thatdhe dempeeatiiresef theidisillagion column
i‘narﬁl%megq'#le ?vﬁtg ggbfoeé\géﬂg% Fufgrr%glnt %%%?gé‘éjreé ?19 tl%ig %xample in
“substantially the same manner as that described in Example 1 except the
: -temperature of the dis‘tillatioh column mantle heater.. The obt.ained [ubricant
. hada wéight—average molecular weight (Mw) of 6900, a number-avefage
molecular weight (Mn) of 6000, and a molecular weight distribution of 1.15.
“The analysis of the lubricant by NMR showed tﬁa't the lubricant principally
contained the perfiuorotetraol corhpound and the content thereof was 92%.
Magnetic disks were prepared ufsing the lubricént in substantially the
-same manner as that described in Example 1. The 6btained- magnetic disks
were evaluated in substantially the same manner as that described in Example
1. The evaldation showed that the magnetic disks had a bended ratio of 84%

‘and the lubricant had a coverage of 95%. The LUL durability test thereof




magneti c di sk was prepared using the lubricant in
substantially the sane manner as that described in
Exanpl e 1. The obtai ned nagnetic di sk was eval uat ed
in substantially the same manner as that described in
Exanpl e 1. The eval uation showed that the magnetic

di sk had a bonded ratio of %% and the |ubricant had
a coverage of 92% The LUL durability test showed that
the magnetic disk of this exanple was able to endure

shdveed kAt the exdriedic didkacof thisnsizpeblt vsteaitte td 8RGuraithe QUL
bei ng damaged. Therefore, the. nmagnetic disk of this
- operadiop Inine hundreddhalisartdiimes withoué bemg damaded. 00Rtdrefore,
- (Exanple 4) In this exanple, Lubricant A described
theanageevdeSIssmf thiz exappleotat be evaltiaded td be refiabley such a

-manner that the tenperature of the distillation-colum
mantﬁ@ féfe%'?ﬁ?“ﬂﬁ%”@ inany tested f0RBr i cant was

repared jin this e le in,. substantially th e
 hanndpotetc hepisabd b utondtie Bk bjedse b inef1F Shrabitty
test FERERNlarel i BB phSpla AR & BREE.
i N e o SRR A O RABncTh RS Hid the
- magdnstic disks had ref ddmages off berredéd psitone!  Fhhbthéies 88
T by NVR showed that the |ubricant principally

- invesfigaion showed that theuoagnetio beddscbag aorebriozt stains.
: content thereof was 86% A magnetic di sk was prepared
- [0088) nFxamapledr i cant in substantially the same manner

as that. d i,bed .i le 1. T} bt ai ne, netjc
G SR s SE0S druenht Acscarid abpyS vre Ruafed B Hplecular
N ' Do T i q
 distfRtbR AT S th e el AR Defae v B o B0 B BoliRY”
5 a0 It 1 0 . . . P
malhengus st tod7e o Alaepl e e grampe i
substemtipliy tivesarab Ineanreeresdibaedés@ibedlin @hensile dnexvepe the
hundred thousand tinmes w thout being damaged.
tempeatyroobihetdigillatign eplumnlimaotledieatai s Theatidioed dubdieant

eval uated to be reliable. [0037] Cor&ar ative exanpl es
had g Weidhi@VeEarRleaal Weigbbibhe} pE4B0GIa number-average

 mol8SATPWeRint (Mn) of 4180, and a molecutar weight distribution of 1.15.
l-The analysis of the lubricant by NMR showed that the lubricant principally
o 'c0ntained the per_ﬂubrqtet“r'aol compound-andthe dontent.the.reof was 956%. A
“'magnetic disk was prepared using the Iubriéanf m substantially the same
“manner as that described in Example 1. The obtained magnetic disk was
evaluated in substantially the same manner as that described in Exampl;er 1.
: The'evaluatio_n showed that the magnetic disk had a bonded ratio of 85% and
“the lubricant had a coVerage 0f 92%. The LUL dura_bility 'tést'showed that the
magnetic disk of this exampié was able to endure the LUL operation nine
hUndre_d_ thousand times without being .dalﬁaged_. Therefore, the magnetic disk

of this example can be evaluated to be reliable,




(Conparative Exanple 1) In this. conparative exanpl e,
Lubri cant A described above was purified by
supercritical .extraction. That is, Lubricant A was
purified with a supercritical fluid extraction system
i ncluding a supercritical 3! Jid feeder, a tenperature
adj uster, and a pressure adjuster. A nobile phase in
supercritical extraction was a carbon dioxide el uent.
Carbon di oxi de can be rendered supercritical in such a
[0C3&hn&EX3AB Dar bon di oxide is maintained at a pressure

‘Soodh Sarneol et A Bl SR i mplgovtr

sl Supl ' Pefipe it Be I AR E i Bsflton column
-mafnﬂé HebRY& set@b 160eC! | %ﬂubh%tﬁ?mﬁa\“@é in thlS e>|(ample in

racti onated on the basis o ion tine

suB&arﬁﬁhllFmﬁe bafRdhahAecas thdtakistabed eExaapleitekeast the
nmol ecul ar” wei ghts were obtained. In this conparative

temperapire of thendistiltation/calamnmoanite besteed. Tig obteined iubdcant
~lubricant had a wei ght-average nol ecul ar wei ght (M)
haga waisb,bzveaam msﬂ,erlstga'ewsmt &&Mﬁ&ﬁ MaP0waingmberaverage

- 560 [ [ [
| mo:ﬁ%?aaw?ﬁgggﬁ ahgrorcabed api %f%ﬁieoyiﬂrtfm@é‘tfﬂio Ctindior T

- o BRB SR 6 BB Y PR DB AR RO B R
o corﬂé@é? tH‘% Pg[ff?fo?@%frﬁgl S5thBuhd Snd YRS bﬁﬁl{éﬁt ’tlﬂareofbwgs 86%. A

sane nanner as { descr
mafefiPigk J«asT;n@ aRicPiSIRg tRBUNRIchAt 7 SlBStarsRAI the same
eval uated: in substantlally the sane manner as t hat

‘mafescas thed describeahipl ExaripleThe Evabbtineashmegoetid didgkavas
t he magnetic di sks had a bonded ratio of 80% and the

 evaluafed @aﬁubﬁaatl@llydbeaemﬁmnw% thahdﬁsmbgdém Fxagpiad.
. were suybjected subst
Theyavalyation yrivded tiad tog Hreqnedierdisblad A hotaieg @tie of 82ppand

el %‘%zh’gﬁ%ﬁ%s&g?‘gne?&%a@g@ Sty e showegt pat the
maglfuq tid digglo{ ans E%@?R—} Was SRPeAeatlbne EU?;“(%S’%O flon nine

: ousan strction occurred in tested

" hurideb s thd&aﬂatﬂm‘emmutamng daniReaet Mheféfoke &Hb]n%‘grﬁilc disk
to the LUL durability
~of this exampie can be evaluated fo be reliable.

[0037] Comparatlve-exampk_es wﬂl _now be described in compariSOd_ with the -

above examples. -
| (Comparative Example 1) |
| In this comparative example, Lubricant A described above was pt:l'rfﬁed'
by supercritical extraction. That is, Lubricant A was purified with a éi_zpe’rcritical

- fluid extraction system including a supercritical fluid feeder, a temperature

o adjuster, and a pressure adjuster. A mobile phase in supercritical extraction

| .was a carbon dioxide eluent. Carbon dioxide can be rendeted supercitical in
'such'a manner that carbori dioxide is maintained ata pressure'of 80 vto: 350

--kgf/c:m2 and a temperature of 35°C to 300°C. The efutien of a lubricant from a



test were investigated. The investigation showed that
the magneti c heads and the magnetic di sks had
scratches due to head crush. Furthernore, the
i nvestigati on showed that NPAB pocket sections

. and/ or ABS faces of the magnetic heads were stained
with the lubricant. [0038]28 Conparative Exanple 2) In
this conparative exanple, Lubricant A described above
was not purified or degassed. Lubricant A had a

| col%ﬁirﬂnés AYSHIREE Wﬁhe&Pbéﬁer"@é 6rnz ﬁr?ﬁ@re&fsgégf?@me?er FTIR),

nber - aver age nol ecul ar wel gnt

an ﬁmeﬁﬁmé@ébsmpﬂdsﬁ spésitdrnbtdr] amnthefiiké. 3Eubffém1tmb§$ﬂa%tl©rﬁated
the lubricant by NWVR showed that the |ubricant

on five basip af retention dimeeghiid beppgrbniboreticheacs, frmbipos having
and the content thereof was 79% Magnetic di sks were

g deq;lmﬂdapmulﬁf iwgjghiseweigpbtained. i In this seaparativeyexaiaple,

sane nanner ﬁ‘i@that described in Exanple 1. The

Lu‘%’ﬁﬁé’?ﬁé’tﬂaﬁ'r?l gassgfsks were eval ﬁat eg in
Ex ?r{a@%%f%mgﬁn@%@saﬁﬁiqf S ER e mTREIRET R vw) of
tﬂﬁgr—gvc%%@gﬁqo[?@hla? wligHtg I{ '6?5%68 LEdY r‘é@l‘%tcymd

a 'Coverage o |sks were' s

wetgﬁt aiét}ﬁi hlcﬁ' 1311 h?hé %ﬁﬁlybléLonHé Adddany bgWRas‘th@i that-

escrib Exanple 1. The test showed that the

 thenmgricetnit @ndc@bﬂy ebntdinianl thengefladiotetrsol aopipounerand the
- damaged due to head crush after LUL operation was -

corﬁ@’pidhemfm $hfddred thousand tinmes. Fly stiction
occurred in 50% of tested HDDs. Table 1 sunmmarizes the

| res UWagnedic digks w&gﬁmaaradwgem luareantim, sum%@'ysthﬁ

sane% P arTiey 26 BRI E ErerTle Je | e CRIBE ARl fighs
AR B b e S

1. eﬂﬂé@{rﬁﬁaﬂ@ﬂ shQ@é@khéﬁﬁ@'rﬁa&det@ disks had a bonded ratio of 80%

and the lubricant had a coverage of 92%. . The magnetic disks were subjected

to substantially the same LUL dUrability'-fest-as that described in Examjple 1.

lT'he test showed that the magnetic disks of this comparative example were

damaged due to head cr’uéh after LUL operation was repeated three hundred

- ‘ tho@sand times. Fly stiction occ,u_rred‘in 40% of tested HDDs. |

| Magnetic heads and the magﬁeﬁc’ disk subjected to the LUL durability

test were investigated. The inv’estigation showed that the magnetic heads and |

“the magnetic disks had scratches due to head crush. Furthermore, the |

investigation showed that NPAB pocket sections and/or ABS faces of the

rhagnetic heads were stained with the lubricant.

~ j0038] (Comparative Example 2) -

In this comparative example, Lubricant A described above was not
purified or degassed. Lubricant A had a weight-average molecular weight

. _(Mw) of 6000, a number-average molecular weight (Mn) of 4510, and a
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molecular wéight distribution of 1.33. The analysis of the lubricant by NMR
showed that the lubricant principally contained the perfluorotetracl compound
and the content thereof was 79%.

| Magnetic disks were prepared using the lubricant in substantially the
same manner as thaf described in Example 1. The obtained magnetic disks
“were evaluated in substantially the same manner as that described in Example
1. The evaluation showed that the magnetic disks had a bonded ratio of 78%
and the lubricant had a coverage of 90%. The magnetic disks were subjected
- to substantially _the same LUL dUrébiIity. test as that deécribed in Example 1.
The test showed that the magnetic disks of this comparative example were
da-maged'due to head crush'aftef LUL opération was repeated two hundred
thousand times. Fly stiction occurred in 50% of tested HDDs. _
A Table 1 summarizes the results of the magnetic disks evaluated in
jExar_nples 1to4 and Comparativé'Examples 1and 2. Fig. 3 shows the
relationship between the weight-average molecular weight and molécufar
_ weight giistribution of the Iubricaht_s used in the examples and the comparative

examples.
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the lubricants of the exanples are effective in
preventing the occurrence of fly stiction at an
extrenely small flying height of 10 nmwhen the LUL
met hod is used and al so sho¥® that the magnetic disks
of the exanples are superior in LUL durability and
suitable for the LUL nmethod. In contrast, the
| ubr Tatdetlsshaiwg that éhealubrieantisafribe examrpl@ ateyeffactive i
- the_. occurrence of fly stiction and the magnetic disks
pr%enhmt%ﬁwmnwféwmles at anexinefmaly emalirﬂymhe:ght of 10

dur abj and_are therefore unsui tabl e for practic
St Wil RSO d HERH S8 Gl Bhaws gk the magnedic dlsks of the

ol RSB ST BT EPESBio
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ating laye

producing a lubricant used to forna |ubri
aredmfesior imelgldEducalsiiitylandt dve tivetdford wRstitabl 108 pPacticaPusé.

degassi ng. a crude | ubricant '
The same treatment and evaluation as those’ described in the examples
‘were performed except that a perfluoropolyether lubricant containing a diol
having a terminal group with a diol structure was used. As a result,

advantages of the present invention were obtained.




-containing at | east one perfluoropol yether and a step
of purifying the resulting crude lubricant. [2] A
nmet hod for producing a. lubricant used to forma
| ubricating. layer on a magnetic disk, the nethod

conprising a step of purlfxgpg a Iqu|d crude

| ubricant containing at St one perfl uoropol yet her

by vaporizing the crude lubricant and then Iiquefying
t he vapor of the perfluoropolyether within a distance

| ess than the nean free(ﬂ%ﬁ| &f nol ecul es of the

L
malffIEAE R e ﬁéfﬁﬁﬁﬂﬁéﬁ%@?’&ﬁ?hgggﬂﬁ%f%&ﬁkr"‘%f“’%“f-
corﬁ%iﬁ?%ﬁﬁe@? 6@?&@%&@@9%9% QiS5 SR paAFyING theGresulting

- ormul a
ci‘uU@l@‘}?ce@ﬂ- CHzO0-Ci i 2- CF2(-0-02FOp- (O CF2)g-O0* H

. *-CF2-CH -O-CHa-CH CHf OH OH wherein p and g represent

[2] n# methodchinmpesdijcing i ldbricant usedto famod hasricabingtitnger on a

met hod_according to any one of Clains 1 to 4, having

. magnelis disk, thegnetied casmpisinga step g putfyinghadiquidecrade dubricant
_ and. a npl ecul ar ht dlsrlbutlon of 1 to
= CO”WB'WQﬂr ?@%"%@%‘%Pgm@ !ﬁi e By wamorizip@ the q;,ruplﬁéubl[ic;nt a’?d

 thefi ALERIng fne MhariRF i HOIRBPAAREr riglS olsRidTRes s
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magne conpri sing at ast "a’magnetic layer, a

[3] PTRESREGE dRBRling t& Clhifh 1 WpDi %btélﬁ thaparifyaiy é’tep is
" substrate, wherein the lubricating layer i$s formed by

per@dmedplinderyathem edardittast produced on the protective
| ayer by the method according to any one of Cains 1

- {4] t dha reethiod ageprdingéo ang onatefi(daims hie arwhﬁgein theubrigast
The magnetic di sk accordin o Caim?7,

confgips ot IfathanaegMELEddPRIeseied bythe o owtng formula:
cin |

"HO- GHQ CH-CHz-O-CHy CF2(~0-C‘4»F4)p (0 -CEg-0*
OH *—cm—cm&cmcrmm -OH
QH

[wherein p and q represent natural numbers]

[5] * Alubricant, produced ‘by the methodr according to any one of Claims 1 to 4,
-. -having, a weight-average molecular weight ‘of 4000 to 8000 and a molecular

~ weight distribution of 1 to 1.3. '

: [6]' The jubricant aécording to Claim 5, wherein the content of the
' perﬂuc)r_qpolyether in the lubricant is greater than 85%, when the content is

. measured by nuclear magnetic resonance_spectroscbpy.,

[7] Amagnetic disk comprising at least a magnetic layer, a protective layer,

- and a lubricating layer on a substrate, wherein the lubricating layer is formed by -



 apphdesihe H@ﬂpanbwd@ﬁ@d on tbﬁawﬁ*@c

installed in a | oad/ unl oad-type magnetic disk drive.
[9] A nmethod for manufacturing a magnetic disk,
conprising a step of formng a magnetic |layer, a

car bonaceous protective layer, and a lubricating |ayer
on a substrate in that orgﬁf, wherein the
carbonaceous protective la is formed by a

pl asma- enhanced CVD nethod and the |ubricating Iayer

is formed using the lubricant produced by the t ho
qu: lzyer by t%/% getho accordmg

Iubrlc accqr toCI r,o. r
ISPNGIEATES &G4 by arebitd terlubiiagt acherdira b RS or

|nstalled in a Ioad/unload type magnetic di sk drive.

[11] A lubricant, used to forma |ubricating |ayer on a

”‘FHB%&@&icsdisk ﬁ&?ﬁr%gilﬁgﬁgclg?m ft{)ﬂe‘r‘@ih%@ {ﬁ@ér{&fc cﬂ%lgigr

ol ecu ution o

instbRSEin aﬂda%i/uﬂ' iB8d b heypletiB &isk @viveg to C aim 11,
wherei n the wei ght-average nolecul ar wei ght t her eof

[9] i A Méladtfor 8@00fadidiflg ameagntic disktcorumrizing agstep offomming
11 or 12, further containing a conmpound that has a
a mpgneéticByend qa;bbeacm prafective lnyel aryg e Iybocafingolayedon a
. thereto, ﬁl’.@’ A magnetic dj sk conp rISIqS;? a Iubrlrcqatlngn
subpisaie infthaterdes whersin thecarbgnacrous pretesfive fayar is farmgsby
d t th '
a piBS TS asbe P fisthod A e BeaMedftef fodhed ughgine
oy bR AESREAEEBAEY 190 o SRS ] 60 dne

|ubrkfé@,t BBES ot Bl i55or é.nst al | ed i-n a magnetic disk
drive including a magnetic head including a negative

| | ,[1'0]pr Biss preceskiadeording to Claim 9, wherein the magnetic disk is installed

6.

in a load/unload-type magnetic disk drive.

[1';I] Alubricant, used to form a lubricating layer on a magnetic disk, containing
a perfiuoropolyether and having a molecular weight'dis'tribt_xtion-0'1c 1to1.3or
less. - | |
[12] The lubricant according to Claim 11, wherein the weig-htfa\ierag_e
molecular weight thereof is 4000 to 8000. | 7
Ry 3]- The tubricant éccording to Claim 11 or 12, fuﬁher containing a compound
- ihat has.‘é perﬂuoropoiyethe.r c_:hain and a hydroxyl group bonded t'hereto.‘ '
[14] A magnetic disk comprising a lubricating Iéyer‘f.or_med' on a surface by the
‘use of fhe_ lubricant produce_d by the method according to any one of Claims 1
to 4 or the lubricant according to Claim 5 or 6 or the lubricant according to any

- one of Claim 11 to 13.
- [15] The magnetic' disk according to Claim 14, wherein _-tll1e magnetic disk is
:instaHed in a magnetic disk drive including a magnetic head including a negative

pressure slider,




