ce3e$$}L:I6Tefi wY A net finmi Ng | ubri cant for use o
magneti c recordi ng nedi um Teglmgm“mmmmmnm of the invention 5 Theﬂmm%ﬂﬂ“mm““
invention relates to a nethod tor_retfining lubricant for use on

recording medium to lubricant th P*'s refined by the nethod, and a *159159
magneti c recording medi umthat uses the lubricant. 1o Background of the
invention A recording nediumis commonly used in. a fixed magnetic

recor di ng Arel tHo dl ot pefitfing A Fich@ftofod (e Wawﬁn@tiem% 'ingSUCh a
fixed magnetic recordi ng nmedi um device conprises a driving nmechanfsmfor a
magnetic pecanding medium a driving nechanism 15 for a magnetic head, a

st oppi ng nechani'smfor a nagnetic head, a data transfer and control

mechani sm and one or nore magnetic recordi ng nedia nounted on the devi ce.
Significant tendencies in the devel opnent of the fixed magnetic recording
mediumin recent years are high recording density, |large capacity, and high
dat a tran%@hmoaiﬁmdd.oﬁﬁlamm\rEmnonal fi xed magnetic recording nedi um
device, a nmagnetic head floats when the magnetic recording nmediumis

rotatimg, andTheepregsnet iavaaribn velatds toid métlod dor Q‘@firﬁfn%]h?bﬂicant
magneti c recordi ng nmedi um when a driving notor for rotating the nedi um

stops. Thy ret i i ; $erml t.gﬁl:j rt{jﬂiﬁ

schene, aﬁ% P’ggc@nﬁagm%gﬁgg% #%Cdﬁl}??gp?er ecord;ﬁﬁél ev?%{gfil erqgtiéeﬁ%gnetic
recordi ngymedi um bggi ks t o rotate and stops-in 5 this hene, the head
Slides anbdr s MEtiodnand primagnatie peenkding medlul Hhal Vaes dhe 1o
protect the nagnetic layer fromthis friction, a protective |ayer is

| ami nat ed lét'l'%chla‘éﬁi-rrprove surface |ubrication performance, a |ubricating
filmis |amnated. 1o Rotating speed of a nediumis increasing from about

5,400 rpm (revolutions per mnute) to the range between 7,200 to 15, 000
rpom recently. As a result, a spin mgration phenonenon i s grow ng

si gni {0 caBdckgroun@igfitidéntehticrant on the nmedi um surface noves towards
outer periphery due to centrifugal force and scatters. 15 Thi ckness

mar at; on causpte S HHER modhifi FoRHREAY, Goa 18 A 1B BTG, os 1 e
the I ubr i CaFPTHE SReALTRNHERAEE G et PepTEing AR Aby R Rar of
order o Suish sXeHATIAET P GrAROTSAR B MG LU (ICeT GOS0 God BREy
formed with uniformthickness and with stability on the surface of the
pr ot ect i venéelianismnforhagn agiheticweresdingdnediong, a driving mechanism
15 for a magnetic head, a stopping mechanism for a magnetic head, a

data transfer and control mechanism, and one or more magnetic

recording media mounted on the device. Significant tendencies in the

development of the fixed magnetic recording medium in recent years

are high recording density, large capacity, and high data transfer

20 speed.

In a conventional fixed magnetic recording medium device, a
magnetic head floats when the magnetic recording medium is

rotating, and the magnetic head contacts with the surface of the



2 bondi ng between the lubricant filmand the protective |ayer are
inportant. The evaporation of the lubricant is also prevented by
enhancenent . of the adhesi veness and bondi ng strength. To enhance the

adhesi veness and bondi ng strength, a perfluoropol yether 5 |ubricant having
an end group of hydroxyl group or piperonyl group is used. The exanpl es of
such lubricant are "Fonblin Z DOL" and "AMB001", which are commercially
avail abl e rhpofiebie reRoiding ﬁqedﬁQﬁYWhéﬁ%ﬂri‘bﬁ%n%tdﬂ”'ﬁ)lp%féﬁiﬁgoﬂ% yet her

| ubricant used at present has a nunber average ' ecul ar wei ght in

range bet -1 . . l; I ' j

bt cati nacasiy SEERE. THis RedPdridn sbHRnIRsSEAIR OSY, (antd skt
wei ght is too hi ?, dhesion tens to ocgur. wever, these Igfric&nts
det eri or af A gbaB! seheme, aRd 156 Vi dsedan slsyalrecaratingsdepice | n
the range between 7,200 to 15,000 rpm although the adhesiveness 15 and
bondi ng stWhen thefmagnetiomecandingemedougn beginseto votatengnshetapsinabout
5,400 rpmthat is enployed at present. Accordingly, developnent is being
made for tthes weherel thevhewd alides aimhaubgrwith thehswifaeegofptherity that

is introduced into a 20 perfluoropolyether lubricant in order to enhance

Puni 1 cat | Cho et Ry Bging REARIR, T BROBREL TR S ghtlt 147 5E Trom this

i ntroductign.,of _an am.,ne,end;group significantl nhances_bondi strength.
Synt hesi s hictitiRed BIREESHI1ABAT e damiinafedy and i Boproveairtate s

| ong tine . and,dedi cat ed, equi pnent, i.ch aroyses .apprehension for increased
cost for elu%é‘mﬁtd@i]up@?f%‘mﬁﬁ'&ﬁeﬁ HEtRS 1%dﬁaamllé@'$ﬂ(ﬁesi s these
materials in the own firm 5 Commercially available lubricant "Fonblin Z
tetraol” from Ausi mont K. K., Tokyo, Japan is a perfluoropol yether having a
nol ecul ar structure in which two hydroxyl groups are introduced at each of

the baph ends Rdttinghspeadiofi$ meddinris iacrdasitlg firomDiboutB2400epm

vi ewpoi nt of the adhesiveness and bonding strength with the 10 protective

| ayer. Th [ j j I Sh | has a
st uct ur 6 TaaPuyieh plv HARICAG TbAdnBe AN th TRZ00PLS 1500 B> e
i ncl udi ng _onl ne dr oxylq,group. at_the end oup_is_nothing but the
struct ur o 1oeeelpe AN 9 Fgile SriBid it BRBSHRNBR R EEa¥hermonent
causes deterioration of 15 adhesi veness and bogdi ng strength fromthe
expect ed pagnatigantly, mwhichbheilubricanhon hhe mediupa istuiace auoves
corrosion on a magnetic recording nedium The ionic inpurities induce

di ssol uti dowérdsaiterysexiphery dagnts centrifagal Toece ehad schttersact as a
catal yst 20 and di ssol ve perfluoropol yether |ubricant nol ecul es. Therefore,

the iqgi ¢ Thivkhés@ineréad® ofe¢hel Ium;iehm 1#thé Peripheyalyepdsa PhE to the

However, since the lubricant inevitably contains ionic inpurities that are
onic | mpui) BURESkoR (RIS, 8 pllfAchE cr SOtRRg: ) TIie? BReetlet roldtion, .
o o e B BT DL Y A s A LA AR T
2bout_80C GvaDEDAtinR of the Sklmacant drsteaseRUdEkneseatut e JubaLRG hi gh
adhesi veness and strong bonding with a protective |ayer. The net hods

di scl osed whidhpaagsealsewenraf te protéctiveckyem Auheadatrash oay H11 10
172268 and 2001-6155 are insufficient in view of required tinme and costs.

I n addigt i g Eeppﬁi ktherwpeky ehdgr | ubricant contains remaining ions that
are used in P e synthesis process of the perfluoropol yether.
In order to suppress the spin migration, the lubricant film is
necessarily formed with uniform thickness and with stability on the

surface of the protective layer, and high adhesiveness and strong



15 The ionic inmpurities nust be rempved before coating on a magnetic
recordi ng medium Accordingly, an object of the present inventionis to
provi de a method- for refining a perfluoropolyether |ubricant that has high
20 adhesi veness and strong bonding with a protective layer, in order to
provi de a magnetic recordi ng nediumthat exhibits excellent |ubricating
performance and long termstability even under high rotating speed and hi gh

tenper at ullrrhifig bRTRerd thbllabTaennt ifilmasad thuwpBtictive dagermi | xed

magneti c recording device. 5 Anot her object of the present”invention is

to provid Ica ' ' i [ e ndi ng
Lo, Br v A piphHET BSpoTadioe U aHPRANEEIR BT RRO 1P
el oy sSuHianPeReRG T thieadBe it AL Bpndng AtrRa Bt s oaehBance
the invention is a nmethod for refining a 10 |ubricant that contains at

| east two thepadhesivenpssaaxd bandingistrength, agenflugropolyetieirod
conprises steps of putting the lubricant into a pressure vessel in which

pressuge dubricantihriving anceadtgrus oftleydroeygponprowvpiygeFdey L gipaprid

wi th weaker polarity dissolved in an extracting nmedium of supercritical

carbon 15 Li’ééli(: fﬁﬁ l?‘:ldg?ng'réé of %Jdl?!‘ﬁﬁﬂi@én@af@e‘@d‘dhﬁﬁﬂ APOLr the

pressure vesse specified tenperature and pressure and one of the
two steps« el | he t e nd . di | yed in.the extracti ng
medi um ¢ naEMEATY G whileh s RO b RIRANNV S1EDE: YemAd i SRt TR S,

t he speci fj pressure d at ,a.tenpefature Lower 2 han the specjfied

t enper at urrgofaﬂ)iﬁd %eﬁﬁ@gﬂﬁéwgéﬁw éﬁm%iufwmnmuﬁﬁ aktracting
mediumthat is flow ng through the pressure vessel held under a state at
the speci fpraserdnhasa mumbed average ensle@ilargweighban the rapge betsteen
pressure. Preferably, the specified tenperature is in the range from31 C

to 10Q0C an@0thand 105000 Tfeherntsleeidal swelplitds teddew, leibricdtiga to 30
MPa. More preferably, the specified tenperature is in the range from40 C

to 100 C I : i i lar 83 at
50 C and RENPLIBARLE AN heodt RAiSTCENALERLS RO BIERMIAE wRIflS
the state at 89 a 15 MPa, and the. r verin tep {.S.condycted under a
state a g0 Bl A9heiniRns b oeltx! FRNEvEY e MBFRARE Vi g

ability to ., the state at 6Q.C and 20 MPa. Advantageously, .the nethod of the
Thventi on defayiorate dlgtaiphéy toothe rmnnrgngéatmg ptdhe hgﬁé’@t%m spesgl
formula (2) and the step of recovering the |ubricant A represented by
forml a (4ip theangsmbetwden A2A0(to) 15,000 rpm, although the adhesiveness

HO- CH2- CH( OH) - CH2- O- CH2- CFZ- ( O- C2F4) p- (O CF2) g- O- CF2- CH2- OCH2- CH( OH) - CH2- OH
15 lusi cagmhdBboh@inglstréBgth 4P th&lubricdnit G2E4ndeskrd) th&retatiiiz- OH,

where p and g are positive integers. The second aspect of the present

where p and g are p | f the present
ot ined by el EASEED, 100 145R (it RrTpRIRA RL SRAAMD, Thes e

renmoved fromthe lubricant and the lubricant is sorted based on end group
structure of the perfluoropol yether nolecule of the lubricant. The

lubricant is preferably a m xture of the |.ubricant havi ng a nol ecul. ar
structure 7 sweiﬁwglyd ﬂvqﬁﬁgm%nﬁﬂs qing mrde g D Menrio) RAVing
nol ecul ar structure represented by the formula (2). The | ubricant

pr ef er abl ya ifncictimsa Bgraupnwatl strohgopolaamty thatasrmtrodpeedeimtonat h
respect to nolar anount of the mixture of A and B. 5 The third aspect of
the prasenperfluefbpolyéthér Mabrriam hreoeddirtd shliaBeuat hasivieness iart

| ubri cant ‘as descri bed above.
bonding. Japanese Unexamined Patent Application Publication Nos.
H11-172268 and 2001-6155, for example, disclose that introduction of
an amine end group significantly enhances bonding strength.

Synthesis of these end-group-modified materials, however, requires



Aspects of enbodiments of the invention to The present invention wll be
described in detail in the following. The first aspect of the invention is
a nmethod for refining a lubricant that contains at |east a conpound havi ng
two hydroxyl groups in each of the two end groups of the l|ubricant nol ecule
and a 15 conmpound havi ng one hydroxyl group in each of the two end groups
of the lubricant nolecule. The nethod of the first aspect obtains a target

| ubri cant 1oMgstinié 2thd dedidhtéd djuiprhest! erhivds ﬁ@oﬁ@e@(ﬂ@féﬂeﬁéidﬁﬁoﬁnd

groups. The net hod uses an extracting fluid of the supercritical carbon

di oxi de ang i L L iﬁ% nent
into the gﬁggé%gt?t?ﬁ%gﬁ?gg:%%ﬁg.ﬁlgégg%r?ﬁohﬁh ijlgn?é g\?\‘; g%@%ﬁ}e ?]Iﬁ %@P&JQ?OW
pressure Qqr a.rekativel hL%E%te erature. This nethod needs a vessel
havi ng a 1%@%5’&%1’?% (ﬁ’ean\%ﬁtm m nga W ﬁﬁﬂé’r critical carbon dioxide
fluid and equi pnent to control 8 pressure and tenperature in the vessel
to a desired value, in order to refine the lubricant. The pressure vessel
and equi pment for use in the refining process include, for exanple, a
thick-gal | st {omanereidddy aresidablddubrizaarnt FoabAndZ detraol’efrom punp for
flowing the 5 supercritical carbon dioxide: SCF-Get manufactured by JASCO
Cor por at i Ky sj  KIFpa u ty s ve: SCF
%us?ﬁgﬂf@ K 3 ”I‘oﬁ¥6 Uhp%ﬂi it Ogggflh?zgggifyé Rla’fin

Bpg manuf acture y JASCO Cof por a and a colu oven used

ool SHERSRLAN SAen, R S WG PR REM BT Mo KRS SRt GRbSRL 00
pressur o FaetLpf thecbath endd.nd bR canin snperior i ‘TombituZoRaL
fluid is passed_through the@Eressure vessel at a gredeternined flowrate.

The ext r adrpsh thecceseppint ohthetadhenivenessandobondingatirengtbowith shede

fluid is held in a 15 state in which dissolving ability is low, that is,

pressuoe iprotectives tyer.olf ke dubeigaitisikaownrit) edhvsiny aM:@XisllIhli%
specifically, in a state that exhibits dissolving ability for the Tubricant

equi val ent : iolt ﬁqgéﬁ{% i

e>c<]t racts z}ug%rlr%%ﬁgﬁpaﬁalé?%?Fow no ec?ﬁ%}%g&ﬁ{ﬂing ah?gﬁgggﬁoﬁgg?ﬁg end
20 groups .ef K ri C nt r i n i s_stage.
Then. -t ho e PER eRGuRLl i YIRS RS RETU hRR DV RIGEY] Rerblliaf e,
t he supercritical carbon diogxide,is held,in a state {n wic i | vj

abi | i t)F/) i $ha gR 8ﬁ%¥lpi1§,n@ﬂéln%hwr %ﬁér%tlilm&g@lqmmél qu@igs\sftﬁg in
the pressure vessel is unchanged, or the 9 pressure is raised while the

t enper at urcoaxisterceofdhisdubricant compohamdezhuses deterioraitien lof, t he

extracting fluid is held in a state that exhibits dissolving ability for
the | ubri cedheendnedsand bohdénghitre fifie thel ezPebed perfoexaante. A

conmpound with stronger 5 polarity dissolved in the extracting fluid at that
state is recovered to obtain a refined target lubricant. The residue that
is remai ned unextracted in the vessel consists of a conponent with very

n' thi's et nodtray apEBTHERTentAih ot BBl Bl BHpsldty b a0 "1 ooc
0 oxi de. | SRERS 1 ECORBENE Eds MM ot e JoPie b pEieR BAREROGISOTRIGE o
100C is preferable. At the tenperatures |ower than 40C, slight change of

pressure mikesbalt nseddn/armagnetioflayee. dl'beatohaly iabisl act/asfa cabalyst
supercritical carbon dioxide fluid, which makes process control difficult.

On t heoot hendhdizsolwe parfluerasslyethes hilntieant haonlddles. olMherefore) theg

the pressure nmuch, the dissolving ability of the supercritical carbon

di oxi de fl3y4 Lesitiai Hﬁﬁ%ﬁé t ' 1d1B]e 20 The
pressure G%L Fﬁ?%ga?guggéggzﬁ%§%§egne t affggigg?§&#¥E§59E3 tﬁggg%bided
tenperaturg. The nosi prefenable ¢ i tieon re. r enovin I CesSS S
contuct ed ot ehesindd hETiBrfeLRRihbhiiY Contaihd e HptiEER NG
conduct ed under the 60C, 20 MPa, condition 0 | ubri cant _used jn, the

i nvention e M mn G&WQ@@%PIWS%QﬂﬁﬁeM u@ﬁ@ﬁpfy%tm@aﬂ@@cayt,
"Fonmblin Z tetraol" available from Ausi nont K K., Tokyo, Japan. "Fonblin Z

tetraol " ithaiohie impuritiedhmuashbesrdmovesl beforetheyrare apglied to a
represented by the equation




5 (1) and lubricant B having a nol ecul ar structure represented by the
equation (2). Refining the "Fonblin Z tetraol"” according to the invented
nmet hod all ows to.renmove the lubricant B with weak polarity and having only
one hydroxyl group at each of the both ends and to recover the |ubricant A
with strong polarity and having two hydroxyl 1o groups at each of the both
ends as a target lubricant. The nethod provides a |lubricant that contains 0O
to 10 nol ghapeleted re@brdiths MAadiufh W th respect to the mxture of the

| ubricants A and B. The second aspect of the invention is a lubricant for
use on a 15 magnetic recording nediumrefined by the above-descri bed
method. In particular, the |ubricant of the invention includes enhanced

concentrati on ;of hi pol.ari.t nponent, by sorting the perfluoropol yet her
mol ecul e &%rqm@m[}&ggﬁaﬁﬂlvﬁgs%ﬂ%gﬁ HREERYIOM structure. lonic inpurities
are renoved fromthe lubricant of the 20 invention. The |ubricant of the
invention is defonderto suppressaispunpnigrationhandnevaperationgebap structure
wi th higher polarity. Thus, adhesiveness and bonding strength with the

prot ecti vdubayeantiag High revhtiinedpekdas TR00 toUPH0OG rpph arid aitahighh and

thermal evaporation. Since ionic inpurities, that nmay cause deconposition

of the 5 't@?ﬁ?%gam &'sfhd ﬁ@gﬁﬁ%ﬂgﬂ&%ﬁpemm aind Bg% RH) b,

stability o ri cant ong termuse by restraint of the
deconposition. khe joni g i.npuri.ties t.hat, may be gontai ped ..n_the oriygi nal
b 1 cant PHURRIE: kb8 TubricRit 1S aBinlitdl f bad® R BdSEnvinesS2ni%or t ne
i nvention i,s a gnetic recordi ng, medi um usin refined | ypricant .

descri bed setsevg.r%%nﬁﬁggéw@l AeBERtRGVedayem ﬁﬁewqtﬂsa&st&tﬁﬁﬁoge ABduced
by lam nating a lubricant of the invention on a magnetic recordin3115

nedi um t halapangserUnexemibned ddatent Appylidapiosi PulyicationnNgsetild 1ret al

under |l ayer, a magnetic |layer, and a protective |layer on a substrate. Each

of thgoundeT2268rand ROORBESD aireadrssuffividnthie: pidwest roguir@dtimanhd

deposited by a sputtering nethod or a CVD nmethod. The | ubricant can be
appl i ed byc&ﬁt%.”o"m di p-coating nethod. 20 The sputtering nethod, the CVD
nmet hod, and the dip-coating nethod may be conducted using generally used
equi pnent. Materials for use in a nagnetic recording medi umof the 12
invention includes: an alum num alloy substrate, a glass substrate, and a
pl astic substrate a .nonmagnetic under| ayer qf pl.ated or sputtered NN P or
Ni Ah a magneti ﬂé@étl%rﬂzn mpol&ﬁ?{ﬁw?l@rlmntmtalnmrle@gahnm(ad
anor phous carbon (a-C.N) protective |ayer, and 5 a di anond-1i ke carbon
(DLC) protiecs tleat werus@ﬁdneﬂtmsym@eadi@@ﬂiocesesﬁ' the perflmgropodyether.

| ayer, heating or

15 The ionic impurities must be removed before coating on a magnetic

recording medium.

Accordingly, an object of the present invention is to provide a
method for refining a perfluoropolyether lubricant that has high
20 adhesiveness and strong bonding with a protective layer, in order to
provide a magnetic recording medium that exhibits excellent
lubricating performance and long term stability even under high
rotating speed and high temperature environment of the magnetic

recording medium used in a fixed magnetic recording device.



UV irradiation may be conducted before or after lubricant application. An
additive, for exanple, a cycl ophosphazene conpound, nay be 1o added to the
| ubricant. Because the lubricant according to the present invention

exhi bits hi gh adhesi veness and strong bonding with the protective |ayer and
shows stability in long termuse, a nmagnetic recording medi umusing 15 the
| ubricant hardly brings about spin mgration even under the condition of

hi gh rotating speed. War of the protective |layer is mnute since
evaporation of lubricant by heating is little. Exanples 20 The present

I nvention w || ls | ' NE . rred
embodi ment s EAGHER Db ol Ehe plbsiiinydhtion | POTREVIHE £ MBrRefie
sinply referred to 13,. as Zstetraol) suppljed from Ausi mani K. K., Tokyo,
Japan | < thatrisaeivan highiadheftydeds A sbiing e ding Totha protastive

di aneter Qf 20 mm and | ength of 250 nm having an_inlet _and an out]et, and
super cri t lagprdir voeansded tais refiningsnetbed. abtHl mnnthen ebyectof the 1iter
/ mnute. Then the tenperature was held at 60C and the pressure was varied
wi th tbneinVepdiahiisgdoaprenite ar ermretistieeordihg meldiowh thatxé msiosd
conponents 60-1 to 60-10 were obtained, as shown in Table 1. In this

exanpl e ofg\RAPadYERA the used equi pnent includes a liquid punp for

f eedi ng Sl?percraidlUcaFaca'r bon 1o dioxide fluid, SCF Get manufactured by

JASCO Cor poration, Tokyo, Japan, a full automatic pressure regul ator valve,
SCF- Bpg manuf actured by JASCO Corporation, Tokyo, Japan, and a colum oven

used in a ual chromat ography., 15 Table 1 Extracted wei ght of Z-tetraol at
60C corrporll\f%aﬁ’r‘% @pgg?%%ﬂgr‘ﬁblqrm n]wei ght [ ]60 - 110.0-Ql1.0-Ql1.5-~

The first aspect of the invention is a method for refining a

10 lubricant that contains at least two types of compounds having
different polarity. The method comprises steps of putting the
lubricant into a pressure vessel in which pressure and temperature
are set at certain values; removing the compound with weaker
polarity dissolved in an extracting medium of supercritical carbon

15 dioxide fluid that is flowing at a specified rate through the pressure
vessel held at a specified temperature and pressure; and one of the
two steps of recovering the target compound dissolved in the
extracting medium that is flowing through the pressure vessel held
under a state at the specified pressure and at a temperature lower

20 than the specified temperature, and recovering the target compound
dissolved in the extracting medium that is flowing through the
pressure vessel held under a state at the specified temperature and at
a pressure higher than the specified pressure. Preferably, the
specified temperature is in the range from 31°C to 100°C and the



12.0-'QL2. 5- Q13. 07- ~5- ~5-->5 -~5-@03. 5160 - 214.0204.1260 - 315.0205. 3860 -
416. 0207. 2760 - 517.0206. 4060 - 618.0204.3160 - 719. 0--@0.010-> 103.0160
- 822. 0- Q24.0- @6. 010- - >5--~52. 2560 - 928. 0-- (B0. 010- Q02. 2560 -

10resi due--1.03total 39.53 14 Exanple 2 Forty gram of the |ubricant
Z-tetraol was poured into a thick wall stainless steel vessel having an
inlet and an outlet with inner dianmeter of 20 mmand | ength of 250 mm and

super cri t igpdcifiedopreSsuire@ks da thasrahgerfraim & .4 MPadoe30ME.NMVIgre. Then,

the tenperature was held at 100 C and the pressure was varied with tine.

Separ at | ”%@fe?&%l’y,loﬂ?é %kb'é%iﬁ%ﬂ%mh@%&ﬁgé ;wlpgtﬁ ?‘??%ﬁ'p(ﬁ@”%’?“@”&? 1660-

to 100-11 "'wer e obt'di ned, “as shown |
enmbodi mentegy t e i pent s the. sa as the to pne used in a e
bl e G MBst S BRI o Pho roh0%iTE BEeBs' S fiebit s alptatd Rt

MPa] t i ) ' | 00--110.0--Q11. 0-Q12.0--> 13.0-->.14.0->.15.0 16.
([)_ - él 1|7rred£(£3 @{g‘“ﬁ@%ﬁh&ﬂ%og a\;st\:at&gx%b tgngl equ1va>lent 1ss<>)lv1ng ailﬁty to
50. 78100--219. 0202. 31100- - 320. 0203. 32100--42] . 0204. 24100--522. 0206. 27100--6

23. 0208. 3zt eostataiao 86 Genod- 1B MPa2 et d theore @ne i agls tegi i condzictod- QBO.
03--->201. 45100--11resi due--0. 71tot al 38. 36 15 1. Testin;~ of solubility

into a solygdér Bstatoap@CTC £(d 20 MPa or @%ﬁﬁ@e%b@bﬁiﬁg@é@hﬁraﬁe\fﬁs

tested on solubility into a solvent that is generally used’in a |ubricant

Vertrol xeoRirdfARIRE MG et B 0T CIAPIRRMET 07 G Each

Extract ed conponent and the solvent were m xed so that the concentration of
t he conponent is 1 weight percent. Solubility was confirnmed by visual

observati on.
Advantageously, the method of the invention comprises a step of

10 removing the lubricant B represented by formula (2) and the step of
recovering the lubricant A represented by formula (1);
lubricant A, formula (1):
HO-CHz-CH(OH)-CHz-0-CHs-CF2-(0-C2F4)p-(0-CF2)q-O-CF2-CH-O-
CH;-CH(OH)-CH.-OH

15 lubricant B, formula (2):
HO-CHa: CF2-(0-C3F9p-(0-CF2)q-O-CF2-CHe- OH,

where p and q are positive integers.

The second aspect of the present invention is a lubricant for use
20 on a magnetic recording medium being refined by the above-described
method, in which ionic impurities are removed from the lubricant and
the lubricant is sorted based on end group structure of the
perfluoropolyether molecule of the lubricant. The lubricant is

preferably a mixture of the lubricant A having a molecular structure



10 A'slight anount of unsolved precipitate was observed in an unrefined
lrubricant material. Precipitate was al so observed in conponents 60-9,

60- 10, 100-10, and 100-11. All other extracted conponents were dissol ved
including from60-1 to 60-8 and from 1001 to 100-9. 15 2. NWMR neasur enent
Mol ar compositions of |ubricant A and lubricant B were neasured for the
conponents 60-1 to 60-10 by nmeans of F19-NMR The results are shown in

Table 3. 30pisentedllsy $hil formaulai(l) said kHeriubalbant @ lidwirgpaponent s

extracted at 60 C. conponentlubricant A (% ubricant B

i L P et L

the 5 conpon nts Xtr Iovver res es Cont en l.ubri cant A can
be. i nor ead OB BTAPonATIeHE KA RPETEAPR: g oo 1OVRIOIF RSt

Di ssol vi ng abi I ity of the supercrl ti cal carbon dioxide fluid for a polar
conponent Witlknespecttasnolar amaunsrofl the mixtunccabér and B.pressure at

whi ch the density of the supercritical carbon dioxide fluid 10 is |ow. The
| ubricant B exhibits weaker polarity because it has fewer hydroxyl groups
per nol ecule as conpared with the lubricant A Therefore, the |ubricant B

vas predom nanthy thisd AstRe:t! of phé HreduRriisvertioh féaéﬁ@ﬁ[g‘ﬂéﬁé ?Ecéiad‘irfg

relatively | ow pressure e same pressure co

o e VISR SRR R A AT Balla L =t

dissolving ability of the fluid for a polar conponent is Iovver at the sane

pressure. Therefore, it is understood that higher pressure is generally

required to dissolve the sane anount of |ubricant at 100 C than at 60 C
Aspects of embodiments of the invention

10 The present invention will be described in detail in the following.

The first aspect of the invention is a method for refining a
lubricant that contains at least a compound having two hydroxyl
groups in each of the two end groups of the lubricant molecule and a

15 compound having one hydroxyl group in each of the two end groups of
the lubricant molecule. The method of the first aspect obtains a
target lubricant by sorting the lubricant molecules based on polarity
of the end groups. The method uses an extracting fluid of the
superecritical carbon dioxide and is based on the fact that solubility of

20 a polar component into the supercritical carbon dioxide fluid is low at

a relatively low pressure or at a relatively high temperature.

This method needs a vessel having a feed port and a vent port for

the supercritical carbon dioxide fluid and equipment to control



3. Measurenent of ionic inpurities Several mcrogramof unrefined naterial
and each of the extracted conponents 60-1 to 60-10 and 100-1 to 100-11 were
dropped to on a surface of a magnetic recordi ng medi um uncoated with

| ubricant. fauantity of each kind of ions on the surface was neasured by
means of TOF-SIMS. The results are given in Table 4. The nunerical val ues
in the Table are the detected quantity that is nunber of counts per unit

time in theredm® ¥hd tempeeataselirsthe awssedtoch dedife dvalues dnegider to

detected in the conponent extracted at higher pressures and the residue

after et thatnc {obrisaficSPhe% FoddAIORLLN ABHEEHATKbARK Bkd4P:

Chromiuns "are detected i n the conmponent extrac re 20 side
and al so iR the.l Qw pressure. extractd on conpgnents .60-1 , .3.and 100-1, 2,
3™ T e BBtinta ey iU For eXaTRo & thick walf e RiflHes stae
detected. But, .the CF2Cl yvals not _det ect eld in the high pressure extraction
conponent svegselihaving anunlatcand anmutlet.ca pump fornflowvagdhent s with
fairly strong polarity, either slightly 18 dissolves in a relatively | ow

t enper &t ursupercitighl maebowr dicxates, SO -Gethmaniufaciwed byt JASCAU d at a

pressure of up to 30 MPa |eaving in a residue. Consequently, it can be

under st oodChRpbrative TORPENg bl fagl éﬁ%@ﬁﬁ%&%ﬁ%?é@ﬁﬁe‘é‘fééuldt%ﬂﬁélv@!?

in a refinenment using 5 supercritical carbon as an extraction

They are Sonioint RpBBSEEREd by PASCTTHRAUTAE Taly atdfian & a

CF2Cl1 was detected by cl ose obser ion of fragnments of the to TOF-SI M5

whi Gh iy GONATER: QVER H56th 0 T AL  BIOT ENAIIGY dAR RHTACHUAE RRO AT nd
group of - CF2Cl1 in place of -CH20H_in the lubricant B.. 15 20 19 Tabl e 4
Nunber of Wwseis supensyitica)carbpn dinxide Syudraegulatedsaba troppsmeture
conponent cat i onani onKNaCl HCOsHSO4unr ef i ned4568492517935746260- - 130456311011

2060- 1222220 BIL5ED 60 -1-0CCL atB a piesn ret figGh42 80RPRG0t0 301NPRA 44AHR660- - 64
252225943460- - 712115119392160- - 8615419026474260- - 97157333519157460- - 1010761

33320 T oh T L R A M S DR M oar
Bonded rat TS TR TR PRAGh IS Geh R SIarAfF KR A basied AR the™™2 ©
onmmgnet | BYeSEe BPSEPhAL HobRednteyIHBatEioh Ehbe:  Bhe treriam Plodess
Surface 1 dagborducied hile the supercritical carbon dioxide floid is held i & o
15 state in which dissolving ability is low, that is, pressure is relatively
low and temperature is relatively high, more specifically, in a state
that exhibits dissolving ability for the lubricant equivalent to the
ability at 60°C and 15 MPa, for example. This process extracts a
component having low molecular weight and a component having end
20 groups of weak polarity, and those components are removed in this
stage. Then, the extracting medium is flown at a predetermined rate.
At this time, the supercritical carbon dioxide is held in a state in

which dissolving ability is high, that is, the temperature is lowered

while the pressure in the pressure vessel is unchanged, or the



of 0.8 nm by means of texturing using dianond slurry. After cleaning the
substrate, a nonmagnetic netal underlayer of chromumwas fornmed in a
commonl y used sputtering apparatus. Subsequently, a magnetic |ayer
containing Co, Cr, Ta, and Pt and a protective |ayer of 5 nitrogen-added
anor phous carbon (a-C:N) having thickness of 8 nmwere forned by a CVD
met hod. This nmedi um was enpl oyed as a comon nedi um Each of the common

medi a was eaketteVist Faidedew it t Bet fiimpeiraturedentoé gregsererdsdfd is
conmponents 60-1 to 60-9. The coating was conducted by di ppi ng nethod using

a solutio ' di . t ry At vent
of Vert reﬁlr;é?é@gégd %I%ugﬁ?%aﬁ%ﬁﬁgﬁg?éﬁr%ﬁggg e \;\fegsﬁﬂ%l @qgn%%ﬁagéﬂs SO
as to adjyst ,the thickness, af the.l.ubri cagnt fidmto, 2.4 nm, Thi ckpness of
The Tubr ) dhiat eXhiRuE issabang A BHiERof Hhe ki ioams cauilent © B R &
met hod. Then, nobil e conponent of the lubricant filmwas 15 renoved using
f1 uori ne- eniynah§056! amd: 20 MPa, Hicaxexample. t Aecommowndpsidnstonger

| ubricant filmwas nmeasured as bonded conponent of the lubricant film

Bondedsr atjolagityt désdolbedcantheidxractiegifbert] by thret stitekiresscoferdibto
bonded conponent of the lubricant filmdivided by the total thickness of

the | ubri i ' ' | ; 140C
For 60 m N 4 D B R S el g Lo

ness was neasured after

obtain a | t] Those jval r i I 5

conponent sl?ﬁ‘%)éﬁyq(ﬁgauﬂgghgl‘é?ﬁ? |‘3’YF§§B§ Ozﬁﬁgméﬁ?ﬁﬁﬁkﬁi}hgﬁﬁﬁgggg

exhi bited | qw bonded, rati o, and the nded rafi o.increa as the quantity
of the | uRQlaxHey B%@r%@@.ﬂeﬂfewlégghlﬁj’ Haa. qeﬁ{;%’h‘@ﬁéﬂiﬁ& m | ar tendency.
5 Table 5 Bonded ratio on a magnetic recordi ng nmedi um and | oss by heating
conponent bonded ratio (%! oss by heating

(nm unrefined40. 4-0. 5160--131. 5-0. 7460- - 233. 3- 0. 5460- - 332. 5- 0. 3060--437.0-0

. 2860-10542. 6- (T'Ré GRfivrfy dn @¢hi6GAetibd. trdly B3ttbndhdtdd tn M te Afjfe1mthres

Exanple 3 to Forty gramof the lubricant Z-tetraol was poured into a thick

wal | stai %ﬂg%e $r6R1 31ECSR] 108%C gnd"in ﬂhéf})@%@tﬂ'@ %ggtfoﬂﬁ 7. 4P to

di anet er of mnm and | ength of 250 mm andad supercritical carbon di oxide

{14 ves S5 qp et 1R ALR'EALE phe WKL ARATEA dlisebiptelr e
TR RS RLANIY RIETCS RIS S UL

the temperatures lower than 40°C, slight change of pressure makes

15 large variation of the dissolving ability of the supercritical carbon
dioxide fluid, which makes process control difficult. On the other
hand, at the temperatures higher than 100°C, only by raising the
pressure much, the dissolving ability of the supercritical carbon
dioxide fluid varies, which makes process control time consuming.

20 The pressure condition is a secondary one that is determined by the
decided temperature. The most preferable conditions are: the
removing process is conducted under the 60°C, 15 MPa condition, and

the recovering process is conducted under the 60°C, 20 MPa condition.

10



m nut'es was recovered to obtain 20 g of a material for lubricant. In this
Exanpl e, the sane equi pnent as the one used in Exanple 1 was used. 5 Ml ar
conposition.of the lubricant A and B in the obtained |ubricant was neasured
by means of NWR and resulted in A: 91% and B: 9% A magnetic recording

medi um having a lubricant film2.4 nmthick was produced using this

| ubricant. Bonded ratio and |l oss by 1o heating were neasured resulting in

bonded ratio & l4b¥cntt tised!iasshe)inveaition igfa eafluvropplgethey of each
kind of ions present on the conpl eted magnetic recordi ng nedi um was

measur ed Qﬁb&‘mw{lyﬁ&%'s el /gkétahrg@éélgfq “Roritblit @ Hetraed” B AT AR

to |l ess than respect a magnetic recording nmedi um using
15 unrefinegd | ubri cant want ageous. Efdect, of e.inventiaon As descri bed
so far. bySOaBRORGR Ky EyRand8B e ERtblonadptratold & uiRiAERRY o

| oss by heating is suppressed, and jonic 20 inpurities are decreased, .a
magnet i c ﬁuﬁwmn@ mmgc&an@fewkan gbanetmre eepresentesk by thevequation

| ubricating performance and stability during |Iong termuse under a

ci rcunst afd® axid AubricanittB havinged mote adeansanictdrbi wprewmted byehsf t he

magneti c recordi ng nedi um nounted on a fixed magnetic recordi ng device. 23

daims 1. reﬁa@@ibmﬂ)@rRregfﬂi@ig%bU*deaﬂin@eé@a&lﬁ%@brtl@ﬁﬁttoatﬁ@wpound A

havi ng pe uor opol yet her nolecul ar structure that has two hydroxyl groups

at each of; i ar
St ruct ur o IPERRETAIOE ATRIDR HBTinleRe D juBFicAnE B HAHCRE BlBGYY
conprising s s of . utti sai,d | ubri cant . nt.g,a pressure vessel set
2o pr eoid Hiwitg ot ik o e i Sash S BRERF i 2 Ba T
an extracting nediumof to supercritical carbon dioxide fluid that is
flowi ng atregoygcihie dabricant Arwath stzpagopelanty and having twet hxdroxyl
specified tenperature and a specified pressure and (c) recovering said

conpound Arbugsehateshceh ofdhe bath arideasnedarget labricait.olilhg motlhodh sai d
pressure vessel held under a state at said 15 specified pressure and at a

tenper at urgrdiiRis 4 abricd st %Hﬁ%iédlﬁ%ihgr?&%ﬁalﬁl folad Pér@@hf‘%‘f lfLﬂJ;]riéz?ﬁt ni ng

| ubricant "contai ning at | east a conpoun avi ng pertluoropol yet her

mol ecul ar BLEHGL YEEpEBEto 3% MRt & Me lubricants A and B.

The second aspect of the invention is a lubricant for use on a
15 magnetic recording medium refined by the above-described method.
In particular, the lubricant of the invention includes enhanced
concentration of high polarity component by sorting the
perfluoropolyether molecule of the lubricant based on end group
structure. Ionic impurities are removed from the lubricant of the

20 invention.

The lubricant of the invention is refined to become a composition
having the end group structure with higher polarity. Thus,

adhesiveness and bonding strength with the protective layer are

11



20 groups at each of two ends and a conpound B havi ng perfl uoropol yet her
nmol ecul ar structure that has one hydroxyl group at each of two ends, said
met hod conprising steps of (a) putting said |ubricant into a pressure
vessel set at a pressure and a tenperature 24 (b) renoving said conpound
B dissolved in an extracting nedi um of supercritical carbon dioxide fluid
that is flowng at a specified rate through said pressure vessel held at
speci fi ed dighnacady lleadmgeosslq[@pfe@si spiAasaigeatioh Andcthéegleri ng said
conmpound A di ssoI ved in said extracti ng mediumthat is flow ng through said
pressure bg under a state at said specified tenperature and at a
pressure hrg er than said specified pressure. 10 3. A nethod for refining

| ubricant according to claiml or claim2, wherein said specified
tenperature is in the range from31 Cto 100 C and said specified pressure
is in the ran from?7.4 Ma t 0301\‘@ 15 4. A thodfor refiping
| ubri cant accordGeylaRicampmritieshshatimasi eaype Q@ﬂp@@hﬁi@ﬂa@ﬁtber s in
the range from40C to 100C. 5. A nethod for refining lubricant according to
claim 3, vubricansaate seenovoll frena thiechuloficaatof tige invonpivrgrdtaliidityi of

di ssolved in 20 said supercritical carbon dioxide fluid under a state at 60

C and 15 Mbe Pabficehit B Bebd Rl Rﬂk’g\tékﬁi‘hs‘é‘ 5% Yt Pirdbf thy to said

state at 60 C and 15 MPa, and sai ( step is a step of recovering a

conponent d
inder o st AePmPRsbEE, 415, iqhRAY ﬁﬂﬁﬁéﬁ%’ thaf M e ntfiedin Gl |

di ssol vi ng_abil i 0. sai d. st.at 5 thod for
refining I gi“&@rm bé‘k‘ﬁ’r@r }ﬁc}tlﬁfeaﬁiﬂog% 0 elé@ﬁs r’r‘ﬁﬂé%ﬂl wher ei n sai d
conpound A is lubricant A represented by 5 forrmula (1) and said conpound B
is lubricant B represented by formula (2) lubricant A fornula (1):

HO CH2- CH( OH) - CH2- O- CH2- CF2- ( O C2F~p- (O CF2) - O CF2- CH2- OCH2- CH( OH) - CH2- OH
to | udoi cant Bl'hedimrdeagpect othelinverti6on- 1824 4 pehiet{E2e cofdieh nfediufH,

where p and q are positive integers. 7. A type of lubricant for use on a
nmagnet i c r@gm@angeﬁﬁ@dummqbagt@g@ﬁbggohmvg met hod according to any one

of claims 1 through 5. 8. Atype of lubricant for a magnetic recording
medi um being refined by a nethod according to claim®6, in which said type
of lubricant is a mxture of said lubricant A having a nolecul ar 20

oL e TR S o 19 2
laminating a lubricant of the invention on a magnetic recording
15 medium that is fabricated by sequentially depositing a nonmagnetic
metal underlayer, a magnetic layer, and a protective layer on a
substrate. Each of the underlayer, the magnetic layer, and the
protective layer can be deposited by a sputtering method or a CVD
method. The lubricant can be applied by a known dip-coating method.
20
The sputtering method, the CVD method, and the dip-coating

method may be conducted using generally used equipment.

Materials for use in a magnetic recording medium of the

12



including B in an amount fromzero to 10 nol ar percent with respect to

mol ar anmount of said m xture of A and B. 26 9. A magnetic recording

medi um usi ng | ubricant according to claim7 or claim8. 10 15 20 27

. A% A3. A3% A@. A % AL9. AL. A% AL. A 9. A5L. AL. A9. AL. AH 9. Al % A 9. A3. A59. Af

% A59. A5L. AL. A9. A . A3L. ALHOp5@ [ ) j ou. >{vql gb] X] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] cRaU] ca] cal] ca!
“k|f',LO invention includes: an aluminum alloy substrate, a glass substrate,

[ 1" $79%86 " }(((9)p*,,,|wnhc”Y]]ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca

J gg;]gg](ggalqglef;ggg@g]é%g&g@ﬁ%eah%ﬁﬁl&gh@ﬂ&ﬁhﬂ%@&]&ﬁb%1até(10&1225688
BXBBB d . ] y

ool on) o tEFea] NAPCa SR B S ahe DR b e BB Fls AL EBoRE A |
[11J*J[JK d

a] ca] cc[a] cié(n?aiaca}%m]& %Ci@} %Egﬁg@@g&kﬁgﬁ@&%ﬁwl (F:ag]z&)i]cg%
QRRRRR. SPSSSYS| wgl gb] X] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
Mc(a]zaggl[laﬂmﬂchkea:]axdjomlbﬁ@)apmteeﬂwe] Je3/e¥SSSSSSSQTTTU UUU- VI VWVSW

“EM| wrmhe”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]calcalca]ca]calcalcalcalcalcal™ Q" a d j b" bwWwbbbcUc[ ce>g9h<hhh

L i bR e
TV i ] ) S O RM R

| $| wr nh} xshnaadlifive) éor expanple) 2 ayelophpephegens campgunilc apay]ba] ca] cal

ca] ca] ca] ca] ca] ca] ca] calU ca] ca] ca] ca] ca] caHGCaB® 10% & ()-3- 10% & () -

&10% &0( ) -added &o the lub¥i&and.- M 310% / & ()- OpS5@AEL0% & ()- 10% & ()-S

10%&' ()- &&"10% & ()- MBLO% & ()- 10% & ()-_[dE @10% & ()-%#10% & () - 3#
"10% & ()- s!'Z"10% & ()- F'10% & ()- &10% & ()-3)j ! modYNC 10/ 10/

10/ =MLO% & ()- s9y 10% & ()- F7310% & ()- L510% & ()-30gl0% & ()- owu

81006na () BESIUSR @%@sp@aﬁt @é&ﬁﬁsﬁ&) 6?4%3/%%afisé¢??t%°§geaﬁba%8<>

10 h 10 h 10 .h=s10%.h& ()-!1Y5G 10%
high a e§1ven Ss an tronog d@xg t)fl the protectwe layer and

shows stability in long term use, a magnetic recording medium using
15  the lubricant hardly brings about spin migration even under the
condition of high rotating speed. Wear of the protective layer is

minute since evaporation of lubricant by heating is little.
Examples
20 The present invention will be described more in detail with

reference to some preferred embodiments.

Example 1

Forty gram of “Fomblin Z tetraol” (hereinafter simply referred to

13



U="10%

U& ()-!1f@9%0%UsU& ()- @f #@ %4096s& ()- @\ 940% i & ()-!1 9409/ UVUE () - &94.0%
& ()-jH 10 U="1! @10% /' /& ()-%d0%8& ()-!;.%0% " & ()-

"10%4 & ()-f@WL0% & ()-L 10 U 10 U $k| ~aVK@ 10 U 10/ 10/

10/ =s10% & () - F2S#10% & () - *3%40%& ()-!\-*3%0%0 O/ & () - $10% & () - <{ Y7VK@
10 U D! $10%DdD& ()-! NL$109mhnh& ()- ! @L$10% h’ h& () | gL$10%& () -

 L$10% q [ Ditetrabll8ub liéd from Aveashyont K UK( | &lﬁén i®pouked 10
h="10% h& ()-1X, , $10%hxh& ()-T! X, , $10%X& ()-T11 1$ o%u 8

1 b CEpt ARG e ?‘%&fin%%"%ée(*%%&%“91"’%&&%3%5‘&%9%‘:@?@ gorm
100 () SR BOIASbh 280lh R SR R0, - s
&0-! a3W%(ﬁ)g’ehrgérﬁglcQﬁﬁ%ﬁnﬁ‘l&dé ﬁlullgl(v(vgs)ﬂowll? at a flow rate of 10 m
5 liter / minute. Then the temperature was held at 60°C and the

pressure was varied with time. Separating at each pressure steps,

the following extracted components 60-1 to 60-10 were obtained, as

shown in Table 1. In this example of embodiments, the used

equipment includes a liquid pump for feeding supercritical carbon

10 dioxide fluid, SCF-Get manufactured by JASCO Corporation, Tokyo,
Japan, a full automatic pressure regulator valve, SCF-Bpg

manufactured by JASCO Corporation, Tokyo, Japan, and a column

oven used in a usual chromatography.

15 Table 1 Extracted weight of Z-tetraol at 60°C

component | pressure [MPal | time [min] | weight gl
60-1 10.0—-11.0—11.5— |7—b—b5—5 3.51
12.0-12.56—13.0 {—=5—520

60 - 2 14.0 20 4,12
60 - 3 15.0 20 5.38
60 -4 16.0 20 7.27
60 -5 17.0 20 6.40
60-6 18.0 20 4,31
60 -7 19.0—20.0 10—10 3.01
60 - 8 22.0-24.0-526.0 |[10—5—55 2.25
60 -9 28.0—30.0 10—20 2.25
60 - 10 residue 1.03

total 39.53

14



Ik 129409 }& ()-M( "MW&||&()
h="10% h& ()- )g))*p*~+,}[9_> 10 !!

7T@10%| 4| & ()-L1F' 1940% | & ()-! X | % 0%& ()-3%0%;| & ()-!N(3%40% /& ()-2Z90
% & ()-M,,,,--.)/~\= 10 11 FOd0% & ()-! SFUd0%shsh& ()- @10%

| & ()-! @10%h& ()- 104| 104| 104|=t10%}| & ()-)/>0011222}~?4= 10 10 h=s10%
h& ()-F2@10% h& ()-'%0% & ()-!X %0%x& ()- %40% h& ()-!N
%40%hnh& Kxa ARZ6$667dB= 10 10 h!'S YA0%& () - nPA0%} & ()-!a%0% | & ()-!,
$10% || & ()-17, “$10% ()-1 10 h 10 h7888889:;{\: 10 10!; YUd0% h[ h& ()-S,

O LR A DA, s

e (- YRS AN G diklest SYARIVELSE Waviny 2K 1R1C At an ollet with inner

diameter of 20 mm and length of 250 mm, and supercritical carbon

100/(4| & ()-t110%| & ()- 10 h 10 h 10

5 dioxide was flown at a flow rate of 10 ml/min. Then, the temperature
was held at 100°C and the pressure was varied with time.
Separating at each pressure steps, the following extracted
components 100-1 to 100-11 were obtained, as shown in Table 2. In
this example of embodiments, the used equipment is the same as the

10 one used in Example 1.

Table 2 Extracted weight of Z-tetraol at 100°C

component pressure [MPal] time [min] | weight [g]
100--1 10.0—11.0—-12.0—» |5b—b—b—b— 0.78
13.0—14.0—15.0— |5—55—b—b5—

16.0—17.0—18.0 5

100--2 19.0 20 2.31
100--3 20.0 20 3.32
100--4 21.0 20 4.24
100--5 22.0 20 6.27
100--6 23.0 20 7.32
100--7 24.0 20 6.80
100--8 25.0 20 3.41
100--9 26.0 20 1.76
100--10 [27.0—-30.0 3—20 1.45
100--11 |residue 0.71

total 38.36

156



10 h3, & 10% U& ()- 10% U& ()- S3940% U& ()- ° 10% U& ()-3 9L10% U& () -
10% U&' ()- r???@\@ERIEPE: 10 10 10 h%$10% U& () - 33y#S 10% U& ()- 9! 310%
U& ()-33&10% U& ()- 940% U& ()- 3YF10% U& ()- @A BXBBBBBJE:/ 10 U 10
U=10% U& ()-L910% U& ()- Y410% U& ()- s2310% U& ()-3010% U& () - F #10%

C& () - BBCCDYDDDXY:/ 10 U

1. Testing of solubility into a solvent

Each component extracted in Example 1 and Example 2 was
tested on solubility into a solvent that is generally used in a lubricant
coating process, having chemical formula CsF10H2 and the trade name

5 Vertrel XF, available from Mitsui-Dupont fluoro-chemical Co., Ltd.
Each Extracted component and the solvent were mixed so that the
concentration of the component is 1 weight percent. Solubility was

confirmed by visual observation.

10 A slight amount of unsolved precipitate was observed in an
unrefined lubricant material. Precipitate was also observed in
components 60-9, 60-10, 100-10, and 100-11. All other extracted

components were dissolved including from 60-1 to 60-8 and from 100-

1 to 100-9.
15
2. NMR measurement
Molar compositions of lubricant A and lubricant B were
measured for the components 60-1 to 60-10 by means of F19-NMR.
The results are shown in Table 3.
20
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10% U& ()- 10% U& ()- |1#10% U& ()- @10% U& ()- S10% U& ()-F ,#10% & () -
10 UDD7E{ EEF<FdE:/ 10 UF*10% U& ()- 3'S 10% U& ()- 9% 10% U& ()- 3#"10%
U& ()- 3L!'Y'10% U& ()- ° !110% U& ()- <FEFFFFFFFFAE:/ 10 U 10 U=10%

U& ()-99 10% U& ()-3Y 7S10% U& ()- F2MLO% U& ()- 0"10% U& ()- FY.10% U& () -
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Table 3 Mixing ratio of lubricants for the components extracted

at 60°C.

component | lubricant A | lubricant B

(%) (%)

60--1 63 37

60--2 70 30

60--3 82 18
60--4 87 13
60--5 94 6
60--6 95 5
60--7 100 0
60--8 100 0
60--9 100 0
60--10 100 0

The structure of the lubricant B was more contained in the
5 components extracted at lower pressures. Content of lubricant A can

be increased by removing the components extracted at lower pressure.
Dissolving ability of the supercritical carbon dioxide fluid for a polar
component is known to decrease in conditions of temperature
pressure at which the density of the supercritical carbon dioxide fluid

10 1s low. The lubricant B exhibits weaker polarity because it has fewer
hydroxyl groups per molecule as compared with the lubricant A.
Therefore, the lubricant B was predominantly dissolved into the

supercritical carbon dioxide fluid at relatively low pressure.

15 Under the same pressure condition, the density of the

supercritical carbon dioxide fluid decreases at higher temperatures.
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When extraction process is conducted at 100°C in place of 60°C, the
dissolving ability of the fluid for a polar component is lower at the
same pressure. Therefore, it is understood that higher pressure is

generally required to dissolve the same amount of lubricant at 100°C

5 thanat 60°C

3. Measurement of ionic impurities

Several microgram of unrefined material and each of the
extracted components 60-1 to 60-10 and 100-1 to 100-11 were dropped
10 on a surface of a magnetic recording medium uncoated with lubricant.
Quantity of each kind of ions on the surface was measured by means
of TOF-SIMS. The results are given in Table 4. The numerical
values in the Table are the detected quantity that is number of counts
per unit time in the TOF-SIMS.
15
The results show that cations are frequently detected in the
component extracted at higher pressures and the residue after
extraction. HCO3 and HSO4 are frequently detected in the residue.
Chromiums are detected in the component extracted at high pressure
20 side and also in the low pressure extraction components 60-1, 2, 3 and
100-1, 2, 3, 4. In the 60-1, 2, 3 and 100-1, 2, 3, 4, CF:Cl was at the
same time detected. But, the CF2Cl was not detected in the high
pressure extraction components and the residue. Ionic impurities,

which are components with fairly strong polarity, either slightly
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dissolves in a relatively low temperature and high pressure state, or

"W
\_/vv;gvv
1 1 1 '_\ 1 1

do not dissolve in the fluid at a pressure of up to 30 MPa leaving in a
residue. Consequently, it can be understood that those components
may be removed together with the residue in a refinement using

5 supercritical carbon dioxide fluid as an extraction medium.

Chromium was detected in low pressure components, as well.
But, they are supposed not to present in the form of ions. The reason
is that CF2Cl was detected by close observation of fragments of the
10 TOF-SIMS, which may indicate that the extracted molecules are
impurities having end group of - CF2Cl in place of -CH2OH in the
lubricant B.

156
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7157 333 519 15 74
60--10 107611 | 3269 2236 115 353
100--1 7261 215 5399 15 79
100--2 736 40 3544 5 18
100--3 350 16 2624 4 17
100--4 433 32 2154 7 25
100--5 552 20 937 2 23
100--6 531 156 340 4 27
100--7 349 7 263 0 25
100--8 837 19 261 5 25
100--9 1563 28 204 6 21
100--10 4574 69 455 12 40
100--11 | 102855 | 4584 | 2060 161 452

4,

Bonded ratio in a lubricant film and loss by heating

A nonmagnetic substrate of aluminum - magnesium alloy was

prepared. After forming a nonmagnetic layer by plating Ni-P by

means of electroless plating, the surface was polished. Nearly

concentric circular grooves were made having a surface roughness Ra
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the substrate, a nonmagnetic metal underlayer of chromium was
formed in a commonly used sputtering apparatus. Subsequently, a
magnetic layer containing Co, Cr, Ta, and Pt and a protective layer of
5 nitrogen-added amorphous carbon (a-C:N) having thickness of 8 nm
were formed by a CVD method. This medium was employed as a
common medium. Each of the common media was coated with
unrefined Z-tetraol or each of the extracted components 60-1 to 60-9.
The coating was conducted by dipping method using a solution
10 including 0.06 wt% of the extracted lubricant in the solvent of Vertrel
XF. Speed of pulling-up was controlled between 0.5 and 3 mm/s so as
to adjust the thickness of the lubricant film to 2.4 nm. Thickness of
the lubricant film was measured on the produced samples by means
of FT-IR method. Then, mobile component of the lubricant film was
15 removed using fluorine-containing solvent. The thickness of the left
component of the lubricant film was measured as bonded component
of the lubricant film. Bonded ratio of the lubricant film is defined by
the thickness of the bonded component of the lubricant film divided
by the total thickness of the lubricant film.
20
Each magnetic recording medium was heated at 140°C for 60

minutes, and the film thickness was measured after the heating to

obtain a loss by heating. Those values are given in Table 5.
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Table 5 Bonded ratio on a magnetic recording medium and loss
by heating
component | bonded ratio | loss by heating
(%) (nm)
unrefined 40.4 -0.51
60--1 31.5 -0.74
60--2 33.3 -0.54
60--3 32.5 -0.30
60--4 37.0 -0.28
60--5 42.6 -0.24
60--6 46.9 -0.26
60--7 50.6 -0.23
60--8 54.1 -0.10
60--9 53.5 -0.04
Example 3
10 Forty gram of the lubricant Z-tetraol was poured into a thick-

wall stainless steel vessel having an inlet and an outlet with inner
diameter of 20 mm and length of 250 mm, and supercritical carbon
dioxide fluid was flown at a flow rate of 10 mL/min. The component
dissolved in the fluid at 60°C and 15 MPa during 60 minutes was

15 removed. From the left residue, the component dissolved in the fluid

at 60°C and 20 MPa flown at the flow rate of 10 mL/min for 40
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In this Example, the same equipment as the one used in

Example 1 was used.

Molar composition of the lubricant A and B in the obtained
lubricant was measured by means of NMR and resulted in A: 91%
and B: 9%. A magnetic recording medium having a lubricant film 2.4
nm thick was produced using this lubricant. Bonded ratio and loss by
10 heating were measured resulting in bonded ratio of 45% and the loss
by heating of 0.25 nm. Quantity of each kind of ions present on the
completed magnetic recording medium was measured by means of

TOF-SIMS. All of Na, K, Cl, HCO3, and HSO4 decreased to less than

10% with respect to those of a magnetic recording medium using

15 unrefined lubricant.

Advantageous Effect of the invention
As described so far, by employing a lubricant in which a bonded
ratio is enhanced, a loss by heating is suppressed, and ionic
20 impurities are decreased, a magnetic recording medium can be
provided that exhibits excellent lubricating performance and stability
during long term use under a circumstance of high rotating speed and
accompanied high temperature of the magnetic recording medium

mounted on a fixed magnetic recording device.
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1. A method for refining lubricant containing at least a compound A

having perﬂuoropolyethell molecular structure that has two hydroxyl

groups at each of two ends and a compound B having

perfluoropolyether molecular structure that has one hydroxyl group

at each of two ends, said method comprising steps of:

(a) putting said lubricant into a pressure vessel set at a pressure and

a temperature;

(b) removing said compound B dissolved in an extracting medium of

supercritical carbon dioxide fluid that is flowing at a specified rate

through said pressure vessel held at a specified temperature and a

specified pressure; and

(c) recovering said compound A dissolved in said extracting medium

that is flowing through said pressure vessel held under a state at said

specified pressure and at a temperature lower than said specified

temperature.

2. A method for refining lubricant containing at least a compound A
having perfluoropolyether molecular structure that has two hydroxyl
groups at each of two ends and a compound B having
perfluoropolyether molecular structure that has one hydroxyl group
at each of two ends, said method comprising steps of:

(a) putting said lubricant into a pressure vessel set at a pressure and

a temperature;

24



10%/&'()- { 10%8& ()- { 109%& ()- [KAaaa%)a, alasS3+4/{ 1098& ()- {
1090&' ()- { 1099& ()- { 10%8& ()- /KA 10%& ()- la3a6a7a>aBaEasS3+4/{
1099&' ()- {-1098& ()- { 1099& ()- /KA{ 109%& ()- { 109& () -
EaJaLaCaPaVWa[ aoS3+4/{ 109%9&' ()- { 1099& ()- /KA{ 10%& ()- { 109%& ()- {
10%9&' ()- [a“acaeahai apa@+4/{ 109& ()- /KA{ 1098& ()- { 10%8& ()- {
10%8&' ()- { 10%& ()- patawa{a}aaa /+4/ KA{ 1099&' ()- { 1099& ()- {

1098&: () - (?) 10¥6y g shid ¥ pound Brddsscived! i 83 ching nieWi@n(Of {

10984 () -
supercritical carbon dioxide fluid that is flowing at a specified rate
through said pressure vessel held at specified temperature and a
specified pressure; and
5 (c) recovering said compound A dissolved in said extracting medium
that is flowing through said pressure vessel held under a state at said

specified temperature and at a pressure higher than said specified

pressure.

10 3. A method for refining lubricant according to claim 1 or claim 2,
wherein said specified temperature is in the range from 31°C to
100°C and said specified pressure is in the range from 7.4 MPa to 30
MPa.

15 4. A method for refining lubricant according to claim 3, wherein

said specified temperature is in the range from 40°C to 100°C.

5. A method for refining lubricant according to claim 2, wherein
said step (b) is a step of removing a component that is dissolved in

20 said supercritical carbon dioxide fluid under a state at 60°C and 15
MPa or a state exhibiting equivalent dissolving ability to said state at
60°C and 15 MPa, and said step (c) is a step of recovering a
component that is dissolved in said supercritical carbon dioxide fluid

under a state at 60°C and 20 MPa or a state exhibiting equivalent

25



10%/&'()- { 10%89& ()- { 1099& ()- aaaaaaat T4+4/{ 1099& ()- { 1098& ()- {
( (

1099& ()- { 1098& ()- { 1099& ()- /KAaaaaaaasS3+4/{ 1090&

- { 10%&

{ 10%& ()--{ 109%& ()- /KA{ 10%4& ()- aaaaaaasS3+4/{ 100/8/&'%)- { 10%&
)_

{ 100& ()- /KA[ 109%4& ()- { 10%& ()- aaaaaaaoS3+4/{ 10%&' (

{ 1090&

[KA{ 1099& ()- { 1098& ()- { 10%W& ()- aaaaaabOB+4/{ 1098& ()- /KA{
1098&' ()- { 1098& ()- { 1098& ()- { 109& ()- bbbbbbb /+4/ KAl 10%84& () -
1098& () - dissdoba@g(ability to said state at 60°C and 20 MPa.

10

15

20

6. A method for refining lubricant according to any one of claims 1
through 4, wherein said compound A is lubricant A represented by
formula (1) and said compound B is lubricant B represented by
formula (2);

lubricant A, formula (1):
HO-CH,-CH(OH)-CHa-0-CHa-CF3-(0-C2F9)p-(0-CF2)q-O-CF2-CH;-O-
CH:-CH(OH)-CH2-OH

lubricant B, formula (2):

HO-CHz- CF2-(0-C2F49)p-(0-CF2)q-0-CF2-CH,- OH,

where p and q are positive integers.

7. A type of lubricant for use on a magnetic recording medium being

refined by a method according to any one of claims 1 through 5.

8. A type of lubricant for a magnetic recording medium being
refined by a method according to claim 6, in which said type of
lubricant is a mixture of said lubricant A having a molecular
structure represented by said formula (1) and said lubricant B having
a molecular structure represented by said formula (2), said mixture
including B in an amount from zero to 10 molar percent with respect

to molar amount of said mixture of A and B.
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