; €3eAB>| "6TB/ 4Y Lubricant For Magnetic Recordi ng Medium The present
invention relates to a lubricant for 5 npgnetic recordi ng nediu

hard di sks of |arge-capacity recordi ng nmedium and netal vapor-@WMﬂmmmmmmmw
tapes for 6 nmvideo tape recorder or digital video cassette. The presen
invention is suitable for use as a surface lubricant of a hard magnétié

di sk serving as a recording nedium in a recording 10 device of contact
start stop (CCS) net hédbwatrant eBenMagmet ic Rencstiniget@dénma r ecor di ng
medi um and a recording/reproduci ng el ement when starting and stopping the
devi ce. BACKGROUND ART 15 Thanks to preval ent |nternet, intranetMMMﬁmﬂmmwwmm
area network, etc) information can be fetched easily only by gai

to a net WWHEHNGFALoFIERBse whi ch support this nultinedia era i s extekd@bs
recordi ng devices. O existing |arge-capacity external recording devices,
those of the so Ti® ®ydsentCssvaprthon nebatssiatd ya dmbirdgedti fowhi ch a
recording nmedium |l ayer is provided on a disk substrate having a high
strengfh @gnetdicskeconding heediun, ofwih ias riotst dd sks hifghasgeedapac biper at e
a recordi ng/reproducing el enent (head). Exanples of the hard disk are a

st at i onar Y eefyddmndc mgda km, 28ndpréoal Rk adrbasyittiedaltapagnéoi c8 dimsk. Of

t hese, the nost prevalent is a device enploying the stationary nmagnetic

di sk. I n didec t@pen&greasder her chimttal videhawessetternaffhe present di ng
devi ces without changing their size, it is necessary to increase the
surface réddetdgndéfisFaytabla Feeoter mF medunfiacgydubriganexafips ehamhi s
requires that bit size be reduced and the head be brought near the

r ecor di ng "REFEhCadiflic ReR¥ing RE 3 Precondinenedd vl cLBarakeecrdingen t he
head @d %{sk, t he unevenness of the disk surface should be mnimzed. For

i nst ante, %Y 66t Qifn CQREREEr BRREL PRt (FRFle BetdPdLobigh eEhabLhelenmess
shoul d be not nopre than 10 nm However, if the snoothness of the_disk
surface i §‘%%€Fé?a§’8&?“eﬁﬁea hBSEPTEL 1Y LU a0 fe TEGOSABRE/ BAPEOEREIRT sk
surface. Tq _obtain.high-speed response, jt i§ necessary to increase bit
transfer F%ﬁ@eg dWPﬁ8r5F8$gl?%eﬁq t%&?éﬁkﬂg§%ﬁb§%8ﬁcﬁhe di sk. For instance,
a 3.5-inch hard disk requires a maxi num nunber of revolution of 5400 to
7200 rpm and the speed of the head as it passes 15 through the periphery
of the di g k@ReD Agp km hr. Any of the above-nentioned nodifications,
however, increases considerably the probability of contact between the disk

and hgad, as welgyAgdf rtiocgbirQOai?ﬁEepﬁ{:g\fﬁ@?b?ﬂg?roatquge%,eq%ic ?. %Egadi <k

reliability. 20 I'n view of the foregol ng, ction o

surface angiRad, iekclSihPErfhfPLEStayaYe t&é&%&%ﬁ%i&pgoﬁwuﬂg k;Qéngl;Arég,er

| ubricant applied to the surface of a protective coat ra di

if the anpdlesef ta Iauaeicaaek.amcie&f!&ég@r&ﬁ%@pgu@?brenuiéhe slide
resi stance of the lubricant layer 25 is increased but also the adsorption

of the | ubiulcdfledis eRBANECExtdIedEhyefautibil R vIlcRR 0N oRUERLBEiIRG A
spindl e notor. For decreasing slide resistance, if used a |ubricant of |ow

3 Vi scosi tiprgeheapalitganktabnes web i isap pharis dsh, Onthaspr oEeeheVveol ayer
during high-speed rotation of the disk. This causes a contact between the
di sk aAd hkeddedag$st heichoir enkageually employed in which a recording

medium layer is provided on a disk substrate having a high

strength (hard disk), and the hard disk is rotated at high

speed to operate a recording/reproducing element (head).

Examples of the hard disk are a stationary magnetic disk,

25 optical disk and optical magnetic disk. Of these, the most

prevalent is a device employing the stationary magnetic disk.

In order to increase the capacity of these exteérnal



A lubricant, in an extrenely sinple manner, fornms a 5 lubricant film having
a uni formthickness of nolecules on a prgtective |layer provided on a hard
di sk such as to reduce friction and wear which nay be caused during the
rotation of the hard disk and at the start and stop of the device. For
protection of the disk and head, there is required a |ubricant 10 which has
a low slide resistance, large bonding strength to a protective |ayer, |ow
coef fi ci efteordingc deyh ceni Whthpehi eangindithqir diizgh theimnheseadpatyty,
hi gh corrosive resistance and lubricity at | ow tenperatures of below -10 ~,
and, whi cHhcdmcreaseultheasnrfiace| necerding olensipor ofr essecerding ubedtemt 15
for hard disk is required to have no change in coefficient of friction over
20,000 tineystn €SE gupBBLELt yThithareqwireshethatbtiidamst zehbal dedecéd eandr om
abnormalities such as seizing of the head and bl em sh of the disk, and the
vari ati on Th¢ &&eds Pei broughtf peer i the stredxtlibeg medimme ashmnch. 8 even over
20 20,000 tinmes in a CSS repeated test. Fromthe point of view of chem cal
st abi | Pty Posisiddgt-h, Tal redunenafelearancmtbatwennd thenbehdesnd @iskonthei ke
Carbon (DLC) is used in the surface protective |ayer of existing hard

di sks. Thildgyesnessi ¢é thpefipk, surfagppakonld remniindmigedtr uBdure, mainly
conposed of carbon, which |leads to a | ow chenical bonding. Its adhesion

t her ef or e ‘& ENFedef@n 8 tapBna hgHedRICH oM Mttt mdreditbgan18fonmor theét r ogen
atom and 4 interaction such as van der Waals force. Thus, perfluoroal kyl
pol yet her "SISVGHRHESS( KBPELAaPE ROt dhe¥e cham Ky nnpFpHoyeverysyifil Eeenpl oyed
as a lubricant (Mnthly nmagazine "Tribol ogy", No. 99, Novenber, pp37-38, 5
1995). PFEEARLdngsERfs tPradiskndtgiAce Hehi imgreanad nébe, hpad Yapbiable
pressgge,tgn% t%ﬁrna% gtabilitg, whi ch characteristics are derived _ from

f1 uor ocar b&N PCURFSPERRSt 8PYC Frendsek shHalarkk (IarbtRdnpBhdhngPeedengt h to

t he prote%géve urface is smal|l because qf |ow surface energg, and

| .
the 10 | ubrical %%§§§213n8e8?§§$ﬁ%a§% MTRath Protdensier) 19 8Y

trif L f duri he.rotati f i sk, t hi
addi 1 ve oPr4eeEsnthe) SebAbsnanl veSefiaf (i tiploosy R dRavERCe] oty
tibily . i yi £k the fl b f PEPE h
ceparation TaremAers S8R bl et T R reeen loragpLebiaR of o
arfinity odRE 188 ohacaREeenor 8p05eT PRI Ak phLgh, g, unct | onal
group, such as hydroxyl "group or acylamde group, 1S in roduced into the

term sl ¢hreREkeknal pbiephBLp ShaLK, Oaiﬁfpl%ﬁ(ﬁ%ﬂgﬂz@ £nfBEL VahhYCor

Ausi nont S.p.A). Unfortunately, t uncti ona roup havi ng suc

active hydhegemovedhendesneasfo& et £@ oid 2liddwedug nl@ebigsfriction with
the head. An object of the present invention is to prOV|§e a lubricant for

har d di sk ceftisi@etab1oxehbl gropAISE D adt | ddvtacdd HdtRele®SYRE @k Hna

| NCENTI ON The present invention relates to a lubricant for nagnetic

recor di ng headi, uBswWivieth 66NMPEi&EHon ashérerd dvafdn V& husd deeFRaBEAY, the
phosphazene conpound of forrmula [N=P ~0 (C6H4) - (A) Z-R~ a ~OCHZ- (B) xH-~
b] v (1) weddebdlAtys - C6Hd- or -OC6H4-, B is fluorine-containing al kyl ene
group, R is hydrogen atom fluorine atom Cl d alkyl, 5 C _4 alkoxy or Cl1 4
hal oalRRyl, a andrb virew @fr ¢he funbgoing, OféD Protsadtiisfnyiafy taebd2skx is 1,
2, 3or 4, yis 3or 4, and z is 0 or 1. Excellent CSS durability of a
conpound Surfhee apndnhead. i $tbasethens anglsdd eayt wor iinicrgaski ghe amount
extrene-pressure 10 performance and excell ent adhesion to a DLC protective
| ayer, whiodhacRabadicentsappiied etalethe sthiffaam Cdhpowrdtetrishomnatnfar
nunmber of prior art literatures, e.g., Japanese patent application No.
47680/ 1982 diske, Hewergtel LEnthedmeinn ab & HalBlicaptonpplied Layer seens
to arise fromthe synergetic

increased, not only the slide resistance of the lubricant layer
25 is increased but also the adsorption of the lubricant is

enhanced, thereby causing a stop or burning of a spindle motor.

For decreasing slide resistance, if used a lubricant of low



15 effect between the interaction of the term nal hydrogen of fluorocarbon
pol ari zed by the adjacent fluorine atom,w th hydrogen or nitrogen atom of
the DLC protective layer, and the.interacCtion of a phosphazene ring with
the DLC protective |ayer. 20 In a phosphazene conpound of the formula (1)
of the invention, a fluorine-containing alkylene group indicated by B is
preferably a straight-chain or branched one having 1 to 6 carbon atons.
Such a st ricqasd tyny thecdupoigart anoeeheand i dikseppedmeafpomsacprBracei GFZ,
CFZCF2, CFZCF20, CFzCFaCF2) 25 CF (CF3) CFZ, and CFZCFZOCF2CFz0. As to R,
exanpl es ofay@r Alualilgl high-spehgl roedbidn ¢@f ophyd dingk butrplis exaspbes of
Cl 4 al koxy are nethoxy, ethoxy) propoxy 6 and butoxy; and exanpl es of
Cl_4 hal odtdatlacdr degweeps the dhskhatdeheddyearad kiHeigr xeakagsubsti t ut ed
with fluorine) chlorine or bromne. In the present invention, the nunber of
Ris 1 to 5) 5 prefubzilslantl tio an €Rareinslyt himphenydrarer,grfoumson
oxyphenyl ene group of A can have 1 to 5 of R as a substituent. This
phosphaz endikgdigeainds lar bakhogna cempbormlst nhikie sy efdesdechedsi on &or
exanpl e, JP-A-164698/ 1983, JP-A-265394/198?, JP-A-103428/1988, and
USP461354BRr et tilvey leasrberpyéped eon by, hdfd fdislexamil es teactduaget he

ol i goner of phosphonitrile halide, the alkali netal salt of phenols and

al kal i netficgtdion @ndf wgoronhiohohasy I arm®esd cfurting ahiegoneatbébn of
phosphonitrile halide are trimer of phosphonitrile chloride, tetramer of
phosphoni t¥h9 diagid Giske andnatathe xstaet oind hetmp Bfarhhlecdevficé5 phenol s are
phenol ) et hyl phenol, nethoxyphenol, trifluoro nmethoxyphenol,

3- hydr oxy B AGHIOM Ofi dbe dhakt andchemd chthexe des oredvédedna UsPns16548.
Exanpl ?)s of fluoroalcohols are 1,1, i -trihydroperfluoroalcohols such as
1,1, 3t%i h MeSu6r dPMoFAREr BRBLAtance riagar dndingosspengthote 20 and
a mxture of this with 2,2, 3,3, 3-pentafl uoropropanol. A phosphazene
conpound tF4FE FIEMIPYSE1) 1At Foehbl clan b e‘ﬂ‘-pvfalﬂtfetJ(‘}’fn'a,hlB¥1 ghepigal z, can
be obt ai ne . .Ghanging.sujtably the kind and, anount of phenols and

f 1 uor oal co%cﬁ%ld‘tqyt'hk‘lgpnngFmbi/eﬁﬁ?%H’oW' 59 QAFEoFiscResiAbRRERON, a
phosphazeneﬁfqggpund of the fornmula (1), as it is, can Qf used as a

| ubri cant .27A t'&PFACNE §F A°BhbePResatr eb b BRIt e f ordrfa Widchay be

can form ultrathin films at a low vapor pressure. A lubricant
15 for hard disk is required to have no change in coefficient of

friction over 20,000 times in CSS durability. That is, the

lubricant should be free from abnormalities such as seizing of

the head and blemish of the disk, and the variation in

coefficient of friction should be no more than 0.3, even over
20 20,000 times in a CSS repeated test.

From the point of view of chemical stability, strength,
ultrathin film formation and smoothness, Diamond Like Carbon
(DLC) is used in the surface protective layer of existing hard
disks. This protective layer is, as apparent from its

25 structure, mainly composed of carbon, which leads to a low
chemical bonding. Ité adhesion therefore merely depends upon

hydrogen bond with hydrogen atom or nitrogen atom, and



di ssolved in a suitable organic solvent. Exanples of organic solvent are
aromati ¢ hydrocarbon such as tol uene and,xyl ene, hal ogenated hydrocarbon
such as nethyl ene chloride, chloroform 1,1, 1-trichl oroethane,
1,1,2-trichloroethane, 5 trichlorotrifluoroethane (flon 113), ether such as
di et hyl ether, dinethoxyethane, dioxane and tetrahydrofuran, ester such as
ethyl acetate, ethyl butyrate and anyl acetate, alicyclic hydrocarbon such
as cycl oheldrezachicinolsechane sad dgc| Yazlsnforak met hyl formani de, di net hyl
sul foxi de, and a m xed solvent 10 conprising at |least two of them A
phosphazene confwmsl aferfHerdroahkyd pb)yveftheheol hyemdi otheasyinlad tesed
together with other lubricant, for exanple, fluorinated oil such as

per f | uor opes fantest topalsy JRERE!) et henssghiheenplaydd v aotlhdripansphazene
conpound. Exanples 15 of the fluorinated oil are: HOCHZCF20 (CFzZCFzO r
(CFa0). aCFMHHdRY Weaegiimer "TsibologBl, MWod %9, Ndvdmbed], pp3pessny!

- OCHzCFaO (CFZCF20) r (CFZO aCFZCH20- pi peronyl whereinr is 5 to 30, and s
is 5 td 3019%Md 2@®FEE3BGRECE2QoWCFICFRCFad) et diFaCHBemiverleiimetrthesd) 1ow30.
Exanpl es of the pol yphenyl ether synthetic oil are an isomer m xture of

bi s( et a- prerox yptessene), bendeibernatl atalyl i phemiicdt hdrarektkedstias z O (R
)V 8 wherein RL and RZ are hydrogen atom or hydrocarbon group having 8 to
24 car bon 3D Beriyeshd remgfd ugroraghonnt cgeforanthttely v it hasoad. Exanpl es
of ot her phosphazene compound are: 5 (N=P {OCH2 (CFZCF2) pH} 2~ wherein p
is 1, 2, Fmpwhackyihat jthe3bendingaatir¢ngth (QCHAGFYr(tECHICEaTESRT A

| ubricant of the invention is usually enployed by formng its coat on a DLC
prot ecti veSYEhASGe ithémrdimkecense0osf law| sy facamtenengy. @ndt e nvention is
carried out in a known manner, e.g., application. Wen a lubricant of the

i nvention YWPHSAN e PVESa apgr §1igpBREAES | FECR BT grraRiaitiivee Lpygsr by spi n
coati ng, die[p crg%ti nq_l or the like is enployed. Althog%&i ts layer thickness
is not spetTHiicaY iforcEd duri rgsthey T ok bikeml 98 iRk 10 TP0SRDDTERS
preferably .about 10 tq 50 ~. Adjustnent of coat thickness depends upon the
vapor pressity & ﬁ‘t‘iltdthg}é(ﬁi Ofs8| FBRPNARENCEARARIYN It UseShosphazene

Cherof or e SR R By ey ePabt 59 <EOBRE Lot LA ERh G o 7R b used, or
L Lk N g e N L R
N R T R e S R L S L
500 m of P el TartgPORRa ile) FOCAS T I o bR HR TSR o0
for 30 MM P ad RAah grblibckpeasyPinile ol A 15 i 5alca8 1heohar d

~disk. This was then subjectfed OW ng tests. the pertormance

test of | ubid cRitrinad BRAickhedrCORMBREi ghly @yl abt emid @omasisgd such
that coefficient of friction was determned fromthe force applied to the

head, and déeivasveladuddinonedsopl APy NMBasel tukh £d18, Chandgun t¢eghlii ci ent
of friction at the tine of activation, in a CSS repeated test. 10 A single

CSS cy2l e dwmip IRiviegortehwhainC Acedupr hg&soddre vigps dfcrdariet ichemibeldri ve
with the head contacted on the disk surface, rotating the disk such as, to
reach a prsthdtidritiynechendwbeheof rieubbntwbth ofh8@¥hd pm with t he head
lifted, and stopping the drive with the head contacted with the disk
surface. The harkh object of the present invention is to provide a

lubricant for hard disk which has excellent CSS durabilify.

25 DISCLOSURE OF THE INCENTION
The present invention relates to a lubricant for

magnetic recording medium which comprises, as an effective



15 di sk was obtained by formng, with plasma CVD, a DLC protective |ayer of
200 to 300 ~ on a 3.5-inch recording nedium prepared by sputtering. For

i ncreasi ng the surface snoot hness, no texture was used. The head was of
monolithic MG (netal in clearance), and the load was 7.5 g. In the CSS
test, the 20 lifetinme was determ ned by the point of tine at which
coefficient of dynamc friction (~) exceeded 0.6. Table 2 shows the

char act er ictnmpmenth; a phosahheeheExampbend @f fceknulm 7 8 9 10 11 Com Ex. 1
2 3 4 Lubricant Conpound ab x11 10.51.5 211 211 311 411 211 211 211 211 311
202 1y z 30 3 (N Ao3ch,3-Qad, RB,0(ctH)- 3P 3 O 4 0 3(Q) PFPE- OH NF-10
None RHHHHHH CH3 OCH3 CF3 CF3 CH3 B CFZCF2 CFZCFZ CF2CFz CFZCF2
CF2CFz CF2Qrx GE2@F2 sCF2QEF2 OfF~CPZ Kz CBai€FZthdr (@ Ghentaildinkabl e 2 Low
speed CSS |lifetinme friction (cycle) State of disc coefficient ~-0.6
(initial) By er&320000No Rdiisohgdragen 84 2300 Ofu ki isny deadodi). 184 20000INo

di sorder 40. 18428000No di sorder 50. 19826000No di sor der 60. 19524000No

di sor dér 70¢,19@24089Nord{ s priverd0LkyA7220@@No bdager der881 LiB2AMOAND 0 to

di sorder 100. 18532000No di sorder 110. 20120000No di sorder Stati c

frictionCoin BetiGfy3d3agcadbeeff kcient, (2, )dver S aty cid rd ctd dn2@nd z is 0
3006000coefficient ( u. )overStatic friction30.1202200coeffi cient

(~.L)over Lemri.cant 40. 29610adheres to head, damageR i ssubstituted atthe neta
position.5 PFPE-OH. F (CF (CF3) CF20~ "CF (CF3) CH20H) having an

aver agenol ecul arExed lgantofCSEh clmra®A0ikF- ¢6 a ¢dmpoitiCHZCRY)d GEheGE2GR3)
~sExanpl es, 12to 20 12 A simlar test was conducted except that the
conpounds HedASese®n ©xTeBllent hebrigity. | high ek ofendrormmsuerends descri bed

in Table 1. Table 4 shows the results. 5
10 performance and excellent adhesion to a DLC protective layer,

which characteristics are derived from Compound (1) shown in a
number of prior art literatures, e.g., Japanese patent
application No. 47680/1982. Here, the excellent adhesion to
the DLC protective layer seems to arise from the synergetic

15 effect between thé interaction of the terminal hydrogen of
fluorocarbon polarized by the adjacent fluorine atom, with
hydrogen or nitrogen atom of the DLC protective layer, and the
interaction of a phosphazene ring with the DLC protective
layer.

20 In a phosphazene compound of the formula (1) of the
invention, a fluorine-containing alkylene group indicated by B
is preferably a straight-chain or branched one having 1 to 6
carbon atoms. Such a structure may incorporate an ether
linkage. Examples of B are CF,, CF,CF,, CF,CF,0, CF,CF,CF,,

25 CF(CF,)CF,, and CF,CF,0CF,CF,0.

As to R, examples of C,, alkyl are methyl, ethyl, propyl

and butyl; examples of C,, alkoxy are methoxy, ethoxy, propoxy



Lubri cant Conmpound. ~~xr ~3z A ~RExanpl e 121121 - OC6H4- HCFZCFZ1311331 - OC6Ha
- HCFzCF2144/ 32/ 3331 - OC6H4- HCF2CFz151143] - OC6H4- HCF2CFz1611341 - OC6H4

- HCFZCFz1T11331 - OC6H4- CH3CF2CF21811331 - OC6Ha- CF3CFZCF21911231 - C6H4

- HCF2CF22 011331 - C6H4 -HCFzCF2 Table 4 Low speed friction coefficient
(initial)CSS lifetime (cycle) ~.L=0.6 State of di scEx.

| 20. 18522000Nodi sor der 130. 18527000Nodi sor der 140. 18025000Nodi sor der 150. 19225
000Nodi so BGo¥Y523880REATBHR &P H 7041 933660 BKSdR 561 FEPUBD . IBABEEHONodi s 0
rderlQO.lB%%SQ ONodi sor der 200. 18921000Nodi sor der 13 | NDUSTRI AL

APPLI CABI LRy @PR¥epRrLEEht IFAYRNE § ofb ot wiead & ithpfiluardinpor chigping cor
recordi ng nmedi,um whi ch has excellent CSS durability. “The lubricant is
useful as BFOMiBfi-cant for nagnetic recording 5 nedium such as hard di sks
of |arge-capacity recordi ng nedium and netal vapor-deposited tapes for 8
nmm vi deo tape r é')d/"ortél‘@r PEESENgi LAVentHer, cthedunber of4 RCIA MSte. SA

| ubricgnt for magnetic recording nedi um which conprises, as an effective
conpon rn,pﬁfﬁﬁﬁagﬁﬁa}eﬁ@ eonpbadl b3 fremphenviene-grogeHay - (A) Z-R- a
~OCH2- (B) xH= b& y élé 5 wherein Ais -CoH4- or -OC6H4-, B is

f 1 uori ne- CAYPECAYAG S RYPBReOErBuUFAR Rae Hy div§eRfaRons £l GBPFRELER®M CL. 4
alkyl, Cl1_4 alkqQxy or Cl 4 haloalkyl, a and b are a real nunber of 0 to 2,
sati sfying a+tb=2"% P§°fPh2?e§eoF°%?°§n@% A Qrknpwny fpmpounds whigh are p

| ubri cant d%ssc(%gggged in.claiml

in, for exampfggrfgfk}T§£698/1983, JP-A-265394/1987,

JP-A-103428/1988, and USP4613548, and they can be prepared by,
10 for example, reacting the oligomer of phosphonitrile halide,

the alkali metal salt of phenols and alkali metal salt of

fluoroalcohols. Examples of the oligomer of phosphonitrile

halide are trimer of phosphonitrile chloride, tetramer of

phosphonitrile chloride, and a mixture of them. Examples of
15 phenols are phenol, methylphenol, methoxyphenol, trifluoro-

methoxyphenol, 3-hydroxybenzotrifluoride, and those which are

described in USP4613548. Examples of fluoroalcohols are 1,1, @

-trihydroperfluoroalcohols such as 1,1, 3-
trihydroperfluoropropanol and 1,1,5-trihydroperfluoropentanol,
20 and a mixture of this with 2,2,3,3,3-pentafluoropropanol.

A phosphazene compound of the formula (1) with the
desired value of a, b, x, y and z, can be obtained by changing
suitably the kind and amount of phenols and fluoroalcohols at
the time of preparation.

25 In the present invention, a phosphazene compound of the
formula (1), as it is, can be used as a lubricant.

Alternatively, a phosphazene compound of the formula (1) may be



3. Alubricant as defined in claim1 wherein z=1. 4. A lubricant as defined
inclaiml which is a lubricant for a hayd di sk having on a surface thereof
a carbon protective 5 |ayer.

Ay ACALLA DAL AL A AL A Ay A af . ASa. ASFI .. A@*[CH <KI d

+}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] c<a]ca]jcTa!, O Q

| CI 111 9" y"HEepiyeds doa@xshi Bab] e apradeid cedloedrnda] c Exeapdapcafcatgsalta] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! We&?&d" ) v¥++,, !, .,
- . >/ / 000} B2V 538585989t h chwdtrecaika) caudte alsc aldlosheapodakyadua)] cal cal ¢
a] ca] ca] c”a].ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
5+6_696redgéﬁﬁﬁméﬁﬂthydyggarbon such as methylene chloride, chloroform,

; X< <<<<<===>J)>>>zupkf a\ Wi d_Z] ca] ca] ca] ca] ca] ca] ca] c*a] ca] c”a] ca] c*a] ca] c”
a] ca] ca] cdlj-dal’cafFdshéayeetihent c h] ta? cd et lowidetdidnea] ca] ca >>>?

H?*?] ????@%>AXAAA<:::>J >>>zupkf al\ Wi d_Z] ca] ca] ca] ca] ca] ca] ca] c™a] ca]c”
a] ca] cfa] dicdpgateafiuprapthine] t6) em] thllcaledilecalsuahcakcdiethyh] ca] ca) *|[
cE! 10%Z& () - Mb10%&Z & gzle -10%Z& ()- %0 f& ()- :10%Z& ()- yz 109 ()-
<K|iK_+"1@%ﬂ§I()ﬁ$mf &ye;hangoq@%p*gnq@and tetrahydrofuran, ester such
10%Z& () - YL0%Z&' () -y! 109%Z& (%- "109%Z& ()-DEFA }si K+"10%Z& ()-s10%& ()-10Z10
Z10Z 9109 (O 7 arebode: (Frivpt 1pokzery e -aphagyl) acgsate?spkityovic

St #109%&' (),- & fF#109& () - &$109%&Z& i) - 6310WNVE ()- s$P10%Z& ()- s$L10WNVE () -
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HOCH,CF,0 (CF,CF,0) _ (CF,0) ,CF,CH,OH,
wherein r is 5 to 30, and s is 5 to 30,
piperonyl - OCH,CF,0 (CF,CF,0) . (CF,0) ,CF,CH,0-piperonyl
wherein r is 5 to 30, and s is 5 to 30, and
20 CF,CF,CF,0 (CF,CF,CF,0) ,CF,CF,
wherein t is 10 to 30.
Examples of the polyphenyl ether synthetic oil are an
isomer mixture of bis(meta-phenoxyphenoxy)benzene, and
alkyldiphenyl ether of formula:
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10Z&9n' 109@& () - 37109&& () -, 5#109&& () - 93109Z& () - F1IM 109%&& () - S/ ! 109&& () -
=£>82& ' d'\ (()rS1L/ ! $109%ZZ& ()- $10%& (3- ' k$SL0%& () -

, $109Z8& ()-!, $10%CC&' () - & 109%Z& ()- 10Z)) <*v*+ +++zXJ</ | 10MB M3 10MB
M3 ! /g 109B M3 & ()-m!s/g 109&ZZ& ()-m \$109%& ()-!\ $109%n& () -

Xi $109& () - +++++, ., , | K)!'s! 1094668 () - Qs'lO%&'()-' #109658& ()- !\
, #10%GGE ( #1098H8 (), & S10%G& ()- 10MB N-..>/flz[:)!s! 10
ff/#10% & ‘%f)el'(ﬁﬂﬁ@o/@n?) | PES1DYErPyen 7':3!100/&3@6{1)&0&\:)10%11@%911&' ppving

@QO%G& ()-£/0000001 1} 1rP1 , $109%& ()-!,$10% : & ()-&sS10%X ()- 10GG 10GG
106G ° 37!180%:3¢ CRTPPR42E9RER: ¥) aBd | 033X &\ ®y 595 Anreger 0gndos + v =
10G8510@E&.( 'a$10%&f()-'X$10%&f()-'a$10%&f() m' 10%&' () - z5} 555555} [ <PE
109%& () - L Aé ‘()-F!' 109 ()-F'h 109 ()-Fl 10%& ()-y1l0%& ()-55555555pQ0:
109 () - Examples of other phosphazene compound are:
5 (N=P{OCH, (CF,CF,) H},]
wherein p is 1, 2, 3 or 4, and q is 3 or 4, and
(N=P (OCH,CF,) (OCH,CF,CF,)] ,
A lubricant of the invention is usually employed by
forming its coat on a DLC protective layer. The formation
10 of a lubricant layer of the invention is carried out in a
known manner, e.g., application. When a lubricant of the
invention is applied to a hard disk having a DLC protective
layer, spin coating, dip coating or the like is employed.
Although its layer thickness is not specifically limited, it
15 may be usually about 10 to 200 A, preferably about 10 to 590 A.
Adjustment of coat thickness depends upon the vapor pressure of
an ofganic solvent, concentration of a phosphazene compound of
the formula (1), drying temperature or the like. It is

therefore accomplished by suitably selecting an organic solvent

20 used, or adjusting the concentration or drying temperature.

BEST MODE OF CARRYING OUT THE INVENTION
The present invention will be described in detail with
reference to the following Examples and Comparative Examples.
25 m to 11 and ive Exampl 1l to 4
A hard disk was immersed in a solution in which 1 g of a

compound described in Table 1 was dissolved in 500 ml of



109 ()- 109&' ()- 109%& ()-O0l mMO%& ()-55555555u]C: 10%&' ()- 109%& () -
109 ()- 109%& ()- 109%& ()-55555555x"?: 19%&T()- 109& ()- 109%& ()- 109%& () -
10%& ()-566666 66} "F: 109%& ()- 109&' ()- 10%& ()- 10%& ()-66666666u] C
10% ()-& 109K ()-) 109 ()-& 109%& ()-) 109 ()-6"6#6%0)6*6+69g6Xx_ > 10%
& ()-M10%&' ()- 109%& ()- 10%& ()- 10% ()-g6r66666666| obU4 f 109" T& ()- 10
10 10 $1 % 10% & ()- ! 10% & ()- N 10%& ()- X 10%@&f()-NB66707B7L7CQPU4
f1, "1000"tR&yene. After the disk was taken out and then dried at 120 C
for 30 minutes, a coat of a thickness of 20 to 30 A is formed
on the hard disk. This was then subjected to the following

tests.

5 In the performance test of lubricants, a modified
commercially available drive was used such that coefficient of
friction was determined from the force applied to the head, and
the test was carried out by measuring the change in coefficient
of friction at the time of activation, in_a CSS repeated test.

10 A single CSS cycle took 33 seconds which comprises the steps of
starting the drive with the head contacted on the disk surface,
rotating the disk such as to reach a predetermined number of
revolution of 3600 rpm with the head lifted, and stopping the
drive with the head contacted with the disk surface. The hard

15 disk was obtained by forming, with plasma CVD, a DLC protective
layer of 200 to 300 A on a 3.5-inch recording medium prepared
by sputtering. For increasing the surface smoothness, no
texture was used. The head was of monolithic MIG (metal in
clearance), and the load was 7.5 g. In the CSS test, the

20 1lifetime was determined by the point of time at which

coefficient of dynamic friction (() exceeded 0.6. Table 2

shows the characteristics.
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"1000" T& ()-., "109"T& ()-., "1090"T& ()-., "109%"T& ()-.

109" T& () -L7M/IN7O7T7Z7 7dDoW4 f1, " 10%I'1"0T&' ()-., "1099"T& ()-.,
"10% T& ()-. #3~", 109" T& ()-., "109W"T& ()-. 71 7nro7u7{77_?bW4
"109 T& ()-., "1099"T& ()-., "10%W"T& ()-., "109"T& ()-.#3~"(,
"109" T& ()-. 7777777 <bU4 #3~", "109%0"T& ()-., "109%0"T& ()-.,
"109 T& ()-., 109" T& ()-.#3~"7777777 DoU4d #3, "10%"T& ()-.#3~",
"10% T& ()-., "1099"T& ()-., "10%" TZ@IL}Q._}. "109% T& ()-.7777777{_?bU4 #,
"109 T& ()-., "109"T& ()-.#3~", "109%"T& ()-., "10%"T& ()-.,
"1090" T& ()-.7777778_?bU4 #, "10%"T& ()-., "109%"T& ()-.,
"109% T& () -. #3~", "1099"T& ()-., "1099"T& ()-.888888)8 ?bW4 #,
Lubricant
Compound
a b X y Z R B
Example 1 1 1 1 3 0 H CF,CF,
2 0.5 1.5 2 3 0 H CF,CF,
3 1 1 2 3 0 H CF,CF,
4 1 1 3 3 0 H CF,CF,
5 1 1 4 3 0 H CF,CF,
6 1 1 2 4 0 H CF,CF,
7 1 1 2 3 0 CH, CF,CF,
8 1 1 2 3 0 OCH, CF,CF,
9 1 1 2 3 0 CF, CF,CF,
10 1 1 3 3 0 CF, CF,CF,
11 1 1 2 4 0 CH, CF,CF,
Com.Ex. 1 0 2 1 3 0 - CF,CF,
2 PFPE-OH
3 NF-10
4 None




"1000" T& ()-., "1098"T& ()-., "1000"T& ()-., "1000"T& ()-.#3~",

"10%" T& ()-.)8*8, 82888D8ES" <bU4 #3~", "{O%"T& ()-., "10%"T& ()-.,
"10% T& ()-., "109%"T& ()-.#3~"EBHBNBT8 8a8d8 DbW4 #3, "10%"T& ()-.#3~",
"109 T& ()-., "1099"T& ()-., "109@"T& ()-., )
109" T& ()-.d8j 8p8| 8}8~88{ _CbW4 #, "10%W"T& ()-.., "109"T& ()-.#3~",
109 T& ()-., "109%MT& ()-., "10%MT& ()-.8888888dDbuU4 #, "10%"T& ()-.,
"10% T& ()-., "109"T& ()-.#3~", "1 “BL)-., "10%" T& ()-.8888888gGhA4
#, "10%9"T& ()-., "1099"T& ()-., "10%"T& ()-.., "1099"T& ()-.#3~",
109" T& ()-.8888888hDbU4 ##3~", "10%"T& ()-., "10%"T& ()-.,
"10%" T& ()-., "109%"T& ()-.#3~"8888888 Dbl #,
Low speed . .
friction CSS lifetime .
. (cycle) State of disc
coefficient L=0.6
(initial) :
Ex.1 0.183 20000 No disorder
2 0.181 23000 No disorder
3 0.184 25000 No disorder
4 0.184 28000 No disorder
5 0.198 26000 No disorder
6 0.195 24000 No disorder
7 0.190 24000 No disorder
8 0.197 22000 No disorder
9 0.182 29000 No disorder
10 0.185 32000 No disorder
11 0.201 20000 No disorder
Static friction
Com.Ex.1 0.133 2600 coefficient (W)
over
Static friction
2 0.300 6000 coefficient (L)
' over
. Static friction
3 0.120 2200 coefficient (WL)
over
Lubricant
4 0.296 10 adheres to head,
damage

R is substituted at the meta position.
5 PFPE-OH: F [CF(CF,)CF,0) ,CF(CF,) CH,0H, having an average
molecular weight of about 2000:
NF-10: (N=P(OCH,CF,) (OCH,CF,CF,)] ,

E 1 2



"100d" T& () -. #3~", "100" T& ()-., "100"T& ()-., "109"T& ()-.,

" 1099 T& () - . 88889999hL04, "1098" T& ()-. 5 " 100" T& ()-., "109@"T& ()-.#3~",
100" T& ()-., "1006"T& ()-., "109%"T& (}~.999991939 204, "10%

"1000" T& ()-., "100"T& ()-., "109"T& ()-., "109"T& ()-.#3~"(,

" 100" T& () - . 3949596979<9=9nD04, "10%#3~", "100d" T& ()-., "100"T& ()-.,
"1096" T& ()-., "109G"T& ()-.#3~"=9>9729@JOKIMISOhL, 4, " 109" T& ()-.,

"109%" T& () -. #3~A, sinpbgr Teegh was 'cppdRcred( pxcept10bat TEh¢ )ecampounds
109 T&' () -.S9VOg9h9i 9j 9k9cG 4, "10%"T&' , "10%"T& ()-.(, "10%W"T& ()-.,
" 109%™ T& ( esgmibed iy ofpbie () were used instead of the compounds

described in Table 1. Table 4 shows the results.

5 Table 3
Lubricant
Compound
a b P4 A'4 b4 A R B
Example 12 1 1 2 1 -OCH,- H CF,CF,
13 1 1 3 3 1  -OC.H,- H CF,CF,
14 4/3 2/3 3 3 1 -OCgH, - H éF2CF2
15 1 1 4 3 1  -OCH,- H CF,CF,
16 1 1 3 4 1  -OCH,- H CF,CF,
17 1 1 3 3 1  -OCH,- CH, CF,CF,
18 1 1 3 3 1  -OCH,- CF, CF,CF,
19 1 1 2 3 1 -C.H, - H CF,CF,
20 1 1 3 3 1 -CH, - H CF,CF,
Table 4
Low speed friction CSS lifetime
coefficient (cycle) State of disc
(initial) U=0.6
Ex.12 0.185 22000 No disorder
13 0.185 27000 No disorder
14 0.180 25000 No disorder
15 0.192 25000 No disorder
16 0.195 23000 No disorder
17 0.198 26000 No disorder
18 0.184 31000 No disorder
19 0.188 20000 No disorder
20 0.189 21000 No disorder




"1090" T& ()-.k9r9s9x9999 C, 4, "10%™T, "109@"T& ()-., "109@" T& ()-

" 1096 T& ()-., "109"T& ()-.#3~", "1006"{K& ()-.9999999hD, 4, " 109%™ T#3~",
"1090" T& ()-., "109%"T&.()-., "109%"T& ()-., "109%"T& ()-.#3~"999::::cC, 4,
110067, V10947 TE (). #3-", 1097 TE ()., "109TTE ()., "1097TE ()
"100d" T& ()-. 1 *:, :/:0:dH, 4, "10%"T& ()-., "10% " T& ()-

" 1096 T& (). #3~". " 109" T& ()-.. " 109" T& ()-.,

" 109" T& %ND‘E)S"ELR@% ﬁBPE'II—eA&&)LJTY" 1099 T& ()-., "109F"T& ()-

" 100" T& () " 100" T& ( " 1096 T& () - . #3~"

109" T& ()-. F Tli‘?lplf)e%@‘%& .inpentiong PryYades ) lubrl%@%@l{ yragnetic

recording medium which has excellent CSS durability. The
lubricant is useful as a lubricant for magnetic recording

5 medium, such as'hard disks of large-capacity recording medium,
and metal vapor-deposited tapes'for 8 mm video tape recorder or

digital video cassette.
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