Title of the Invention Magnetic recording disk and process for manufacture
t her eof Techni cal background Field of the Invention The present invention
relates to a nmagnetic recording disk and a process for the manufacture
thereof. More specifically, the present invention relates to a nagnetic
recordi ng di sk which has a highly adhesive [lubricant |ayer having so that
it not only permts a stable operation without any difficulty at an
extremely low [evel of flying height, for exanple, of 12 nmor |ess but

al so prevedi&lfi §f atTon BESYIAE a hi gh-speed rotation, for exanple, of
5,400 rpmor nore 3gn ich j n t i.ng di sk
unit such as a hargagpggigrfégeﬁﬁgﬁfc?%%D%ﬁgaggogg%$§g£§§h 6$§ﬁ§%% agture

t her eof . ghatepent of Related Art Conventionally, a magnetic recording
disk unit enploys a CSS (Contact Start and Stop) nmethod in which a
magneti c heallOi@képt in contact with a contact start and stop region (CSS

regi on) forquhkgcaﬁ éggegiﬁhﬁfunferential region at a stop tine, the
magneti c he up slightly at a starting tinme while it
was allowed to conptach-skige imhidaeichS region, and witing and readi ng

are perfornmed in the surface of a wite-read disk region fornmed outside the
CSS regi on. \Wen t Ageopeeagiorifiveréagedrelatrs ey fefPEREA8 i s brought back
to the CSS region.from1 the wite-read.di reqi wed to | and
while it mé?ggngﬁ%dd%%ké%ﬁ%5bFF§F?§§ ?%éﬁﬁé’ggéggégﬁg%%réﬁ? fﬁg magnet i ¢
head i s stopped. sfbei i@ tiyNg toRepabbom: alrention relates to a

magnetic recording disk which has a highly adhesive
lubricant layer having so that it not only permits a stable
operation without any difficulty at an extremely low level
of flying height, for example, of 12 nm or less but also
prevents migration even at a high-speed rotation, for
example, of 5,400 rpm or more and which is to be mounted on
a magnetic recording disk unit such as a hard disk drive
unit (HDD), and a process for manufacture thereof.
(000 2)

Statement of Related Art

Conventionally, a magnetic recording disk unit
employs a CSS (Contact Start and Stop) method in which a
magnetic head is kept in contact with a contact start and
stop region (CSS region) formed in an inner-circumferential
region at a stop time, the magnetic head is allowed to come
up slightly at a starting time while it was allowed to
contact-siide in the C8S region, and writing and reading
are performed in the surface of a write-read disk region
formed outside the CSS regicn. When the operation is ended,

the magnetic head is brought back to the CSS region from



endi ng operation which involve the contact-sliding in the above CSS nethod
wll be called a CSS operation. In a magnetic recording disk for use in the
above CSS nethod, it is required to formboth a CSS region and a

wite-read region on the disk surface. For preventing the attachnent
(stiction) of the magnetic head and the nmagnetic recording disk when they
are in contact, further, it is required to forma roughened form having a

predeterm ned surface roughness called a texture on the magnetic recording
di sk surfacEheFeFlieg1e8Ahtilng dambge THLLE e toned cont'@ &iildfng of the
mgnetic head and e, monel L6, LECOLH D i Kedubinged s CEHcORREALT ON,
there are known, or exanple, a nmagnetic recording nedium(e.g., JP-A-62-
66417) havi pggaecoathag fier pedppéda rerf kuaroahk ydppolataherndhavi ng t he
structural formula, HOCH2--CF20 (C2F40 p (CF20 g- CH2OH and a | ubri cant
cont ai ni ng arPhvs phEEd FomPoGRdI B Wardine coBRPBhett 1YY 38 gt o be
applied to a _hard netic, recordin i sk ( . A 11-224419) .

Recent |y, tﬁgogﬁdgg?%géjﬁﬁ%ﬁ%geigéb%?ﬂ%“¥éb?§%e pgﬁ%?ﬁég'nagnetic recordi ng
di sk accordipg ¢ @ @)l oad unload nethod. The |oad unload nethod will be
called "LUL nmethod" hereinafter. In the LUL nmethod, a magnetic head is kept
on a sloping seat IpaplBagnetrighpepesiinondts bt décalfafhRt3ROE recor di ng

on_ . . SPLRO) ive 3o
sk at 2 stan Lipg. and A g starlung, Ui JL0e oTBggeld s headyl s al | owed

to slide fr he” magnet1 c recor sk after the
magneti c regek dingeadi Sdg ignabhs thar 8l g, sdrdalcewedrdyy pieivienfgrnanthe eadi ng.
The above series of operations will be called "LUL operation". The LUL

nethod i s préfecheent ofstiindrioasi n§ the naifeitagt hepd and the magnetic

recording disk when they are in contact, further, it is
required to form a roughened form having a predetermined
surface roughness called a texture on the magnetic
recording disk surface. For alleviating damage caused by
the contact-sliding of the magnetic head and the magnetic
recording disk during the CSS operation, there are known,
for example, a magnetic recording medium {e.g., JP-A-62-
§6417) having a coating formed of a perfluoroalkylpoclyether
having the structural formula,
HOCH,-CF,0—(C,F,0),—(CF,0),—CH,OH
and a lubricant containing a phosphazene compound as a main
component and being to be applied to a hard magnetic
recording disk (e.g., JP-A-11-224419).
(000 4]

Recently, the above CSS method is being replaced
with a magnetic recording disk according to a load unload
method. The load unlcad method will be called “LUL method”
hereinafter. In the LUL method, a magnetic head is kept on

a sloping seat called a ramp positioned outside a magnetic



capacity since a wider witing and reading region on the nagnetic recording
di sk can be secured. Further, since it 1is not required to formthe texture
for CSS on the magnetic recording disk surface, the magnetic recordi ng di sk
surface can be snoothened to a great extent, and the flying height of the
magneti c head can be further decreased, so that a higher S/INratio of
recording signals can be attained. The LUL nethod is therefore suitable.

As the flying height of the nagnetic_head is further decreasin% due to the
i ntroduct i oRSEPTEHRI dhicife ATUE SHEPhot™ i 1% 2FefuP FREUTYY dtit%in “8Fabl e

oper at i on of _L.he. ; aagnel ¢ heag.exen, a1 an exbrelRLy.bow |avel oakoa flying

hei ght of 1 m or | ess. However, when the magnetic head is allowed to fly
above a magneti sagecordimgodiddkgsdi $lacef teat thechagnyery faowddiyigng hei ght

| evel, there is caused a problemthat fly stickin nd Qgﬁ? coirosion
probl ens fFéglieRt?ytt dREHGcelollard 1 W?PF&R?ngngr%ﬁﬂ FefePS to a

probl em that, 3, MBgneld G head Lo cause { 0. N2ue18qf h ok uald Qi il T 1 ¥ ng

position an ying height Tevel during its flying. The probleminvolves
i rregul ar firuet uat i @ashdd) irsepireddetéOnf@ dutqriet s iandtiae nagnetriat ikead cones
into contact wwth a magnetic recording disk to cause a head clash in sone
cases, andceRecHEgNEINe rPecdAarnyrdF S fdy B&dese r B5EPL™ Afe 061 r osi on

probl em ref gr.s 9, @ PLOR&M.{ hak ! b, 6l QRN RO o), as7ageetc head is

corroded to cause ies inreproducing witten data, and in sone
cases, thejgeppodugduredray ernothengettypessiobl essosn ttte cegnedéd el enent

may expand to cause danage on the magnetic recording disk surface during
the flying gﬁcpﬁ@iﬂggﬁ@ﬂi§urface, the magnetic recording disk surface

can be smoothened to a great extent, and the flying height
of the magnetic head can be further decreased, so that a
higher S$/N ratio of recording signals can be attained. The
LUL method is therefore suitable.

(0005]

As the flying height of the magnetic head is
further decreasing due to the introduction of the above LUL
method, it is required to attain stable operation of the
magnetic head even at an extremely low level of a flying
height of 12 nm or less. However, when the magnetic head
is allowed to fly above a magnetic recording disk surface
at such a very low flying height level, there is caused a
problem that fly sticking and head corrosion problems
frequently take place.

(0006)

The fly sticking problem refers to a problem that a
magnetic head is caused to have a fluctuation in flying
position and a flying height level during its flying. The

problem involves irregular fluctuations in reproduction



head. Further, it is recent practice to increase the turning rate of a
magneti c recording disk for enhancing the response of a nagnetic recording
disk drive unit. Conventionally, the small 2.5-inch magnetic recording disk
drive unit suitable for nobile devices has a turning rate of approxinmtely
4,200 rpm while it is recent practice to turn a magnetic recording disk at
a high rate of 5,400 rpm or nore for increasing the response capability.

When a nagnetic recording disk is turned at such a high rate, a |ubricant
| ayer movesCPhPgrat®Y & 9P8técc%ﬁﬁ¢n?QHiﬂ H§P e LY éﬁjgyathe t ur ni ng,
and there cones.ip- cl&allH4dPReSk & LhenonERenyi 81 uhi cih thed whsbsant |ayer

cones to have a non-uniformthickness in the magnetic recordi ng di sk
surface. Whendt hies tragrlendss retotfiend ubrslcaaty baydestigwgdases on the

outer-circunferential side of the disk, a fly sticking.problem,or a head
clash problemis | Bl ¥ Ak ETHPAER Eﬁf?%%t¥ﬁﬁEPSFggfﬁ.€®%%ﬁ§¥%e

t hi ckness o I i.caht ¢ gy i Ll erenti al
Eégg&k&f{%%%ﬁ 3 ﬁégz‘ii@l?#@qr%%% Q8 LBErbierSiosciuaf

side 4 of t S bricity performance decreases, and a head cl ash
problemis Hiableuloidsake pkaceducitenia thenyedatbonahd | Ubricmntcadeseri bed in
JP- A-62- 66417 or a conventional l|ubrjcant described in JP-A-11- 224419 is
used, the abB9erprobfEis akEYpPace® hi YHSF PPPEHHERt IS5 GRS £ i cul t

oo Vo RAEPL bt Ut Rk ecy dhom sk e, rocently
of a magnetkecr@CHd diigk diusitaca bugher tHNflgtihg afdtHastametiesponse.
head.
(0007)

Further, it is recent practice to increase the
turning rate of a magnetic recording disk for enhancing the
response of a magnetic recording disk drive unit.
Conventicnally, the small 2.5-inch magnetic recording disk
drive unit suitable for mobile devices has a turning rate
of approximately 4,200 rpm, while it is recent.practice to
turn a magnetic recording disk at a high rate of 5,400 rpm
or more for increasing the response capability. When a
magnetic recording disk is turned at such a high rate, a
lubricant layer moves (migrates) due to a centrifugal force
caused by the turning, and there comes to clearly appear a
phenomenon in which the lubricant layer comes to have a
non-uniform thickness in the magnetic recording disk
surface. When the thickness of the lubricant layer
increases on the ocuter-circumferential side of the disk, a
fly sticking preoblem or a head clash problem is liable to
take place at the time of LUL. When the thickness of the

lubricant layer decreases on the inner-circumferential side



Under the circunstances, it is therefore an object of the present invention
to provide a magnetic recording disk that permts a stable operation

wi t hout any hindrance at an extrenely low |l evel of flying height, for
exanple, of 12 nmor |less, and which has a highly adhesive |ubricant |[ayer
whose migration can be prevented at a turning rate, for exanple, of 5,400
rpmor nore, and a process for the nmanufacture thereof. Particularly, the

present' invention ainms at providing a magnetic recording di sk suitable for
the LUL nmet Rédthaddaskhr ddesd WPsict he PRINFECNGReJEREFRITS BimTary of the

| nvention Far,achi eyl ng. Lhe abgve obigct, g pagsent  inventors have made
diligent studrés on the ébove proB ens that recently appear in magnetic
recording disksy gagd it has been found that the problenms are results of the
occurrence of the follow ng nechanism 3 \Wen the flying height of a

magneti ¢ head conedhed abeonyeribioradelyPEaaant (48AGTGPRE YRt BTA1ZE im or
| ess, the tic head exerts adiabatic .c r LQn, angs gdijghati c
expansi on rgggg eafyaoﬁP%fﬁﬁ%%Pﬁégn?u$5§%3”35§%%ﬁ§§§ﬁgféce of "a magnetic

recordi ng dipslatbroughsadr 4wl esulespausiag itake bLytaghigid, t he |ubri cant

| ayer is repeatedly heated and cool ed by the above thermal action. From
this point dfequpehlyt hengpridsént dii Avenebl sshade itddet Pariher¥tlddives and
found t hat e _above thermal action. es ! r ' lubri cant
constitutin Eﬁﬁemﬁﬁ%??%ﬁuﬁeﬁﬂgé Pgsgl?%ggy%%§x¥%%$?¥ag%¥?%§?% JE?B e 'to | ower

mol ecul es. Whenst bgerd Bbrd Garle 1S rEeduredd Gdrewnmt ghet esaghis tyo offthe
pyrolysis, the flowability of the lubricant increases due to its |ower
nol ecul es, somehattibherecthatingn dbekweentiHen JWF ahtcl ay@riashif a
protective %%%%Engg degraded. As a result, |ubricant

(0009}

Under the circumstances, it is therefore an object
of the present invention to provide a magnetic recording
disk that permits a stable operation without any hindrance
at an extremely low level of flying height, for example, of
12 nm or less, and which has a highly adhesive lubricant
layer whose migration can be prevented at a turning rate,
for example, of 5,400 rpm or more, and a process for the
manufacture thereof. Particularly, the present invention
aims at providing a magnetic recording disk suitable for
the LUL method and a process for the manufacture thereof.

(0010)

Summary of the Invention

For achieving the above object, the present
inventors have made diligent studies on the above problems
that recently appear in magnetic recording disks, and it
has been found that the problems are results of the

occurrence of the following mechanism.



having an increased flowability is transferred to, and deposited on, a
magneti ¢ head positioned within an extrenely small distance fromthe
magnetic recording disk, so that the flying position of the magnetic head
is destabilized, which causes a fly sticking problem Particularly, it has
been found that a magnetic head having a recently introduced NPAB (negative
pressure air bearing surface) slider sucks a deconposition product of a

| ubricant fromthe surface of magnetic recordin i,.sk. dye to a high
negative pressure {'REE B%%uggﬂéﬁgfﬁéggﬁmg a§ﬁ¥§§% coPe?ﬁec%%%%e‘?c head,

whi ch pronoies .hhe.t fansfersn-and rdepesitd QfhdPhenomengnor 01dssl, khel t has been
al so found that the lubri'cant, when 6 thermally deconposed, forns

hydr of | uori maaekditnhsatre: cases adiandtihatonresiyydrofhdordicladiid is |iable

to corrode the elenent portion of a_nagnetic _head as result of transfer
thereof to Pﬁ@aﬁﬁbﬂ%t¥%94%§ﬂﬂlylP“hﬁleQ£§F?QRtH%¥Frf8ﬁn§h?rﬁﬁréfce of

magnet o- r esistange. ; f f8CT, Jiopr Adugi e GlETRAl: (MRecAVR JMRnfligs) used in

a nmagnetic head as being suitiable for higher-density recording is easily
corroded, andythat anshtled divngimaner iiajer tihatregiewtsday hegtarhgmet i ¢ fl ux

density such as FeNi - containin% pernallgg, which is used.in t?e shi el di ng
portion of &°RAagAePY ctrRAPITAVITHG TR magnet Tt eSF S ante B &c r epr oduci ng

el ement, is _also Liab rtd-gul-ar i L hes-Pbegy found that
t he Iubricaﬁ?e%degégiéégﬁ%ﬁgn ﬁ?ggggggd%%f%:%%g%gﬁngﬁgs TOM/heat

durability, foendsthetbend harome! kyiedesdnposiech grdmosest hiee gfora Msiigbl e to

cause problens due to these phenonena. [0 O 1 2) IE has beeqﬁ&y&k@er f ound

t hat t he hy@ﬁoﬁ|&gppécant constituting the lubricant layer so t
lubricant is reducible to lower molecules. When the
lubricant is reduced to low molecules due to the pyrclysis,
the flowability cf the lubricant increases due to its lower
molecules, sc that the adhesion between the lubricant layer
and a protective layer is degraded. As a result, lubricant
having an increased flowability is transferred to, and
deposited on, & magnetic head positioned within an
extremely small distance from the magnetic recording disk,
so that the flying position of the magnetic head is
destabilized, which causes a fly sticking problem.

Particularly, it has been found that a magnetic
head having a recently intreduced NPAB (negative pressure
air bearing surface) slider sucks a decomposition product
of a lubricant from the surface of magnetic recording disk
due to a high negative pressure that occurs on the lower
surface of the magnetic head, which promotes the transfer
and deposition phenomenon.
(0011]

It has been also found that the lubricant, when



acid generated by the pyrolysis of a lubricant tends to cause sil oxane
present in the atnosphere of a nmagnetic recording disk device to chemcally
change to formsilicon oxide and that the thus-formed silicon oxide is
liable to be transferred to a nagnetic head to cause a fly sticking
problem [0 O 1 3) The present inventors have further found that the LUL
nmet hod aggravates the above problens. In the LUL nethod, a nagnetic head

does not slide on_the surface of a netic recording disk while being in
contact thetBE5™7L bl F RePTHRG SCas  ABFROM K HRFE ca s HLG oMORTH] G Sfreduct  of

a lubricant that,is.onogddansheired-19 {he snpgaeticcheashd ssha1o | onger
transferred, or renoved back, to the magnetic recording disk side. In the

CSS net hod, eftkecsCSSpoegian «of a azpaghet ileadkeer di ngsdliskowordesistf@rcl ean away

a deconposition product adhering to a magnetic head during the CSS
operation, &METEPLi EotHHUGRITERAE tR&Yabove probl ems therefore do not

appear clearly. C Qtoh%s4ﬂegrhef1ﬁrt@§—ﬁfmfohﬂ¥e{ﬁ£isa havgerBdecf usthere studies
on the basis of the above results and found that the above problens can be

suppressed kyrkornragraibaibrd edrtehay MR, R, aiTNiRngeac perddamrigpel yet her

conpound having an end noiety containjng ﬂﬁths%hazene ring and a
per f | uor opofS8FRE!C corFdUITY HFdPEng ARt R T SEYPEOREEF G a hydroxyl

group as a 'rg%&gfa‘ﬂ% igyﬁsj%@ %onggsaj Cand @§Q%diaNgn Ll 8Kind tndtas 1Rgen al so
found that the abové problens can e overcone when a lubricant |ayer is
formed so agsht@ haves a Nhayemagantacnthgx algeriftlyuenopoiyefdier- conpound
having an ?:rc])gtgll);ue.rtl%/ Eg:eoprrﬁaaiilrgyr,]gw%iggd:{soxgslecgri%u%hgnsgi lrc(i?;i'fnegCti ve
portion of a magnetic head having a magneto-resistance
effect reproducing element, is alsc liable to be corroded.
Particularly, it has been found that the lubricant
described in the above JP-A-62-66417 has low heat
durability, tends to be thermally decomposed and is
therefore liable to cause problems due to these phenomena.
(0012)
It has been further found that the hydrofluoric
acid generated by the pyrolysis of a lubricant tends to
cause siloxane present in the atmosphere of a magnetic
recording disk device to chemically change to form silicon
oxide and that the thus-formed silicon oxide is liable to
be transferred to a magnetic head to cause a fly sticking
problem.
(001 3]
The present inventors have further found that the
LUL method aggravates the above problems. In the LUL

method, a magnetic head does not slide on the surface of a

magnetic recording disk while being in contact thereto




| ayer side and a | ayer containing a perfluoropolyether conpound having an
end noi ety containing a phosphazene ring on the other surface side. The
present invention has been accordingly conpleted on the basis of the above
finding. In the present specification, the term"an end noiety" and "a

hydr oxyl group"” of the perfluoropol yether conpounds are generic expressions
and include the neanings 8 of "a single end noiety" and "a single hydroxyl
group” and the neanings of "two or nore end noieti

" and
hydr oxy! gr@&&é e g9 %%Fh&écoﬁal hg't & t ﬂ&P@géﬁfo?h%gﬁPiwg %{ﬁere are
provi ded; ﬁhb%l pet g racodiang rJi ske CUMNHSiIHRE AagRebsd dLy i@ magnetic
| ayer forne on the substrate, a protective |layer forned on the nagnetic
| ayer and anol ubniyjeantrdmyerrdfecr, med oemttrel fragtkectbvent ayegnettive | ubri cant
| ayer containing a perfluozﬁgglyether conpound haV|n an end noi et

cont ai ni ng &FRESPAAZEREK rIifG -ant” at & G6F8B8t yEthers ¢ FrgdGRd° azing an
end noi ety cop %éhngQ %Séﬁq%hgx i 59 QYPx s (%) 53egggggg¥carecord|ng di sk as
rej

recited in the ove n the perfluoropol yet her conpound havi ng
an end noi etdgconpbai biog ﬁtqﬂﬂE&pbﬂh@lEmgthJa y@@neompouemh davdiingg a

structure of the general formula (1) Eéoqg‘; OCF 2 (()CF2 2)
2CH20- R whert®enCRF PReE2 gy Bup aPélprléséﬁt%laowft ﬁélaFoF PUH C Q—-- 0 F3
N N

problems therefore do not appear clearly.
(001 4]

The present inventors have made further studies on
the basis of the above results and found that the above
problems can be suppressed by forming a lubricant layer
containing a perflucoropolyether compound having an end
meiety containing a phosphazene ring and a
perflucropclyether compound having an end moiety containing
a hydroxyl group as a lubricant layer on a magnetic
recording disk.

It has been also found that the above pfoblems can
be overcome when a lubricant layer is formed so as to have
a layer containing a perfluoropclyether compound having an
end moiety containing a hydroxyl group on a protective
layer side and a layer containing a perflucropolyether
compound having an end moiety containing a phosphazene ring
on the other surface side.

The present invention has been accordingly
completed on the basis of the above finding.

In the present specification, the term “an end
moiety” and “a hydroxyl group” of the perfluoropolyether

compounds are generic expressions and include the meanings



5P~ - -, - P4, ... (A R2is a hydrogen atomor a group of the above
formula (A), and each of p and g is an integer of 1 or greater, (3) a
magneti c recording disk as recited in the above (2), wherein the

per fl uoropol yet her conpound having 9 an end npiety containing a phosphazene
ring has a weight average nol ecul ar weight of 2,000 to 7,000 and a

pol ydi sper' sity[ MM Wn] (nol ecul ar wei ght dispersion degree) of 1.1 or |ess,
(4) a magnetic recording disk as recited in the above (1), (2) or (3),
wher ei n t he Per Bl §6P8PpBI ¢ HEtiet¥onpbtdnd2 WA NG AYIERAY oPEEYP caftdhai ning a
hydroxyl grqup m'eanﬁnggréku%&f%'ry%@sre%mwe@avaﬂs a0, £ R Y
contai ning two or nore hydroxyl groups, ) a magnetic recording disk as
recited in thelrocaboverddps” wherein the perfluoropol yet her conpound havi ng
an end noi ety containing a_hydroxyl group is a conpound having a structure
of the fornmula (11) & 0@ BP), HO CH2H - CH2OCH2 - CF2- ~OC2F4) m * OCF2) OCF2

CH2OCH2 CHCH20H H (] - - - (. E4 (OCF2) b

- CF2- CH240CH2CHR) Oéc-‘:&ﬁgmg’(f‘i@l'j}{e gr%?‘)ﬁ 453 %étogrr?ﬁ t%%g, 2‘6? ¢cand dis an
integer of Lierigeaater, (6) a magnetic recording disk as recited in the
above (5), wherein the perfluoropol yether conpound having an end noiety

contai ning a hydroxyl! grBap hbs & Wty aver & Hoieddl dr wei ght of 2,000
0 8,000 and 3 pol yoi sner SIIYLMILMAL 0 e 2%,0%,.o%ns ()8, TRONEL I €
ed 1 n any one

recordi ng di'sk-as “reti
protective layer formed on the magnetic layer and a

lubricant layer formed on the protective layer, the
lubricant layer containing a perfluoropolyether compound
having an end moiety containing a phosphazene ring and a
perfluoropolyether compound having an end moiety containing
a hydroxyl group,

{2) a magnetic recording disk as recited in the
above (1), wherein the perfluorcpolyether compound having
an end moiety containing a phosphazene ring is a compound
having & structure of the general formula (I),

RL—OCHECFZMDCFQCFﬁDH)CFQQOCF2CHEO—R2
- (1)

wherein R' is a group represented by the formula (3),

LN
P// \\P
Qi+ ow
F.C N N
R? is a hydrogen atom or a group of the above formula (A4),
and each of p and g ig an integer of 1 or greater,

(3) a magnetic recording disk as recited in the

above {2), wherein the perfluoropeclyether compound having



of the above (1) to (6), wherein the lubricant |ayer contains the

per fl uoropol yet her conpound havi ng an end 10 noi ety contai ning a phosphazene
ring and the perfluoropolyether conpound having an end noiety containing a
hydroxyl group in a weight ratio of 2:8 to 8:2, (8) a magnetic recording
disk as recited in any one of the above (1) to (7), which is for use in a

| oad unload nethod, (9) a process for manufacturing a magnetic recording
di sk, which conprises fornmng a nmagnetjc |layer on, a substrate, formng a

g
protective 128y&ER9oRCLREY neghetic 9| dyBPe oSG 9al fEib? i €Y ayer on the

protective | aueh. . Lbe.mRINod,LQmRN bl Ao ®THA NY doheshybgi cant layer froma
| ubricant containing a perfl uoropol yether conpound having an end noiety

cont ai ni ng @ollyosphazeney iNwngirdndmalepel it vorighdl yletherstompiemcediavi ng an
end noi ety containing. a hydroxyl group, (10) a magnetic recordi ng disk
conpri sing &% subsPFat®3Sa nagnetic |ayer formed on the substrate, a

protective layer fouyed Qg tbe; dmaneliGnhayetx adl @ cilielr igapke | ayer formed
on the protective |ayer, t%e | ubricant lNayer containing a

per f | uor opolapetieer 1compdungd: (favi mgeanienthemicetil uoonpalpeénigea hydr oxyl
group on the protective |ayer sjide and containing a et her

erfl uor opol
conpound haﬁFﬁ@O&ﬁdeﬁﬂVh%ﬂé?y‘%EMFQFﬁFHgC%P$ﬁ6§ﬁﬁb?eHng?¥%ﬂ Yhe ot her

surface side, (1 ' or.di i ¢l ted Lo d above (10),
wherein the Su%r%%é%%gﬁg§€§i#%5?%§ E??gg%ﬂézﬁTﬁ§”ﬂﬁic% a se%d%ﬁ | ubri cant

| ayer cont aidanigiainpet®d uar opaley @yHerxgdbngorne havi ng an end noi ety
contai ning a phosphazene ring is forned on a first lubricant |ayer 11
{(5) a magnefic recording disk as recited 1in the
above (4), wherein the perfluorcpolyether compound having
an end moiety containing a hydroxyl group is a compound

having & structure of the formula (II) or (III),

HO-CH,GH ~CH,0CH, ~CF,~0C,F,} ~+0CF,) ;—0CF;—CH,0CH;~CHCH,O0H
OH H

o (ID)

HO-(CH,CH,0) ~CH,~-CF,-+0C,F,) ,({CCF,}, —CF,~CH,4{0CH,CH;) 4 -OE
-« (1T}
wherein each of m, n, a, b, ¢ and d is an integer
of 1 or greater,

(6) a magnetic recording disk as recited in the
above (5), wherein the perfluoropclyether compound having
an end meciety containing a hydroxyl group has a weight
average molecular weight of 2,000 to 8,000 and a
polydispersity[Mw/Mn] of 1.25 or less,

(7) a magnetic recording disk as recited in any one
of the above (1} te (6), wherein the lubricant laver

contains the perfluoropelyether compound having an end

10



B

contai ning a perfluoropol yether conpound having an end nvoiety containing a
hydr oxyl group, (12) a magnetic recording disk as recited in the above (10)
or (11), wherein the perfluoropol yether conmpound having an end noiety

containing a hydroxyl group is a perfluoropol yether conmpound having an end
noi ety containing three or nore hydroxyl groups, (13) a magnetic recording
disk as recited in the above (12), wherein the perfluoropolyether conmpound

having an end noiety containing a hydrox rou a conmpound having a
T uC ur o oF Sy e AR A OF Tl Sr G 2 EHED L BHP S o R (02 Fa ) -
OCF2 ) - T- OCRZ, ,GH2 %ﬁQH%QH S HA b, inbeseidhean @f, LoARgiside an

integer of 1 or greater, (14) a magnetic recording disk as recited i n the
above (13), aWhydmdxyﬂhgrpepfimoxogobwathetlcowbdhﬁﬁtha@|ﬁg an end noi ety

contai ning a hydroxyl group has a wei ght verage nol ecul ar wei ght of 2,000
to 7,000 and a poI&H §b§F§PF§ERMfWHT%§Pgi%QS% gFeE%CIT%£fﬂaaH§gﬁ 8tic
recording disk as Leckked:| neany; ongieh therabaye (10k h0aG1d)1omher el n the
per f | uoropol yet her conpound haV|ng an end noi ety containing a phosphazene

ring is a campdgund having a structure of the general forrmula (1),
R1---OCH2CF2 (OCFZCF2) p(COCF2), OCF2CH2O % wherein Rl is a group
represented by the ﬁarﬁhP§O€ﬁf5 i?r]W?ﬁUQQﬁﬁ FROS 4 macngige |

recording disk, which comprises forming a magnetic layer on
a substrate, forming a protective layer on the magnetic
layer and forming a lubricant layer on the protective layer,
the method comprising forming the lubricant layer from a
lubricant containing a perflucropolyether compound having
an end moiety containing sz phosphazene ring and a
perfluoropolyether compcound having an end meiety containing
a hydroxyl group,

(10) a magnetic recording disk comprising a
substrate, a magnetic layer formed on the substrate, a
protective layer formed on the magnetic layer and a
lubricant layer formed on the protective layer, the
lubricant layer containing a perfluoropolyether compound
having an end meciety containing a hydroxyl group on the
protective layer side and containing a perflucropclyether
compound having an end moiety containing a phosphazene ring
on the other surface side,

(11) a magnetic recording disk as recited in the
above (10), wherein the lubricant layer has a structure in
which a second lubricant layer containing a
perfluorcpolyether compound having an end moiety containing

a phosphazene ring is formed on a first lubricant layer

11




/5 N p¥N R2 is a hydrogen atomor a group of the above fornmula (A), and
each of p and q is an integer of 1 or greater, (16) a magnetic recording
disk as recited in the above (15), wherein the perfluoropol yether conpound
having an end noiety containing a phosphazene ring has a weight average
nol ecul ar weight of 2,000 to 7,000 and a polydispersity[Mv M1] of 1.1 or

| ess, (17) a process for manufacturing a magnetic recording disk, which
conprises formng a magnetic |layer on a substrate, formn $${Notective

0

| ayer on t hERAGAEBETE alE@%ﬁl%ﬂﬁ?PP&VﬁFH@raF?WHﬂqqgahFVF89e? he protective
| ayer, thenﬁﬁEdiCBHEQIAE{ ¢ fiQrRg;azlayer froma lubricant containing a
her [

per fl uor opol yet conpound havi'ng ah end noiety containing a hydroxyl
group and then fornilrg a hayestid nemoadpeyf ok opolneetihed ¢onpoaind havi ng an
end noiety containing a gﬂﬁsphazene ring to formthe lubricant |ayer, and

(18) a procé@®evFor 1P abPT chtiing "RefBgRettt RPECIHATRGO UFERCASCTHRIYED in the

above (17), (yi6f GOMDLLSES: d0 Wgas s fl r st iibiigagtolaver £roma sol ution

of a perfluoropol'yether conpoun aving an end noiety contal ning a hydroxyl
group (ConpauwidlAprbboaydtimr icvepeontiahar gy =molenentotapabtentofirdingper si ng
or dissolvigg Compound A and formng a second lubricant |layer froma

sol uti on of “&@Tregepf| UBFDPBIENr 9E6ABBuUNd havi ng an end noi ety contai ni ng

13 a phosphazene 1ig, ( Coppopnd: B)-J 1A bhugtLpescantakalng, splvent whi ch
np

i s capabl e of dispersing or dissolving ound B but substantially does
not di sper satofedi($8p} viehe impatied pAr £ Ther dpnlenitihenr dbmpetied Heoritnye subj ect
matters of the above (1) to (9) wll be sonetines referred to as

an end moiety containing a hydroxyl group is a compound

having a structure of the general formula (IV),

HO—CHZ?H—CHzOCHz—CFf%OC2Fﬂ;rMXE>)E—OCF5~CH20CH§—CHCH20H

OH H
-“(I\O

wherein each of r and s is an integer of 1 or
greater,

(14) a magnetic recording disk as recited in the
above (13), wherein the perfluoropolyether compound having
an end moiety containing a hydroxyl group has a weight
average molecular weight of 2,000 to 7,000 and a
polydispersity[Mw/Mn] of 1.2 or less,

(15) a magnetic recording disk as recited in any
one of the above {10) to (14), wherein the
perfluoropolyether compound having an end moiety containing
a phosphazene ring is a compound having a structure of the
general formula (I},

RIWOCPQCF@(OCFZCFQM(OCF@)JDCFZCHQO—R?
- (1)

wherein R' is a group represented by the formula (A},

12



"present first invention"”, and the invention directed to the subject
matters of the above (10) to (18) will be sonetines referred to as "present
second invention", hereinafter. [0 O 1 6) The process for manufacturing the
magneti c recording disk according to the above present first invention
preferably includes; (19) a process as recited in the above (9), wherein

t he perfl uoropol yet her conpound having an end noiety containing a
phosphazene ring has a structure represented by the above general formula
('), (20) a progess as recifed )“N‘Q? above (19), wherein the

per fl uoropol yether ¢ ound\h&/1 ng aP end noiety containing a phosphazene
ring has a wei ht(;ﬁ%igﬁeo ul ar—wei ght--ofA2, 000 to 7,000 and a

pol ydi spersity] f 1.% or lessy (21) a process as recited in the above
(9), (19) or (X0j, wherein/3 he~pgrf| uoropol yet her conpound havi ng an end
noi ety containing a hydroxyl group is a perfluoropol yether conpound having

an end noi ety nt al.ni r | o] ( pr.@gess as
recited in g%eggb%agﬁ%g%¥%M%£8&h§?é?ﬁ£¥ﬂgpg§rF Eoggi%ﬁyet é?abé%géund havi ng
an end noi eyl eaphabni Pgared hydrsoxyl igtegpr isf d eangeaatdehaving a structure
represented by the above general fornmula (11) or (23) a process as recited
in the above (22), (lfherePadtdiel HerFiudibpollyet et ESHp6and™ha¥%ng an end
noi ety cont ai.ni ng ydr . group i r ar_wei ght of
2000 o 8, 060 And 8 7 porye parey PUE R RI o oFTge oorpedtd HRH 3l "3
process as reCichadmbhedpycdit@iofinghe gheyghazene ring has a weight

average molecular weight of 2,000 to 7,000 and a
polydispersity([Mw/Mn] of 1.1 or less,

{(17) a process for manufacturing a magnetic
recording disk, which comprises forming a magnetic layer on
a substrate, forming a protective layer on the magnetic
layer and forming a lubricant layer on the protective layer,
the method comprising forming a layer from a lubricant
containing a perfluoropolyether compound having an end
moiety containing a hydroxyl group and then forming a layer
from a perfluoropclyether compound having an end moiety
containing a phosphazene ring te form the lubricant layer,
and

(18) a process for fabricating a magnetic recording
disk as recited in the above (17}, which comprises forming
a first lubricant layer from a solution of a
perfluorcpolyether compound having an end molety containing
a hydroxyl group (Compound A) in a fluorine-containing
sclvent capable cof dispersing or dissolving Compound A and
forming a second lubricant layer from a solution of a

perflucropolyether compound having an end moiety containing

13



(9) and (19) to (23), wherein the magnetic recording disk is for use in the
| oad unl oad nethod, and (25) a process as recited in any one of the above
(9) and (19) to (24), wherein the lubricant contains a perfluoropolyether
conmpound having an end noi ety containing a phosphazene ring and a

per fl uoropol yet her conpound having an end noi ety containing a hydroxyl
group in a weight ratio of 2:8 to 8:2. C0 0 1 71 The process for
manuf act uri ng the magneti c, recordingddisk accordinggto t he above present

g .
second invénFPBﬁpB?é?%?aﬁfﬁTNﬁ@ﬁﬁ&@ Bhe) & priveesecas e tit B in the
above (17) Qi1GL8}, wnyber &l n.ihe Repkl yorapal et Rer aegupeyng; having an end

noi ety contai ning a hydroxyl group is a perfluoropol yether Tconpound havi ng
an end noi etopmponhdi Ri gt threcaot igbdie dbydrroxyldigpeups, of 27)ssplpreocess as

recited in the above (26), wherein the perflucropolyether conpound

havi ng- an er@™P5YABi 8ty contai ning a hydroxyl group is a conpound having a

structure represenued by, Lhe: abayc-aeperab L0fmiisddivhackaB) arprocess as

recited in the above (27), erel n the perfluoropol yet her conmpound havi ng
an end noi ety eobntai ningca Hidmaxyl bgr oope thias:sa rwéeghtdaverage nol ecul ar
wei ght of 2,000 to 7,000 and a_ polydispersity NM/NML of 1.2 or less, (29) a
process as r&&eEERTI A1RRY THEGHThe aBove™® (PP ahd™ (2675t 28), wherein
the perf!uorpRoLygler ncammalngG haul 000 eN Mol /Ly, contaling a
phosphazene ring S a conpound having a structure represented by the above
general fornmwmatihys antke{30) @ psotpsssast regidned inmethheombove (29),
hereinafter.
(00 16]
The process for manufacturing the magnetic
recording disk according to the above present first
invention preferably includes;
(19) & process as recited in the above (9), wherein
the perflucropolyether compound having an end moiety
containing a phosphazene ring has a structure represented
by the above general formula (I),
(20) a process as recited in the above (19},
wherein the perfluocropolyether compound having an end
moiety containing a phosphazene ring has a weight average
molecular weight of 2,000 to 7,000 and a
polydispersity[Mw/Mn] of 1.1 or less,
(21) a preocess as recited in the above {9}, (19) or
(20), wherein the perfluoropolyether compound having an end
moiety containing a hydroxyl group is a perfluoropolyether
compound having an end moiety containing two or more
hydroxyl groups,

(22) a process as recited in the above (21),

14



wherein the perfluoropol yet her conpound having an end noiety containing a
phosphazene ring has a wei ght average nolecular weight of 2,000 to 7,000
and a polydispersity[MvV Wn] of 1.1 or less. [0018] Brief Description of
Drawings Fig. 1 is a schematic cross-sectional view of one enbodi nent of
the magnetic recording disk according to the present first invention. Fig.
2 is a schematic cross--sectional view of one enbodi nent of the magnetic

recordi ng disk according to the present secondc#nvention. %0 19) Preferred
n

Enbodi ment s "8 "ERE FRTERTT O FHIPS Y SERET pr et (P4 L "PndRntiDn will be
expl ai ned b@doqwtﬁlﬁolbgim%t G a5 91 di ng, di sk AceordihRg Lo ihe a2 Present

first invention has a constituti'on conprising a substrate, a nagnetic

| ayer, a praiteckitvee| ayeresnd el dyubhicantvd aymereraflthéomaghat (L) arer bei ng
formed on a substrate, the protective |ayer being forned on the magnetic
| ayer, the I'ddfi’cant | ayer being formed on the protective layer. And, the

lubricant |ayer containg g,.petd|uoropgl.ugt herconpound haying an end noiety
contai ning a phosphazene ring and a perfluoropol yether conpound having an

end noi ety cortraini Ageapdyinoxydpodryetiper Ocfn@n0)d Aapenfy| aorepdl yet her
conpound havi ng an end noi et cont ai ni ng a phosphazene ring is suitable as

y
a | ubri cant MOiETHCEOPEAHAE DG MYATPREX| BFRR U Gat'FoA pe?ToOr#Hihce of a
perfluoropoh%ﬁ%ggﬁagahgiﬁgghpf%Q%O@igg begio rgxd stance of an end functiona

group containing a phosphazene ring.
polydispersity[Mw/Mn] of 1.25 or less,

(24) a process as recited in any one of the above
(9) and (19) tc {23), wherein the magnetic recording disk
is for use in the lecad unload method, and

(25) a process as recited in any cne of the above
(9) and (19) to (24), wherein the lubricant contains a
perflucropolyether compound having an end moiety containing
a phosphazene ring and a perfluoropolyether compound having
an end moiety containing a hydroxyl group in a weight ratio
of 2:8 to 8:2.

(001 7]

The process for manufacturing the magnetic
recording disk according to the above present second
invention preferably includes;

(26) a process as recited in the above (17) or (18),
wherein the perfluoropolyether compound having an end
moiety containing a hydroxyl group is a perfluoropolyether
compound having an end molety containing three or more
hydroxyl groups,

(27) a process as recited in the above (26),

wherein the perfluoropolyether compound having an end
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Si nce, however, the phosphazene ring has poor adhesion to a protective

| ayer, the lubricant is easily sucked to a magnetic head, and a fly
sticking problemor the mgration problemis liable to take place. It is
therefore difficult to use it alone suitably, which was a problemthat the
present inventors intended to overcone. 0 0 2 1 ) The ot her

per fl uor opol yet her conpound having an end nviety containing a hydroxyl
group is suitable as a lubricant since it has both a flexible lubrication
per f or mance WA Yp&PPFabPLPDI 3 e iai ATeRRI 1° shFRPGH ddRR%1¥h df an end
function gro L.ng ti e However, it
has poor heé#ﬂ- ¥é§i§§%%%2§§§%%éﬁ;§§§ %£§¥%5$%ﬁ%?%af%?ﬁg§%rg?@dt i nventors
i ntended to overcone.s)Fur pheteswhen ddia tadnher tiod ddwereend7)hydr oxyl groups
is too large, the adhesion of the lubricant to the protective layer is too
strong, and “A$rgipestift Pe¥HBCYALYERRET T SOTRRIHIT &VIERT] 6Br R4t i on

performance and.is_|iable to qﬁgﬁ a I When . of the end
hydr oxyl grgﬁﬁftﬁscfgggéﬁﬁﬁ?,at e géﬁgsggﬁugﬁﬂ¥%§'%%6%P§a%?gpg%ethe
protective Irayerulsrt eeifew, oand doecbubrogc@andnd s liable to cause a fly
sticking problemor the mgration problem so that the it is difficult to

control the PAlydisearEohy Pl fbtingdca. 21 Ti s23%erefore difficult to use the
per T | uoropol yet her copgupdscLodependently, suhhoh sas & cReobbhgputhat the
present inventors sought to overcone. Wever, when' t hie present 1 nventors
have prepared7a amagneti cré econdi Rgediesk hiayigyy A ulctbbbcastheayer containi ng
both of the above perfluoropol yether conpounds and tested it, unexpectedly,
it has been doswpsdnehbevingi 3t Uit aBietyproperiniey ar engAPRRPYF iMitehsi fi ed
and that theiy defectsn.CRlvhg SURRLEssd. YA ELARe 8] 1R thspr esent

general formula (I), and

{30) a process as recited in the above (29),

wherein the perfluoropolyether compound having an end

moiety containing a phosphazene ring has a weight average

molecular weight of 2,000 teo 7,000 and a

polydispersity{Mw/Mn] of 1.1 or less.

(0018)

Brief Description of Drawings

Fig. 1 is a schematic cross-secticnal view of one
embodiment of the magnetic recording disk according to the
present first inventicn,

Fig. 2 is a schematic cross-secticnal view of cne
embodiment of the magnetic recording disk according to the
present second invention.

(00 19]

Preferred Embodiments of the Invention

First, the present first invention will be

explained below.
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invention. 0 0 2 21 In the present first invention, the perfluoropolyether
conpound having an end noiety containing a phosphazene ring is not
specially limted and can be selected fromknown such conpounds that are
conventionally wused in a lubricant |ayer of a nmagnetic recording disk, as

requi red. Above all, preferred is a conpound having a structure represented
by the general fornula (1), R -OCH2CF2 (C)CFZCFZ) (OCF2) OCF2CH20-R 2 18
wherein RL is a group of the formula ( Pfl- -+ . (A N

---,pNR2is a h?d]reo@éﬁn%b?n%‘*’rc%dgw&uﬁléi‘ ?%%O%%\He Yokl a (A), and
each of p agjdfe%e'n% g0 getﬁrg@ern@on h9& grS@ﬁﬁeéltdtqoah@oﬂgs?y@uggemera' formul a

(1), the quoropo yet maln chain I's represented

- CF2( CCF, CFQM&@EEEE; CEFRagnaniat uh@eemdanpr@ﬁqcﬁxyerépyesemmﬁdaby R - OCH2- or
R--OCH2-. In the above general forrmula (1) , RLis a group of the above
formula (A) IUaFiCRBLGIBYURT of Mt @3aBEVECT o Yith &°1(8) ToE4ER B 2 hree

phosphor us” at s .0f ot he, MRsANAZENe 1h00, Hasd ve.SulisLLtuents, o three

phosphorus atonms havé six stituents In total, ubstituents,
five substmb@aﬁkacan@yéfjfﬂnﬂ(unarﬂyhﬁhenﬁy@z hﬁﬂigthermeﬂamM|wnp one
substituent Constitutes the perfluoropolyether main chain. The position of
CF3 group ofPreacktéiet havebovandt r PR UBHPOHEERY PRABABXSCYITWFS 3 s not

speci al |y lgﬂ?fﬁﬁbrgﬁ %ééhQPXxB% ?Hper$§ a1 en%}mgggtglggﬁﬁgﬂﬂyﬁﬁ but is

preferably an mposi Vi ew o nces
a phosphazene ring and a perfluoropoclyether compound having

an end mciety containing a hydroxyl group.
[(0020]

A perfluoropolyether compound having an end moiety
containing a phosphazene ring is suitable as a lubricant,
since it has both a flexible lubrication performance of a
perfluoropolyether main chain and high heat resistance of
an end functional group containing a phosphazene ring.
Since, however, the phosphazene ring has poor adhesion to a
protective layer, the lubricant is easily sucked to a
magnetic head, and a fly sticking problem or the migration
problem is liable to take place. It is therefore difficult
to use it alone suitably, which was a prcblem that the
present inventors intended to overcome.

(0021)

The other perfluoropolyether compound having an end
moiety containing a hydroxyl group is suitable as a
lubricant since it has both a flexible lubrication
performance of a perflucropolyether main chain and high
adhesion of an end function group having a hydroxyl group

to a protective layer. However, it has poor heat
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Wen R 2 is a hydrogen atomin the conmpound of the above general fornula
(1), the conmpound of the general fornula (I) is a conpound having one end
noi ety containing a phosphazene ring bonded to one side of the

per fl uoropol yether main chain and the other end noiety 19 containing a

hydr oxyl group on the other side (to be referred to as "Conpound I|-a"
hereinafter). Further, when R2 is a group of the formula (A), the conpound
of the general fornmula (]) is a conmpound in which both the end noieties

bonded to tA&SPEFFIEBr oPbt YRt iRer 2nBF HPEHA '?_Patc&ﬁlteaif’ﬁeﬁe%ﬁojsrb‘f?d’zt@ﬁé’ ring each
(to be refertged hoqag, FOMPAND kabrndier @inRal LRE) nudibd RS RL@SERY first

i nvention, any one of the above Conpound I-a and Conpound |I-b may be used,

and one of hiykdeseyCogpoundsi staypobéauged dlorelhesioni ew dfie perdwramtce of

adhesion to the protective |ayer, CDnPound l-a is preferred. Wen a m xture
t

of Conpound$9 F&%aRECteB-1¢ Jéé@f 1Pt LPQ Pt 8% 8% ue™ % ikt 1€
contal ni ng %%E%HQHH i %ﬁpda 9 SR ) §98P9<9§tn{[on [p%%%):mag{:gfﬂc?-q_lsy’ t he

per fl uoropolyether conpo aving an end noiety containing a phosphazene
ring, represenbed by ciihe: akeve cgenbr alwHeor mhkan(hder has theneinght aver age
nmol ecul ar weight (Mwv) of 2,000 to 7,000 and a pqudispersitk%%ylhh] of 1.1
or |ess. Mh@ﬁdﬁﬁéylp%¥?¥QRN%ﬁﬂH9?eFHéFlcoﬁ&ﬁnﬁﬂTQWéﬁPn@faﬁh%nﬁy By

o e montnd®) EAESPPEERE.I) N Ras L oty RLeciLar etalty ) oL out)on
chain | engt higheegth efuse aEly chachR)lnag pivid drubri chti oigperifor mnce
suitable for a nmagnetic recordi ng di sk. Wen the above_ wei ght average
mol ecul ar weirghteps so that the it is difficult to contrel the
lubrication performance. It is therefore difficult to use
the perfluoropolyether compounds independently, which was a
problem that the present inventors sought to overcome.
Howewver, when the present inventors have prepared a
magnetic recording disk having a lubricant layer containing
both of the above perflucropolyether compounds and tested
it, unexpectedly, it has been found that their suitable
properties are unigquely intensified and that their defects
can be suppressed, which has led to the present first
invention.
(002 2]
In the present first inventiocon, the
perflucropolyether compound having an end meciety containing
a phosphazene ring is not specially limited and can be
selected from known such compounds that are conventionally
used in a lubricant layer of a magnetic recording disk, as
required. Above all, preferred is a compound having a

structure represented by the general formula (I),

R'-OCH,CF,(OCF,CF,),(0CF,) , OCF,CH,0—R?
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| ess than 2,000, undesirably, a |large amount of inpurities may be contai ned
in some cases. Wien it exceeds 7,000, 20 undesirably, the conmpound has a

hi gh viscosity and may cause fly sticking in sone cases. \Wen the

pol ydi spersity[ MV Mh] exceeds 1.1, the nolecular weight distribution is too
broad, and undesirably, |ow nolecular weight conmponents and hi gh nol ecul ar
wei ght conponents cone to be contained in a large amount. 0 0 2 51 In the
compound of the above general formula (1), each of p and qis i nt eger of
1 or greater, and preferably, p and q are determ ned so that t conpound

has a weight average,gpleguliar Wgight 4 drae rhangeaofa2, 000 to 7, 000. The
term "pol ydi spersity[ MM Mh]" refers to a ratio of weight average nol ecul ar

wei ght (Mw)/ nunber average, nol egylar weight (M) . In the present first
invention and fthe ent e@dﬁd imgention to be described later, the
above wei ght a eragggég}eg wei g Mn) . 9he above nunber average
nol ecul ar wei g 5 ues ngﬁsuredbe a gel perneation chromatography
(GPC) net hod us\ g pol yret hil pacryl ates having different nol ecul ar
wei ghts as reference substances {hereinafter, weight average nol ecul ar

wei ghts and punber average nol ecul ar weights refer to val ues sured by
t he above n§?hbﬂ)§ WYQYOQEG)aFﬂmt%%‘bﬁﬁ%@%&oziFg? et GA ?hgg?’

per f1 uoropol.yat hery c9 ;HH& visngn an, ek ety oeoptahing a hydroxyl
group, whi ch ?s conta?ﬁg |nQ¢he Iﬁbricant | ayer tggether wi th the above

per f | uor opol yet her Teompeusitbfrajemg raan fendubwi €tly ¢brt ai ni ng a phosphazene
ring. i preferably s perflucropolyet ey, copound havipg an end miety 21
—CF,(OCF,CF,) (OCF,) OCF,—, and the end

moiety is represented by R'—OCH,— or R?*—OCH,—.

In the above general formula (T), R' is a group of
the above formula (A). In the group of the above formula
(A}, each of three phosphorus atoms of the phosphazene ring
has two substituents, or three phosphorus atoms have six
substituents in total, and of these substituents, five
substituents are trifluromethylphenoxy, and thé remaining
one substituent constitutes the perfluoropolyether main
chain. The position of CF; group of each of the above
triflucromethylphenoxy groups i1s not specially limited, and
it may be any one of o-, m- and p-positions but is
preferably an m-position in view of performances.

(002 3)

When R® is a hydrogen atom in the compound of the
above general formula (I), the compound of the general
formula (I} is a compound having one end moiety containing
a phosphazene ring bonded to one side of the

perfluorcpolyether main chain and the other end moiety

19




containing two or nore hydroxyl groups as a total. Wien the nunber of the
hydr oxyl groups is less than 2, the |lubricant shows insufficient
performance of adhesion to the protective layer and is liable to cause a
fly sticking problemor mgration problem Wen the total nunber of

hydr oxyl groups of the end noiety is too |arge, the performance of adhesion
to the protective layer is too strong. As a result, the lubricant is
inmpaired in lubrication performance and is liable to cause a head cl ash
probl em 0 GoRtzinimeg HEHfIUGFopEFyePhet dsmastsd RA9Fn§tarP%end noiety

containing t or e hydry, | gr,oups. : LS Mptsheci y limted
and can be sé 35f%§D§?dﬁ¥kﬁ%ﬁ%ouggngo%n?%ﬂﬁﬁggkggﬁ5be useg%?ﬁ gﬁ%hbricant

| ayer of a rABg#ef igrdgcording dbskulAbove ahk, coheswbbwd the
perfl uoropol yet her conpound can be sel ected froma conpound of the general
fornula (11)peorralcherpourd Gf theagenepaynd figy m'ﬁlléh(lpg%,tme@qzm CH20CH2

2 Cr eI A (OO 6 o BRI BABY O (1H) wher ein each

of m n, a, BnteiANd FhdSpraitdndt eger OhcH Ofoc MRr @efeOrdi2c8lad n the above
general formula (I11), the pepfluoroyolyether main chain is represented by
22 CF2- ( OC2F&pmpp@ak2) nk” dGRZ1inagfkdrt he end noiety is represented by the

fol lowi ng group. @ghgﬂékgiégg%%j%%rst invention, any one.of the
above Compound I-az and Compound I-b may be used, and one of
these Compounds may be used alone. In view of performance
of adhesion to the protective layer, Compound I-a is
preferred. When a mixture of Compounds I-a and I-b is used,
it is preferred to use a mixture containing Compound I-a as
a main component.

(00 24]

Preferably, the perfluoropolyether compound having
an end moiety containing a phosphazene ring, represented by
the above general formula (I), has a welght average
molecular weight {(Mw) of 2,000 te 7,000 and a
polydispersity[Mw/Mn] of 1.1 or less. When the
perfluoropolyether compound having an end moliety containing
a phosphazene ring has the above molecular weight
distribution, the compound is suitable as a lubricant
having a perflucropclyether main chain length (length of a
main chain) with a lubrication performance suitable for a
magnetic recording disk.

When the above weight average molecular weight is
less than 2,000, undesirably, a large amount of impurities

may be contained in some cases. When it exceeds 7,000,
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OH In the above general formula (I11), the perfluoropolyether main chain
is represented by CF2- (OC2F4) ~ (OCF2) b-CF2-1 and the end noiety is
represented by HO - (CH2CH20O -CH2 or -CH2- (OCH2CH2) d-OH. [0029] The
conpound of the above general formula (I1) has a perfluoropol yether nain
chai n having end functional groups containing two hydroxyl groups each, and
the conmpound of the general fornmula (I11) has a perfluoropolyether main
chai n havi ng end functional groups  containjing ane hxdrox Ilgioup each, so

t

that each coWg6sAd=PhYs B9 iTHRPURAL R2F he Bt ectica Fay P 5% pr oper

degree .andc\%@,ﬁsfigrﬁy&m@ 6 -2dhgsi onsof  thechubgicant layer to the
protective layer. [0030] The above perfl uoropol yether conpound havi ng an

end noi ety peagtiaispengiay ditoxykexgeedp pref errabimplhaslar wes ghtt aver age
nmol ecul ar wei ght of 2,000 tO 8,000, nore preferabl 2,000 to 7,000, stil
mor e pref er S8BEFT3PBOBCE 01 B, 600 P rRRA . ERE PSSV si LHT MP M i Her eof i s

preferably %mﬁ%gﬁrfﬁhﬁé et P HPHELET AD Yo i & UWeil@$S cofbbhdnt®Pr& RS ef erably

1.1 or less. e above wel ght "average nol ecular 23 weight is less than
2, 000, undesjo abkl ypnaalwsgeiranpunirgef ambupturi ti es may be contained in sone
cases. Wien it exceeds 8,000, undesirably, the conpound has a high
viscosity and (@dy2clise fly sticking in some cases. Wen the

pol ydi sper si ty[ M W] (RXCEE(Son?%, e the UBLESULANe MR Gikmudhst ] pution is

too broad, and undesirably, Tow nol ecul ar
each of p and g is an integer of 1 or greater, and
preferably, p and g are determined so that the compound has
a weight average molecular weight in the range of 2,000 to
7,000. The term “polydispersity[Mw/Mn]” refers toc a ratio
of weight average molecular weight (Mw)/number average
molecular weight (Mn). In the present first invention and
the present second invention to be described later, the
above welight average molecular weight (Mw) and the above
number average molecular weight are values measured by a
gel permeation chromatography (GPC) method using polymethyl
methacrylates having different molecular weights as
reference substances (hereinafter, weight average molecular
weights and number average molecular weights refer to
values measured by the above methced).

[(0026]

In the present first invention, the 7
perfluorcpolyether compound having an end moiety containing
a hydroxyl group, which is contained in the lubricant layer
together with the above perflucropolyether compound having
an end moiety containing a phosphazene ring, is preferably

a perfluoropelyether compound having an end moiety

21




wei ght conponents and hi gh nol ecul ar wei ght conponents cone to be contained
in a large anount. \Wen the above conpound has the above nol ecul ar wei ght
distribution, the compound is suitable as a |ubricant having a

perfl uoropol yether main chain length (length of a main chain) with a

| ubrication performance suitable for a magnetic recording disk.
Particularly, a lubricant containing a conpound of the general formula (I1)
is liable to contain | ower nDIecuIar ght conpounds hqr an end noi ety

cont ai ni ng FERERLTRYrgEY 19 EaHs Vﬂﬁ%ﬁ¥%ﬁ9§9ﬁ?snﬁFe?yt%ﬁ 88Hpound of the

general formyla ik alsQokiabl e cantakn «hapusj tiies. However,
when t he nngg%ng%kééﬁggt dlg?r?bgtl%n g% deflngd in the pr esent |nvent|on

is enployedubsuchntOQHmWHutnaamdlnmpmt|pemﬁpnmmm0be0éx@¢mﬁkﬂﬁn tandhehe
function of the present invention can be suitably h bltq c_;([)00311 In the

conpounds onPﬁécébﬁ%éhﬁéﬁéﬁéﬁ f6r mufRe® (19 )°24%8fd® ( f mn a b,

Coand d 1S BALBLROSE At o gregien, aadnt by %&pr&%reryo@eterm ned so
that the conpounds eréﬁ] ave a wei ght average nol ecul ar weight in

t he range ohyaxeﬁglt@réhﬁxxbf &@@3aﬂd2ﬂoi¢tgiu§ poeséatgéi rgte i nvention, as a
met hod of adjusting the nol ecul ar wei ght dlstrlbutlons (medg aver age

nol ecul ar WOREGHETBAUCHOP Y AISELSMt §P MM GEHENE L8¥Tbotihd T the above
gener al forg%gg g')z&ﬁ%.&@§u1€0”agynﬂﬁ§hdgktt9§ 9ﬁ&¥9%9§0§Ja| formula (11)
oV 0 :

and/ or the gener al rul a any nol ecul ar wei ght adj usting
met hod can heketphoyed saricmgnas apdecularabiel ght cafisact iloEchgleah be
attained, while a lubricant containing conpounds purified by a
supercriti c&rogkefaction method is

(0027)

The perfluoropclyether compound having an end
moiety containing two or more hydroxyl groups as a total is
not specially limited and can be selected from known
compounds that can be used in a lubricant layer of a
magnetic recording disk. Above all, the above
perfluorcpolyether compound can be selected from a compound
of the general formula (II) or a compound of the general
formula (III),

HO——CHZ(T‘H—CHZOCH2 —CF[+OC2F4L;+OCF2)E—OCFg—CHEOCHg—CECHZOH
CH

. (II)

HO—(CH2CH20)C—CHZ—CFf{OCZFq)a(OCFz)b-CEE—CH24OCH2CH2)d_OH
- (1)
wherein each of m, n, a, b, ¢ and d is an integer

of 1 or more.

(00 28]
In the above general formula (II), the

perfluorcpolyether main chain is represented by
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preferred. Wien the conpounds are subjected to nol ecular weight fractioning
by a supercritical extraction nmethod, there can be obtained a |ubricant
cont ai ni ng conpounds suitably having the above nol ecul ar wei ght
distributions. 0 0 3 31 In the present first invention, the weight ratio of
t he above perfl uoropol yet her conpound having an end noiety containing a
phosphazene ring and the perfluoropol yether conpound having an end noiety

containing a hydroxyl group_ in the |ubricant_ js preferably 2:8 to 8: 2,
particularly préfBeaniy bz 440 2t8C entRE Eontent of the

per f i uor opolyqt ber GIRRUAR.NAYI 0o AL, SKLJTe)eLY <CODL B0 4:uphosphazene

ring is smaller than 2:8, the content of the” perfl uoropolyether conpound
having an end MO-ety,CHARIE NOW, —a hydroxyl group is too large, and the
adhesi on of the entlzﬁ | ubricant layer to the protective layer is
intensified. As a resul't, the lubrication performance may be |low in sone

cases, which may cayse,head, £l ashqi01SUGh,, £aSES:T Fukhher, since the heat

resi stance of the lubricant 1s low, there may be caused a fly sticking
probl em or @e2%1corsesSlwthprobkem chbhen theepartentedfby he

perfl uoropol yet her conpound having _an_end noiety containing a phosphazene
ring is greater—hBn8:(® CHe:hdhéS e df viHe I entire | ubricant |ayer to the

profect i ve Layethl S.h@uko 58y ik grLldnald g ng problem or a corrosi on
y be me er,

probl em ma caused in s cases. Furt a mgration problemis
liable to take place(CHOCI4D)I n-thelpresent first invention, the |ubricant
| ayer may contain conventional various additives known as a |ubricant for
a lubricant ®ayer of a nagnetic recording disk, such as a

perfluoropolyeLb%ﬁHB@§qQ)bﬁggkﬁ§g§,EQ%HH'
(00 29)

The compound of the above general formula (II) has
a perfluoropolyether main chain having end functional
groups containing two hydroxyl groups each, and the
compound of the general formula (III) has a
perflucropolyether main chain having end functional groups
containing one hydroxyl group each, so that each compound
has affinity with the protective layer to a préper degree
and works for suitable adhesion of the lubricant layer to
the protective layer.

(0030]

The above perfluoropolyether compound having an end
meiety containing a hydroxyl group preferably has a weight
average molecular weight of 2,000 t0 8,000, more preferably
2,000 to 7,000, still more preferably 3,000 to 6,000, and
the polydispersity[Mw/Mn] thereof is preferably 1.25 or
less, more preferably 1.2 or less, still more preferably

1.1 or less. When the above weight average molecular
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required so long as the object of the present invention is not inpaired. O
0 35 1 The magnetic recording disk of the present invention is suitable
for use as a magnetic recording disk in the LUL method, while it can be

al so used with the CSS nethod or a contact-recording nethod. 0 O 3 6)
Further, according to the present invention first invention, there is
provi ded a process for manufacturing a nagnetic recording disk, which
conprises formng a magnetic |layer on a substrate, formn ective

n a _prat
| ayer on th@eﬁﬁage%?cl?%ﬁuﬁhQEna' 8P mi WPty Peaft 1FEYRr® ?Pqﬁﬁé% protective

layer, the Eﬁ%ﬂ??t%&fnﬁéys'%g JRE Tt AGat N sdriabrdagant liakey ifr @@achybri cant
contai ning a perfluoropol yether conpound having an end noiety containing a
phosphazene 8, 0ng, anadeas jpeatfllworapotkyepderd dapauhdghavi sigeLiB-varmnend noi ety
containing a hydroxyl _group. 0 0.3 7) Wen a lubricant prepared by m xing
the above tW8Y Bt ubropoliyetiRer 1R oRpBuntSSSs v ¥ fornming a | ubricant

| ayer, ther : n e netk G..f r.di; di sk havi ng
a Iubricant%ﬁg §%9§%§§§$ﬁﬁﬁg”ﬁg %%??%ﬁ%rgbo'yg?%eﬁgggﬁ%gﬁ%Jgﬁgthg an end
noi ety contaknibhugihosphaee beohdpgamhdiraigparbluor opok yetrerulaconpound
havi ng an end noi ety containin%_a,h%?roxyl group. 0 0 3 81 In the present
first inventedahtt AepRANEE 9 POPH et 2HEAUBRI-EaAt SPERETETS ot Ccri ti cal

et T s L

like. In thaapresensthdvd stolisrventi eajghhehnistribution, the compound
is suitable as a lubricant having a perflucropclyether main
chain length (length of a main chain) with a lubrication
performance suitable for a magnetic recording disk.
Particularly, a lubricant containing a compound of the
general formula (II) is liable to contain lower molecular
weight compounds having an end moiety containing fewer
hydroxyl groups than the end moiety of the compound of the
general formula (II) and is also liable to contain
impurities. However, when the molecular weight
distribution as defined in the present invention is
employed, such compounds and impurities can be excluded,
and the function of the present invention can be suitably
exhibited.

(0031)
In the compounds of the above general formulae (II)

and (III), each of m, n, a, b, ¢ and d is an integer of 1
or greater, and they are properly determined so that the
compounds preferably have a weight average molecular weight

in the range of 2,000 to 8,000.
(003 2]
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the lubricant layer is forned froma dispersion of the lubricant in a
sol vent, any solvent can be selected so long as it can properly disperse
the lubricant. Particularly, a fluorine-containing solvent is preferred,
since it can properly disperse and dissolve the lubricant containing the
perfl uoropol yether as a main chain. Wen Vertrel XF supplied by DU
PONT- M TSUI FLUOROCHEM CALS COWPANY, LTD., or HFE7100 supplied by 3M Co.

Ltd. is used as a fluorine- contai.ning, solvent, particulﬁrly referably,
they can properly 8i §perRECH WilddSiva™ Y et tBhpding BF "R %gneral formul a

(1) and theaa?qpeyﬂg)me 4 dengtalel oL B (riblc 1809/ Preddig compound of the

general fornufa (I to forma suitable solution. | 039) 27 in the

present firaterayentdbasuldre wehibbknesd wflydilk@elrabry cémiMit ayert ithepr ef er ably
inthe range of 0.5 to 1.8 nm particularly preferably in the range of 0.7
to 1.5 nm CARBAUERECAbTVRe ANYEKABE. S F¥LW Phdh’ 09890 undesirably, the

| ubrication & Ofertheplybricanta1 | @yekks (ripaiied- \Wen it exceeds
1. 8 nm un %@?&gﬁﬁggFéﬁ uﬁber Iaygr pd?tion gfatheﬁrubricéat | ayer may be
caused to haveel gunadhesicomila theIpr cirectiodecuayer wehglsorms oasésg 0 0 4 0)

In the present first invention, preferabhég the nmagnetjc recording disk is
heat - t r eat ede&PPer C2hdPd BHICARE SPayerd % FRREY 2 hE aHbve heat treat nent

s preferred. bu.;bhe, preaenl. Laveahon weinfe e heak: tesalamnigcan improve
adhesi on between the fubricant layer and the protective |ayer and can

i nprove t he cadbeshon sirehigich bef at hepetairiicanit ekayertidmendidatd tiseat nent i s
preferably carried out at a tenperature of 100 to 180'C en_t he heat
treatment t&FBERaLETe "SeNoRBP FHERPWOD Eret ABPATRERT oip glecular

weight fracticning by a supercritical extraction method,

there can be obtained a lubricant containing compounds

suitably having the above mclecular weight distributions.
(003 3]

In the present first invention, the weight ratio of
the above perfluoropolyether compound having an end moiety
containing a phosphazene ring and the perflucropolyether
compound having an end moiety containing a hydroxyl group
in the lubricant is preferably 2:8 to 8:2, particularly
preferably 6:4 to 4:6. When the content of the
perfluoropolyether compound having an end moiety containing
a phosphazene ring is smaller than 2:8, the content of the
perfluoropolyether compound having an end moiety containing
a hydroxyl group is too large, and the adhesion of the
entire lubricant layer to the protective layer is
intensified. As a result, the lubrication perfbrmance may
be low in some cases, which may cause head clash in such
cases. Further, since the heat resistance of the lubricant

is low, there may be caused a fly sticking problem or a
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not sufficient. Wien it exceeds 180'C, undesirably, the |ubricant may be
thermal |y deconposed. Further, the heat treatnent is preferably carried out
for 30 to 120 minutes. 0 04 1) In the present first invention, the
protective layer is preferably a carbon-containing protective |layer. The
carbon-contai ning protective layer has high affinity wth the end
functional group containing a hydroxyl group and the end functional group

cont ai ning a phosphazene ring, . and it can serve to inprove the adhesion of
the |ubricafPrrPayer R prieeetihfe 92ERE The ®&r bon- containing 28

protective §@¥%5qu§%é§%ﬁi ¥ oaphyds ogenaled caLR0RL 1 PF P &G MG 1 hayer or

ot her protecCtive as a nitrogenated carbon protective |ayer or a
hydr ogenat ed- pabsphgenat ed reariBogrpaot ecthare 8:ayethe Théhpyiotrectsi vael ayer
preferably has a thickness of 3 to 8 nm Wen the above . thickness is |ess
than 3 nm EREIPEOLERETTAY dFErTdo8s ROtPTF R "Fund¥Tbnt Bs-¥lick° and a head

clash probl egumy be, faused; Wt bh £xceeds Bnlh pigy dliptanceehet ween the

magneti c | ayer and a’ magnet| Is too large, which is wundesirable for
attaining achiughaSIN sahd ccade8042furiied,he piesentod ipsiblienvésti on, the
substrate is greferably a gl ass substrate. A glass substrate is excellent
in surface 3iB6LRNESstAFRI Bidtabl e for hi gh- density recording. As a gl ass
substrate, a cﬂ@qjg Jy strengthened al um nosilicate glass substrate is
preferred. (O 3]"in the present first invention, the substrate
preferably has a sumnf ane ppaghness rsRmaxyeotidn nmier luesscaandlaysur f ace
roughness, Ra, of 0.6 nmor |ess. Wen the substrate has the above

SﬁDOthneSS,Hpﬁecﬁpyﬁﬁ@ Tﬂﬂ%ﬂﬂt%ﬁpaé various additives known as a

lubricant for a lubricant layer of a magnetic recording
disk, such as a perfluoropolyether-basecd lubricant, as
required so long as the object of the present invention is
nct impaired.

f0035]

The magnetic recording disk of the present
invention is suitable for use as a magnetic reéording disk
in the LUL methed, while it can be also used with the CS3S
method or a contact-reccrding method.

(0036)

Further, according to the present invention first
invention, there is provided a process for manufacturing a
magnetic recording disk, which comprises forming a magnetic
layer cn a substrate, forming a protective layer on the
magnetic layer and forming a lubricant layer on the
protective layer, the method comprising forming the
lubricant layer from a lubricant containing a
perflucropolyether compound having an end moiety containing

a phosphazene ring and a perfluoropolyether compound having
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magnetic head can be set to be 12 nmor less, while there 1is a problemthat
the lubricant layer is |iable to nove due to the surface snpbothness. In the
present invention, the novenent of the |ubricant |ayer can be properly
suppressed. The above Rmax and Ra are as defined in JI'S B0601. [0044] In
the present first invention, the magnetic layer is not specially |limted,
and it nmay be a magnetic |ayer 29 according to an in-plane recording nethod

or may be a tic Ia er ccordln to a rpendi cul ar recording method.
A CoPt - baseda%dgﬁgﬂFﬁﬁl y &P glﬁwg$g?ﬂg§r§ﬁ§§ega ¥R gh coercive force and a

hi gh reproductifgngoptput can be obtained. In the magnetic recording disk of
the present first 1nvention, an undercoat |ayer may be provi ded between the
substrate and the néigrretd dubayennt aptepaseedyl ayeingayhdebpreoviwdged bet ween

t he under coat er and the substrate, The undercoat | ayer is selected from

a C |ayer oPe IR LYEE)EF SUBIPHLE S, 16 BBEITF W GV ér Ti alloy |ayer.

The seed laygr. 4s,sehected Eﬁ@f@ ak, N %p@mﬁdmm&mﬂeéysr 00451
The present second invention will be expPalned bel ow. The nmgnetic

recordi ng dim*gm&nmnwhem@rUmnghelsmrmﬁﬂﬂmQ setohdi¢anvientayer conpaisesg a

substrate, a magnetic |ayer forned on the substrate, a protectlve | ayer
formed on the®TrgHEYECOr 4§ RS ANt sy Péahflmwn#w Yon t he

protective '@a@falﬁﬁ% lLUBREEBRL 2 dAY & rEoRhAl B I@Qr@lu&%fgdl%m@el yet her
conmpound having an end nbiety containing a hydroxyi group on the protective

| ayer side, patgowud arhyng BN engoidiemy contbhgisg boundaoygyllogthep prot ecti ve
| ayer, and coEtaining a perfluoropol yet her conpound having an end noiety
containing a p ne ring on the other surface

In the present first invention, the method of
forming the lubricant layer is nct critical and can be
selected, for example, from a dip coating method, a spin
coating method, a spray ccating method, a vaper coating
methed, or the like. In the present first invention, when
the lubricant layer is formed from a dispersion of the
lubricant in a solvent, any solvent can be selected so long
as 1t can properly disperse the lubricant. Particularly, a
fluorine~-containing solvent is preferred, since it can
properly disperse and dissclve the lubricant containing the
perfluoropolyether as a main chain. When Vertrel XF
supplied by DU PONT-MITSUI FLUOROCHEMICALS COMPANY,LTD., or
HFE7100 supplied by 3M Co., Ltd. is used as a fluorine-
containing solvent, particularly preferably, they can
properly disperse or dissclve the compound of the general
formula (I) and the compound cf the general formula (II)
and/or the compound of the general formula (III} teo form a
suitable sclution.

(0039])
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side, that is, the outernost surface side of the magnetic recording disk
(outernost surface side of the magnetic recording disk toward a magnetic
head). 0 4 6) As discussed in the beginning of the explanation of 30 the
present first invention, it was difficult to use a perfluoropolyether
conpound having an end noiety containing a phosphazene ring or a

per fl uor opol yet her conpound having an end noiety containing a hydroxyl
group alone as a |ubricant. However, the gresent inventgrs grgpared a

AgSS &

magneti ¢ recor di ngt8i §R®hRVATY @ a6 CBRAT Wﬁ?brtéﬁnﬁaﬁﬁ
per f1 uor opol yet hey . compound, havisng, ap. Nd Miethe COALAI Di ng R aydr oxyl

group on the protective |ayer side, particularly, a portion formng a
boundary toilthenmpredectdniedlyyerefangoly lubrtheamtngayef ©ohtta di-Ag a
per fl uoropol yet her conpound having an end noi ety containing a phosphazene
ring on thedthefhesurthgcebsraetnt Htedss 15t h&sS ot @ fbst "urface portion of

the magnet g Lecording disk 1 (ouLer MBSty SINdAEEROLE B, Of b mmonet | C

recording dis a magnetic head), and the present inventors tested

t he magneti gakegol di Ngphisdd .anshamedpecioedly fiotinadnt hatdestikablyhean suitabl e
properties are uniquely intensified and that their defects can be

suppr essed, URREENLAEST | RAF 6t RE PP eS¥Mi CEoAGYRRVBAY i N.CEU?) 1t is

assumed { hat, Lo, BROYB.LNAPRR! Bilal BUl LCAR. A0-R" 9RlGGH, Al ove.  The

perfl uor opol'yether conpou aving an end noi ety containing a hydroxyl
group works neam ¥ (@s an adhesion-pronoting |layer for inproving the entire
| ubricant layer in adhesion to the protective |ayer, and the

per f | uor opol yet her IBoRPBUREE $RIVi rig tah éRdeHBI Aty PIESRERPHY ng™2E phosphazene

ring works %%59£¥195r@c£§§¥ﬁg disk is heat~treated after the lubricant

layer is formed. The above heat treatment is preferred in
the present invention, since the heat treatment can improve
adhesion between the lubricant layer and the protective
layer and can improve the adhesion strength of the
lubricant layer. The heat treatment is preferably carried
out at a temperature of 100 to 180°C. When the heat
treatment temperature is lower than 100°C, the adhesion is
not sufficient. When it exceeds 180°C, undesirably, the
lubricant may be thermally decomposed. Further, the heat
treatment is preferably carried cut for 20 to 120 minutes.
(004 1]

In the present first invention, the protective
layer is preferably a carbon-containing protective layer.
The carbon-containing protective layer has high affinity
with the end functional group containing a hydroxyl group
and the end functional group containing a phosphazene ring,
and it can serve to improve the adhesion of the lubricant

layer to the protective layer. The carbon-containing
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resi st ant

pyrol ysis.
above lubricant |ayer has a structure in which a second |ubricant

cont ai ning a perfluoropol yet her conpound

ayer for inparting the lubricant layer with durability against

31 CO 04 81 In the present second invention, preferably,

phosphazene ring is formed on a first lubricant |ayer containing a

per fl uor opol yet her conmpound havi ng an end noi ety contai ni ng

t he
| ayer

a hydroxyl

group. other lubricant |ayer may be provided between the first and second

[ubricant | BYEFCShiTonP s tife PTEhFELE L B ttHETPPEERRED | FRAEMT on i's not

inpaired. A

contact wt
CO 0 4 91 | nithegpresentcasgeongronyent von,adre cabeveydpeydrlaterdspol yet her

conpound having an end noiety containing .a hydroxyl group, to_be contained
on the prot8etFgEcralRs cafhgd SECFRE I Ubrid&tt | BRErIt e PreretaBty a

per {1 uor opolyetheL, onpound Javing.an, eng ity Coplal RigasbbLee of more

ove hydi oxyl groups as a total

hydr oxyl

gr

t he above secon I cant

ups. e nunper of t

ﬁrUﬂQU: @Qtléfé/rerog PEE’E&:CBr&é‘%‘Cﬂ%V@LaE%ESEuéHbJé cant layer is

ayer is” particularly preferable.

| ess than 3itntiheneperiormncenat adhesi i tmrdteetprot beye veldeyenti S
insufficient, and a fly sticking problemor a nigration problemis liable

to take pl ad&llFufeher: omifen St i . :
total 1s tog.laLge. e iReLLOCROGE ff 2ARCHLOM 40, IR LAl egLl ve layer s

too strong,

néfbet NGrd (Hes

as a resul |'ubrication performance is i npai

that a headmebasbipr objemdrst lai abheetc tiakel ipl aee. 182ge, which is

undesirable for attaining a high S/N ratio.
(004 2]

In the present first invention, the substrate is
preferably a glass substrate. A glass substrate is
excellent in surface smocothness and suitable for high-
density recording. As a glass substrate, a chemically
strengthened aluminosilicate glass substrate is preferred.

(004 3]

In the present first invention, the substrate
preferably has a surface roughness, Rmax, of 6 nm or less
and a surface roughness, Ra, ¢f 0.6 nm or less. When the
substrate has the above smocothness, the flying height of a
magnetic head can be set to be 12 nm or less, while there
is a problem that the lubricant layer is liable to move due
to the surface smcothness. In the present invention, the
movement of the lubricant layer can be properly suppressed.
The above Rmax and Ra are as defined in JIS BO6OL.

(004 4]
In the present first invention, the magnetic layer

is not specially limited, and it may be a magnetic layer
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0 0 5 0) The above perfl uoropol yet her conmpound having an end noiety

contai ning a hydroxyl group, preferably three or nore hydroxyl group, is

not specially limted and can be selected fromknown conpounds that can be

used in a lubricant |ayer of a nmagnetic recording disk. Above all,

preferred is a conpound ~having a structure represented by the general

formula (1V), HO CH2 H CH20CH2- CF2- (0c2F4) - Z- - (OCF2) s- - OCFT- CH20CH2- CHC20H
7 OH (1 V) wherein each of r and s i

. s an integer. of 1 or reater. in the
above gener &CPEFAGFatE I8, 1AW 2RFer FFED Jo‘b%l“ﬁ?&?"r? r “hal'dY it i s

reDresentedﬂgﬁnetig Fader dQ&2dingFed) alpsrddhdEuid) SeecPifnd 2 and the
end noiety isrepresented by the fgollovm ng group. HO CH2 H -CH20CH2 OH The

conpound of neh@cdbove Gertebakefionaphet {d avias isepde famncid eralcegroups

cont ai ning two hydroxyl groups each, .and it has proper high affinity with
the protectin&? 59&FtEndt §§%vé‘ £O9A1 T THE - aBr PEJB%WI %o ad%ere
to the protegtiyeyl ayer. 0 0 5 11 The conpound of the above general formula
(I'V) preferably has a wei ght average nol ecul ar wei ght of 2,000 to 7,000
and a pol ydi sper si toy] MheMapgodtilc Zearoridesyg. dWernnf tdhe eporpeunhdfofst he above
general fornula &I'V) has the 33 above nol ecul ar wei ght distribution, the
conpound i s 1"¥§PtaBle a8 WIHIRLant YREVIHG 28 FEOVEAGH opoF YR he Smai n

substrate and the magnetic layer, and a seed layer may be

provided between the underceoat layer and the substrate.

The undercoat layer is selected from a Cr layer or an alloy

layer such as a CrMo, CrW, CrV cor CrTi alloy layer. The

seed layer is selected from an NiAl or an AlRu alloy layer.
(0045]

The present second invention will be explained
below., The magnetic recording disk according to the
present second invention comprises a substrate, a magnetic
layer formed on the substrate, a protective layer formed on
the magnetic layer and a lubricant layer formed on the
protective layer, the lubricant layer containing a
perfluoropolyether compound having an end molety containing
a hydroxyl group on the protective layer side, particularly,
in a portion forming a boundary to the protective layer,
and containing a perflucrcopolyether compound having an end
moiety containing a phosphazene ring on the other surface
side, that is, the outermost surface side cf the magnetic
recording disk (outermost surface side of the magnetic
recording disk toward a magnetic head).

(0046])

As discussed in the beginning of the explanation of
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chain length (length of a main chain) with a lubrication performance
suitable for a magnetic recording disk. 000521 A |lubricant containing the
conmpound of the general formula (I1V) is liable to contain |ow nol ecul ar
wei ght pol ynmer conpounds having end noieties containing | ess hydroxyl
group than that of the conpound of the general formula (1V) and is also
liable to contain inpurities. Wen the nolecular weight as defined in the

present invention is attained, the above conpound and inpurities can be
excl uded, EHEP?fﬂ?qﬁﬂ%5tﬁéﬁSBfl%YﬁPﬁﬁﬁﬁseﬁF Wﬁ?eﬁ&f%ﬁ?u%ﬁaﬁobésﬁr6perIy

hi bi t ed. f b : ' ht
ver age mol LUl At WSOy COr e 3 08 T e Bo00D aRa & ol ai SaeParE ST N W of

1.1 or |ess aasterfpaiatzicae] athy ¢f ef ererad noWapal {dehaeigghicoavar ageindrol ecul ar
wei ght is less than 2,000, undesjrably, a large anount of inpurities may be
cont ai ned i rPBcHE EWsESY CRuERHEYNY heworex gk ceedy 721006, 2dndlesirably, the

Vi scosity f .t he. _cqnpo is high, I i ¢king. Wen the
polydispersf%%ﬁ{a&ﬁd%' é@%%?ﬁ%”l?gg Pﬁggﬁn g%ﬁfgﬁgﬁﬁng%?géééréibution is too
broad, and umnggsitiablrgcoadiow dimi eculiay wel gbticorpanert: abdcaihigh

mol ecul ar wei ght conponent cone to be contained. [0053) In the present
second i nvent it L ieeorger £ HudF optinferKe FAE bRP ot EF R VICH§ t8n end noi ety

t ai ni ' ' . .5l de of 34
The tubri cante T aar o & Rt bORubi et FRTHREaSfofth e SHEF T EaTi0: ver hor

conmpound havhde: i iend yiohebyr €0 adiimigy a phas@hazene thieng as explained in
the present first invention can be applied. The nol ecul ar wei ght
di stri buti orPdtadid veorprand #of TINSTLCAREng2YHe JUBRILEARE 2

perflucropolyether compound having an end moiety containing
a phosphazene ring on the other surface side, that is, the
outermcst surface portion of the magnetic recording disk
(outermost surface portion of the magnetic recording disk
toward a magnetic head), and the present inventors tested
the magnetic recording disk and unexpectedly found that
that their suitable properties are uniquely intensified and
that their defects can be suppressed, which has led te the
present second invention.

(004 7)

It is assumed that the above unexpected result can
be produced as follows. The perfluoropolyether compound
having an end moiety containing a hydroxyl group works
mainly as an adhesion-promoting layer for improving the
entire lubricant lavyer in adhesion to the protective layer,
and the perfluocropolyether compound having an end moiety
containing a phosphazene ring works mainly as a heat-
resistant layer for imparting the lubricant layer with

durability against pyrolysis.
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| ayer can be adjusted by the sane nethod as that explained in the present
first invention. Further, additives to the |ubricant |ayer can be al so
selected fromthose explained in the present first invention. 0 054 1 In
the present second invention, the first |ubricant |ayer preferably has a
thickness of 0.5 to 1.2 nm Wen the above thickness is less than 0.5 nm
the performance of adhesion to the protective |ayer nay be decreased in
sonme cases. Further, the second lubricant |ayer preferably has a thickness
of 0.1 to 0.6 hPhO $weh the above thickness is less than 0.1 nm it is not

sufficient for attalning phe.finalJeaistancee Men lreraneoedend. 6 nm

undesirably, a lubric e transferred to forma deposit on the
magnet i ¢ heatosedeubnisan® leaseshas0a0sbritume tirewpiesemtssmgwhd i nventi on,
the entire _lubricant |ayer including the above first and second [|ubricant
| ayers pref éURBEFaRas &Y ot A" {CHeRA] sPOF L T PG LYEEBEAnt O REHY he above

t hi ckness i%abgééfggagng.é%i v E%%tangéé éﬂﬂﬁy%pm%&ggéngpﬁf of the lubricant

| ayer i s not Icient, and a hea sh probl'em may take place in sone
cases. Furtekmewhen itfexceddsric8namapndesintalihypngaafly sticking probl em
or a corrosion problemnmy be caused to 35 take place . in sone cases.

Further, norerpreperaplyethsie compovads Preing @ FeInPOFEYEr T Hdiddt ed to

have a thicgngﬁﬁrPg gig@%ﬁg;Sbg?egél&g{?géy% EQ?EE e ddipskneggqof the above

second |l ubrica cording to present second inventi on,

there is alzewpeavideds arpr cerSsebonhd Nt Beintr ilagea saghetd as rtdeor di ng

di sk, which conprises formng a nmagnetic |ayer on _
object of the present invention is not impaired. A
lubricant layer in which the above first lubricant layer is
in contact with the above secend lubricant layer is
particularly preferable.

(0049)
In the present second invention, the above

perfluorcpolyether compound having an end moiety containing
a hydroxyl group, tc be contained on the protective layer
side of the lubricant layer, is preferably a
perfluoropolyether compound having an end moiety containing
three or more hydroxyl grcups. When the number of the
above hydroxyl groups as a total is less than 3, the
performance of adhesion to the protective layer is
insufficient, and a fly sticking problem or a migration
problem is liable to take place. Further, when the number
of the above hydroxyl groups as a total is too large, the
performance of adhesion to the protective layer is too
strong, and as a result, the lubrication performance is

impaired, so that a head c¢lash problem is liable to take

place.
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a substrate, formng a protective |ayer on the magnetic |layer and formng a
| ubricant |ayer on the protective I|ayer, the nmethod conprising formng the
| ubricant layer by formng a layer froma lubricant containing a

per fl uoropol yet her conpound having an end noiety containing a hydroxyl
group and then formng a |layer froma lubricant containing a

per fl aor opol yet her conpound having an end nviety containing a phosphazene
ring. CO 0 5 7). Wien the lubricant layer is forned as described above,
there can be pr&ﬁbpﬁ§odanufactured the magnetic recording disk of the

present invention haw Agotbeyedtfd Gt yLayer EHPAINYE BGvang an end
per fl uoropol yet her conpound having an end noi ety containing a hydroxyl

group on thewoiptgt eothtaenimyer hyiddexghdgcom aipviedgrabper £ e opol yet her
conmpound havi ng an end poi ety cqgntai ning a phosphazene ring on the surface
si de of the“PﬁﬁrPéﬁﬁPx¥ﬁy%??ﬁb 635ngtls?ﬁc%%i;ﬂgiﬁﬂﬁgggu??%gcﬁ?gﬁ%ss _
according tqhhe. Qr ??SﬂtkW%m;pB\ﬂﬁHE'Qk@at Rrgf eablyg thesfirst |ubricant
| ayer is formed froma solution of a perfluoropol yether 36 conpound havi ng

an end noi etlyibcdartakcniagea &y dr oxyghegi oupecqCoimodnd kA) Alpve all,
fl uori ne-containing solvent capable of dis ers%&g or dissolvkpq)Conpound A
and the secé¥@IFEBFcaRt® | FECHE PEFABE 7 rom B SPuEFBREBF Y BY

per f | uor opolygt het, .compeynd, haviRg an end noi ety containing a phosphazene
ring (Cbnpoun% E) I a ?#uoriné—?gntaining sol vent which is capabl e of

di spersi ng qro-cissalvién c@?mpgfmdchPpL4@@E;}gmndH§4qummﬁ§—@@CHq0§perse or
di ssol ve Conpound A. en the Tubricant layer is forned as scri bed
above, the second 4ftubri cant | ayer can be formed w thout causing any change
on the above first |ubricant - (IV)

wherein each of r and s 1s an integer of 1 or
greater.

In the above general formula (IV), the
perflucropoclyether main chain is represented by

~CF,—(OC,F );—(OCF,);—OCF,— |
and the end moiety is represented by the following group.
HO-CHng—CH20CH2—
CH

The compound of the above general formula (IV) has
end functional groups containing two hydroxyl groups each,
and it has properly high affinity with the protective layer
and can serve to allow the lubricant layer to adhere to the
protective layer.

[(0051]

The compound of the above general formula (IV)
preferably has a weight average molecular weight of 2,000
to 7,000 and a polydispersity[Mw/Mn] of 1.2 or less. When

the compound of the above general formula (IV) has the
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| ayer, so that the performance and thickness of the |ubricant |ayer can be
properly controlled. 0 0 5 91 The fluorine-containing solvent that disperses
or dissolves the conmpound of the above general formula (1V) includes
Vertrel XF supplied by DU PONT-M TSU  FLUOROCHEM CALS COVPANY, LTD., or
HFE7100 supplied by 3M Co., Ltd. Further, the fluorine-containing solvent
that disperses or dissolves the conpound of the general formula (1) but
substanti al | %Pdoes not di sperse or dissolve the ¢ ound. of the general

formula (1 VPPPREIBRRRCPE5066 "4Rd T PFSHEY Sl &g g BMD.5% Ltd. Vertrel XF
di sperses or uégg}gﬁglyg% bﬁtﬂ}ﬂcaﬁtq?g@ﬂ;@da e 18 c96PET g for mglia (1V) and

t he conpoun e general formula (1). In the present second invention,

t he met hod ehaifolendih t fiergwhr b€aatmdayerhadisinetitbratlaticatd ovan be
selected from |l ayer form ng nmethods such as a dip 8oati ng . method, a spin
coating net REFICERRPFRYS HeLHGE, LT vaApRI IS o dEFRGTMBE KO and the like. [0
06 0) Inthe s ?] second invention, preferably, the nagnetic recording
disk is heat-treated after the lubricant Ilayer is forned. The above heat
treatnment is prefenredbtbcatthedpedentgi nhentéingmursi ncethhegdreatal r eat nent
can inprove adhesion between the |ubricant |ayer and the protective |ayer
and can i npfevBulfe ! Blhesi dri2otrehft ROBFEtThe OW BBFFERRRT | 't The heat

Ureat ment 15 UL T ABYGGALY 8¢ nBULnALn st iODRCLAL e e plg LAJ 0 180C. When
t reat nent

t he heat nperature | ower than 100C, the adhesion is not
sufficient. nYhesBxiyl gxceedhalB8@EGatuadesis abimpounbeot]| uhe i cartraiay be
thermal |y deconposed. Further, the heat. treatnent is preferably carried out
for 30 to 1formipat €8V) and is also liable to contailn impuritles.
When the molecular weight as defined in the present
invention is attained, the above compound and impurities
can be excluded, and the function of the present invention
can be properly exhibited. Compounds of the above general
formula (IV) having a weight average molecular weight of
3,000 to 6,000 and a polydispersity[Mw/Mn] of 1.1 or less
are particularly preferred. When the weight average
molecular weight is less than 2,000, undesirably, a large
amount of impurities may be contained in some cases.
Further, when it exceeds 7,000, undesirably, the viscosity
of the compound is high, which may cause fly sticking.
When the polydispersity[Mw/Mn] exceeds 1.2, the molecular
weight distribution is too broad, and undesirably, a low
molecular weight component and a high molecular weight
component come to be contained.
(005 3)
In the present second invention, the

perflucropclyether compound having an end moiety containing

a phosphazene ring, to be contained on the surface side of
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It is preferred to carry out the above heat treatnent after the formation
of the above first lubricant |ayer and before the formation of the above
second | ubricant |layer, since the performance of adhesion of the first

| ubricant layer to the protective |ayer can be further inproved in this
case. [0061) In the present second invention, an undercoat |ayer nay be
provi ded between the substrate and the magnetic |ayer, and a seed | ayer may
be provi ded bet n. the ndercoat | ayer and the .substrate. The protective

| ayer, thetgﬁ%ﬁﬁgﬁfg?th aﬂ%@néﬁiEO?aﬁg??lg%@’ﬁﬁH% E8at *13yEt® and the seed
| ayer can b%esf%ll%kegoi{,&mé@%@ap@&ah%a@gﬂwatr_h enrdeﬂl%ri@t%@c&rﬁ\@ajﬂ{i&}%ent first
i nvention. The present second invention is suitably applied to a nagnetic
recordi ng disskphoapterdnagrimy tdre expglameetioth tlikereldenpr ésent first 38

i nvention, the present second invention caq_be also applied to a magnetic

recordi ng dilSWeRECEPAFRY PO 1R 1CSS nEthdPlcaHd®a Kayfetic recording di sk
accor di N9t Q135046 5ECOLEl BRBLAT, - [0 &2 ngFXAEDl @5:1 e pr esen

t
i nvention w be explained further in detail with reference to Exanpl es
her ei naft er ,1askid eathbe pépserdd ibwehei eams hedtharosbehbhEneteteied hese
Exanpl es. I n Exanpl es, magnetic recording dis%s mer§devaluateth§r

per f or mances- Ty Eh@ T EEEP buk Hg® netEas 1o cO ot 6 "8 - (259t b T dt T ayer

adhesion perfigrience t85: A Ul i3B! sbayeteaas dieshedel Skpeyaldiating a
per formance of adhesion"to a protective layer. First, a magnetic recording

di sk i s neasii ethef preachtbfi cantinvayedicnt hi ckness by an FTIR (Fourier

transforminfrared
(0054]

In the present second invention, the first
lubricant layer preferably has a thickness of 0.5 to 1.2
nm. When the above thickness is less than 0.5 nm, the
performance of adhesion to the protective layer may be
decreased in some cases. Further, the second lubricant
layer preferably has a thickness of 0.1 tec 0.6 nm. When
the above thickness is less than 0.1 nm, it is not
sufficient for attaining the heat resistance. When it
exceeds 0.6 nm, undesirably, a lubricant may be transferred
to form a deposit on the magnetic head side in some cases.

(0055)

In the present second invention, the entire
lubricant layer including the above first and second
lubricant layers preferably has a toctal thickness of 0.6 to
1.8 nm. When the above thickness is less than 0.& nm, the
lubrication performance of the lubricant layer is not
sufficient, and a head clash problem may take place in some
cases. Further, when it exceeds 1.8 nm, undesirably, a fly

sticking problem or a corrosion problem may be caused to
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spectroscopy) nethod. Then, the nmagnetic recording disk is imrersed in a
fluorine-containing solvent, Vertrel XF, for 1 mnute. Wien the nmagnetic
recording disk is immersed in the solvent, a lubricant |layer portion having
| ow adhesion strength conmes to be dispersed or dissolved in the solvent,

but a portion having high adhesion strength can remain on the protective

| ayer. Then, the magnetic recording disk is drawn up fromthe solvent and
again neasured for. a |lubricant |ayer thickness by the FTIR nethod. The

rati o of th%ﬁ%?ﬂﬁgfﬁ§é§noF°FﬁeCT 1ngFtT%§efmﬁ%1éFeFﬁéaP%ﬁﬁrEﬁ%nyi n the
sol vent to the,fhigkness of,Lhe | ubrd cant shayer.hefong vt hechimrrsion in the

solvent will be called a [ubricant 39 | ayer "bonded ratio. It can be said
that the highgritdientbandedrratéatdrs,thane hhghehidhe perdffothmnegkcod adhesi on
of the lubricant layer to the protective layer is. It is said that the
bonded rati05?%Pﬁﬁw%&gﬁﬁﬁﬁytaﬁaY%%st 70 % 0 0 6 41 (2) Lubricant |ayer

coating ratio A @Q{gqut | ayer coating ratio is nmeasured by an X-ray
phot oel ectron spectroscopy known in U S. Patent 6,099, 981( The coating
ratio is defined asacoveriage tbathe presdhtS.seandninGeORH8herkt ibs shown

that the higher the lubricant |ayer coating ratio is, the nore uniformy
t he magneti c2}&¢REAHEeddPsRISERI AP S20gaeEH T 1D 2 MAFHFFd4nt | ayer, and

the head cl : nd C i p e to a
areater degrocoFHat RRAvhTo DTSR PR { AR T Re T o cant
| ayer coating s@dtratiche rorghedi £ preeetdivagldysk qurtfracaaaenbee
efficiently protected, and the exposure ratio of the protective |ayer
surface dectdasendTHerdisged 1HE ifigietPESF etdrath Ptk tdlrf ace has a

hi gher |Ubfif§§éé¥1ﬂ%@“& %H38C80m5¥¥gfggafg%ggg&iEhe lubricant layer by
forming a layer from a lubricant containing a
perfluoropolyether compound having an end meiety containing
a hydroxyl group and then forming a layer from a lubricant
containing a perfluoropelyether compound having an end
meiety containing a phosphazene ring.
(0057)

When the lubricant layer is formed as described
above, there can be properly manufactured the magnetic
recording disk of the present invention having the
lubricant layer containing a perflucropolyether compound
havirg an end moiety containing a hydroxyl group on the
protective layer side and containing a perfluoropolyether
compound having an end moiety containing a phosphazene ring
on the surface side of the lubricant laver.

(005 8]

In the manufacturing process according to the

present second invention, preferably, the first lubricant

layer is formed from a solution of a perfluoropolyether
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recordi ng disk surface can be protected from substances that are liable to
cause the corrosion problemand the fly sticking problem such as acidic
contam nants and sil oxane- based contam nants present in the atnosphere of a
magnetic recording disk drive unit. 0 0 6 51 (3) LUL durability test The
LUL test uses a 2.5-inch (65-mm nmagnetic recording disk drive unit that
turns at a rate of 5,400 rpm 40 and a nagnetic head that is operated with a

flying height of nm_ A_negative pressure.air bear| r slider
(NDABs 1§ deryrrnd i desh =B PR Groohehaenbthe P S258n
magnet o- r esi st anceeffiech al eneatins-disediasnd seppsraduticagiel efent. A
shield portion is fornmed of an NNFe alloy. A nmagnetic recording disk is
pl aced in thespbovieny ragnesely edr@imyudidsk: dARY e RmMitecoR9d the LUL
operation |s contin%pusk%.carried out with ghg.ggoygégagnetic head, to

measure t hel BRFbEI of a%eted Sof OFRE! LU bperStion durability. . After the

LUL durabilﬁéYfi@%%op&ﬂy%tﬂ%Qneéﬁ ouk @R dingg adi skd s feage candatihengagnet i c
head surface are observed visually and through an optical mcroscope for

fai |l ures sushphsssitaairched ngndCsopdimty.B)Trnt RefLWprinkreBitdingifest, a
magnetic recording disk i.s requjred to,, be durable I ._at | east 400, 000
times of th@oftﬁngdﬁb¥ﬁlﬁﬁn§?gﬁh ea?#mﬁﬁﬂﬁ%ﬁ?lpgchd?%%kgﬁéfghurabIe agai nst
at |east 608,Q000utd eHf stBethibi 9PBf alde@nsioksdstbéadd &r diksaluse
environment of a general hard disk drive (HDD), it is said that nore than

600, 000 ti mesmpbutdier L Uthepetiat i brisr icans éanductedadies ABD is used for
apprOX|nate&y 10, years. 0 0.6 61 éé& fﬂQQ-St'%kiQQQteé

escribed above, the sec ican T n be formed
without causing any change on the above first lubricant
layer, so that the performance and thickness of the
lubricant layer can be properly controlled.

(005 9]

The fluorine-containing solwvent that disperses or
disscolves the compound of the above general formula (IV)
includes Vertrel XF supplied by DU PONT—MITSUIl
FLUORQCHEMICALS COMPANY,LTD., or HFE7100 supplied by 3M Co.,
Ltd. Further, the fluorine-containing solvent that
disperses or dissolves the compound of the general formula
(T) but substantially does not disperse or dissolve the
compound of the general formula (IV) includes PF50860 and
PF5080 supplied by 3M Co., Ltd. Vertrel XF disperses or
dissolves both the compound of the general formula (IV) and
the compound of the general fermula (I).

In the present second invention, the method of
forming the lubricant layer is not critical and can be

selected from layer forming methods such as a dip coating

method, a spin coating method, a spray method, a vaper
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100 Magnetic recording disks are glide-tested with a glide head with a
flying height of 6 nm to see whether or not a fly sticking phenonenon is
caused. Wien a fly sticking phenonenon takes place, the flying position of
the glide head changes to an unusual position, so that the occurrence of
the fly sticking can be detected by 41 nonitoring a signal froma

pi ezoel ectric el ement attached to the glide head. (0 0 6 7) Exanple 1 Fig.
1 is cross-sectional view of a etic recording disk 10 for schematically
showi ng t hePajErd &t uP8% F g L&fbodi ment of the magnetic recording
disk of the pr@@q@ﬁ fhyrst invention. In the magnetic recording disk 10, a
seed |l ayer 2, an undercoat layer 3, a nmagnetic |ayer 4, a protective |ayer
5 and a |ubricant Fayehe Gprrsentcorsendt ivedntifarnededarabiubstirate 1. The

substrate 1 is a chemcally stren ened alum te SS Su rate,
and the. i FRS0PTHoe THOLESE P4Sh 17 D}%toﬁfsﬁéa % " e %‘av éH&n" gmax of
4.8 nmand ag. Ra of f,43nm T}Eé"éﬁwe Hehe t9£§§r§e1§ﬂltl%t &a&beehagdaudl aneter of
65 nm and a t Wi ckness of 0.635 nmand is used for a 2.5-inch magneti c
recordi ng dhskprdhentseedidrayen, 2siscd orhedieet anediintaldagy impgrvai ni ng 50

mol % of Ni and 50 nol % of Al and has a thlcknesa of SOIEﬁ_ghe under coat
|l ayer 3 is ﬁ@Pﬁ%HO%fb%FW§QR)§§FI69brﬁfﬁﬁ5u%ﬁﬁ%§ 889nbP 86 G NG 20 nol % of

Vo and has g Lhi gkness, gl cIbeadmanel Gokaygendof seformed of a CoPt
al | oy contalﬁlng no %)g Co, 20 nol % of Cr nol % of Pt and 6 nol % of
B and has altbickaessi®ferl5 Nhe heat treatment is preferably carried

out at a temperature of 100 to 180°C. When the heat

treatment temperature is lower than 100°C, the adhesion is

not sufficient. When it exceeds 180°C, undesirably, the
lubricant may be thermally decomposed. Further, the heat
treatment is preferably carried out for 30 tc 120 minutes.
It is preferred to carry out the above heat treatment after
the formation cf the above first lubricant layer and before
the formation of the above second lubricant layer, since
the performance of adhesion of the first lubricant layer to
the protective layer can be further improved in this case.
(006 1]

In the present second invention, an undercoat layer
may be provided between the substrate and the magnetic
layer, and a seed layer may be provided between the
undercoat layer and the substrate. The protective layer,
the substrate, the magnetic layer, the undercoat layer and
the seed layer can be selected from those explained with
regard to the present first invention. The present second
invention is suitabkly applied to a magnetic recording disk

according to the LUL method. Like the present first
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The protective layer 5 is forned of hydrogenated carbon and has a thickness
of 5 nm The lubricant layer 6 is a lubricant |ayer 42 containing a

per fl uor opol yet her conpound having an end noiety containing a phosphazene
ring, represented by the general formula (1), and a perfl uoropol yet her
conpound having an end noi ety containing a hydroxyl group, represented by
the general formula (I1), and having a thickness of 1 nm [00681 The
process for manufacturing the magnetic, recording disk 10 of this anpl e

will be expiBPABHIBRI i BIESE T ARCIULENAPEr O3, SRR  Untteic §&P 8fer 3 and

the magneti¢,l aygLodo@f & QONSAGHLT YLy ordmdgnebhens StPstiAl@ql in an Ar
gas atnosphere by a DC magnetron” sputtering nméthod. Then, the protective

| ayer 5 wasahar aedadpye tsipitteeririgng d¢asboardeardgey £n ancdrtagds/ hydr ogen gas
m xed at nosphere (having a hydrogen gas content of 30 % by vol une)
simlarly aééSPH?h@gt%ﬁé¥Q§G magnetron sputtering nethod. [0069) Then, a
perfluoropolquy%rﬁggppound (1) having an end noiety containing a
phosphazene ring, represented by the general fornula (1), which was
purified toekawelas wei ght average nol ecul ar wei ght of 3,000 and a

pol ydi spersity[ MV WMn] of 1.05 by a supercritical extraction nethod (a

m xture of a conpoliRf PRES#HTH T SCEACHr Bhp dre £XHIRGRy TYF bupT vids

post L1 oned 4.0 ) pOSILI0N-20d 08 Gy 44 3,500 HOLEL] ey antaied

hydr oxyl group and a conpoun e two end noieties had a
phosphazene prieBgneachyening ahpetf hoodriepol iyetteer bgonmpesmdExdndlesavi ng an end
noi ety containing a hydroxyl group, represented by the general
In Examplés, magnetic recording disks weTe
evaluated for performances by the following methods.
(006 3)
(1) Lubricant layer adhesion performance test
A lubricant layer was tested for evaluating a
performance of adhesion to a protective layer. First, a
magnetic recording disk is measured for a lubricant layer
thickness by an FTIR (Fourier transform infrared
spectroscopy) method. Then, the magnetic recording disk is
immersed in a flucrine-containing sclvent, Vertrel XF, for
1 minute. When the magnetic recording disk is immersed in
the solvent, a lubricant layer portion having low adhesion
strength comes to be dispersed or dissolved in the solvent,
but a portion having high adhesion strength can remain on
the protective layer. Then, the magnetic recording disk is
drawn up from the solvent and again measured for a
lubricant layer thickness by the FTIR method. The ratio of
the thickness of the lubricant layer after the immersion in

the solvent to the thickness of the lubricant layer before

the immersion in the scolvent will be called a lubricant
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43 formula (11), which was purified to have a wei ght average nolecul ar

wei ght of 4,000 and a pol ydi spersity[ MM Mh] of 1.06 by a supercritical
extraction nmethod, were mxed in a weight ratio of 1: 1 to prepare a

| ubricant. And, there was prepared a solution (dispersion) of 0.02 % by

wei ght of the mxture (lubricant) in Vertrel XF that was fl uorine-
contai ni ng sol vent supplied by DU PONT-M TSU  FLUOROCHEM CALS COVPANY, Ltd.
The above sol ution Iaédisper,sioq was used as a coating}solution. The above

magneti c red8VEF NIk Hdvihg tayedts Horfet Bpt o-thet 99Pst EBEi ve |ayer 5
was dlpped bgnggg §§41 If§1 %%efﬂgg%%?SE%é£g§-ﬂ%@ﬁ%n&@ygf éﬁhégyaﬁ o%he

magnetic recording disk 10 was in a vacuum cal ci ni ng furnace
at 130' C f okhe90upt H®S,ldvergicvetae 2pbotiqutiviendneticis ecatdiingsdidk 10 of
this Exanple. (0 0 7 01 The above magnetic recordi ng disk 10 was eval uat ed
for performaheésthaappeder siwdwe LRePFREMARLY Btadpres 2°-*5 and Conparative
Exanples 1 aangéfB netic recording disk was prepared in the sanme manner
as in Exanple xcggg that the lubricant was replaced with a m xture

(lubricant) prepared)byuptxidrg tihgerpebht inog apalivet her conpound (1) having
an end noiety containing a phosphazene ring, represented by the general
formula (1), wth BheupstfdrlorlepEity 6CRELNE ofiotihd S( M'ERSURSYI MY 3h end noi ety

contai ning g_hydr oxyl 0 r e.gepetal Jula (I1) in a
compound (1 BonBbareE T br R TPRGCE SRy S Pk S I6 %S Ticanpl ¢ 44 2).
2:8 (Exanpl ,3pg, 654 (£ i4)y ©htBo2i{ eipled 8f. cotemddwernatdomagneti c
recordi ng disk was prepared in the same manner as in Exanple 1 except that
the lubricamt madl.S. Patent 6,09%,981). .

Tt is shown that the higher the lubricant layer
coating ratio is, the more uniformly the magnetic recording
disk surface is coated with a lubricant layer, and the head
clash problem and the corrosion problem can be suppressed
to a greater degree. That is, with an increase in the
value of the lubricant layer coating ratioc, the magnetic
recording disk surface is mere efficiently pretected, and
the exposure ratic of the protective layer surface
decreases. Therefore, the magnetic recording disk surface
has a higher lubrication performance, and the magnetic
recording disk surface can be protected from substances
that are liable to cause the corrosion problem and the fly
sticking problem, such as acidic contaminants and siloxane-
based contaminants present in the atmosphere of a magnetic
recording disk drive unit.

(0065)
(3) LUL durability test
The LUL test uses a 2.5-inch (65-mm) magnetic

recording disk drive unit that turns at a rate of 5,400 rpm
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replaced with a lubricant containing the conpound of the general formula
(I'1) alone (Conparative Exanple 1) or a lubricant containing the conpound
of the general formula (1) alone (Conparative Exanple 2). The thus-obtained
magnetic recordi ng di sks were evaluated for performances. Table 1 shows the

results. 45 46 n0s0101 OCCCC UUUWUUC CC --1.HH dHHr-4r |
J;lJIJl ri.J-1.14 nUy U U V)Urs5uJ 0 rlr THHHU)--1U)-1(a ~-!

a) 444-r4-44-| C >1U>1U> U Q0000UUl U r= ., 0l ag) ONaO) Qo

- C7CDC7C7C) @50 fﬁ‘iﬁni’ﬁ%&}ea&oﬁ%@%atbo%eaia&?dr ¥ TR 1&Y+Qﬁ %lght

of 12 nm. A negative pressure air bearing surface slider
(NPAE slider) is used as a slider of the magnetic head, and
a GMR magnetc-resistance effect element is used as a
reproducing element. A shield portion is formed of an NiFe
alloy. A magnetic recording disk is placed in the above
magnetic recording disk drive unit, and the LUL operation
is continucusly carried out with the above magnetic head,
to measure the number of times of the LUL operation
durability.

hfter the LUL durability test, the magnetic
recording disk surface and the magnetic head surface are
observed visually and through an optical microscope for
failures such as scratches and soiling. In the LUL
durability test, a magnetic recording disk is required to
be durable against at least 400,000 times of the LUL
operations, and a magnetic recording disk durable against
at least 600,000 times of the LUL operations is suitable.
In a use envircnment of a general hard disk drive (HDD), it
is said that mere than 600,000 times of the LUL operations
are conducted when HDD is used for approximately 10 years.

[0066)

(4} Fly sticking test

100 Magnetic recording disks are glide-tested with
a glide head with a flying height of 6 nm, to see whether
or not a fly sticking phenomencon is caused. When a fly
sticking phenomenon takes place, the flying position of the
glide head changes to an unusual pcsition, so that the

occurrence of the fly sticking can be detected by
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monitoring a signal from a piezoelectric element attached
to the glide head.

(0067])
Exampie 1

Fig, 1 is cross-sectional view of a magnetic
recording disk 10 for schematically showing the layer
structure of cone embodiment of the magnetic recording disk
of the present first invention. In the magnetic recording
disk 10, a seed layer 2, an underccat layer 3, a magnetic
laver 4, a protective layer 5 and a lubricant layer 6 are
consecutively formed on a substrate 1. The substrate 1 is
a chemically strengthened aluminosilicate glass substrate,
and the main surface thereof is mirror-pclished so as to
have an Rmax of 4.8 nm and an Ra of 0.43 nm. Further, the
glass substrate has a diameter of 65 mm and a thickness of
0.635 mm and is used for a 2.5-inch magnetic recording
disk.

The seed layer 2 is formed of an NiAl alloy
containing 50 mol% of Ni and 50 mecl% of Al and has a
thickness of 30 nm.

The underccat layer 3 is formed of a CrMo alloy
containing 80 mol% of Cr and 20 mol% of Mo and has a
thickness of 8 nm.

The magnetic layer 4 is formed of a CoPt alioy
containing €2 mol% of Co, 20 mol% of Cr, 12 mcl% cf Pt and
6 mel®% of B and has a thickness of 15 nm,

The protective layer 5 is formed of hydrogenated
carbon and has a thickness of 5 nm.

The lubricant layer & is a lubricant layer
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WalO )U1l)c T3 1) (nror -lr+H-ir-4UtoUC3 Hm-iHrir ir 44-jQ Ca)Q
Ca)a)QuUa)(aL. r ir 1 , Uy UUUUUSar a- HH 5CX>t k9CU>1r - 400

4141ccWWVY nWv7u) U)4-iU? U)0C J)O CO-r{ >1U)4J {..1r4toU) coU) U d ) NU) 44U)0
U -HHU VW)U (DUYd)Ua) Nr-i-Pd)EEEEE-PE-Pr,J,-)
-r104Hr1-HH HA4HA-1r IW-H ,)HO. 041+S4) 4) (UHJrts-PrU +J3'ri |l 0
UOCaCC) C) (DCDU) CDQ) CD f-1r-i CD(] C) CDCI~4CDOC?' -1 CD ' 15a) S] C] oCDCDC70CDCCDC
C) .OH.r-1H ES-1C7QCDC)C). r10r10r|. CD LDOOCDC?000r uar N[ 6 C)
~|CCCCC00|OLEQ?Ei}msQiiq“perfluoropolyether compound having an end

moiety containing a phosphazene ring, represented by the
general formula {I), and a perfluorcpolyether compound
having an end moiety containing a hydroxyl group,
represented by the general formula (II), and having a
thickness of 1 nm.

(006 8]

The process for manufacturing the magnetic
recording disk 10 of this Example will be explained below.

First, the seed layer 2, the underccat layer 3 and
the magnetic layer 4 are consecutively formed on the
substrate 1 in an Ar gas atmosphere by a DC magnetron
sputtering method. Then, the protective layer 5 was formed
by sputtering a carbon target in an Ar gas/hydrogen gas
mixed atmosphere (having a hydrogen gas content of 30 % by
volume) similarly according to a DC magnetron spubttering
method.,

[0(36 9]

Then, a perflucropolyether compound (I) having an
end mciety containing a phosphazene ring, represented by
the general formula (I), which was purified to have a
weight average molecular weight of 3,000 and a
polydispersity[Mw/Mn] of 1.05 by a supercritical extraction
method {(a mixture cof a compound in which a CF; group of a
phenoxy group was positioned in the m—position'and one of
its end moieties contained a hydrexyl group and a compound
in which the two end moieties had a phosphazene ring each)
and a perflucropolyether compound (II) having an end moilety

containing a hydroxyl group, represented by the general
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00PoW0A oC¥ow0400l a V' c[-0r-Cc) QO cccococcr-cocr+d'' Ortl k4 4)
[""10r1ca" NHC7 v '* a)HVN90cCri 1 iS4 HNMILn 3C7C<7S>CWW WAV Ci | UUU
10071] Exanples 6 - 10 and Conparative Exanple 3 A magnetic recording disk
was prepared in the sane nmanner as in Exanple 1 except that the conmpound of
the general formula (1) was replaced with a perfluoropolyether conpound
(rer) PaV|ng an end noiety containing a hydroxyl group, represented by the
general formula (I11 which was purifjed to have a wei ht aver age

nol ecul ar WEPGRELBf ¢ ﬁibod””éﬁdwésp8P§Hf§%%F§i BRWAMAT 2B BUT A% a super
critical g@eemﬁe feiyind Hxagphe.f) . a letﬁ&%peé\s gw;mr%cfordl ng di sk

was prepare e sane nmanner as I n Exanp e 6 except that the |ubricant
was repl aced .wist hyaa néoere i(tivbili eanticipreparcetoly wWexe mgixdchen a

per fl uoropol yet her conpound (I) having an end noiety co ta ning a
phosphazene "FitA§E F%b¥%§€ﬁﬂég ¢ PREPYEheET gubricant. An there uds

[+]

prepared a solution (dispersion) of 0.02 % by weight of the
mixture (lubricant) in Vertrel XF that was fluorine-
containing solvent supplied by DU PONT-MITSUI
FLUORCCHEMICALS COMPANY, Ltd. The above solution
(dispersion) was used as a coating solution. The above
magnetic recording disk having layers formed up to the
protective layer 5 was dipped in the solution to form the
lubricant layer 6. Then, the magnetic recording disk 10
was heat-treated in a vacuum calcining furnace at 130°C for
90 minutes, to give a 2.5-inch magnetic recording disk 10
of this Example.
(00 70)
The above magnetic recording disk 10 was evaluated

for performances. Table 1 shows the results.

Examples 2 — 5 and Comparative Examples 1 and 2

A magnetic recording disk was prepared in the same
manner as in Example 1 except that the lubricant was
replaced with a mixture (lubricant) prepared by mixing the
perfluoropolyether compound (I) having an end moiety
containing a phosphazene ring, represented by the general
formula (I), with the perfluoropolyether compound (II)
having an end mociety containing a hydroxyl group,
represented by the general formula (II) in a compound

(I):compound (I1) mixing ratio, by weight, of 4:6 (Example
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formula (1), with the perfluoropol yether conpound (l111) having an end

noi ety containing a hydroxyl group, represented by the general formula
(1) in a compound (1):conpound (I11) mxing ratio, by weight, of 4:6
(Example 7), 2:8 (Exanple 8), 6:4 (Exanple 9) or 8:2 (Exanple 10). Further,
a magnetic recording disk was prepared in the sane manner as in Exanple 6
except that the lubricant was replaced with a |ubricant containing the

conmpound of the general formula (I11) al one (Conparative Exar?l e 3). The
t hus- obt ai néd negAet E¥afRtording 1di Sk3amete 4'evdl fatedE¥dPPHerilor nances.

120e 2 SO ST LN s ptlapal sl 1101
manner as in Example 1 except that the lubricant was
replaced with a lubricant containing the compound of the
general formula (II} alone (Comparative Example 1) or a
lubricant containing the compound of the general formula
{I) alone (Comparative Example 2).
The thus-obtained magnetic recording disks were

evaluated for performances. Table 1 shows the results.
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(007 1)
Examples 6 — 10 and Comparative Example 3

A magnetic recording disk was prepared in the same
manner as in Example 1 except that the compound of the
general formula (II) was replaced with a perflucrcpolyether
compound (III} having an end moiety containing a hydroxyl
group, represented by the general formula {III), which was
purified to have a weight average molecular weight of 4,000
and a polydispersity[Mw/Mn] of 1.20 by a super critical
extraction method (Example 6€).

Further, A magnetic recording disk was prepared in
the same manner as in Example 6 except that the lubricant
was replaced with a mixture (lubricant) prepared by mixing
the perfluoropolyether compound (I} having an end moiety
containing a phosphazene ring, represented by the general
formula (I}, with the perfluoropolyether compound ({(IIT)
having an end moiety containing a hydroxyl group,
represented by the general formula (III) in a compound
(I) :compound (III) mixing ratio, by weight, of 4:6 (Example
7), 2:8 {(Example 8), 6:4 (Example 9) or 8:2 (Example 10].

Further, a magnetic recording disk was prepared in
the same manner as in Example 6 except that the lubricant
was replaced with a lubricant containing the compound of
the general formula (III) alone (Comparative Example 3}.

The thus-obtained magnetic recording disks were

evaluated for performances. Table 2 shows the results.

47




000CN | 12z3Q\j

r-com xx [-~3cl~1.1 [00721 Conparative Exanple 4 A

magneti c recordi ng di sk was prepared in the same manner as in Exanple 1

except that the lubricant was

replaced with a perfl uoropol yet her conpound
having an end noiety containing a hydigoxyl group or a perfluoropolyether
conpound having a structure of HOC

2-"CF20- (C2F

-(CF20) g- CH2OH. _The thus-ohtained magnetic recording di sk
performances. Tablle 1 shows t@e ce ugts.g [gp?S) As shown
all of the magneti record| Ag |di-s gghav+rgat1e qurlcant
the present invengion (Exa esal to gféraH i\ boqped rati
nore. In the LUL durability|test s alL bfo tth8 abové& magnet
showed operatidn durability|dt | €00, 300 ti|nBs|or dbr& aaﬁ
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was eval uated for
in Tables 1 and 2,
| ayer according to
o of 70 %or

I ¢ recording disks
after the
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Example, CEx. =
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any di sk surface or head surface. Further, no fly sticking phenonenon took
pl ace, and all the nagnetic recordi ng disks showed an acceptance ratio of
100 % In contrast, in the magnetic recordi ng di sks having a |ubricant

| ayer containing the conpound of the general forrmula (I1) or (I11) alone
(Conparative Exanples 1 and 3), the bonded ratio was high, but they were
defective when tested in the LUL durability test. Further, a fly sticking
phenonenon toof pl ace. Further, in the magnetic recordi ng di sk having a

| ubricant |aye Od%ﬁt%aning t he conpound of the general 49 formula (1) al one

(Conpar ati ve-bxamle2) pangd, fhe, magnetic recording di sk having a lubricant
| ayer of prior art (Conparative Exanple 4), the bonded ratio was | ow, and

they were defective malyaettestedordinchelilsyl wdarabepanad tiestthe Fameéher, a fly
sticki ng phenonmenon took _place. CO0 7 41 Exanple 11 Fig. 2 is a
cross-sect i GHAIRSF &R oF ExﬁﬂﬁﬁéﬂiEXCFBEOFH?ijg?§WbTGGaP r"32hematical |y
show ng the |ayel . St UEt Yr e of1 QNS TPt OB oo di2e naBgREL b€ &&fording

di sk of the present second invention. In the nagnetic recording disk 100,
a seed | ayemdiztvarocundentoata [rayarox13, gacupagnet iperdfdyercpd] yatiprot ecti ve

| ayer 15 and a lubricant |ayer 16 are consecutively forned on a substrate
11. The | ubrdmzsvnd BpEing 62 hasrus fizes | B Cddnt @i‘ye@ 716% 2dndP4d » second

| ubricant |ay Q:%GQ))Q_Q%%in The substrate 11 is a chemcally strengthened
al umi nosi |l i cat'e” gl*ass® substrate, and the main surface thereof is
mrror-polished so ms tthuBavetam&KRimagreftid. Bennrdimndiiak Rasof 0.43 nm
Further, the glass substrate has a

evaluated for performances. Table 1 shows the results.
(007 3)

As shown in Tables 1 and 2, all of the magnetic
recording disks having the lubricant layer according to the
present invention (Examples 1 to 9) had a bonded ratio of
70 % or more. In the LUL durability test, all of the above
magnetic recording disks showed operaticn durability of
600,000 times or more, and after the durability test,
failures such as scratches or soiling were not cobserved on
any disk surface or head surface. Further, no fly sticking
phenomenon took place, and all the magnetic recording disks
showed an acceptance ratio of 100 %.

In contrast, in the magnetic recording disks having
a lubricant layer containing the compound of the general
formula (II) or (III) alone (Comparative Examples 1 and 3},
the bonded ratio was high, but they were defective when
tested in the LUL durability test. Further, a fly sticking
phenomenon tock place.

Further, in the magnetic recording disk having a

lubricant layer containing the compound of the general
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di ameter of 65 nmmand a thickness of 0.635 nmand is used for a 2.5-inch
magnetic recording disk. 0 0 7 61 The seed layer 12 is fornmed of an N Al
all oy containing 50 nol% of NI and 50 nol % of Al and has a thickness of 30
nm The undercoat |layer 13 is forned of a CM alloy containing 80 nbl% of
Cr and 20 nmol % of Mo and has a 50 thickness of 8 nm 0 O 7 71 The magnetic
| ayer 14 is forned of a Cth alloy containing 62 nnl@bdf Co, 20 nol % of Cr,

12 mol % of Pt a and _has hIC of 2nom Th protectlve
| ayer 15 isfP6FHga 2? §F€8ra§éY% Xaré} 23 ghlc?ﬁ%% o5 nm 0 0
7 8 1 The |%@o¢cé@hg'@¥§]§ }{]eﬁf'idgs aalh]dpib&@tﬂtlal)@&e'bf genbai ying

per fl uoropol yet her conpound having an end noiety containing a hydroxyl

group, reprd§©m@edabyveh%&guﬂe¥dnr tben@¢@d%d\DathanﬂahaéOWht#ﬂ@ﬂ@h@ys of 0.8
nm The | ubricant

er rica e L.0i g
perfluoropoW?&thﬁ 8 Hb%%n GﬁhJﬁﬁﬁeg J‘lé‘.ngh &%ﬁéﬁfrggﬁﬁ |ng a phosphazene

ring, repre%%'}ttﬁgrbyatb genalidly %ﬁéﬁ&h@n&rl)uocﬁ@@laeg a thickness of 0.2
nm The | ubricant Iayer 6 has a'thickness of 1 m 0 O 7 9) The process for

manuf acturing fhe meghetic recording disk 100 of this Exanple will be
expl ai ned below. _ First, the seed |ayer 12, the undercoat |ayer 13 and the
magneti c Iaf@@mf&eaﬂé consecutlvely formed on the substrate 11 in an Ar gas

i“é”ﬁsphere by a DCgyagnetton, spidd-elddorBlhedew Ten, daaepiot ective |ayer
was

recording disk 100 for schematically showing the layer
structure of one embodiment of the magnetic recording disk
of the present second invention. In the magnetic recording
disk 100, a seed layer 12, an undercoat layer 13, a
magnetic layer 14, a protective layer 15 and a.lubricant
layer 16 are consecutively formed on a substrate 11. The
lubricant layer 16 has a first lubricant layer léta and a
second lubricant layer 1léb.

(0075)

The substrate 11 is a chemically strengthened
aluminosilicate glass substrate, and the main surface
therecf is mirror-polished sc as to have an Rmax of 4.8 nm
and an Ra of 0.43 nm. Further, the glass substrate has a
diameter of 65 mm and a thickness of 0.635 mm and is used
for a 2.5-inch magnetic recording disk.

(0076]

The seed layer 12 is formed of an NiAl alloy
centaining 50 mel% ¢f Ni and 50 mel® of Al and has a
thickness of 30 nm.

The undercoat layer 13 is formed of a CrMo alloy

containing 80 mel% of Cr and 20 mel% of Mo and has a
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formed by sputtering a carbon target in an Ar gas/hydrogen gas m xed

at nosphere (having a hydrogen gas content of 30 % by volune) simlarly
according to a DC magnetron sputtering method. [ 0 0 8 01 51 Then, a

per fl uoropol yet her conpound (1V) having an end noiety containing a hydroxyl
group, represented by the general formula (1V), which was purified to have
a wei ght average nol ecul ar wei ght of 4,000 and a pol ydi spersity[ MvM Mh] of
1.06 by a supercritical extraction nmethod, was dissolved (dispersed) in
Vertrel XF tHHEERREES PEudrihe- cont ai ni ng sol vent supplied by DU PONT-M TSU
FLUORGOCHEM CAL S GOWPANY, LTD., to prepare a solution (dispersion) having a
perfluoropolyetﬂer conpound concentration of 0.02 % by weight. 0 0 8 11 The
above sol ution (di 9per siagnkthaslawed ds is fooned gt solGatitosl1FHe above

magneti c recording dis havi ng. | ayers fored tg.the.protegtive, | ayer 15

was dipped‘Fﬁ“Fﬁgl§8lg?i%ﬁlfd%?6¥%1@ﬁemP%br?%g%? ﬂgygﬁl%63% ﬁ%ﬁ%ﬁ% t he

magneti ¢ recording ¢ sk, nas, heat -tvieahedsi 9 as w@guum cal cining furnace at

130' C for 90 m nutes. Tﬁe magneti ¢ recordi ng di sk was neasured for a

| ubri cant |ayer 16zhe hircknessvbylayeFTISRiethoded ooBHuwW@genaed(0 08 21

Then, a perfluoropol yether conpound (1) ﬁaving an end noiety containing a
e

phosphazene F3%RPE FEPr 888nt et 1/ e °denelat formula (1), which was
purified to_ha\[f%ﬁl7 ¥@ight average nol ecul ar wei ght of 3,000 and a
pol ydi spersity Mh] "of 1.05 by a supercritical extraction nmethod (a
m xture of a conpouric ilnbaticeht al GF3r drteup sok aubphenoxylagesup was
positi oned iéhﬁgginquoigigfgoﬁggﬁfﬁgihgﬁ compound having an end moiety
containing a hydroxyl group, represented by the general
formula (IV), and has a thickness of 0.8 nm.
The lubricant layer 16b is a lubricant layer
containing a perfluoropeclyether compound having an end
moiety containing a phosphazene ring, represented by the
general formula (I), and has a thickness of 0.2 nm.
The lubricant layer 16 has a thickness of 1 nm
(00 79)
The process for manufacturing the magnetic
recording disk 100 of this Example will be explained below.
First, the seed layer 12, the undercoat layer 13
and the magnetic layer 14 are consecutively formed on the
substrate 11 in an Ar gas atmosphere by a DC magnetron
sputtering method. Then, the protective layer 15 was
formed by sputtering a carbon target in an Ar gas/hydrogen
gas mixed atmosphere (having a hydrogen gas content of 30 %
by volume) similarly according to a DC magnetron sputtering

method.

(0080)
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its end noieties contained a hydroxyl group and a conpound in which the two
end noi eti es had a phosphazene ring each), 52 was dissolved (dispersed) in
PF5060 that was a fluorine- containing solvent supplied by 3M Co., Ltd., to
prepare a solution (dispersion) having a perfluoropol yether conpound
concentration of 0.005 % by weight. (0083) The above sol ution (di spersion)
was used as a coating solution. The above magnetic recording disk having

| ayers formed up to,the Lubricant |ayer. 16a was _dipp, i he solution to
formthe Iubricant%P5§ér81%%Fgﬁfﬁ%”’ gRetFE ?%md?lfﬁ&%g?sga&gggd%gsured f or

a , lubricantg, %@Et%fscém&imeﬁﬁ abyyabokJ1 RipRid)odeboesboved mymthkhe
di fference between the thickness of the |ubricant |ayer 16 and the

t hi ckness ofgerkealubpiva {Bjer which was Wiifimd $6 PhEE @ HeIUBri cant

| ayer 16 had a thicknpess of 0.2 nnlf(20$§@2ﬂlpe magneti c recording di sk
havi ng | ayerd SF8FRelCUp MY e FibPfcan?’f &5t *16a was i mersed in PF5060

that was a fJiyerispercony pirdg $e! Yoot sypp!dgtloyiBWVeED. extddbtido  test
whet her or not “the lubricant |ayer 16a was di spersed or dissolved in the
PF5060. Bot mdiéfods ewanddasservechd dippressdonin theatirgbr KEahliat &% 16a had a
t hi ckness of_ 0.8,

| nsol Ubl e | PESGB0. ETE" B oK “TagnarTE-1Se oMU g ek ADOr this
Exanpl e was pgritbagkmt efndYcdianahore- expb abrash @ acessutidhe magnetic
recordi ng di sk was evaluated for performances. Tables 3 and 4 show t he
results. (008B)ksp&3sion) having a perfluoropolyether compound

concentration of 0.02 % by weight.

(0081]
The above solution (dispersion) was used as a

coating solution. The above magnetic recording disk

having layers formed up to the protective layer 15 was

dipped in the solution to form the lubricant layer léa.

Then, the magnetic recording disk was heat-treated in a

vacuun calcining furnace at 130°C for 90 minutes. The

magnetic recording disk was measured for a lubricant layer

16a thickness by an FTIR method to show 0.8 nm.

(008 2]
Then, a perflucorcpolyether compound (I) having an

end moiety containing a phosphazene ring, represented by

the general formula (I), which was purified to have a

weight average molecular weight of 3,000 and a

polydispersity[Mw/Mn] of 1.05 by a supercritical extraction

method (a mixture of a compound in which a CF3 group of a

phenoxy group was positiconed in the m-position and one of

its end moieties contained a hydroxyl group and a compound

in which the two end moieties had a phosphazene ring each),
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Exanples 12 - 14 and Conparative Exanples 5 and 6 WMagnetic recording di sks
were prepared in the sanme manner as in Exanple 11 except that the thickness
of each of the first and second lubricant |ayers 16a and 16b of the

| ubricant |ayer 16 was changed as shown in Table 3. The thus-obtained
magneti c recording disks were evaluated for performances. Tables 3 and 4
show the results. [ 0 0 8 6) Conparative Exanple 7 A magnetic recording

di sk was prepared in_th me  mannper. _as_in Exanmple 11 except, that the
| ubricant | érdi§5°$§§§r§%F5§§ﬁ Jtﬁ“a?ﬁé&hﬂtqﬂﬁﬂ<wﬁﬁbﬁiEéﬁ I%/er that was

fornmed onl ycforn%\iaiﬁgré&y@é&@u@ﬁpa%meweﬁmCégmmm@ba!bngreﬁgw%d moi ety
contai ning a hydroxyl group or a perfluoropolyether conpound having a
struct ure ofsdOCH2onCRR0sC2F40)), NaCERQ) 2 - I8H, OHorfipe lgaghet | commpmordi ng di sk
was eval uated for gerfor nces.. Tables 3 and 4 show the results. 54 Table 3
Thi ckness THISGKRESS Eb%?i%gﬁfo i P¥t "Bt9%econd Bonded | ayer |ubricant

| ubri cant ratipgqggiyg | ayerl ayerratio x. 110.8nnD. 2nnB4%0©6%

The above sclution (dispersion) was used as a
coating solution. The above magnetic recording disk
having lavers formed up to the lubricant layer 16a was
dipped in the solution to form the lubricant layer 1léb,
The magnetic recording disk was measured for a lubricant
layer 16 thickness by an FTIR method to show 1 nm.

The difference between the thickness of the
lubricant layer 16 and the thickness of the lubricant layer
16a was 0.2 nm, so that the lubricant layer 16 had a
thickness of 0.2 nm.

(0084]

The magnetic recording disk having lavers formed up
to the lubricant layer léa was immersed in PF5060 that was
a fluorine-centaining solvent supplied by 3M Co., Ltd., to
test whether or not the lubricant layer l6a was dispersed
or dissclved in the PF5060. Both before and after the
immersion, the lubricant layer 16a had a thickness of 0.8
nm, s¢ that it was found that the lubricant lajer léa was
insecluble in PF5060.

The 2Z2.5-inch magneti¢ recording disk 100 of this
Example was manufactured by the above-explained process.
The magnetic recording disk was evaluated for performances.

Tables 3 and 4 show the results.

(0085]
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X. 120. 7nn0. 3nnB1%95% x. 130. 5nn0. 5nnB0%®5% x. 140. 3nnD. 7nn70%94% CEX.
51nn089%82% CEx. 601nmi6%B81% CEx. 7---40%81% Ex. = Exanple, CEx. =
Conpar ative Exanple 55 56 ntr3) CGC~ xxX.~~~r~ UUUUC -11-14i4Jx-.Se
cocorRULU ~U "C 3U ZJ -Ha)-rl1 a)r-1 a) >1>1r- S44) ~4 U)r-1HHr--1co k-1U)
k-iU) SA ) 4-44.44-f44 a ~ 1 >1 U>1 U> U[-+ a000~ O C
Examplies 12 - 14 and Comparative Examples 5 and 6
Magnetic recording disks were prepared in the same
manner as in Example 11 except that the thickness cof each
of the first and second lubricant layers 16a and 1l6b of the
lubricant layer 16 was changed as shown in Table 3.
The thus-obtained magnetic recording disks were
evaluated for performances. Tables 3 and 4 show the
results.
t0086]
Comparative Example 7
A magnetic recording disk was prepared in the same
manner as in Example 11 except that the lubricant layer 16
was replaced with a 1 nm thick lubricant layer that was
formed only from a perfluorcalkylpolyether compound having
an end moliety containing a hydroxyi group or a
perfluoropolyether compound having a structure ofHOCH,—
CF,0—(C,F,0),—(CF,0),—CH,OH.
The magnetic reccrding disk was evaluated for

performances. Tables 3 and 4 show the results.
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X.t 44 0 0 a)

f)

ro.r

riu ro CO09D10A O .r- |- CDCDOOONWOMOKL 4- 1CDCODx i
>1 rl U croOr-100 +-)4) S1 '~Sa$4 Oro00 QR 0Oa
Table 3

Thickness Thickness Lubricant

of first of second Bonded |layer

lubricant lubricant ratio coating

layer layer ratio
Fx. 11 0.8nm 0.2nm 84% 96%
Ex. 12 0.7nm 0.3nm 81% 95%
Fx. 13 0.5nm d.5nm 80% 95%
Fx. 14 0.3nm 0.7nm 70% 94%
CEx. 5 lnm 0 89% 82%
CEx. & 0 1nm 46% 81%
CEx. 7 — 40% 81%
Ex. = Example, CEx. = Comparative Example
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VWA r]U Ulco >1 41U)toUirn0~4 U~ Nr-la)a)a)(D a)a) d)a) a) -4 r+-
H-{rl4-1 H44 H44 -r| 44-/ Cl34.)1-)ro 4Jro -0[a aJ ro0 44 0 0 a) HOOOCDQ
CDCl) CDa) o 0~4 4-1 HCDCDQDos4 C)S-1 0) V | 0CDC)CDG0OG00 04 a0 |
,,.r-1 ' H,H. I a 4rar~E~4 QO0COHO0-HC7/r-1 0 Grl ~J 040 CDOOa
Oa NNo C ~-1-) V 0ODODcol DCL _rC.u rnCu N r+Nfi " I'LnlQN ,94?CoC

?2CXx" >CCx | W WELWAUU (10087)

(008 7)

As shown in Tables 3 and 4; all of the magnetic
recording disks of the present invention ({(Examples 11 to
14) had a bonded ratio <of at least 70 % and had a high
lubricant layer coating ratio of as high as at least 90 %,
In the LUL durability test, all of the above magnetic
recording disks showed operation durability of 600,000
times or more, and after the durability test, failures such
as scratches or soiling were not observed on any disk
surface or head surface. Further, no fly sticking
phenomenon took place, and all the magnetic recording disks
showed an acceptance ratic of 100 %.

(008 8]

In contrast, in the magnetic recording disks having
a single-layered lubricant layer formed from the compound
of the general formula (IV) alene or the compound of the
general formula {I) alone (Comparative Examples 5 and 6)
and the magnetic recording disk having a lubricant layer
formed according to prior art (Comparative Example 7}, the
lubricant layer cecating ratio was low, they were defective
when tested in the LUL durability test, and further, a fly
sticking phenomenon took place. In Comparative Examples 6
and 7, further, the bonded ratioc was low.

(0089)
Effect of the Invention

According to the present invention, there can be
obtained a magnetic recording disk having suitable
lubrication performances, adhesion performances, heat-

resisting performances and coating performances, so that
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As shown in Tables 3 and 4, all of the nmagnetic recording disks of the
present invention (Exanples 11 to 14) had a bonded ratio of at least 70 %
and had a high lubricant layer coating ratio of as high as at |east 90 %
In the LUL durability test, all of the above magnetic recording disks
showed operation durability of 600,000 times or nore, and after the
durability test, failures such as scratches or soiling were not observed on

any disk surface or head surface. Further, no fly s%icking gﬂqunenon t ook
pl ace, and &1° fHE AEYAEEPE PTG 8i SREFOSHBWET CahcBeckpt dit rati o of

100 0. (0088§), [ GBI 8R! and N6 iMBYReLE Cp EQCRAi NG Bbskspbavisuy, a
S|ngle-layere§'lu ri cant ?ayer formed fromthe conpound o? t he general
formula (1 V)aral eme ernghbeicorpoundnof dihe ofetrter girefsentmuliavéhyial arre
(Conparative Exanples 5 and. 6) and the nagnetic recording disk having a

| ubri cant | dh&arefpsenadibelor of Hg "eaupAFbIE B Y %%%&Fa??gact&%npl e 7), the
| ubricant | ti i | ow, they were defective when tested in
the LUL durg%%ﬁfﬁ§%té§g?£§%%§furt'er, a fly sticking phenonenon took place.
In Conparative Exanples 6 and 7, further, the bonded ratio was |ow (0089)
Ef fect of the Invention According to the present invention, there can be
obt ai ned a magnetic recordi ng di sk having suitable [lubrication

per f or mances, adhesi on perfornmances, heat- resisting performances and
coating performances, so that 57 the fly sticking problem the corrosion
problem the head clash problemand the m gration problem can

be. suppressed, and the magnetic recording disk of the present invention is
therefore suitable for manufacturing a higher-capacity
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magnetic recording disk. 58 Clains 1. A magnetic recording disk conprising a
substrate, a nmagnetic |layer forned on the substrate, a protective |ayer
formed on the magnetic layer and a lubricant |ayer forned on the protective
| ayer, the lubricant |ayer containing a perfluoropolyether conpound having
an end noi ety containing a phosphazene ring and a perfl uoropol yether
conpound having an end noiety containing a hydroxyl group. 2. The nmagnetic
recording disk of claiml1, wherein the perfluoropolyether conpound havi ng
an end noi efya&BAtai ning a phosphazene ring is a conmpound having a
structure of the general formula (1), Rl-OCHZCF2( OCF2CF2)

p(OCF2), OCF2CH2O-R2 .. (I) wherein RL is a group represented by the formula
(A), is a hydrogenramesnetria paupiofy tihek above fscngukastpytrarel each of p
and g is an integer of 1 or greater. 3. The magnetic recordi ng disk of claim
2, wherein Fﬁénegé?f¥%ﬁﬁ¥uﬁﬂF$§Fh8P EEﬁqﬁﬁﬁﬁfﬁ%&%rna BhO &A1 gﬁyegontaining

a phosphazene, 1 ing j-ght ;ayerage, ol equban (Wi oty of £ A0 to 7,000
and a polydggﬁé?gi?gfﬁﬂ?ﬁ%?h%? 11 %r |'ess.” 59 4}CThe nﬁénetic recordi ng
di sk of cl aiof the2pott&stiwhangien, t hee prudfdivemepdbyet hesncoitpound havi ng an
end npiety containing a hydroxyl group is a perfl uoropol yether. conpound

having an eRGTABPErFPEbIREIH FGTPRBDr MO HyGPoxYP grodpy =5 The
magnet i re%obgégg?gkéﬁé(ﬁin %Bﬁ‘éyg&@ﬁiﬁg d1§etReLf Lansongl wethey conpound

havi ng an end containm ng a hydroxyl group is a conpound having a
structure ofant bad hoi&aty acddda)inahg( bl hydroxyl group.

2. The magnetic recording disk of claim 1, wherein the
perfluoropolyether compound having an end moiety containing
a phosphazene ring is a compound having a structure of the
general formula (I),
RI—OCPQCPQ(OCFZCqu(OCP})JDCFZCHZO—R?
- (1)

wherein R! is a group represented by the formula (A},
N
P// §§P
Ot + -
F.C N N
? 5 \\qyéé

R? is a hydrogen atom or a group of the above formula (A),

and each of p and g is an integer of 1 c¢r greater.

3. The magnetic recording disk of claim 2, wherein the
perflucropolyether compound having an end moiety containing
a phosphazene ring has a weight average molecular weight of

2,000 to 7,000 and a polydispersity{Mw/Mn] cf 1.1 or less.
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HO CH2H- CH20OCH2 - CF2- f OC2F4) m( OCF2) - OCF2 CH2OCH2 CHCH2OH OH 8 H .. (11)
HO (CH20H20) CH2- CF2- OC2F4) a(OCF2) b - CF2- CH2400H2CH2)d -OH (I111) wherein
each of m n, a, b, c and d is an integer of 1 or greater. 6. The magnetic
recording disk of claimb5, wherein the perfluoropolyether conmpound having
an end noi ety containing a hydroxyl group has a weight average nol ecul ar
wei ght of 2,000 to 8,000 and a pol ydi spersity[Mv Mh] of 1.25 or less. 7.
The magnetic recording di sk of vvhegei n the

f i 1, tq 6
| ubricant | dyer cont'& He9thEtc prge:%r%gsgggfgg%gdca&%gﬂné Ravinhg an end

noi ety cont gi,ai-agy @h@%%?&%%o'ik@gh@fldc&%lﬁ@r hhyorgpoh yaidher conmpound
havi ng an end noiety containing a hydroxyl group in a weight ratio of 2:8

to 8:2. 60 Bwithe nagheining ecaoydrngydi skowd izny ercféfordrgwetherto 7,
which is for use in a | oad unl o%d met hod. 9. .A.proggss forOl:[Eanuf acturing a
magnetic reCOFEPHEY BREKI il GRACBRPFFE e RY 5" Reghet?E 1 ayer on a

substrat e, L0g.a. protective layer on the magnetic layer and formng a
| ubri cant I%%jr%gg t Re ]géot ective layer, the nethod conprising formng the

| ubricant layer froma |ubricant containing a perfluoropolyether conpound
having an end noiety containing a phosphazene_ri

ng and a .
per f | uor opol®yet her T&GnPBEERAT haviHf & "dnd fbi &t f]cag‘ﬁ} gi’nl’”Hareén hy/ft oxy!

group. 10. AIRINELLEL] PEAIL NGl CRIPIAS 10 AaShBSEER! Containimgnet | C
| ayer fornmed on the substrate, a protective |ayer formed on the magnetic

| ayer and ad uwhdireanl fayss foramedmponnd hespirat ectsicvectayeret ttHee | ubri cant
| ayer containing a
formula (II) or (IIT},
HO—CHZCI‘,H —CH,0CH, —CF,=+0C,F,) —OCF,) 7—0CF;—CH,0CH;—CHCH,0H
H
OH

o (ID)

HO—(CHZCHgnC;CH2—CFf+OC2FQa(OCF2h)—CEE—CH24OCH2CH2}d_QH
-~ (IM0)
wherein each of m, n, a, b, ¢ and d is an integer

of 1 or greater.

6. The magnetic recording disk of claim 5, wherein the
perflucropolyether compound having an end moiety containing
a hydroxyl group has a weight average molecular weight of

2,000 to 8,000 and a polydispersity[Mw/Mn] of 1.25 or less.

7. The magnetic recording disk of any one of claims 1
to 6, wherein the lubricant layer contains the
perfluoropolyether compound having an end moiety containing
a phosphazene ring and the perfluoropolyether compound
having an end moiety containing a hydroxyl group in a

weight ratio of 2:8 to 8:Z.
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per fl uoropol yet her conpound having an end noiety containing a hydroxyl
group on the protective |ayer side and containing a perfluoropol yether
conpound having an end noiety containing a phosphazene ring on the other
surface side. 11. The magnetic recording di sk of claim 10, wherein the

| ubricant |ayer has a structure in which a second |lubricant |ayer

contai ning a perfluoropol yether conpound having an end noiety containing a
phosphazene ring is formed on a first lubricant |ayer containing a 61

per fl uoropol yet her conpound having an end noiety containing a hydroxyl
group. 12. Ehe magrRebl fah8EOIdi NG HHskgohiskabmaQ, omelds crhengein the

per fl uoropol yet her conpound having an end nviety containing a hydroxyl
group is a per fil,ushopobl yetfer wenpouadléayivg cd eadhadi ety containing three
or nore hydroxyl groups. 13. The nagnetic recording disk of claim12,
wherein the perfluoropol yether conpound having an end noiety containing a
hydroxyl groeup is a ¢oppeundrhavidigfactsliHgt drtadetilke rgepeashyf or mul a
(1v), HO CH2C~H CH2 2- CF2- (OC2F4) T- ( OCF2) - OCFz CH20CH2 ~HCH2OH OH H

(1 V) wher eidis&achhothrcamgrissess famming egeraafeticodageeatera 14. The

magneti c recording disk of claim13, mhere%n t he ﬁrfluoroﬁolﬁg}ggr
conpound haw'h§taatEnd™ A6t & ETCAFRFNYES aWdrO(S’xg SgVoeP has 2 Wi ght

average nol equl 31, Wehght Afpr 2000 1697, 990 NG 2 rRekydbspeysi | WMW Mn] of
1.2 or |ess. %B.O%ﬁg %agneﬁ?g'fécord?ng di sk og)any one of clainms 10 to 14,
wher ei n t he rpenbbuenapsl yeideforodmpouhd halvi gprdn layer from a

tubricant containing a perfluoropclyether compound having

an end meiety containing a phosphazene ring and a

perflucropolyether compcund having an end moiety containing

a hydroxyl group.

10. A magnetic recording disk comprising a substrate, a
magnetic layer formed on the substrate, a protective layer
formed on the magnetic layer and a lubricant layer formed
on the protective layer, the lubricant layer containing a
perflucropolyether compound having an end moiety containing
a hydroxyl group on the protective layer side and
containing a perfluoropolyether compound having an end
moiety containing a phosphazene ring on the other surféce

side.

11. The magnetic recording disk of claim 10, wherein
the lubricant layer has a structure in which a second
lubricant layer containing a perfluoropolyether compound
having an end mociety centaining a phosphazene ring is

formed on a first lubricant layer containing a
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end noi ety containing a phosphazene ring is a conpound having a structure
of the general formula (1), Rl1-OCH2CF2( OCF2CF2) p(OCF2)gOCF2CH20O- R2 62
wherein RL is a group represented by the formula (A, N H .. (A J /5 NN
ip %R2 is a hydrogen atomor a group of the above forrmula (A), and each of
p and g is an integer of 1 or greater. 16. The magnetic recordi ng di sk of
claim15, wherein the perfluoropolyether conpound having an end noiety

t ai ni h ' h i ght i.ght of
3000 {07, G60 aRA- o0 DO YISO gar B LY LTk OF 1os Brorela AR Coce

for manufactukiRgoayreghatd ¢ recording disk, which conprises formng a
magnetic | ayer on a substrate, formng a protective |ayer on the nagnetic
| ayer and forming a lubricant |ayer on the protective |ayer, the nmethod

conprising fqrmng | ayer froma | ubricant, cont.ai.ni ‘a_pey fl uoropol yet her
conpound ha&%ng anTEﬁdmgﬁB?E{? %ﬁﬁﬂr'lﬁﬁnglakh%ﬁr%%aﬁm ggoﬁﬁ g%ﬂ then forning

a | ayer fr%We%e@ﬁrHié’%@P@d&%?%ﬁy@@ﬁ@@%ﬂ&ﬂdnﬁa&ﬂngneﬁjn n@igety containing
a phosphazene ring to formthe lubricant |layer. 18. The process of claim 17,
whi ch conpr megstiormbgiming ia stydrabyl cameul dye PeomacsepUtydiest a

per fl uoropol yet her conpound having an_end noi.ety coptainin hydr oxyl
group (CbanﬁW@oﬂydiﬂgg??qd%}Fﬁ%ﬁgﬁﬁ?EYn??ﬁfQ§?€égl3gﬁ?ec%ﬁggrgaof di spersi ng

or dissol vi Rg CRIPeURE.Aand forning a second lubricant layer froma
solution of a perfluoropol yether conpound having an end noi ety contai ning
13. The magnetic recording disk of claim 12, wherein
the perfluoropolyether compound having an end moiety
containing a hydroxyl group is a compound having a

structure of the general formula (IV),

HO~CH,(H —CR,0CH,~CEF,—(0C, Fy)5{0CF,)5=0C F— CH,OCHz—CHCH,OH

OH H
- (IV)
wherein each of r and s is an integer of 1 or
greater.
14. The magnetic reccrding disk of claim 13, wherein the

perfluoropolyether compound having an end moiety containing
a hydroxyl grcup has a weight average molecular weight of

2,000 to 7,000 and a polydispersity[Mw/Mn] of 1.2 or less.

15. The magnetic recording disk of any one of claims 10
to 14, wherein the perflucropelyether compound having an
end molety containing a phosphazene ring is a compound
having a structure of the general formula (I),

R!-OCH,CF,(OCF,CF,),(0OCF,),0CF,CH,0O—R?
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a phosphazene ring (Conmpound B) in a fluorine-containing solvent which is
capabl e of dispersing or dissolving Conpound B but substantially does not
di sperse or dissolve Conmpound A 64

(1)

wherein R' is a group represented by the formula (A),

(O)-
F,C

R? is a hydrogen atom or a group of the above formula (A),

\ P/N\\P
| o (A)
N

N
/5 \P////

and each of p and g is an integer of 1 or greater.

16. The magnetic recording disk of claim 15, wherein
the perfluorcpolyether compound having an end moiety
containing a phosphazene ring has a weight average
molecular weight of 2,000 to 7,000 and a

polydispersity[Mw/Mn] of 1.1 or less.

17. A process for manufacturing a magnetic recording
disk, which comprises forming a magnetic layer on a
substrate, forming a protective layer on the magnetic layer
and forming a lubricant layer on the protective layer, the
method comprising forming a layer from a lubricant
containing a perflucropelyether compound having an end
moiety containing a hydroxyl group and then forming a layer
from a perfluorcopolyether compound having an end molety

containing a phosphazene ring to form the lubricant layer.

18. The process of claim 17, which comprises forming a
first lubricant layer from a sclution of a
perfluorcopolyether compound having an end moiety containing

a hydroxyl group (Compound A) in a fluorine-containing
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solvent capable of dispersing or dissolving Compound A and
forming a second lubricant layer from a solution of a
perflucrcopolyether compound having an end moiety containing
a phosphazene ring (Compound B) in a fluorine-containing
solvent which is capabkle of dispersing or dissolving
Compound B but substantially does not disperse or dissolve

Compound A.
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