“METHOD OF PRODUCI NG A LUBRI CANT FORA MAGNETI C DI SK,
LUBRI CANT FOR A MAGNETI C DI SK, MAGNETI C DI SK, AND
METHOD OF PRODUCI NG A MAGNETI C DI SK Thi s application
clainms priority to prior Japanese patent application
JP. 2004-278892, the disclosuye of which is

i ncorporated herein by referehce. Background of the
Invention: This invention relates to a nmethod of
producing a lubricant for a magnetic disk, a _
lubricant for a magnetic disk, a nmagnetic disk, and a
met hod of producing a magnetic di sk. Mire
particularly, this invention relates to a nmethod of
pr odWETHOD OFPRODUUCING FILPBRICART RORWOMAGNETIGRISK,
suitable for a |oad unload system and having a

| ubri catWBRICAME QR palIAGNE TEL PBIKSMIAGNET IO RISK, AND
stiction defect or a contam nation on a surface of a
magnet i ¢ headMETREOD OFt ABODIGMNE AMAENETHESDISK er y
narrow flying height of 12 nmor |ess, a |lubricant

obt ai ned by the nethod, a magnetic di sk obtained by
using the lubricant and having the above-nenti oned
feature, and a net hod of produci ng the magnetic disk.
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stiction defect or a contamination on a surface of a magnetic head even if the

magnetic head has a very narrow flying height of 12 nm or less, a lubricant
obtained by the method, a magnetic disk obtained by using rthe lubricant and
having the above-mentioned feature, and a method of producing the magnetic
disk.

In a magnetic disk apparatus such as a hard disk drive (HDD), a CSS
(Contact Start Stop) system has been used. Inthe CSS system, when the
magnetic disk apparatus is stopped, a magnetic head is kept in contact with a
contact-start-stop region (CSS region) formed in an inner peripheral region on a
surface of a magnetic disk. In a starting operation, the magnetic head slides
on the CSS region in contact therewith to be slightly floated up. Thereafter, a

recarding or a reproducing operation is carried out on a recording/reproducing



occurs wll collectively be called a CSS operation. In
a magnetic disk for the CSS system nentioned above, it
is necessary to formboth the CSS region and the
recordi ngl reproduci ng region on the surface of the
magnetic disk. Further, in ordgr to prevent stiction
between the nmagnetic head and the magnetic di sk when
the magnetic head and the magnetic disk are
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Recently, a magnetic disk apparatus of a load unioad system is being
introduced instead of the above-mentioned CSS system. Hereinafter, the load
unload system may appropriately be called a .LUL system. In the LUL system,
when the magnetic disk apparatus is stopped, a magnetic head is retreated to a
tilting table, called a ramp, which is positioned outside the magnetic disk. Ina
starting operation, the magnetic head slides from the ramp onto the magnetic
disk after start of rotation of the magnetic disk. Thereafter, a recording or
reproducing operation is carried out. A series of the above-mentioned

- operations are collectively called an LUL operation. As compared with the



required for the CSS system need not be fornmed on the
surface of the magnetic disk so that the surface of
the magnetic disk can be extrenely flattened and
snoot hed. Accordingly, the flying height of the
magnetic head is significantly, reduced so that a
recording signal is increased Pn S/N ratio. Thus, the
LUL systemis advantageous. Follow ng the
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flying position or flying height during flying and running. The fly stiction defect
is accompanied with irregular fluctuation in reproduction output. In the worst
case, the magnetic disk is contacted with the magnetic head during flying and
running to cause a head crash defect, resulting in breakage of the magnetic
disk.
On the other ha.nd, the corrosion defect is a defect that a device portion
of the magnetic head is corroded to cause a trouble in the recording or the
| reproducing operation. Sometimes, the recording or the reproducing operation
becomes impossible or a corroded device is expanded to damage the surface
of the magnetic disk during flying and funning.

Recently, in order o increase a response speed of the magnetic disk

apparatus, the rotation speed of the magnetic disk is increased. In a 2.5-inch



Recently, the magnetic disk is rotated at a high

rotati on speed of 5400 rpmor nore to thereby inprove

a response characteristic. Such high-speed rotation

of the magnetic di sk exposes a phenonenon that a
centrifugal force following the rotation causes
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Summary of the Invention:

In view of the above, it is an object of this invention to provide a method
of producing a lubricant which provides a magnetic disk suitable for a LUL
system and having a lubrication layer capable of suppressing a fly stiction
defect or a contamination on a surface of a magnetic head even if the magnetic
head has a very low flying height of 12 nm or less, a lubricant obtained by the
method, a magnetic disk obtained by the use of the lubricant and having the
above-mentioned feature, and a method of producing the magnetic disk.

In order to achieve the above-mentioned object, the present inventors

conducted researches and studies. - As a result, it has been found out that,



conmponent of a lubricant and which has a functiona
group as a termnal group, a fly stiction defect or a
contanmi nation of a magnetic head is caused to occur in
a LUL durability test or a fly stiction test of a
magneti c di sk obtai ned by the e of the lubricant.
The present inventors made further researches and
studi es about a cause of such unfavorable situation.
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greater than a particular value. Based on the
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t he above-nentioned item (1), wherein
phosphorus-containing compound from the raw-material lubricant by the use of,
for example, a molecular sieve and which contains a phosphorus-containing
compound at a content not greater than a particular value. Based on the
finding, this invention has been completed.
Methods acéording to this invention and a lubricant according to this
invention are as follows:
(1) A method of producing a lubricant for a magnetic disk including a
lubrication layer, the lubricant being used in making the lubrication layer from
the lubricant, the method comprising a removing step of removing, from a raw-

material lubricant including a phosphorus-containing compound, the

phosphorus-containi_ng compound to produce the lubricant.



the renoving step produces the |ubricant which

i ncl udes the phosphorus- containi ng conpound of 0.01
glg or less in terns of phosphate ions (P04 3-). (3)
The nmet hod according to the above-nentioned item (1),
wherein the renoving step is fgr renmovi ng, fromthe
raw-material lubricant, the phOsphorus-contai ning
compound by bringing the raw material |ubricant into
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contact with a nol ecul ar sieve. (5) The nethod
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s upihespthiongs-tbrtairing oameouad byl bringirpihe raw-materzl Idricant into
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i B oy ity g o
< e TALRELAL slalelh S e Brp 8 Pl b PediiRaifige of 0310

| uppigant to nolecular distillation. 7 (9) The method
according to the above-nentioned item (5), wherein

(6) The method according to the above-mentioned item (4), wherein
the molecular sieve is crystalline zeolite having an effective pore size of 0.3 to
1.0 nm.

(7) The method according to the above-mentioned item (3), wherein
the removing step is for removing, from the raw-material lubricant, the
phosphorus-containing compound by bringing the raW-material lubricant into
contact with a molecular sieve and, subsequently, subjecting the raw-material
lubricant to molecular distillation.

(8) The method according to the above-mentioned item (4), wherein
the removing step is for removing, from the raw-material lubricant, the
phosphorus-containing compound by bringing the raw-material lubricant into
contact with a molecular sieve and, subsequently, subjecting the raw-material

lubricant to molecular distillation.



the renoving step is for renoving, fromthe
raw-material lubricant, the phosphorus-contai ning
compound by bringing the rawnmaterial |ubricant into
contact with a nol ecul ar sieve and, subsequently,
subj ecting the rawmateri al Iuiricant to nol ecul ar
distillation. (10) The nethod aCcording to the
above-nmentioned item (6), wherein the renoving step
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the raw-material lubricant further includes a flucropolyether compound having
four hydroxyl groups in one molecule.

(13) The method according to the above-mentioned item (3), wherein
the raw-material lubricant further includes a fluoropolyether compound having
four hydroxyl groups in one molecule.

(14) The method according to the above-mentioned item (4), wherein
the raw-material lubricant further includes a fluoropolyether compound having
four hydroxyl groups in one molecule.

(15) The method according to the above-mentioned item (5), wherein
the raw-material [ubricant further includes a fluoropolyether compound having
four hydroxyl groups in one molecule.

(16) The method according to the above-mentioned item (6), wherein
the raw-material lubricant further includes a fluoropolyether compound having

four hydroxyl groups in one molecule.



(17) The nethod according to the above-nentioned item
(7), wherein the rawmaterial |ubricant further

i ncl udes a fluoropol yet her conpound having four

hydr oxyl groups in one nol ecule. (18) The nethod
according to the above-nentiongd item (8), wherein
the rawmaterial |ubricant further includes a

fl uoropol yet her conmpound having four hydroxyl groups
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above-nentioned item (9), erein the rawmateria
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having four hydroxyl groups in one nolecule. (20) The
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above-nentioned item (21). (23) The magnetic dis

atmordidngxyl grdups inlomeanokeculeoned item (22), which is
mounted to a hard disk drive carrying out . _
st art i n@®t oPpe methpsbacaarding tohe abovednentiongd ey { Hh wherein
(2@2J A met hqQd of producing a magnetic disk cog?ri Si né; )
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above-nmentioned item (21). (25) The nethod according
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magneti c disk is adapted to be nounted to a hard di sk

dmagneadigriayerng poekection layer, and a lubrication layer are successively
formed, wherein the lubrication layer is made from the lubricant according to the
above-mentioned item (21).

(23) The magnetic disk according to the above-mentioned item (22),
which is mounted to a hard disk drive carrying out starting/stopping operations
by a load unload system.

| (24) A method of producing a magnetic disk comprising a substrate on
which at least a magnetic layer, a protection layer, and a lubrication layer are
successively formed, the method comprising the steps of forming a carbon-
based protection layer as the protection layer and, subsequently, making the
lubrication layer from the lubricant according to the above-mentioned item (21).
| (25) The method according to the above-mentioned item (24), wherein

the magnetic disk is adapted to be mounted to a hard disk drive carrying out



9 starting/stopping operations by a | oad unl oad ‘
system According to this invention, it is possible to
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Description of the Preferred Embodiment;

At first, description will be made of a method of producing a Iﬁbricant for
a magnetic disk.

The method of producing a lubricant for a magnetic disk to which this
invention is applicable is for producing the lubricant for forming a lubrication
layer formed on a surface of the magnetic disk. According to this invention, the
lubricant is produced from a raw-material lubricant containing a phosphorus-
containing compound by removing the phosphorus-containing compound from
the raw-material lubricant.

The raw-material lubricant containing the phosphorus-containing
compound to which this invention is applicable is not specifically limited as far
as the phosphorus-containing compound is contained in the raw-material

lubricant and the lubrication layer of the magnetic disk can be formed by the



| ubricant and the |ubrication |ayer of the magnetic
di sk can be fornmed by the 10 raw material |ubricant.
Preferably, a fluoropol yether compound having a
hydroxyl group as a term nal group is used as the
raw-material lubricant. As the fl uoropol yether
conpound having a hydroxyl grd as a terminal group,
use is preferably made of a fl uoropol yether conpound
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has a ég cul ar wei ght dlsper3|on of 1.25 or les
nore pr rably 1.2 or less, further preferably 171 or
| ess. The wei ght - aver age mol ecul ar wei ght snal | er than
2000 is not preferable because a |arge anount of
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bdkorepelystbeseornppyndhauing faun kidrew @eeuns in one molecule as

represented by the general formula (l1).

The fluoropolyether compound having a hydroxyl group as a terminal
group preferably has a weight-average molecular weight of 2000-8000, more
preferably 3000-8000, further preferably 4000-8000 and has a molecular weight
dispersion of 1.25 or less, more preferably 1.2 or less, further preferably 1.1 or
less. The weight-average molecular weight smailer than 2000 is not preferable
because a large amount of impurities may possibly be contained. On the other
hand, the weight-average molecular weight greater than 8000 is not preferable
because a viscosity is increased so that fly stiction may be caused. The
molecular weight dispersion exceeding 1.25 is not preferable because
molecular weight distribution becomes excessively wide and low-molecular-
weight and high-molecular-weight components are contained. By adjusting the

molecular weight distribution as mentioned above, it is possible to obtain a



wei ght and hi gh-nol ecul ar-wei ght conponents are
contained. By adjusting the nolecular weight

di stribution as nentioned above, it is possible to
obtain a 11 lubricant conprising a conpound having a
fluoropolyether main chain length (length of a main
chain) providing a |ubricatinglderformance suitable
for a magnetic disk. In particular, the |ubricant
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produci ng
molecular weight fractionation is used. Preferably, however, the lubricant
comprises a compound obtained by purification using supercritical extraction
and/or molecular distillation.  If molecular weight fractionation is carried out by
the supercritical extraction and/or the molecular distillation, it is possible to

- suitably obtain the lubricant comprising the compound having the above-

- mentioned molecular weight distribution.

The phosphorus-containing compound contained in the above-
mentioned fluoropolyether compound mainly comprises a compound producing
phosphate ions (PO43“).

In this invention, in order to remove the phosphorus-containing

compound from the raw-material lubricant containing the phosphorus-containing



| ubricant wt

phosphate ions (PO3-). In this invention, in order to
renove the phosphorus-containing conpound fromthe
raw-materi al |ubricant containing the

phosphor us-contai ning 12 conpound, use is preferably
made of a nmethod of contacting the raw materia

| ubricant with a nol ecul ar sie%&. The nol ecul ar sieve
is a crystalline zeolite conprising al um nosilicate,
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between 0.3 and 1.0 nm. It is noted here that the phosphate ions (PO43‘) have

a size of about 0.48 nm.

As the molecular sieve having an effective pore size within the range
between 0.3 and 1.0 nm, use may be made of, for example, the type 3A
(effective pore size of 0.3 nm), the type 4A (effective pore size of 0.4 nm), the
type 5A (effective pore size of 0.5 nm), and the type 13X (effective pore size of
1.0 nm). The symbol A represents zeolite A while the symbol X represents
zeolite X. |

The method of contacting the raw-material lubricant with the molecular
sieve is not particularly limited. For example, the following method may be
used.

At first, the raw-material lubricant is diluted by an appropriate solvent,

such as a fluorine-based solvent, to prepare a lubricant-containing solution to



sieve is not particularly limted. For exanple, the
follow ng nmethod nmay be wused. At first, the
raw-material lubricant is diluted by an appropriate
solvent, such as a fluorine-based solvent, to prepare
a lubricant-containing solution to 13 be processed

whi ch has a lubricant concentr#&®ion on the order of
30-300 g/L. The concentration of the
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carry out an adsofption process of naking the

ol ecul Next) tteanarealap siBveqs 4iged & tHePlBribantt®ntaining solution to
adsor bed, such as phosphate ions (P04 3-), which are
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Thereafter, the solution after the adsorption process
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~ig/g in terns of the phosphate ions (po 4 3-) as a

resul t dftherpgntent of the phosphorus-containing compound is 0.1 pg/g or

less in terms of the_phbsphate ions (PO,™) as a result of the above-mentioned
purification, the solution can be directly used as a lubricant for a magnetic disk.
However, if it is desired to further decrease the content of the phosphorus-
containing compound or if the content of the phosphorus-containing compound
is greater than 0.1 pg/g in terms of the phosphate ions (PO43;) as a result of the
above-mentioned purification, molecular distillation is further carried out in order
to reduce the contentto 0.1 pug/g or less. Thus, the content of the phosphorus-
containing compound can be decreased to a desired level in terms of the

phosphate ions (PO,).



above-nentioned purification, nolecular distillation
is further carried out in order to reduce the content
to 0.1 gg/g or less. Thus, the content of the
phosphorus- contai ni ng conpound can be decreased to a
desired level in ternms of the phosphate ions (P043-)
14 The nol ecul ar distillation A4 a process in which
the lubricant purified by the nolecular sieve as

menti on above is vapor.i zed and distilled so that o
vapor | 2oths TNsculen diiRlih e Pipesss i st thequbycant purified by
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stdistiltatioa gz lz carriedWwtin direhiehjuiibriom apritionttosarddthe
mol ecul ar distillation apparatus depicted at 20 in the
f i liweladionmuriase (a cosdilionfwhere the vapofizestiluprieant pasticiee are out
hgqafter ?bi a magnetic coupling stirrer 23, a stirrer
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I's connegged shews RestRYdGeaf Dehoiktidlarifistilibien 2Pparatisis The

as a whole is

molecular distillation apparatus depicted at 20 in the figure comprises a feed
flask 21, a feed flask mantle heater 22, a magnetic coupling stirrer 23, a stirrer
control box 24, a distillation main pipe 25, a distillation main pipe mantle heater
26, a residue receiver flask 27, a distillate receiver flask 28, a low-boiling-point

- substance condenser frap 29, a vacuum gauge 30, and an evacuating unit 32.
A pipe 31 is connected to the evacuating unit 32. The apparatus as a whole is
controlled by a control panel 33.

The lubricant to be subjected to molecular distillation is supplied into the

feed flask 21. The molecular distillation is not necessarily carried out in a

reduced pressure environment. However, in case where the lubricant for a

magnetic disk contains a high-molecular-weight component, the molecular



controlled by a control panel 33. The lubricant to be
subjected to nolecular distillation.is supplied into
the feed flask 21. The nolecular distillation is not
necessarily carried out in a reduced pressure

envi ronment. However, in case where the lubricant for
a magnetic di sk contains a hilgh- nol ecul ar - wei ght
conmponent, the nolecular 15 distillation is preferably
rm.ned reduced pressur
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ef ficiency may
supplied from the feed flask 21 into the distillation main pipe 25 can be

controlled by an opening degree of a cock 35 attached to a lower end of the
feed flask 21. Generally, the feeding amount of 1-30 g/min is appropriate. If
the feeding amount is too small, the distillation requires a long time. On the
other hand, if the feeding amount is too great, the distillation efficiency may
possibly be decreased.
The lubricant flowing into the distillation main pipe 25 is heated to a

- predetermined temperature by the distillation main pipe mantle heater 26
arranged around the distillation main pipe 25 of a cylindrical shape. Herein,
the heating temperature is at least a temperature at which the lubricant is

vaporized, and is different depending upon the type of the lubricant. In case of



possi bly be decreased. The lubricant flowing into the
distillation main pipe 25 is heated to a
predeterm ned tenperature by the distillation nmain
pi pe mantl e heater 26 arranged around the
distillation main pipe 25 of a cylindrical shape.
Herein, the heating tenperatull€ is at |east a
tenperature at which the lubricant is vaporized, and
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shown in Fig. 1 is no nore than a
collected in the residue receiver flask 27 without being vaporized may be

supplied again into the feed flask 21 to be repeatedly distilled after changing the
heating temperature by the distillation main pipe mantle heater 26.

The molecular distillation apparatus shown in Fig. 1 is no more than a
mere example. An apparatus for molecular distillation is not limited thereto.

This invention also provides a lubricant for a magnetic disk which is
obtained by the above-mentioned method, and a magnetic disk having a
lubrication layer deposited by the use of the above-mentioned [ubricant for a
magnetic disk.

In the lubricant for a magnetic disk according to this invention, the

content of the phosphorus-containing compound is generally 0.1 pg/g or less,



mere exanple. An apparatus for nolecular distillation
is not limted thereto. This invention also provides
a lubricant for a nmagnetic disk which is obtained by

t he above-nenti oned nmet hod, and a magnetic di sk havi ng
a lubrication |ayer deposited Qy the use of the
above- nentioned | ubricant for a magnetic disk. In the
| ubricant for a magnetic disk according to this '
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f | oloa dpvicaet inewhicb ripe codtembof thg fluasphorus-containing compound is
0.1 pg/g or less, preferably 0.05 ug/g or less in terms of phosphate ions (PO43")
and which contains a fluoropolyether compound having two or more hydroxyl
groups as terminal groups, particularly, a fluoropolyether compound having four
hydroxyl groups in one molecule.

In this invention, a method of depositing the lubrication layer is not
particularly limited. For example, use may be made of dip coating, spin
coating, spraying, and vapor coating. In this invention, in case where the
lubrication layer is deposited by the use of a solution obtained by dispersing and
dissolving the lubricant in a solvent, the solvent is appropriately selected as far

as the Jubricant is suitably dissolved. if the lubricant is the fluoropolyether

~compound mentioned above, a fluorine-based solvent is preferable because the



hydr oxyl groups in one nolecule. In this invention, a

nmet hod of depositing the lubrication |ayer is not
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known as_additives for a_ lubricatiogn |ayer of a L
nagfitives fariaslubricationlayep pba magnatisdig fef erpmpigna setesioration
for..a fluoraopol yet her-based | ubri cant, as far ,as .t .
oftultordpr 2 AeronaRer BreaclubBEafinga fars thipiets! tis

[ 4 OF etic disk is preferably subjected
t%{g‘g{)ﬁrﬂ% Pégfnrf{a%t@aafter the lubrication layer is

deposi t gflhid [vention RREIHS étﬁ%iﬁ@%tpreférﬁﬁlp%ﬂ}ected to heat

i mproves contact between The |ubrication lNayer and the
ptreanénicafter thy dibrivation eI depositedh e ThiwisBgcange the Aeat

heat treatnment tenperature preferably falls within a

r inegtmbnt impravdooriadt Ha@veen tie dubitisation laystr mpdithe protection
layer and improves an adhesive strength. A heat treatment temperature
preferably falls within a range between 100 and 180 °C. The heat treatment
temperature lower than 100 °C is not preferable because the contact between
the layers is insuificient. On the other hand, the heat treatment temperature
higher than 180 °C is not preferable because the lubricant may be thermally
decomposed. A heat treatment time is preferably between 30 and 120 minutes.

In this invention, the protection layer is preferably a carbon-based

protection layer. The carbon-based protection layer is suitable because this

_layer has a high affinity with a terminal functional group having a hydroxyl group

so that the lubrication layer is improved in adhesion to the protection layer. As

the carbon-based protection layer, a hydrogenated carbon protection layer, a
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tenperature | ower than 100 C is not preferable because
the contact between the layers is insufficient. On
the other hand, the heat treatnent tenperature higher
than 180 Cis not preferable because the | ubricant may
be thermally deconposed. A heat treatnent tine is

~preferably between 30 and 120 &Pnutes. In this

i nvention, the protection Iayer is preferably a
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ased protection |ayer, a hy rogenat ed car bon
pr p\fo@ﬁtioﬁﬂajrét}{@ insufficiéht &l thana hiehd icigsHd&feecik ipeBsibly caused to
| ayer, a hydrogenated carbon nitride protection |ayer,
oroddur. | The thisknessigeeater ¢hanTd enpisaictgréferablajreview of an
preferably has a thickness between 3 and 8 nm |f the
t hinaegventindiil begaushandistance betweer theomagpetitlayer and a
protectlon | ayer is insufficient so that a head sh
defaghelic h%%}% L3 @fcysglaabféango Tie prptectiofuiayes 'élﬂf@g%a

great er, t anI nmlé\zgnot preferable in view of an
n‘g RS8R tause a di stance between the

| F’Sﬂn?t 'Tﬁ'g t@%ﬁ@v ﬁghﬂd{!@%@%ﬁrg&‘%%gbﬂeﬁrﬁﬁ@gﬁ \Sé@tt}éng sypstrate.

'ﬂﬁ@'@la@s’ Rubbfiafehs extalstih Qhneds %'nﬁ%?n@d{ﬁﬁéésaérﬁ:l isStherefore

preferably used as the substrate. The glass substrate
| ssuitebia forn increbbatimascording demsity.hnEstheagldss substrate, an
therefore suitable for an increase in recording
dealgitigosiligate glasglsalbs’tratmstpfefleeablan al umi nosi |l i cat e

gl ass substrate is preferable. In this invention,

pri nci pah thigrinyrigions atn@cm%wfa@%pbﬂ@f%ﬁﬁ;ﬁ w&ierabfy has a

> rEUBER foRoRRCSS ot & nmuah S i REtater DTl foti R, With
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IS very at and snoot Howev Invention 1s
C apidroestieciupp ties sugcdisOvery fiatand shiveth.ubHbwetenthis invention

|l ayer and is therefore very

is capable of suppressing migration of the lubrication layer and is therefore very
advantageous. Rmax and Ra herein referred to are based on the definition in
JIS {Japanese Industrial Standard) BO601 and are also disclosed in United
State Patent No. US 6544893.

In this invention, the magnetic layer is not particularly limited. The
magnetic layer may be a recording layer for an in-plane recording system or a
recording layer for a perpendicular recording system. A CoPt-based magnetic
layer is suitable because high coercive force and high reproduction output are
achieved.

in the magnetic disk of this invention, an underlayer may be formed

between the substrate and the magnetic layer if necessary. Further, a seed



advant ageous. Rmax and Ra herein referred to are based
on the definition in JIS (Japanese Industria

- Standard) B0601 and are al so disclosed in United

State Patent No. US 6544893. In this invention, the
magnetic layer is not particularly Iimted. The
magnetic | ayer nay be a recordk@g | ayer for an

i n-pl ane recording systemor a recording | ayer for a

per pendi c r recording system A CoPt-based nagneti
| d?)é‘?f may g}@% ‘ibs’@f&ﬁrs eringieriyer en@@er shksirale A% aw under
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bqu@,egrfﬂéqlﬁrégﬁgylb@yﬁedand the substrate. As the under

based al l oy | ayer such as
Cr M, Ciianfpl¥s and CrTi, or the Iike may be used. As
the seed layer, an NNAl alloy layer, an AlRu all oy
| ayer, dMextthihid inkentisry wilebe deskcridedampleeih détieikin cdrinestion with
invention will be described nore in detail in
covpesific ommples, ¥ sbouldi ke extadithatthis invention is net limieddo these
t hat thrs invention is not limted to these exanples.
THXa5PleSr mance of the rragnetr ¢ di sk was eval uated by

the follqQw n rrethod rabrlrt T .

LUt estTHPE RS TG fPagnste Ao ves sydafiit n i following
etic disk apparatus rotating at 5400 rpm and

a magnetic head having a flying height of 12 nm The

magnet i q1?1§gq MaabityN\RAR sl ider (negative pressure air
bearing slider) as a slrder and a GWR (gi ant

magnet orfisd UL test islesirieel ast by theageasfuc? Sdncle@Emm)yAnagnetic

shi el ding portion is made of an Ni Fe alloy. The

medjsk appamitykratatingatd420 o ehd amagoetic hedad kaving a flying height

apc?fa1r2art1rltj1$ al'?lg n%ggrj'rgtfct ﬁgad has{:l a NPAB slider (negative pressure air
bearing slider) as a slider and a GMR (giant magnetoresistive) device as a
reproduéing device. A shielding portion is made of an NiFe alloy. The
magnetic disk is mounted to the magnetic disk apparatus and subjected fo a
LUL operation by the magnetic head. Thus, the number of times of the LUL
operation performed without trouble is measured.

After the LUL durability test, a surface of the magnetic disk and a

surface of the magnetic head are observed by both human eyes and an optical

- microscope to confirm presence or absence of an abnormal condition such as
damage or contamination. In the LUL durability test, it is required to endure or
withstand the LUL operation of 400,000 times or more without any frouble, more
preferably, 600,000 times or more. In a normal working environment of a HDD
(hard disk drive}, the LUL operation of 600,000 times generally requires the use

for about 10 years.



LUL operation by the magnetic head. Thus, the nunber
of times of the LUL operation perforned w thout
trouble is neasured. After the LUL durability test, a
surface of the magnetic disk and a surface of the
magneti ¢ head are observed by both human eyes and an
optical mcroscope to confirnmpresence or absence of
an abnor mal condition such as damage or
contanlgisg% In t LUL durability test, it is
require e wi t hstand the LUL operation of
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magnetic disks, a glide test is cafried out he use

ofgla:legtheatésudmny bestmes abhbirhalg Wﬁe%r@fbyﬁnmdrmg a signal of
exam ne whether or not fly stictionis caused to

oc@ piezogasiriodenice sttecheast tatthe dlide hetadg ttiiopossiblelty idetect
position of the gI i de head suddenly becones abnor nal .
THTRY NS %&h%ﬂﬁﬁ'@fq“ng a signal of a piezoelectric

d ttached to th head,
dStV'eEte T BT e ey Eredn the I BrREGE aupregsed fon

on f“ﬁt‘%@?”& BT LR Rerp BTGP and

exdupisdted to Ebﬁcé’iﬁf]aﬁiirg %ﬂgas&éme‘?ft efls b e&%Bﬂibﬂ%f a mixture

measur enent a uent utiron o
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"ASlZ manuf act uréd by Dionex is used. In order to

demanufactursd blyslmonex imukedf lardet lecdetect ionsdisetis mdde of an
det ect or havi ng g%h sensitivity and hi gh- sgleed
re@ﬁ@ﬁﬁ@@ondmfaﬂﬁm qcton havipg digh semsitivityandibighspeedfrasponse.

a magnetﬁc dISk (a) First Purifying Step As a

r aw mat ricant, a lubricant "Forriblin
Z-tetr ao(HYMrocﬁcht%ﬂ of a lubricant for a magnetic disk

(a) First Purifying Step

As a raw-material lubricant, a lubricant "Fomblin Z-tetraol™" (trade
name) manufactured by Solvay Solexis was used. By ion chromatography, it
was confirmed that the raw-material lubricant contained 0.47 ug/g of a
phosphorus-containing substance in terms of phosphate ions (PO43').

The raw-material lubricant was dispersed and dissolved in a solvent

"Verirel™ XP" (frade name) manufactured by Dupont-Mitsui Fluorochemical so

that the concentration was equal to 100 g/L. Thus, a material solution was
prepared.

Next, into 1L of the material solution, 100 g of "Molecular Sieve 5A 1/16"
(trade name) (manufactured by Kanto Chemical and having an effective pore
size of 0.5 nm was supplied. Thereafter, the solution was stirred by a rotary -

evaporator at 25 °C for one hour without reducing a pressure. Thus,



nanme) manufactured by Sol vay Sol exis was used. By ion
chromat ography, it was confirnmed that the
raw- material lubricant contained 0.47 ~tg/g of a
phosphor us-cont ai ni ng substance in terns of phosphate
ions (P04 3-). The rawmaterial |ubricant was
di spersed and di ssolved in a s8Bvent "Vertrel T11 XP"
(trade nane) manuf actured by Dupont-M tsu

t he concen

t
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of 0.5 nmwas supp
Stméﬁﬁaﬁé/ fi I?errl{%{vﬂ{g’ a P%Y@E%%f‘b;] @hrr?t% fendvel thetRolBEWar sieve.

wi t hout uc:|ngap essure 22 purification was

pérrﬁéreaﬁ@h the selotvrewagrilterdd by aﬁbﬂ@a plErhibeemediienhaling a pore
substance) contained in the rawmaterial |ubricant.

Thedze of 64 goltobesubjroted i@ thicrsfiltmtion on€Hus Hihe enclasular sieve and
filtered by a nenbrane filter havi n|g a pore size of
0. Restigles avareﬁ@mpi@tﬁb( remeued flemdhevelutiomher eaf ter, the

ﬁglﬂu; igoa érls% CSF’ b%egé‘ﬁﬁtetcﬁstg@‘f’gﬁ &Y%gsqa&ééi g[tt by the use of
ﬁ%‘*&ia&i 3%#03%0518%%?@ ()€ i aetn rom ¥ SolliPy, | Thus.a
[}ﬁ[ Bt| Emce{rﬁWéf%e&roﬁﬁéééure distillation was carri ed

e use e rot ary evapor ator to separate

t he soI \(BPBeEéMTPhhﬁ(: bidg on. Thus, a purified
| ubri cant was produced. (b) Second Purifyi ng Step The

purifiedr hwﬂm:ntﬁwﬂubumml oidainby biyithe first puribying stapni@) was
- step Sa was f&sl ed into a feed flask of a
mﬁtﬁ‘-tmedﬂntmasfeedl koh aapplecaiansiistiigtiemapparatust iBygan

unit, the interiqr of the nol ecular _djstillation
p‘ﬂfﬂc&?ﬂ%g Wak, ‘b?ég@ljpé l Q@gzu{qg distijlation gpparatys was pressure-

Ol bbe 14 45 17 b RSB SR e BB el P05t o
”Di(ﬁ?“d).ar By utilizing a reduced-pressure environment in the molecular
distillation apparatus, impurity gas and the like contained in the lubricant in the
" feed flask were expelled.
| Then, the lubricant was supplied from the feed flask into the distillation
main pipe at a constant speed. In this event, a wiper was driven at a
predetermined rotation speed. By carrying out molecular distillation as
mentioned above, a lubricant for a magnetic disk was produced as a distillate
fraction at 200 °C.
According to ion chromatography, the lubricant for a magnetic disk
contained 0.01 ug/g of the phosphorus-containing substance in terms of

phosphate ions (PO,™).



distillation apparatus, inpurity gas and the |ike
contained in the lubricant in the feed flask were
expel | ed. Then, the lubricant was supplied fromthe
feed flask into the distillation main pipe at a
constant speed. In this event, a w per was driven at
a. predeterm ned rotation spe%@ By carrying out
nol ecul ar distillation as nentioned above, a
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Production of Magnetlc Referring to FI'g
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and a magnetic |ayer 3 were successively deposited by
DOndesdgpert 2o oosgittitecs medal layen?. ArTigaseed layspBarservetite promote
seed | ayer 2a and the underlayer 2b constitute a
mavigiatuagasionof crmtals@'ems ayethig gxsmpley an ARy alayrwas used as
m aturlzatlon ystal grains. In this exanple

5313 u& er[aygr p47) @gm%@mrg@otqﬁpgnetlc onentatlon

A R T O
}’\’gﬁ’lg\éﬁ%gn | f:hflé% gd%%[]‘ue!{ er%bis aTMSF]H@ﬁ@?édo?dihﬁﬂer%omprising
g layer CTaonpr
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all oy was used as th magneti ¢ layer 3. Subsequently,

a magrtitc-lhpses! pSabwquemw @tarbdnﬂsasediegmtﬂdmd I@&geravas
protection layer 4 on the magnetic |layer 3 by plasnma

OdBpO(Bﬁh@aB@aDroteml@n l@pgrot on it Inagsietig layer Sckyt plasma CVD
as as _.a material gas. The carbon-based protection

| a(%ﬁnvm}é/a@@p@ﬁn%alqmgsm AhBeeiviens aRpAvREvedd gas. The

f %r"”é ég% %Eét%&'orl\é\/?” ARy eﬁt 2 & ﬁé’@épquusghyoarogenated
or o%ce rdt%ctmeﬁg# hepl ;gtro't&ﬁf%g; Igfér zé‘hg&%ﬁﬁ c'kﬁegé K5 nm.

ove- ment 1 one oces
di sper sg,@nsteparation was made of a solution in which the lubricant for a

magnetic disk produced in the above-mentioned process (1) was dispersed and
dissolved in a fluorine-based solvent Vertrel™ XF manufactured by DuPont-
Mitsui Fluorochemical so that the concentration was 0.02 mass%.

Using the above-mentioned solution as a coating solution, the magnetic
disk with the protection layer 4 deposited at its top was dipped therein. Thus, a
lubrication layer & was applied and deposited by dipping. The lubrication layer
5 had a thickness of 1 nm. Then, the magnetic disk was heat freated in a

| vacuum furnace at 130 °C for 90 minutes. Thus, a 2.5 inch (65 mm) magnetic

disk was produced.

(3) Test of Magnetic Disk

The magnetic disk produced in the above-mentioned process (2) was

subjected to the LUL durability test and the fly stiction test.



di ssolved in a fluorine-based solvent Vertrel TM XF
manuf act ured by DuPont- M tsui Fluorochem cal so that
the concentration was 0.02 mass% Using the
above-nentioned solution as a coating solution, the
magnetic disk with the protection |ayer 4 deposited
at its top was di pped therein24Thus, a |ubrication

| ayer 5 was applied and deposited by dipping. The

the magheaesdl Sl Uyt dEatts MaohsREHik AfPuer afer
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process S subjected to the LUC durability test _
agshdrifal icbiditibh SLtR BstRFhage ér ésnianiiestiontwas obbervetl. Further,
durabiility test, the magnetic disk endured after the
Latihegien of thenubfici@r@ofrosionewasinohobservedu bl laus, Afie ragnetic
the LUL durability test, the surface of the magnetic

ddisk hassanexpelienyswiacercardlitions a result, no abnor nal

condi ti on such as damage or contamn nati.on was
obser velts argpulkaF the Tcsticsionriesk noRl Sligtie wascaysed to ocour.

cOy I osi on_was ,no bser Thus, the magnetic disk
h‘géegﬁsﬁﬁ%tslq%é]ﬁ?%ﬁi%ct&gg%diti on. As a result of the
fly stighi t, @t ki taatd :

(1 11 Rk Oel 95! ok} Yo hBLAfOUIRT ERRAaYth achored o
Lide :ﬁagﬁéﬂié héyd Wasimeddifed T Ui foibwirfn@RhBAt IMhe amount was
adhered to the nagnetic head was neasured in the

- folesayding manner. The anount was 0. 66 point.

Measur enment of Amount o Contam nation Adhered to

Magnet i Meked LolF; Lomamindiiendihesed tooMag
magneti ¢ head was neasured by observi_nﬁ_I a NPAB sl i der
por t i onTB@gontanpatien adhgreddpitbe magnatishegd wagmeasured by

e KPS S bt g e
f i lefic hebd Wier WAL SRy MstUdfhd A Epfild TAERRcHpE%hd an

‘electron microscope. For example, if the lubricant or the like migrated from the

magnetic disk to the magnetic head, the lubricant or the like was observed as
contamination. Corrosion of the magnetic head was also observed as
contamination.

The amount of contamination was evaluated in the following manner.
A reference amount of contamination was preliminarily determined as a
reference point (point value of 1.00). The amount of contamination was
evaluated relative to the reference point. According to the experience of the
present inventors, it has been found out that the amount of contamination
exceeding 1.00 point causes easy occurrence of failure of the hard disk drive.

Table 1 shows the results of the LUL durability test and the fly stiction

fest.



magneti c disk to the magnetic head, the |ubricant or
the |i ke was observed as contam nation. Corrosion of
the magnetic head was al so observed as contam nation.
The anmount of contam nation was evaluated in the
following manner. A reference anount of contam nation
was prelimnarily determined 88 a reference point
(point value of 1.00). The anmount of contani nation was

eval uated re1l ive to the reference point. According
Lgeah?%%%?—% ce of the present inventors, it has .
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urabi ity test y stictron test.
Esieve 4 f16¢ flr&e A&ie) Rantifdctifeanst Ksntdl GlferiRal and having an
produced in the manner simlar to Exanple 1 except
téffdctivd/poes sizarof 9.4wen.5A 1/ 16" was repl aced by
"Mol ecul ar Sieve 4A 1/16" (trade nane) manufactured
by KantTtheOmaghetit diskdvamsubjgctad to diie bUii durabibitydest ansl the fly
of 0.4 nm The magnetic di sk was subjected to the LUL
Rficientesty test and the fly stiction test. As a

e kP e AR e e
HI gy o8 YA, Bt By

ek e burfik oﬁ‘f?fé%ﬁgheﬁ@&ﬂk RSN %%eﬂ?éfﬁg A4 result, no

contam nati on was obsServed. Further, hesi on of the

| abridraaih tonditien sUeR e it coritamingtion Wwaglebsdred. Further,
magneti ¢ di sk had an excellent surface condition. As

- aadhesidn ofdhetlbleri¢ant ostcoopsion was hot olserigd. st Thus, the megnetic
caused to occur. The pass rate of the test was 100 %

Tdisk had @nexceflentsurfage eanditian.ity test and the fly

tictiop test ar h - . L
Stict #Qs a rtsasul’gl 01? thsé f?yV\Qtlctlon test, no fly stiction was caused to occur.

The pass rate of the test was 100 %.

The results of the LUL durability test and the fly stiction test are shown

| in Table 1.
Example 3

" A lubricant for a magnetic disk was produced in the manner similar to
Example 1 except that purification was carried out by the use of "Molecular
Sieve 5A 1/16" without performing the molecular distillation. Further, a 2.5 inch
(65 mm) magnetic disk was produced.

According 1o ion chromatography, the lubricant for a magnetic disk
contained 0.04 pg/g of the phosphorus-containing substance in terms of
phosphate ions (PO*).

The magnetic disk was subjected to the LUL durability test and the fly

stiction test.



in Table 1. ExanRta-a A lubricant for a magnetic disk
was produced in the manner simlar to Exanple |

. except that purification was carried out by the use of
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ofth& PRigHBEHB Har wie incRsRedoii the mdfershaiat ® Blample 1. As a
LUL durability test and the fly stiction test are

s lrexalt, the afmdlrg of cofiaminatidn was B@0mpoiat.1 A 2.5 inch
(65 mm magnetic disk was produced in the manner
si mi | ar TheoreSulisrpf thel Lk dupability fest amgtbeifly stiction test are shown

Z-tetraol r""" (nmentioned above) was directly
in Table 1.

Comparative Example 1

A 2.5 inch (65 mm) magnetic disk was produced in the manner similar
to Example 1 except that "Fomblin Z-tetraci™" (mentioned above) was directly
used as a lubricant for a magnetic disk.

The magnetic disk was subjected to the LUL durability test and the fly
stiction test.

As a result of the LUL durability test, trouble occurred after the LUL
operation of 300,000 times. On the surface of the magnetic disk and the
surface of the magnetic head, head crash damage was observed. As a result
of the fly stiction test, crash occurred and the pass rate of the test was 50 %.

After the LUL durability test, the amount of contamination adhered to
the magnetic head was measured in the manner similar to Example 1. Asa
result, the amount of contamination was 4.00 points. The contamination
adhered to the magnetic head was analyzed by XPS (X-ray photoelectron

spectroscopy). As a result, presence of a phosphorus element was detected.



used as a lubricant for a magnetic disk. The magnetic
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Reference Example 1

A lubricant for a magnetic disk was produced in the manner similar to
Example 1 except that only molecular distiliation of "Fomblin Z-tetraol™" as a
raw-material lubricant was performed.

According to ion chromatography, the lubricant for a magnetic disk
contained 0.20 pg/g of the phosphorus-containing substance in terms of
phosphate ions (P043').

The lubricant for a magnetic disk which is obtained by the method of
this invention can provide a magnetic disk which is suitable for the LUL system
and whibh has a lubrication layer capable of suppressing the fly stiction defect
and the contamination on the surface of the magnetic head even if the magnetic

head has a very low flying height of 12 nm or less.

While this invention has thus far been disclosed in conjunction with the

preferred embodiment and the specific examples thereof, it will be readily
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| ubricant for a magnetic disk was produced in the
manner simlar to Exanple 1 cept that only

nol ecul ar distillation of "F lin Z-tetraol TM' as a
raw-material |ubricant was perforned. According to ion
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or a magnetic disk which is obtained by the
method of this invention can provide a magnetic disk
which is suitable for the LUL system and which has a
| ubrication | ayer capabl e of suppressing the fly
stiction defect and the contam nation on the surface
of the magnetic head even if the magnetic head has a
very low flying height of 12 nmor less. Wile this
i nvention has thus far been disclosed in conjunction
with the preferred enbodi nent and the specific
exanpl es thereof, it will be readily



28 possible for those skilled in the art to put this
invention into practice in various other manners. 29
WHAT IS CLAIMED I S: 1. A nmethod of producing a

| ubricant for a magnetic disk including a |ubrication
| ayer, said lubricant being used in nmaking said

| ubrication layer from said |ubricant, said nethod
conprising a renoving step of29renoving, froma
raw-material lubricant including a
phosphor us- cont ai ni ng conpound, said

phosphor us- cont ai ni ng conpound to produce said

lWWATCI%LAI%/IEﬂ_ nmet hod according to claim1, wherein
sal d renoving step produces said |ubricant which
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jug/g or less in terns phosphate ions (P04 -).
Imhmamnﬂambrasmd iubmgnt lzeing ased inimaking sawdmlebecatlo&alay:br from
enpvi n% ¢ step is for renpving, fromsaid raw materi al
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having an effective pore size of 0.3 to 1.0 nm 5. The

nmet ho@. aérctmrIﬁbm@dtamcorcmngno&iammua,rwheresmald removing step
step is for renoving, fromsaid raw materi al

nrgdwefawﬁld !Lmr:antpmglp Inslusiesdbn phpsphinius-cenisiningicoppound
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The net hod according to ere| n said renovi

st&® 1 foBrerh®Ving, €rond isBid rafv- mﬁtérwt mm@mmhﬂfprﬁisphorus-
| ubricant, said phosphorus-contai ni ng conpound by
dmntanglhg g:osmqmndatw bringing said Irawvrmatenial iubricant dnto 2ontagt with

a ular sieve and, subsequently, subjecting said
Eﬁ%faéﬁ'eé’le | ubricant to nol ecul ar

4. The method according to claim 3, wherein said molecular sieve is
crystalline zeolite Having an effective pore size of 0.3 to 1.0 nm.

5. The method according to claim 3, wherein said removing step is
for removing, from said raw-material lubricant, said phosphorus-containing
compound by bringing said raw-material lubricant into contact with a molecular
sieve and, subsequently, subjecting said raw-material lubricant to molecular
distillation.

6. The method according to claim 4, wherein said removing step is
for removing, from said raw-material lubricant, said phosphorus-containing
compound by bringing said raw-material lubricant into contact with a molecular
sieve and, subsequently, subjecting said raw-material lubricant to molecular
distillation.

7. The method according to any one of claims 1 to 6, wherein

‘said raw-material lubricant further includes a fluoropolyether compound

~ having four hydroxyl groups in one molecule.



distillation. 7. The nethod according to any one of
claims 1 to 6, wherein said rawmaterial [ubricant
further includes a fluoropolyether conpound having
four hydroxyl groups in one nolecule. 30 8. The

met hod according to claim2, wherein said raw materi a
| ubricant further includes a fluoropoiyether conpound
havi ng four hydroxyl groups in one nolecule. 9. The
met hod according to claim3, 3herein said raw nateri a
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hareupgirf one mbledulexyl groups in one nolecule. 11. The
met hod accor di ng_pt oclaim5, wherein said raw materi al
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four roxyi groups in one nolecule. 13. A
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wherein said lubrication |layer is nade fromthe
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12. The method according to claim 6, wherein said raw-material
lubricant further includes a fluoropoiyether compound having four hydroxyi
groups in one molecule.

13. Alubricant for a magnetic disk, which is obtained by the method
according to any one of the preceding claims.

14, A magnetic disk comprising a substrate on which at least a
magnetic layer, a protection layer, and a lubrication layer are successively
formed, wherein said lubrication layer is made from the lubricant according to
claim 13.

15.  The magnetic disk according to claim 14, which is mounted to a
hard disk drive carrying out starting/stopping operations by a load unload
system.

16. A method of producing a magnetic disk comprising a substrate on
which at least a magnetic layer, a protection layer, and a lubrication layer are

successively formed, said method comprising the steps of forming a carbon-



system 16. A nmethod of producing a magnetic disk
conprising a substrate on which at | east a magnetic

| ayer, a protection |ayer, and a |ubrication |layer are
successively formed, said nethod conprising the steps

of formng a carbon 31 based protection |ayer as said
protection |layer and, subsequently, mnmaking said

| ubrication layer fromthe |ubricant according to
claim13. 17. The nethod accorging to claim 16,

wherein said magnetic disk is adapted to be nounted

to a hard disk drive carrying out starting/stoppin% )
obrsest protestion layer aa gaidwrefggtiasy keyenand, subsequently, making said

lubrication layer from the lubricant according to claim 13.
17. The method according to claim 16, wherein said magnetic disk is
adapted to be mounted to a hard disk drive carrying out starting/stopping

operations by a load unload system.



