;yz{| e3e4d06f 6Tl Method for refining lubricant for a magnetic recording
medi um Technical field of the-iwwwention The present invention relates to a
mgt hod for refining lubricant 5 for a magnetic recordi ng nedium | ubricant
refined by the nmethod, an Il r ecor di ng medi um usi ng the |ubricant.
Background of the inventi 3“%%“‘@“““@“‘”%! a such as fixed nmagnetic

recordi ng nmedia are 10 used as-general -purpose data recording nedia in
conputers. A ! SYole el N g fi J

recordi ng mdgggﬁg%ﬁoges aﬂgggélﬁﬁg%n%gﬁg%?gmh?%@?ﬂg l‘ne;%%(ei{irlﬁ gq?ltgcgoi}lé? ng
media, a driving nmechanismfor a magnetic head, a stopping nechani smfor
the magnetic head, and a data transfer nechanismas 15 well as one or nore
magneti c rgcoydi.ng, nedi.a.. l.n recent years, the nmagnetic recording nedia are
showi ng si’gﬁpflm‘a%l ﬂeﬁfi@(ﬁfe@%e LRAVER&I@Asi ng recording density, capacity, and
data transfer rate. Conventional fixed nagnetic recording apparatus enploys
the 20 cont acille presend istventicBYelayesdm aimethodHoa refynmg dubeteant ng
head fl oats while the nagnetic recording mediumis rotating and the

magnetf c figpé ResSABEId Fedording nvddiumhdubriéaae refiddiebyaghethethegor di ng

medi um when the ndtor for driving rotation of the magnetiC recordi ng nedi um

stops. In i -t i : i surface of the
magneti c Pg&%dﬁ%éﬁg%&cufn%ﬁﬁg#n@%%ﬂ 151%‘1}?%%1%3&5@285@ “rotation of the
magneti c recording medium and friction occurs between the nagnetic

recordi ng nmedi um and the magnetic head. In order to protect the nmagnetic

| ayer fro tkf 5 frictjon, .a protective layer is provided, and a | ubricant

| ayer is @%@/ geeund ohpheiavensioni ty on the surface. Recently, rotating
speed of a magnetic recordi ng nedium of a magnetic recording apparatus has
i ncreased fromecanlingndm s00hids fixed magnedidrecordingnpeedimre, 200 t o
15,000 rpm As a result, a spin magration or spin off phenonenon has becone

si gnifOcanised asvbeRBralpurgite @atahecordingameldia itPessipetd1®coAdi ng

medi um noves to a peripheral region or scatters fromthe nedi um surface.
Fur t her nor, . I 1 0@ 5 4 he

| ubri cant Iglﬁg&{ré }ﬂ@?@bgggﬁg%f’%ﬁ?%ﬁﬁﬁ%gagﬁ giﬁjgiélgb}?ﬁﬁ?giéggg ?%ﬁér(iﬁllékness
grow h of the.lubricant layer.i.n the peripheral nregion of ,the magpetic
ecor di ng PEGIBROREILRE BTivingsmedhan iR JorcHiE JagIRLS BRCOBNALCt i on,
The evaporation of the 20 lubricant is liable to cause wear of the

prot ect | vanegya, apdrizing siechaniwmforse magnedic higadamstoppangt hi ckness.

In the worst case, head crash occurs. A lubricant layer of a magnetic
recor di ng mec¢haniseedortthdmagnetic head, and a data transfer mechanism as

15 well as one or more magnetic recording media. In recent years, the
magnetic recording media are showing significant progress in

increasing recording density, capacity, and data transfer rate.

Conventional fixed magnetic recording apparatus employs the
20 contact start and stop (CSS) system, in which a magnetic recording
head floats while the magnetic recording medium is rotating and the
magnetic head becomes in contact with the surface of the magnetic
recording medium when the motor for driving rotation of the

magnetic recording medium stops. In this system, the magnetic head

1 AR
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2 stably fornmed in a uniformthickness on a protective |ayer surface to
avoid spin mgration. In addition, strong adhesion and bonding are required
at the interface between the lubricant |ayer and the protective |layer. To
enhance the adhesi veness, perfluoropolyether 5 [ubricant having a term nal
group of a hydroxyl group or a piperonyl group is used. These types of

| ubricant are avail able, for exanple, from Ausi nont KK under the trade

e, B oo R e b o o
it on radtyihg sfiiof BptAoR ot Bhe ReBtiee RER BRI it fllane now

used has nunber avera.ge nol ecul!zar weight (M- in.the range fro ﬁ 000 to
10, 000, cdpBOGGUEY Potweeantbe gnegnetac gecordmngredpan: theped
kinds of lubricant performwell in the range of present rotating speed of a
magnet i ¢ rmagnitig headudn epdev o, pratectdiiee magnetimlapeefromhghe renai ns
fear about durability against a phenonenon |ike spin mgration. 20 Japanese
Unexanmgnedriigtiont aA?Pbt@@ﬂiV@rla Rliscgtd it b aB80d 34Bpichrik Feyoses use of

| ubricant that has hi gh nol ecular wei ght and narrow di stri bution of

nol ecul ar i i cebim r obl em acconpani ed by
convent i on@fdﬂg%’rq @éﬁ?“%@?éﬁgﬁﬁ?b‘ﬁkmlﬁhﬁgﬁﬁ%ﬁt and i ncreased

adhesi veness with a protective |layer, 3 i nproving durability against spin
mgration. While a lubricant having high nol ecul ar weight was used in the
Publ i cation, m.nimzed flying heigh f a magnetic head in these days 5

rai ses a problRecentbn xatadung sp ogabm%&netmw @gm&wpw 3 size
of the lubricant nolecul es has sonme effect on the flight of the magnetic
head i n a magneticarecerding apparates s inoreaded feem traditagnal iSg40668ad
and the magnetic recording nedium Accordingly, if the durability against
the spoOn nkEiatd Aspeediif harange FroaAT 200td 18,0 D! As peswd gt s
preferable ‘as | ong as heat resiStance is secured. As described above,

| ubri cant 1 k I I I Ldity:-.agai nst
Spin o or Agn i RIESATET kpif off PhetloMBdIRg Heklie iRt IR0
comerci al |y .avaj l,abl e L ubricant contai ps i npurit.i es, i.ch needs to be

oo nat e high iR Bt 0 e it o B mibsne fickicotnung Pechiinm

| ubricant contains 20 inppuritjes of perfluoropqglyether having a term nal
group suchmvesrben pertpheralcregiompsscatéens Azpmythepaedivm isuriesrer

polarity as conpared with a hydroxyl group and a pi peronyl group, which are

t he term nEurgherpsoretthedieatt generited miphiglerotatingdspead evaporates
content of those inpurities is large, adhesion and binding with a 4

15 the lubricant and raises a problem of loss of the lubricant mass.

The thickness growth of the lubricant layer in the peripheral
region of the magnetic recording medium induced by the spin
migration causes adhesion obstruction. The evaporation of the

20 lubricant is liable to cause wear of the protective layer because of the
decrease of the lubricant layer thickness. In the worst case, head

crash occurs.

A lubricant layer of a magnetic recording medium needs to be



protective | ayer cannot be inproved even if nol ecular weight is |arge.
Therefore, a refinenent nmethod to elimnate this kind of inpurities is
required. 5 Japanese Unexam ned Patent Application Publication No. H520673
di scl oses a nethod for refining lubricant, in which a technique is
performed for refinement to control nol ecular weight by neans of a gel
perneation chromat ogr aphy (GPC) net hod. Japanese Unexani ned Patent

APDIi Cat i QB0 foi o QMR- uilkbeh? $BSRAABSI6if LISRSt L1 RS NALBH Suhhce to_

refi nement b ontro |ng r-weig rrcant usSimng an organic

sol vent method. for.refi.ni ngyl ubyhgant u any;,or gani ¢ t tends to
predom narﬂY?/l(QFp}ﬁl rtgt%r%@m yI iﬁﬁ%’]’a’ Fﬁ@?ﬁ%laéil&‘? Paﬁit’ a
Consequently, the lubricant refined by th thod possibly e hlblts

i ncr eased PESI\HTE tt mtetrrﬁacwertm@;tguwnﬁtmamay@n@n@ttw group of
CF2C1, CFs, or CF2H that shows |low solubility in an organic sol vent.

Japanese Uneotecine l@peentT denliante thePadhesivenesdope2I0diopaietherc! oses

a refinenent nmethod to increase proportion of nolecul es having the term nal

gr oups st hal&t‘tﬁﬁéahﬂt}ié‘lﬂﬁt al ferdRingl ird ?‘SFC);PB%%ZH%XWEM@&%V @tdm P

supercritical fluid chro t ogr aphy the"r ce s es t

per 1 or L—Q"?ﬁf@eﬁpr R TOhEe ‘tﬂﬁﬁs%@%@?hﬁaﬁ%%’a‘ﬂﬁ@%@?ﬁ%@blﬁnt ne
{reat od | itoRs AstmentRR iadfshe Bhdd matmes gk omann Ll bas e

| ubri cant al so |ncludes ionic i urities as well as the above-descri bed
per f | uor opbpythkiarZdetraak an 3001. TiMbostoaf thempresentdy wsed uded in

| ubricant existing on a recordi ng nmedi um causes corrosion, which induces

di ssol ut i operfludbeopotyetiedrlibeicareninproneitaextibit Pouﬁehbamr@sishanem c
| ayer. The cobalt 1ons cat al yze deconposition of perfluoropolyether

mol ecgles #padvéRy tﬂat Wﬂ’%ﬁ@i‘ﬁ@%‘e AR4. mf’sthﬁiﬁéﬂ' fri@so’i® 2

desired to 10 be eP| m nat to the "possiblfe m ni quantity. Thus,

ionic inp h i's
process ar et HiehotqbEkIaE R Sl k.%h%f oufsRaARRMT TEbr i o oY

i nvention An object , of the resen ventian,i provi de a nmet.hod

refi ning | 085 2 B AVSFARS 450 aremelgbtr(.l\@.lant Lop gh
stability in long termuse, and applicable to a netic 20 recordlng

medi um Anta 360 39} saorespecifipalye from 2:000d0 45(? @. provi de | ubricant

that exhibits excellent |ubrication performance and h| gh stability in |ong

termuse by nmeans of such nethod for refinenent. Still another object of
the present invention is to provide a magnetic recordi ng nmedi umt hat

exhi bijiss excelThgtabgbbddéd9Bed kinds of lubricant perform well in the range
of present rotating speed of a magnetic recording medium. However,

at higher rotating speed, there remains fear about durability against

a phenomenon like spin migration.

20 Japanese Unexamined Patent Application Publication No. 2001-
229524 discloses use of lubricant that has high molecular weight and
narrow distribution of molecular weight. Such lubricant eliminated
the problem accompanied by conventional lubricant having high

molecular weight and increased adhesiveness with a protective layer,



6 performance and high stability in long termuse applying such

| ubricant. Means to solve the problem5 The above objects are achieved by
the present invention as described below The first invention is a nethod
for refining perfluoropol yether |ubricant by means of supercritical
extraction nethod using carbon 10 dioxide in a supercritical fluid state
(called as "supercritical carbon dioxide" in this specification). The first

nmode of tKispkbta k“?ﬁﬂy. ! by hNing lubricant containing
a corrpounglﬁgv?ng %er uof}gﬂgo?gg?ﬂgfgggﬁu%tgr%ﬁ%ﬂby means of supercritical
extraction, wherein the lubricant is contacted wth extracting nmedi um of

supercritical carbon dioxide under a predeterm ned condition in a pressure

vessel to re lonic inpurities . framthe lybricant. . This node of .th
ref i nement ne%h@i%hnmréahmeg 1gh & %iuhameweégﬁaiwaw wdRe

tenperature and 20 pressure that the density of the supercritical carbon
di oxi de i sPublidediopy minimized flyrisig height of a anpgnetic heatl K0these ddys
pressure of 20 MPa. The density in the boundary state is about 0.7 g/cn8.

The i ofi ¢ }aiREBId pe®blent Wysarmsieet of the RiBFicami!frdeealode Nedidly ithes,
pot assi umions, chloride ions, HCOs ions, HS04 ions, or 7 sul furiC ions.
The secondyppder fo tlgib%iééﬁﬁtmbﬂ%’ te's%a% %oiﬁa"éf??é’t B@rt}{éa iBhEG e | cant
contai ni ng-a conmpoun aving perfiuoropolyether structure y means” of
supercritical ext.ractigon, wherein the |ubgicant.is contacted wt

oxtract i ngtgmeticdiead o ks uhstaha o a nittasduiiasiehetrepndthe
condition in a pressure vessel to renove perf] uoropolytther conpounds .
havi ng a tmagnetichead andihamagaetioresarding medisnpondscerainghe if
per fl uoropol yether lubricant. 10 This node of the refinenment nmethod is
conduct ed theldurmhilHyeagamsethespin nmigraticnds siemfjaralwbricamt witdssur e
that the density of the supercritical carbon dioxide is not |larger than the

densi 1y at]dver oRedllat Wéiéh@‘ﬁ e"rﬁﬁl@ra%sfdﬁg ¥ héat MesistHisedgnsi ty
in the boundary state is about 0.6 g/cnB. The 15 perfl uoropol yet her

conpounds mlﬁﬂia term nal group of weak polarity in this second node of
refinement het'hod of the invention have a term nal group of weak polarity
such as CFs, CF2H, or CFsCl. Third node of this first invention is a nethod
for refining

As described above, lubricant needs improvement in view of
molecular weight, durability against spin migration, and heat

15 resistance.

Besides the above problems, commercially available lubricant
contains impurities, which needs to be eliminated. For example,
commercially available perfluoropolyether lubricant contains

20 impurities of perfluoropolyether having a terminal group such as
CF2Cl, CF3, or CF:H. These terminal groups exhibit weaker polarity
as compared with a hydroxyl group and a piperonyl group, which are
the terminal groups intrinsic to perfluoropolyether lubricant. If the

content of those impurities is large, adhesion and binding with a



20 | ubricant containing a conmpound havi ng perfl uoropol yether structure by
means ' of supercritical extraction, wherein the lubricant is contacted with
extracting medi um of supercritical carbon dioxide under a first condition
in a pressure vessel to renove perfluoropol yet her conpounds having a

term nal group of weak 8 polarity out of the conponents of the

per fl uor opol yet her lubricant, and then, the lubricant from which

perfl uoro ! i { ve
Poen + ooy EAptRLERe RO CRRTALHE dnfrd e Vin I BSleChIAR e RAAT Iha
di oxi de 5 a sec condition,insthe pressure,vessel it oprennve,.d oni c
o e oot B dhes 3 POneIRahb Bt hdd {F ePIRERAES thES hel & P teRmsr
In this node of this invention, the first condition is a conbination of a
tenperalLWR?Q%HJed-pressure at which a density of the supercritical carbon
dioxide is not larger than the density of 10 tenperature of 60C and the

pressure of 16 MPa (the density is about 0.6 g/cnB) and the second
condition is a conbination of a tenperature and a pressure at which a

densitg§ of theJfypress UnexammnoaPatext Qiﬁ)ol'bﬁca%ﬂ Paslicatioh Neg 4snsity
at the tenperature of 60C and the pressure"of 20 MPa (the density is about

0.7 of 0”3)20(!;"?3%1%@6%%93%9{%0&1“%11 %@Enti%grluﬁljtigaﬁggié Whidle :;%féé}% ue

conpound having a term nal "group l"ar gro

weak pol ar.i t ch_ a a, LF2H, or CF2Cl, and fhe.ionic.i rities cap be
sodt um i orl3. BeorEadd fPr e mement b contvol Rreleciag weight Byucaps of a
sulfuric ions. 20 The second invention i s_a perfl uoropol yether |ubricant
that is reg® arme&m@nrﬂmmaft@gra@hm(G@’@ﬁmeﬂml. ofapanesedescri bed
first invention. The third invention is a magnetic recordi ng nedi um

conpri si ngUexaminedrBatentdepliention PagokitatioraiNe., Hirlo11€9882 | ayer,

and a lubricant layer that are sequentially |am nated on a nmagnetic

subst 10t e, dessd N alteRHniRfu e fon rbﬁ%ﬁfmbﬁé@ﬁ'@:@?ﬁ%ﬂﬁng%(ﬂégﬂlﬁﬁgﬁigthﬁzgn

per fl uoropol yether |ubricant of the second 1‘nventi on. Brie

o 3 &t ik Sy BATBfn BERNEREL ARTRb AR v b Eigont
2? O\ch ggprsggc%fﬁ(gt éﬁf@iﬁgﬁé solvent 2endt o predominantly Shfhimate Bighly ™" S
polar and low molecular weight components. Consequently, the
lubricant refined by the method possibly exhibits increased
15 proportion of the perfluoropolyether having terminal group of CF2Cl,
CF3, or CFzH that shows low solubility in an organic solvent.
Japanese Unexamined Patent Application Publication No. 2001-
164279 discloses a refinement method to increase proportion of
molecules having the terminal groups that are intrinsic to
20 perfluoropolyether lubricant by applying supercritical fluid
chromatography (SFC). While the reference states that the method is
less expensive than a method using an organic solvent and performs
higher productivity than a GPC method, problems may arise in the
cost and durability of a packing column in the SFC method when the



The present invention will be described below The first invention is
descrirbed first. The first invention is a nethod for refining
perfl uoropol yet her |ubricant by neans of supercritical 15 extraction using
supercritical carbon dioxide. Supercritical fluid continuously varies from
a quite dilute low density state to a liquid-like high density state with
slight change of tenperature and pressure. Since dissolving ability of
supercri “rﬁ%‘ss%%efaltéﬂchfj@ﬂ]%”ﬁfo&’sé Beeoffdsiddpe t he dissolving ability can
be freely varied by controlling tenperature a pressure. The refinenent
met hod of the invention can be conducted in the tenperature range from 31C
to 100C. Wiile the pressure of 7.~1 10 MPa is sufficient, the nethod can
be perforned in the pressure range up. 0, MPa, for the abqve; nenti.oned
tenperature r ﬁ%ﬁmﬁmmmﬁr@aﬁ&@am@b@om Wﬁilﬁeafsé) mﬁafd% pnic
supercritical state. Particularly favorable tenperature range in the
i nvent i on insptrities as0welb asotie akiowe-despeibadiperfhiaropuigethenidf weak
variation of pressure greatly changes dissolving ability of the
super chi t igslaré®y.bThalionicempesitids dachided ihilubrivahp eastie onh a
tenperature over 100C, large variation of pressure is necessary for varying
di ssol vin AT f. L hid - cal, E Oxl aki d i
G H&f}geﬁebdlﬁ?n%e{s{ %@*@%ﬁ@r v?ﬁiblf' &ﬁg‘u%%s dRISLIALIBHE B 1648

for 10 contro?r above- speci ature and pressure range
corresponds, to .t range of abqut O. cnB to about 0.9.g4cnB ofnt he
Gonst ty_ofot netedfe/dbfedt s he ohalt iRed I RiagREtPLSTRvarkhon, « he
di ssolving ability can he freely changed ig t he, range correspondi ng,to the
above- desGabsely ipaspeatalyze mmg}@p pgafhuorapelyet mmogeeubﬁe
paranmeters. Consequently, a state of the supercritical carbon dioxide

havi ng a dasédad thendubyicant.cThereforepthie ibniceripertities srevdesiredita ty,
can be generated by controlling tenperature and pressure.

Per f1 10r ofsd wdimehate@toctinéd possibly asireign W fudheityupercritical carbon

di oxide to extract a desired 20 |ubricant conmponent, in the present
i nvention. Refinenent of

Thus, the ionic impurities that have entered into
perfluoropolyether in its synthesis process are required to be
eliminated.

15
Problem to be solved by the invention

An object of the present invention is to provide a method for
refining lubricant that exhibits excellent lubrication performance and
high stability in long term use, and applicable to a magnetic

20 recording medium. Another object of the present invention is to
provide lubricant that exhibits excellent lubrication performance and
high stability in long term use by means of such method for
refinement. Still another object of the present invention is to provide

a magnetic recording medium that exhibits excellent lubrication



| ubricant in the present invention can be perforned based on differences in
nol ecul ar wei ght or functional groups of the perfluoropol yether, or snal
difference in the properties, e.g., polarity, of conpounds or ions
contained in the lubricant. 11 Refining nethods of the present invention
can be classified into first, second, and third nodes according to the
conponent to'be renoved and the conponent to be extracted, as described

it mobatorirn eRPhiER SIS L RE torbF AP e AN | ot her

| ubricant r nnving lonic inpurities fromthe lubricant. lonic inpurities,
when contépﬁ@QFq¥¥'the | ubricant, deconpose the 10 lubricant, raising a
problemin long termstability. Accordingly, long termstability of the

| ubricant is secured by renoving ionic inpurities and preventing the

| ubricant from deconposing. The renoval of ionic inpurities fromlubricant

i s perforiMeans txisobed ithe psoblemupercritical carbon dioxide at a 15
density not |arger than a predeternm ned upper limt. lonic inpurities that

can begremovediy #hd¥rd BBjets 418 dchigdedoBy tHe gﬂésé‘ﬁﬁ FhibhtiGRss for

exanpl e sodi umions and pdbtassiumions, and inorganic Ions, for exanple,

chl ori de Bﬁginfﬁﬁ%&héﬁk&ons, HS04 ions, and sulfuric ions. In addition
organic i ' f ‘e, ammoniumions, oxalic ions, and formc ions, can
be renmoved as well in the present invention. Specific description of the
first node is given below 12

The first invention is a method for refining perfluoropolyether
lubricant by means of supercritical extraction method using carbon
10 dioxide in a supercritical fluid state (called as “supercritical carbon

dioxide” in this specification).

The first mode of this first invention is a method for refining

lubricant containing a compound having perfluoropolyether structure

15 by means of supercritical extraction, wherein the lubricant is
contacted with extracting medium of supercritical carbon dioxide
under a predetermined condition in a pressure vessel to remove ionic
impurities from the lubricant. This mode of the refinement method is
conducted under a predetermined condition at such temperature and

20 pressure that the density of the supercritical carbon dioxide is not
larger than the density at the temperature of 60°C and the pressure
of 20 MPa. The density in the boundary state is about 0.7 g/cms3,
The ionic impurities in this mode of refinement method can be

sodium ions, potassium ions, chloride ions, HCOs ions, HSOy4 ions, or



The first node is a nethod for refining perfluoropolyether |ubricant by
means of supercritical extraction, wherein the lubricant is contacted with
extracting nmedi um of supercritical carbon di oxide under a predeterm ned
condition in a pressure vessel to renove ionic 5 inpurities fromthe

| ubricant. Mre specifically, this node of refinenent nmethod conprises the
follow ng steps. (a) A step of introducing perfluoropolyether |ubricant
into a pr%ﬁﬂrﬁfky 2l, 10 (b) a step of contacting the lubricant with
supercritical carbon di oxi de under a predetermined condition in the
pressure vessel to extract a perfluoropol yether conpounds, and (c) a step
of recovering the perfluoropol yether conpounds obtained in the step (b). 15

This node is scri bed bel ow fqgllowi hg these steps. The thod of .t he
present inventl Siegoaldswéive;p?tt!malf?m&mwm@@w ﬂd@e@g% arefining: i on
medi um of supercritical carbon dioxide. This nmethod is based on the fact
that the dubwicant gontamimg ar c@dponpdrkaving penflucropolyatheardtemctiuoei de

can be suppressed to a low level in a certain condition. Step (a) Raw
materigl ¢y peeAhyBORRpYFEAtical Wtra@Rion SWHErdIAUIRS 1hBEReaht is
contacted with extracting medium of supercritical carbon dioxide
under a predetermined condition in a pressure vessel to remove
perfluoropolyether compounds having a terminal group of weak
polarity out of the components of the perfluoropolyether lubricant.
10 This mode of the refinement method is conducted under a
predetermined condition at such temperature and pressure that the
density of the supercritical carbon dioxide is not larger than the
density at the temperature of 60°C and the pressure of 16 MPa. The
density in the boundary state is about 0.6 g/cm3. The
15 perfluoropolyether compounds having a terminal group of weak

polarity in this second mode of refinement method of the invention

have a terminal group of weak polarity such as CFs, CF2H, or CF3Cl.

Third mode of this first invention is a method for refining
20 lubricant containing a compound having perfluoropolyether structure
by means of supercritical extraction, wherein the lubricant is
contacted with extracting medium of supercritical carbon dioxide
under a first condition in a pressure vessel to remove

perfluoropolyether compounds having a terminal group of weak

8



13 pressure vessel. The pressure vessel conprises an inlet part through
whi ch*an extracting medi um of supercritical carbon dioxide is introduced,
an 5 outlet part through which the medi um and extracted substance are taken
out, and a control part that controls the tenperature and pressure in the
vessel at a desired value. A vessel and a device that neet the above

requi renents'include, for exanple, a stainless steel vessel with thick wall

havi ng i nl I r ' ' 14 cal
carbon di c}/?(‘(l5 lgg‘?ﬂ% grwte@a% §b@na\%%%?%§em@ﬂo@d}&§&@3@9 E’I%Jr‘% Iﬁg’n a
full automati ressur equl at or val ve, . for gexanpl e - Bpg _manuf gct ur ed
by Jasco GnpGHETAE Tbtihard HamoviichuserfiotBnabrethen hardarinds
Capacity %L t he pressure vessel ngy be sel ected_corresponding to the 15

| ubri cant having setermanalgroup abweakipelarity hayvespeenaremaviesl 13 ubri cant
that can be treated with in a refinenent nethod of the present invention is

per f | uor opwntaidted WwWabh iecdirhcting ngediwni of syipereritioal eaabphedioxidieper onyl|
group, a hydroxyl group, a carboxyl 20 group, an ester group, an am no

group, 50r h&éf'é’?@@éﬁga&%’dﬂﬁ@ﬂﬂn ﬁ@@ﬁifés%tﬁ‘éa@@éfe;lbﬁ r?Hﬁ?vé Wejeant are

"Fonmblin Z tetraof, a AMBO01" conmercially avali rom Ausi nont KK. A
Vessel -t nrsagrELfih i oS REtt 40 BRI hofibed ERANSFono N SR Ly = ©
e N R TERE XA LR IR T I i
renoving ionic 5 inpurities. The extracting nmediumis supercritical carbon
di oxi de. Teembipation ofcate mpexatureoandeafpregsure atighhidle apdessityeofessel
o« the supercritical carbon dioxide is not larger than the density of
10 temperature of 60°C and the pressure of 16 MPa (the density is about
0.6 g/cm3) and the second condition is a combination of a temperature
and a pressure at which a density of the supercritical carbon dioxide
is not larger than the density at the temperature of 60°C and the
pressure of 20 MPa (the density is about 0.7 g/lcm3). In this mode of
15 the invention, the perfluoropolyether compound having a terminal
group of weak polarity has a terminal group of weak polarity such as

CFs, CF2H, or CF:Cl, and the ionic impurities can be sodium ions,

potassium ions, chloride ions, HCO3 ions, HSOj4 ions, or sulfuric ions.
20 The second invention is a perfluoropolyether lubricant that is
refined by the method for refining lubricant of above-described first

1mmvention.

The third invention is a magnetic recording medium comprising



predeterm ned rate and contacts with the raw lubricant in the vessel. 10
Wil e the step (b) can be conducted in the tenperature and pressure range
corresponding to the density range of 0.4 to 0.9 glcnB as nentioned
previously, the step is preferably conducted within nore confined
tenperature and pressure in that range. The 15 preferable tenperature and
pressure in conformity with this node of the invention are the tenperature

and pressyfgh n@ih%ﬂ@i‘léﬁ(ﬁ‘é%‘ﬁgﬂbﬁiBQa%?gife%bt%&ti%ﬁa?‘ég?h‘i{d%ﬂ cal

car bon di oxi de not rger ‘than about 0.7 peci f1i xampl es of the

cont act | ndaPnEeont 1kEP AL R ReakBhRINChm el B8 AP AR Lnder

such a condition, perfluaropol yether cogpound conponents e selectively
ext r act ed SUlfrAtAgWherein ﬁpaﬁuh&anh IR¥eras Goanposadiaftive have-a f | ow
rate of the supercritical carbon dioxide in this step varies 15 wth the
ext ract i ordesuribed gerfidoropalysttherhpuricd ntoobhthe secandeithventiors not
limted to a special value. However, a flowrate that allows enough contact
bet weep the |ubricant and the supercritical carbon dioxide is desired. A
preferable flowrate is in the range from1l 5 nL/mn to 100 nL/m n per 100
g of the Ipulr) : I from1l0 nL/mn to 50 n./mn per 100 g
of the |ut¥ﬁ§§§f§§%%§§£°§}§£?fyﬁ%% ow rate causes a problem of |ow
processi Ng.s d. Excessively high flow rate causes decrease of gxtraction
of 11 o encyF hd. 15 AsscismatisicpssSagiitralyley of Aonagn<ac 58osdiREni em
that the 10 luybricant is driven out unless the vessel volune is increased.
Step (c). medivpaacoordingria the qpsspatnniveabi®dunds are col | ected toget her
with the supercritical carbon dioxide to recover the 15 perfl uoropol yether
conpounds.Fighe2 peef graphpshgwingr SEnextrdetion of the lubricant AM65-2.

10

Aspects of embodiments of the present invention

The present invention will be described below. The first
invention is described first. The first invention is a method for
refining perfluoropolyether lubricant by means of supercritical

15 extraction using supercritical carbon dioxide.

Supercritical fluid continuously varies from a quite dilute low
density state to a liquid-like high density state with slight change of
temperature and pressure. Since dissolving ability of supercritical

20 fluid depends on this density, the dissolving ability can be freely

varied by controlling temperature and pressure.

The refinement method of the invention can be conducted in the

temperature range from 31°C to 100°C. While the pressure of 7.4

10



and the supercritical carbon dioxide are taken out through an outlet port

of the pressure vessel. Separating themby restoring normal tenperature and
pressure, refined perfluoropolyether |ubricant can be recovered. The carbon
di oxi de can be recovered and recycled as 20 required. In the way as
descri be above, perfluoropol yether |ubricant can be refined renoving ionic
impurities fromthe lubricant. The abovenentioned |ubricants avail able from

Ausi mont  HEPoags BefFiRld eIy rlBthod LR bRIEARIMb RN thé Fredbutadidiie

i ons, potassiumions, chl’oride 1ons ns,

ions. The refi f Luorppolyet her |ubricant can be used for | gbri cant
s mgnalt? corSE MBI ERR RIS Shantiad teat BRra Rt Hanst o MRy

| at er. Because | ubricant refined by this node of the,invention contains
reduced ar&ﬁtraéxge,&av@)qrmmom @35 lwqdalghatwpeé@@tmaqgetf%@i um per f or mi ng
excellent long termstability can be provided when such |ubricant is used

for mat er iBartnéubatlybfaveirdbleatean pkiratiireheanggriat the invendiow is€domm
Next, second node of the invention will be described in the foll ow ng. The

second5 MDY té MO0 W. A At perathbe bélew 4 OiditalEvhk oAby et her

| ubri cant rempving perfluoropol yet her conpounds I5 having a term nal group

ith k |t t i £ . : fi . j b
LD ek el AR O h RS R IviHE IR HAE sEEERER LR EAREY Y
P ek RSa8. B R S o ol e SRS LT
per fl uoropol yet her 20 compounds_that have the term nal group exhibiting
hi gh adhedi@do@slamvaﬁmﬁmg ofpressere s necsssaryrforpyaryng disselyang
When | ubricant includes such perfluoropol yether conpounds that have a

term nal  gilityvof bheeskperdriticay carhbose dioxidendkingedntochtténes for t ed and

renoved in order to inprove adhesion and bondi ng 17 with the protective

| ayer10ThioRes. Fheé Wé%@g‘éiﬂéﬂ%ﬁnﬁgﬁﬁfth@@%@ pRidiRfbe PahPes case.

The conpounds that can be refioved by a nethod of thi's node of the invention

i nclude perf [, 6o [ 1 na| e] S,
crza o GrstSpERAIE R SRS SR SORE S bR bouft 01F eddifR St utié
descri bed bel ow. The second npde of the ingventjon.is.a method, f.or refining
perfl uororsgq%lttweqfh thesupsrcniical sasbon digida.i Indhe presant iBventinei n
the lubricant is contacted with extracting mediumof 10 supercritical
carbon di dhieldissalsing abdity eani be dreelywichamgadin theesgnge vessel to
renove perfl uoropol yet her conpounds exhi biting weak polarity fromthe

| ubri cant .cdvrespoprlinig tathe, alidwve-deaxteiloéd teim perattirariid pressnre sange

follow ng steps. 15 (a) A step of introducing perfluoropol yether |ubricant

I nto a5pr g5¢ Comt¥6HiARL these parameters. Consequently, a state of the
supercritical carbon dioxide having a desired density, which
corresponds to desired dissolving ability, can be generated by
controlling temperature and pressure. Perfluoropolyether lubricant
is contacted with this supercritical carbon dioxide to extract a desired

20 lubricant component, in the present invention. Refinement of

lubricant in the present invention can be performed based on
differences in molecular weight or functional groups of the

perfluoropolyether, or small difference in the properties, e.g., polarity,

of compounds or ions contained in the lubricant.

11



(b) a step of contacting the |ubricant with supercritical carbon dioxide
under' a predeterm ned condition in the pressure vessel to extract a

per fl uor opol yet her conpounds having a termnal group with weak 20 polarity,
and (c) a step of recovering the perfluoropol yether conpounds renai ned
after the step (b). This node is described below follow ng these steps. 18
Step (a) is the sanme as in the first node descri bed above. The vessel and

the | ubricant g oriRenpShiaRfOIY 6 Bhe Hrdbetafifydiitibh (AR Bd eRlediFile imleP

(b) 5 The lubrican oduce € pressure vessel 15 7°con

the extragting nedi um of percriti cal carjon dioxide, to extract and
orove. portHiesEanoa TEBRAdaRds Sace iR B Hhecrommdneny o bedae
polarity. 10 The extracting nediumis supercritical carbon dioxide. The
super cri t ireanovedrmnddihe camponenttorbe @xtractedcaslesoribed belova
predeterm ned rate and contacts with the raw lubricant in the vessel. Wile

the step (b) can be conducted in the tenperature and 15 pressure range
corresponding to the density range of 0.4 to 0.9 g/cnB as nentioned

previogsly, tIehgiaRst! ﬁldﬂéﬁ)ﬁﬁh‘i’é an?f%?ﬂmei@il‘l‘ﬁéqﬂﬂsﬁﬂﬂéd‘ﬁ‘i"she "PRE FrHte

and pressure in that range. e prefera tenperature and pressure in

conformty wiqth 1 he 1 NVeRt | ar et he t ratur [essure
that a1 oumirls ot thts FRPRnSion i€ o BEHAL foF rRtid BERALRMPRIER hbF

di oxi de of, not larger than about .0.6 g/¢nB., Specific, exanples of the
boundary {EHFa¢ant TeIAAVIIg d9BiR impWIbies Beom heAMDTIANLO0C, 22 WPa. By
contacting the lubricant with the supercritical carbon di oxi de under such a
condi tion, perfluoropolyether conpounds having a term nal group wth weak
19 polarity are selectively extracted and renoved. Refined | ubricant

remains in thdovﬁéiﬁh?uﬁiﬁiéQWEéﬁ contaifeduitethei lulndtans dedodipyddiehen

this step varies 5 wwth the extraction condition and a target conpound to

e ex%Pactl%n@QﬂR’l ?:%irﬂﬁigglté&%ﬁcﬂgkﬂtlﬁeﬁﬁ%téfmvgtmgl wever, a flowrate

t hat | ows enoug rircant an he supercritical
carbon di oxide i.s deshred., A preferable owsrate is . ikn the r e froml
me/mn to ABETAnLS 10RE B Getilly ol e 1hB Feat i sepBrblW 10°T om
10 mL/mn to 50, m./mn per 100 .g of the l|ubricant. lfx%essively
removing ionic impurities and preventing the Jubricant from
decomposing. The removal of ionic impurities from lubricant is
performed by extraction using supercritical carbon dioxide at a

15 density not larger than a predetermined upper limit.

Ionic impurities that can be removed by a method of the
invention include metallic ions, for example sodium ions and
potassium ions, and inorganic ions, for example, chloride ions, HCOs3

20 ions, HSO4 ions, and sulfuric ions. In addition, organic ions, for
example, ammonium ions, oxalic ions, and formic ions, can be

removed as well in the present invention.

Specific description of the first mode is given below.

12



|l ow fl ow rate causes a problem of |ow processing speed. Excessively high
flow rate causes decrease of extraction efficiency and rai ses a probl em of
unnecessary consunption and a problemthat the lubricant is driven out

unl ess the vessel volune is increased. 15 Step (c). The perfl uoropol yet her
| ubricant remained in the vessel is recovered. The perfl uoropol yet her

| ubricant is'recovered by stopping supply of the supercritical carbon

di oxi de and r i S e i erature
and pressure. qflﬁé %%\@%e?si&gés e{f@i)gl g‘%ﬁ&@ﬁﬁ%ﬁ%ﬂ@%%éﬁ%ﬁﬁﬁmn cant
can be refiped rempvi ng perfl.uoropol yet her conpounds wth, K | arit
from the NUBFIGERE Dy medng of sunarcifical extrabtionh v heegin theathricant e
above is used, the perfluoropolyether |ubricant refined by this second node
mai nl y i ndswdedached peith extoacting heedivompofiauperaviticahcatbongbioxide
term nal group, such as piperonyl group or hydroxyl group. 5 The refined
per f | uor onphder heprédetdvaihedacohditioad  arpreduiireiéssdl fo FaaGe tonic

recordi ng medi umaccording to the invention as described | ater. Because

| ubri cant . j i i t 410f

perfl u%r o6@%@2‘?%@@0Eﬁ@%&@?ﬁ%%%@%dﬁg%@&yﬂg& r Ir%ondaef Ogr oup, a
magneti ¢ regordi ng .medi.ym perform n xcelJ.ent. adhesi on and bondi ng of the
| ubri cant r@g}p%@ %m%@%@mgw%lﬁﬁfegﬂwq’gﬁ for material of a

| ubricant |ayer of the magnetic recording nedium Since perfluoropolyether
conpounds having a weak polarity termnal group are renoved fromthe 15

| ubricant that is refined by this invention, the refined | ubricant perforns
strong adegifdstepditrttiodncinghperfluorepolyethe tubvican thragte i pressuoredi ng
medi um as conpared with unrefined |ubricant having the same nol ecul ar

wei ght. TRussgedn enough heat resistant |ubricant layer can be formed. 20
Third node of the invention will be described in the followng. The third

romovFOg o0 BE P beha SRR A8 LRl Witk REneA B RRaL KPPl QU
et | nomoniUBEE ccereds TR EmipeophaipR: i FBRorBisie YeRpaLREEarhd o
V\rrﬁgz Bglr ?gééhag% nal ronug(pg{i:?o&r(i(riis,cain urities thus a nethod of this
(c) a step of recovering the perfluoropolyether compounds obtained in
the step (b).
15
This mode is described below following these steps.
The method of the present invention is a supercritical extraction
method using an extraction medium of supercritical carbon dioxide.
This method is based on the fact that the solubility of a polar

20 component in supercritical carbon dioxide can be suppressed to a low

level in a certain condition.

Step (a)

Raw material of perfluoropolyether lubricant is introduced into a

13



5 The third node of the invention is specifically described bel ow. The
third-node is a nethod for refining perfluoropol yether |ubricant by neans
of supercritical extraction, wherein the lubricant is contacted with
extracting nedi um of supercritical carbon dioxide 10 under a first
condition in a pressure vessel to extract and renove perfl uoropol yet her
conpounds having a weak polarity termnal group fromthe lubricant, and

then the | yhri t whi ch perfl uoropol yet her conpounds havi ng a weak
polarity Hdf r%sﬁ‘%? V‘ir%s%? have been renoved is contacted with extracting

medi um of 15 supercritical carbon dioxide under a second condition to
extract and recover perfluoropolyether |ubricant while renoving ionic
impurities. Mure specifically, this node of refinement nethod conprises the
fol | owi ng st efshe poresaurs wrsseldformmprises aminlesrparbthpought wlvichudmi cant
into a pressure vessel, (b) a step of contacting the lubricant wth

supercri t iggathraefiriyo m@dﬁmﬂ@f 'Sﬂt(ifé’rcitlﬁlbé} cagbofi did)ﬁd'enlst hetrodesed, aaryessel

to extract perfluoropolyether conmpounds aV|ng a weak pol arlty term nal

group, 5 P&@t ﬁ},f‘% ! Wl f selé}lsu ant

r emai ned af step %h?ﬂ?tstg%ercrl |ca Qaér’ﬁﬁra%?n ox e undﬂp%ﬁ‘8
second co t|on ex{ract an reco er, the uoro | ubyicant. 5
This mode KAt AR Baanfiedinat Hiat roBerSlLthe 1aRdpéFalire sare’as
in the fi rst rmde descri bed gbove.  The vessel and t he Iubr| cant to

refined ayresssgesurbhavesseliat aidesiredaealue & vesep) and a deviees nat

I ntroduced into the pressure vessel is contacted with the extracting nmedi um

of super cmneetdhecabbve riquiréenendsinaldidesforerdmple 4 ataxnlesst stoed
renmove perfluoropol yet her conpounds having a weak polarity term nal group.

Wien the rawgsltwitlathick Wgll1ealibs iAdel adbeutRadpbitd, e pumpt fdiDde

above, the perlluoropol yether conpounds having a t er m nal group of CF3

CF2Cly o1 (Fréltatifll supercritical carbon dioxide, for example, SCF-Get
manufactured by JASCO Corporation, a full automatic pressure
regulator valve, for example, SCF-Bpg manufactured by JASCO
Corporation, and a column oven used in common chromatogram.

Capacity of the pressure vessel may be selected corresponding to the

15 lubricant to be refined, and is not limited to any special value.

Lubricant that can be treated with in a refinement method of the
present invention is perfluoropolyether lubricant having a polar
group, for example, a piperonyl group, a hydroxyl group, a carboxyl

20 group, an ester group, an amino group, or a cyclophosphazen group.
Specific examples of such lubricant are ‘Fomblin Z tetraol’, and
‘AM3001’ commercially available from Ausimont KK. A
predetermined quantity of such a raw material is introduced into a

pressure vessel through an inlet part of the vessel.

14



exanpl e, are renoved. The extracting nmediumis supercritical carbon

di oxi de. The 20 supercritical carbon dioxide flows through the pressure
vessel at a predetermned rate and contacts with the raw lubricant in the
vessel. Extraction in this step (b) is conducted under the first condition.
While the first condition can be in the tenperature and pressure 23 range
corresponding to the density range of 0.4 to 0.9 g/cnB as nenti oned
previouslysté?uggstep is preferably conducted at a tenperature and pressure
in which densfty of the supercritical carbon dioxide is not |arger than

Cenperaiurg andpibbripRREint Qo] iyt migasuy (RT3 At RN ©

By contacting the | ubricant vvitP t he superciiti cal car bgn di qxi de under
such a corﬁiﬂ%ﬁ?c’é@&)m@&%@ pupergsitagal garben divsderandavi ng a weak
polarity term nal group are selectively extracted. 10 A flow rate of the
super cr i t ipeatfluerdpolydittrerdeompdumnds Hepextracediré moviageidmiect i on
condition and a target conpound to be extracted, and is not |limted to a
speci af vdhyguriqegver, a flow rate that allows enough contact between the
| ubricant and the supercritical carbon 15 dioxide is desired. The
preferable flowrate is in the range from1l n./mn to 100 nL/mn per 100 g
of the lubricant, nore preferably, from10 niL/mn to 50 nL/mn per 100 g of

t he | ubricant. cessively low,flow.rate causes robl em of. J o rocessi ng
speed. Excessi ?ﬁ’ﬁ#&ﬁﬁﬁ%ﬁl?é}%ﬂbé%§é@%@€%%ﬁ%@cgrﬁe;& ]é’c??lfl@n%%ﬁ ci ency
and rai ses a 20 probl em of unnecessary consunption and a problem_that the
| ubri cant Supercticad earbonedioxide floseethroughthe pressamecvessek at at hi s
step, perfluoropol yether conpounds having a high polarity group are
remai ned ipredeterssisdd rade adaritgcts with the raw lubricant in the vessel.
10
While the step (b) can be conducted in the temperature and
pressure range corresponding to the density range of 0.4 to 0.9 g/cm3
as mentioned previously, the step is preferably conducted within
more confined temperature and pressure in that range. The
15 preferable temperature and pressure in conformity with this mode of
the invention are the temperature and pressure that allow the state
with the density of the supercritical carbon dioxide of not larger than
about 0.7 g/cm3. Specific examples of the boundary temperature and
pressure can be 60°C, 20 MPa and 100°C, 26 MPa. By contacting the
20 lubricant with the supercritical carbon dioxide under such a condition,

perfluoropolyether compound components are selectively extracted

remaining ionic impurities in the residue in the vessel.

A flow rate of the supercritical carbon dioxide in this step varies

15



The conponents of the lubricant remained in the vessel are contacted with
the extraction nmedium of supercritical carbon dioxide to extract

per fl uoropol yet her conpounds having a termnal group 5 with higher
polarity. The extracting nediumis supercritical carbon dioxide. The
supercritical carbon dioxide flows through the pressure vessel at a
predeterm ned rate and contacts with the lubricant conponents in 10 the
vessel . Theg: j [ ' ' Gt

cond t1 on U PRe R kb RoBdHEh Ao kMR i RatliEbol D oG EREERd,
pressure range corrgspqndi to the.density.range of 0m4 to 0. /C 15 as
ent+ oned s ot SERRAES acioe G, FiORaR et aciow Pabe Shikt allors
and pressure in which the density of the supercritical carbagn dioxjde is
not |ar geﬁﬂQﬂ&lmaQt.bB@Ve&B.éﬁﬂubumt ane thesupercritieal garbon
corresponds to specific tenperature and pressure of, for exanple, 60C, 20
MPa, or 1@icxidé iNRlaesiBedauA?réf@raﬂﬂe floy 2Ateeid iathe prangeuroond yet her

having a term nal group with higher polarity than in the perfl uoropol yether

o esaur o LR SO0 B A O o e per

limt dengd i . (Bh, ..8S | as e a i.ti,o hat.. ]

the. condi aroi 0 bEEARiRG BTty ndfi1 pG BhHB HiRREabte et PRl T
pr ef er abl 31 su that the density O{f} t he,supercritical caéﬁjofnr]g)i‘oxi de 'in
that condilPPoHlaw natesanses AcpEoblem. of WnBroCeSHYNEHNRA | ReXedrsively

| ubricant with the supercritical carbon di oxide under such a condition
conponent shigh flow nadecgamses decrease afrektracticr efficienty and ratsesia
remaining ionic inpurities in the residue in the vessel. 10 A flow rate of

the super gridhleah ofanhaecdseaiyeonsumiptiohemdar pesbléihthie thet racti on
condition and a target conpound to be extracted, and is not limted to a

speci pp vg ic%ﬁ%¥ﬂriv@nféﬁ¥vdrﬂre%§tﬂ?é v%bbgl"%fﬁféi@ib E@Bf@_ﬁée@?t ween the
| ubri cant and the supercritical carbon dioxide iI's desired. e preferable
flowrate is in the range from1 15 nmL/mn to 100 nL/mn per 100 g of the
| ubricant, nore preferably, from10 nL/mn to 50 mL/mn per 100 g of the

| ubricant._ Excessively low flow rate causes a probl em of | ow processing
speed. Exétﬁzl?géy high flow rate causes decrease of extraction efficiency
and rai ses a problem of unnecessary consunption and a problemthat the 20
| ubricant is dfheextracted peiflubropebpethemcompovndsamaeedectedt her in
the step (c), the extracted perfl uoropol yet her conmpounds are collected

toget her vidgethee witleittid Suparceididwincalivon tokede teomdovidiethe

per fl uoropolyether conpounds. The 26 per fl uoropol yet her conpounds and the

super gki ti 1403 n he
pressive WOHLFBFGRBILGI BalliohAED THo boFUGRoBBItRe! cPRiboRdE T
and pressuf ey e QUgehRfitiOR SEPROA! EhRE' HOTAREYY ShE Shy ST U Butet

port of the pressure vessel. Separating them by restoring normal
temperature and pressure, refined perfluoropolyether lubricant can
be recovered. The carbon dioxide can be recovered and recycled as

20 required.

In the way as describe above, perfluoropolyether lubricant can be
refined removing ionic impurities from the lubricant. The above-

mentioned lubricants available from Ausimont KK can be refined by
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5 perfluoropol yether lubricant is obtained. The carbon di oxi de can be
recovered and recycled as required. As described above, lubricant can be
refined by renoving ionic inpurities and perfluoropol yet her conpounds
having a weak polarity 10 term nal group from perfl uoropol yether |ubricant.
The perfl uoropol yether lubricant refined by this node of the invention,
when the raw | ubricant described in the first node above is used, mainly

i ncl udes tfé‘inB%iﬁghiggﬁgghi’aﬁﬁPﬁ'ie§%T%%‘Hiﬁ%n%‘ﬂsg%g}g%ﬁiﬁ Bas cﬁg@qgﬁwi th

hi gher polarity, p1 peronyl” group or roxyl group. e sane

tinme, ioni.c. i iAies in i ng_sodi_ um i Qps.. paotassi umions, chloride

i ons, HCQ;IBP(?E?T hoﬁl%’ng,sﬁﬁdggﬁr ﬁﬂ&é‘ﬁﬁh@cm- been renoved fromthe
refined lubricant. 20 The refined perfluoropol yether |ubricant can be used
for lubricant in a nmagnetic recording medi umaccording to the invention as
described | ater. Because the lubricant refined by this node contains

reduced amountThé nefihedgenibhorspelystdrarolusisichatican bevasédfolrari ty

termnal group, and ionic inmpurities are also renoved 27 fromthe refined

| ubricgnt, i ' i i i
ubri cgnt .JuMieBaHE 4R 4 FhadMetid i‘étcﬁié(tiﬁ})%;h?éd?ﬁﬁi a'c@?ifdm@ tHBtQ{t?ihGenglon

recordi ng nmedi um can be provi ded orns excell ent™ adhesi on an

bondi ng of | a i reg| n i des,

| ong termaéé Q%?F?fdyé‘fggﬁ% Be%‘%aﬂg%eﬁ#Bﬁgaﬁf)tdpgﬁhle@yﬁ@]gﬁﬁﬁgﬁr& Fﬁgs

| ubri cant .not by a separ.ation,nmeans such as.a colum using packing ,.
materi al s INESRAAARLAINS REGUCHE RIMOUIGoF SoBIG HM IR LI @ FRaatess | (y,
and as a result, achieves high productivity. In particular, the nmethod of
10 the i ni@eardangsmeshauni performing exceblent long tenm stabilityacantbe| ar ge
anounts of lubricant as described |ater in the exanples of enbodi nent. The

net hod of previdesserhen sl lobrianis uskdnforam aterighof abhdericamttlager

difference in nolecul ar weight or a functional group of perfluoropolyether,

or ligple @ﬁﬁ@&ﬁﬁgﬁéﬁgc rﬁ;g?@fdfry%%ea%ﬁpnpounds and ions contained in the

| ubricant. Besides, t i nenent net hod of the invention may be applied

to both a batch system and a continuous system by appropriate sel ection of
a vessel and other itens. 20 The second invention will be described in the

followi ng. Th econd inventipn .s,lubricant that, s yefined,hy met hod of
the first i nvaerénseeentl madeatthe wmﬂoyawilcm scribpd dirthesed 1 or
a magnetic_ recording medium Specifically, the [ubricant of the invention

i s |ubri cdiedlowingedheraedongd mode ofithe inventiomnhs iacmetlasd for aefimng
renovi ng perfl uoropol yet her conmponents having a weak polarity term nal

group, or perflueeopolyétied]lblricantyramaddng perflaoropelyétlesr 2b#npounds

per fl uoropol yet her conponents having a weak polarity termnal group. 5
Lubt 587 BAIREL Dok RPN SBIAF LA/ ao 1 e oT1es,
potari 1Y e A ARSI LA AR ELRE by RUBSHIR DERRTnGT ehdGusd b Ehgnce 7
lubricant. In order to improve adhesion and bonding of a
perfluoropolyether lubricant with a protective layer, it is effective to
use lubricant predominantly containing such perfluoropolyether
20 compounds that have the terminal group exhibiting high
adhesiveness and bonding characteristic with the protective layer.
When lubricant includes such perfluoropolyether compounds that

have a terminal group with weak polarity, those compounds need to

be assorted and removed in order to improve adhesion and bonding

17



10 perfluoropol yether nolecules and the difference in polarity between
ionic'inpurities and perfl uoropol yether conpounds. Consequently,

adhesi veness and bondi ng strength of the lubricant with a protective |ayer
is enhanced, and as a result, spin mgration is suppressed and vapori zation
of the lubricant by heat is prevented. 15 Because ionic inpurities that
cause deconposition of the lubricant are elimnated in the lubricant of the
i nvention, A t i 0 ssuring |ong
tor m st ab; V1t tHEGRTRRRAL P ager This BIOAEE e HRBR TTRAREREE | Lori cant
20 nmentioneq.in the desgription.of the fi,rst i nvention be Na+, K+ -,
oo soPTIngmeit BEHOR ihhia canfandlis comPoRBIGIL: 6aB 6 tepaoved
followi ng.. The third invention_is a magnetic recording nedi um using

| ubri cant Rk @ompthpdof this mpdemictheanvendion dnclade merfiuarepelyetier
third invention will be described below referring to the acconpanyi ng

drawi ng. Tomgourids helviag a@e@mmalbgpoap suclects O35 GRYCLi oG F4H. t he

i nvention, the present invention shall not be Iimted to the aspect of
enbodigent. Fig. 1 is a schematic cross sectional view of a magnetic
recordi ng nmedium according to the present invention. As showmn in Fig. 1, a

under ayer 3,  EGASREE ol b th ihP¥Rvio T SRIRIERT ME5 TR e
| ubri cant :t,gyer 6 sequentially lLamnated.on a s&;&irate. As, shown in Fig.

1, a substtBesacondamodedad: e HAVE A0 18 A 1Re feppglini®g a nonmagneti c
base plate 1 and a plating |ayer 2, a nickel -phosphorus (N -P) plating

| ayer, forpesthuprepolyether brbricaridsy meamns of supercridieakexteadtagn, (The
conbi nati on of the nonmagnetic base plate 1 and the plating layer 2 is
called a swhetredhahenlubiikasites ¢ontd¢ted with extracting medium of
10 supercritical carbon dioxide under a predetermined condition in a
pressure vessel to remove perfluoropolyether compounds exhibiting
weak polarity from the lubricant. More specifically, this mode of

refinement method comprises following steps.

15 (a) A step of introducing perfluoropolyether lubricant into a pressure
vessel,
(b) a step of contacting the lubricant with supercritical carbon dioxide
under a predetermined condition in the pressure vessel to extract a
perfluoropolyether compounds having a terminal group with weak

20 polarity, and
(c) a step of recovering the perfluoropolyether compounds remained

after the step (b).

This mode is described below following these steps.

18



20 The nonmagnetic base plate 1 is formed with a material used in a
conventional nmagnetic recording nedium For exanple, material used for the
base plate 1 may be an al um num all oy, strengthened gl ass, crystallized

gl ass, or plastic. 30 A nonmagnetic underl ayer 3, a nagnetic |ayer 4, a
protective layer 5, and a lubricant |layer 6 are sequentially formed on the
substrate to produce a magnetic recording nedium 5 Conventional materials

b ' ti Gl : h
b ot oot | vatel G 85 tESTREREin BREE A ote RORREIEN ARGRE The PB8sf®
cobal t a1 1594 16 [aREIGATE 66 Decrelanggars Alap thF B e Agy Ao RS modey”
Pt~ and the protective layer 5 can be a carbon protective |layer. The
| ubricant layer 6 is essentially conposed of perfluoropolyether |ubricant
that is refined by a refinenment nmethod according to the present invention.

15 Al t houdBtep fBhnetic recordi ng nedi um according to the present invention
i s described above referring to Fig. 1, the structure of Fig. 1 is only an

exanpl g of a Whéﬂiﬂfﬁcﬁhﬁn‘ﬁ@ﬂﬁb%ﬁ ﬁﬁ:%oﬂ?é e%%ﬁ'&*ﬁm@s%%‘lrigid?ﬁlﬂa%tbﬁe
invention and variations are possible conplying Wt
with the extracting medium of supercritical carbon dioxide, to extract
and remove perfluoropolyether compounds having a terminal group

with weak polarity.

10 The extracting medium is supercritical carbon dioxide. The
supercritical carbon dioxide flows through the pressure vessel at a

predetermined rate and contacts with the raw lubricant in the vessel.

While the step (b) can be conducted in the temperature and

15 pressure range corresponding to the density range of 0.4 to 0.9 g/cm3
as mentioned previously, the step is preferably conducted within
confined temperature and pressure in that range. The preferable
temperature and pressure in conformity with this mode of the
invention are the temperature and pressure that allow the state with

20 the density of the supercritical carbon dioxide of not larger than
about 0.6 g/cm3. Specific examples of the boundary temperature and
pressure can be 60°C, 16 MPa, and 100°C, 22 MPa. By contacting the
lubricant with the supercritical carbon dioxide under such a condition,

perfluoropolyether compounds having a terminal group with weak

19



20 each object of the recording nedium A shape of the nmedium can be
adapted for a device that uses the nedium and is not limted to a speci al
shape. An exanple may be a di sk shape nmagnetic recordi ng nmedi um nmounted on
a HDD. 31 A manufacturing process of a magnetic recordi ng nedi um of the
i nvention includes steps of coating the substrate described above with a
nonmagneti c underlayer 3 and sequentially fornmng a nagnetic |ayer 4 and a

protectiv dlﬁ%lﬁérnﬁr(g %etlgﬁigfg‘ffy}{’%%te&féﬁﬂ fe?ﬁ{)xga. lRBﬁ@%uﬁi‘i

present inven 'S app e surface o protec ayer 5. The

nonmagneti c _underl.ayer 3 is freferabl y a chromium | ayer, and the nagnetic
| ayer 4 i FEFRRIRT AP KNG VESEGHt alloy 1ayer in the 10 present invention. The

nonmagneti ¢ underlayer 3, the magnetic layer 4, and the protective filmb5
can be forned by neans of a DC sputtering nmethod when the three | ayers are
a chrom um nonmagneti c underl ayer, a 15 cobalt nagnetic alloy layer, and a

carbon prot ectA flowanste, of eheanipaririticabeazbordioxidteein ithds Istgprvarigsbe
ei ther a usual carbon protective |layer mainly conposed of graphite or a DLC

br ot ech vyt fho HigaktRiA ARt AP AR ARAAALR (FReextFacted

di p-coating or spin-coating. For thicknesses Itro Itions

of the nonyRgREt 5 HASRLPHSS Spobil] VERRE! EfolvRE, 4 fIb0Prate that allows

enough contact between the lubricant and the supercritical carbon
dioxide is desired. A preferable flow rate is in the range from 1
mL/min to 100 mIL/min per 100 g of the lubricant, more preferably,
10 from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a
problem of unnecessary consumption and a problem that the
lubricant is driven out unless the vessel volume is increased.
15
Step ().
The perfluoropolyether lubricant remained in the vessel is
recovered. The perfluoropolyether lubricant is recovered by stopping
supply of the supercritical carbon dioxide and returning the state in

20 the vessel to the normal temperature and pressure.

In the way as described above, perfluoropolyether lubricant can
be refined removing perfluoropolyether compounds with weak

polarity from the lubricant.

20



protective layer 5, and the lubricant |ayer 6, the sane conditions as in
usual® magnetic recordi ng nedia nmay be enpl oyed. The construction descri bed
above shall not Iimt the present invention. 32 Exanpl es The present

i nvention will be described nore in detail referring to exanpl es of
preferred enbodinent in the follow ng. The present invention, however,
shall not be limited by those exanples. 5 Exanples of perfluoropolyether

| ubricant in | I 0ol ALE v lin Z
torraol (al so unssf bhedeg RHATEAiE Ak oI R RCHRESRR THSH R Bov IS
avai |l abl e from Ausi nopt KK anpl e 1.10 Fort raps of, I ubricant Z-tetraol
e pi acedisei L pArEudtsTy 6EBe T dubiteanth rbria Byt et supdg
thick wall provided with inlet and outlet ports, having _a content_vol une of
80 nL. sSupspinl¥ ineludes the perfineropalyethamcompeyndsiraving dlighdy: he
flowrate of 8 nL/mn. Tenperature was fixed at 60C and pressure was 15
changed wigdlatitermiitel gxbupgtsitwh asmiperonylardupordiglréxybgfdap. 10 as
shown in Table 1 were obtained at each fraction of the pressure |evel.
Table § al so shows the pressure and the passage of tine. 20 33

The refined perfluoropolyether lubricant can be used for
lubricant in a magnetic recording medium according to the invention
as described later. Because lubricant refined by this mode contains
reduced amount of perfluoropolyether compounds having a weak

10 polarity terminal group, a magnetic recording medium performing
excellent adhesion and bonding of the lubricant can be provided when
such lubricant is used for material of a lubricant layer of the
magnetic recording medium. Since perfluoropolyether compounds
having a weak polarity terminal group are removed from the

15 lubricant that is refined by this invention, the refined lubricant
performs strong adhesion and bonding with a protective layer of a
magnetic recording medium as compared with unrefined lubricant
having the same molecular weight. Thus, an enough heat resistant
lubricant layer can be formed.

20

Third mode of the invention will be described in the following.
The third mode of the invention is a method for refining
perfluoropolyether lubricant removing both perfluoropolyether

compounds having a weak polarity terminal group and ionic

21



Table 1 Extraction of Z-tetraol at 60C sanpl epressure (MPa)tinme (m n)nmass
(g)ZT60-110.0- 11.0 11.5 -~ 12.0- 12.5 13.07~ 5-~ 5-~ 5~ 5 ~

203.517T60- 214. 0204. 12ZT60- 315. 0205. 38ZT60- 416. 0207. 27ZT60-517. 0206. 40ZT60-
618. 0204. 31ZT60- 719. 0-- 20. 010-~ 103. 01ZT60- 822. 0- 24.0i 26.010~ 5->

52. 257T60-928. 0- 30. 010-~ 202. 25ZT60- 10r esi due- 1. 03total mass39. 53 Exanpl e
2 5 Forty grams of the lubricant (Z-tetraol) was placed in the sane vessel

. | (2 as pl aced i i
i ow rat o IHALEY A BHBALGAEaRE, JERCRRInIMAN BRitEe el T oo

time. The_extraction con('g)on nts of from ZT7100-1 to ZT100-11 as shown in
Tabl e 2 wiltQCERS SATLESHIOVS Doth RerflyRTepolyether foBRovBdShaYing bl e 2

al so shows the pressure and the passage_of time. 34 . Table 2 Extractiogn of
Z-t et r aol Ve@akquidagibipteprunalrgrqupand renieimprkisiqs))thuse- meghed of . o
12.0- 13.0- 14.0- 15.0-r 16.0- 17.0- 18.05-~ 5-~ 5-~ 5- 5 -~ 5-~ 5~ 5-->
50. 78ZT10@h24 In6d6pSHoThee 1dgh pROJudLKALP0- 421. 0204. 247T100- 522. 0206. 27ZT
100- 623. 0207. 32ZT100- 724. 0206. 80ZT100- 825. 0203. 41ZT100- 926. 0201. 76ZT100- 102
7,0-, §0.03~ 201.45ZT100-11resi due-0. 71total nass38. 36

The third mode of the invention is specifically described below.

The third mode is a method for refining perfluoropolyether lubricant
by means of supercritical extraction, wherein the lubricant is
contacted with extracting medium of supercritical carbon dioxide

10 under a first condition in a pressure vessel to extract and remove
perfluoropolyether compounds having a weak polarity terminal group
from the lubricant, and then the lubricant from which
perfluoropolyether compounds having a weak polarity terminal group
have been removed is contacted with extracting medium of

15 supercritical carbon dioxide under a second condition to extract and
recover perfluoropolyether lubricant while removing ionic impurities.
More specifically, this mode of refinement method comprises the

following steps.

20 (a) A step of introducing perfluoropolyether lubricant into a pressure
vessel,
(b) a step of contacting the lubricant with supercritical carbon dioxide
under a first condition in the pressure vessel to extract

perfluoropolyether compounds having a weak polarity terminal group,

22



Example 3 5 Forty grans of the |ubricant AMBOO1 was placed in the sane
vessel as in Exanple 1 and the supercritical carbon dioxide was fl own at
the sane flow rate. Tenperature was fixed at 60C and pressure was changed
with tinme. The extraction conponents of from AM60-1 to AMB0O-3 as shown in

Tabl e 3 were obtained at each fraction of the 10 pressure |evel.

Tabl

e 3

al so shows the pressure and the passage of tinme. 35 Tabl e 3 Extraction of

AMB001 at sanpl epressure (MPa)time (m n)nmass

(g) AMb0-113. 0401 6. 5AM60- 219. 03016. 3AM6O- 3resi due-6. Ot ot al nass38. 8 Exanpl e

Bcamie 1 Ghd Twed of BintHPHnE Phe PEloarBRo Bt 1itiRent Wit

)

rate. Tenperature was fixed at 65C and, pressure s changed with ting.
extractior@%@l’rﬁiﬂﬁe‘iﬁ@ )W1§ﬁ1s¢wcmr1twaAm Iy 1@&1&3@11& emB|SeCPNgker e
obtained at each fraction of the 10 pressure |level. Table 4 al so shows the

pressure mondibpmpsesagract dndwecdzerehe perflamropolyétheBiabricamtC

as in
flow
The

5
This mode is described below following these steps.
Step (a) is the same as in the first mode described above. The vessel
and the lubricant to be refined are also same as in the first mode.
10 Step (b)

The lubricant introduced into the pressure vessel is contacted

with the extracting medium of supercritical carbon dioxide under a

first condition to extract and remove perfluoropolyether compounds

having a weak polarity terminal group. When the raw material is the

15 lubricant described in the first mode above, the perfluoropolyether

compounds having a terminal group of CF3, CF:Cl, or CF2H, for

example, are removed.

The extracting medium is supercritical carbon dioxide. The

20 supercritical carbon dioxide flows through the pressure vessel at a

predetermined rate and contacts with the raw lubricant in the vessel.

Extraction in this step (b) is conducted under the first condition.

While the first condition can be in the temperature and pressure

23



sanpl epressure (MPa)time (m n)mass

(g) AMb5-113. 04012. OAMB5-219. 03015. 5AMB5- 3resi due-12. 3total nmass39.8 15 36
Exanple 5 250 g of lubricant AM3001 was placed in an extraction vessel that
is a stainless steel vessel with thick wall provided with inlet and outl et
ports, having a content volune of 450 nL. Supercritical carbon 5 dioxide
was fl own through the vessel at the flowrate of 20 mL/ m n. Tenperature was

fixed at Hf the
fraction extr ctegf%g ?ghg{eéjfiogls:}\l\g%iagf ve b%&ter@tﬁﬁ‘tqﬁt e pressure
was |ncreased to 1 e nm.n 1 t ar get
conponent . %\té%? rpl\'ﬁé”BHts ’fh%és ?ﬁﬁg lﬁé)rr&é‘?r% BbSﬂQd@‘&Eg %%%ured by
means of GPC nethod to optain the nunmher_ayera npl ecul ar wei ght _ Mh of

3, 400 and temapesatire and pyespuredm whighi nsn%w of the @@tpem:cmtleal carbpani ¢
i mpurities of the sanple before and after the 15 refinenent process was
nmeasur ed ljioxededsaiot targdy thanogbenby).6Tgensdnllesafppertlimit effi therent

process is the above-nentioned target conponent. Resulted content of sodium

i ons dgCr ehsyesht rﬁ?réspom té’sge&ﬁ@"ﬁb EAS B IR pressiipd sty fgrom 1. 0
ppmto 0.05 pp ons decreased fro 0.03 ppmto below detection linit

Cons, i (PRI, 6PECL6 Mpe B £B0, ?@%ﬁgom %@Eﬁ@ﬁ?ﬂ BBFeciod in

t he both l.es e,.and after. the ref oce rative
Exanpl e 1 AT e%nfravﬁilatm etk eaTbas Gippiconnaier eh & pRain,
used as the Corrparatlve Exanple 1 fox the follow n tests 5 Conparative
Exanpl e 2 camppngndssofoperfluoropolyetherveoopound havingfa wegk pelaritye
were m xed and stirred at 60C (fixed) for 30 mn. After standing for

terminal group are selectively extracted.

10

A flow rate of the supercritical carbon dioxide in this step varies

with the extraction condition and a target compound to be extracted,
and is not limited to a special value. However, a flow rate that allows
enough contact between the lubricant and the supercritical carbon

15 dioxide is desired. The preferable flow rate is in the range from 1
mL/min to 100 mL/min per 100 g of the lubricant, more preferably,
from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a

20 problem of unnecessary consumption and a problem that the

lubricant is driven out unless the vessel volume is increased.

After this step, perfluoropolyether compounds having a high

polarity group are remained in the vessel.

24



12 hr, the lower portion of the m xture was separated by a separatory
funnel. Butyl acetate remaining in the lower portion was elimnated 10 by
an evaporator to obtain 20 g of refined lubricant (hereinafter called as
"butyl acetate-refined AM'). Evaluation 1. Analysis results by means of
time of flight secondary ion mass 15 spectroscopy (TOF-SIM5) A few

m crograns of each of extraction fractions from Exanple 1 and Exanple 2,
and a sanpg%ePUbypnparative Exanple 1 was dropped on the surface of a
magnetic recording nmediumnot coated with 20 | ubricant. Analysis was
conducted on surfaces ns 0t TOFE SIMS. .The;resylts are, shown in
Table' 5. Tapl o e HmBOHRat MRS Obr IR rE maip L i 3 68581 B8 T ous
types of fragments detected in the extracted fractions ang the sanple., Each
figure in aghpdewithytheg extraciionmeshunp ©ftsuperen tical earbomn, abexidss
counts per unit 38 time detected by the TOF-SIMS. Table 5 Detected ions
by TOF- SI N6 extranteperfitiovopolyetivaCconipotndsrhatimgd terminal group
ZT45684925179357462Z2T60- 13045631101120Z2T60- 22204220403392T60- 3171201381519Z
T60-415614@§g§g&gﬁ@9}§g%§@ 4414367T60- 6425222594347T60- 71211511939217T60- 8
6154190264742Z27160- 971573335191574ZT60- 1010761132692236115353Z2T100- 172612155
3991579ZT100- 27364035445187T100- 3350162624417Z2T100- 4433322154725ZT100- 55522
0937223ZT100- 653115340427ZT100- 73497263025ZT100- 83871926152572T100- 915632820
4621ZT100-104§§$694 512407T7100-11102855458420601 145ﬁ 5 és T bIeTi%fhoms,
the fragments oRCEFITagHG Mediam, s sunarcritaral farhens digxidens racted

at high pressures and the residue after extraction. The fragnents of the
ani ons Hospercribealgarbomdioxide flaws ithromgh tbe quressuirer vessehat iaon.
The fragnents of the

predetermined rate and contacts with the lubricant components in

10 the vessel.

The extraction in this step (c) is conducted under the second
condition. While the second condition can be in the temperature and
pressure range corresponding to the density range of 0.4 to 0.9 g/cm3

15 as mentioned previously, this step is preferably conducted at a
temperature and pressure in which the density of the supercritical
carbon dioxide is not larger than about 0.7 g/em3. This upper limit of
the density corresponds to specific temperature and pressure of, for
example, 60°C, 20 MPa, or 100°C, 26 MPa. Because the step (c)

20 extracts perfluoropolyether having a terminal group with higher
polarity than in the perfluoropolyether extracted in the step (b), an
additional condition of the temperature and pressure is preferably
held in which the density is higher than the upper limit density in

the step (b), as well as the second condition. That is, the condition of
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39 anion Cl were detected in the fractions extracted at | ow pressures
(ZT60-1 to ZT60-3 and ZT 100-1 to ZT 100-4) in addition to in the fraction
extracted at high pressure. In the fractions of |ow pressure extraction
ZT60-1 to ZT60-3 and ZT100-1 to ZT100-4, the fragment of 5 CF2Cl was
detected as well as the fragment of . In contrast, in the fractions of
hi gh pressure extraction ZT60-9 and in the resi dues ZT60-10 and ZT100- 11,

%?2; o, Tiks ﬁ%f?iﬁﬁ%%ﬁ%é%ﬂ%pﬂf%ﬁwﬁﬁ%i%@ (© aly ipoat MBLEFA %ﬁcbge
in ZT60-1 ZT60- 3 T100- 1 ZT100-4 i,gi.nat.

From i obr i thé Mensitk Of e anpgrertadl snebemsleids an: disheanaRkion e

extraction with carbon di oxide at the tenperature of 60C and pressure

hi gher t hdifono OvBg/cnvbte 857 &cmd.r acti on of acconpani ed sodi um i ons,

pot assi umions, chloride ions, and HSO04 ions, and causes unfavorable

condition for lubricant. Likew se, the condition at the tenperature of 100C
and pressure higher than 26 MPa al so causes simlar result. Carbon dioxides

at thege two nadt
Gensi 13 0. 7 oi g ekl the b SERRAAVIE (AR s ERCHLR AIUBNICIE dibRRE
havi ng a density . hiigher tham this val ue dissolv LoniCyinruUrities

cont at ned TRABESIEAG S TnRr P mpoHERPs SidStupESbly i cothanmds
ionic inpurities of perfluoropo)yether |lubricant, supercritical extraction
i s preferabg/Se &%@]é’deﬁﬂ"q*@ e iningalone ImpaBagsdrokhe residue 13
condition corresponding to a density not higher than about 0.7 g/cn8 that

i s the dertdia yeaseBO C, 20 MPa and 100 C, 26 MPa. 5 The behavi or of O
fragnents shows that | ow pressure extraction fractions contain a weak

pol arity perfluoropol yether conpound having a term nal group of CF2C t hat
is a weak polarity group. Consequently, it may be considered that weak

| H f | 3 . 9 i i .
Pract 1ons"oxt FAG R LR BEEhERRERES R AT b AE TR RHIE SteR Y AFiel
bout 0.6 g that,is . the d it t 60 16 MP d 100 22 NPa.
‘?’hglrjef or e,‘g?ﬁln%b&eéxﬁffqtéﬁ\?ﬁ{@;ﬂ%%rﬁﬁ ga‘&‘?ﬁff F?ﬁr?fg‘bpée'i%gp @é’?ﬁ&g‘?\Gs of
per fl uoropol yet her |ubricant, super riticallﬁxtraction is preferably
conduct ed Q@iyirié Bob meth taia speerlovalug olilawawarea Hoyerateithat allows

corresponding to a density |lower than the density at 60 C, 16 MPa, or at

100 C, 22 éwaughheomtactdbetywdensthe lubradent ahid thes@pendrsizal eanbion can
be sunmarized as follows. 20 In order to renobve ionic Inmpurities,

super or | | ditxig fedbsived, STHRByETOHBIE flave vaes G5 ibl 6186 1aigtofrfioxi de

under a condition corresponding to a density not higher than the density at

60 C, 120 : 3 i . d ief § IS

2boL; 1%_ 7'\%@&%&% {0021 )Rfn pRE P60 bY thk MiBriBANRIN ¥ré P1EELLBLY,
from 10 mL/min to 50 mL/min per 100 g of the lubricant. Excessively
low flow rate causes a problem of low processing speed. Excessively
high flow rate causes decrease of extraction efficiency and raises a

problem of unnecessary consumption and a problem that the

20 lubricant is driven out unless the vessel volume is increased.

Further in the step (c), the extracted perfluoropolyether
compounds are collected together with the supercritical carbon

dioxide to recover the perfluoropolyether compounds. The
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In order to reduce content of weak polarity perfluoropol yether conpounds,
supercritical extraction is conducted using supercritical carbon dioxide
under a condition corresponding to a density not higher than the density at
60 C, 16 MPa, or at 100 C, 22 MPa. The 5 boundary density is about 0.6
g/cnB. In order to obtain perfluoropolyether |ubricant from which both
ionic inpurities and weak pol arity perfluoropol yet her conpounds are

r emoved. & . . o . S .
carbon di S ALisEobFRletHEr Agotinds TS HCE PRI RNTAB I B o,
hi gher than t densi at_ 60 C 16,,MPa, qr 100 C, 22 MPa. ,The,boundary
Gensity 1 Arebaken qutthioueh shaRuktortopthe Miedssieciessell | Theysare
conducted using supercritical carbon di oxide under a condition

cor r espondieppnated bgmgtarniog to thernormalitemperatuye andpressogre2o Mra
or 100 C, 26 MPa. The density at the boundary condition is about 0.7 g/cnB.
The above-Ressvébied ehe rsepdreitedspeefisioropdigethise compdlinds, refined

supercritical carbon dioxide is a non-polar solvent, and secondly, 20

I
density of [+ i oned nty C |
Ferper 3t uSATAPHARORCCHATIUIREARY, IS M ERE" Tk CHTDn"ARAGER thhbe
ability also incr ases accoqganied béétqg increase in density. Accordingly,
.ionic inﬂ@FPyﬁggaﬁ%P é%gﬁﬁﬁ iBUTEHEVECCan al so be separat ed taking

advant age of difference between solubility of a 42 target |ubricant
conponent and solubility of an ionic inpurity in the supercritical carbon
di oxi de. Thus, netal ions, ammoniumions, and organi c ions such as oxalic

i ons and f or niAsidescribed boegduhiridant can bearefinedrby aferhowing donic
properties Lubricant properties have been neasured by nol ecul ar wei ght

neasur eneriim parpdes rdnd g rflhoreh sRretirirogs o ds Ravitpa auweskn pobirit e

tenperature at 10 % wei ght | oss of |ubricant by neans of therno gravinetric

anal y$bs ((hPmirt4PgPofp fioth pdithioPPpalyt HBASRG Feakftcor di ng medi um

The perfluoropolyether lubricant refined by this mode of the
invention, when the raw lubricant described in the first mode above is
used, mainly includes the perfluoropolyether compounds having a

15 terminal group with higher polarity, such as a piperonyl group or a
hydroxyl group. At the same time, ionic impurities including sodium
ions, potassium ions, chloride ions, HCOs ions, HSO4 ions, and

sulfuric ions have been removed from the refined lubricant.

20 The refined perfluoropolyether lubricant can be used for
lubricant in a magnetic recording medium according to the invention
as described later. Because the lubricant refined by this mode
contains reduced amount of perfluoropolyether compounds having a

weak polarity terminal group, and ionic impurities are also removed
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(i) Mol ecular weight neasurenment Measurenment of nol ecul ar wei ght was
conducted on the sanples of AM65-2 of Exanple 4, AM60O-2 of Exanple 3,
unrefined AM of 15 Conparative Exanple 1, and butyl acetate-refined AM of
Conpar ative Exanple 2. The neasurenent of nol ecul ar wei ght was perforned by
means of known GPC nethod to obtain nunber average nol ecul ar wei ght M and
wei ght average nol ecul ar wei ght Mv. Results are shown in Table 6. 20 (ii)

b . Ctical of | i,
chr omat ogriofl thERBRRTHiHIcaRY, BT Red WERTECRiAE0S & Wibicant

bj ected;to SFC._Condi t.i fy.the Sk fol | ows. Mohi | h ;
02 at - 40187 BoRBR LG U TRoRtiBE TEANTH IR (oL PedDFREL s ChAt REBFES'S ug
Detector: ELSD A silica_gel colum_was uysed._ 5 The chronat opgram shown in

Fig. 2 wagexsellanicadhesionrandihonding ef shedlworicanthand thusprapesior he

chromat ogram was separated and subjected to anal ysis by neans of TOF- Sl VS,

The separ Hieett fesistaace] airehbekyd esolwaip tbenf sbgbiitys of CF2C1 and CF2H and
very 10 weakly showed the fragnent based on piperonyl group that is a

term ngl group of a high polar perfluoropolyether conpound. Consequently,
the first peak appeared in the SFC can be attributed to |ubricant nolecul es

hei 18 SR S B RER 13 FBEnT  ehBe 8 by

exi stence of a lubricant conponent having a termnal group of CFs is
uncl ear. tb&eparatiagn means wﬁweatcoémnsusmg Packipg W&"i@a@d in the

first peak because of the property of SFC. Areal proportion of the first
peak w t h Cenpequensly hthe anathpdaissinexpensive, superiortimedawability, and

as a result, achieves high productivity. In particular, the method of

10 the invention is versatile and applicable to refine from small to large
amounts of lubricant as described later in the examples of
embodiment. The method of the present invention allows refining
lubricant based on the difference in molecular weight or a functional
group of perfluoropolyether, or little difference in polarity of

15 compounds and ions contained in the lubricant. Besides, the
refinement method of the invention may be applied to both a batch
system and a continuous system by appropriate selection of a vessel

and other items.

20 The second invention will be described in the following. The
second invention is lubricant that is refined by a method of the first
invention described above, and in particular, lubricant used for a
magnetic recording medium. Specifically, the lubricant of the

invention is lubricant refined removing ionic impurities, lubricant
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20 Areal proportion of the first peak with respect to the total peaks was
cal culated on the sanples of AMBO-2 of Exanple 3, unrefined AM of
Conparative Exanple 1, and butyl acetate-refined AM of Conparative Exanple
2, as well as on the AM65-2 of Exanple 4. 44 (iii) Measurenment of the
tenperature at 10 % weight | oss of lubricant by neans of therno gravinetric
analysis (TG Analysis by TG nethod was conducted to neasure wei ght | oss of

5 lubrica t j j ' ure when
he vl gt AP AaY B R B herftib FoB RSB, HadAnp RRe Ak T o
and recorded. Tpetneasur ment s merﬁgﬁonducﬁ?d OQ%% e sanplesgai Ms5- 2 of
Exanpl e 4,POdddty LeF oup, oh lupTicaniiebn argpayan dORIC angd
butyl 10 acetate-refined AM of Conparative Exanple 2, The results are shown
in Tabl e empuyitigsianadmenttuerepolyeiher companentyhavang sweakmolasthys
wer e conducted on the sanples of AM65-2 of 15 Exanple 4, AMG0-2 of Exanple
3, unrefinedmihal gCoupar ati ve Exanple |, and butyl acetate-refined AM of
Conparative Exanple 2. Ni-P plating was executed by electroless plating to

formagpl ating |ayer on a nonmagnetic base plate of alum num magnesi um
alloy. 20 After polishing the surface, nearly concentric grooves with the

Surry. after eppakdt aPrPrd TN bERe Y AbFRiOA TS oA hE St

sputtering apparatus, jn whi.ch forned re.a nonmagnetic,underl ayer of
chrom um mCrRgsed ontent of aesflucrepalyether com g havang atgrminal
protective |ayer of nitrogen-doped anorphous carbon (aC N) having thickness
of 8 nm bygrowwiwitd hagh polarity byagerting perBudirepadyethencompanadst er of
95 nmm was obt ai ned. Lubricant was applied by dip-coating on the nagnetic

recor di ng biaséd tom the diffévekces platity betweervtereiiead granss of

recordi ng nmedi um Above-nentioned four types of |ubricant were used for

sanpl g(of ﬁé‘ﬁlgb?bb% théﬁh%é@ﬁl@&%@%@%fﬁ@ﬁ@ﬁg@gg eﬁ&dﬁﬁg%&%

magneti c recordi ng medl um prepare escri at 7,200 rpm for

o ai 1y o6 1pPOATTiED Ahd ol ARGttt eatindfidh: ChRshbE Sy,

eg: on,  bABAESHHNaRS and honding f s of A UEIGABLGNIEA & BTOHAtive.
1o 40 layer is enhanced, and as a result, spin migration is suppressed and
vaporization of the lubricant by heat is prevented.
15
Because ionic impurities that cause decomposition of the
lubricant are eliminated in the lubricant of the invention, the
decomposition of the lubricant is suppressed, assuring long term

stability. Ionic impurities that are contained in unrefined lubricant

20 mentioned in the description of the first invention may be Na*, K*, Cl-,

HCOs-, SO42-, or HSO4-.

The third invention will be described in the following. The third

invention is a magnetic recording medium using lubricant according
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Tabl e 6 Properties of the four types of |ubricant MMM i r st
peakt enper at ur et hi cknessareaat 10 % | osschange(*1) (*2)after spin-(C)off
testunrefined AMB, 0003, 90014%302- 14%AM60- 23, 5004,

70069834- 4%AM65- 23, 1003, 6007%324- 10%ut yl

acet at e- 3, 9004, 80018%329- 10% ef i ned AM (*1) areal proportion of the first
peak in the SFC (*2) tenperature at 10 % wei ght loss of lubricant in TG

anal ysi s : -1 he r ion of the first peak in the
SFC of Awm%ﬁeﬁﬁggﬁgl%vb&eﬁl%%bpge@%ét he nmet hod of the invention
was reduced to half or | ower than the proportion of the unrefined AM The
result confirms reduction of conponents of 10 |ubricant nol ecul es having a
term nal group of weak polarity. The nol ecul ar weights of AMB0- 2 and AMB5- 2
vere smal | er thae thiad isventioh wilike deseribed balpwwneferring tosther at ur e

of 10 %l oss of the lubricant and the spin-off test result were nearly the

sane as lfaddorhpeartring deastisigs- Tédwel thd foldowidigndéscribbs dn tof
refined by the nmethod of the invention has hi gh bondi ng property esplte

over mol qepaidiibaRlf (Y Snl anERHEthrESERY e igRRINAI LS,
1 ottt i

| ubri cant VI ng a m na group. magneti c recordl ng
medi um usiqn ric t refl t he. met hod of the invention has

rel ativel &%&Fa ?:t S %‘aﬁb}?‘?@nﬂgﬁ even with small flying height of
the head. Therefore, a magnetic recordi ng nmedi umusing lubricant of the

I nvention perfornms 5 superior long termstability.

Fig. 1 is a schematic cross sectional view of a magnetic recording
medium according to the present invention. As shown in Fig. 1, a
10 magnetic recording medium of the invention comprises a
nonmagnetic underlayer 3, a magnetic recording layer 4, a protective

layer 5, and a lubricant layer 6 sequentially laminated on a substrate.

As shown in Fig. 1, a substrate in the invented medium
15 preferably comprises a nonmagnetic base plate 1 and a plating layer
2, a nickel-phosphorus (Ni-P) plating layer, for example, formed on
the base plate by electroless plating. (The combination of the
nonmagnetic base plate 1 and the plating layer 2 is called a substrate
in this specification.)
20
The nonmagnetic base plate 1 is formed with a material used in a
conventional magnetic recording medium. For example, material
used for the base plate 1 may be an aluminum alloy, strengthened

glass, crystallized glass, or plastic.
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Advant ageous Effect of the invention A nmethod for refining |ubricant
according to the present invention renoves either one or both of ionic
i mpurities and 10 perfl uoropol yet her conponents having a weak polarity
term nal group by controlling a state of carbon dioxide used in
supercriticalfluid extraction. Thus, a refinenment nethod with high
productivity is provided. The present invention also provides |ubricant

exhi biting hi i f espit I a '

el oyi ng 15 EhanpAh e PhIBPER AR BB R IRSHCL {ihtke By .
magnetic recordin diumin a fixed magnetic recordi pg apparatys is

i mpr oved Q9YG§&'?193¥1H§3IIHB]WF%§E@ﬁ?rlﬁeﬁr%ﬁwmﬂﬂi&gﬁ en thehus, a
magneti c recordi ng medi um perform ng excellent long termstability has been
provi ded. absteate doapneducea magoetioreecatdimghméedirimcant containing a
conpound havi ng perfl uoropol yether structure by neans of supercritical

extraction, wherein the lubricant is contacted with extracting 5 nmedi um of
supercritical carbon dioxide under a predeterm ned condition in a pressure

vessel gt o re”@&nb@ﬂ%&ﬁ%?%éﬁééﬁ%}% ?%ﬂb@%éé@%ff&ﬁ% ngngg*?gfxbﬁﬁd For

refining lubricant "accor erein € pre m ned
condition iSsya conbi gati on of t eratur nd a 10 pressure at which a
Gensi 1y oA G 8y p Riagnefic BVen 3 and RS iiotecPye BBt e dens: ty
at the tenperature_of 60C and the pressure of 20 MrPa.
pecifically, the nonmagnetic underlayer 3 can be an underlayer
composed of chromium; the magnetic layer 4 can be composed of a
cobalt alloy, for example, a ferromagnetic alloy of Co-Cr-Ta or Co-Cr-

10 Pt; and the protective layer 5 can be a carbon protective layer.

The lubricant layer 6 is essentially composed of
perfluoropolyether lubricant that is refined by a refinement method
according to the present invention.

15

Although a magnetic recording medium according to the present
invention is described above referring to Fig. 1, the structure of Fig. 1
is only an example of a structure of a magnetic recording medium
according to the invention and variations are possible complying with

20 each object of the recording medium. A shape of the medium can be
adapted for a device that uses the medium, and is not limited to a
special shape. An example may be a disk shape magnetic recording

medium mounted on a HDD.
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3. Anethod for refining lubricant according to claim1, wherein the ionic
inpurities are included in the group consisting of sodium 15 ions,

pot assi umions, chloride ions, HCOs ions, HS04 ions, and sulfuric ions. 4.
A method for refining lubricant containing a conpound havi ng

per fl uoropol yet her structure by neans of supercritical extraction, wherein
the lubricant is contacted with extracting 20 nedi um of supercritical

car bon di oxid ' b ' e

ammve a perf PhoRSERBOPRERTE BOCREE dI thaBRR S REcH ETR FRedRTRELE e
polarity f.romthe l.ubri gant. 5. met hod r refinin ubri.cant ,accor di ng
Po ol ai mn Anshisian i A38 stepiok Fonhitie bhe shihsttate destribf s o h a
tenperature and a pressure_at. which a density of the supercritical carbon

di oxi de i 9 honmaggatie pnderlayeandiand sequentiabyefonrmings nsagnetic t he
pressure of 16 MPa. 5 6. A nethod for refining |ubricant according to claim

4, wher ei layee panfd aopeotctevédayeerdomthdanderlayear MAfeér ¢havp of weak

polarity is a perfluoropol yether conmpound having a term nal group included

I n thesar quhseRaE Sithe gi‘eéEFﬁg i{f\gé?ti@ﬁqs %ﬁggﬁgpglgglgqﬁcé%f figd i ni ng

| ubricant contal ning a compoun aving p er structure by
means of rgth&gﬁﬁi traction, wherein the lubricant is contacted with
extractinéﬂﬁgﬁl 0 %% rcritical carbon dioxide under a first condition
in a pressure vessel to renove a perfluoropol yet her conpound having a
term nal group of weak polarity fromthe |ubricant, and then the 15

| ubricant fromwhich a perfl uoropol yether conpound having a term nal group
of weak pol ar ileeirmmmag/neltiiCSunderia:yeﬂ 3uvist prefenaddyi ag nimmolayer,
supercritical carbon dioxide under a second condition to renove ionic

i npuri ti esad dhe heagnbticchiterandst Preferaddy poobate alkyy heyér uartdrol yet her

| ubri cant.
10 present invention.

The nonmagnetic underlayer 3, the magnetic layer 4, and the
protective film 5 can be formed by means of a DC sputtering method
when the three layers are a chromium nonmagnetic underlayer, a

15 cobalt magnetic alloy layer, and a carbon protective layer,
respectively. The carbon protective layer may be either a usual
carbon protective layer mainly composed of graphite or a DL.C
protective layer. The lubricant layer 6 can be applied by means of
dip-coating or spin-coating. For thicknesses and deposition

20 conditions of the nonmagnetic underlayer 3, the magnetic layer 4, the
protective layer 5, and the lubricant layer 6, the same conditions as in
usual magnetic recording media may be employed. The construction

described above shall not limit the present invention.
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20 8. A nethod for refining lubricant according to claim7, wherein the
first condition is a conbination of a tenperature and a pressure at which a
density of the supercritical carbon dioxide is not |arger than the density
at the tenperature of 60C and the pressure of 16 MPa, and the second
condition is a conbination of a tenperature and 50 a pressure at which a
density of the supercritical carbon dioxide is not |arger than the density
at the tereapiples of 60C and the pressure of 20MPa. 9. A nethod for
refining lubricant according to claim7, wherein 5 the perfluoropol yether

netuded i n t nengRIERER Bl iRRE RRIBEY AR Oyl ERTRFH:

inmpuritieg are included in.the gro onsi sting of, sodi umi@ns, potassium
ona | chi g aRaTBIeS Gl prefan hatiodaRe Nt thg follomintnd 114 gresen
per fl uoropol yether |ubricant refined by a method defined by any one of
clai ms 1, Imvextdon, howevensshall wot beolinitgdnbyithaseoexamples. a
nonmagneti c substrate and | ayers sequentially |am nated on the substrate,

the | ajer ixamplisef perfivmopilyethoddubaiedint anrgtanfillowiagesxamples of

protective layer, and a lubricant |ayer, wherein the lubricant layer is

sesent! al IprefRFAod inBodintht bYe  POMIIAZ tetfdsIr@ilsotah PR cAlled 252-10

A2 A RO BB ANTOLY oHEERARY v Ao Mo ANBR KRS A7 A
E. A32. AF2. AF. AF2. AF2. A, F. ASE. ABY. Al . A32. AF2. A3. A32. AF. AY. AF. A. AYAsv

j gV.)49dn| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]cTal] c

al1$")"r""Exagple 1D, - . 11112233345445M655} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cal

5G66708q: ;  Forty grams of lubricant Z-tetraol was placed in an extraction
<<<B5=t ===5>V>>?7? @/ QEEAHAAAAB] BBBC} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ] L LHCPCCVD
R 2 i R a0 MR s SR A 35 L 1
| ol ol cahetbe AP heTeebatts havlsgls abarbRhatlisal sp 61t ool cal cal cal ca
A " @bcddAe} xsni d_Z] ] ca] cal.ca] ¢ca] ca] ca] ca] ca] ca] ¢cal.ca] ca] ca] cal cal.ca]ca
CaTTa] ca] CORPEFERILeTLea T AioxIqa AP IAva] CArARE R SEP At the oW o
ppag5sNt Tt " u$uXuuuu- V})VVV> w} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] adteadt 8] mdl/mina] retiure) walscfiked at 6Bt ahdapresswrewZas xx0z
{"{]| ~n~t ~~~V90I #3} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
1 ca] ckbcalgld ngddakith ¢tadnea] THecakera ctibpatemipo it d-6P Y YWIER{1gahc Y] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
ca] cal ca l . :
d>1r5| }AU ]] ﬁﬁ%f@}ﬁgf@ﬁ @gflcrgfl(?%? cla]‘%ea]iecg E%}%% caa %%?}éaf %g lga 8£ %:lg] caj ca
ca] ca] ca].cal] cal.caj calC cal ca] calcal cal-v>JakKu
LEvhl ab] XAl S TTaRnE Y Alod Bheks S arétiung and thepasgags ofa) ca
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! " Q. RX} CO@l Seouzupkf [V] ca] ca] cha] ca] ca
] ca] ca] c"aﬂlgb@ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calc”a] ca] ca!'\, x@YZ<vt {vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] c”a] ca! t| >DOu3Qr &F[ PR} x
snid_Z]]]ca] ca]ca]ca] ca]ca]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]calca]cal
ca] cap@a] ca] ca] ca] ca] ca]ca]ca] calJ
Y,-Dw. | 7| Pt xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9wBCVa( 7p- kK} xsnid_Z]]]ca]ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]calc
a]J ca] ca] ca] ca] ca! #8CVva( 7p- kK} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caAb8dDYd 0% &' (
)- )s$10%t& ()-Ds$10% & ()-9F10% & ()- Y1I0% & ()-G 10% & () - 8syZzZ8*
10! N3s?10%&' ()-<F 10% & ()-S!. &10%P& ()-!.&10% t& ()- x%O0%& () -
%@40%t& ()-v>}[<
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10! $10%G0& () - Y! x$109%& () - Y!

10;

1i 9% 94 0% ()-!29* %A 0% ()-# ggVzX9. :
10G<10%3&' () -! e0%A0%&' ()-! XIBA0Y&' () -1} YA0%& ()-Y' ~ %0%j & ()-Y, Y$SL0%E' (
)-WiB: 10G | @10%C& ()- @i Yd0%& ()- ! 9%d0%& ()- " ! #940%XX&' () - 3F10%G& () -

10G 10G?. uj @ 10G3F@109G& ()-z 10G 10G

10G<10%:& (DaBigHt 0% Foxtictd

-$10%& ()-Y!' @

%40%C0C08 () - ! @ %A0%B5& ()- 10
#}rg\: 011, Y$S109ME ()- 10G 10G 10G<10%G& () - 9nlo%as () -

)-) 46789

10G @10% -
d; _= 10Q V&@é’ﬁip])e 0Y%peesshre (RERAIZE |() - tim@c(mm) mass (g)
ZT60°1 | 10.0» 11.00 115> | 7> 5-5-5-5 3.51
12.0- 12.5 18.0 - 20
7T60-2 14.0 20 4.19
7T60-3 15.0 20 5.38
7T60-4 16.0 20 7.27
7T60-5 17.0 20 6.40
7T60-6 18.0 20 4.31
ZT60-7 19.0- 20.0 10- 10 3.01
ZT60-8 | 99.0- 24.0- 26.0 10 5- 5 2.25
ZT60-9 28.0~ 30.0 10- 20 2.25
ZT60-10 residue 1.03
total mass 39.53
Example 2
5 Forty grams of the lubricant (Z-tetraol) was placed in the same

10

vessel as in Example 1 and the supercritical carbon dioxide was flown

at the same flow rate. Temperature was fixed at 100°C and pressure

was changed with time. The extraction components of from ZT100-1

to ZT100-11 as shown in Table 2 were obtained at each fraction of the

pressure level. Table 2 also shows the pressure and the passage of

time.
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10G 10G<10%G () - Y2z#10%G8 () - |~\= = 10G &10%Z{ & ()-!$' &10% ()-
' &109& ()- % 109@& () - |6FF100/<ZZ& ()- @A0%ZE ()-m " & " (") r """ >
10G , 1 10%e& ()-S ,!109R R& ()-S |1 109&2& ()-' 10Z 10Z
10Z<109Z& () - Y2S#109Z& () - " AH#NSIBEWX9" >
10GY3" 109Z&’ () -! &109Z& () - Z! o! &109& ()-Z!'t! &109%& ()-Z!i $109%& ()-!2$109%& ()-
&88&& ' () ~\ = 10@A0%h& () - F! %0%& ()-F! - %0%& ()-F Fs100Z& ()- 10Z 10Z

10z<100z8 (T8 B o VT PRI £ EAEIONE (V. g -n

1}[ 9MB7 10Gsample pressure (MPa) time (min) mass (g)
I'n, %409 ! &)= 0YZ& ()= v09& () T z#10%& ()~ z#}P [&()-11
1111122~_@7:tgé&.%, T1Ctyzlea()(()~> H 059d2.0 125 B 5> 5or B 578
13.0- 14.0- 15.0~ -+ 5> 5->5-5H
16.0-» 17.0~ 18.0
ZT100-2 19.0 20 2.31
ZT100-3 20.0 20 3.32
ZT100-4 21.0 20 4.24
ZT100-5 22.0 20 6.27
ZT100-6 23.0 20 7.32
ZT100-7 24.0 20 6.80
ZT100-8 25.0 20 3.41
ZT100-9 26.0 20 1.76
ZT100-10 27.0~ 30.0 3- 20 1.45
ZT100-11 residue - 0.71
total mass 38.36

Example 3
5 Forty grams of the lubricant AM3001 was placed in the same
vessel as in Example 1 and the supercritical carbon dioxide was flown
at the same flow rate. Temperature was fixed at 60°C and pressure
was changed with time. The extraction components of from AM60-1
to AM60-3 as shown in Table 3 were obtained at each fraction of the
10 pressure level. Table 3 also shows the pressure and the passage of

time.
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10Z 10Z<109%&Z& ()-9 109%&Z& ()- !j 0$109%& () - S22b33334dE~_@ 10G ! sY109%&Z& () -
6109@& () - 3109&& ()- LI 109Z& ()- LI 10%@ ()- L!109%u& ()-4S4445M65aB~_@

10G ! F. | 109&2& () -

109@& () - 5566666666aVK@ 10G !
| @3" 10%& () - SY3" 109%&Z& () - SOg#10%Z& () - 36778%90:
|, 9409%%& ()-!, Yd0%J& ()-9%A0%Z& ()-!9%0% ()-, F$109%@& ()-!

T80y (Ao of AMBOHT A0 EO00,

Y <<<<<<u]':\

"100Z& ()- ! % $10%+& ()-f% $100&ZV& () - F#10%&Z& ()- 3!

g: } [ <VK@ 10G

10Z 10Z 10Z< 109%&& ()-19:!10%& () -

, F$109RRE () - Q:
0Z& () - F3#10%Z& () -

' () -

l@ 106G

(&109Z& ( 58 () - 310%
3'M 10964 ()samgmo%@pﬁéssﬁrelqvma)() GHUEND) V>>RRBLABIE]

AMG60-1 13.0 40 16.5

AMG60-2 19.0 30 16.3

AM60-3 residue - 6.0

total mass 38.8
Example 4
5 Forty grams of the lubricant AM3001 was placed in the same
vessel as in Example 1 and the supercritical carbon dioxide was flown
at the same flow rate. Temperature was fixed at 65°C and pressure
was changed with time. The extraction components of from AM65-1
to AM65-3 as shown in Table 4 were obtained at each fraction of the
10 pressure level. Table 4 also shows the pressure and the passage of

time.
Table 4 Extraction of AM3001 at 65°C

sample | pressure (MPa) | time (min) mass (g)

AM65-1 13.0 40 12.0

AM65-2 19.0 30 15.5

AMG65-3 residue - 12.3

total mass 39.8
15
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Y. " 1098 ()- Y, 10938 ()- " *109%G& ()- &g109%G& ()- 3S- 1096G& ()-& 109%G& () -
@OAHAAAAAADYNC 10G ! 10G 10G 10G<3109%&' () -9S109%&' () - YS510%% () -
Y&3GLOYGE ()- O#10%GE ()- AABIJBBBCAEYNC 10G ! s 10%m& ()- FM 10%v& () -
"10%1& ()- "10%& ()- "10%r& ()- 9g10%r& ()- CHCPCCDVDYDJEYNC 10G ! | &
10%1& () - 3f - #10%1& () - 3f - #10%1& () - Y0%1& ()-F L10%& () -
3" 10%r& () - FYDDDEREEEJEYNC 10G ! F&3 10%1& ()-0%40%& ()- F. 10%v& ()-
F, F" 10%r& %8 ()- " F(10%& ()- EEFFFFFFFb@ 10G !!- 9%40%&' ()-m
Sy ()_Ekalﬁﬁfe K0
250 g of lubricant AM3001 was placed in an extraction vessel
that is a stainless steel vessel with thick wall provided with inlet and
outlet ports, having a content volume of 450 mL. Supercritical carbon
5 dioxide was flown through the vessel at the flow rate of 20 mL/min.
Temperature was fixed at 63°C and pressure was held at 14.5 MPa
for 60 min. 100 g of the fraction extracted during this period was
removed. After that, the pressure was increased to 16 MPa and held
for 40 min to obtain 100 g of target component. Molecular weight of
10 this target component was measured by means of GPC method to
obtain the number average molecular weight Mn of 3,400 and the

weight average molecular weight Mw of 3,900.

Content of ionic impurities of the sample before and after the
15 refinement process was measured by means of ion chromatography.
The sample after the refinement process is the above-mentioned
target component. Resulted content of sodium ions decreased from
1.4 ppm to 0.3 ppm, potassium ions decreased from 1.0 ppm to 0.05
ppm, HSO4 ions decreased from 0.03 ppm to below detection limit of
20 0.01 ppm, chloride ions decreased from 0.07 ppm to 0.04 ppm.
Ammonium ions, nitric ions, formic ions, and oxalic ions were scarcely

detected in the both samples before and after the refinement process.
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10m 10m 10mx 10%m& () - 9& 10%m& ()- Y710%m& ()- 3FG+HY% j | 0JvJ} [ <b@ 10G

| s*940%m& ()-!;s*%40% & ()- SFYA0%r& ()-! SFYA0% ()- 9%A0%re ()-m
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The commercial lubricant AM3001 as supplied and not refined

was used as the Comparative Example 1 for the following tests.

5 Comparative Example 2

Forty grams of the lubricant AM3001 and 40 g of butyl acetate
were mixed and stirred at 60°C (fixed) for 30 min. After standing for
12 hr, the lower portion of the mixture was separated by a separatory
funnel. Butyl acetate remaining in the lower portion was eliminated
10 by an evaporator to obtain 20 g of refined lubricant (hereinafter called

as “butyl acetate-refined AM”).

Evaluation

1. Analysis results by means of time of flight secondary ion mass

15 spectroscopy (TOF-SIMS)

A few micrograms of each of extraction fractions from Example 1
and Example 2, and a sample of Comparative Example 1 was dropped
on the surface of a magnetic recording medium not coated with

20 lubricant. Analysis was conducted on the surfaces by means of TOF-
SIMS. The results are shown in Table 5. Table 5 shows the fragment
of anions and cations out of various types of fragments detected in the
extracted fractions and the sample. Each figure in the Table

indicates quantity of the fragments and is number of counts per unit
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Table 5 Detected ions by TOF-SIMS

component cation anion
K Na Cl HCO; | HSOq4
unrefined ZT 45684 925 1793 57 462
ZT60-1 304 56 3110 11 20
ZT60-2 220 42 2040 3 39
ZT60-3 171 20 1381 5 19
ZT60-4 136 14 289 3 24
ZT60-5 214 24 144 14 36
ZT60-6 425 22 259 4 34
ZT60-7 1211 51 193 9 21
ZT60-8 6154 190 264 7 42
ZT60-9 7157 333 519 15 74
ZT60-10 107611 3269 2236 115 353
ZT100-1 7261 215 5399 15 79
ZT100-2 736 40 3544 5 18
ZT100-3 350 16 2624 4 17
ZT100-4 433 32 2154 7 25
ZT100-5 552 20 937 2 23
ZT100-6 531 15 340 4 27
ZT100-7 349 7 263 0 25
ZT100-8 387 19 261 5 25
ZT100-9 1563 28 204 6 21
ZT100-10 4574 69 455 12 40
ZT100-11 102855 4584 2060 161 452
5 As Table 5 shows, the fragments of the cations were detected

much in the fractions extracted at high pressures and the residue
after extraction. The fragments of the anions HCO3 and HSO4 were

detected much in the residue after extraction. The fragments of the
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fraction extracted at high pressure. In the fractions of low pressure
extraction ZT60-1 to ZT60-3 and ZT100-1 to ZT100-4, the fragment of
5 CF2Cl was detected as well as the fragment of Cl. In contrast, in the

fractions of high pressure extraction ZT60-9 and in the residues
ZT60-10 and ZT100-11, the fragment of CF2Cl was not detected.
Therefore, the Cl fragments in ZT60-9, ZT60-10, and ZT100-11 are
attributable to chloride ions, while the Cl fragments in ZT60-1 to

10 ZT60-3 and ZT100-1 to ZT100-4 are originated from lubricant

compounds including CF:Cl.

The above results show that the extraction with carbon dioxide at

the temperature of 60°C and pressure higher than 20 MPa involves

15 extraction of accompanied sodium ions, potassium ions, chloride ions,
and HSO4 ions, and causes unfavorable condition for lubricant.
Likewise, the condition at the temperature of 100°C and pressure
higher than 26 MPa also causes similar result. Carbon dioxides at
these two boundary states of temperature and pressure have the

20 same density 0.7 g/cm3. It can be considered that supercritical carbon
dioxide having a density higher than this value dissolves ionic
impurities contained in perfluoropolyether lubricant. Therefore, in
order to remove ionic impurities of perfluoropolyether lubricant,

supercritical extraction is preferably conducted using supercritical
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carbon dioxide under a condition corresponding to a density not
higher than about 0.7 g/cm3 that is the density at 60 °C, 20 MPa and

100 °C, 26 MPa.

5 The behavior of Cl fragments shows that low pressure extraction
fractions contain a weak polarity perfluoropolyether compound
having a terminal group of CF2Cl that is a weak polarity group.
Consequently, it may be considered that weak polarity
perfluoropolyether compounds are abundantly contained in the

10 fractions extracted at a condition corresponding to a density lower
than about 0.6 g/cm3 that is the density at 60 °C, 16 MPa and 100 °C,
22 MPa. Therefore, in order to remove weak polarity
perfluoropolyether compounds of perfluoropolyether lubricant,
supercritical extraction is preferably conducted using supercritical

15 carbon dioxide under a condition corresponding to a density lower
than the density at 60 °C, 16 MPa, or at 100 °C, 22 MPa. The
boundary density is about 0.6 g/cm3.

These results can be summarized as follows.

20 In order to remove ionic impurities, supercritical extraction is
conducted using supercritical carbon dioxide under a condition
corresponding to a density not higher than the density at 60 °C, 20
MPa or 100 °C, 26 MPa. The density at the boundary condition is

about 0.7 g/cm3,
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compounds, supercritical extraction is conducted using supercritical
carbon dioxide under a condition corresponding to a density not
higher than the density at 60 °C, 16 MPa, or at 100 °C, 22 MPa. The

5 boundary density is about 0.6 g/cm3.

In order to obtain perfluoropolyether lubricant from which both
ionic impurities and weak polarity perfluoropolyether compounds are
removed, supercritical extraction is conducted using supercritical

10 carbon dioxide, at first, under a condition corresponding to a density
not higher than the density at 60 °C, 16 MPa, or at 100 °C, 22 MPa.
The boundary density is about 0.6 g/cm3. Subsequently, supercritical
extraction is conducted using supercritical carbon dioxide under a
condition corresponding to a density not higher than the density at 60

15 °C, 20 MPa or 100 °C, 26 MPa. The density at the boundary condition

i1s about 0.7 g/cms3.

The above-described extraction is possible because firstly, the
supercritical carbon dioxide is a non-polar solvent, and secondly,

20 density of the supercritical carbon dioxide continuously changes with
temperature and pressure from 0.4 g/cm3 to 0.9 g/cm3, and dissolving
ability also increases accompanied by the increase in density.
Accordingly, ionic impurities not exemplified above can also be

separated taking advantage of difference between solubility of a
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supercritical carbon dioxide. Thus, metal ions, ammonium ions, and

organic ions such as oxalic ions and formic ions can be separated.

5 2. Measurement of lubricant properties
Lubricant properties have been measured by molecular weight
measurement, supercritical fluid chromatography (SFC),
measurement of the temperature at 10 % weight loss of lubricant by
means of thermo gravimetric analysis (T'G), and a spin-off test on a

10 magnetic recording medium.

(i) Molecular weight measurement
Measurement of molecular weight was conducted on the samples
of AM65-2 of Example 4, AM60-2 of Example 3, unrefined AM of
15 Comparative Example 1, and butyl acetate-refined AM of
Comparative Example 2. The measurement of molecular weight was
performed by means of known GPC method to obtain number average
molecular weight Mn and weight average molecular weight Mw.
Results are shown in Table 6.
20
(ii) Measurement of terminal groups by means of supercritical fluid
chromatography (SFC)
The lubricant fraction AM65-2 of Example 4 was subjected to
SFC. Conditions of the SFC were as follows.
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A silica gel column was used.

The chromatogram shown in Fig. 2 was obtained. The fraction
corresponding to the first peak of the chromatogram was separated
and subjected to analysis by means of TOF-SIMS. The separated
fraction intensely showed the fragments of CF2Cl and CFz:H and very

10 weakly showed the fragment based on piperonyl group that is a
terminal group of a high polar perfluoropolyether compound.
Consequently, the first peak appeared in the SFC can be attributed to
lubricant molecules having a weak polarity terminal group. Since the
CF's fragment in the TOF-SIMS develops from the principal chain of

15 the lubricant as well, existence of a lubricant component having a
terminal group of CF3 is unclear. However, if such a component
exists, it must be contained in the first peak because of the property
of SFC. Areal proportion of the first peak with respect to the total
peaks was calculated on the AM65-2.

20

Areal proportion of the first peak with respect to the total peaks
was calculated on the samples of AM60-2 of Example 3, unrefined AM
of Comparative Example 1, and butyl acetate-refined AM of
Comparative Example 2, as well as on the AM65-2 of Example 4.
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Analysis by T'G method was conducted to measure weight loss of
5 lubricant due to heating. While heating each sample, the
temperature when the weight of the lubricant decreased by 10 % was
measured by the TG method and recorded. The measurements were
conducted on the samples of AM65-2 of Example 4, AM60-2 of
Example 3, unrefined AM of Comparative Example 1, and butyl
10 acetate-refined AM of Comparative Example 2. The results are

shown in Table 6.

(iv) Spin-off test of magnetic recording media
Spin-off tests were conducted on the samples of AM65-2 of
15 Example 4, AM60-2 of Example 3, unrefined AM of Comparative

Example 1, and butyl acetate-refined AM of Comparative Example 2.

Ni-P plating was executed by electroless plating to form a plating
layer on a nonmagnetic base plate of aluminum-magnesium alloy.

20 After polishing the surface, nearly concentric grooves with the surface
roughness Ra of 0.8 nm were formed by texturing using diamond
slurry. After cleaning, this substrate was put into a commonly used
sputtering apparatus, in which formed were a nonmagnetic

underlayer of chromium, a magnetic layer comprising Co, Cr, Ta, and
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Pt, and a protective layer of nitrogen-doped amorphous carbon (a-
C:N) having thickness of 8 nm by a CVD method. Thus, a magnetic
recording disk having diameter of 95 mm was obtained. Lubricant
was applied by dip-coating on the magnetic recording disk to the

5 thickness of 1.6 nm to complete a magnetic recording medium.
Above-mentioned four types of lubricant were used for sample of the

lubricant.

The spin-off test was executed by rotating the magnetic recording
10 medium prepared as described above at 7,200 rpm for 120 hr in an
environment of the temperature of 55°C and the relative humidity of
80 %. Variation of the film thickness (%) was obtained by measuring
the thicknesses at the radius of 18 mm, which is within the CSS

region, before and after the rotation test. Results are given in Table 6.

15
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recording medium in a fixed magnetic recording apparatus is

improved by using the lubricant refined by the invented method.
Thus, a magnetic recording medium performing excellent long term
stability has been provided.
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20 medium of supercritical carbon dioxide under a predetermined
condition in a pressure vessel to remove a perfluoropolyether
compound having a terminal group of weak polarity from the
lubricant.

5. A method for refining lubricant according to claim 4, wherein
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the predetermined condition is a combination of a temperature and a
pressure at which a density of the supercritical carbon dioxide is not
larger than the density at the temperature of 60°C and the pressure
of 16 MPa.

6. A method for refining lubricant according to claim 4, wherein
the perfluoropolyether compound having a terminal group of weak
polarity is a perfluoropolyether compound having a terminal group
included in the group consisting of CFs3, CF2H, and CF:Cl.

7. A method for refining lubricant containing a compound
having perfluoropolyether structure by means of supercritical
extraction, wherein the lubricant is contacted with extracting
medium of supercritical carbon dioxide under a first condition in a
pressure vessel to remove a perfluoropolyether compound having a
terminal group of weak polarity from the lubricant, and then the
lubricant from which a perfluoropolyether compound having a
terminal group of weak polarity is removed is contacted with
extracting medium of supercritical carbon dioxide under a second
condition to remove ionic impurities from the lubricant and to extract
and recover perfluoropolyether lubricant.

8. A method for refining lubricant according to claim 7, wherein
the first condition is a combination of a temperature and a pressure
at which a density of the supercritical carbon dioxide is not larger
than the density at the temperature of 60°C and the pressure of 16

MPa, and the second condition is a combination of a temperature and
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a pressure at which a density of the supercritical carbon dioxide is
not larger than the density at the temperature of 60°C and the
pressure of 20MPa.

9. A method for refining lubricant according to claim 7, wherein
the perfluoropolyether compound having a terminal group of weak
polarity has a terminal group included in the group consisting of CFj,
CF:H, and CF:Cl, and the ionic impurities are included in the group
consisting of sodium ions, potassium ions, chloride ions, HCOs ions,
HSO4 ions, and sulfuric ions.

10. A perfluoropolyether lubricant refined by a method defined
by any one of claims 1, 4, and 7.

11. A magnetic recording medium comprising a nonmagnetic
substrate and layers sequentially laminated on the substrate, the
layers including a nonmagnetic underlayer, a magnetic layer, a
protective layer, and a lubricant layer, wherein the lubricant layer is
essentially composed of a perfluoropolyether lubricant defined by

claim 10.
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