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1 WATER SCLUBLE PERFLUORO POLYETHER TOPCOAT LUBRI CANTS
Technical Field The present invention relates to the

recordi ng, wo 9sn7fis0r age and readi ng of nmagnetic data, parpéfiisdfihdss
rot at abl e magnetic recording nedia, such as thin film 5 magneti c di sks
havi ng textured surfaces and a | ubricant topcoat for contact with
cooperating nmagnetic transducer hdads. The invention has particul ar
applicability to a met hod for applying a |ubricant topcoat to a
magneti c recordi ng medi um 10 Background Art

Thin fil mmagnetic recordi ng di sks and di sk drives are
conventionally enpl oyed for storing | arge anounts of data in
magrieti zabl e form In operation, a typical contact start/stop
(CSS) method commences when a data 15 transduci ng head begins to slide

agai nst the surf agersf sorusre pEBSrEbSK ﬂﬁ.ﬁﬂﬁ#‘ &bpé@ﬂt{?@%ﬁ% e. Upon
reachlng a predet erm ne I gh Totatironal speed, e oats in
air at a predeterm ned distance fromthe surface of the di sk where
It is maintained during reading and recordi ng 20 oper ati ons. Upon
termnating operation of the disk drive, the head again begins to

sl ide agai nst the surface
Technical Field

The present invention relates to the recording,
storage and reading of magnetic data, particularly
rotatable magnetic recording media, such as thin film

5 magnetic disks having textured surfaces and a lubricant
topcoat for contact with cooperating magnetic transducer
heads. The invention has particular applicability to a
method for applying a lubricant topcoat to a magnetic
recording medium. '

10 Background Art
Thin f£ilm magnetic recording disks and disk drives

are conventionally employed for storing large amounts of
data in wmagnetizable form. In operation, a typical
contact start/stop (CSS) method commences when a data
15 transducing head begins to slide against the surface of
the disk as the disk begins to rotate. Upon reaching a
predetermined high rotational speed, the head floats in
air at a predetermined distance from the surface of the
disk where it is maintained during reading and recording
20 operations. Upon terminating operation of the disk
drive, the head again begins to slide against the surface
of the disk and eventually stops in contact with ang
pressing against the disk. Each time the head and disk
assembly is driven, the sliding surface of the head
25 repeats the cyclic operation consisting of stopping,
sliding against the surface of the disk, floating in the



of the disk and eventually stops in contact with and pressi ng

agai nst t hewd)sdigridsach ti nme the head and di sk assenbl YpdHushshYHE

the sliding surface of the head 25 repeats the cyclic operation

consi sting of stopping, sliding agai nst the surface of the disk,
floating in the WO 98/ 07145
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agai nst the s@iface SIS dirgRinsE the suxfgssi ng.f the disk akdr
opti mnum consi steppimnd predi ct ab| I ity, it is gecessa(rjy to rnal:c ntain
each transducer he s close 5500|ate recording surface
as possible, i.e., %%ra opt i n??l’ilﬁf'i'ée?ﬁg Fr‘a idfitihe Headls

Accordi ngly, aecessary stmandmmtea:mdeaghsurﬁaedancerpmfa@r ra@,%ﬁésaé\ekb as a
snoot hgopposi S ransducer head.

Howeve? i f t Qshgag surﬁoéacéehg%ggfﬁgn %‘6?% 2§ Possiplercd.ere £80
flat, the preéndmdmendtheh Miyirgswight of ts‘rmfl&szas girEsordBegly, a
excessive sti ghieR pANgeELLGELHGN surface H“ éé‘zerea& ﬁgggﬂﬁf S“’pﬁ' ng

phases, thereby causing wear-to recor
eventual |y Smooth cq@paging wwnfdas refer’qu'e&j aesggn-atéﬂeadrmmlncérThus

15 t her enaag. conm&rwargoaks t¥fe rt?@lmeéubfééédhﬁlﬁ fHeC kOl g and

I Ni transducer fly Conventi ona prac]fl ce% for
?dglre' i ng th@?ﬁ%éﬁﬁar@ﬁg oI ElatomehenPrRf Eeion edatalol 08 prleseling a

magneti ¢ di sksurfaces wives ﬁwgheeeéx&éggﬁ.dlengtiléftﬁéﬁe adrfg T 14e 20
' referred to as

head/dlskfrl tec L gues genera

"texturing. %nveﬁt | gﬁals §gt gPi %ﬁ t%%%ghﬁ%spli‘?ﬁ/%? ve-hereby cmm. caI
pol i shing or-weser textuhe ngetbe andf aeecallimg surfac§s$k é\k&%ﬁ@%

rovide a tex ereo [ sybsequent . deposi tion o ayers
guch as an un% lhg £8 gth % Lgferﬁeg F%yérg Hb?ao?e ?@é ove"r‘k&‘b%\t and
a | ubt? cant there’ a@'@p@@awet\mer eﬂOﬁﬂtSh@ft @aduantl hesddicd sin fthictsidist r at e

i's i nggadadnikim Re-anddieantddling HaRHicated in the
subsequent |y dep05|ted | ayers.
Conventional practices for addressing these apparent

competing objectives involve providing a magnetic disk

with a roughened recording surface to reduce the

20 head/disk friction by techniques generally referred to as

"texturing." Conventional texturing techniques involve

mechanical polishing or laser texturing the surface of a

disk substrate to provide a texture thereon prior to

subsequent deposition of layers, such as an underlayer,

25 a magnetic layer, a protective overcoat, and a lubricant

topcoat, wherein the textured surface on the substrate is

intended to be substantially replicated in the
subsequently deposited layers.

A typical longitudinal recording medium is depicted

30 in Fig. 1 and comprises a substrate 10, typically an

aluminum (Al)-alloy, such as an aluminum-magnesiuwa (Al-

Mg) -alloy, plated with a layer of amorphous nickel-

phosphorus (NiP). Alternative substrates include glass,

glass-ceramic materials and graphite. Substrate 10

35 typically contains sequentially deposited on each side

thereof a chromium (Cr) or Cr-alloy underlayer 11, 11’,



A typi cal | onéi tudi nal recording mediumis depicted 30 in Fig. 1 and

conprises a suYOt9BATHS10, typically an al um num (Al) - al P&F/USSGAR98 s
an al um num nagnesi um (Al - My)-al loy, plated with a |ayer of .

anor phous ni ckel - phosphorus (N P). Al ternative substrates include
gl ass, gl ass-ceram ¢ materials and graphiter Substrate 10 35

t ypi cal | y contai ms sobadnti ACOY-bepesi akloyn magstetsialelayer 12t hek2bf &

chromium (Cr) or 1,,41",
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plurali ty Vsubr mmme}; E\RAllA' T o Yeletl1111iy: %000
base’ al | oy magnetﬁ&é anqroylaagh%tl@ndaPEQt el ive catﬁ@@@ttectlve oi.r%,rcb&t,
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L oehni qubs. por fomed 18 an eVPEeaEiEL dontainipg! nPAELeRquuAE Al USua Ly

deposition charrber@os%.deﬂi by C(ypmniann-aj Aledid iaynesl b plerrdioarnierd prievi ded
with a NP | af i t h nes f.the A
substrate, servi néj% Itatq‘gsuf%%%ﬂ%r a%% 85@?‘.‘%5 égsasﬂgog EPQ“\PSFE Wil ch
is substaftially mmmbnAlhelﬁPB'kSUbStratgurifSaaHfO\&iEded with a| NiP

accordance wth t'ﬁP%arPi9CE'§eﬁ1cr@ase the hh¥Rhe&aNts fol?ﬁgatAli S

uni formy appli eg over protective Xer to prevent wear Dbetween
the di sk and sub S"?‘?@a‘:@d nE@¥YhBg d'@rlahgs‘d%F%b 9p§ﬂéﬁ€ﬁ6ﬁ X cRE8V #eewdar

of the prebacire/e WEEKO0RE, sVRItGRIt M 1AYTRFdHidHiR bon, £B8 disk
i ncreases fricti-on between the head and di sk, thereby causi ng

cat astrophi ¢ dri 48 9%re. Excess |ubricant at t he head- di sk
i nterfacascauses hi gh i i chicobrbghveenwiltts converheiashaind pli-aktlcebf a
stiction is excessjve. . the drive start .and %astr%hlc

failure occurs. uﬁ’fnncamzAcc ?BFRSFy, ﬁ%;ﬁﬂg%{%ﬂ’ tﬁlpgkness nus

optim zed pxarecstivg | bayend thr iptevent w@arobetweeondlhersdéskaland
enpl oyed for theHégﬁwﬂﬁygré§§§9@&1%%”3E5§gsoﬁe955£5H9r%xcessive wear of
the protective overcoat, typically comprising carbon,

20 increases friction between the head and disk, thereby
causing catastrophic drive failure. Excess lubricant at
the head-disk interface causes high stiction between the
head and disk. If stiction 1is excessive, the drive
cannot start and catastrophic failure occurs.

25 Accordingly, the lubricant thickness must be optimized
for stiction and friction. A conventional material
employed for the lubricant topcoat comprises a perfluoro
polyether (PFPE) which consists essentially of carbon,
fluorine and oxygen atoms.

30 In view of the criticality of the lubricant topcoat,
there is a continuing need for improved bonding of the
lubricant to the protective carbon overcoat.
Conventional practices to control the amount of bonding
comprise thermally treating the lubricant and UV curing.

35 Conventional lubricant topcoats formed from PFPEs,

comprise extremely non-polar molecules and, hence,
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pol yet her (PFPE) which consists essentially of carbon, fluorine and

oxygen at OR¥Q 983145 In view of the criticality of thepdrrbsssaasus

t opcoat , there is a continuing need for inproved bonding of the

| ubri cant to t he protective car bon over coat. Convent i onal
practices to control the anmount of bondi n‘b conprise thermally

treating the | ubr.icant .curing. 35 ) Conventi onal | ubricant

t opcoat s form&ﬁHﬁQﬁﬁFﬁégg?kylty °n9¥0ﬁ3H§$EQEhﬂ%5%§3?9%%?&&#61 @BeECul es
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sol ubility onERLYPYEdIn&PERIDS Ant WTiciAt topcoat o, 3 magnetic
Freon[err] solreeursiiray endikiem coloevieanalbogt Freons®ehplraybdehnfdandi ng a
| ubri cant topgoa ef i ; ' dj Howeve nost

Fr eons?err] h%\(/&etptg"(egelanaﬁt oung.é‘gg env%ﬁo%%éslgg%i ggér“?%%% Aerync\ﬁlr;  BRRERt af‘aﬁazar d
and, hence, h¥®@en bannegeehnbarirred Unitede Smdtes. St aCegrentCusodmensol vent
repl acenent s Erea ] | yeoLs® i e | . xanes
which are extre ]1ay exp@%i%ﬁf 8o 861 Ac%ﬁ%%%#%/fg%ﬁgjf%ogi?gfgga need
for |ubricant fex@nes winich are exareTsly d@ersive non- expensi ve sol vents,

particul arly aqueous &tyANBy, SYHRIRS YRl His Oh HBEPUSor 1lubrESRLS!
sol utlgns, and. can be enpl oglgd effe ely, ,as a lubricant topcoat on a

. tivy
magnetPc recoMy nedfurreadily SO%'Bib&@I oSur 898 SKRENFHYENt FBRVERES,
An obj ect of phetiesently nenédd $S1vendd ersidll/HF water oAJH§QEEual coho
sol ubl e | ubri czint 1{( at ﬁr}bbe eas] I% b atﬁg)iei ed.to f mafg_;ne I ¢ recording
medi um to for ArgCBCt SOIYRFRG Nt 3PP THALLT TP ESXET | &Rt F T F ¥B+8n8nd
sticti-on - lubcharaant erostoxs. o0a magnetic Adaptdiatg abg@itmof t he
present invention is a met hod of manufacturing a water soluble

| ubricant for use as a lubricant topcoat in manufacturing a nmagnetic
recordi ng meddmclosure of the Invention

15 An object of the present invention is a water and/or

aqueous alcohol soluble lubricant that can be easily
applied to a magnetic recording medium to form a
lubricant topcoat with excellent friction and stiction
characteristics.

20 A further object of the present invention is a
method of manufacturing a water soluble lubricant for use
as a lubricant topcoat in manufacturing a magnetic
recording medium.

Additional objects, advantages and other features of

25 the invention will be set forth in part in the
description which follows and in part will become
apparent to those having ordinary skill in the art upon
examination of the following or may be learned f£rom the
practice of the invention. The objects and advantages of

30 the invention may be 1realized and obtained as
particularly pointed out in the appended claims.

According to the present invention, the foregoing
and other objects are achieved in part by a magnetic

recording medium comprising a lubricant topcoat, wherein



Addi ti onal obj ects, advantages and other features of 25 the invention

wll be setwdwwziMs in part in the descri ption whi GCYo896012898
‘and in part will becone apparent to those having ordinary skill in
the art upon exam nation of the follgwing or may be |earned fromthe
practice of the invention. The objects and advantages of 30 t he

invention nmay %ﬁ'%l Qstoi’QBi‘En?g wﬁﬁer o2 law%gf Hﬁct'éh%rl or. a

poi nted out in the appen% € present
i nvention, the fepkyelay of the aé}ﬁén@ihéﬂdowﬁééﬁ-‘s are achieved in part by

a magnetic r exRbehes gBgbam 69”EhéSbEESQnEU@thﬁEEo%OH%O%t wathgr ein
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sol uti ongof the ﬁkﬁﬂheﬁ%ﬁp&@ﬁd havmg at leadBobher hgdResy 10igridiep

present i nvent lon is ‘? al Ub# gubrl cant co risipng a sal t of
a perfluoro St ﬁBPtéﬁﬁpm%v‘? £ Ipé'&?Fn&nel B’;(%‘P dBod.
Yet anot her aspeli‘ét}ﬁidtlaﬁ pﬁm@ﬂictﬂm‘;‘ﬁgl an magﬁetlc recdﬁﬁ@@l @edium,
manuf acturi ng a r}gt | cg}ée&or di n conpri ses

depositing a na O“épglses Hné ABFFaEe2 aﬂag88§6§| lcllar}@r on
sol ution of a wahdrstsod bl endO0deposiahnige @antsamtiten nefjnat watkay eo liublfeor m

a lubrigant 1ubrfc9§199aton the & gnetldo‘ E.H?Eb:ert SPEh f% b e A %%1 t

i nvention is a thod o |ng a water sol Ie perfTuoro po yet her
al cohol, which r’ﬁéfmmla‘i-:orrprl ses mxing the perfluoro 15 pol yet her

alcohol wth an alkalghrrhebal asgdkt ObF E‘He present?! Kﬁbbﬁ%l%%rtfs”%t al
cation, a transitiaon netal catjon or ganl c catjon to forma

precipitater wasftPd net making gsateg 59&-& PRt R RUPrQaPelyether
di ssol ving the vasdssbl, whlchprﬁtm&atc%mptl%éﬂ msmngartché egeveniRg-d he

al kal i kal'i h netal, tra t.i,on rret or Qr ani c

salt of aghe perfﬁqﬁy%%ﬁyeﬁ%ﬁ"%\# cdmidtht an ali q'tl 8’01 eds
and advant ages aflkdieinps essentth metal catmmantiaotlraméitmmmmtabarhﬁ:;on or
apparent to thog eré]fﬂli@g cation t¥ 9P K HredliRGrd" ! WadBitf the

foll ow ng detail
resulting precipitate with water; dissolving the washed

precipitate in a solvent; and recovering the alkali
20 metal, alkaline earth metal, transition metal or organic
salt of the perfluoro polyether alcohol.

Additional objects and advantages of the present
invention will become readily apparent to those having
ordinary skill in the art from the following detailed

25 description, wherein the embodiments of the invention are
described, simply by way of illustration of the best mode
contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different
embodiments, and its several details are capable of

30 modifications in wvarious obvious respects, all without
departing from the invention. Accordingly, the drawings
and description are to be regarded as illustrative in

nature, and not as restrictive.



25 description, wherein the enbodi nents of the invention are
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contenpl ated for carrying out the invention. As will be realized,
the invention is capable of other and dif®erent enbodi nents, and its
several details are capable of 30 nodi fications rn various obvious

respects, all BeiéfubPescriptiodepdr Dragrifuigem t he i nvention. Accordingly,

t he draw ngs . and ,d WP r egarded as illustrative in
nature, and not as ©estr ilcfslscq{véé."&tel%ﬁf é%@%/%ﬂﬁgneglc recording

PCT/ US96/ 12998nedium structure to which the présent invemBrimi is
Description ofy[xanw08%a . Fig. 1 schematically depicts a
magneti c recordi'ng medi um structure to which the present invention
S appl i cabl e. 5 Description of the Invention

Convents onal réd@espeionnBEf 8abUrhRandiBRINEt i C recordi ng medi um
conprise formng a Lubricant topcoat b plying a |ubricant,
di ssol ved in a fluorPR4eBfLona me%ﬂﬂv%caﬁba}in%rwa pRr MA@t ed

hexane, w th areddrdingaté@hdfntomSEDHO N Srmifigpactlubdii cath odddd

cost s. Conyventional technjques faqr form a |lubricant taopcoat
of a magnetic FoY 4P 9g ﬁediﬁ‘%ﬁ’é’r% tE:orrgf"F§8rlf’F‘rggus‘wé" ofd %quor_éprﬂﬂtquied

fluorinated fdrydittatasben, ambtablgngauperfluorinaBeddggaiardechnighe asher ei n
e GRTL, °0! W O8Rale 1 econonllel SRS 20hYERLR EREREFRES, Dheditone ¢

with water Wever, SUCh ‘conventiona t'e‘(f:1
require the ustonventivnaili hacbdiguegefipr forming a lubfhcantortedwmaratni t h

the present inyentigRgn¥ter raRdrding. Fleaquﬁ\ogisgl EBRB!I:J’.%Q' phlee Jaubricant s
are provi ded-whrch can 20 be easi fy applied ~In~ an inexpensive,
time saving, emulsifigd,hlurrinalfer fogmudahignsubr 2r@nta t pagmuishr a

magneti c recorslidiggedi Uklechng gRees &ifeddMENt 1 @ £ €Ssolutionkhe in

for ma‘tIISOn of af]'.#ct:){'ir({g'tr:]tedt %%(i(\)r%tntgy asxyeChpfggéd on a disk with water.

However, such conventional techniques disadvantageously
require the use of a fluorinated solvent.

In accordance with the present invention, water and

aqueous alcohol soluble lubricants are provided which can

20 be easily applied in an inexpensive, time saving,

convenient manner to form a lubricant topcoat on a

magnetic recording medium. The present invention enables

the formation of a 1lubricant topcoat by such cost

effective techniques as dipping the magnetic recording

25 medium in an aqueous solution of the lubricant, while

avoiding the use of environmentally hazardous fluorinated

solvents. Accordingly, a magnetic recording medium such

as that depicted in Fig. 1 can be advantageously produced

by a method wherein the lubricant topcoat 14 is applied

30 as a solution of the lubricant in water and/or an agqueous

alcohol and dried, as by heating.

The water soluble lubricant in accordance with the

present invention comprises a salt of a perfluoro

polyether compound having at least one hydroxyl group,

35 e.g., alcohols such as diols. The inventive lubricant



effective techm gues as di pp| ng the magnetic recording 25 medi umin an

aqueous sol ut (YA I¥P7Hke | ubricant, while avoi di ng t he uBET{IS96/12998
environmental | y hazardous fl uori nat ed sol vents. Accordingly, a
magneti c recordi ng medi um such as that depicted in Fig. 1 can be
advant ageousl y produced by a net hod wherein the |ubricant topcoat

14 is applied 30 i he | ter and/
aqueous s ORI & rachifig d boifllold ST Euliadcdiy
sol ubl e lubricamwith acoetddnc@bdiarh hase, suitable eseginioveation or a

conprises a saltp9f;a p@e_rggluo m any pghgetgprtﬁgg@h%r‘ﬁgy%n e Bast

one ‘hydr oxyl group, 35 g al cohdl s such as di nventive

| ubri cant reactiqp §8PB‘FE§5

PCT/ US96/ 12998 7 can be
prepared by reacti a _perfluoro, polyether alcohol with a netal
cation base, sw?%%ge %ﬁénﬁd‘“o% ont BFFPR-CH.OM + 5 c metal as in any one
of the follow n@lgmec OH + M'H" $EBEPEOOHITRenesy, PFPE- CH err] OH

ity ot R Al ie o, . avnguon

PFPE-CH err] OH + MEEF¢H{C!H-|[+€HM°HGCH[PE‘PE] CcH,em™'] » Hy

PFPE-CH err]Jerr]Merr] + CHerr]CH err]CH err]CH err]

2PFPE-CH err]OH + 2Merr] -> 2PFPE-CH err]Jerr]Merr] + Herr]

where Mis an alwzéxen¥t ab, aan adlkadlii metepl t ameatal znd Oearth teaadi,t izon
et al ory@n Org%ﬂ%ﬁngféigﬂ metal or ﬁn Orﬁghl ?Pkg Qe apparent to one

skilled 1n the uoro pol yet her al cohol can

be enpl oyed - - i ht p‘?}écplaldn@et%@@éﬁf@t ufs%cPf}‘:h Sthirélﬁtdaéﬂ Edepsubect
present LAY A Oy g?@g%uaf@ R diied e CAhOME cansll QgTRY e 15

of any type, including PFP PE-2, PEPE-3 and PFPE-4 (De
Pesco, Perfl uora]trkﬁ’ifgc?%’trf‘férrshe éﬂgtl-l&ﬁﬁf%ﬁﬂ bee practice IﬂFbFlh@aPr(?ﬁeé‘rYd

Tri bol ogy, Vol. :lzi\}‘entpi)on2871rﬁ:(h'hd 1%%% PFPE in th8aisere redittieth maiRGe
Press, Boca Ratone FL). JMIN {08 3ing prpE-1, PFPE-2, PFPE-3 and PFPE-4
(Del Pesco, Perfluoralkylpolyethers, CRC Handbook of
Lubrication and Tribology, Vol. III, pp. 287-303, 1994,
Booser, E.R. ed., CRC Press, Boca Raton, FL), with the
proviso that there be at least one free hydroxyl group

20 for the formation of a metal salt.

In this connection, as employed throughout the
present disclosure, the product obtained from the
reaction of the PFPE and a cation will be denominated as
a "salt," although possibly not fitting the classical

25 definition thereof. Furthermore, the perfluoro polyether
alcohol is intended to include the corresponding
compounds wherein the terminal methylene group(s)
containing the hydroxyl, are not perfluorinated.

In addition to the above general structure, the

30 perfluoro polyether may have more than one hydroxyl group
for reaction with the cation. Thus, in an embodiment of
the present invention, the perfluorc polyether is a
linear polymer, such as PFPE-3 or PFPE-4, in which one or
more hydroxyl groups are terminally located.



proviso that there be at |east one free hydroxyl group 20 for the
formati on ofweaesmensed salt. In this connection, msrresiglioyed
t hr oughout the present .di scl osure, the product obtained fromthe
reaction of the PFPE and a cation will be denom nated as a "salt,"
al t hough possibly not fitting the classic8l 25 definition thereof.
Furthernore, the perfluoro pal yether al cohol is intended to include
the corresponding In accpgApBGRds Witkdr eitha hePXagsRthal imeenyiene group(s)

cont ai ni ng the:dfryﬁwyémaar;@ef\piumf éd}?ézetélcohd lubricant %
addition to the a ovqagener cture the 3 fﬁoro po yepher
may have nore alsh d?‘?é?yq‘ egcijdd'b the abovef‘(?learcé&@ﬂ §ﬁhﬁmehwtlﬁé1 gati on.
Thlus in an enimchlreaitobn to renddie mfees;ﬁmfmbwtp@pyem@rpsi&bﬁe&ﬁ ]
pol yether is fear VéTe such a FP E-4, In I C
one orhSe a}"ater %Ojd‘? oxﬁll g%s {ﬂ‘?ﬁ% ﬁ’aﬁ% ';IhG’ Qtfé‘&'e is a

8 lllnﬁ%ccqujﬁhuerw' pblyaehpredieol havbngl bhe 8tructure:
conventional perfluoro polyether alcohol |ubricant, such as zZDOL is
nodi fied in the above-reacti on schene with a netal cation to render
t he perfluoro pol yet heHOGH, CF,0atédh ATRGht-fCFsO} bl €F, CHYQH ( Ausi nont  USA,
Thorof are, NJ) is a linear perfluoro polyether diol having the

structure: HOCH err] CF[err]O[CF[err]
CF[err]O] [CF[err]O] CFlerr] CHerr]OH wherein each of mand n

is Oor,an intagafeitl d4tl ©®f m and nakeUd odQh inteH¥Sof AR 8MRGd|FENt
of . the preselrg 10 I nvention corlrrr@%\;ses a wat er soluble I'inear

per f 1 uor o pol VBRfer 3 oleMbgdt i N9t H'§ oPF&RERG sirvieRbien

- comprises a water soluble linear perfluoro polyether diol

10 salt having the following structure:

hﬂDCEh(ﬂﬁO-{CFZCFﬂH54I350#H CF, CH,OM

wherein M is a cation of an alkali metal, an alkaline
earth metal, a transition metal or an organic salt
cation, and each of m and n is O or an integer of up to
about 100.

15 ZDOL® is available in various molecular weights
ranging from over about 100 to about 10,000, prepared
from commercial sources by fractionation, any of which
may be employed in the practice of the present invention.
In one embodiment of the present invention, an alcohol

20 salt of 2DOL® having an average molecular weight range of
about 1,000 to about 5,000, such as 2,000, is formed.

Another commercially available perfluoro polyether
alcohol which can be employed in the practice of the
invention is Demnum® SA (Nagase & Co., Ltd), which has

25 the following structure:

F (CF,CF,CF,0), CF,CF,CH,0OH

wherein n is an integer of about 15 to about 100.

"THIS SHEET HAS BEEN
* REPLACED




MOCH[ er r ] CF[.err]O-[CF[err] CFlerr]O[err]-[CFlerr]Qferr]- CFlerr]
CH err]OM -  woo9sn71450herein Mis a cation of an alkali netal, BET/ASREI2Pe

earth netal, a transition metal or an organic salt cation, and each
of mand nis Oor an integer of up 15 9t o about 100.
ZDOL is available in various nol ecul ar wei ghts = ranging from over

about 100 to about 1M&umPrIFpasedvailable inomlicmwism wellgvig @;@slq;ylg
fractionation, aﬂ.yon‘\)f ié‘@h?.h 1500 t:o gBXupe g@BB! 0)ed 'J'JTEIK'GEE%@Q i iot@ ot he

present 20 ifventTon. embodi’ ment resent

i nvention, an altthiigess, (ﬁUCZD@E ﬁévshgcralfp%%@hy or dlstr%&lléém
wei ght range of n?@PéEuﬂaPOQeaghEQOle 5al9&9& 100 to ab®u&h 15, 20008an %e

f or ned- cia avai |l abJ e erfluoro 25
pol yether al comﬂtaw*ﬁf%h caﬁn bé*nrgérf‘hﬂroyeﬁix qdimgne of the pplpit,etsieé’&
the-invention i sj ResawidEr rderfuhNogm e i riep. an average mbllérulafy G ikgs t he

follow ng structure:

(CFlerr]CFlerr] PR r pPPEr AL OGF[R r???‘[”ér??@:ﬁ[ers?lfé-ias about gff0a.i 35, is
an integer of ahagiidpedo about 100. WO 98/ 07145

PCT/ US96/ 12998 .
Dermunferr] SA is avaltabPREPRTnSFEOFTE e Ynt S zﬁgefsent lnventdony, Sout

1500 t o 1about 80G@;ermndndi/th Bgaepusnalianhol solubledPERPEudsbrigehtass
f1ash chromat Ogr%%%&uc%ddiﬁt hhhﬁhgo ferf&uormmtﬁ{ AQQ%EO f t@:b%%

100 to about 10 anot I ment
the present aqueomﬂvmlubnonmﬁﬂgﬁftewy S RX¥9eAg af avéﬁ§g§ PEIVEEH ar

vei ght ) féf”ﬁfﬁ&%%]ﬁégght(éfﬁglﬁnéqgﬁﬂﬂ§%EQa§5 abaul i2QQ0 metal,

enpl oyed. anot her _enbodi ment of the present invention, a 10
water and/ or aquus CFGEBHE! sEREBPB PFPE (PuBricafuateTnary  afieRIEY by

addi ng a gerfl ugiopohyeite! ShTobAiub) @c.), and mixing. In an aspect

of this embodiment, mixing is performed by vigorously

stirring to maximize yield in suitably short reaction

times. Upon reaction with the metal or organic cation,

the perfluoro polyether alcohol forms a precipitate that

20 can be readily isolated by standard techniques as, for
example, decanting, filtration, etc.

The isolated perfluoro polyether alcohol salt
precipitate is then washed, as with deionized water, such
as 8 mQ water, to remove excess salt reagent. The washed

25 precipitate is then dissolved in an alcohol, such as a
C,-C; alkanol, e.g., methanol, ethanol, propanol,
isopropanol or butanol, and extracted repeatedly with an
equal volume of Freon TF®, ([Fluorinert®], or a
perfluorinated hexane, or the 1like, to remove any

30 unreacted perfluoro polyether alcohol. The alcohol
extract containing the product PFPE - alcohol salt
product is next passed over a celite column, as by
gravity feed, and the solvent removed in vacuo. The
recovered product, which is a white precipitate, may then

35 be dissolved in a suitable predetermined concentration in

an agueous alcohol, such as a lower alkyl alcohol, e.g.,



aqueous sol ution containing an excess of a basic source of alkali

nmetal , al kalwoeseaash netal, transition netal, or  Or pefiuSee/12964 | ON
(e.g., quaternary anmonium 15 = phosphonium sul fonium etc.), and
m xing. In an aspect of this errb?gl ment, mxing is perforned by

vi gor ously stirri ng to maxi m ze yfeld in sw tabl y short reaction

ti mes. Upon reg th tal or_orga

perfluoro pol ye%%glrggo\ly(foﬁg afl(? s PACBPBE i EHF@HP at a@@ the l’e}éﬁ‘l beTth%adl ly
i sol at ed by st zsdeveredcpmodues as,also soluble fxaihd %ldtﬂf@lﬂtltrﬁyalf
filtration, etg 15% d quro yet her. al coho| salt
precipitate is th%%“ﬁé?%edt § éjl%o(r%ﬂ fg g (g redissolyeg
nferr] water, 86 r%nﬁﬁ@%@é’%lml t inedgent raﬂilge V@l h€atorb aboutprecipitate
i s thensdissol %ggcbacaqﬁlvqo@ 1ab%{F€1 280 apercent GIE GL:%” | kanol ,
e.g., nethano et hanol pr opanol ropaho ™ and
extracted repedPeHFy0uitBexgent (w/v) efcﬂjélbo%ISQn‘EerGﬁntFl(eén) TF.‘{:erarr}

[Fluorinert], embbdifent of tﬁ@rbkggéhﬁﬂfﬂ$éﬁyﬁyﬁe éﬁ tb? b'@icéﬁbfennve
any 30 unr e]ilct ed erfl uQr o yet her al cohol coh

extract contai Athb FH% bLedudE ﬁFﬁESSO&I"@éhéIt §aICPnC8ntratl}9fbdlfctfncsn next

passed over a abbutelcpbuﬁanta?(wb%) to aboudll 3% %:Erf:%%@ (@.ryq,the sol vent
rem)vepol n vacuo. cover ed oduc whi ch a white .

precipitate, nay th%n %%acucub% 31%?5&“'8& hn‘ée’éﬁi"?%blaepﬁte@&éteéﬁ%
concentration #mount of tae RRDuslawhodalsucd dslatkawettal kadted cohol

e.g., .q. VO 8/ 97, .
PCT/U896/12998e g &Hgfgg water, and/or an aquepus Short'ﬁgFﬁHhol,

et hanol , propadbfohelt &edlutimnd tte hi ldes ik workingreonwemd-am.@duct i s
al so sol ubl e |@e,gggaﬂ90hqjsé§,_§lel t«lorklng Coﬁ&rgce%etr ns ' Rg PFPE ?ﬁgpah

salt solution is redissolved a concen ra |on I A
from ut 0.®d4cckol Salﬁerlé’elﬁraqwq,ﬂ)nﬁ otla@)omeq@@tpewenmpw/ \r)a,ngﬁuch as
from abﬂbrh Qbburer ceobo(L\M’pérééhtabQWvW er sseht(Md) perldd .
enbodi nent of resenlté ntlo%P t he PoFoPE al coho Salt solution
i s redissol ved at 9' CONT n??a T¥h HCYT g 90 percent (w/v) to about 1
percent (w/v), e.g., from about 0.01 percent (w/v) to
~about 0.5 percent (w/v). In an embodiment of the present
20 invention, the working concentration of the aqueous PFPE

alcohol salt is about 0.1 percent (w/v) and the aqueous
solution is heated to a temperature of from about 40°C to
about 100°C and filtered using conventional techniques,
prior to use.

25 The PFPE alcohol salt produced in accordance with
the present invention can be applied to a magnetic
recording medium by conventional techniques. For
example, the working solution can be heated, as at a
temperature of from about 50°C to about 90°C. By the use

30 of a lifter type dipper, a magnetic disk can be submerged
in the lubricant solution and soaked for a time
sufficient to coat the disk surface fully. It should be
apparent to one skilled in the subject art, that the time
required for forming the coating is dependent upon the

35 solution concentration and temperature, as well as the
properties of the particular PFPE alcohol salt. For



about 1 perceht (W/v) to about 10 percent (wv). 10 In practicing

t he present i nVemp8/@M45 a predet er m ned anount of the PFPECEAUS®Gi12998
salt is diluted with water, e.g., deionized water, and/or an
aqueous short-chain al cohol solution, to a desired working
concentration. General 'y, useful working concentrations of the PFPE

15 | cohol ' ti.cl t_] ' f
2bout 0.0001 per conEPARY) o SB0drtiy SaREoR: SORKERS' Efg WB e chreqn
about 0.001 perceRinpkey) isosufddcient to coapepcéhsk (suvface. gsingrand.1

about 0.01 percenpebWetk YQ/v) solutdllcd chd kil QY1) -of 'FbdH,

enbodi nent of the present 2 . i.nvention, the working concentration of
t he aqueous PFPE AftgrcsNSEisdent soabéng bimeperscntansed) the dhek

aqueous s segursu@mgs e et tOramt el abyi 8aRE Ebomrabaut A0[grriC
to about loongr ri] d filtered using conventional techniques,

n
prior to use. 25 SPe n %‘% PRPES 4 PEOHAIC™S AROHr ofiu@E ™Y S&EC S apfe@ut

With t he poesenim/dwEnt eQl .Ganf Hem appoued ¢ 0L ampRgRet itc about 1
recording nmedium 8¥§8con ntional,, technigue

£ KCR: lubrikat '
exanpl e, the wor k'R I"ut | c%erﬁ"b%e HER BH5F aB2g; 3g lubricant goating, of of
from about 50C toahbuut 9Bfiertd C3MBy tawe measf8fted byofFautidt ert#ameform

di pper, gheti ' an ed i n t.he lLubricant.solution
and soakgjdg?or a ?F%Eﬁﬁ s;g)g%%f?g%% t & the{k%ﬁ sﬁog&reécélfgl Rints
It shoulkd be thergpfsegnbet dromd Bkirndtedlineadyedsybj @astaardan ¢lmrated
tine requieRfetaeyk@rmng the coating is dependent upon the 35
solution concentration_and tenperature, as well as the . properties
of the particul ar PFPEIRI @oR&inegaigmbodimgnt of the pygsegroiwsntion, a
PCT/ US96/ 12998  disk is socaked for a time sufficiddt to form @XHBEEindt
was foundl%hat a sgaki ng ti of aé)o(hjt JLghree mnutes is sufficient
to coat a-disk suFP&EECHsFRFSSEribed above naemayed §rof B RFDHEbPIt
sodium salt of ZD@iped of excess luidRfarstifddlaitain,caat bjithdhd®Pagachine
el apsed, the disk . | ubri cant sol uti.on

2t St BiPFhe FRGATITIGTTIERGt B e A AL e e %
10. 0 mm sec, e.g.abdron2@adouto Boum4dE t magbbet eiployed and the soaking
: time altered accordingly. The resulting disks contain a

20 lubricant coating having a thickness in the range of
about 5A to about 1004, depending on the lubricant
solution formulation, concentration of lubricant in
solution, temperature of the lubricant solution and the
structure of the thin film disk.

25 Surfactants may be added to the lubricant solution
of the present invention to enhance wetting of the thin
film medium. Suitable conventional surfactants include
FLUORAD® surfactants obtainable from 3M Company, although
other known surfactants can be employed. Surfactants are

30 particularly useful - in the low temperature
application/wipe embodiment previously described.

In another embodiment of the present invention, the
wettability of the disk surface is enhanced tc facilitate
and improve the adherence and formation of the lubricant

35 topcoat. For example, the disk surface can be oxidized

in a conventional manner, as by plasma etching, to



mm sec. The resulting disk has a |ubricant coating of | about'15[err]

to 30[err] = soarsdsr ed by Fourier transform 10 i nfrared w9646 py
(FT-1R). The coat ed di sk may thereafter be dried if not a ?%g dy
dry, as at an el evated t enper at une. I n anot her

enbodi ment of the present invention, a di sk rs soaked for a tine

sufficient togravide caakmore 1l5ydrophi1'lﬁdf e@ﬁr@&céesCtrﬂet%%yabgﬁﬁanf:ﬂ@ve‘j

fromthe sol ugﬂle(% dl . w ped of excess |lubricant sol ution,

hand or machine 18X ping. In this enbodi ment, |ower tenperatur es
sucE_ as abclmbllﬂﬂ:[amtr] ttdprcﬁmg lt0410[magh@tllﬁf?YrBEOQHEh@yeﬁleéﬂg thgo
soaki ng r in i S contain a

| ubri cant coatl n a&inLSESEHQQ%%eS%EiHn 1??1} FAnge &Pvegtl %§HGU£’€SPerr]

to aboft 100[ &V&] ua@@@wdltrbgrgﬁpﬁhé tagtatait stiction,sal B.PMOQtiOtlifUhat i on,
concentrationgagl | Lgch_es@t dy-f soluti of
sdrcormance Sy i | PR AT, hapdiciss

| ubricant solution and t structure ilm
Surfactants nét"?c@é'déd%ddi-%kﬁhe Wiy | eesile®| 8si @pod or baﬁtdmetbaasent

i nvention to Qﬂb@l@:&d@ tJ.'n”@uQ‘;:ehh.euEQ' rBuch as AMEbbF‘ EHbm?“béﬁP' e
conventi onal urfactants i ncI err] sur act ant

obt ai nabl e fr SRFSAVES T &RE pﬁptsnél}&ﬁh°1 salt B’tlh’é%ckﬁéﬁnlgui’-ﬁr?g@rdﬁnsecan be

enpl oged. Surivdchanhe p&esaﬁt lnveﬂ&&thHHG&hiageoUﬁ@?Uénab@e thBeyse | OW
tenperature I | [ %I Oné%ﬁ% i_nent previously described.
t

In another enBadi r?en eﬁ@&ﬁ?ﬁgﬁ e vent SY%%?'{‘abf-PFty of
t he di sk surfé@@lllsaé:rmumt@d ﬂcmri & ilubdmtaant tOpcoa&nd | A Dy Eoh ARy,

adherence andtggrggébgﬂ OEngQEtlBﬁerBOEdéé exce%i f%%ﬁhgggtgéa ée the

di sk surface-can OXI Conven pl asma
etching, to without the environmental risks attendant ug@n employing

provi ds a nor ecRydnheRRindiC [Sei f AeSr i AL EDYy8PHRARALLEYs, and are less
wettability. Lubricant topcoats on negnetic recording nedia

formed in accOPEARGENEG OF HRFRS%Sent i nvention have 5 been
eval uated with respect to static stiction, 1 RPM

EXAMPLE 1

In an erlenmeyer flask, 10 milliliters of ZDOL®

2,000, commercially available from Ausimont, were

20 vigorously mixed with a stirring rod with 30 milliliters
of 50% sodium hydroxide solution. A voluminous white
precipitate formed, and stirring was continued by hand

for five minutes. Excess sodium hydroxide solution was
decanted and the white precipit:ate washed five times with

25 deionized water. The white precipitate was then
dissolved in 300 milliliters of methanol and extracted

five times with Freon TF® to remove any unreacted ZDOL®.

The methanol layer was filtered through celite by gravity

and removed in vacuo to yield 12 grams of ZDONa® as a

30 white solid. The resulting white solid, 2ZDONa®, was
found to be soluble in methanol, isopropanol, water and
aqueous alcochol solutions, but insoluble in Freons®,

hexane, methylene chloride, acetone and perfluorinated

hexane. :
l THIS SHEET HAS BEEN

REPLACED




stiction and SD-CSS performance on thin film and magneti c

recordi ng di skwo v8/4745 esults as good or better than polyusssnds
in current use, such as AM2001 - (Ausi nont USA) . Mor eover, the
PFPE al cohol salt 10 | ubricants in cordance with the present

i nvention advant ageousl y enabl e tthe use of a markedly | ess
expensi ve sol vent syst far. ggﬂli ion to forma. . __lubricant

t opcoat . Addi t i ona}flrfﬁbrlt%e S(r&gég‘ﬁton for Eormln$ ,s?\,éHPF&ﬁa&%o\l;nggat

excel | ent |ubricant dihagnetitovecesding trediuvendaronreniatmed i biSsimply
att endant Upon(??ggé?%i&b a PFPE alééﬁyfnghfga% 5%% thgagggordance

hydrocarbons, and are _ mandi Ng o
EXAMPLE 1 with the puegensr lieywvemtdorf | iwkanlelephbill itersrofuZeOa

20 2,800, cuRMCIH laha avallabls. %1{%& g%%fﬁ'@igx’?n&ith"ryéfﬁrrt ore

vigorously mxed wth a stirring rod W of 50%
sodi um hydr oxi de sol uti on. A vol um nous white precipitate
fornmed, and stirring was contgwaMesr, By2 hand for five m nutes.
Excess sodi um 25 hydroxi de _solution was, decanted, and the white

precipitate washed fiFe4§ FaWF (3 LRPR R Gefefsolved with hepelipgi da

precipitate was tftermili 5sDiwvedsi BE3Gethanol. Thel Idddilltaify Ohe PRRABNGL
and extracted five.tines w n TF[enr% to renpve.an
e

with .. Fre ]
unreacted zDOL. TRaSreFhants diigted tloay:Lr"o'WEEr FitE qrﬁrﬁfbhwééﬁﬁe
by gravi ¢ and The solutiaremasetthem heated atykerdtd2s8granandf fZDEONgeds a
white i resulti i sol.i.d, EE%@ ound_to
be soluble in neﬁﬁaﬁ@%?‘}Egtfﬁbgﬁéfgqhggﬁ% dnd&éguggus in&a§°qu18chﬁ8
sol utions, but i-®solanpkoyed FEeoformhaxakwbricags. topcagthyirere oagoekde,

acetone and per f Lo Rated NKARE. WO 98/ 07145
PCT/ US96/ 12998 13 A
| ubricant solution for formng a | ubricant topcoat on a nmagnetic

recordi ng medi um can be forned by sinplyexampre 3 di ssolving a PFPE al cohol
salt proggced 'n aCCO&'%P%%ocedure of Example 2 was followed, except that
ultrasonic energy was used to form the solution of ZDONa
in 10 milliliters of methanol.
Advantageously, the water soluble lubricant
solutions prepared in accordance with the present
20 invention can easily be applied to a magnetic recording
medium as, for example, to form lubricant topcoat 14 in
the magnetic recording medium depicted in Fig. 1. In
accordance with the present invention, the lubricant
topcoat can be advantageously applied by submerging a
25 disk in the lubricant solution for a sufficient period of
time to form a lubricant topcoat on the disk and removing
excess lubricant, as by hand wiping. Elevated
temperatures are not necessary. However, it has been
found convenient to form the lubricant topcoat at an

30 elevated temperature.

EXAMPLE 4
The ZDONa lubricant solution prepared in accordance

with Example 2 was heated to a temperature of about 50°



with the present invention in an al cohol to produce a b5 sol ution and

di luting thaveesamsopn Wi th water. PCT/US96/12993MPLE
2 Five granms of ZDONa were dissolved with heating in

10 mlliliters of nethanol. The resul tivag met hanolic sol ution was
diluted to 1 liter with deionized water. 10 The-sol ution was then

heat ed at 60[e:|tr]ahkmt80$efc]C aradnfgi lat @riffiter-type digyedgha cm&ranw%isl ter
paper. The resyl S Iutl | oye o forma | ubricant
Ml ! e s gane (affuhon, oaxdd *HE *chede

topcoat on a magne
EXAMPLE 3 15 minutes, &k sioekyduremotedxfnphetRe waslholbowed, aexaeat t hat

ul trasoni c engjsyy VE@%#??QmEEeE?EQEBHQ soluty Qfy Of; nél%g\ia/%eco | a0

mlliliters of Adv antageou T er
solubl & | ubrre@aﬂttmg disk was fouodstprepafirer |ﬁrcmtwa|t@a1139amshanﬁe

present 20  pad QVEHELEQ%CQ{lb‘%%bhE ésaemg &f 4&& 'I%%“%to' Sbﬁﬁ(ﬁowhng

medi um as, for exanple, to formlubricant topcoat 14
magnetic recorPd ng“?%‘iﬂ{@ﬁi deB¥ct EF-IIR Fi Fourien pn TranSforf'accenﬂaﬁcedWl th

the present i Mﬂx@bcdﬂ}ﬂ | Ul!"hlacﬁnfpm stlctldrPB%QaEDcégs @EIHQHEQQSOUS' y
applied by su the | ubricant solution for

sufficient pe 5d 5‘fl LA disksa ﬁb‘bﬁ'}rcﬁt&dl HBFPC%H@N?obEo%t?c%ﬁdﬁﬁéed| sk
and r&fovi ng w1th thiex@empllailti @adubrigzantbyhiBRAEssWopl 00-11A and

El evat ed nperat ure re not, nece y ver, it has been
found conveni &t 2t 't oFTH T hie ?g?)&l &Rt P&B@ogio é’teratj_‘%gb as ‘weld o3%t 84
tenperature. better than AM2001, a conventionalEXAMWPEEaAt marketed by The

ZDONa | ubri cant,Sqldfdd on prepared i n accordance wi th Exanple 2 was

heated to a tenperature of about 50[err] .- WD 98/ 07145
PCT/ US96/ 12998 As one skilled in this art shouk§1apprec1ate the

15 lubricant coating thickness depends upon the particular
lubricant solution formulation, concentration of
lubricant in solution, temperature of the lubricant
solution and the structure of the thin film disk. One
skilled in this art can easily adjust the relevant

20 process parameters to obtain a desired lubricant coating
thickness.

As previously disclosed, the lubricant solution in
accordance with the present invention can be applied at
elevated temperatures by hand wiping or mechanical wiping

25 techniques after immersing a disk in a 1lubricant
solution. A disk ready for application of a lubricant
topcoat is socaked in the lubricant solution, removed from
the sclution and hand or machine wiped, as with a clean
cotton wipe. In this wmanner, a lubricant thickness

30 ranging from about 10A to about 100A can be obtained
depending upon the formulation and wipe procedure.

The present invention is not limited to 2ZDOL®
alcohol salts. Rather, a variety of PFPE alcohols are
commercially available and will undergo the disclosed

35 salt transformation rendering them similarly useful. For

example, Nagase’'s Demnum® SA PFPE alcohol, which is



to about 90[err]C. Using a lifter-type dipper, a disk was

subnerged i n W@9%/aMiss cant sol uti on, soaked for three : nPETUSS6/1289d
slowy renmoved fromthe solution at a rate of 0.1 mllinmeter/second
- 1.0 mllimeter/second. The 5 resi¥ing disk was found to be free
fromwater stains and had a uni form | ubricant coating of about
15[err] to aboutad®dikable at a mokecupazswedghtbpf RPonR 1(FEGriter about
Transform Infr p py),- e st LWohihen ~and

per f or mance aé%?brc?ﬁiﬁg‘f ?f‘%%?éﬁﬁ% EEI‘QI g%te[e;cgiﬂbc\n Ttlﬁg%h lc;i]’i'n 1%
accordance 10 embedihenhisf BSkappresant INHATEEAR, OFERTeSS o LTt % r r ]

and 21- 381 &1 A 2 RS Pe b ePAL v gh § OLNCE KO RBIJOIIR 3B 11,300 PMto
better-than AM2001, a conventional | ubricant gaﬁliet ed Ry . Ausi nmont .
As one sKilled i#PPHFsSaPPOshatirdPappr auFaeEstihéY18mPLloYedypri cant coating

t hi ckness depends uponhéhepper t iglidaiol salts | bhrifeddrdansed utwith the
formul ation, concentratjon of Ilubr.i c%% I n éol ut i %1[1 t enperat ure
of the | ubricantPrESent 1RYERE QR 3k (e LM-GEAUFE TPIHNR: ¢ AFFHTT m3ihk.
One ski ldBealh hétsl acdt: Do, easth yasadjicdtiue sodiemanpo2@ssium,
process paraneters to obtain a.desired lubric atin t.hi ckness.
As previously dics%?b‘é’@d?n?hg“‘%&%ﬁu@antcasnolbnu i%ﬁﬁ\lr%&éntpy erﬁ%%%’?’&&ncekﬁ\;ﬁth
the present invemddbniocan berappki etlkaline earthehevalledatepperatawads ads/
hand w pi ng or ' L Dl ni QUES, Wg¥Ergl n
@&ng%f%,%&’éﬂgsﬁn, caléﬁ%‘?,sk readty o &nd Hat N%a

disk in a lubric olution. A or agpllcatlono a
A

| ubri cant be t eppdayeds toodlesd i vateT useiehke BBPEt RéAChPNEAT £ rom
the sol ution andhafgh Of i SRCRINE MPFardS cHdmdrehedlitions can@lédbe
W pe. In this-manner, a |ubricant thickness 3Q. - rapgi ng from about

10[err] to aboutelPbPEef] B&nwBeloBEaPREARIC CATL10f&nefHFAg2ufdRHaFéarY
formul atiison and ymmenpuRCEdR,N:), sulphoniumThegRYsEsenind nvehicisprhdrsi unot
limted to ZDC]_[errl gflco o% salts. Rather, a variety of PFPE

al cohol's are  ©at1on§@Pedi 5PFy 4081 able and will undergo the discl osed
35 salt transformaei opresaderi ngvehenpsi nilkar hptuséfimitedFoto any

exanpl e, Nagase' 5, FRIBHILE" Eype b Pridg M el Yecd Ol Wediun, but A be

i
98/ 07145 , 396/ 12998 ,
employed in any of various magnetic recording media,

20 including those wherein the substrate or a subsequently
. deposited layer has been textured, as by mechanical
treatment or laser techniques, and the textured surface
substantially reproduced on subsequently deposited

layers. Thus, a lubricant prepared in accordance with

25 the present invention, can be applied to form a topcoat,
such as topcoat 14 on the magnetic recording media
depicted in Fig. 1, but not necessarily limited thereto.

Only the preferred embodiment of the invention and

but a few examples of its versatility are shown and

30 described in the present disclosure. It is to be
understood that the invention 1is capable of wuse in
various other combinations and environments and 1is
capéble of changes or modifications within the scope of

the inventive concept as expressed herein.



15 avai l abl e at a nol ecul ar wei ght of about 1,500 to about

8, 000, can kg sfhsyed in the present invention. In an pCTANYRdhgeB Nt
of the present invention, Demum SA[err] al cohols | havi ng a

nol ecul ar weight in the range of about 1,000 to 5 about 5, 000 have
been successfully enpl oyed. lﬁhe PFPE al tohol salts in
accordance with the present invention are not mﬂ

Rat her, any al kali metal catio&lAIYEh as |ithi L'"Ilnmm “lu ”“P
pot assi um cesi um and rubi dium can be conveniently enplfoyéd.

10 addition, various alkaline earth netal cations, such as
beryllium magnesium calcium strontium and barium can be

enpl oyed to form a water ASOhié@lrfétREPErébéQHthSalnédlum compfns@agl tyon,
vari ous transi.ti,on, rretal cations c wel | as

organi c cati on¥PSRARG RRTeFhar Vg:ﬁem tgﬁm}b‘ﬁr&rﬁan(:R[lesr )rlsjeqo\li[‘é?a)r? )n

sul phoni um  ( Rzrerg S[eridyer aabkapbbsphoni swlution of Celté cabkasoll ang |ike.

The present ‘J Q__ve tion is not limted to any particular type
of magnetic recordi’ng nedium but can be enpl oyed in any of various
magnetic recordi ng nedia, 20 i ncludi ng those wherein the substrate or

a subsequently 5 %paaghs gayﬁe Patnf il X LULeFa; 2y Y gpgLn cal

treat nent or | aser technltgﬁe
subst anti al | y Irepihedisded Juthsdqaertt 11 éeﬁégpr@dpolyetherl egepeundhus, a

| ubricant prepared in accor dance W|th 25 t he present invention, can be
applledtoformatopc as to coat 14 on the magnetic

recordi ng medi a : Th&eBFEPEHanr??@rding dift areeesdas F§ Fidifed

t hereto. - 2,- whereid| tyhé hel po£d eps be eibo de dRfdud 1deaipyedluépoand
but a few exa Ieslﬂ} |ts versatlllty are shown and 30 described in
the present di is to be under st ood that the
invention is capable of use in vari ous ot her conbi nations and

environments and i s, ppe magﬁgé%eré? of82y g"réedifunﬁ%@' 'r‘c‘ﬁtn'goﬂ% MLhpn the
scope of the inventive concept as expressed here
3, wherein the Ilubricant is a salt of a perfluoro

pelyether compound having at least one hydroxyl group.

5. The magnetic recording medium according to claim
4, wherein the cation of the salt is that of an alkali
metal, an alkaline earth metal, a transition metal or an

organic salt.

6. The magnetic recording medium according to claim
S, wherein the 1lubricant is the sodium salt of a

perfluoro polyether diol.

7. The magnetic recording medium according to claim
4, wherein the perfluoro polyether alcohol salt is a
linear perfluoro polyether diol salt having the following

structure:

MOCH; CF,0 +{CF; CROif{CF.03; CF, CH,OM

~-
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16 ' 1. A magnetic recording medi um
conprising: wo®ssuldst r”a““irnml "Hmm[ I c layer on the substr @CEUs96/12998
protective overcoat having a surtmace on the nmagnetic |ayer; and . a

| ubri cant topcoat on said protective over cogt, surface, wherein the

| ubricant topcoat consists essentially of asalt of a fluoro polyether

al cohol | gbricant, .cq u I.rect in coptact with.sai rotecti .
over coat éurface%her%gglqg.ggT%ec%%ﬁﬁ% igprggoﬁg%ﬁglngﬁg ’a€¥6r8¥251588
claim1, whereineahdeh ubetednt & opcesats toiwi stietefl toe sal t oatyartie f badto
pol yet her al cohol._lybrjc cgﬂgf ppl i L rectly. in, t with I d
protective over ggé:ti%rf 'sur dace %rﬁ %ﬁ ergo]?éutcl?oérf'L c%%s’f%??é}%‘% %gsgﬁt ?‘§I |y
of said salt i@boutolMdht sel ected fromthe group consisting of water, a

| ower al kanol, and a m xture thereof. 3. The magnetic recording
medi-um according to claim1l1, wherein the |ubricant conpound is a perfluoro
pol yet her al cohol . 8. The magreRhgiedser¢rdmMediymesrorddsc i again

claim 1, whereinatheyhubeliganthéopsest16oRsI Yo yafredi agebhdl &adi Okhe

| ubri cant corrpour%d .
ollowing structure:

F (CF,CF,CF,0), CF,CF,CH,OH

- 5 wherein n is an integer of about 15 to about 100.

9. A water soluble lubricant comprising a salt of

. -a perfluoro polyether alcohol.

10. The water soluble lubricant according to claim
9, wherein the perfluoro polyether alcohol salt is a
linear perfluoro polyether diol salt having the following

structure:

hﬂDCH@CE&O-{CTE(ﬂEOﬁTKEEOtH CF, CEhbOM

5 wherein M is a cation of an alkali metal, an alkaline
earth metal, a transition metal or an organic salt
cation, and each of m and n is O or an integer of up to
about 100.

11. The water soluble lubricant according to claim
10, wherein the linear perfluoro polyether diol has an
average molecular weight of about 1000 to about 5000.

12. The water soluble lubricant according to claim
9, wherein the salt cation is that of an alkali metal, an
alkaline earth metal, transition metal or an organic
salt.
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17 5. The nagn di um according to claim1, wherein
the | ubri carwotgo/mqgt ”i Iml Em ﬁnﬂgl“rof a perfluoro pol yet heeraisod12998

| ubri cant conpou netic recordi ng medi um according to
claiml1, wherein the Iubrlcant topcoat coh8ists of a linear perfluoro
pol yether diol salt having the follow ng fornula:

MOCH[ err] CF[ err] O (QGF[ eTheCrater] shhubl € whriGnimaSrierdigy e r¢ BMm

wherein Mis a; §at mz@n@%ﬁék@gte@e%mb@% d\@a g O@aightm%t adog

transition netal _or an organic salt cation, mand n IS or an
i nteger of upsgdtapdue lomear perflporo ped dSlecor ding medi um
according to claim1, wherein the protectlve overcoat conprlses car bon

8. A tubricant solution consistin a sol ve )
sel ected fromthe ghbup EBﬁsW@FPﬁggﬁf iﬁeigin%ﬁ%WsaC%@E%&ngaH% 33Tr es
thereof; and g, wﬁeﬁlélﬁa|t§h@f ;@exﬁﬂﬁdwr@oﬂ(?le)téhh&eraﬂ!bahollUbhaﬁaﬂihe
conpound dISSO|V§9 t here : The | ubricant solution according to
claim 8, owing structure
F (CF,CF,CF,0), CF,CF,CH,0H
5 wherein n is an integer of about 15 to about 100.
15. A solution comprising the lubricant according
to claim 13, an alkanol, water or a solution of the

alkanol and water.

16. The solution according to claim 15, wherein the
lubricant is dissolved in water.

17. A method of manufacturing a magnetic recording
medium, which method comprises depositing a magnetic
layer on a substrate and depositing a solution of a water
soluble lubricant on the magnetic layer to form a

5 lubricant topcoat.

18. The method according to claim 17, wherein a
protective overcoat is deposited on the magnetic layer
and the lubricant topcoat is deposited on the protective
overcoat.

19. The method according to claim 18, wherein the
water soluble lubricant is a salt of a perfluoro
polyether alcohol.

20. The method according to claim 19, wherein the
water soluble 1lubricant is a salt of a perfluoro
polyether alcohol with the cation of an alkali metal, an
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wherein the di-salt of ether diol |ubricant conpound has
the fol | ow ngwmsmmr El mm“ Ili [err] CFlerr] O ( CF[ er r |KCApESIsIIBY98n-
(CF[err]O mCF[err] CH re|n Mis a cation of an alkali

metal, an al kaline earth netal a tranS|t| n, metal or an organic

18 salt cation, and each of n1and nis O or an integer of up to about 100.
10. The lubrica o] t the di-salt aof a
perfl uoro polyet %% Q?§E§|@gﬁggco%bghﬁgqﬁggiﬁgqéggghge ndlefdPar+c
wei ght of° aboutiﬁﬂbn to about 5000. 11. The lubricant solution
according to claim 8, wherein the di-salt of a perfluoro polyether diol
Iubrlcant conpound is the disodiumsalt of a |linear perfluoro polyether

di ol . 12. The2} ubrTeantetkpdt 2epcrdéngdragciainl aP m Bherkéreitiret he
di-salt of a penfduor OsPDAYES hﬁibﬁ'i@éniui?é'&ﬁnhlEQﬁPOHEQalssglésm ved in a
solution of the lower al kanol and water. he [ubricant sol ution

according to claim@8, wherein the di-salt of a perfluoro pol yet her di al
22. The method according to claim 21, wherein the

water soluble lubricant is the sodium salt of a perfluoro
polyether diocl.
' 23. The method according to claim 19, wherein the
water soluble lubricant is a linear perfluoro polyether
- -diol salt having the following structure:

DﬂOCEQ(HﬁO-{CF;CE&O#TKHﬁOhH CF; CHhOM

wherein M is a cation of an alkali metal, an alkaline

5 earth metal, a transition metal or an organic salt
cation, and each of m and n is O or an integer of up to
about 100. .

24. The method according to claim 22, wherein the
perfluoro polyether diol salt has the following

structure:

NaOCH; CR,0 —fCF; CRO{CF,0t=CF; CH,ONa

wherein m and n is O or an integer of up to 100.

25. The method according to claim 19, wherein the
perfluoro polyether alcohol has the following structure:
F (CF,CF,CF,0), CF,CF,CH,0H

wherein n is an integer of about 15 to about 100.
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| ubri cant conpound i | ssolved in wa 14. A net hod of
manuf acturiwggmﬂngnﬁ"jjmmmcu Hll[lglmadl um whi ch et hod conpsdresscitisss
sequential steps of ;"ML HEEOE magnetic | ayer on a substrate;
form ng a protective overcoat |ayer overzg he nmagnetic |ayer; and
formng a lubricant topcoat on the surface of the Pprotective overcoat
| ayer by directly applying to said surface a solution consisting
essentially of: | vent

. 1 a
sel ected from the 3f ouf* ESFICS PEPTHPIVGIRY & MaSLSH 5,0?%&11& Pe'ﬁ%guﬁir?t ures
t her eof ; amjpolyetnesatlcohom &hMorowhbtyembehcdlcohpkihabrh@&ﬂhg @onpound

di | ved th ’ i tq.claim14, wh th
Sait 15 a salSHETUORS RPESEnR S RToT At kel nlE R gacRoR Oy 1
according to at almaﬂzb,ne\mmm meltalsaatios, aaimanaiftia:rpmeft:latlonatmahyet her
al cohgl with cgﬁ%l'fé‘téo%ecg cﬁ'ﬂiﬁ{é;%las:.@;nél:alan ?lﬁlc!r%%nq.ad’ WHeB gy a

transition netal an or
form a precipitate;

washing the resulting precipitate with water;
dissolving the washed precipitate in a solvent; and
recovering the alkali metal, alkaline earth metal,
10 transition metal or organic salt of the perfluoro
polyether alcohol.

27. The method according to Eiaim 26, wherein the

cation is sodium.

28, The magnetic recording medium according to
claim 1, comprising a substrate, a magnetic layer thereon
and the lubricant topcoat on the magnetic layer.

29. The magnetic recording medium according to
claim 28, further comprising a protective overcoat on the
magnetic layer and the lubricant topcocat on the
protective overcoat.

30. The method according to claim 19, wherein the
substrate containing the magnetic layer and protective
overcoat is submerged in the solution, soaked, and slowly
withdrawn and dried.

31. The method according to claim 30, wherein the
solution is heated to a temperature of about 50°C to
about 90°C.

32. The method according to claim 31, wherein the
substrate with the magnetic layer and protective overcoat

Prataion
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17. The nethod according to claim 14, wherein the salt is a |linear
perfluoro pol ywolsen7ms o iﬂﬂwl,mm 'm lm following structure:  pCTAUS9E/12998
MXCH[ err] CF[err] O (CF[ CFlerr]OmCF[err]CH err] QM
wherein Mis a cation of an al'kali fet#l, agial kaline earth metal, a
transition netal or an organic salt catlon, and each-of mand nis 0 or an
integer of up tdsabetiodéd. from t:héSluEEchEﬁt:h%lQ&CiCHrﬂi 86 i@l 544,

wherein the substr.ate c ri sing the i C Ia d protective overcoat
is submerged in f“ﬁgt‘]@g\e& ToRE%s 51?8&&13?? §P8W§ Vi hitBRRe EnBedr fegond.

19. The nmethod according to claim 14, wherein the solutionis at a
tenperature of about 50[err]C to about 90C.
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