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I-%t T MAGNETI C RECORDI NG DEVI CE BACKGROUND .
OF THE .l NVENTI ON 1. Field of the I'nvention The dW@§eﬁ@PYﬂ

i nvention relates to a magnetic recording device having an inproved
spindle notor |ubricant. 2. Description of the Background Art

Current growth rates for digital nmagnetic recording data storage industry
show a significant annual increase in Fecording densities and transfer
rate.and a decrease in seek time. To continue on this growh rate curve,
the recording industry is beigacheraed greorbteng pevirer of significant
changes in the design and operation of the magnetic recording device.
Digital magnetic recording devices for data storage generally conprise a
thin filmnmagnetic

BACKGROUND OF THE INVENTION

1. Field of the Invention

-

The present invention relates to a magnetic recording

device having an improved spindle motor lubricant.

2. Description of the Background Art

Current growth rates for digital magnetic recording
data storage industry show a significant annual increase in
recording densities and transfer rate and a decrease in seck
time. To continue on this growth rate curve, the recording
industry is being foréed to make a number of significant
changes in the design and operation of the magnetic
recording device. Digital magnetic recording devices for
data storage generally comprise a thin film magnetic
recording disk, a spindle motor for rotating the disk, and a
.ﬁead or transducer which is moved along or above the surface
of the rétating disk to read and write information on the
disk. The thin film magnetic recording disks generally

comprise a substrate, a magnetic layer such as a
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recording disk, a spindle notor for rotating the disk, and a head or
transducer which is noved al ong or above the surface of the rotating disk
to rread and wite information on the disk. The thin filmmagnetic
recordi ng disks generally conprise a substrate, a nagnetic |ayer such as a
cobal t-based netal alloy, a protective anorphous carbon |ayer_and a | ayer
of perfluoropol yether di sposed on the g¢arbon overcoat. The nagnetic
recordi ng disks are nmounted on a spindle notor which rotates the disk at a
hi gh rotati onal cazitdbadéd® mgtaldhEl6Ppl Qr pgeteditlvey afofpiicweeearbdn a
spindl e shaft attached to a housing, (ii) a spindle hub rotatably nounted

on the shaft, anthydd ahdl aludyedt 68 padtd1uokepslydhepoai spsrryl onnthaces
formed in the shaft and/ or hub. The head or transducer is attached to

a carrier or sléf@fonhaybPdha irhe e cSHEdHA nghiiCid reUpBeated
during operation adjacent the data surface of the disk by a cushion of air

generated by theyf Qf 3piR@1dintdeor which rotates the disk at a high

rotational speed. The spindle motor generally comprises (i)
a spindle shaft attached to a housing, (ii) a spindle hug
rotatably mounted on the shaft, and (iii) lubricated ball
bearings positioned in races formed in the shaft and/or hub.

The head or transducer is attache& to a carrier or
slider having an air bearing surface which is supported
during operation adjacent the data surface of the disk by a
cushion of air generated by the rotating disk.

The recording device also comprises a positioning
actuator connected to the carrier for moving the head to the
desired location on the disk during reading or writing
operations.

Conventional magnetic recording devices are operated at
a rotational speed of about 3,600 RPM to 7,000 RPM. It has
been discovered that during normal operation of the disk
drive at higher rotational speeds, e.qg., >7,500 RPM, the
recording device begins tc undergo acoustic vibrations

associated with chemical breakdown of the spindle bearing



The recor di ng device al so conprises a positioning actuator connected to
the carrier for noving the head to the desired location on the disk during

readi ng or writi ngThiQReh A0 ConY emfid oial, g@gﬁﬁ%‘f recordi ng
devi ces arge operate Bl e Ghal spegd of @bQAJ(t;ED’S N RPM to 7,000
RPM It has been dyﬁﬂHmM

drive at higher rot i de

dUI'i ng rorTred operatt+on f t_he di Sk
, >7,500 RPM the recording device
begi ns to undergo acoustic vibrati ons éssoci ated with chem cal breakdown
of the spindl e bgpdddegiubricant within a short period of time. Continued
REPLACEMENT SHEET grease lubricant wthin a short period of tine.

Cont i nued OP&EHata8n 06t e HRESFEH M cdOYbE6id HHePrs&SRNGE ehet he
acoustic vibrations | eads to nmechanical” failure of the spi ndl e beari ng.

I't is an object oh,dd]cPyESEtionBYe8idO k! Relhicid #Bilure idPRANE
magneti c recordi ng device which operates for extended periods of time
at hi gher rotat |%ﬂ§pggg§1ry&; hout unaccept abl e acoustic vibrations.

 —sS

It is an object of the present invention to provide an
improved magnetic recording device which operates fqr )
extended periods of time at higher rotational speeds without
unacceptable acocustic vib:ations.

Other objects and advantages will be apparent from the

following disclosure.

SUMMARY OF THE INVENTION

The present invention relates to a digital magnetic
recording data storage device which can operate effectively
at high rotational speeds. The magnetic recording device of
the present invention comprises (a) a magnetic recording
disk; (b) a spindle motor associated with the disk-operable
for rotating the disk at selected rotatiocnal speeds of 3,000
RPM to >7,000 RPM, e.g., 10,000-20,000 RPM; (c) a head
supported on an air bearing carrier (head and carrier are an
integral member) for magnetically writing data to or
magnetically reading data from the magnetic layer on the

disk; and (d) an actuator connected to the head carrier for-



O her ‘ol:‘)j ects and advantages w it be apparent fromthe fol |l ow ng
di scl osure. ' SUM\/ARE/EEIIMNEI\H'I ON

According to a first splacedent i o THIS ISEERS 1RK e a magnetic
recordi ng device for r i li ng magnet i cakEr.ACeHPr 1 SiNg:

(a) a magnetic di sk; ' a4 head supported-or—ad air bearing
slider for magnetically reading data to or magnetically witing_data from
the magnetic |ayer on the disk; (c) a spindle notor for holding
t he di sk conpri smogimg el head dadoss the rotaitingl disk.of Theaspingied mbesposed
bet ween the shaft and rotor, the bearings lubricated by a grease conprising
a polynmeric aroniéiprefdra®l{os Bishies: tdierdctachirfsht0fspihalé Imetcdl Kyl

di phenyl am ne and phenyl napt hyl am ne or C[err] dial kyl phenyl napt hyl am ne
and bis or tris gbapeisidigkyk) pdapini1ehasitiataditél to a houdihg, (idf a .
actuator connected to the slider for noving the head across the disk.
According to a SS?QE@.@SEQCEo%téﬂiQ hBYSEEd @R thErshdet, PhRY I fiIgd)anaranetic
recordi ng device for reading or witing magnetically conprising:

(a) a magnet i geglflgs positionddlin rafed@3madPROHRA sAREFR L forPREET NT
slider for magneticall’y reading data to or magnetically witing data from
the magnetic | ayghq ONi@ated oy an improdedd greafe SPinhEl enmPPdRia i@kabo!l di ng
t he di sk. conprising a shaft, arotor and a plurality of bearings positioned

in an annul ar ragg £ 'ipeg BELUBRD otfh@la% hafdsetds fiiont hgrlt@?%dp%gge

| ubricated by a grease conprising a polyneric aromatic am ne ?rom
t he .

. . - t f
C err] dialkyl d?f)?l%snillc a rﬁsée%r?dpgf]imflncaﬁ"ﬁ? aan?c}lg%%r anerr ('[ag.?&ﬁl
di al kyl ph I ' [ ' - A h hat e;
and PN ) PhOMATERS sl Tell, Shd dELy D, Bhe, BOEI e P e head

across the disk. o,ation égc?ﬂgi&gktgr%-hi rd aspect of the invention there
is provided a Spl%%ﬁe notor for use In a magnetic recording device
conprising a shaft, r‘ﬂﬂg p ' of b [ St i n_an
annul ar race forned %‘et;n\%gergn t e‘%ﬁa?’?g‘giné r_gt %?,%@Q%ggg?n%&s‘;ﬁ%{}grgﬁcﬁ ed by
Crorry i al iyl orEpeshie KHCEE BlediTha fadlieaB o W chbolhlelfbigRphA Al
phenyl napt hyl am ﬁﬂﬁ [ tris (| r_al.kyl phenyl) phosphate.

The present inveﬁ J|'on re gt géetaom%"%%aq %J%géﬁ% ic recording data storage
devi ce

VRN -5

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a section view of the magnetic recording disk
drive.

Fig. 2 is a top view of the magnetic recording disk
drive.

Fig. 3 is é cross sectional view of another embodiment
of a magnetic recording device.

Fig. 4 is a cross sectional view of another embodiment

of a spindle motor.



which can operate effectively at high rotational speeds. The magnetic
recordi ng device of the present invention conprises (a) a magnetic -
recordi ng disk; (b) a spindle notor associated with the di sk operable for
rotating the disk at selected rotational speeds of 3,000 RPMto >7,000 RPM
e.g., 10,000-20,000 RPM (c) a head supported on an air bearing carrier
(heae and carrier are an integral nenber) for nmagnetically witiLng data to
or magnetically reading data fromthe magneti c layer on the disk; and (d)
an actuator connected to the head carriep for :

4 novi ng the head across the rotating disk. The spindle notor is
preferably a brushless direct current spindle notor conprising (i) a

spi ndl e shaft attached to a_housing, gié a __spindl e hub rotatably nounted
on the shaft, and (iii) baIDIETABB%RﬁW& REBLIY Shed™F P FVAREE N ormed i n the
shaft and/or hub and |ubricated by an inproved grease. The inproved grease
is a significant featTR RFesERE irendien; FRafSSoRe hdPEAVed Y ease
conprises a polyneric amne and bis or tris (alkyl phenyl) phosphate. The
grease i nproves PeEFLorpAngs éﬁS?—t%ﬂpéffa@PPtho‘feqq‘Félﬂgs‘%‘ﬁﬂevéﬂ reading A nppre
t horough di sclosure of the present invention is presented in the detailed
description of tR&d vytkinddakninronetdcrblig- and t he acconpanying figures.

Referring to Figs. 1 and 2, there is shown a magnetic
recording disk drive of the“present invention. The magnetic
recoxrding disk 2 is rotated by spindle motor 4 with hub 6,
which is attached to the drive motor. The disk generally
comprises a substrate, a metallic magnetic layer, an
optional carbon layer and a bonded or non-bonded polymeric
layer, e.g., perfluoropolyether.

A read/write head or transducer 8 is formed on the
trailing end of a carrie*, or slider 10. Suitable sliders
are positive or negative air bearing sliders. Suitable
negative air bearing sliders are disclosed in US4,894,740
and US5,438,467, the disclosures of which are incorporated
herein by reference. Head 8 may be an inductive read and
write transducer or an inductive write transducer with a
magnetoresistive read transducer. The slider 10, is
connected to the actuator 12 by means of a rigid arm 14 and

suspension 16. The suspension 16 provides a bias force



BRI'EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a section view of the
magneti c recordi ng disk drive. Fig. 2 is atop view of the magnetic
recording disk drive. Fig. 3'is a cross sectional view of another
enbodi'ment of a magnetic recordi ng device. Fig. 4 is a cross
sectional view of another enbodi nent ofg a spindle notor. _
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present inventian relates
to an inproved high performance digital npgnetic recordi ng device for
reading and w i ¥hich degesntlymetliidek| Y0 onto thRefwrfiaicagof othe gecording 2,
there is shown a nmagnetic

disk 2.

During operation of the disk drive, the spindle motor 4
rotates the disk 2 at a constant speed in the direction of
arrow 22; and the actuator 12, which is typically a linear
or rotary motion coil motor, moves the slider 10 generally
radially across the surface of the disk 2 so that the
read/write head may access different data tracks on disk 2.

Referring to Fig. 3, heads 20 and 22 are connected to
actuator 24 by means of arms 26 and 28 and suspensions 30
and 32. Disk 34 is supported on hub or rotor 38, which is
rotatably mounted on shaft 40. Shaft 40 is supported on
housing 42. A plurality of permanent magnets (e.g., 60 and
62) as sections of an annular ring magnet are attached to
hub 38. Stator 64 has a plurality of axial posts 66 and 68
and coils 70 and 72 disposed around the posts. Magnets 60
and 62 are preferably made of high moment magnetic material
such as neocdymium-iron-boron or samarium-cobalt. The
annular ring magnet comprises a plurality of individual
magnet sections with magnetic fields which alternatively

point radially outwardly and inwardly around the ring. When.

an electrical current is applied to each coil of the stator,



recording disk drive of the present invention. The magnetic recording disk .
2 is rotated by spindle notor 4 with hub 6, -which is attached to the drive
notor. The disk generally conprises a substrate, a nmetallic magnetic

| ayer, an optional carbon | ayer and a bonded or non-bonded pol yneric

| ayer, e.g. , perfluoropolyether. A read/wite head or transducer 8
is formed on the trailing end of a carrier, or slider 10. Suitable sliders
are positive or negative air bearing sliders. Suitable negative air
bearing sliders arsaghetdlcogedld nid)34d884d #dfichaatictinis4 38, d€eld Ithe

di scl osures of which are incorporated herein by reference. Head 8 nmay be
an inductive reagepfishent mhnét HexAU6RE €F cARseNEbiitioR BEI tiee hudnsducer
with a magnetoresistive read transducer. The slider 10, is connected to

the actuator 12 by neanenfhilar el 18" fodded BE twdstS NRMS BONadd shHEe 40.

suspensi on 16 provides a bias force whi ch urges the slider 10

onto the surfacesqi i, BeOLANGr race comprises inner races 44 and 46
which are attached to afxd part of shaft 40 and outer races
48 and 50 which are attached to and part of hub 38. Balf
bearings 52, 54, 56 and 58 are disposed in the annular race
track formed by races 44, 46, 48 and 50. Referring to Fig.
4, there is shown an in-hub brushless DC spindle motor
comprising shaft 80 and hub 82 having lip 84 for_ st;pporting
the disk. The shaft has inner races 86 and 88 and hub has
ocuter races 90 and 92, Permanent magnet sections 94 and 96
are attached to hub 80. Coils 98 and 100 of stator are
attached to shaft 80. Other suitable spindle motors are
known to those skilled in the art, such as disclosed in
Us5,502,605, US4,841,393, US5,448,119, US4,841,393 and
Us5,296,981, the disclosures of which are inco#porated
herein by reference for all purposes.

The annular race is in contact with a unique

lubricating grease which lubricates the ball bearings moving
in the race. The grease generally comprises a polymeric

aromatic amine and bis or tris (alkyl phenyl) phosphate.



disk 2. During operation of the disk drive, the spindle notor 4
rotates the disk 2 at a constant speed in the direction of arrow 22; and
the actuator 12, which is typically a linear or rotary notion coil notor
noves,the slider 10 generally radially across the surface of the disk 2 so
that the read/wite head may access different data tracks on di sk 2.
Referring to Fig. 3, heads 20 and 22 ar@& connected to actuator-24 by neans
of arnms 26 and 28 and suspensions 30 and 32. Disk 34 is supported on hub

or rotor 38, which i ghel8iaitakbipsisit o¢ 6he PrafsendOinwhretfibnddsia support ed
on housing 42. A plurality of permanent magnets (e.g., 60 and 62) as

sections of an FPyiymatiéi HGnBIPeLrar13t haCdeithe @opbliancif. Bhatamirs! has a
plurality of axial posts 66 and 68 and coils 70 and 72 di sposed around the

posts. Magnets 6Qu,caQfleb2; 215 REQISY ikt iRy Cardiakhl §BedtiphenyRgniic C
material such as " neddym umi-ron-boron or samariumcobalt. The annul ar

ring nmagnet co rsrm\%ig%hgﬁiﬁgﬁhywmﬁie iadiyi ?ﬁlat@&%nﬂ@ﬁ?bﬁﬂimﬂﬂ&

magnetic field ernatively point ally outwardly and inwardly

around the ring.g.;\Mighe kaﬂa@:&&r Me,ﬁ;ir Liafted S29RPbAE b GoaChowet | Of

t he stator,
alkyl (Ci-;0) substituents on one or both of the phenyl

rings. Preferably, the substituents are (C¢s), more
preferably octyl substituents. Preferably, the amine has
1-3 substituents, e.g., mono, di or tri octyl substituents.
A preferred amine reactant is di-octyl diphenyl amine.

Suitable alkylated phenyl napthyl amines have one or
more lower alkyl (Ciso) substifuents on one or both of the
aromatic rings. Preferably, the substituents are Cq¢y, more
preferably octyl substituents. Preferably, the amine has
1-3 substituents, e.g., mono, di or tri octyl substit:uen-ts.
A preferred amine reactant is N-phenyl-l-naphthyl amine or
N- (p-octyl phenyl)-l-naphthyl amine. Suitéble polymeric
amine is the copolymer of dioctyldiphenylamine and octylated
phenyl a-naphfhyl amine. In an aiternative embodiment, the
alkylated diphenyl amine and alkylated phenyl napthyl amine
can be co-pelymerized with other monomers, e.g.,

unsubstituted phényl naphthyl amine.



7 " a magnetic field is induced which attracts or repels the permanent
magnet sections to.cause rotation of the hub. An annul ar race is
forned between hub 38 and shaft 40. Suitably the annul ar race conprises

i nner races 44 and 46 which are attached to and part of shaft 40 and outer
races 48 and 50 which are attached to and part of hub 38. Ball_ bearings
52, &4, 56 and 58 are disposed in the anhul ar race track fornmed by races
44, 46, 48 and 50. Referring to Fig. 4, there is shown an in-hub brushless
DC spindl e notor conpriitably, Stied re88ton doulfobd tisy ipadyhepidbandime is
supporting the disk. The shaft has inner races 86 and 88 and hub has

outer races 90 asdt&lyzddebioae brgingbcperdfilde0and %l ciatelbtemperatiskached to
hub 80. Coils 98 and 100 of stator are attached to shaft 80. O her

sui tabl e spi ndl euiRéH i tabgen KNBUL thB1Y NOSR: Sl hé §sblymekBehavd a fuiBens
di sclosed in US5, 502, 605, US4, 841, 393, US5, 448,119, U$4, 841, 393 and

US5, 296, 981, t headéﬁé‘g}é)%té Se £ }ﬁﬁwﬁjﬁeﬁ{@aﬁl%%ﬁof@n?%oherﬁlﬁb Ryouef erence
for all purposes. e annu race is in contact with a unique

10, preferably about 4 to about 7. Suitably, diarylamine 2
and diarylamine B starting components are mixed with an i
ester lubricant or a hydrocarbon solvent under inert
atmosphere. The weight of ester lubricant or hydrocarbon_
solvent is the same as the total weight of diarylamines.
The mixture is heated to between 140°C to 150°C. A t-butyl
peroxide (1.3x the total moles of diarlyamine) is added
dropwise over a 1/2 to 1 hour time period. The t-butyl
alcohol reaction product of the t-butyl peroxide is
distilled off while maintaining the temperature at 140°C to

150°C for up to 5 hours. The temperature is then raised to

between 170°C to 180°C to remove low molecular weight
impurities. The resulting mixture is a low molecular weight
amine polymer in ester oil. Preferably less than 10 mole of
the total diarylamines are chemically condensed with the
ester lubricants or other reaction solvents.

The second component of the grease is bis oxr tris

(lower C;¢ alkyl phenyl) phosphate. A suitable phosphate is



| ubricating grease which lubricates the ball bearings noving in the race.
The grease generally conprises a polyneric aronatic amne and bis or tris
(al kyl phenyl) phosphate. The first conmponent of the
present invention is a polyneric amne, preferably an am ne copol yner. The
am ne copolyner is forned by reacting an akyl ated di phenylamne wth
phenyl napt hyl ami ne or an al kyl ated phenygnapt hyl am ne. Sui t able al kyl at ed
di phenyl amines have one or nore lower alkyl ((err]-[err]) substituents

on one or both okriherddianphosphdtes.(rchy ef vhkysuitd1eUpRéignsyalss "are
(Cerr]), nore preferably octyl substituents. Preferably, the am ne has

1-3 sibstituents;nL1@de ﬁﬂé@ﬁhoﬁhs-@onﬁ:ﬁinﬂfé Mcidubstdy ERRbenent wliithenipd
am ne reactant is di-octyl diphenyl am ne. Sui t abl e al kyl at ed phenyl

napthyl am nes hgues ety fﬁ%%él%‘é@éré'é%’ lohbEhbREFId ae¥lSH ¢HI@NCEHENSs ONe
or both of the aromatic rings. Preferably, "'the substituents are Cerr],

more preferabl Y sQ&h yAs %&bﬂ:’%brﬁﬁ&;& %a n éfﬁlﬁﬁe amols

having from 1 to about 8 carbon atoms. Typically these
esters are triethyl phosphate, tributyl phosphate and )
triisooctyl phosphate. Other suitable phosphoric acid
esters include esters of phenol and naphthcl. These esters
n;ay have from 1 to about 3 C; to C;, alkyl substitutents on
one or more of the aryl moieties. Exemplary of these esters
are tricresyl phosphate, tri-phenyl phosphate, and so on.
The grease of the present invention comprises an oil
and a thickener. Suitable oils include ester oils (e.g.,
synthetic ester oils) and mineral oils (e.g., polyalpha
olefin oil). Preferably, the cil is an ester oil. ﬂ-!he
ester oil may have chain branching and may have some
unreacted hydroxyl groups. Suitable ester oils are di-Ci.j,
alkyl (e.g., dioctyl, dibutyl, diethyl, hexyl) sebacate,
pentaerythritol tetra ester.s of Ci.,0 carboxylic acids,
tri~C;¢ alkyl and trimethylol propane triheptanocate and

triglycerides. Suitable ester oils have the formula:

C{CH,00C (CH,}) x CH;), where x is 1-10. A preferred ester oil



1-3 substituents, e.g., nono, di or tri octyl substituents. A preferred
am ne reactant is N-phenyl-1-naphthyl amne or N-(p-octyl
phenyl)-1-naphthyl am ne. Suitable polyneric amne is the copolyner of

di octyl di phenyl am ne and octyl ated phenyl a-naphthyl amine. In an
alternative enbodi nent, the alkylated di phenyl am ne and al kyl at ed phenyl
napthyl amine can be co-polynerized wilkth other nonomers, e.g.,_
unsubstituted phenyl naphthyl am ne. 9

Suitably, the reafijeniatsyfHHifolNtetiRintiRah6atdll NGul EabXAttdliykedeby an
organi c peroxi de and el evated tenperature under nitrogen. Suitably, the

anine pol yners hays as"PE) acauetans 4@l 81 AlraRQ! WOEL ikAtkno@noto f rom
about 2 to about 10, prefeéerably about 4 to about 7. Suitably, diarylam ne

A and diaryl am 6,83 ska{idd'q CeARONAN! S 53 Ll @l il LA A sueghetaktdr i cant

or a hydrocarbon sol vent under inert atnosphere. The wei ght of ester

| ubricant or hydf,003/4000; S We"hik$14dd° (@24, A5 chibm! Wi kel 881cOim,

di aryl am nes.
barium) C;-Cz¢ (preferably Cic) fatty acid salts optionally

having one or more hydroxy substituents. A preferred )
surfactant is lithium 12 hydroxysterate. Other surfactants
include alkali palmitate and alkali icosanate (Cz) .

The grease will generally comprise about 90 weight % of
oil and about 10 weight % of thickener. The grease of the
present invention will preferably comprise about 0.5 to
about 5 weight % of the polymeric amine (preferably about 1
to about 4 weight %) and about 0.1 to about 5 weight % of
the phosphate (preferably about 1 to about 2 weight %).

Surprisingly, the synergistic interaction of 'the grease
components enables long term high speed operation of the
magnetic recording device without degradation of
performance. Other minor components (e.g., less than 5
weight %), such as antioxidants (e.g., zinc

diamyldithiocarbamate) , metal deactivators (e.g., N,

N’-disalicylidene-1l, 2-propanediamine), anti-wear agents,



The mxture I's heated to between 140[err]C to 150[err]C At- butyI
peroxide (1.3x the total noles of diarlyamne) is added dropw se over a
1/2 to 1 hour tinme period. The t-butyl alcohol reaction product of the
t-butyl peroxide is distilled off while maintaining the tenperature at
140[err]C to 150[err]C for up to 5 hours. The tenperature is then raised
to between 170[err]C to 180[err]C to ref®ove | ow nol ecul ar wei ght
impurities. The resulting mxture is.a |ow nol ecul ar wei ght am ne pol yner

in ester oil. P&Sf::@és?l@ry 151§1§11§Jl%”a&9 dilx Qhaitiired,Okabwli & WHzenes are

chem cally condensed with the ester lubricants or ot ‘her reaction sol vents.

The second conpo he - r ] al kyl
phenyl ) phosphat gﬁﬁ,&%l}?‘t a ?eﬁaﬁ’osp agieécf ? hedsa 4d e ggfsré

10 tri cresyl phosphgtd If%ﬁ:g’v}ingq Qﬁ%%fgét%ﬁeﬁ%ﬁ%ﬁrﬁmwgﬁm

e
phosphor us- cont ai ni ng ac ester co nent ected

triesters of phosphorie QGhdeyhlh Bheohalsneaals 8 ibAk %y A hagnehed

chain aliphatic

the scope of, and serve to exenplify, the more generally
described invention set forth above. The examples are

presented for illustrative purposes only, and are not

intended as a restriction on the scope of the invention.

Example:

Two lubricant compositions were tested for stability.
Each lubricant i:omposition comprisedl the .copolymer amine of
the present invention (copolyxﬁer of phenylnapthylamine and
dioctyldiphenylamine) and one had TCP. Each lubricant
composition was placed in a 50 ml pyrex beaker a-nd covered
with tin foil. A 5 mm hole in the center of the tin foil
allowed periodic sampling for analysis. Clean ball bearings
were immersed in the composition. The compositions were
monitored by UV spectroscopy, and failure was detected by
sudden absorbance between 200-300 nm. The results are shown

in the table below. It can be seen from the results that



having from 1 to about 8 carbon atons. Typically these esters are triethyl .
phosphate, tributyl phosphate and triisooctyl phosphate. Qther suitable
phogphoric acid esters include esters of phenol and naphthol. These esters
may have from1 to about 3 Cferr] to (Jerr] alkyl substitutents on one or
nore of the aryl noieties. Exenplary ofl%hese ester are tricresyl
phosphate, tri-phenyl phosphate, and so The grease of_the present
i nvention conprises an oil and a thickener. Suitable oils include ester

oils (e.g., %ﬁ;gg %Léin@%tﬁl BBE Fo19inkié Canfine RALYBhPIECP

olefin oil). Pre ol 1s an ester oil. The ester oil may have

chain branching g h U Ladn O %er Qx¥bi DHQQMpPs. Suitable
ester oils are daq'gferr %%kgﬁg%c Prgf}oct ﬁh di butJ§/I le et hyl, hexyl)
sebacate, pentaerythritol tetra esters of C[err] carboxyllc aC|ds,
tri-Clerr] alkyl and trinethylol propane triheptanoate and triglycerides.

Suitable ester oils have the formul a: C(CH[err]OOC(CH[err])[err]
CH err])[err] where x is 1-10. A preferred ester oi



is pentaerythritol tetrapentanoate. Suitable thickener, such as fatty acid
salts and polyurea, will be known to those skilled in the -art. Suitable
fatty acid surfactants include alkali or alkaline (e.g., lithium sodium
calcium barium derr]-Cerr] (preferably CJerr]) fatty acid salts
optionally having one or nore hydroxy gubstituents. A preferred
surfactant is lithium 12 hydroxysterate. OQther surfactants include alkali
pal mtate and al kali icosanate (Cferr]). The grease will generally

conpri se about A] 71T O - 0]0) TONMC 17000 cher.
The grease of t \f—@:ynge@ Ladentd Eg tWt 43@#?@91&0 “Wfilii%ggl%@'fr% ~b to
about 5 weight ¢ ef er abl about U

wei ght % and a 0. P to abdut 5 wbi nh'r LL rr] o]‘ t he [

(preferably about 1 to Zabout 2 weighd % Surpri si nglLy, 37¢k

synergistic intgraction of the greask conpbnents enabl es "1 orRJO0&DM hi fh
speed operation jof the 0 magnetfic reabrdi ng devi ce w thout| _degr apati on ¢f
performance. O her mn@ conpgnents de.g., |ess tivan 5 Wei ghtt3¢d, such as
antioxidants (e.lg., zinc dianyldithjocarbajate), netal deactihad@ys (g. 9.,
N, N -disalicylrdengr & cLapedd&@cedr amnej, anti-wear agents,

-

Although this invention has been described with respect
to specific embodiments, the details thereof are not to be
construed as limitations for it will be apparent that
various embodiments, changes and modifications may be
resorted to without departing from the spirit and scope
thereof, and it is understood that such equivalént
embodiments are intended to be included within the scope of

this invention.



12 corrosion inhibitors and other additives, known to those skilled in
the art, can also be added to the grease. The foll ow ng exanples are
detail ed descriptions of the present invention. The detail ed descriptions

fall within ;ggé;ﬁnggiﬂﬂJanerveto exenpl i fiypy;
descri bed inv ' set forth above. The jgxanpl

illustrative pu ata“ l are not 1 ntend I cti egnthe
scope of the i nH ﬂmﬂ‘ mm LR Two | ubri cant @ﬁp@@d‘ ns were
tested for stab i-Eachslubrlcant con@asisi on C > ol yner

am ne of the present I nvention (copolynmer of phenyln
di octyl di phenyl agiangjasapd one had TCP. Each |ubrican I'tion was
placed in a 50 ml pyrex beaker and covered wth tin foil. A5 mmhole in
the center of the tin foil allowed periodic sanpling for analysis. Cean
bal | bearings

1. A magnetic recording device for reading or writing
magnetically comprising:

(a) a magnetic disk;

(b) a head supported on an air bearing slider for
magnetically reading data to or magnetically writing data
from the magnetic layer on the_ disk;

{c} a spindle motor for holding the disk comprising a
shaft, a rotor and a plurality of bearings interposed
between the shaft and rotor, the bearings lubricated by a
grease comprising a polymeric aromatic amine and bis or tris
(lower alkyl phenyl) phosphate; and

(d) an actuator connecte§ to the slider -for movi;ag the

head across the disk.

2. The device of claim 1 wherein the polymeric amine
is the reaction product of monomers including C; 4 dialkyi
diphenyl amine and phenylnapthylamine or C;.,, dialkyl

phenylnapthylamine.



MBke'iﬁnerseq’LgﬂLhe.geﬁpos*f"’n The conpositions were nonitored by W
spectroscopy, and fa]lL{ﬁMﬁﬁgﬂdeteCted by sudden absorbance between

200300 nm T ‘uﬁﬂ“ in the table beIomA It can be seen from
the results th ‘ 13

p re—cot sition
having both the*pofyneric anine and thegg TOP  exhi f%ééﬁf”iéﬁgfgﬁﬁc
| npfovenent in stability. . Pol yrer
(wt[err]) TCP (wt[err]) Tenmp. ([err] O Lifetinme (hours). . 0
0 3. Tohe de¥rf8e of claiff 2 wherein tht’a3 7%idaheny1 amine 150

180 2
1 is dioctyl dfpt998 Tdmine. = O 0
72 2 vy, afphity 170 1300
1 >2900(T) T = truncated Al t hough this
I nvention has been described with respect
4. The device of claim 2 wherein the phosphate is
tricresyl phosphate.
5. 2 magnetic recording device for reading or writing

magnetically comprising:

{a) a magnetic; disk;

(b) a head supported on an air bearing slider for
magnetically reading data to or magnetically writing data
from the magnetic layer on the disk;

(c) a spindle motor for holding the disk comprising a
shaft, a rotor and a piurality of béarings positioned in an
annular race formed between the shaft and rotor, the
bearings lubricated by a grease comprising a polymeric
arcmatic amine and bis or tris (lower alkyl phenyl)
phosphate; and

(d) an actuator connected to the slider for moving the

head across the disk.
//,

This Sheet Fas Been Replaced
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to'shecif rment s, t e details thereof are not to be construed as

h
limtations for | ' flapparent that various hanges and
modi.fi cati C\M“‘“M!m\“t m\t ed to w thout departi gTHI.ﬁ(SHiEEhHASpisEIENt_i and
scope. therde"did kt §s *understood that such eqgival eRFPLAEEDOdI ments are

i ntended to be included within the scope of this invention.

-15- [ er r] 17 - CLAI IVB
[err] Ve Caim 1. A magnetic recording device for read]ng or
writing magnetical |y gCONDitesSIdice of claihd® wherB@iHPHRSHAyRbSKe amine

(b) a head supported on an air bearing slider for magnefically reading

data to or mgngly oakl yolkdihng: O8I, LEOMbRORIaRE YL, B8atipy di Sk

(c) a spindle notor the di'sk conprising aft, a totor and

a plurality of Qﬁg%kggf L %&e%egﬁgﬁggt@%gﬁgéf br3d rﬁat%glg eny

beari ngs | ubricat a grease c mer | ¢ ‘af orat |

formed fromthe hon. of Cferr] dialkyl diphenyl am ne and
phenylnapthylanfﬁg%%&igfﬁﬁﬁj di al kyl phenyl napt hyl am ne and bis or tris

(1 oner al kyl phenyl) phosphate; and (d) an actuator connected to
the slider for noving the head across the disk. 2 The devi ce of

laim 1 wh in th I ph I ' ' Loctyl .di ph nyl 1 he. 3..° Th
Gevi oo of ¢l ai m 2 whdr oi HiESRHES AaEaar § iErBey) imdbphares snine |0

is dioctyl diphenyl amine.

8. The device of claim 6 wherein the phosphate is

tricresyl phosphate.

9. A spindle motor for use in a magnetic recording
device comprising a shaft, a rotor and a plurality of
bearings positioned in an annular race formed between the
shaft and rotor, the bearings lubricat.ed by a grease
comprising a polymeric aromatic amine and bis or tris (lower

alkyl phenyl) phosphate.

10. The motor of claim S wherein the polymeric amine
is the reaction product of monomers including C;;, dialkyl
diphenyl amine and phenylnapthylamine oxr C;4, dialkyl
phenylnapthylamine.

\
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4. A magneti c recording device for reading or witing magnetically

conpri si ng: (a) a magnetic di sk; (b) a head supportedi
on an air bearing slider for magnetically reading data to or magnetically
witing da 70! gnetic |ayer on the disk; (c) a spindle

not or for hqk Gl onprising a shaft, a rotor and a plurality of
beari ngs po ﬁ mﬂm nul ar race formed between the shaft and rotor,
t he bearings«u grease comiBi sing a pol yneric aronatlc am ne
formed fromthe reaction of C err] dialkyl diphenyl am ne and
phenyl napt hyl ami ne or Clerr] dial kyl phenyl napthyl am ne and bis or tris

(I'ower al kyl phenyl) 1phosphaiRvi8@bs claim 1¢ d)herelanue&tdi Ghyf O ed to
the slider for noving the head across the disk. 5. e deV|ce of

clai m 4 wherein jhgidbPPeilphabtiNeaitedi OCt Yyl di phenyl anlne. 6. The
device of claim4 wherein the phosphate is tricresyl phosphate.

[err] [err]

-16- 7. A spindle notor for use in a magnetic recordlng devi ce

conpri sing rotor andﬁg Pl iAldelY 0o Rah %&lgfo Rﬁx’%‘r&i AN 8@%11&9@“1@ race

formed between the shaft ‘and rotor, the bearings y a grease

conprising a polyne m ne fornmed fronlthe reaction of (Jerr]

di al kyl di phenyl an%%g g p g%y%napthylanine or CJerr] dialkyl
phenyl napt hyl am ne and bis or tris (lower alkyl phenyl) phosphate. 8.

The device of claim7 wherein the di phenyl amine is dioctyl diphenyl am ne.

9: The device of claim7 wherein the phosphate is tricresyl phosphate.
%




