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Field of the Invention The invention relates to data storage
technol ogy, 10 and in particular, to data storage devices utilizing
liquid bearing naterials at the i.nterface between st orage nedia and
a data recording head, to nethods of witing and readi ng data using
such l'iquid bearing materials and to the bearing materials

thensel ves. 15 oxrpaTION-BRABILREESNHYDROMARBONALSGUAD! BEARINGS

FOR LUBRICATED DISK DRIVES

BACKGROUND OF THE INVENTION

The invention relates to data storage technology,
10 and in particular, to data storage devices utilizing
' liquid bearing materials at the interface between
storage media and a data recording head, to methods of
ﬁriting and réading' data using such liquid bearing
materials and to the bearing materials themselves.
15 |

In most conventional disk drives, a read/write

head moves over an air cushion or "bearing"' that

- supports the head above a magnetic recording disk

20 surface. Other drives, as described, for example, in

' European P_ate_nt Application- No. 0367510 and United

States Patent No. 5,097,368, use liquids such as

hydrocarbbn_s, in part'icular_ normal hexadecane, and

fluorinated compounds, such as polyfluoropolyether

25 (PFPE), respectively, as liquid bearing materials at
the head-disk interface.

A number of problems have been associated with
such conventional liquid bearing materials. Some
lliquid béaring materials can evaporate readily from the

30 disk surface and from within the drive housing to the
ambient surroundings. Also, _dri've. operating and/or
storage conditions may be rélatively too cold so that
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addi tion, some ”Efeﬁhde§1r§ld§9 AEgROSEreatbe’ efiBion. oOther materials,
such as PFPE, are difficult to transport within the
10 drive because of inadequate surface tension. Also,
some materials may be too viscous or may be
incompatible with so-called disk lubricants applied
during standard thin film disk manufacturing techniques
to be useful liquid bearing materials for the head-disk
15 interface. :
Other problems can occur where the liquid bearing
material is also used as a drive lubricant, i.e., where
the liquid bearing/ lubricant is cycled, as by w1cking,
between the head-disk interface and the drive elements.
20 For instance, some liquid bearin'g materials act as
solvents with respect to drive elements such as
adhesives and plastics, thereby having deleterious
effects on the drive. 1In particular, some substances
can be dissolved from these elements and over time can
25 oxidize or otherwise breakdown because of the severe
te:_nperature_, pressure and shear conditions at the head-
disk interface. Depos:.ts can form thereby on the head,
forcing the head away from the disk and impeding
accurate information transfer between the head and the
30 disk. _ '
: Antioxidants are commonly used in rubbers,
petroleum-based products, adhes:wes ‘and foods for
retarding oxidation by atmospheric oxygen. _ Antiwear .
_ agents, such as boundary layer lubricants, can further
35 reduce friction and wear by forming surface films known
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surface films kp_ension to wick, impeding its circulation within a disk
drive. Moreover, for other potential liquid bearing -
materials, any enhancement to long-term stability might
be achieved at the expense of lubricative properties,
15 drive and/or head performance, especially in terms of
the accuracy of information transfer. -

E _INVENTION |
Thus, it is an object of the present invention to
20 provide a liquid bearing material suitable for use at
' the head-disk interface in a high capacity information
storage device such as a Winchester-type disk drive,
thereby providing a so-called liquid disk drive.
A further object of the present invention is to
25 provide an improved liquid disk drive.
A still further object of the present invention is
to provide a liquid disk drive capable of supportmg a
high data density. _ -
Another object of the present invention is to
30 provide adequate head support and lubrication by a
liquid bearing material. '
An additional object of the present invention is
to provide a 1liquid bearing material that does not
degrade drive performance in general and head
35 performance in particular. |
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to provi det@ ||q@aaadn§klyzxng dapiguddodiskpdoiveng a hi gh data
density. An additional object of the present invention is
to provide a liquid bearing material for the head-disk
interface that is ‘compatible with internal drive
elements. _ _

15 Yet another object of the present invention is to
provide a liquid bearing material that adequately wets
the surface of a disk. _

These and other objects of the present invention
are provided by use of 1liquid bearing materials

20 comprising  non-Newtonian liquids, including
hydrocarbons, halogenated dampounds and mixtures
thereof, and which may include antioxidants, to support
a head moving over the liquid bearing material and
across the disk surface in a liquid disk drive.

25 In a further aspect of the present invention, the

' liquid beafing material includes pure hydrocarbon or
pure halocarbon 1liquids  and may also include
hydrocarbon mixtures and mixtures of hydrocarbons with
halogenated compounds. _

30 In an additional aspect of the present invention,
the liquid bearing material includes a boundary layer
lubricant that can further reduce drag at the head disk
interface. '

35
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Yet anot her object of the present invention is to

Figure 2 illustrates PW50 and signal amplitude
data from a Hogout Tester in contact start/stop mode
using heptamethylnonane with a boundary layer lubricant

10 and a combination of -antioxidants according to the
present invention;

Figure 3 illustrates PW50 and signal amplitude
data from a Hogout Tester using heptamethylnonane with
‘a boundary layer lubricant according to the present

15 invention; '

Figure 4 illustrates PW50 and signal amplitude
data from a Hogout Tester using a mixture of
heptamethylnonane and a halogenated compound according

. to the present invention; '

20 Figure 5 illustrates PWS50 and signal amplitude
data from an Ultraclean Tester in contact start/stop
mode using heptamethylnonane and a boundary layer
lubricant according to the present invention;

Figure 6 illustrates PW50 and signal amplitude

25 data from a disk drive using heptamethylnonane, BHT and

' amine antioxidants according to the present invention;

Figure 7 illustrates PW50 and signal amplitude
data from a disk drive using heptémethylnonané and
isostearic acid according to the present invention;

30 and

Figures 8A and 8B illustrate PW50 and signal
amplitude data from a disk drive using
heptamethylnonane alone and with BHT antioxidant
according to the present invention. '

35 ' '
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-5- 3R EAnEsorabiounrecordingrayskams such as disk drives of
the Winchester type. Such a HDA is described in detail

elsewhere, for example, in the previously mentioned
 United States Patent No. 5,097,368, hereby incorporated
~ in its entirety by reference.

10 Selection of appropriate liquids, antioxidants and
boundary layer 1lubricants as ingredients for liquid
bearing materials according to the present invention
should be consistent with the operating conditions and
spec:.f:.cations established for the particular

15 information storage device with which the bearing
material is to be used. For example, a Winchester-type
disk drive is typically specified to operate at
temperatures between 5°C and 55°C. 1In addition, such
a drive is typically specified to operate

20 satisfactorily after storage at temperatures as low as
-40°C. Drive lifetime is typically specified to be at
least five years. The flying height is about 1 to 1.5
microinches (uin). Disk rotation during information
transfer is usually above 3000 rpm.

25 . Moreover, the liquid bearing material should not
degrade head performance, such that the performance
falls below established standards for particular heads
used in the liquid disk drive. Desirably, PW50 (i.e.,
recorded signal @ pulse width at half-height, in

30 nanoseconds (nsec)) and signal strength (i.e.,
amplitude or height of signal pulse in microvolts (uV))
value_s remain constant over the long term at a given
flying height, radius and linear velocity.

_ In view of these requirements, appropriate liquid

35 bearing materials must have both adequate physical
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to the present z!ens\{z r{:taln(%:n h:.g?l shear conditions extant at the head-disk
interface, the 1liquid bearing material must exhibit
non-Newtonian behavior. Generally, under conditions of
15 high shear, non-Newtonian fluids exhibit a variable
relationship between shear stress and rate of shear.
Under these conditions, viscosity is not constant in
non-Newtonian fluids but is rather a function of shear
stress. Consequently, fluids characterized as non-
20 - Newtonian have particularly desirable flow properties
at the high shear conditions at the head-disk
interface, so that drag can be relatively lower than
-for Newtonian fluids. (Further definition and
discussion of non-Newtonian fluid flow is given in the
25 . Chemical Engineers’ Handbook, 5th ed., Robert H. Perfy,
Editors, 1973, pages 5-38 through 5-40, incorporated
herein by reference.)
For liquid bearing materials according to the
present invention, a viscosity (at 25°C) range is
30 desirably between about 1 centiStoke (cS) and about 20
cS. A more preferred range is between about 3 cS and
about 6 cS. An even more preferred range is between
about 4 cS and about 4.5 cS. . .
Likewise, . desirable ‘wetting and flow
35 characteristics of the liquid bearing material depend
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10 at drive conditions throughout the lifetime of the
drive. Therefore, vapor pressures are desirably such,
at drive operating conditions, as to Dbalance
evaporation and condensation of components of the
liquid bearing material. Moveover, the boiling and

15 freezing points for the liquid bearing material should
be such that the bearing material  can function as
desired without being adversely affected at the
epecifled operatlng and storage temperatures for the
drive. -

20 The liquid bearing material must be compatible'
with intradrive elements such as gaskets, adhesives,
and plastic insulation. In partlcular, the 1ligquid
bearing material should not act as a good solvent for
these .elements, extracting therefrom deleterious

25  amounts of organic components that can polymerize and
form undesirable residues at':hé head. 1In additionm,
the liquid bearing material should not cause intradrive
components to decompose, swell or otherwise deform.

_ The composition of the liquid bearing material is

30 - desirably constant over the drive lifetime to maintain
the bearing material in the liquid state at drive
operating conditions. @ In addition, the bearing
material_preferabiy remains - in the 1liquid state at
storage temperatures. Moreover, constant composition

35 facilitates prediction and control of the performance
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10 have sufficient stability to avoid significant
oxidative degradation over the five-year drive
lifetime.

Suitable liquid bearing materials meeting some of

these criteria include halogenated compounds (e.g.,

15 those having at least two different halogens) since
such compounds typically do not oxidize. However, in

- general, ' f.ully fluorinated compounds (e.g.,
perfluorocarbons and perfluoropolyethers) . fail to
satisfy the surface tension criterion in that these
20 . compounds exhibit surface tensions less than about 18
dynes/cm at 25°C. Halogenated oils such as those

- available commercially as under the. tradename KEL-F™
from 3M Company of St. Paul, Minnesota and under the
tradename Halocarbon 0il from Halocarbon Products

25 Company of Riveredge, New Jexrsey have sufficiently' high
surface tensions to be useful alone as liquid bearing

materials. _ ' .

Straight and branched chain hydrocarbons such as

pure 2,2,4,4,6,8,8-heptamethylnonane, a branched Cj

30 - hydrocarbon (herein referred to as heptamethylnonane),
available from Humphrey Chemical Company of New Haven,
Connecticut, can also satisfy all of the above criteria

and are suitable as liquid bearing materials according
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characteristics of the |i ql.u d beari np mat erial depend | WO 95/ 24033
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10 . |
Note that only the sixth carbon on the chain has a
single hydrggen; referred to herein as a tertiary

- hydrogen.

Heptamethylnonane may also be used in a mixture.

15 Such ‘a mixture can include halogenated polyolefin
polymers such as  those of .chlorotrifluoroethylene
(CTFE), (CF,CFCl),, available commercially as Halocarbon
0ils and as a KEL-F™ liquid. Other . branched
hydrocarbons such as _isoparaffins may be suitable.

20 Isoparaffins are commercially available under the
tradename ISOPAR™ from Exxon Chemical Company of
Houston, Texas. Typically, aromatic -and cyclic
hydrocarbons can be expected to not meet the
temperature requirements for Winchester-type drives;

25 for example, they can freeze at  drive storage
conditions. In addition, aromatic and cyclic
hydrocarbons commonly have insufficient oxidative
stability for purposes of the present invention. Also,

" such compounds may be toxic. : _

30 Another suitable mixture for a 1liquid bearing
material includes polyalphaolefins, polymers of .
1-decene, and halogenated polyolefin polymers such as
CTFE, described above. ‘A suitable polyalphaolefin is.
Nye 167A, containing a mixture of long (Cyp range)

35 branched chain olefins, available from W.F. Nye Corp.
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be such that tﬂ9g?§aamgn§at eﬁbf&afa@,,fegnqiyﬂb&s:bon mixiRfrde thayl bBout

bei ng adversely ecte

eC|f|edo q,;ln and_st
t enper at ur es f BBrchased un%??vé‘-hezotra enamqhéquo g&?ﬂ"ﬁgcﬁéﬁiﬁ al
must be cgnpat pfbhglable Firof IM@ﬂrlmﬂ&atEntcbmm’fy apfgativasson,
adhesi ves, and plastic insulation. In particular, the liquid
beari ng mat eri IF*%8/oul d not act as a good sol vent for t hese
el enents, extracti The t lvomglexn comosition 26f pedwadphaplefdasic
conmponents t ha?.s%ﬁgra(flﬂ.ﬁ%“ éﬁdanqsgpﬁggf?ﬁhm Hﬁ%%lrl’e%m S%ﬁ%&lﬁt t he

head. |In add mat er1 al shou not cause
intradrive . undesipehdm bigh m@%@tl@ﬂéqu ol l&almlge rgacsiye

The conpg | ti ogpg%ibge lgweh d BaarigDefPiee] al cyelie Lesi rali-bmaeze,l&st ant

over the r|ve et me to maintain the bear ter]
liquid state ahygrpgarbons. ,,Howeves, c%?n%?‘f?%n?f rg??rlq? t&?f yt he
beari ng Ha G ivalsqa:rsaitaresql polsaliphadlefins | lmphnaﬁﬁmsa,t

storage tenmperghyr 1soparraef%\5§1r miSUHA ot B UddP 'advantageocusly .

in mixtures with other compounds to adjust the
15 overall -viscosity of the liquid bearing material to
' within the desired range. 1In addition, in such a
mixture, polyalphaolefins, isoparaffins, such as
heptamethylnonane, and isoparaffin mixtures can depress
' the overall freezing point sufficiently so that normal
20 hydrocarbons can be satisfactorily utilized in a liquid
bearing material at temperatures close to or below

' their freezing points. ' '
Selected properties of liquid bearing materials
according to the present invention are presented, ‘along
25 with thosé for a conventional liquid bearing material
such as polyfluoropolyether (PFPE), a perfluorinated
liquid, in Table 1 below. Note especially the
reiatively high surface tensions of liquid bearing

materials according to the present invention.

30 :



35 facilitates prediction and control of the performance WO

95/ 24033 wo 3 PCT/ US95/ 02577

-9- %snfa%g | iquid bearing material. Changes in conpt?ﬂ'i]%’ﬁms"

with tine can be brought about by evaporation of relatively nore

vol atil e conponents or by fractional distillation due to the ,
relatively high tenperatures 5- . induced, for exanple, at the head-di,sk
i nterface. Al so, the liquid heag ng material should be non-
toxi c and odorless in case of |eaks to the environnment out si de the
drive housing. = Table 1CoSebeeted pi:opaetheeuw Bequlial BeRkdnigal shoul d
10 have sufficient stability to @gger a gnlflcant oXl dati ve
degradation over the five-year dri 8i feti me. _

Suitable |liquid bearing nmaterials nmeeting sone of these criteria

I ncl ude hal ogenat ed conpounds (e.g., 15 ' those haV|ng at Ieast tmo '

di ff erent hal ogfrrsmms Scacaoano ke et i Ol i
However, i@ | Li

t hose

10 1
| Nye 167A

| C,Cys isoparaffins | 1.6 | 2.1 - |98 52 |259
C,s-Cy isoparaffins _ '

15 | nC,,

20 Antjoxijdants : : : -
Antioxidants are useful to inhibit oxidation of
the hydrocarbon liquid bearing-material-and of organic
components that may be released from intradrive
elements. Antioxidants are not essential for liquid
25  bearing materials of pure haldcarbon-oils and/or of
certain pure hydrocarbons, namely those - brahched
hydrocarbons in which there are no hydrogens located «
(i.e.,'immediately'adjadent)-to carbons having tertiary'
hydrogens. i.e., hydrogens attached to a carbon to
30 which is .:l.so attached three carbon atoms. While not
wishing to be bound by any theory, it is believed that
the oxidative stability of heptamethylnonane and



‘avai | abl e cohnercially as under the tradename KEL-F[err]

from 3M

Conpany of St. Paul, M nnesota and under the traden bon Q|
from Hal &%?%ﬂ %roduct s 25 Conmpany of Riveredge, New Ws g%’é
sufficiently high surface tensions to be useful alone as liquid

beari ng materials. Strai ght and branched chain _

hydr ocar bons such as . pure 2,2,4,4,6,8, 8-hept anet hyl nonane, a branched

Cerr] 30 hydrocarbon (herein referred 5? as hept anet hyl nonane) ,

avai |l abl e from Hunphrey Chenical Conpany of New Haven,

Connecti cut,

can al so satisfgimalilaef cohpoandss qeiaﬁeEto the @BedEe éE'h&ﬁk@géﬁs"qUId

bearing materia

di WO 9
PCT/ US95/ 02577 is aEeSr 'E% carbons to wﬂqag teqﬁ}ary hydroggnstﬁge
present inventabbached.The structure of 2,2,4, 4,6, 8,

8- hept anet hyl nonane gﬁikhﬁﬂétréﬁéibfﬁﬁéﬁ£8' are of ;the free rh8ith1

5

10

15

20

25

30

35

chain terminating type and include, by way of example

'only, phenols, such as butylated hydroxytoluehe (BHT) ,

amines, such as p,p’'-dioctyldiphenylamine, phenol
condensation products, such as benzenepropanoic acid,
'3,5-bis(1,1-dimethyl ethyl (-4-hydroxy-) thio-2,1-
ethanediyl ester) available under the tradename
IRGANOX™ 1035 from Ciba Geigy Corporation of Hawthorne,
New York, sulfides, such as dilaurylthiodipropionate,
and certain metal salts of dithioacids. Combinations
of antioxidants, such as BHT and p,p’'-
dioctyldiphenylamine, can act synergistically and are
also useful. Metal deactivators that inhibit metal-
catalyzed initiation of free radical chain reactions in
the oxidation process are also useful antioxidants.
One example is a copper passivator, such as that
commercially available under the tradename REOMET™ 39
‘from Ciba Geigy Corporation of Hawthorne, New York.
The antioxidant wused in the 1liquid bearing
material of the present invention can be in liquid or
solid form prior to dissolution in the liquid bearing

~ material. The maximum - antioxidant content is

principally determined by solubility in the 1liquid
bearing material. In particular, it is undesirable for
solid antioxidant to precipitate out of the 1liquid
bearing material solution. Thus, with respect to
Winchester-type liquid disk drives, antioxidants must
be soluble at 5°C, the lower operating temperature for
the drives; solubility at storage temperatures about

-40°C is desirable but not essential. The minimum

'~ desirable amount of antioxidant is, in essence, chat

amount that is sufficient to provide adequate oxidation



10 Note that only the sixth carbon on the chain has a single

hydrogen referred to herein as a tertiary hydr ogen.

Hept amet IN@ #3483 may also be used in a mixture. 15  SuchPGI/HSB0257T

i ncl ude halogenated pol yol ef in polyners such as those of
chlorotrifl uoroethyl ene (CTFE), (CF[err]CFC )[err], available
commercially as Hal ocar bon Qls and as a KEL-F[err] liquid..,

Gt her branched hydrocar bons such _ag 4 soparaff ins may be suitable.
20 | soparaffins are comercially available wunder the t radenane

| SOPAR[err]  freggibranee CBEN ©xd 1%@ybeafzm mat@r$49N.and €
Typically, aromatic, and %F rbqns can ,be expecte to not
meet ¢ he PRipbis Grmppbanteepatrachsd Remm dStEAdEive Glemeatss

for géarrpl e, thgalscan bétween abbutddie@o2 Zglm.'amxd aboutc &3 Ig(?ﬁﬂh

In addition, r o ave

I nsufficient oXi g”aéérferﬁ‘fy ?‘%égnful euForé}Y g%gggggf fﬂ%%ré’?é‘ﬁ‘tes' '

i nvent i on. 5Al sodependinguen th#npﬁ#ﬂkﬂuﬁgmﬂﬁnuinuidann)or antioxidames

sui tabl e m xturggh@l apdyd\dxhnBd, Mevels of BARTI Bb hashUngut 0.001

pol yal phaol efi ns,, pol yners of 1- decene, _and ha ogenat ed pol yol éfin
pol ymers such ag/mR FROS1g/Ml| BEe QsDRrallys waefiy pol yal phaol efin is

Nye 167A, containi ngia maddictosn | ehe (&heibkiGange) shouldr algeedpehai n

ol efins, availafle f W E., corp. 95/ 24033
PCT/ IUSS5/ 0\2/5|77 gor%pafzggie w:.tﬁy%r:wep components. ‘ |

L0 : _
Boundary layer lubricants can be useful in a
liquid bearing material to further reduce drag at the
head. Suitable boundary layer 1lubricants include,
15 without limitation, those conventionally used in engine
and hydraulic equipment lubricants, such as esters,
ketones, and certain fatty acids and their derivatives
such as stearic acid and isostearic acid. The latter
is especially preferred and is available commercially
20  as EMERSOL™ 875 through Henkel Corporation, Emery Group

of Cincinnati, Ohio.

The boundary layer lubricant should also be
soluble in, and remain so in, the liquid bearing
material. Levels between about 0.0002 g/ml and about

25 0.005 g/ml are generally useful. The usual range is
between about 0.001 g/ml and about 0.005 g/ml.
~ As stated above, the liquid bearing materials
according to the present invention act between the
rigid disk and head components of a head-disk assembly.
30 Figure 1 illustrates a typical head-disk assembly. The
interface between a rigid disk medium 210 and a
transducer 12, such as a magnetic fecording head
assembly, is maintained in an assembly including a
means for rotating the disk. - The rotating means
35 includes a spindle 14 that fits'thréugh a circular hole



o1l - of New Bedford, Massachusetts. Pol yal phaol efins may

al so mxed with one or nore normal (derr]-er
zhydrocar‘ﬂglﬁfg’2 R nal Cerr]-Cerr] hydrocarbon m xtures n&b’r@g%mzsw

pur chased under the tradenafe NORPAR[eérr], comnercially 5 avai l abl e

from Exxon Chem cal Conpany of Houston, Texas. - The conpl ex
conposi tion of polyal phaol efins, . - isoparaffins and isoparaffin.
m xtures may contain - undesirably 43 gh concentrations of oxidatively

reactive 10 species such."as olefinic, cyclic. and aromatic

hyldrolca[] bolnsf 1|ﬂDVﬂd6rmth.éU$ﬁ athé hsiékraloat i Vﬂ:cxef/ transdiicek uizsc%i ti ez,
pol yal phaol e |ns i_sapar i sopacaffin mxtures c e use
advant ageousl y Sﬁl :ﬁ‘?ﬁ?ﬁegym?PﬂlgFﬁgfogoﬂﬁoﬁn?Eequ i fqréce 15
ove_ral | vi scosidiredteadedwand dhmatisiy. nfithe ifdrde may be \appliied foy _
oSl red  ange. an dbddiibi) OfncihBRHC AR actuatdh 441 3 aRILYADAAOIE! ! 1S,

| sopar af fi ns, nonane, and’ isSopara I'n m Xtures
can depreds andti® w%mlaalledeeepngnsou suspensioncnmechaniamt 2%+ ml

20 hydrocar biraibe18atgSicis Othéy diing zadml rw quwéiecuveltsearl g
material at te eratures cl ose to or below reezin

Sel ect ed prope®Qsitian the tyapsducss A2 tpdiplly "with 3 IRERETT t'i;‘? he
present invent |dmslar H:Opresetlmbdlleaor@rﬁg sms;iendime mechantsmveg® i onal

liquid bearing gy €+an ers%?ggﬁﬁg qug Ofglxﬁ%{}e{:hgp?@k I:'?s

perfluorinated E€specl a
rel ativeld@ hi grsmlfWXensmorﬂslmild Qaaumgammnal 24 rm'psn:saltdne

according to thgFEaenbel RYER! 119 andOsupports the transducer in a
spaced relationship of about 1.5 microinches (uin) with
the upper surface of the disk. When disk 10 rotates in
the direction of arrow 26, inducing relative motion

15  between itself and the head, liquid bearing material 24
is carried on the surface of the disk, forming the

t he

bearing that supports the head. The spacing or "flying
height" between the transducer and the surface of the
disk 10 is generally determined by the amount of
20 'loading exerted on the transducer 12, by the spring
suspension, the aerodynamic design of the transducer 12

and rotational velocity of the disk.
While the disk rotates, conventional means, not
shown, are used to operate the transducer 12 to
25 electromagnetically read signals from and write signals
to the disk. For this purpose, transducer 12 includes

a wound core with a recording gap.

_ In a disk drive environment, means exist to
continuously apply a liquid bearing material to a disk.
30 For example, to irrigate the disk during rotation, a
nozzle can be mounted to the slider or to a separate
support. A wicking arrangement for renewing the liquid
bearing material is taught in United States Patent
Application entitled Lubricated Disk Drive, Serial No.
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-12- Table 1. Sel ected Properties of Liquid Beapin

Mat er i al WO 9524433 Li qui d Bearng Vi scosity Pour ﬁ?&m%ﬂﬁor
Surface Mat eri al at 25[err]C Poi nt Point Pressure

Tensi on i . at25[err]C

cP- ¢S [err]C [err]C Torr- dyne/cm PFPE - 3.2

1.8 -97 175 [err]1l 18 - (CE[ggrlCFCI)[err] 1.6 0.9 -129
10 23 10 Pol yal phaol efin 6.4 - 65 25- 27

Nye 167A oﬂ;besris@[ erfileaOpnbaéﬁbas 136 29§z 193corpo§a€ed25 9
derr]- C[err] |sz,€$ raffb 12. ~-18 237 3.1 . _ nC[err]
2.5 3.3 remyreerﬁ')‘ce' '2244688-

Hept anet hyl nonane 3.Bo  4iRlust28t840thé. Opre@ént7 invention in more
detail, the results of several tests are described.
5 For each test, the information storage media were
magnetic recording disks prepared by standard thin film
disk manufacturing techniq\ies. ' In partic_:ular, '
electroless  nickel plated aluminum substrates were
coated with 1100A chromium, 310& CoCrPt magnetic thin
10 film and 1502 carbon. To ensure adequate wetting of
' the disk by the intended bearing material, the
fluorinated disk 1lubricant, PFPE, conventionally
applied during the manufacture of standard thin film
disks, was removed by stripping with  FREON TF.
15 Thereafter, the disk surface was rewetted with the
fluid under evaluation, such as by pouring directly
onto the disk surface. '
Test fluids, including: any additives, were
assessed for suitability as liquid bearing materials by
20 measuring long-term head performance data, i.e., PW50
(recorded signal pulse width at half-height, in
nanoseconds (nsec)) and amplitude in microvolts (uv) .
For each test, the disks were wetted with the test
fluid and rotated on the test apparatus at about 3300
25 rpm. The flying height was about 1.4 pin. The write
frequency for PW50 and amplitude data was 500 kHz and
-9 MHz, respectively. PW50 and amplitude data were
taken at a l1-inch radius on the disk using three-pad,
thin film read/write heads, subject of United States |
30 Patent Application entitled Low Drag Liquid Bearing
Recording Head, Serial No. 07/976,442, filed November
13, 1992, incorporated in its entirety herein by
reference. ,
Long term performance for each fluid was assessed
35 monitoring PWS0 and amplitude data over several hundred



20 Ant i oxi dant's Anti oxi dants are useful to inhibit oxidation

of the hydrocarbon |iquid bearing material and of '
,conponemgs'm?ynay be released fromintradrive elgﬁgﬁ%ﬁm” _
Anti oxi dants are not essential for liquid 25 bearing materials of pure
hal ocar bon oils and/or of certain pure hydrocarbons, nanely those
branched hydr ocarbons in which there are no hydrogens | ocated {err]
(i.e., imediately adjacent) to carbonsg ga,vi_ng tertiary - hydr ogens

i .e., hydrogens attached to a carbon to 30 which is so attached three
carbon atons. pWlirse NOtIn addit¥bahi Medd® perbewvidnbe apyst! es@mined iS

bol i 4 that . ad
e el osn™ under e e VoexiSELi Y BnalilBE L Y 1o Fant 2

- 13 - ' staritystoppmodds, dariing twhidlke atlsentead repeageddy .
| ocated [err] rhaons i Lar dregens. ate . af t aghed.

Sui tabl e anti o%&gﬁtés%%grtéﬁ%f mhéébf trsggfrhggiycgg tg'% é‘r‘igjl&n %?an%::ha i 2‘% type

and incl u8e, byinigiatede and terminateshiovenmany £yakes as butyl at ed
hydroxytol uene (BET)mree typdB "6E: tedtCRppatathiges Ue¥d Yhseanentha ne,
phenol condensat i on oducts, such g benzenepy opanoi.c acid, -

: first test apparatus, referred to herein as the "Hogout
Tester", for screening £luids warranting further
evaluation, is a head-disk assémbly mounted above a

10 spindle motor; the test fluids were not recirculated.
Fluids that performed successfully (i.e., had
acceptable PW50 and amplitude data) in the Hogout
Tester were tested in a second apparatus, referred to
herein as the "Ultraclean Tester". The Ultraclean
15 Tester is a head-disk assembly similar to the Hogout
Tester used in the screening tests described above but
incorporates a fixed head and a wicking arrangement,
the latter being that described in United States Patent
Application entitled Lubricated Disk Drive, Serial No.
20 - 07/976,198, filed November 13, 1992, referred to above,
to recirculate the test fluid between the head-disk
assembly and the spin motor. '
Finally, fluids that performed successfully in the
_ Ultraclean Tester were tested in a third apparatus, a
25 Winchester-type liquid disk drive. Like the Ultraclean
Tester, the drive also incorporated a wicking
arrangement for circulating the test fluid.
Figure 2 illustrates the performance in the Hogout
Tester in contact start/stop mode of hept:'amethylnonane
30  with an antioxidant combination containing 0.002 g/ml
amine and 0.0005 g/ml phenolic antioxidants, 0.005 g/ml
copper passivator antioxidant and 0.005 g/ml isostearic
acid boundary lubricant as additives. Generaliy, PW50
' values were substantially constant between about 40
35 nsec and 50 nsec and aimplitude values were also



3,5-bis(1,1-dinmethyl ethyl (-4-hydroxy-) thio-2,1- 10 . ethanediyl ester)

avai |l abl e_ under  the tradenane | RGANOX[ err] 1035 from C ba Cei gy
Cor porati B0 24833t hor ne, New York, sulfides, such adCT/USISN25T7

di I auryl t hi odi pr opi onat e, and certain netal salts of dithioacids.
Conbi nat i ons of ant i oxi dant s, such as BHT and p,p' - 15
di octyl di phenyl am ne, can act synergistically and are al so usef ul..
Metal deactivators that inhibit netal- . 1g catalyzed initiation of free
radi cal chain reactions in t he oxi dation process are al so useful

antioxidants.  subs€aft£a2IP! echBrantopREweRaS J0M LY .and Usho gVt Bobr20

commercially avaj under ,t he tradenanme REOVET[err] 39 fromC ba
Gei gy Corporati %6g$6%ﬁgﬁ5§43£°%W?gﬁﬁ.‘ The anti oxi dant used
in the liquid bearingFigure ne3eriifllustratesr esthe | npenformanee beofn

liquid or Bt nd ChY Rbhhe! YS! 08 04/l iRBatedtiE NEAI4 19025
material . The = maxi - antioxi dant ~conteht s princrpally
determ ned Dy soth®i HegguenTegEer gurdng abowle £5 hPwes «pf afontinuous

10<91{tifcult ﬁr,lit | patrdieson abl Geherally, PWHO Gralllided WéPdt shBaPaREIALLP! €
out o e liqui

' terj | uti. Th h t ot
30 Wnchester _q%t@ﬁ&?%é%‘é&%&étgs Zﬁ?ﬁgﬁiﬁﬁgnﬁg ﬂ%é? " i\mpiggggé ubIOe

at 5[err]C, the valwes operat adgot substanvially constanticbetwees; ahout
ot essential . SR MRS UGS BI0 1) ¢ anount Cof antioxi dant i, in
essence, ckhit 35 anBigrarehdt iliusgratesethe atdddtiyiofidepixeunei dfiti on
WO 95/ 24033 a hydrocarbon with a halogenaggdr/ 6335/ 8¢5 the liquid
bearing material. The sgpecific mixture used in the
Hogout Tester was a 9:1 (volume) mixture of
heptamethylnonane with Halocarbon 0il 0.8. No
15 antioxidants or other additives were used. PW50 values
remained between 45 nsec and 50 nsec over 14 hours of
continuous operation. Amplitudes were substantially
constant between 250 uV and 300 uV.
Figure 5 illustrates the performance of
20 heptamethvlnonane with 0.001 g/ml isostearic acid in
the Ultraclean Tester in contact start/stop mode. PW50
values were substantially constant between 40 nsec and

45 nsec over 250,000 cycles. = Amplitudes were
substantially constant between 400 uaV and 500 uv.
25 Figure 6 illustrates the performance of

heptamethylnonane with 0.005 g/ml BHT and 0.005 g/ml
amine antioxidants in a Winchester-type disk drive
during about 650 hours of continuous operation. PW50
values were constant at about 70 nsec, while amplitude
30 values were substantially constant at between about 100
gV and 120 uv. o | |
Figure 7 illustrates the performance in a
Winchester-type drive of heptamethylnonane with 0.001 |
g/ml isostearic acid. PW50 values were generally about
35 65 nsec over 500 hours, while amplitude was initially

(



- 14 - _ resistance to the liquid bearing material and any

organi ¢ conponents extracted fromintradrive el enents. of
_between %95594”@.30002 g/m and about 0.02 g/m are gbnera @Euseful
but the precise range varies, 5 depending on the particular antioxidant
or antioxidants used. For exanple, |evels of BHT between about 0.001
g/m and 0.005 g/m are generally useful. In addition, the

anti oxi dant should al so be ~conpatibje with drive conponents. 10
Boundary Layer Lubricants - Boundary | ayer |ubricants can be

Ese;ul ig at blac blanbu' il hero iy rraharl gheho afitéberabedtcelsdachaurs he
ead. uita oun rica c e HQHS
limtation, th d'e% %ﬁg F?n 5’38 [ Q} #@f? 55}9 pvlifnf(?%ey raLR?J(':ng
equi pnent Iubripmﬂ:sp:.tsmmbﬂ.xasaéiseersoo hoursketones and certain fatty

acids and their der| Bf;'l.qu ¢ i-ﬁlhﬂ ngni gosy@eped € aci d.
The latter f%&em a pre errﬁ ?&e?%ba\c?al at?ée go?merm aél'llcy 20
as EMERSOL§ err]rWS iRrodgh’ St JarRe i ohidehd, ydésbupdr""e Rt

G ncinnati, Ohigaptamethylnondhé mwi'&@tkﬁﬁyaiti&bbidm ahcwuhaésp be
soluble in, and I’EITB.I so,in, the bsqwd gear nat er
bet ween about OLRXR® LpbFicaptspoy eg’/rﬁ zfr ﬁ‘l Iﬁ%ﬁful
Xge usualOI rgngeless than behmea,aluhet ampaﬁ;tugwemdmppemcﬁxow l@@&gém
stated above NGy '
pr esent |nvent|éol?1 ‘é%tg% Lﬂ\/\‘/ieié:’lqufl %%%rﬁgod}g gﬁﬁegg orrponents of a
head- di skl@ssemmalues0 alﬂ)gudegl'adedust raﬂ@é‘;—e&‘ tﬁﬁ%’éﬂ HeadlQHEX REenbl y.
The operation, PW50 increased to an unacceptably high €5

nsec. Figure 8B illustrates the effect of the addition
of about 0.001 g/ml BHT after the drive had been
operating 85 hours with heptamethylnonane alone. After
15 the addition of BHT, PW50 values stabilized at about 45
nsec and the amplitude increased to and remained at
about 325 ;N'until the end of the test, 303 hours.

i Al i ild

20 In summary, the invention described herein
‘utilizes liquids as bearing materials for liquid disk
drives. The liquid bearing ﬁaterials of the present
invention stably support read/write heads at constant,

low flying heights above a disk surface. In addition,

25 the liguid bearing materials adequately wet the disk
surface, providing for ease of application. Further,
because the 1liquid bearing materials exhibit non-
Newtonian flow characteristics at the high shear
conditions at the head-disk interface, drag at the head

30 is reduced compared with Newtonian bearing materials.
Moreover, the liquid bearing materials of the present
invention have sufficient oxidative resistance to
remain chemically stable over the lifetime of the drive

and are not good solvents with respect to intradrive

35 elements from which organic compounds may be extracted.



I nterface between a rigid di sk nedium 10 and a transducer 12, such as

a magnetic recordlng head assenbly, is nmaintained in an assenbly

i ncl udi ng™9 9524033 npans for rotating the disk.  The rot at iBGI/¥95025735
includes a spindle 14 that fits through a circular hole WD 95/ 24033
PCT/ US95/ 02577 - 15 - in the

m ddl e of the disk 10. The transducer 12 is ‘normal |y | oaded by .
application of a pressure or force - dipected toward the disk. The
force may be applied by an assenmbly tThcluding an actuator 18, a swing

arm20 5 and a8 a Gebdit Edheéﬂé' fﬂ 1:‘?%?:93”&18? d%@é”iﬁ%fﬁgrafﬁ%g

Actuator 18 pivots the svmr]%rarm to s
transducer 12 ratéﬂ‘%ﬁ?y egﬁié%nﬁo“laﬁ?@rlals ﬁe§ﬁom rel@aﬁaarleud

spring suspensi csatistactorily. - loads transducer 12 against disk 10
e e S 18 RIS EARET L iche LAY BohStha fadBiial s 2ottty e
rel ati onshi® of t_amotthe 1p3esentoﬁ.nvbasibher ial ma)ri\mi}h of substenoéscéan
ey o s A12L Y focarmant Sy B Sjedhsdl "
beari ng materi alcqgmpounds | ingluding’ ohaﬂ-ﬁ@as'MGe @na hem:dxtslu;eé orafng
t he beari Q@df@éaWﬁﬁd%&lMtJ@%&ﬂﬁ@ﬁﬂ@sor Add¥t{¥es can
be easily incorporated to enhance ‘lubricity and
10 oxidative stability of the liquid b_eering material.
~ ‘While the invention has been described in
connection with specific embodiments thereof, it will
be understood that it - is capable of further
modification, and this application is intended to cover
15 any variations, uses, or adaptations of the invention -
following, in general, the principles of the invention
and including such departures from the present
disclosure as come within known or customary practice
in the art to which the invention pertains and as may
20 be applied to the essential features' described herein,
and as fall within the scope of the :.nvention and the
limts of the appended claims.:



~

hei ght" between the transducer and the surface of the disk 10 is

generally determ ned by the anpbunt of 20 | oadi ng exerted on the
 transduceWoPd2403§ the spring suspensi on, the aerodynZfTUSRESTH of

t he transducer 12 and rotational velocity of the disk. :

Whi |l e the di sk rotates, conventi onal neans, not shown, are used to

operate the el ectromagnetically read signals fromand
write signal Hlﬂmﬂm m" w,mlsk For this Lpiurpose transducer 12 includes
a wound core with a record Rg gap. - In a disk drive environnent,
means exist to conti nuously apply Ml d bearing material to a

di sk. 30 For -exanpl e, t0|rr|gatethe I'S uring rotation, a

nozzl e can be nounted to the slider or to a separate support. A

w cking arrangernga@tci®imfenewing the liquid . bearing material is
taught in United States Patent Application entitled Lubricated D sk
Drive, Serial No. WO 95/ 24033 ' ' '

PCT/ US95/ 02577 1. A non-Newtonian liquid bearingl@aterial fo974876, 198,
filed Novenber I i 2d % e er

To illustrate t%"‘bresen% [ n\%t%?{ |?\y?r%em ﬂcﬁé&th e re%%f?osnof
several tests arkiguidrand@n @timd%%h test, the |nforrrati-on st or age
medi a were

5 2. A liquid bearing material according to Claim 1,
wherein the antioxidant comprises a material selected
from the group consisting of phenols, amines, phenol
condensation products, sulfides, and metal salts of '
dithioacids or mixtures thereof. |

10 o _
3. A liquid bearing material according to Claim 2,
wherein the antioxidant content is between about 0.0002
g/ml and about 0.01 g/ml.

15 4, A liquid bearing material according to Claim 3,
wherein the antioxidant content is between about 0.0001
g/ml and about 0.005 g/ml.

5. A liquid bearing material according to Claim 2,
20 . wherein the phenol comprises butylated hydroxytoluene.

6. A liquid bearing material according to Claim 2,
wherein the amine comprises p,p’-dioctyldiphenylamine.

25 7. A liquid bearing material according to Claim 2,
wherein the antioxidant comprises a phenol and an
- amine.

8. A liquid bearing material according to Claim 7,
30 wherein the phenol comprises butylated hydroxytoluene
and the amine comprises p,p’-dioctyldiphenylamine.



magneti c recording Wandard thin film di sk

manuf acturing techni ques ticul ar, ‘el ectrol ess nickel

pl at ed AVOARSPANI subst m\‘\“m{coat ed with 1100[ er PCT/URYSMN25TTM)
310[ err] CoCrPt nagnet m and 150[err] carbon. To ensure
adequate wetting of * the disk by the |ntended bearing material,

t he fluorinated disk |lubricant, PFPE, tconventionally
appl i ed during the manufacture of st_and_ar thin film di sks, was
removed by stripping with FREON TF. Thereafter, the di sk surface

was rewetted wigth t f d lyat ur,
directly ' ont olk'?h%al%u is)éfh?iﬂg wacerial &&ﬁbr@:ﬂﬁ] §s@j‘aﬁ‘§\ | ng any
addi tives, wer @herein aéié'@sséﬂlwl s wionglensation Ipmﬂhtbﬁaeeqtimp}‘msarl al's

by 20  neasur g aada@tadﬁfo;@mdeial difeth ﬁ\ﬁ&

(recorded signal lll”é' dth hal f- hei ght, 4;& : na osecon%ls (nsec))
“and anplitude i ile"r‘? 1-ethane 1e%§:the¥)est t he di sks were
wetted wi sh-the test fI UId and rotated on the test apparat us at about

3300 25 rpm . .The . V\As 4 (rlin. . The,wit
frequency for I?’\RBO fndﬂ% tehgg%ﬁggan%%%%gﬁé lﬁ-ég ng to g 92
respectively. wmrahl}eaﬁﬂplfi@@leiqmlam dllaurylttdﬂmdi&ropibnam r adi us
on the di sk using three-pad, thin filmread/wite heads, subject of
United States 30 Patent ‘Application entitled Low: Drag Li qui d Beari ng
Recor di ng Head11ser Aa|ldgrid)hearingomaterdaNArGAkding to Claim@),

i ncor por aged i wne&eiwtheeiutﬂmaanbycompriséefaerptml condensatidsPNg
term perfornance f.Or fluid. was assessed 35 moni toring PWO0 and

anpl i tude data 5\%’?‘& B A

12. A liguid bearing material accord:.ng to Claim 1
further comprising a boundary layer lubricant. '

15 [T _

13. A liquid bearing material according to Claim 12,
wherein the boundary layer lubricant. comprises stearic
acid or isostearic acid.

20 14. A liquid bearing material according to Claim 12,
wherein the bearing material comprises butylated
hydroxytoluene and isostearic acid.

i5. A liquid bearing matieria.l. acc’ordi’ng' to Claim 1,
25 wherein the hydrocarbon liquid compr:.ses 2,2,4,4,6,8,8-
heptamethylnonane .

16. A liquid bearing material according to Claim 15,
wherein - the bearing material further comprises a
30 halogenated polyolefin polymer.

17. A liquid bearing material according to Claim 16,

wherein the halogenated polyolefin polymer comprises a

chlorotrifluoroethylene polymer. _ '
35



‘WO 95/ 24033 SEEEE PCT/ US95/ 02577

- 17 - urs. 3 b per f ormance was ) .

.under thg(?ﬁﬂzég acti ng “ﬂ%ﬂ"“ﬂﬂ!ﬂﬂﬂiﬁm act : .-;;sta‘rtw%%?g? during
whi ch the head repeatedlsy ¢ "t €0 s the disk 'surface as the disk
rotation is 5 initiated and term nated over many cycl es.

Three types of test apparatuses were used. The first test apparatus,
referred to herein as the "Hogout -Tegter", for screening fluids
warranting further eval uation, is a head-di sk assenbly nounted above

a 10 spindl e getorA QHeuliadsbdariints mteridll dccdrdinqted. Claim 17,

Fluids that perforned successfully (1..e. d_ acceptabl e PWpO_and
anpl i tude dat a) wﬁﬁggﬁg %Oageariﬁ/g ‘ﬂ%‘é‘?’é’r%‘r‘%"‘?’é&?‘éﬁ ?nEangcéx\g'a‘
appar at us, ref eheptiamethylnonapeciandischberdtiifndrostfghene " polyies
Utraclean 15 jlegt &hilRedriedd: dieskpdstebly §im1ar to the Hogout

Tester used in the screening tests described above but Il ncorporates a
fixed headSand a wi cki ng arrangenent, the latter being that described
in United StateggPat Anfiiquid VEDFHiAq!mABefDhl! bRdordinCaiedobhsk i ve,

Serial No. 20 7/ 976, 198, filed venber 13, .1992,. referred, to above,
to recircul ate Y’ggrﬁé& f Iy be}(‘lﬁagﬂc?ﬁgoﬂead;&i%’ﬂ'd COmpXisePy aRd t he

spi n notor. polyalphiblelftin. flui ds that perfornmed successfully in the
Utraclean Tester were tested in a third apparatus, a 25 W nchester-type
liquid di'sk drive. Like the Utraclean- Tester, the drive also-

i ncor poral@d a20wi chi ddquid baaringematerial accowdingnda helafmt 1f! uid.
Figure 2 illustgpbesihNecmer ifdPtatdh { 18qi2E0%urther comprises a
mixture of a polyalphaolefin and at least one of the
normal hydrocarbons' selected from the group consisting
of Cp, C4u, C4, and C;s hydrocarbons.
15
21. A liquid bearing material according to Claim 20,
wherein the mixture comprises polyalphaolefin and at
least one of the normal hydrocarbons selected from the
group consisting of C;;, Cy, C,, and Cy 'hydrocarbons in
20 a volume ratio of about 1 to 3.

22. A liquiad béaring material according to Claim 19,
further comprising a chlorotrifluoroethylene polymer.

25 23. A non-Newtonian liquid bearing material for an
information storage system comprising a hydrocarbon
liquid and a boundary layer lubricant.

_ 24. A liquid bearing material according to Claim 23,
30 wherein the boundary 1layer - lubricant comprises
isostearic acid or stearic acid.

25. A liquid bearing material according to Claim 24,
wherein the boundary layer lubricant content is between
35 about 0.0002 g/ml and 0.005 g/mi.



Tester in contact s{ig%iglggfggdedoifheptanethyInonane 30 with an
anti oxi dant conbi nat containing 0.002 g/m anm ne and 0. 0005 g/
phenol i ¢ 'WO9524033 ant s (‘\ml‘m\l\u ML copper passivator XRCTIUSW/RINTE
' tearic “ﬁ ry lubricant as additives.

0.005 g/m isos
General ly, PWs0
35 nsec and
PCT/ US95/ 02577
substantially c
start/stop cycl

Hogout Tester d
CGeneral |y, PW0 g,
nsec and 50 nse
bet ween about

illustrates the
hal ogenat ed oi

m xture used in

Ues ‘wef'e substantlally cOhst ant bet ween about

50 nsec and anpli.tude values were also WO 95/ 24033

- 18 -

onst ant between 300 [err]\/%ﬁuf 350 [err]V over 20, 000

Ty MR ERAEE e APy 4 sl A e

of hept ane

whereizhshe boundary dayerniubuigant conteptrisibhetween
qjdie§/w_r %rﬁi‘ttft(f’dg | GYehly, const ant between about

c. Anplitude valUes were al so.substantially const
300 [err]V and 350 [err]V. 10 - Figure 4

29t I ). Y.I.iliuf?d Mbedtd Olhatera.alaabbdﬁ:ﬂﬁ.ﬁgb% waldim 23,

SRR T b Siee TEE

of heptamhﬂpﬁammthxinonane Hal ocar bon No 15

anti oxi dants or

10

15

other additives were used. PW%O values

28. A non-Newtonian liquid bearing material comprising
a liquid having a surface tension of between about 20
dynes/cm and 35 dynes/cm at 25°C, a melting point below
about 5°C and sufficient resistance to oxidation
without added antioxidant so that PW50 and amplitude
values are substantially constant for at least 12
months.

29. A non-Newtonian liquid bearing material according
to Claim 28, wherein the 1liquid bearing material

" comprises an added antioxidant and-?WSO and amplitude

20

25

30

values are substantially constant for at least five

years.

30. A non-NeWtoni'a_.n' liquid bearing material comprising
a liquid selected from the group consisting of
halogenated liquids, hydrocarbon liquids, and mixtures
thereof, wherein the liquid has a surface tension of
between about 20 dynes/cm and 35 dynes/cm at 25°C, a
viscosity at 25°C of between about 1 ¢S and about 20
cS, and wherein the liquid is characterized in having
no hydrogens located o to carbons hav1ng tertiary
hydrogens attached thereto.

31. An information storage system, cqﬁprisingé
a rigid, moveable information storage medium;

and

40

45
ant

ture



"remai ned between 45 nsec and 50 nsec over 14 hours of cont i nuous
oper ati on. Anpl i tudes were substantially constant between 250

[err]Vv WMQ9%%2933err] V. ﬂ i || ust r at eBCT/UB}M2577
performance of 20 “I“I“HI]’L“N“'I Jﬁ“lte W|th 0.001 g/m isostearic acid in
the Utraclean Tester ih conttact? sfart/stop node.. PW0 val ues were
substantial ly constant between 40 nsec and 45 nsec over 250,000

cycl es. Amplitudes were subst_ar% ally constant between 400 [err]V
and 500 [err]V. 25 Fi gure i1l ustrates t he performance

of hept amet hy lnoian e g 4 m&;é}%wexﬂﬂ% H :gzé)%%&l m ne
antioxidants in a Wnchester- type rive uring a out ours

of continuous &R HRE transfgffiles were constant at about 70 nsec,

whi | e anplitude 30 trgﬁismfcg;ere Mantsﬁbbyrggast app at gbet Wéioout
100 [err]V illustrates t

per f or mance i n TALa ﬂ%‘r[&ﬁ'e‘s‘tﬁthFyBE°aﬁﬁﬁem8$¥H’B&% TETFRPRN e
0. 001 5 g/ movienexiteaf d¢her inediRinb A n andexr voer @xgmidmlﬂquﬁio’iﬁ 65

nsec over 500ty s geiidge 2 | eHlP WA (I o | recdlQSRINRA

PCT/ US95/ 02577 9 - about
170 [err]V andnfiormatdion from khe siprage medium; f| yct uat ed bet ween 150

[err]V and 210 [err1\odeiiny et FdW exerting ' AdAdidiEs |8ord &n T hours.
transducer means, which loading is directed toward the
10 storage means;
non-Newtonian hydrocarbon liquid bearing means
between the storage medium and the transducer means and
cooperating with the loading means for supporting the
transducer means in the spaced relation during the
15 movement of the storage medium; and
means for retarding oxidation during the lifetime
of the system. '

32. An information storage system according to
20 Claim 31, wherein the bearing means comprises a
‘material selected from the group consisting of
2,2,4,4,6,8,8-heptamethylnonane, a polyalphaolefin,
a halogenated = polyolefin polymer, mixtures of
2,2,4,4,6,8,8-heptamethylnonane and either a
25 polyalphaolefin or a halogenated polyolefin polymer,
and mixtures of a polyalphaolefin and normal C;, - C
hydrocarbons. '

33. An information storage system according to Claim

30 31, wherein the means for retarding oxidation comprises
at least one of the -group -consisting of phenols,
amines, phenol condensation products, sulfides and
metal salts of dithiocacids.



Figure 8A illustrates the eformai Eatyp cal 5 run in a
r

vt St o UL, ., oo st o

Figure 8A, after Tess than g hours t he anplitude dropped from

bet ween about 300 [err]V and about 350 [err]V to less than 40
[err]V. PWO 10 val ues also degraded. After about 5 hours of
operation, PWO0 increased to an unacceptabjy high 65 nsec. Figure 8B
‘illustrates the effect of the addition of about 0.001 g/m BHT after

the drive had begp ) :.nf’d?ﬁﬁé’éié‘ﬂ 86oba &S s¥stBmh AicFRiinYg Y aEa fih ONe.
After 15 t he addltlon of PWhQ varl ues stabl I |fed at "about 45

nsec and the anp%+ dReneIdy &keﬂeﬁﬂsaﬁﬁrr’ém NG ox t1°%tﬁ9}{‘?%5[ err]Vv
until the end ofa tgiferiaistand G hanite . : I ndustrial Applicability 20
In summary, the invention described herein " utilizes liquids as
bearing materials for liquid disk drives. The liquid bearing
materials & tha85r edantinformationecatovaget awbyeuuquddmnw iCkaimads

: | h
L constant, i My WREENLAD NS @hous1 2 desphineace: ikridd o

25 the Iiqui ring materials ade |sk surtace,
provi di ng for ed¥axgxygpiuens and the tapine comprige8use the || quid

bearing materi alg, ;ﬁ%fbétjﬁtphenylamﬂ@é\@ oni an fl ow characteristics at the
hi gh shear conditions at the head-disk interface, drag at the head

30 is reduced conpared w th New oni an bearing nmaterial s.
Mor eover, uthe |i3gu d MdnfwmmabSOnagehsyptemeatccord:.ng |trn/e(r;‘1am have

sufficient oxid t qt@g r the

lifetime of theastci"rl ve ,_Ié’rféé ﬂi@ 1%,'gnot good s&l‘ven % pectﬁﬁ _

intradrive 35 boundamies brertmemuthe §rgaﬁﬂb\<=§§‘n§9§n§saﬁ§ytb% 85Q¥age ed.
medium.

15 37. An information. storage system according to Claim
36, wherein the means for reducing drag comprises
stearic acid or isostearic acid.

38. An information storage system according to Claim

20 36, wherein the bearing means comprises 2,2,4,4,6,8,8-
heptamethylnonane, the means for. retarding oxidation
cdmprises -butjrlated hydroxytoluene and the means for
lubricating comprises isostearic acid.

25 ~ 39. An information storage system, comprising:.
rigid ‘storage means for recording information
31gnals,
 transducer means closely spaced from the storage
_ means for transducing information signals to be
30 - recorded on and read from the storage means;
load means for providing a load force to the
transducer means, the force being directed toward the
storage means;
means for moving the storage means with respect to
35 the transducer means;



" WD 95/ 24033 | | PCT/ US95/ 02577
these | MRPHAEE, | oo AMRARAI RN o o1 oo rpegpoutns y.

. ring material stpertermereliably and
Further, in the liquid bearing materials according 5 to the present
I nvention, a variety of substances can - be .used, including pure
hydr ocar bons pure hal ogenat ed - comp@inds including halocarbons, and
m xtures of hydr ocar bons and hal ogepat ed, conpounds. Additives can
be easily incor poP&’Péa'e'{tt?n%aﬁlfgroFgEPPBi tiiqutd hearing (Heprs

rs1t abi |bi ty 01;I th&sbbb@leud_ﬂwaiéém anfecontacting the_?i‘ﬂhhﬁubcéilemehﬁh‘sention
as been descgri i0 connectio th.specific .enbodi ments
thereof, it w d %ﬂe sﬁgragﬁagnggogoriﬁgﬁb;?%n i@ydfgﬁﬂﬁﬁggcb OIFSr t her
nodi fi cation, epposing &pgl Loadi force sotthakdhe toansdurer means is

vari ationg, us qg§£§ Walg (S Nty ‘34 | Qi N
gener al , .tghe p??ﬁ&g& es 0 8%1?1% ?%ggﬁélgoﬁb%% ta'!tgnrad ??\%ﬁi‘gle%gegu%%out
departures frof-Bh&igreigenes; andjj sclosure as conme within known or

customary practice means ifor! Redacing0diagCat! khe Boantdaddedcbetweenand as
may 20 be applied to the essential fegﬁyr%&.descrlb%g her ei n, - and
as fall within fffe FTEHFEUGEL FESAR ARG SR RF RIS MeditByits of the
appended cl ai s. _ _ _
10 40. An information storage system according to
Claim 39, wherein the bearing means comprises a
material selected from the group consisting of
2,2,4,4,6,8,8-heptamethylnonane, a polyalphaolefin,
| halogenated  polyolefin polymer, mixtures of
15 2,2,4,4,6,8,8-heptamethylnonane and a polyalphaolefin
~or halogenated polyolefin polymer, and mixtures of a
polyalphaolefin and normal C,, - C;s hydrocarbons.

41. An information system according to Claim 39,
20 wherein the means for reducing drag comprises stearic
acid or isostearic acid. '

42, A method for writing data to and reading data from
- an information storage medium in an information storage
25 device, comprising providing a non-Newtonian 1liquid
bearing material to a surface of the medium, the liquid
bearing material comprising a hydrocarbon liquid and an
antioxidant for substantially suppressing oxidation
during the lifetime of the device.
30 | o |
43. A method according to Claim 42, wherein the
hydrocarbcn_liquid-comprises a material selected
from the group consisting of 2,2,4,4,6,8,8-
heptamethylnonane, a halogenated polyolefin polymer,
35 a polyalphaolefin, mixtures of 2,2,4,4,6,8,8-
heptamethylnonane and either a halogenated polyolefin



WD 95/ 24033 : PCT/ US95/ 02577 = - 21-

CLAI V5 W daim 1. A non-Newtonian |iquid bearing

mat eri al WO 95p4033 i IVMII"HM mnﬂllﬂm e system conpri si ngPEIN§NQEHr b
l'iquid and an anti oxi dant™*% W ong WM i quid bearing material ~accord
to Caim1l, wherein the antioxidant conprises a material selected
fromthe group consisting of phenols, am-ng®, -phenol condensati on
products, sulfides, and netal salts of di t hi oaci ds or m xtures

thereof. 10 polgmerA brquad pedyadphamilefial, aand dmigtured aiof 2a
wherein the anti Qxi .Sy 40 \ggg about . : m and
about 0.01 g/m. BéiQ%@thg&E%&k P?lgu?%’ eg'r (@h’g ma %%%ozfcac%brol ng to C
3 wherein the anti oxi dant content is between about 0.0001

and about 0.005 g4nl. A method according to Claim 42, wherein the
5 antioxidant is selected from at least one of the group
- consisting of phenols, amines, phenol condensation

products, sulficdes and metal salts of ‘dithiocacids.

45, A met_:hod according to Claim 43, wherein the
10 antioxidant comprises a phenol and an amine.

46. A method according to Claim 45, wherein the phenol

on
i ng

aim
g/ m

comprises butylated hydroxytoluene and the amine R

comprises p,p’-dioctyldiphenylamine.
47. A method according to Claim 42, wherein the
bearing material further compriséé a boundary layer
lubricant.

20 48. A method according to Claim 44, wherein the
boundary layer lubricant comprises stearic acid or
isostearic acid. '

49. A method according to Claim 47, wherein the
25 bearing material  comprises < 2,2,4,4,6,8,8-

heptamethylnonane, the antioxidant comprises butylated _

hydroxytoluene and the boundary 1layer 1lubricant
comprises isostearic acid.

30 50. A method for writing data to and reading data from
| an infozﬁuation_ storage medium in an information storage
system, comprising providing a non-Newtonian liquid
bearing material to a surface of the medium, the liquid
bearing material comprising a hydrocarbon liquid and a
35 boundary layer lubricant. ' |



"5. A liquid bearing material according to CI aim2, 20 wherein the phenol

conprises butylated h . A quuid bearing materi al
. accor di nyot95/2€933i m 2, )”"mmﬂ Mm‘" lme am ne conpri ses pPET/USISN25T7
- di oct yl di phenyl am ne. ™ s A+[iquid bearing material according to

Claim 2, wher ei n the ant | oxi dant conprises a phenol and an

am ne. 8. A liquid beari.ng matergal-according to aim7, 30
wherei n the phenol conprises butyl ated hydroxytol uene and the am ne
conprises pp'- oBJoctyldim&tﬂ'rqd a@acoarding téD @342@0380, wherein the

- 22 - g@ﬁg ol t

wherein the ph ollpb cond‘gnsaﬁ%&ngc u{ C%Crrﬁtlgésqé%gl Qeg%%%enepropanm C
acid- 3,5-bis (Bremdjntkey|l grayp consdistipgdroef ) Hid-L 4-Gthdrediyl
ester). heptamethylnonane, a halogenated polyolefin polymer,

5 a polyalphaolefin, mixtures  of 2;2,4,4,6,8,8-
heptamethylnonane and either a halogenated polyolefin
pol'y_mer or a polyalphaolefin, and mixtures of a
polyalphaolefin and normal C,, - C;s hydrocarbons.

10 52. A method according to Claim 51, wherein the
boundary layer lubricant comprises stearic acid or
isostearic acid.



-5 10. Aliquid bearing material according to Caim 2, wherein
the sul fide conprises dilaurylthiodipropionate. 1 ATI|
beari ng %Pﬂ%"ﬁ@ according to Caim2, 10 wherein the a%ﬂ/ﬁ%d ant

“conprises a phenol condensation product and an ani ne. 12. A
|l i quid bearing material according to Claim1 ) further conprising a
boundary | ayer lubricant..15 .13 /3 l'iquid bearing material according
to Claim12, wherein the boundary |ayer |ubricant conprises stearic
acid or isostearic acid. 20 14. A liquid bearing material according to
Claim12, wherein the bearing material conprises butylated
hydr oxyt ol uené and i sostearic acid. 15. Aliquid bearing materia
according to Claiml, 25 whelQin the hydrocarbon liquid conprises
2,2,4,4,6, 8, 8- heptanethy\nonane. 16. A liquid bearing
mat eri al aCCOI'\jillg to—Ctar 5, —rrer-ermrtite bcaliug reteri al further

1& | Aliquid

he hallogenat ed

conpri ses a 3(Q @ hal oggmat ed pol
beari ng materijal acc
pol yol ef i n poljyner

ol ef gn pol yner. ©
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‘chl orotrifluoroethyl ene polynmer. 35 WD 95/ 24033
PCT/ US95/ 02577 - - g% '
liquid b@%ﬁ?% HFat er | aI according to Claim17, vvherel n %ﬁm eari ng
Taterial conprises 2,2,4,4,6,8, 8- hépt armet hyl nonane and
chlorotrifl uoroethyl ene pol ynmer 2'@ a volunme ratio of about 9 to 1.
5 19. Aliquid bearing nmateri al écordingto Claiml, wher ei n
t he hydr ocar bon liquid conpri ses a pol yal phaol efin. 10
20. A liquid bearing nmaterial according to Caim1, wherein the .
hydrocarbon liquid further conprises a m xture of a pol yal phaolef in
and at | east one of the nor mal hydrocarbons sel ected f«omthe group
consi sting of CJerr] Cerr], Cerr], and (Jerr] hydro&rbons. 15
21. A liquid bearing materi al accordlngto Cl ai m 20, —~ ~herein the
m xture conprises polyal phaol efin and at | east one &f 3he nor nl
hydr ocar bons sel ected fromthe group consi sting of ‘C[ e::r] axyri,
Cerr], and (Jerr] hydrocarbons in S =
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© 20 a volune ratio of about 1 to 3. 22. A liquid bearing materi al
according to Cl aim 19, further conprising a chlorotuyg yl ene

pol yrer .%0945@4033 23. A non-Newtonian liquid bearing nat e?’lk'ydé%@%?ﬁn

i nformati on storage system conprising a hydrocarbon liquid and a

boundary | ayer | ubricant. 24. a/d qui d bearing material according

to daim23, 30 wherein the bounda l.ayer |ubricant conprises.

i sostearic acid or stearic acid. 25. A liquid be&'ng materi al

according to O aim 24, wherei n the boundary | ayer l&ricant content

I s between 35 about 0.0002 g/m and 0.005 g/ m. @ o0 95/24033

PCT/ US95/ 02577 : - 24 © 26. A

| i quid bearing |ubricant according to C aim 25, i n the boundary

l'ayer lubricant content is between
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" 0.001 g/m and 0.005 g/m . 5 27. A liquid bearing nmaterial according
to dai wherein the hydrocarbon |iquid conpri , 6, 8, 8-
_.heptan95¥§?ﬁgwg%e. 28. A non-Newtonian liquid beZﬁ?ﬁgﬂégég?ia
conprising 10 a liquid having a surface tension of between about 20
dynes/cm and 35 dynes/cmat 25[err]C 4 nel ting point bel ow about
5[err]C and sufficient resistance to oxidation W t hout added -
anti oxi dant so that PWs0 and anplitude val ues areubstantially
constant for at |east 12 15 nmont hs. ~29. A nonJewtonian liquid
bearing material according to Caim28, wherefg the liquid bearing
mat eri al conpri ses an added antioxi dant and PWEE qu anpl i tude 20
val ues are substantially constant for at |least five o # years.
30. A non-Newtonian liquid bearing material conprisi¥dg g aliquid
selected fromthe group consisting of 25 halogenatéﬁ | &qui ds, hy car bon
| i qui ds, and m xtures t hereof, wherein the liqujd flas a surface
t ensi on of bet ween about 20 dynes/cm and 35 dyngs/ gm at 25[emn§C; a
viscosity at 25[err]C of between about 1 ¢S and aboutm?2 cS, Faqd
wherein the liquid is characterized in having 30 no| hyfir ogens | bt ed
- [err] to carbons having tertiary hydr ogens attafhefl thereto.
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*31. An information storage system conprising: . a rigid, noveabl e
I nf or mat age nmedi um WO 95/ 24033 _

PCT/ Usos MRt _ 25 . FCTUSSONTT ans
“for inducing novenment of the storage nmedium for information transfer;
transducer = neans supported I n eglgspaced , relationship with the
storage nediumin response to the 5 novenment of the mediumin order to
provide information - - . for storage on the nmedium, or to receive
stored informati on fromthe storage medi um 3 | oadi ng means
for exerting a | oading force on the transducg weans, which | oading
Is directed toward the 10 st orage neans; “  aron- Newt oni an

hydr ocarbon |iquid bearing neans bet ween t hesst @ age nedi um and t he
transducer neans and cooperating with the |oasli#y neans for
supporting the transducer neans in the spacefra.ation duri dgythe 15
novenent of the storage nedium and nmea E)r retarding
oxidation during the lifetinme . of the system 32. AnQ‘

i nformation- storage system according to . E:

(An) apnyijduy
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" 20 Claim 31, wherein the bearing neans conprises a. mat eri al
sel ected fromthe group consisting of

2,2, 4, 4 VO8O3 bt anet hyl nonane, a pol yal phaol efi n, PRS2 e nat ed
pol yol efin pol yner, m xtures of 2,2,4,4,6, 8, 8-hept anet hyl nonane
and ei t her a 25 pol yal phaol ef in P% a hal ogenat ed pol yolef in
pol ynmer, and m xtures of a.polya?p aolef in and normal Cferr] --
derr] hydr ocar bons. : 33. An information storage system
according to Caim30 31, wherein the nmeans for retarding oxidation
conpri ses at | east one of the group consisting of phenols,
ami nes, phenol" condensation products, sulfides and__gg netal salts of
di t hi oaci ds. WD 95/ 24033 , ~
PCT/ US95/ 02577 ' - ]26 - 34. An
i nformati on storage system according to Caim " 31, wherein the neans f
or retarding oxidation'm;.-ris_ a phenol and an am ne. 5 35.
An i nformation storage gigsl em a rding to daim 34, wher ¢j t he
phenol conpri ses ht edll hydroxytoluene‘gnd t he am ne conpri ses
T3 | &
“w
o
T
n
—~
, >
1l )
< -~ ?m
< E3
Sewt? -
. c:
]
s v a-
= E <
mRe . lg $+
o)
=
T— O
N
lLo
=
o

} f f
[ o o o
(7o) <+ o™~

140
120
100
80

SUBSTITUTE SHEET (RULE 26)



" p,p'-dioctyl di phenyl am ne. 10 - 36. An information
accordi %to Claim
t he PP Pari es bet ween the transducer neans and
36, wherein the neans for

nmedi um 15 37.
i sostearic acid.

Claim 20
hept anet hyl nonane,
butyl at ed hydroxytol uene and the means for
| sostearic acid. 25 39.
ri gid storage neans for recording information

transducer neans cl osely spaced fromthe storage
transducing i nformation signals to be 30
st orage neans; | oad neans for

reduci ng dr
38. An infor

the means for retarding oxidation
| ubri

Si

providing a |

31 further conprising a neans f

An i nformation storage system conp

storage system

§k§%§$§@%99 drag at

th

An information storage systemaccording to Claim

stearic acid or

3& conpri ses
- #i on storage system according.to
36, wherein the bearing nmeans conprises 2,2,4,4,6,8, 8-

conpri ses
cating co | ses
si ng:
S’

gnals;
means f@ .3

o
recorded on and reas~fBomthe

oad forceato the

transducer means, the force being directed toward the & st%@e means;
means for noving the storage neans with respect to 35 Q he tr@nasducer
means;
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" WO 95/ 24033 - PCT/ US95/ 02577

-27- non- Newt oni an hydrocarbon |iquid bearing neans _
_di sposed" BV and contacting the transducer neans PCHBRPSIORE T st or age
means for providing hydrodynam c force opposing the load force so
that the transducer neans is 5 spaced fromthe storage neans at a
di stance of about 1.5 mcroi nch&8 and ' means for reducing’
drag at the boundaries between t he transducer neans and the storage
medi um 10 40. An information storage systemaccording to Claim
39, wherein the bearing neans conprises a material selected fromthe
group consi sting of @&4 4 6 é% 8- hept anet hyl nonane, a
pol yal phaol efi n, hal AP yol efin  polymer, mixtures  of
15~ 2,2,4,4,6, §38-h&@t anfR hyl Bnaes anes a pgl yal phaol efin or
hal ogenat ed pol Y8l ef i pofymerN andni xX8uresdof @ -  pol yal phaol ef i n and
normal Cerr] - erqf] h dpdal pans: ? ttt+—An i nformation system
according to Calm 39, 3 d i for| reducing drag conpri ses
stearic ac|d of is% 4. A nethod for witing
data to and read|ng ¢lata ti gnggiorage nediumin an
I nformati on storpge
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~

T 25 devi ce, conprising providing a non-Newtonian |iquid beari ng
materi a rface of the medium the liquid beaqr | I al

,conprishﬂ%g%EW§grocarbon liquid and an antioxidant%%éﬁﬁggﬁgﬁzntialIy
suppressi ng oxi dation ~ during the lifetinme of the device. 30 43. -
A nmet hod according to Caim42, wherejp,the hydr ocarbon |iquid
conprises a material selected : fr the ~ group consisting . of
2,2,4,4,6, 8, 8- hept amet hyl nonane, a hal ogenat ed pol yol efi n pol yner,
35 a pol yal phaol efi n, m Xt ures of 2,2,4,4,6, 8, 8-
hept anmet hyl nonane and either a hal ogenat ed pol yol efin WD 95/ 24033
PCT/ US95/ 02577 (An) epnyi|duy - 28 - pol ymer or a
pol yal phaol efi ng angd, m xureg of  a pol yal phaol efi n and nor nmal

Cerr] - C[err];‘,@ydrgcarl@ns.o'

Q B & Q Apgpthod according to Oaim
WS t &3

42, wherein the [ 5___yantigxidant eliec frgm at | east one of the group
consi sting of phb 4, amneg, phenoll condensation product s,
sul fides and net al ts pf dift hi opci dy. 45. A nmethod according to
"Claim43, whereip % 10 | ant]i oxi daiconpfiseg goghenol and an anine.
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“46. A method according to C aim45, wherein the phenol
butyl ated hydroxytoluene and the amne conpri ses
%P, p'.-dioctyl nyl am neW%Emmmgmﬂ?moMMmcordl Ng Cgist?
wherein _the bearing mat eri al™PPhEY** onpri ses a boundary | ayer
| Uy | BRTARNATIONAL AFFLIGATION FSBLISKSED UNDER THE EXTRNT 900 @®cT)

b BiteynatichidErateht Ohistiffeaddh 6¢ONpri sefs st R | SOST €a
403511(;{%% ‘p?y IWGTIH] a7 I\E{%W%‘:‘m‘o@"ﬁbﬁhg_ _’%@M&’
canpr b3se 3515, , Xﬂg , 8- %e; '(Br‘l/ﬁfeh!tio?ﬂ nﬂibl‘l&ﬁﬁm ang $epchthANdds (08.09.95)

L . i ! 1 1 P~ hdeanzar 1 a1 ~
C%nprl SES DUlyl alt eu My ur OXytroruc anrt—T e othtary—Tayer—r— o

| CONE inteprmtibnalspplivation Mumberd. /ﬁé@ms%;ﬁﬁlw‘f 1) DRdigasel Seds: \OR) &N, NB, mt@}&o@ﬂ%m
r dadi data from an_.i nf ormat.i on| st or BE(SH DENDKNESAFR, IGBf GR, K 1T, DU) MC,
st 3%;8’8‘""“‘“‘"“????‘%% cmiIWW? Hi ng mSBXewt oni an i quid

bgaring material to a surface the nmpdium the liquid beari ng
Me{t(30) Peddritycibatgor | Si N hydr ocar bon | yquj ehbisiad a 35 boundary | ayer
| Ubri 06@%’.184 March 1994 (V2.03.94) ’ US With international search report.

Before the expiration of the time limit for amending the
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59 Title:/dXIDATlON-STABILIZE) HYDROCARBON LIQUID BEARINGS FOR LUBRICATED DISK DRIVES
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(57) Abstract

In liquid disk drives, liquid bearing materials based on hydrocarbon liquids, halogenatea liquids and mixtures thereof are used at the
‘| head-disk interface. Additives such as antioxidants and boundary layer lubricants may be incorporated to enhance oxidative stability and

lubricity. The liquid bearing materials have relatively low viscosities and non-Newtonian flow characteristics so as to reduce drag at the
read/write head compared with Newtonian liquid bearing materials. ' :




WD 95/ 24033 PCT/ US95/ 02577 _
29 51. A nethod according to Caimb50, wherein the hydr ocar bon
liquid conprises a material selected ~from the group = consisting
of 2,2,4,4,6, 8, 8- hept anet hyl nonane, a hal ogenat ed pol yol efin
polymer, 5 a pol yal phaol efin, =~ mxtures of -~ 2,2,4,4,6,8,8-

hept anet hyl nonane and either a hal ogenated pol yol efin pol ynmer- or .a
pol yal phaol efin, and m xtures of a pol yal phaol efin and normal C[err]

- (err] hydrocarbons. 10 52. A method according to Claimb51, wherein
t he boundary | ayer lubricant conprises stearic acid or

i sostearic acid. _ :
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