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OXIDATION-STABILIZED HYDROCARBON LIQUID BEARINGS 

FOR LUBRICATED DISK DRIVES 

BAGKGRQUND OF THE INYENTION 

Field 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 

writing and reading data using such liquid bearing 

materials and to the bearing materials themselves. 

15 
Description of the-Related Art 

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 Patent Application· No. 0367510 and United 

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

hydrocarbons, in particular 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 

liquid bearing materials can evaporate readily from the 

30 disk surface and from within the drive housing to th~ 

ambient surroundings. Also, drive_ operating and/or 

storage conditions may be relatively too cold so that 
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conventional liquid bearing materials, such as 
hydrocarbons including . n-hexadecane~ freeze and 
therefore c~nnot function as desire~. Likewise, many 
hydrocarbon liquids are inappropriate as liquid bearing 
materials because ~f' their tendency to oxidize • In 
addition, some materials, such as some esters and 
ketones may insufficiently wet the disk surface because 
of undesirably high surface tension. Other·materials, 
such as PFPE, are difficult to transport within the 
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 wicking, 
between the head-disk interface and the drive elements. 

20 For instance, some liquid bearing materials act as 
solvents with respect to drive elements such as 
adhesives and plastics, thereby having deleterious 
effects on the drive. In particular, some substances . 

~ . 

can be dissolved from these elements and over time can 
25 oxidize or otherwise break~own because of the severe 

temperature, pressure and shear conditions at the head­
disk interface. Deposits can form thereby on the head, 
forcing the head away from the. disk ·and impeding 
accurate inf orma.tion transfer between the head and the 

30 disk. 
Antioxidants are commonly used in rubbers, 

petroleum-based products, adhesives and foods for 
retarding oxidation by atmospheric oxygen~ Antiwear 
agents, such as boundary·1ayer lubricants, can further 

:35 reduce friction and wear by forming surface films known 

4 

/ 
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to adsorb chemically or physically o~to the sur:fiaces to 

be lubricated. While these are commonly used additives 

in other te~hnologies, the disk dri~e industry has not 

utilized such in conjunction with conventional liquid 

5 bearing materials a~ the head-disk interface. 

·Mere inc~rporation of additives may be 

insufficient in and of itself to make a serviceable 

liquid bearing material. For example, PFPE exh~bits 

sufficient oxidative stability to obviate need· for 

10 antioxidant additives, but has inadequate surface 

tension to wick, impeding its circulation within a disk 

drive. Moreover, for o~her 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. 

SUMMARY OF THE 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 supporting 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 liquid bearing material that does not 

degrade drive performance in general and head 

35 performance in particular. 
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A further object of the pres~nt invention is to 
reduce drag at the head-disk interface, and thereby 
reduce drive. power requirements. . 

An .. additional object of·. the present invention is 
5 to retard oxidation _of the liquid bearing material and 

of organic components that may. be extracted into the 
liquid bearing material from internal drive elements. 

10 

A still further object of . the present invention is 
to provide an improved method of. writing and reading 
data utilizing a liquid disk drive. 

An additional object of the present invention is 
to provide a liquid bearing materi~l 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 proviqed by use of . liquid bearing materials 

20 . comprising non-Newtonian liquids, including 
hydrocarbons, halogenated compO\J.nds 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, th.e 

:30 

:35 

liquid bearing material includes 
pure halocarbon liquids and 
hydrocarbon mixtures and mixtures 
halogenated compounds. 

pure hydrocarbon or 
may also include 

of hydrocarbons with 

In an additional aspect of the present invention, 
the liquid bearing material includes a boundary layer 
lubricant that can furthe~ reduce drag at the head-disk 
interface. 
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BRIEF DESCRIPTIQN OF THE DRAWINGS 
The invention will be better understood by 

reference to. the figures of the dra~ings wherein: 
Figure 1 illustrates a simplified diagram ·of a 

5 liquid bearing mat_erial according to the present 
invention at the interface of a head-disk assembly; 

Figure 2 illustrates PWSO 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 PWSO 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 PWSO and signal amplitude 
data from an Ultraclean Tester in contact start/stop 
mode using heptamethylnonal1.e 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 s.ignal amplitude 

data from a disk drive using heptamethylnonane and 
isoste~ric acid according to the present invention; 

30 and 

35 

Figures SA and SB illustrate PWSO and . signal 
amplitude data from a disk drive using 
heptamethylnonane alone and with BHT antioxidant 
according to the present invention. 
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DESCRIPTION OF THE PREFERRED.iMBOD;IHENTS 

The present invention provides a non-Newtonian 

liquid beari~g material acting betwe~n a rigid disk and 

head components of a ~ead-disk assembly (BDA) used in 

5 information recordiJ?-g systems. such as disk drives of 

the Winchester type. Such a BDA 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 lubricants as ingredients for liquid 

bearing materials according to the present invention 

should be consistent with the operating conditions and 

specifications establishe4 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 b_etween s 0 c and SS°C... In. addition, such 

a drive is typically specified to operate 

20 satisfactorily after storage at tell'iteratures as low as 

-40°C. Drive lifetime is typically specified to be at 

least five years. The flying height is about l to 1.5 

microinches (µin). Disk rotation during information 

25 

transfer is usually above .3000 rpm. 
Moreover, the liquid bearing material sho~ld not 

degrade head performance, ·such that the performance 

falls below established standards for particular heads 

used in the liquid disk drive. Desirably, PWSO (i.e., 

recorded signal pulse ~idth at half-height, in 

30 nanoseconds (nsec)) and signal strength (i.e., 

amplitude or height of signal pulse in microvolts (µV)) 

values remain constant over the long term at a given 

flying height, radius and linear velocity. 

I~ view of these requirements; appropriate liquid 

35 bearing materials must have both adequate physical 
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. properties and adequate chemical properties to maintain 
tha head at the desired flying height above the disk, 
remain stable and in liquid form, and sufficiently wet 
the disk surface. 

Consistent wit:ti these specifications, a liquid 
bearing material according to the present invention 
should be incompressible relative to air and not be so 
viscous as to increase drag and thereby undesirably 
increase power requirements of the drive. 

10 In order to have sufficiently low drag in view of 
the low flying heights, high rotational speeds and 
resultant high shear conditions extant at the head-disk 
interface, the liquid 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. Perry, 
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 pref erred 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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on surface tension. For ease of application to the 

disk surface, such as by wicking, and adequate disk 

wetting Cha:J:'.aCteristics, the surface tension of the . 
liquid bearing materia1 at 25°C should be between about 

5 20 dynes/cm and.abo~t 35 dynes/cm. A more preferred 

range is between about 25 dynes/cm and about 30 

dynes/cm. 

:10 

In addition, the liquid bearing material must 

remain in the liquid state and maintain its composition 

at drive conditions throughout the lifetime of the 

drive. Therefore, vapor pressures are desirably such, 

at drive op·erating conditions, as to balance 

evaporation and condensation of components of ·the 

liquid bearing material. Moveover, the boiling and 

:is freezing points for the liquia bearing material should 

be such that the bearing material · can function as 

desired without being adversely affected at the 

specified operating 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 particular, the liquid 

bearing material should not act as. a good solvent for 

these . elements, extracting therefrom deleterious 

25 amounts of organic component~ that can polymerize and 

form undesirable residues at· the head. In addition, 

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 preferably remains in the liquid state at 

storage temperatures. Moreover, constant composition 

35 facilitates prediction and control of the perf orma.nce 
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of the liquid bearing material. Changes in compa>sition 
with time can be brought about by evaporation of 
relatively Ir!-Ore volatile components, or by fractional 
distillation due to the relatively high temperatures 

5 induced, for exampl~, at the head-disk interface. 
Aleo, the liquid bearing material should be non­

t.oxic and odorless in case of leaks to the environment 
outside the drive housing. 

Components of the liquid bearing mnterial should 
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, fully 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 ccmmercially as under the tradename ICEL- Piii 

from 3M Company of St. Paul, Minnesota and under the 
tradename Halocarbon Oil from Halocarbon Products 

25 Company of Riveredge, New Jei;sey have S'!lfficiently 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 C16 

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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to the present invention. The structure of 
2,2,4,4,6,8,8-heptamethylnonane is illustrated below: 

CB, ,CH, .. GB, ~ 

I I I I 
CH3 - c - Clii - C - Clii ·- CH - CHi- c - CH, 

I I 
CH, CH, CH, 

Note that only the sixth carbon on the chain has a 
single hydrogen, referred to herein as a tertiary 
hydrogen. 

Heptamethylnonane may also be .used in a mixture. 
15 Such a mixture can include halogenated polyolef in 

polymers such as those of .chlorotrif luoroethylene 
(CTFB) , (CF2CFC1) ., available commercially as Halocarbon 

Oils and as a KBL-P"' liq\iid. Other branched 
hydrocarbons such as isoparaffins may be suitable. 

20 Isoparaff ins 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, ar~tic and cyclic 
hydrocarbons commonly have insufficient oxidative 
stability for purpos~s of the present invention. Also, 

such compounds may be toxic. 

30 Another suitable mixture for a liquid bearing 
material includespolyalphaolefins, polymers of 

1-decene, and halogenated polyolefin polymers such as 
CTFB, described above. A suitable polyalphaolefin is 
Nye 167A, containing a mixture of long (~0 range) 

35 branched chain olefins, available from W.F. Nye Corp. 
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. of New Bedford, Massachusetts. Polyalphaolefins may 

also be mixed with one or more normal C12-C15 

hydrocarbons.. Normal C12-C15 hydrocarb~n mixtures may be 

purchased under the tradename NORPARftl, commercially 

5 available from Exxc;>n Chemical Company of Houston, 

Texas. 
The complex composition of polyalphaolefins, 

isoparaff ins and isoparaffin mixtures may contain 

~ndesirablyhigh concentrations of oxidatively reactive 

10 species such as olefinic, cyclic and aromatic 

hydrocarbons. However, because of their relatively 

high viscosities, polyalphaolefins, isoparaffins, 

and isoparaf fin mixtures can be used advantageously . 

in mixtures with other compounds to adjust the 

15 overall ·viscosity of the liquid bearing material to 

within the desired range. In 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 c~ 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 those for a conventional liquid bearing material 

such as polyfluoropolyether (PFPE) , a perfluorinated 

liquid, in Table 1 below. Note especially the 

relatively high surface tensions of liquid bearing 

materials according to the present invention. 

30 
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Table 1. Selected Properties of Liquid Bearing 
Materials 

Liquid Bearing Viscosity Pour Boiliq Vapor Surface 
Material :ii 25•c Point Point Pni88lire Tension 

at25°c 
.. 

cP cS •c •c Torr dyne/cm . 
PFPE 3.2 1.8 .JJ7 175 -1 18 

(CF~). 1.6 0.9 ·-129 10 23 
Polyalphaolefin. 6.4 8 ·. -65 25.;.27 
Nye 167A 

c ... -e" isoparaffins 1.6 2.1 198 S.2 25.9 

c • .-c:., isoparaffins 2.6 3.3 -18 237 3.1 26.6 

nc., 2.5 3.3 +7 267 27 

2,2,4,4,6,8,8-
HeptamethylnODaDe 3.3 4.2 <-40 240 0.05 25-27 

2:0 Antioxiciants 
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 

2 5 bearing materials of pure halocarbon oils and/ or of 
certain pure hydrocarbons, namely those · branched 
hydrocarbons . in which there·· are no hydrogens located ot 
(i.e., immediately adjacent) to carbons having tertiary 
hydrogens.. i.e., hydrogens attached to a carbon to 

30 which is .: :,.so attached three carbon atoms. While not 
wishing to be bound by any theory, it is believed that 
the oxidative stability of heptamethylnonane and 
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similar compounds, is due to t~e absence of hydrogens 
located a to · carbons to which tertiary hydrogens are 
attached. 

Suitable antioxidants are of the free radical 
5 chain terminating t~e and include, by way of example 

only, phenols, such as butylated ~ydroxytoluene (BHT), 
amines, such as p,p'-dioctyldiphenylamine, phenol 
condensation products, such as benzenepropanoic acid, 
3,5-bis(l,1-dimethyl ethyl {-4-hydroxy-) thio-2,1-

10 ethaned.iyl 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' -

15 dioctyldiphenylamine, can act synergistically and are 
also useful. Metal deacti vators 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 

20 commercially available under the tradename REOME'!""' 39 
·from Ciba Geigy Corporation of Hawthorne, New York. 

The antioxidant used in the liquid bearing 
material of the present invention can be in liquid or 
solid form prior to dissolution in the liquid bearing 

25 material. The maximum - antioxidant content is 
principally dete:r:mined by solubility in the liquid 
bearing material. In particular, it is undesirable for 
solid antioxidant· to precipitate out of the liquid 
bearing material solution. Thus, with respect to 

30 Winchester-type liquid disk drives, antioxidants must 
be soluble at S°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, ~hat 

35 amount that is sufficient to provide adequate oxidation 
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resistance to the liquid bearing material and any 

organic components extracted from intradrive elements. 
Levels of between about o. 0002 g/ml and about o. 02 g/ml 

are generally useful but the precise range varies, 
5 depending on the par~icular antioxidant or antioxidants 

used. For example, levels of BBT between about 0.001 

g/ml and. o.oos g/ml are generally useful. 

:LO 

In addition, the antioxidant should also be 
compatible with drive components. 

Bouqdax:y Layer · Lµbricants . 

Boundary layer lubricants can be useful in a 

liquid bearing material to further reduce drag at the 
. . 

head. Suitable - boundary layer lubricants include, 
l.5 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 pref erred and is available conmercially 

20 as BMERSOL,. 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 o.oos g/ml. 

3 1-
.) 

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. 

Figure 1 illustrates a typical head-disk assembly. The 

interface between a rigid disk medium io and a 

transducer 12, such as a magnetic recording head 
assembly, is maintained in an assembly including a 

means for rotating the disk. The rotating means 

includes a spindle 14 that fits through a circular hole 

,· 
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in the middle of the disk 10. The transduce~ 12 is 

normally loaded by application of a pressure or force 

directed toward the disk. The force may be applied by 
. . 

an assembly including an actuator 18, 

and. a· gimballed spring suspension 

Actuator 18 pivots the swing arm 20 

a swing arm 2 O 

mechanism 22. 

to selectively 
position the transducer 12 radially with respect to the 

disk 10. Gimballed spring suspension mechanism 22 

loads transducer 12 against disk 10 when the disk is 

10 stationary. A liquid bearing material 24 coats the 

surface of disk 10 and supports the transducer in a 

spaced relationship of about 1.5 microinches (µin) with 

the upper surface of the disk. When disk 10 rotates in 

the direction of arrow 26, indu~ing relative motion 

15 between itself and the head, liquid bearing material 24 

is carried on the surface of · the disk, forming the 

bearing that supports the head. The spacing or n flying 

height.n 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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.07/976,198, filed November 13, 1992, incorporated 
herein by reference. 

To illustrate the present invention in more 
detail, the results of several. tests are described. 
For each test, the informat:ion _storage media were 
magnetir. recording disks prepared by standard thin film 
disk manufacturing techniques. In particular, 
electrole.ss nickel plated aluminum substrates were 
coated with 1100.A chromium, 310A CoCrPt magnetic thin 
film and 150A carbon. To ensure adequate wetting of 
the disk by the intended bearing material, the 
fluorinated disk lubricant, 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 (µV). 
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 µin. The write 
frequency for PW50 and amplit~de data was 500 kHz ~d 
9 MHz, respectively. PW50 and amplitude data were 
taken at a 1-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 PWSO and amplitude data over several hundred 
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hours. In addition, head perforinance was examined 

under the more exacting conditions of contact 

start/stop mode, during which the head repeatedly 

contacts the disk surface as the disk rotation is 

5 initiated and termi~ted over many cycies. 

Three types of test apparatuses were used. The 

first test apparatus, referred to herein as the "Hogout 

Tester•, for screening fluids warranting further 

evaluation, is a head-disk assembly 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. 
Fi~lly, fluids that performed successfully in the 

Ultraclean Tester were tested in a third apparatus, a 

25 Winchester-type liquid· disk drive. Like the Ultrar.lean 

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 heptamethylnonane 

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. Generally, PWSO 

values were substantially constant between about 40 

35 nsec and 50 nsec and amplitude values were also 
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.substantially constant between 300 µ.V and 350 11-v over 
20,000 start/stop cycles. 

Figure . 3 illustrates the performance of 
heptamethylnonane with O. 005 g/ml isostearic acid in 

5 the Hogout Tester d1:1ring about 65 hours of continuous 
operation. Generally, PW50 values were substantially 
constant between about 45 nsec and 50 nsec. Amplitude 
values were also substantially constant between ahout 

10 

300 µ.V and 350 µ.V. 
Figure 4 illustrates the utility·of a mixture of 

a hydrocarbon with a halogenated oil as the liquid 
bearing material. 
Hogout Tester 
heptamethylnonane 

The epecific mixture used in the 
was a 9: 1 (volume) mixture of 

with Halocarbon O.il O. 8. No 
15 antioxidants or other additives were used. PWSO values 

remained between 45 nsec and 50 nsec over 14 hours of 
continuous operation. Amplitudes were substantially 
constant between 250 µ.V and 300 µ.V. 

Figure 5 illustrates the. performance of 
20 heptamethylnonane with O. 001 g/ml isostearic acid in 

the Ultraclean Tester in contact start/st.pp mode. PW50 

values were substantially constant between 40 nsec and 
45 nsec over 250,000 cycles. Amplitudes were 
substantially constant between 400 µ.V and 500 µ.V. 

25 Figure 6 illustrates the performance of 
heptamethylnonane with o. 005 g/ml BHT and o. 005 g/ml 
amine antioxidants in a Winchester-type disk drive 
during about 650 hours of .continuous operation. PWSO 

values. were constant at about 70 nsec, while amplitude 
30 values were substantially constant at between about 100 

µ.V and 120 µ.V. 
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 
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at about 170 µV and then after about 15~ hours 

fluctuated between 150 µV and 210 µ.V before dropping 

precipitous~y after 500 hours. 
. Figure BA illustrates the performance in a typical 

5 run in a Winche~ter-type liquid disk drive of 

heptame~hylnonane without any antioxidants or boundary 

layer lubricants. As can be seen in Figure SA, after 

less than 4 hours, the amplitude dropped from between 

about 300 µV and about 350 µ.V to less thR.11 40 µV. PW50 

10 values also degraded. After about 5 hours of 

operation, PW50 increased to an unacceptably high 65 

nsec. Figure BB illustrates the effect of the addition 

of about O. 001 g/ml BHT after the drive had been 

operating 85 hours with heptamethylnc;>nane alone._ After 

15 the addition of BHT, PWSO values stabilized at about· 45 

nsec and the amplitude increased to and remained at 

about 325 µV until the end of the test, 303 hours. 

Inciustrial AP»licability 

20 In summary, the invention described herein 

utilizes liquids as bearing materials for liquid disk 

drives. The liquid bearing materials of the present 

invention stably support read/write heads at constant, 

low flying heights above a disk surface. In addition, 

25 the liquid bearing materials adequately wet the disk 

surface, providing for ease of application. Further, 

because the liquid 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 caripounds may be extracted. 
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.As a result, heads in liquid disk drives incorpe>rating 
these liquid bearing materials perform reliably and 
satisfactori.ly. 

Further, in the liquid bearing materials according 
to the present inve~tion; a variety -of substances can 
be used, including pure hydrocarbons/ pure halogenated 
compounds including· halocarbons, and mixtures of 
hydrocarbons and halogenated compoun4s. Additives can 
be easily incorporated to enhance lubricity and 
oxidative stability of the liquid bearing material. 

While the invention has been described in 
connection with specific embodiments' thereof, it will 
be unders·tood that it is capable of further 
modification, and this application is intended to cover 

15 any variations, uses, or adap'tations 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 invention and the 
limits of the appended claims. 
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CLAIMS 

We Claim:. 

1. A non-Newtonian liquid bearing material for an 
information sto:r:-age system · comprising a hydrccarbon 
liquid and an antioxidant. 

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, s11lfides, and metal salts of 
dithioacids or mixtures thereof. 

3. A liquid bearing material according to Claim 2, 
wherein the antioxidant content is between about O. 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. 

25 

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

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. 
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9. A liquid bearing material according to CJ.aim 2, 

wherein the phenol condensatio~ product comprises 
benzenepropa:noic acid- 3,5-bis (l,l"'.dimethyl ethyl 
(-4 hydroxy-) thio-2,l-ethanediyl ester). 

10. ·A liquid bearing material· according to Claim 2, 
wherein the sulfide comprises dilaurylthiodipropionate. 

11. A liquid bearing material· according to Claim 2, 

wherein the antioxidant comprises a phenol condensation 
product and an amine. 

12. A liquid bearing material according to Claim 1 

further comprising a boundary layer lubricant. 

13 • A liquid bearing :material according to Claim 12, 

wherein the boundary layer lubricant comprises stearic 
acid or isostearic acid. 

2 Ct 14. A liquid bearing material according to Claim 12, 

wherein the bearing material cemprises butylated 
hydroxytoluene and isostearic acid. 

15. A liquid bearing material acc()rding to Claim 1, 

2 5 wherein the hydrocarbon 1 iquid comprises 2, 2 , 4, 4, 6, 8 , 8 -

heptamethylnonane. · 

16. A liquid bearing :material according to Claim 15, 
wherein tlle bearing material further comprises a 

30 halogenated polyolefin polymer. 

35 

17. A liquid bearing material accord.J.ng to Claim 16, 
wherein the halogenated polyolefin polymer comprises a 
chlorotrifluoroethylene polymer. 
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18. A liquid bearing material according to Claim 17, 

wherein the bearing material comprises 2,2,4,4,6,8,8-

heptamethyl~onane and chlorotrifluoroethyl.ene polymer 
in a volume ratio of about 9 to 1. 

19. A liquid bearing material according to Claim 1, 

wherein the hydrocarbon liquid comprises a 
polyalphaolefin. 

10 20. A liquid bearing material according to Claim 1, 

wherein the hydrocarbon liquid further comprises a 
mixture of a polyalphaolef in and at least one of the 
normal hydrocarbons selected from the group consisting 
of C12, C13, C14, and C15 hydrocarbons. 

15 

21. A ·liquid bearing material according to Claim 20, 

wherein the mixture comprises polyalphaolef in and at 
least one of the normal hydrocarbons selected from the 
group consisting of C12 , C13 , C14, and C15 hydrocarbons in 

20 a volume ratio of about 1 to 3. 

22. A liquid bearing 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, 

3 O wherein the boundary layer · 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/ml. 
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26. A liquid bearing lubricant · ac9ording to Claim 25, 
wherein the boundary layer lubric~t . content is between 
0.001 g/ml and 0.005 g/ml. 

5 27. A liquid bearing material according to Claim 23, 
wherein the hydrocarbon liquid ComPrises 2, 2, 4, 4, 6, 8, 8-
heptamethylnonane. 

10 

28. A non-Newtonian liquid bearin~ 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 s 0 c and sufficient resistance to oxidation 
without added antioxidant so that 'PWSO and amplitude 
values are substantially constant for at least 12 

:LS months. 

29. A non-Newtonian liquid bearing material according 

to Claim 2 8, wherein the liquid bearing material 
comprises an added antioxidant and PWSO and amplitude 

:rn values are substantially constant· for at least five 
years. 

30. A non-NeWt:onian liquid bearing material comprising 
a liquid selected from the group consisting of 

~lS halogenated liquids, hydrocarbon liquids, and ·mixtures 

thereof, wherein the liquid has a surface tension of 

between about 20 dynes/cm and 35 dYn.es/cm at 25°C, a 

viscosity at 25°C of between about 1 cs and about 20 
cs, and wherein the liquid is characterized in having 

3,0 no hydrogens located at to carbons having tertiary 

hydrogens attached thereto. 

31. An information storage system, comprising: 

a rigid, moveable information storage medium; 
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means for inducing movement of the storage.medium 
fo~ information transfer; 

transdu~er means supported in a spaced 
relationship with the storage medium in response to the 

5 movement of the medi:um in order to provide information 
for storage on the medium or to receive stored 
information from the storage medium; 

loading means for exerting a loading force on the 
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 polyolef in polymer, 
and mixtures of a polyalphaolef in and normal C12 - C15 

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 dithioacids. 
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34. An information storage system according to Claim 

31, wherein the means for retarding oxidation comprises 
a phenol and.an amine. 

5 35. An information ~torage sy•tem according to Claim 

34, wherein the phenol comprises butylated 
hydroxytoluene and the amine. comprises 
p,p'-dioctyldiphenylamine. 

10 36. An .information storage system accordin9 to Claim 
31 further comprising a means for reducing drag at the 

boundaries between the transducer means and the storage 
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 

comprises butylated hydroxytoluene and the means for 

lubricating comprises isostearic acid. 

25 39. An information storage E!ystem, comprising:. 

30 

rigid storage means for recording information 
signals; 

transducer means closely spaced from the 

means for· transducing information signals 

recorded on and read from the storage means; 
load means for providing a load force 

storage 
to be 

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; 



/ 

WO 95124033. 11111111111111 1111111111111111 
* C L M S * PCT/US9S/02577 

- 27 -

non-Newtonian hydrocarbon liquid bearing means 
disposed _between and contacting the transducer means 
and the storage means for providing hydrodynamic force 
opposing the. load force so that the transducer means is 

5 spaced from the storage means at a distance of about 
1.5 Ici.croinc~es; and 

means for reducing drag at the boundaries between 
the transducer means and the storage medium. 

10 40. An information storage systetti 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 
polyalphaolef in and normal C12 - C15 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 liquid 
bearing material to a surface of the medium, the ljquid 
bearing material comprising a hydrocarbon liquid and an 
antioxidant for substantially suppressing oxidation 
during the lifetime of the device. 

30 
43 • A method according to Claim 42, wherein the 
hydrocarbon 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 polyolef in 
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polymer or a polyalphaolef in, and mixtures of a 

. polyalphaolefi~ and normal C12 ;.. Ci5 hydrocarbon&. 

44 . A method according to Clai:qi 42, wherein the 

5 antioxidant is selected from at least one of the group 

consisting of phen~ls, amines, phenol condensation 

products, sulfices and metal salts.of dithioacius. 

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

15 

46. A method according to Claim 45, wherein the phenol 
comprises butylated hynroxytoluene· and the amine 

comprises p,p'-dioctyldiphenylamine. 

4 7. A method according to claim 42, wherein the 
bearing material further comprises 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 4 7, wherein the 
25 bearing material comprises 2, 2, 4, 4, 6, 8, 8 -

heptamethylnonane, the antioxidant comprises butylated 

hydroxytoluene and the boundary layer lubricant 

comprises isostearic acid. 

30 50. A method for writing data to and reading data from 
an information storage medium: in an information etorage 

system, comprising providing a non-Newtonian liquid 

bearing material to a surf ace of the medium, the liquid 

bearing material comprising a hydrocarbon liquid and a 

35 boUn.dary layer lubricant. 

( 
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51. A method according to Claim SO, wherein the 
. hydrocarbon liquid comprises a material selected 

from the group consisting of 2,2,4,4,6,8,8-
heptamethyl~onane, a halogenated po~yolefin polymer, 

5 a polyalphaolefin, mixtures of 2,2,4,4,6,8,8-
heptamethylnonane a~d either a halogenated polyolefin 
polymer or a polyalphaolef in, and mixtures of a 
polyalphaolefin and normal C12 - C15 hydrocarbons. 

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


