2 7 AUG 2003 1 Lubricant for Magnetic Recording, Medium and Use Thereof 5
FI ELD OF THE | NVENTI ON 10 The invention relates to a nethod of

manuf acturi ng a magnetic recordi ng nedi um having a | ubricant f"f?imﬁﬁﬁ?
thereon. Furthernore, the invention also relates to a data
recording/retrieval device which incorpoiates such magnetic recording

medi a. BACKGROUND OF THE | NVENTI ON 15 Thtn-fil m nagneti c recordi ng di sks

and disk drives aiﬁgﬁ%m%y%é&%cﬁﬁmg Mediulpa6¢ UyeTherceff data in
magneti zabl e for i €, nagnetic recording has becone the
predom nant technol ogy for the storage of digital information in nodem
conputer systens. 20 Magnetic recording generally is acconplished by the
relative notion between a magnetic nmedium and a magnetic recording head A
magneti g recordi ng head consists of a small electromagnet with a gap
facing the magnetic nmedium During witing, a current is applied to the

wi ndi ngs of the el ectromagnet, thus creating a fringing field at the head
gap and magneti zi ng the magnetic medi um according to the direction of the

25 current applied to the bead.FIEUDIOERT i TIOM flux fromthe magnetic
mediumis intercepted fromthe head core, inducing a voltage pulse in the
coil of the read head. Figures A and 1B illustrate a typical disk drive.
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fromthe magnetTc disk . The disk head 16 may incl ude a )
- recording/retrieval device which incorporates such magnetic recording media.

BACKGROUND QF THE INVENTION

15
Thin-film magnetic recording disks and disk drives are commonly used for
storing a large amount of data in magnetizable form. Over the last decade, magnetic
recording bas become thcl-. predominant technology for the storage of digital information
in modem computer systems.
20 Magnetic recording generally is accomplished by the relative motion between a

magnetic medium and 2 magnetic recording head. A magnetic recording head consists
of 2 small electromagnet with a gap facing the magnetic medium. During writing, a
current is applied to the windings of the electromagnet, thus creating a fringing field at
the head gap and mapnetizing the magnetic medium according to the direction of the
25  cument applied to the head. During reading, the flux from the magnetic medium is
intercepted from the head core, inducing a voltage pulse in the coil of the read head.
Figures 1A and 1B illustrate a typical disk drive. Figure 1A is a top plan view
of the disk drive, and Figure 1B is a side view of the disk drive. The disk drive 10
generally includes a magnetic disk 11 and a disk head 16 for writing and reading
30 information to and from the magpetic disk 11. The disk head 16 may include a
read/write element 12 and a slider 13. The disk head 16 is connected to a suspension arm
14, which is, in turm, connected to a rotary actuator 15.

A common method to store or retrieve data is called contact start/stop (also



read/wite elenment 12 and a slider 13. The disk head 16 is connected to a
suspension arm 14, which is, in turn, connected to a rotary actuator 15. A
common nmethod to store or retrieve data is called contact start/sztc]o@.!g(ﬂhéo
2 7 AUG 2003 2 known as "CSS'). In a typical CSS operation, the*di d
and the surface of the magnetic disk &e set so that they are in contact
with each qgther at the start of the operation. Thereafter, a space of an
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To prevent the wear of the magnetic disk caused by the contact with and sliding
on the head, a lubricant layer is provided on the surface of the magnetic disk. A common

15 lubricant used in magnetic disks is perfluoropolyether ("PFPE"). To increase the wear
resistance of the magnetic disk and to protect the magnetic material from the corrosive
effect of the PFPE lubricant, a protective layer is sometimes provided between the
magnetic medium and the lubricant layer. The protective layer may include amorphous
carbon, diamond-like carbon, and other materials.

20 Due to the prevalent use of computers, increases in the areal data storage density
of a magnetic disk have continued rapidly and unabzitedly for almost 40 years. The trend
towards high recording densities is expected to continue. For example, the current areal
density is about 0.077 gigabytes per square centimeter (0.50 gigabytes per square inch).

The next generation disks are going to have an areal density of about 1.55 gigabytes per
25  square centimeter (10 gigabytes per square inch). In a few years, the areal density is
expected to exceed 6.2 gigabytes per square centimeter (40 gigabytes per square inch).
To achieve a high recording density, the magnetic head should be positioned as close as
possible to the surface of the magnetic medium. The distance between the tip of the
magnetic head and the surface of the magnetic medium is referred to as "flight height"
30  Forexample, to achieve an areal density of about 0.077 gigabytes per square centimeter

(0.5 gigabytes per square inch), a flight height in the range of about 25 - 30 nm is



20 Due to the prevalent use of conputers, increases in the areal data
storage density of a magnetic di sk have continued rapidly and unabatedly
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degradation of the lubricant layer can be induced by thermal decomposition, catalytic

15 reaction with solid surfaces, and mechanical shearing due to high-speed contact with the
disk head.

In addition to chemical stability, a major challenge in developing disk Iubricant
systems is to provide adequate durability without increasing stiction to unacceptable
levels. During the lifetime of a magnetic disk, the disk head goes through thousands

20  stop-and-start cycles. If the static friction forces between the disk head and the magnetic
medium becomes too large, the drive motor may not develop sufﬁci;mt torque to restart
disk spinning. This may lead to failure of the disk drive.

As mentioned above, PFPEs have been used extensively to form a lubricant film
in a magnetic recording medium. PFPEs are relatively expensive. Therefore, cheaper

25  altematives are more desirable. Although PFPEs have good thermal stability, they
decompose readily when they are in contact with Lewis acids. This is an important
consideration because the head often is fabricated from an Al; Oy/TiC cornpos'ite, and
Al;O; can be converted to AlF;, a strong Lewis acid. This formation of AlF; leads to
chemical degradation of PFPE lubricants. Moreover, use of chlorofluorohydrocarbons

30 (“"CFCs") as solvent generally is involved when PFPEs are applied to a magnetic

medium. CFCs have detrimental effects on the ozone layer, and use thereof should be



| ubricant |ayer wears away prematurely, the disk drive would fail
accordingly. Furthernore, the lubricant |ayer should be resistant to
chem cal degradation. Chenical degradation of the lubricant |ayer can be
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mixtures or derivatives thereof which may be used to form a lubricant layer over a

magnetic layer in a magnetic recording medium.

15 In one aspect, the invention relates to a magnetic recording medium. The
magnetic recording medium includes: (1) a non-ragnetic substrate; (2) 2 magnetic layer
formed on the substrate; (3) a lubricant layer over the magnetic layer, where the lubricant
layer includes a compound selected from the group consisting of hydrocarbyl-substituted
cyclopentanes, hydrocarbyl-substituted cyclopentenes, hydrocarbyl-substituted

20  cyclopentadienes, and mixtures or derivatives thereof. In some embodiments, the
magnetic recording medium may further include a protective layer, such as a carbon
overcoat, between the magnetic layer and the lubricant layer. In other embodiments, the
bydrocarbyl substituent on the cyclopentane, cyclopentene, and cyclopentadiene may
include one or more functional groups, such as hydroxy, carboxylic acid, arnine,

25 carboxylic ester, carboxylic amide, phosphate, or sulfur-containing compounds, etc.

In another aspect, the invention relates to a magnetic head. The kead includes:

(1) a head body; and (2) a lubricant layer over at least a portion of the head body, where

the lubricant layer includes a compound selected from the group consisting of
hydrocarbyl-substituted cyclopentanes, hydrocarbyl-substituted cyclopentenes,

30  hydrocarbyl-substituted cyclopentadienes, and mixtures or derivatives thereof. In some
embodiments, the hydrocarbyl substituent on the cyclopentane, cyclopentene, and



| ayer that is nore chemically and nechanically robust to w thstand high
shear rates and 5 harsh environnments. The lubricant |ayer should all ow
decreased flight height so that higher areal densities nay be achieved.
Furthernore, it is desirable that such lubricant be relatively AUG 2003
i nexpensive, and that no CFCs be used i5n form ng the |ubricant Ia}e?r.
SUMVARY OF THE I NVENTION 10 The above need_ is nmet by a class of

hydr ocar bylcysigpentadiges anayy incbileners 65 momsy finetienab\groepsb such @s dydroxy,

cycl opent ane hydr ocar byl - substituted cygl opent adi.enes, and mi xtures or
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on the subsﬁ;rate; (3) a lubricant |ayer over the nmagnetic |ayer, where the
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cycl opent enes, hydrocarbyl -substituted 20 cycl opent adi enes, and m xtures or

derivatives thereof |n BRIEF @/HSTCRIPEION OF THE DRAMINGS r ecor di ng nmedi um may
further include a protective layer, such as a carbon overcoat, between the
magnetic | ayer and the lubricant |ayer. In other enbodi nents, the

hydr ocar byl subgtituent on the,cycl gpentane, .cyclopentene ng. .
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with an embodiment of the invention.
15 Fig. 3 is a schematic showing the top view of the High Velocity Ball-on-Inclined
Plane tester used in an embodiment of the intention. '
Fig. 4 is a plot of coefficient of friction as a function of number of cycies for
Pennzane® Synthesized Hydrocarbon Fluid X-2000 (0.11 wt.%).
Fig. 5 is a plot of coefficient of friction as a function of number of cycles for
20  Pennzane® Synthesized Hydrocarbon Fluid X-2000 (0.22 wt.%).

Fig. 6 is a plot which compares film durability of various lubricants. -
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

25 Embodiments of the invention provide 2 magnetic recording medium with a
lubricant film or layer formed from a class of hydrocarbyl-substituted cyclopentadienes,
hydrocarbyl-substituted cyclopentenes, hydrocarbyl-substituted cyclopentanes, and
mixtures or derivatives thereof. This class of compounds also may be used as a lubricant
layer on a magnetic head for reading and writing on a magnetic recording medium. The

30  magnetic recording medium, the magnetic bead, or both are usefil in manufacturing data

recording/retrieval devices, such as a computer disk drive.
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.introducing one or more polar groups. The derivation may be achieved either before or -

after the hydrocarbyl-substituted cyclopentane is prepared. A derivative of hydrocarbyl-
substituted cyclopentadienes and hydrocarbyl-substituted cyclopentenes is similarly
defined herein.

Since a lubricating film on a magnetic recording medium is exposed to
atmospheric conditions and is applied only once during the manufacturing process, the
lubricant in the form of a film over a magnetic recording medium preferably should have
low vapor pressure, high chemical stability, and good load-carrying capability, and
desirable tribological properties. Substituted cyclopentanes, cyclopentenes, and
cyclopentadienes possess the requisite properties for use as a lubricant film or layer in
a magnetic recording medium. Some embodiments utilize oligomeric cyciopentane,
cyclopentene, and cyclopentadiene derivatives prepared by reacting cyclopentadienes or
alkyl-substituted cyclopentadieaes with polyhydric alcohols followed by hydrogenation,

if appropriate.

Lubricants
As mentioned above, suitable compounds for forming a lubricant layer or film
over a layer of magnetic material includes hydrocarbyl-substituted cyclopentanes,
hydrocarbyl-substituted cyclopentenes, hydrocarbyl-substituted cyclopentadienes, and
mixtures or derivatives thereof. These compounds are selected because they have low
vapor pressure and desired tribological properties. For exa.mﬁle, tris-(2-octyldodecyl)
cyclopentane has a vapor pressure of about 1 x 10 "2 mm Hg (Torr) at about 20°C. Its
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| ubricant filmor layer formed froma class of hydrocarbyl -substituted

cycl opent adi enes, hydrocar byl -substituted cycl opent enes,

hydr ocar byl - substituted cycl opentanes, and nixtures or derivatives
thereof. This class of conpounds al so gay be used as a |ubricant Z¥adyelldn
a magnetic head for reading and witi na on a magnetic recordi ng nmedium The
30 magnetic.recardi ng nediu t he magnetj.c head, bot h are usef in
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used her eiandioridatibetesistadpet h functional i zed hydrocarbyl and

non-functional i zed hydrocarbyl . Functionalized hydrocarbyl refers . to an
organi ¢ group tdvateblendaerasbyd-subssiuted pciopratanes ganeally havs Biafollghans (e. g.
a polar, 5 fgroqg), whereas non functionalized hydrocarbyl refers to an

or gani é gr UB“ hat includes only carbon and hydrogen. A derivative of a
hydr ocar byl - substituted cycl opentane refers herein to any compound that is
derived fromthe hydrocarbyl -substituyted, cycl opentane. Derivation nmay
occur on the hydrocarbyl or the cyefopentaRe group. Preferably, derivation
shoul d occur on one or nore of th& hydrocarpyl groups by 10 introducing one
or nore polar groups. The derivatiyop- may -hg achi eved either before or

after the hydrocarbyl -substitut gycl openfane_is prepared. A derivative of
hydr ocar byl - substitut ec( c>)c opent adienes fand hy(Rg?r byl - substi tuted
cyclop@ntenes is simlar [91 mdef i ned herein. Since‘a“{Ubricating filmon a
magneti c recording nmediumis exposed to 15 atnospheric conditions and is
applied only once during the manufacturing process, the lubricant in the
formof a filmover a magnetic recordi ng nedi um preferably should have |ow
vapor pressure, high chemcal stability, and good | oad-carrying capability,
and where R, and R, are hydrocarbyl groups, respectively, m and n are zero or

positive integers, respectively. Preferably, the sum of m and n should be less than 6,
15  although compounds with m+n exceeding six are also suitable in embodiments of the
invention. It should be understood that either or both R; and R; may be further

derivatized to include any polar groups.
Suitable hydrocarbyl-substituted cyclopentenes generally have the following

formula:

20

(r)a (R.).

where R; and R; are hydrocarbyl groups, respectively, m and & are zero or

25

positive integers, respectively. Preferably, the sum of m and n should be less than 6,
although compounds with m+n exceeding six are also suitable in embodiments of the
invention. It should be understood that the double bond can be located any where in the
30 ring. Furthermore, either or both R; and Rz may be further derivatized to include any

polar groups.



desirabl e tribol ogical properties. Substituted cycl opentanes,

cycl opentenes, and cycl opent adi enes possess the requisite properties for
use as a lubricant filmor layer in 20 a magnetic recording nediun27$mygm3
enbodi ments utilize oligoneric cyclopentane, cyclopentene, and

cycl opent adi ene derivatives prepared by reacting cycl opentadi enes or
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conpounds for formng a lubricant |ayer or filmover a |ayer of magnetic
mat eri al includes hydrocarbyl -substituted cycl opent anes,

hydr ocar byl - substi tuted cycl opent eneg, ydr ocar byl - substi tut ed

cycl opent adi enes, and m xtures op~derivawnves thereof. These conmpounds are
sel ect ed because they have | ow 3Q\yvapor prgssure and desired tribol ogi cal
properties. For exanple, tris-(2- yl) cycl opentane has a vapor
pressure of about | x 10 '12 mmk ®._about 20 C Its 7 2 7 AUG 200

tribol ogi cal properties ,ar pt~e. f 0 sone of the existing
| ubricants for nagnetiS%m?gording media. In addi(Rd); it has good thermal
stability, additive solubifity, and oxidation resistance. Suitable

hydr ocar byl - substituted cycl opentanes generally have the followng 5

formula: 10 (R2)n where R, and R2 are hydrocarbyl groups, respectively, m

and n are zero Sit 4 Be .l r ct] Preferably, the sum of
mand n shoul d g’geﬁeggls h{!%gﬁ %@hﬁ%ﬁ%ﬁﬂﬁﬁﬁ% gé%g%tﬁvﬁ M ’\Xﬁ {#hd rﬂrﬁ%é?é%é’ﬂi ng six
are al Eb sposita® iateigerserespattinelnl Prefbrablie the sum of m and n should be less than 6.

Either or both R, and R, may be further derivatized to include any polar groups.

It should be understood that any one of the compounds represented by the above
formulas may be used alone or in combination with another compound or an additive.
Methods for synthesizing these compounds have been disclosed in the following patents:
15 (1) U.S. Patent No. 4,721,823; (2) U.S. Patent No. 4,849,566; (3) U.S. Patent No.
4,929,782, (4) U.S. Patent No. 5,012,022; (5) U.S. Patent No. 5,012,023; and (6) U.S.
Patent No. 5,144,095. The disclosures of all of the above patents are incorporated.
In preferred embodiments, R, is an alkyl group of one to thirty-six carbon atoms.
R; is also a hydrocarbyl group containing from one to about thirty-six carbon atoms. R,
20  and R; may the same or different hydrocarbyl groups. Preférably, they are a straight or
branched alkyl group of four to 36 carbon atoms. For example, R; and R; may be
selected from the following hydrocarbyl groups: methyl, ethyl, propyl, n-butyl, n-hexyl,
n-octyl, n-decyl, n-dodecyl, n-tetradecyl, iso-dodecyl, iso-tridecyl, 2-ethyl-1-hexyl, 2-
octyl-1-dodecyl, 2-decyl-1-tetradecyl, 2-octyl, and t-butyl. It should be noted that the
25  term "hydrocarbyl" used herein includes, but is not limited to, the above examples.
Preferably, m is 0,1, 2, or 3, although it may be any other positive integers.
Preferably, n is an integer ranging from two to six, although it may be 0 or any other
positive integers. Preferably, the sum of m and n should not be greater than six, although
compounds with m+n exceeding six are also suitable in embodiments of the invention.
30 The following is a list of preferred cyclopentanes, cyclopentenes, and

cyclopentadienes suitable for use as a lubricant in magnetic recording media. It should
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cyclopentane; n-octyl, di-n-decyl cyclopentane; Trioctyl, n-decyl cyclopentane; Di-n-

octyl, di-n-decyl cyclopentane; n-octyl, tri-n-decyl cyclopentane; Tri-n-tridecyl

cyclopentane; Tetra-n-tridecyl cyclopentane; Penta-n-tridecy! cyclopentane; Di-(2-octyl-
1-dodecyl)cyclopentane; Tris-(2-octyi-1-dodecyl)cyclopentane; and Tetra-(2-octyl-1-
dodecyl)cyclopentane.

Non-limiting examples of suitable cyclopentenes include: Tri-n-octyl
cyclopentene; Tetra-n-octyl cyclopentene; Penta-n-octyl cyclopentene; Tri-n-nonyl
cyclopentene; Tetra-n-nony! cyclopentene; Penta-n-nonyl cyclopentene; Tri-n-decyl
cyclopentene; Tetra-n-decyl cyclopentene; Penta-n-decyl cyclopentene; Tri-n-undecyl
cyclopentene; Tetra-n-undecyl cyclopeatene; Penta-n-undecyl cyclopentene; Tri-n-
dodecyl cyclopentene; Tetra-n-dodecy! cyclopentene; Penta-n-dodecyl cyclopentene; Tri-
2-ethylhexyl cyclopentene; Tetra-2-ethylhexyl cyclopentene; Di-n-octyl, n-decyl
cyclopentene; n—octyi, di-n-decyl cyclopentene; Trioctyl, n-decyl cyclopentene; Di-n-
octyl, di-n-decyl cyclopentene; n-octyl, tri-n-decyl cyclopentene; Tri-n-tridecyl
cyclopentene; Tetra-n-tridecyl cyclopentene; Penta-n-tridecyl cyclopentene; Di~(2-octyl-
1-dodecyl)cyclopentene; Tris-(2-octyl-1-dodecyl)cyclopentene; and Tetra-(2-octyl-1-
dodecyl)cyclopentene.

Non-limiting examples of suitable cyclopentadienes include: Tri-dodecyl
cyclopentadiene; Tetra-dodecyl cyclopentadiene; Penta-dodecyl cyclopentadiene; Penta-
n-butyl cyclopentadiene; Penta-n-octyl cyclopentadiene; Penta-n-nonyl cyclopentadiene;
Penta-n-decyl cyclopentadiene; Di-n-octyl, n-decyl cyclopentadiene; n-octyl, di-n-decyl
cyclopentadiene; Troctyl, n-decyl cyclopentadiene; Di-n-octyl, di-n-decyl
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10 cycl opentane; n-octyl, di-n-decyl cyclopentane; Trioctyl, n-decyl !
cycl opentane; Di-n- octyl, di-n-decyl cyclopentane; n-octyl, tri-n-decyl

cycl opentane; Tri-n-tridecyl cyclopentane Tetra-n-tridecyl cycl ppefis 206
Penta-n-tridecyl cyclopentane; D -(2-0 - 1- dodecyl)cyclopentane
Tris-(2-octyl-I-dodecyl)cycl opent ane; d Tetra (2-octyl -

dodecyl ) cycl opentane. 15 Non-limting exanpl es of SU|tabIe cycl opent enes

i nclude: Tri-n-octyl cyclopentene; Tetra-n-octyl cycl opentene;

Pent a- n-octyl cycl opentene; .Tri-n-nonyl cyclopentene; Tetra-n-nonyl

cycl opent ene; Penta-n-nonyl cycl opentene; Tri-n-decyl cyclopentene;
Tetra-n-decyl cycl opentene; Penta-n-decyl cyclopentene; Tri-n-undecyl
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Tetra-n-tridecyl cyclopentadi ene; Penta-n-tridecyl cycl opentadi ene;
Di~(2-octyl-1- dodecyl)cycl opent adi ene;

Tris-(2-octyl-I-dodecyl)cycl opent adi ene; Tetra-(2-octyl-1-

dodecyl ) cycl opent adi ene; Di-n-octyl-Trj-n-decyl cycl opentadi ene; 27 AUG 2013
Tri-n-octyl-Di-n 5 decyl cycl opent adi elr?e; Met hyl - n- octyl - n- decy!l

cycl opent adi ene; Methyl -Di -n-octyl-n- decyl cycl opentadi ene;

Met hyl - Tri - n-octyl -n-decyl cycl opent adi ene; Mt hyl -n-octyl-di- n-decyl
cycl opent adi ene; Methyl-n-octyl-tri-a-decyl cycl opentadi ene;

D net hyl - n-octyl - n-decyl cycl opentadi ene; D nethyl -di-n-octyl -n-decyl
cycl opent adi eneyhdbeimatih gty integer, syth a$i0, h; 2S¢y 5,6y E) f)feat Hjineasd n can be

n- nonyl - n- decyl - n-undecy| cycl ope t%ﬂene; D -n 10 nonyl - n-decyl - n- undecy!l
cycl opent Z§FePEANPOFHNF DIREET: d‘g'e «he1aey of mged B saprld dedass; thand,

n- nonyls- n- - di - 0- Y| i Lviat i cl nes,
cycl o%gnt eagtgg?‘é%%dam @%P%g@}ét%ﬁgﬁggﬁﬂn%@%g[%%}sé)gr%etg%lgt%g'%g?%g%%gﬂbgw ng
formul as: ; | R3iRZ @4, € Hdangse ' o FOUR! | ngscé t enes
25 3. Deri%‘é%dia?gd\k&/%ﬁzggeﬁi%%nes 30 ( Zh%% ?&%ﬁéﬁzgg%gll m:gggfn R1
and R 2 armetingtsdsaspdbarigroproups which may or may not be derivatized 5
respectively; ip and a are zero or positive inptegers,(sych as. 1, 2, 3, 4,
e tneck YAy e TP e velaH ot e eh YSHlEAR & AUSPEE L ha
6. \Wen R} t@bpisphste grdtdthtbd %pttsented by the following formulas:
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hydr ocar byl group, it may include, but not limted to, the follow ng
functional groups: -OH -NH2; carboxylic acid; carboxylic ester, phenolic
ester, polyether;.am de; am ne; sulfonam de; thiophosphate; and %?iﬂg%i
10 For exanple, a cycl opentane, cyclopentene, or cycl opentadiene ' 0
I ncludes a polyether or a hydroxyl glr3oup may be represented by the
followng formulas: 15 20 25 R3 - O- R4 - OH a R4-OH 30 12 21 AUG 20113
wherein a is any integer, such as 0, 1, 2, 3, 4, 5 6, 7, 8 9, or 10; m
and n can be zero or any positive integers; Preferably, the sumof mand n
shoul d be less than 5, 5 although conpounds with mtn exceeding five are

al so suit abl e whereinaasianyeintegen Sudhhes 0, 1N,Snd, K6, 718, 9, 8210; R andndaRbe ar e

i ndi vidual ly a hydrocarbyl group, whi EE may qQr nma not  i.ncl ude a pol ar
group. A ZEjRPOMENPASHEe inlegeGh diekrbly, eéwogaéﬁ%%ai%ﬂ@dmlesﬁ th38|%udes a

phosphat & 8ot HARNAGPRAR G H QRediBY RE b RUSSTAbRn Bihibblifndr®d bAE Y

formul as:
invention. Ry, Ry, R3, and Ry are individually a hydrocarbyl group, which may or may

not include a polar group; X is either oxygen or sulfur. -
A cyclopentane, cyclopentene, or cyclopentadiene which includes a carboxylic
acid, ester, phenolic ester, or amide group may be represented by the following formulas:

10
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20 25 1 P=X 30 J3 2 7 AUG 2093 13 wherein a is any integer, such as 0, 1,
2, 3, 4, 5, 6, 7, 3, 9, or 10; in and n can be zero or any positive

i ntegers; Preferably, the sumof mand n should be less than 5, 5 although
conpounds with mtn exceeding five are also suitable in enbodi nents of the
invention. R, R2, R3, and R4 are indVbiduaIIy a hydrocar byl group, which
may or may not include a polar group; X is either oxygen or suI?ﬁAUGQNﬂ
cycl opent ane, cycl opentene, or cycl opentadi ene which includes a carboxylic
acid, ester, phenolic ester, or am de group nmay be represented by the
following fornmulas: 10 0 15 20 25 30 f -'a 11 R4&-OCY

wherein 2 is any integer, such as 0, 1, 2, 3,4, 5, 6,7,8,9, or 10; mand ncan be

5 zero or any positive integers; Preferably, the sum of m and n should be less than 5,
although compounds with m+n exceeding five are also suitable in embodiments of the
invention. Ry, Ry, R, and Ry are individually a hydrocarby! group, which may or may

not include a polar group; Y may be

10
OH

-OH; -NHoa,; and -(CF2)p-F (in which bis 1, 2, 3, ...,or20).
A cyclopentane, cyclopentene, or cyclopentadiene which includes an amine

15  group may be represented by the following formulas:

(n—ofn™
20 [ Rl]m [ Rz]n
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0 11 R4-0-CY O 11 Ra-O--CY a 14 2 7 AUG 2003 wherein a is any

I nteger, such as 0, 1, 2, 3, 4, 5, 6, 7, 8 9, or 10; in and n can be 5
zero or any positive integers; Preferably, the sumof mand a should be

| ess than 5, although conpounds with mta exceeding five are al so ?i Egle
in enbodi ments of the invention. Rl, 2, R3, and R4 are indivi duZI I‘@ 003
hydr ocar byl group, which may or may not include a polar group; Y nay be 10
OH-OH -NH2,; and -(CFZ)b-F (in which bis 1, 2, 3,..., or 20).. A

cycl opent ane, cycl opentene, or cycl opentadi ene which includes an amne 15

group may be represented by the followng fornulas: 20 25 R R3 \ ¢ R5 15
R
C Rs
5
(=]

10 wherein ¢ is any integer, suchas 0, 1,2, 3,4,5,6,7, 8,9, or 10; mand n can be
Zero or any positive integers; Preferably, the sum of m and n should be less than 5,
although compounds with m+n exceeding five are also suitable in embodiments of the
invention. Ry, Rz, R3, R4, and R; are individually a hydrocarbyl group, which may or may
not include a polar group; Ry, and Rs may also be hydrogen individually.

15 A cyclopentane, cyclopentene, or cyclopentadiene which includes a sulfonamide
group may be represented by the following formulas:

Rs O
Lo
Rz +-N—S—Z
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20 o
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5 2 7 AUG 2003 10 wherein c is any integer, such as 0, 1, 2, 3, 4, 5, 6, 7,
8,9, or 10; mand n can be zero or any positive integers; Preferably,. the
sum of mand n should be | ess than 5, although conpounds with mtn
exceeding five are also suitable in e diments of the i nventign]. Nﬁ/zuuﬁz,
R3, R4, and Rs are individually a hydrdcarbyl group, which may or ot
I ncl ude a polar group; R4, and R5 may al so be hydrogen individually. 15 A

cycl opent ane, cycl opentene, or cycl opent adi ene ich includes a sul fonam de
group may be represented by the foll ow ng for I%ls:o 20 25 30 Rs 0 [R3+N
SZCil 0CRZINR 0 RINSZcit 015 2,7 AUG 2003 R5 O

c Il
8]

[ R, ]m [Rz Jn

wherein ¢ is any integer, suchas 0, 1,2,3,4,5,6,7, 8,9, or 10; m and n can be

10  zero or any positive integers; Preferably, the sum of m and n should be less than 5,

although compounds with m+n exceeding five are also suitable in embodiments of the

invention. Ry, Ry, Ry, and R; are individually a hydrocarbyi group, which may or may

not include a polar group; Rs may also be hydrogen; Z may be 2 hydrocarbyl group or
-(CF2)-F (in which bis 1, 2, 3, ..., or 20}.

15 A cyclopentane, cyclopentene, or cyclopentadiene which includes a dimeric

amine linkage may be represented by the following formulas:
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If R3NS--Zc 11 O wherein c is any integer, such as 0, 1, 2, 3, 4, 5
6, 7, 8 9, or 10; mand n can be LO . zero or any positive integers;
Preferably, the sumof mand n should be |ess than 5, although conpounds
with mtu exceeding five are also suitapfe in enbodinents of the ixaiF dpY-
R, R2, R3, and R5 are individually a hydrocarbyl group, which may or may
not |ncI ude a polar group; R5 may al so be hydrogen; Z may be a hydrocar byl

group or -(CF2)1-F which bis 1, 2, 3, ... 20). 15 A cycl opent ane,
cycl opent ene, or cyfl opentadi ene which i nchd?s a éérnerl c amne |linkage

may be represented by the follow ng fornul aR; 3¥R2 NRS 17 5 2 7
AUG 2003 10 wherein c is any intege h-~as<9, 1, (2, 3, 4, 5, 6, 7, 8, 9,
; i tive integerg; preferably, the sum
of mand n should be | ess tha pugh conmpounds wi th mtn exceedi ng
five ae also suitable in enbbiinents /gf the inventfion. Rl, R2, R3, and R5
are individually a hyfrocT shi ch may or rray

[Rz}njz

10 wherein ¢ is any integer, suchas 0, 1,2, 3,4, 5,6, 7,8, 9, or 10; m and n can be
zero or any positive integers; preferably, the sum of m and n should be less than 5,
although compounds with m+n exceeding five are also suitable in embodiments of the
invention. Ry, Ry, R3, and R; are individuaily a hydrocarbyl group, which may or may
not include a polar group; Rs may also be hydrogen.

15 In addition, oligomers of cyclopentanes, cyclopentenes, and cyclopentadienes can
also be used in embodiments of the invention, and they may be represented by the

following formulas:

" a N
/[CHz — [Rz]n

'25 [R‘]m [R,]m

30



not include a polar group; R5 may al so be hydrogen. 15 In addition,

ol i goners

of cycl opentanes, cycl opentenes, and cycl opent adi enes can al so

be used in enbodi nents of the invention, and they may be represented by the

following formulas: 20 25 30 18 5 10 15 Rt 20 2 7 AUG 2003 mhereiqgﬁ m5ﬁm3
2, 3, ..., or 10; g=1, 2, 3, ..., orlBl0; mand n can be zero or 9
positive integers; preferably, the sumof mand n should be | ess than 5,
al though conpounds with mrn exceeding five are also suitable in
enbodi nents of the invention. and Rz are individually a h ocar byl
group, which may or may not i roup. Finally, R els-Alder
derivatives may al so be used, ented by the] foll ow ng
formulas: 30 19 5 2 7 AUG 2003
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whereinp=1,2,3,..,0r 10; q= 1, 2, 3, .., or 10; m and n can be zero or any
positive integers; preferably, the sum of m and n should be less than 5, although
compounds with m+n exceeding five are also suitable in embodiments of the invention.
R, and R; are individually a hydrocarbyl group, which may or fnay not include a polar
group.

Finally, Diels-Alder derivatives may aiso be used, and they may be represented

by the following formulas:



wherein mand n can be zero or any positive integers; preferably, the sum
of in and n should be |less than 5, although conpounds with mtn exceedi ng
five are also 10 suitable in enbodi ments of the invention. RL and R2 are

i ndi vidual |y a hydrocarbyl group, which may or nmay not incl udd TaAlboily
group; R3 and R4 may be a hydrocar byl 19 car boxylic acid, carboxylic ester,
hydroxy, nitrile, or carboxylic am de. Additional sui tabl Di el s- Al der
derivatives that may be uged in enbodi nents of the inventi 4n are discl osed
by European Patent Appligafions No. OR$13 886 Al and No. 613 887 AlL.Ri5

bot h of which wer y 25, 1994. The @ bse

pat ent pplN cati Synthgsis o d Lubricants 20
1. Prepga Jo odecyl [ jgﬁgn Adi enyI ] lpropioniftrile
Tris(2-o0ctyldadetyl) e (18. was ptraced in a

3-necked round flask equi ppegwi t h an addi#tTonlal funnel, a gasgrjnl et
adapte? and a septymj After fl ashi ng with dried h[ }.];\}nz mnutes, 50 m
of dried THE (di st 2dpover K) was added. The sollutTmwas cooled in dry
i ce/ acetone bath, tollowed injected 8.4 M 25 n-butyl lithiumin hexane
solution (2.40 m; 20 mnot). The dry ice/ acetone bath was renoved, and

th | t dar k d | ut t t f 1h ,
ol 1 owed by codtHeih Phati g A By e ooy e et it b S FARELTD 70

grams, 20,04 y@onid tﬂe 195 fHand, 'aﬁﬁoﬁ@ﬂ'—%oﬁﬁoﬂhﬂ@ﬂﬂﬁ@ﬁﬁ ReskedngRVeSEreaslapd from

t he addltlonal funnel After the addition, the reaction Solution was
stirréd atuitabderio embmrhaleumse)fftbc usmmtudrerBami)Rlz@m sdivithellyembydrocasbyt sl owl y

Aqucous. | S0P KRR Sepaune s APish SEEReLs FERe Rakr e toderets. 7 A
S?Sg ig 6%’5‘1’}2};@?83@1&%b&(ﬂ1@%s&yeﬁydmmfd lot @5 @R xy RO dmide aavARSdazed to
suitable Diels-Alder derivatives that may be used in embodiments of the invention are
disclosed by European Patent Applications No. 0 613 886 A1l and No. 0 613 887 Al,
15 both of which were filed on February 25, 1994. The disclosure of these patent

applications are incorporated.

Svnthesis of Selected Lubricants

20 1. Preparation of 3-{tris(2-octyldedecyl)cvclopentadienvi] propionitrile

Tris(2-octyldodecyl)cyclopentadiene (18.12 grams, 20 m mol) was placed in a

3-necked round bottom flask equipped with an additional fimnel, 2 gas inlet adapter, and

a septum. After flashing with dried N, for 2 minutes, 50 ml of dried THF (distilled over

K) was added. The solution was cooled in dry ice/acetone bath, followed injected 8.4 M

25  n-butyl lithium in hexane sotution (2.40 ml; 20 m mol). The dry ice/acetone bath was
removed, and the resulting dark red solution was stirred at room temperature for 1 hour,
followed by cooling in dry ice/acetone bath. 3-Bromopropionitrile (2.70 grams, 20m

mol) in 10 ml dried THF solution was then dropwise added from the additional funnel.

After the addition, the reaction solution was stirred at room temperature for another 3

30  hours. The reaction was slowly quenched with 10 ml water. The organic layer was

separated, and the aqueous layer was extracted with 50 ml hexane. The organic layers



yellow liquid. The crude reaction product was purified by colum

chromat ography on SiQ2 eluting with 5% et hyl acetate/ hexane. The unreacted.
tris(2- octyl dodecyl )cycl opent adi ene (3. 66 granms) was recovered ang h\@ IH”IQ
title conpound (12.83 5 granms) was isolated. FTIR 2248 cm (C=N); 13

(4 isomers): 152.5-129.1 ppm (C=C), 120.8-119.6 ppm (4 peaks; C—N) 59.5

pPm 56, 9 pp, 513 pm. 41.1 9.5-26.4 ppm 22.7 ppm_14.1 ppm 2.
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title co I % u
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cSt) at 4039@,2@4*@@ b%ml [wle; 155, and Rf (TLC on Si @2, 5% et hyl
acet at e/ hexane) o 465 cml, 1376 cm 1, 1307 cm 1, 1130
cml, 721 cm. 20 3. Preparat|on of 3-[tris(2-octyldodecyl)cycl opentyl]
propyl am ne To astlrrI_n I,u |o of
3-[tris(2- octyl&o DANS 5; 9.23 m

ThE ol ation (o A TR W%I%?‘)ﬂﬁ%ﬂﬂmﬁﬂqﬂﬂa%ﬁmﬂ el g 0

renmoved. 2307 oremtivated cashen (@it igtaar), stdi 250anl c&’[hcptﬂﬂeﬂw’emrmﬂredtxmaéof)@ﬂ 2
hours. The eachl on was g{é{al\_g&g enc h&;&s m of water. The r eaction
m xture so H"B %553559& ﬁeh’? drogspation wasmginiained al ayer
was dried gyes al¥Hl P péci) i &89, 24" After cooling at room temperature, the

catalyst was filtered off, and the solvent was rota-vaporized. The yellow liquid product

15 was chromatographed on SiO; eluting with 5% ethyl acetate/hexane to give the title
~ compound as a pale yellow viscous liquid (4.33 grams) having a kinematic viscosity of
40 mm?/sec (40 cSt) at 100° C, 380 mm¥sec (380 cSt) at 40° C, a viscosity index of
155, and R¢(TLC on SiQ», 5% ethyl acetate/hexane) of 0.58. FTIR: 1465 cm™, 1376 cm”
!, 1307 cm™, 1130 em™, 721 cm™. \
20
3. Preparation of 3-{tris(2-octyldedecyDcvclopentyl] propyl amine
To a stiring solution of 3-[tris(2-octyldodecyl)cyclopentadieny!] propionitrile
(8.38 grams; 9.23 m mol) in 20 m! of dried THF was slowly added ! M lithiurn alumina
hydride in THF solution (9.3 ml) at 0° C. Afier the addition, thé ice bath was removed.

25  The reaction was further stirred at room temperature for 2 hours. The reaction was
slowly quenched with 1Q ml of water. The reaction mixture solution was extracted with
hexane (2X 20 ml). The organic layer was dried over MgSQ,, filtered, and rota-
vaporized to yield 8.13 grams, which were further purified by column chromatography
on SiO; eluting with 40% ethy! acetate/hexane to yield 5.21 grams of the title compound:

30 FTIR: 3392 cm™, 1618 cm™, 1074 e, 786 cm™, and 721 em™ (no C=N at 2248 cm’
was present). 'H NMR: § 2.66 (2H); 5 1.28; and § 0.90 (t, 18H).



vaporized to yield 8.13 grans, which were farther purified by colum
chromat ography on SiQ2 eluting with 40/a ethyl acetate/hexane to yield
5.21 grans of the title conmpound: 30 FTLR 3392 cm 1, 1618 cnmi, yﬂﬁgmpgma
786 cm1l, and 721 cm' (no C=-Nat 2248 ¢nmi’ was present). 1H NWVR 6 2.6
(2H); 51.28; and 5 0.90 (t, 18H). 2 7 AUG 2003 21 4. Preparation of
2-L2-tris(2-octyl dodecyl)cycl opent adi enyl et hoxyl ethanol The hydroxyl
group of 2-(2-chchl oet hoxy) et hanol was protected with 3,4 di hydro-2H pyran,

according to kngwp,gisesibes (3 il
t et rahydr opyr anyl —der f
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solution (2.40 m; y 1 cel acetone bath was renoved, and

the resul ting d&rik2reetyldedacyi)oytlopatadicne {Bdl 2gramsp20 mampl wes pilazel @ al hour,

followed Dby coaling.in a drK | ce/ acetone bath. The above tetrahydraopyranyl
&
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addi tion, reaction solation was stirre gverni g room tenperature

under NP. TR sbked6h wascoeled & Didy\icoiase e dathyoilow2@ bilinjexiizes.4 M Asugrigani.c
| ayer was separated, and the %gueous | ayer was extracted with 50 m

hexane. Thbthomyimhexanesplition(erte reloAdmedl). The dyf igyacetang etk was emeved, and
i or ot gt EHEr B e i g BhA s Simed Boch ihbatfie bt BUSEATS, oo
t he hydr oxyy edadiag-in Aliey (@A%Ei0a8 bath. The above tetrahydropyranyl derivative of 2-(2-
chchloethoxy)ethanol (4.45 grams, 20 m mol) in 10 ml dried THF was then dropwise
15 added from the additional funnel. After the addition, the reaction solution was stirred

overnight at room temperature under N;. The reaction was slowly quenched with 20 ml
water. The organic layer was separated, and the aqueous layer was extracted with 50 m!
hexane. The organic layers were combined, dried over MgSQ;,, filtered, and rota-
vaporized to give 21.65 grams of liquid. To the liquid was added 20 ml of methylene

20  dichloride and 0.2 ml of concentrated HCI to de-protect the hydroxy group. The reaction
mixture was stirred overnight, followed by aqueous work-up to give 19.27 grams of a
crude product. The title compound (16.90 grams) was obtained after purification by
column chromatography on Si0;, eluting with 5% ethyl acetate/hexane. FTIR: 3471-cm
"1 3050-cm ', 1647 cm !, 1618 cm !, 1058 cm . >C NMR (2 isomers): 150.7 ppm,

25 1484 ppm, 145.1 ppm,-142.6 ppm, 139.3 ppm, 126.7 ppm, 122.9 ppm, 121.9 ppm, 71.8
ppm, 68.8 ppm, 61.9 ppm, 47.8-26.5 ppm, 22.7 ppm, and 14.1 ppm

5. Preparation of 2-]2-tris(2-octvldodecyl)cyclopentyl]-ethoxy ethanol

The hydrogenation of 2-[2-tris(2-octyldodecyl)cyclopentadienyl ethoxy] ethanol
30  was carried out in a similar manner as described in Example 2, except the catalyst used

was rhodium on alumina.



m xture was stirred overnight, followed by aqueous work-up to give 19. 27
grans of a crude product. The title conpound (16.90 grans) was obtained
after purification by colum chronmatography on SiQ2, eluting lezmjg?ﬂ[ﬁt hyl

acet at e/ hexane. FTIR 3471-cm "1, 3050-cm-1, 1647 cm -1, 1618 1058
cm"1 13C NWR (2 isoners): 150.7 ppm 25 148.4 ppm 145.1 ppm .142.6 ppm

139.3 ppm 126.7 ppm 122.9 ppm 121.9 ppm 71.8 ppm 68.8 ppm 61.9 ppm
47.8-26.5 ppm Zi??mﬁiamct)ddm{gmmcbpmtsdxe@rl ethaxytettanobf20 grams), rhodium

2-f2-tri 3 | dodecv| I Lh] - hanol The hyd nat i f
R ERRs 1 oA T R AL D e N U
out i 2 SYd RuciBRIR hyRPos AR DRk Bralt 3 1PE£6 fm R5OFRY H,WBaFp?! st used

was r hodi um on al um na.
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r hodi urp(S%Rh% on alumna (1 granm), and 250 nl "of heptace were placed in a
500 m 3Zi e, elutingvathr8a ethytacemediensnty togiveal 8. Bheramof caloriessiligeid. HTIB4. 6 ai m

T N e
scet a o NOIAYS L AB(BINE 138, 5., TCRNRChe binezd s et B s o L

(1H), 8 3.ppn,61pprd 30.P5pm, 2B S, 2585 FpiME. 7 3p8, TN ppfQard PRMpp&il- 9 ppm

52.8-33.7 ppm 31.9 ppm 30.3 ppm 29.8 ppm 29.5 ppm 26.7 ppm 22.7 ppm
and 14.1 ppm 10 6. Preparation of 3,5-di-tertiary-butyl 4-hvdroxv benzoic

ester f 2-tris 2- . _
2-[2-t@is(2-oct'| A Lveroxy penzoigester AL I2ris(3- 35 m
(2.94 grans, 12.6 mnol),

ml), 3, %ﬂ:d&ﬁcbr]ﬂ&mbe@n;@ﬁ@w& ic acid (2.¢

and‘a catal'ytrc anmount —of p-toruenesulfonic acid in 60 m toluene were
refluxed in a BeRntris(Zapdtyldedgsyl)Tyaiopentyl] ethoxy ethanol (8.0 grams, 8.35 m mol),
3,5-di-tert-butyl-4-hydroxybenzoic acid (2.94 grams, 12.6 m mol), and a catalytic amount

of p-toluenesulfonic acid in 60 ml toluene were refluxed in a Dean-Stark trap. The
15  reaction was monitored by TLC until all 2-[2-tris(2-octyldodecyl)cyclopentyl] ethoxy
ethanol was consumed. It took 4 days to complete the reaction. The reaction solution
was washed with 1M aqueous K;COs (2 X 20 ml). After Bcing dried, filtered, and rota-
vaporized, the crude reaction product was chromatographed on SiQO», eluting with 3%
ethyl acetate/hexane to yield about 9.87 grams of the pure title compound. The pure title
20  compound was characterized by the following: FTIR: 3635 cm ™, 1718 cm ™!, 1600 cm
1 THNMR: §7.92 (s, 2H), § 5.63 (s, 1H), 5 4.44 (t,' 2H), 5 3.74 (t, 2H), 5 3.53 (m, 2H),
51.44 (s, 18H), 6 1.22 (br.s.), 6 0.91 (t, 18H). *C NMR: 167 ppm, 158.2 ppm, 135.6
ppm, 127.2 ppm, 121.2 ppm, 68.1 ppm, 64.0 ppm, 45.1 ppm, 34.3 ppm, 31.9 ppm, 30.2
ppm, 30.1 ppm, 29.8 ppm, 29.4 ppm, 22.7 ppm, 14.1 ppm.
25
7. Preparation of Di-(n-decyl)cvclopentane crosslinked by -(CH3),o- groups

In a one-liter three-necked flask fitted with a mechanical stirrer and a Soxhlet

extractor packed with 3A molecular sieves (about 15 g} and topped with a condenser,
25.1 g of di-(n-decyl)cyclopentadiene (73 mmol), 12.6 g of 1,10-decanediol (73 mmol),
30 5 g of KOH, and 250 g of triglyme were stirred and deoxygenated with a stream of

nitrogen. The mixture was then heated to reflux under nitrogen for two hours. The



15 reaction was nonitored by TLC until

al12-[2-tris(2-octyidodecyl)cycl opentyl] ethoxy ethanol was consuned. |t

took 4 days to conplete the reaction. The reaction solution wad MAISHhIE0
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heated to 18X°Uh The 2 7 AUG 2003 23 mi xture
was cool ed and washed with water to renove base and triglynme. The product
was dried and hydrogenated over pall adiumon carbon. The resulting product

was chhracterized by gel permmgmm&g@y to determ ne the
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contai ning a higher nunber” of cross I nked
(3) lubricant layer over the magnetic layer. The lubncant layer includes a cornpound

selected from the group consisting of hydrocarbyl-substituted cyclopentane, hydrocarbyl-

15 substituted cyclopentene, hydrocarbyl-substituted cyclopentadiene, and mixtures or

derivatives thereof. Optionally, there may be a protective layer between the magnetic

layer and the lubricant layer. In other words, some embodiments may include a
protective layer, while other embodiments may not include such a layer.

In some embodiments, the hydrocarbyl substituent on the cyclopentane,

20  cyclopentene, and cyclopentadiene may be derivatized to include one or more polar

groups, such as hydroxy, carboxylic acid, arpine, carboxylic ester, carboxylic amide,

phosphate, and sulfur compounds. For example, hydroxylated, dihydroxylated, and

polyhydroxylated derivatives are preferred. Carboxylic acid derivatives and their salts,

amine derivatives, carboxylic ester derivatives, carboxylic a.m.idc‘derivatives, phosphate

25  dertvatives, and sulfur compounds derived from multiple-alkylated cyclopentadienes,

multiple-alkylated cyclopentenes, and multiple-alkylated cyclopentanes also rmay be

used. These derivative groups, e.g., polar groups, may be incorporated into a multiple-

alkylated cyclopentadiene, cyclopentene, or cyclopentane by known chemistries of

cyclopentadiene, alkene, diene, and alkane. For example, cyclopentadiene can be made

30 to undergo Diels-Alder reactions and nucleophilic reactions to include derivative groups.



decyl ) cycl opent adi enes were formed. The measured viscosity at 100", 40

mw/sec (40 <cSt), is consistent with these high nol ecular weights. 10
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nucl eophilic reactions to include derivative groups. 2 7 AUG 2003 24
Fig. 2 illustrates a cross-sectional view of a data storage/retrieval device

manufactured in accordance with one embodiment of the invention. It should be
15  understood that the data storage/retrieval device may be used to manufacture computers

audio/video equipment, and the like. Typically, a computer includes a central processing

unit {"CPU"), a monitor, 2 keyboard, and a disk drive connected to the CPU. Other

components suitable for constructing a computer are known in the art. For example, U.

S. Patent No. 4,620,275 discloses a computer, and the disclosure of this patent is
20  incorporated.

Referring to Fig. 2, a data storage/retrieval device 20 includes a magnetic
recording medium 28, a magnetic head 29, and a power supply 26, which is connected
to the magnetic recording medium 28 and the magnetic head 29. The magnetic recording
medium 28 is formed by coating a layer of magnetic material 22 on a substrate support

25  21. Preferably, the layer of magnetic material 22 is protected by a protective layer 23.
The lubricant layer 24 is provided on the protective layer 23. The magnetic head 29
includes 2 body 25 for the head and an insulating layer 27 which is optional. In some
embodiments, the magnetic head 29 is coated with a lubricant layer. To operate this data
storage/retrieval device, a DC voltage from a power supply 26 preferably is applied
30  across the support 21 and the magnetic head 29.

The magnetic recording medium in accordance with emboediments of the



These derivative groups may strengthen the bondi ng between the | ubricant
filmand the surface beneath it. In addition to a magnetic recording
medium a magnetic head for reading and witing information on tﬂe
magnetic recording nediumalso is provided by enbodinents 5 of théAUG 2003

i nvention. The magnetic head includes:“Y1) a head body; and (2) a |lubricant
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coating a layer of magnetic material 22 on a subsirate support 25" 21.
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layer 23. polybutyreneterephthalate, a bismaleimidetriazine resin, a polyoxybenzylene resin, a

15 polyphenylenesulfide; ceramics such as glass, silicon, germanium, alumina, silica,
diamond, amorphous carbon, or graphite; and a metal such as an aluminum alloy coated
with anodized aluminum, an Ni-P-plating film, Cr, FeNi, stainless steel, Mo. Or W. It
should be recognized that a non-magnetic support is not always necessary in
manufacturing a magnetic medium,

20 Any magnetic materials may be used to form the magnetic layer on the support.
Suitable magnetic materials include, but are not limited to, an oxide such as Fe;O,, y-
Fe,03, barium fernite, or CrO;; a nitride such as Fe;Ny; a carbide such as FesCs; a metal
containing cobalt such as Co, CoNi, CoNiP, CoMnP, CoMnNiP, CoRe, CoPt, CoNiPt,
CoCr, CoCrTa, CoNiRe, CoMnReP, CoFeCr, CoV, CoRu, CoOs, CoPtCr, CoPtV, CoRh,

25 CoCrRh, CoNiMo, CoNiCr, CoNiW, or CoSm; a metal containing iron such as FeNd,
FeMg, FeNd, FeAg, FePd, or FeTb; and a metal containing manganese such as MnAT or
MnCuAl It also is possible to use a resin prepared by mixing and dispersing fine
particles of the above various magnetic materials.

Suitable materials for forming the protective layer between the magnetic layer
30  and the lubricant layer include, but are not limited to, a silicon compound such as SiO;,

Si;Ny, SiC, or a silicic acid polymer; a metat oxide such as Al;C3, CoQ, Co304, C0;0;,
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pol yani doi fiRfERCH I8t f¥&he, pol ysul fone, aromatic polyether, an epoxy
resin, a urea regitRod ol Bnal | PR MG e i al | ¥l phthal ate
resin, an acrylic tlaqr)esgf}on, a gﬁgﬁ%ﬁé}gﬁgs%\, p%ﬁ@%%‘én@?%ﬁggalef ?ﬁag"' H}”‘s
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i & P Sy RTBSANS SRR APl A e U B
FeNi , stai himdted to} elipsubvor SUch\as duartz, glass, alumina, sapphire, ruby, diamond, or
silicon; silicon carbide having conductivity, a sintered body such as alumina-titanjum
15 carbide; and a ceramics-based conductor, such as manganese-zinc ferrite or nickel-zinc
ferrite. Optionally, a thin insulating film may be applied to the body of the magnetic
head. The insulating film may include diamond-like carbon, SiO;, or alumina. In some
embodiments, the magnetic head is coated with a lubricant layer formed from a
compound selected from the group consisting of hydrocarbyl-substituted cyclopentane,
20 hydrocarbyl-substituted cyclopentene, hydrocarbyl-substituted cyclopentadiene, and
mixtures or derivatives thereof.

While the cyclopentanes, cyclopentenes, and cyclopentadienes may be used alone
in a lubricant layer, other lubricants and/or additives also may be used in combination
as far as the additional lubricants do not adversely affect the perfoﬁnance of the magnetic

25  recording media. While any known additives may be used, cyclic phosphazenes
additives, such as mixtures of fluorinated phenoxy-substituted cyclic phosphazenes or
muxtures of fluorcalkoxy substituted cyclic phosphazenes, are preferred. Suitable
additional lubricants include, but are not limited to, metallic soaps, fatty acid, amide;
fatty acid esters; higher aliphatic alcohols; monoalkyl phosphates; dialkyl phosphates,

30 trialkyl phosphates, paraffins, silicone oils; animal or vegetable oils; mineral oils, higher

aliphatic amines, inorganic fine powders, such as graphite, silica, molybdenum disulfide,



shoul d be recogni zed that a non-nmagnetic support is not always necessary in
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formed by the method referred to as the "Langmuir-Blodgett" method. The Langmuir-
Blodgett method may be used to construct a monomolecular or muitimolecular layer in
15 afilm. This method is described generally in U.S. Patent No. 4,907,038.

In some embodiments, a lubricant layer is formed by dip-coating, coil-bar
coating, or gravure coating followed by drying. A variety of solvents may be used in this
method, such as ethanol, methanol, benzene, toluene, acetone, cyclohexane, heptane,
ethyl ether, dichloromethane, isopropanol, petroleum naphtha, ethyl acetate, methyl ethyl

20  ketone, and so on. Although CFCs and related solvents also may be used, they are not
preferred due to their adverse environmental effects.

The following examples are given to illustrate embodiments of the invention and
are not intended to limit the scope of the invention as otherwise described. All numbers
disclosed herein are approximate values.

25
EXAMPLE 1

This example demonstrates that Pennzane® X-2000, a lubricant made of tris-(2-
octyldodecyl) cyclopentane, has a lower friction coefficient and comparable wear
resistance to Z-DOL®, an existing lubricant. Pennzane® X-2000 is a product available

30  from Pennzoil-Quaker State, Inc., Houston, TX. Z-DOL® is a functionalized PFPE

manufactured by Ausimont Montedison.
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I norgani c fine powders, such as graphite, silica, nolybdenum disulfide, 27
2 7 AUG 2003 and tungsten disulfide; resin fine powders, such as
pol yet hyl ene, pol ypropyl ene, Table L.
Additives Friction Coefficient Wear Scar
15 min. 120 min. (mm)
Pennzane® | Z-DOL® | Pennzane® | Z-DOL® | Pennzane® | Z-DOL®
X-2000 X-2000 X-2000
Tricresyl 0.096 0.125 0.108 0.122 0.56x0.59 | 0.61x0.68
Phosphate
Oleic acid 0.114 0.112 0.142 0.100 090x1.01 | 0.86x0.89
Ashless 0.097 0.128 0.083 0.117 | 0.73x0.75 1 0.63x0.66
dithio-
phosphate
Ashless 0.101 0.127 0.094 0.130 0.51x049 | 092x0.95
butylated
triphenyl
phosphoro
-thionate
Glycerol 0.118 0.116 0.099 0.113 0.86x0.86 | 0.87x0.92
monooleat '
€
Molybden 0.135 0.110 0.132 0.106 0.80x0.88 | 0.77x 0.83
um dithio-
carbamate

15

It can be seen from Table 1 that the friction coefficients of Pennzane® X-2000




pol yvi nyl chloride, and ethylene vinyl chloride copolyner and

pol ytetrafl uoroet hyl ene, al pha-olefin polyners, and unsaturated aliphatic
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known in the art for formng a lubricant |ayer over a magnetit AGy#i. For

exanmple, a lubricant filmmay be formexh by coating or spraying a solution

of a lubricant in an organic solvent onto a substrate (e.g., a non-nagnetic
support hawuthnvarioueradditivas igempratly eref iowey thamdthbst of ZgDORM® swith ehd sawapor at e.

Anot her nethod iQng¢ludes rubbin substrate having a magnetic layer with
an obj ect & Véﬁn&%@d”%fﬁl%we%fa’ﬁw@awo?& grasrally ineompasable daor

t hereto. %Jtﬂef’thﬁﬂ%a@ﬁf‘%—’f?éﬂ@d I ncludes -immersing a substrate with a
I'n uti

magneti c |ayer a so on'of a lubricant in an organic solution to |et
the lubricant be adsorbed onto the substrate. Furthernore, the |ubricant
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the respective compositions at a specified weight perceatage. 1, 1, 2 trichloro-
trifluoroethane was used as solvent for Z-DOL®, whereas cyclohexane was used as
15  solvent for Pennzane® X-2000. These samples were tested in an apparatus so called
High-Velocity Ball-on-Inclined-Plane ("HVBOIP"} tester, which generates tribological
conditions similar to the magnetic head/disk interface in a computer disk drive.

Fig. 3 shows schematically the top view of the HVBOIP tester 30, Referring to

Fig. 3, a ruby ball 31 with a radius of about 1.59 mm is held at one end of a strain gauge
20 32. The ruby ball is polished by using 2 diamond paste of 1 micron average particle
diameter and has a surface roughness, R, of about 2.1 nm and a Ry, of about 19.4 nm.
The strain gauge 32 has a force resolution of about 0.1 mN (milliNewton). The test
sample is cut from a super-smooth disk (with about 75A thick hydrogenated carbon
overcoat) and is mounted on another disk. A disk section 35 is glued to a substrate 37,
25 and a substrate clamp 36 is held down by a pair of screws 34,

A spin stand (not shown) is used to rotate the disk. The sample is mounted on the
disk using successive applications of a dilute glue solution in a staircase form. The glue
controls the angle of inclination. In this way, a 0.001° inclination angle can be achieved.

When the test commences, the disk is rotated at a2 speed of about 2 m/s, and the ball is
30 stationary. For every revolution, the ball slides on the incline plane once at the angle the

glue controls. This simulates impact, landing, and take off. Because the angle of



Thi s exanpl e denonstrates that Pennzane(r) X-2000, a |ubricant nade of
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10  force could be collected.

To correct for this inadequacy, after every 100 high speed test cycles, the second
step of the test procedure is applied to examine the surface damage as well as to measure
accurately the frictional force. In the second step, the sample is rotated at a very slow
speed of about 0.05 m/s (2 rpm). This allows the measurement of the frictional force

15  between the ball and the inclined plane sample and also allows direct observation of the
sample surface via a video camera. These two steps are repeated for each unit cycle until
the sample failed. The failure of the sample is indicated by a sudden drastic increase in
frictional force. The entire test procedure is controlled by a computer.

Lubricant films were made from a solution containing Pennzane® X-2000 at

20  0.055 wt.%, 0.11wt.% and 0.22 wt.% and Z-DOL® at 0.1 wt.%, respectively. These
films were tested in the HYBOIP tester. Both normal force F, and frictional force Fy for
each film were measured. The coefficient of friction is the ratio of F\/F,. Figs. 4 and 5
are plots for two Pennzane® X-2000 lubricant films. In both figures, normal force F,,
frictional force Fy, and coefficient of ﬁ'iétion F/F; are plotted as a function of the number

25  ofcycles. The coefficient of friction for the Pennzane® X-2000 lubricant film with 0.11
wt.% is about 0.4, whereas the coefficient of friction for the Pennzane® X-2000 lubricant
films with 0.22 wt.% is decreased to about 0.25.

In addition to the coefficient of friction, the number of cycles to failure was also
measured, and the data are present in Table II and Fig. 6. It is notable that the

30  Pemnzane® X-2000 lubricant films lasted longer than the Z-DOL® lubricant fitm. The
films made from a solution containing 0.11 wt.% and 0.22 wt.% of Pennzage® X-2000
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Table II
Lubricant Number of Cycles to Failure
Z-DOL® (0.1 wt.%) 8,000 to 10,000
Pennzane® X-2000 (0.055 wt.%) 10,000 to 35,000
Pennzane® X-2000 (0.11 wt.%) greater than 60,000
Pennzane® X-2000 (0.22 wt.%) greater than 60,000

As demonstrated above, embodiments of the invention provide a lubricant layer
for 2 magnetic recording medium so that the areal density of such a magnetic recording
10 medium may be increased substantiaily. The suitable lubricants are less costly than some
of the existing lubricants, such as PFPEs. A magnetic recording medium incorporating
such a lubricant film makes it possible to manufacture higher-density computer disks,
compact disks, audio tapes, and video tapes. Formation of the lubricant films according
to embodiments of the invention does not require the use of environmentally-hazardous
15  solvents, such as chlorofluorohydrocarbons. Therefore, embodiments of the invention
are more environmentally-friendly than some of the existing methods. Furthermore, the
lubricants used in embodiments of the invention are more resistant to chernical
degradation that may occur in the data storage/retrieval process. They also have
substantially higher additive solubility than PFPEs. Other properties and advantages are

20  apparent to a person of ordinary skill in the art.

While the invention has been described with a limited number of embodiments,



magneti c nmedi um have a longer lifetinme in contact-start/stop cycles than
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2 7 AUG 2063 30 inclination increases the test severity, the total nunber
of- cycles required to reach failure can be shortened. The test is
conducted in a size 10 clean room The test procedure is dividedl{ il 2i0o
steps. In the first step, the disk isé%)accel erated to the test speed of

about 2 m's (760 rpn) at about 0.1 sectdnd and rotated at 5 the test speed
for 100 sliding cycles, and then the test was stopped. The accel eration or
decel eration,s . desi i.s. acconplished within one

rotati onall'cgclrfl%fhe@gr{%g@’?ﬁg&g%’?ggl?ﬂ%lh’t est speed throughout the test is
negligi ble. These 100 cycles constitute a wunit test cycle. Because of the
hi gh test spee | isition rate for the test apparatus of 5000
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two steps argcloppsadietl, al neaebeswiiderieativeetherdoll the sanple failed. The
failure of the sanple is indicated by a sudden drastic increase in

frictional force. The entire test procedure is controlled by a conputer.

Lubricant fil,ns were nade,.fro e Lniepg Pennzane(r) X-2000 at
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force FZ and frictional force F, for each filmwere neasured. The
coefficient of frictionis the ratio of F.,/FL. Figs. 4 and 5 are plots
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a hydrocarbyl-substituted cyclopentane, a hydrocarbyl-substituted cyclopentene, or
a hydrocarbyl-substituted cyclopentadiene as represented by the following respective

15 formulas:

(r)s ().

20

s (r.)- (R.)s

30



frictional force F,,, and coefficient of friction F'/FZ are plotted as a
function of the nunber 25 of cycles. The coefficient of friction for the
Pennzane(r) X-2000 lubricant filmwith 0.1 1 w_%is about 0.4, Weieasl]
the coefficient of friction for the Pepnzane(r) X-2000 lubricant filns
with 0.22 wt.%is decreased to about 0.25. In addition to the coefficient
of friction, the nunber of cycles to ure was also neasured, and the
data are present in Table Il and Fi is notable that the 30
Pennzane(r) X-2000 lubricant fil ns ger than the Z-DOL(r)
lubricant film The filns made fro 'on containing 0.11 wt. % and
0.22 wt. % of Pennzane(r) X-2000 2_+* 31 are at least six tines
nore durable than the Z- ' hepefore, disk drives

i ncorporating Pennzane(r%;%?zooo or simlar |ubrichBegsshoul d have |onger
lifetige and inproved pe rmance. S Table 11 Lubricant Nunber of Cycles to
Failure Z-DOL@ (0.1 w.% 8,000 to 10,000 Pennzane(r) X-2000 (0.055

wt. 9% 10, 000 to 35, 000 Pennzane(r) X-2000 (0.11 w. %greater t han 60, 000

Pennzane(r) X- reat.er t 6 As nstrated apove,
enmbodi ment s of ‘Y%‘Fé‘“ﬁ%\) :ﬁgﬁ‘%‘%&ﬁcﬂﬁeléal HWCE%’MPQOH? %?%‘*rﬁb‘ﬁ&i c
recordi ng megilug areal density of such a magnetic recording 10
medi um may bg I ncr eas Jkﬁh gﬂﬁt antially. The suitable lubricants are |ess
costly than sone of the existing lubricants, such as PFPEs. A magnetic

recordi.n rre um i ncorporating, such |ubricant. filmmakes it possible to
manuf 38t u d egtﬁégne&gﬁ&opﬁng:@ Bt c@f@@rz wherein the lubricant layer mgludes

a hydrocarbyl-substituted cyclopentane, a hydrocarbyl-substituted cyclopentene, or

a hydrocarbyl-substituted cyclopentadiene as represented by the following respective

formulas:

(R'I)m (sz),,
(r): (r),

(R'l)m (R’z)..

wherein R’y and R’ are respectively a hydrocarbyl group which includes a

30 functional group selected from -OH; -NH;; carboxylic acid; carboxylic ester;



conpact disks, audio tapes, and video tapes. Formation of the |ubricant
films according to enbodinents of the invention does not require the use
of environnental | y-hazardous 15 solvents, such as chl orof | uor ohydpgcgi agis.
Therefore, enbodinments of the inventigy are nore environnmentally-friendly
than sonme of the existing nethods. Furthernore, the lubricants used in
enmbodi ment phablit ketet; pebrticorintde; 2Mine subhahide! thioph6edpdaiet add }gﬁgﬁﬁg,ati on
that may occur in the data storage/retrieval process. They al so have

subst ant i al | $rdipgEen of gyrad & areaqIosKivE iiRtygerhan PFPES. Ot her properties and
advant ages are 20 apparent to a person of ordinary skill in the art. Wile
the invention has been described with a Ilimted nunber of enbodinents, 2 7

AUG 2003 32 TH®eHah@n! feebdidNRedihd & LIORP 1 1dreY, QfteriTh d ?ér%‘vgﬁ%s sram! e

al though suitable”lubricants are described with respec

hydr océr byl - bydvetarbyltsabistitytet opyelupantess, hydrdcapehserstistedngclopentene, or

cycl opent adi gnes, ot heL deri vatives herefromal so may be used to forma

| ubri cant fi PYATOGATR-syOsHigAd GYElopeRty 1&%@%@ cath gng| dyncjRnal gEoupay

i ncl ude phen L tdd | nddH ]IE {,t At . - QN It hernore,
it is possi b%@éec?%&)?é%o%g& g? gga po ?ﬁf@?p@%& %&*5"3‘3’?‘? qgl{rijl’ ?r@lngt %/arlgﬁ)@ t he

above- descr i &stst, tdibsdytianinide phespliete, iddesulfpptomainingahines. Moreover, these
| ubricants may further be functionalized to strengthen the bonding between
the lubricant |ayer and the underneath |ayer. Wile the invention is

the | ubr i cant nd the h Tayer. while the invention is
oy beOapgt | i (EREE HAetle BRI BUACE) BLBRATHS Wydls? R

requires a | walrbcaabl-shbitnuted dyalopentandpipalicddactailsibstiblied icpviopédiene, i & not
limted to a contact-stop-start information storage/retrieval system The
appended cl apyfsocarbylisubstifiedicyiciopeeiadiensare roprrsented by therfs!lowing respettiite ons as
falling wt hfoﬁnﬁﬁ?: scope of the invention. What is clained is:

[R; — ola& —OH

15

20

2 [R;-——OJ;R;—OH
’ () (=),



2 7 AUG 2003 33 1. A magnetic recording nedium conprising: a non-nmagnetic
support; a magnetic |ayer forned on the support; and a lubricant | ayer over
the magnetic layer, the lubricant layer including a 5 conpound skl &t &}
fromthe group consisting of hydrocarbyl-substituted cyclopentane,
‘hydrocar byl -substituted cycl opentene, jRydrocarbyl -substituted

cycl opent adi ene, and m xtures or derivatives thereof. 10 2. The nagnetic
recordi ng mediumof claiml1, further conprising: a protective |ayer between
the magnetic |layer and the lubricant |ayer. 3. The magnetic recording
medium of claim1 or 2, wherein the lubrigant | ayer includes a

hydr ocar byl - substituted cycl opentane, a %Zm{nc ®,-syhgtituted

cycl opentene, or a hydrocar byl »Subst i tGted cycl/gpent adi ene as represented
by the foll ow ng respective A (R2)n 20 25 (Rl )rn l--- 2}n 30 2

whereinzis 0, 1,2,3,4,5,6,7,8,9, or 10; m and n are zero or a positive integer,;

R, Ra, Ry, and R, are individually a hydrocarbyt group; and wherein a, m, and n are not
10 zero af the same fime.

7. The magnetic recording medium of claim 5, wherein the derivatives of the
hydrocarbyl-substituied cyclopentane, hydrocarbyl-substituted cyclopentene, or
hydrocarbyl-substinited cyclopentadiene are represented by the following respecrive -

15 formulas:
p Al
Ry—O4-Ry—O04-p=X
a
20
[R']m Ra]n .
L y,
25
. N
R;-— R.;—Od-P’-X
30 a
R
[ l)m Rz]n 3
g J

35



(R)Ym (R). wherein Rt and R2 are respectively a hydrocarbyl group, and the

sumof mand n are a positive integer. 10 4. The nmagnetic recordi ng nedi um

of claiml or 2, wherein the lubricant layer includes a 77 NG 7003

hydr ocar byl - substituted cycl opentane, a hydrocarbyl -substituted

cycl opentene, or a hydrocarbyl-substituted cycl opentadi ene as represented

by the followi ng respective fornulas:315 (R 2)n 20 25 (R 2)n wherein R 1

and R 2 are respectively a hydrocarbyl group which includes a 30

functional group selected from-0OH, -NH2; carboxylic acid; carboxylic

ester; Z 7 AUG 2003 35 phenolic ester; polyether, am de; am ne;

sul fonam de; thiophosphate; and phosphate, and the sugmof mand n are a

positive integer. 5 The magnetic recordi ng medi um of ES]:I aiml or 2, wherein

the derivatives of fhe 5 hydrggarbyl-sybstitufed cycl ppentane,

hydr ocar byl - substi tuted cycl gpentene, o r byl AspihsL it ut ed
c%n%}a%“roug_l ?fal ted fromthe

{flic acid, am ne, chrboxylic ester,

car boxylic am de, phosphat fur-containing groups. 10 6. The

magneti c recording g ~Whenein the deriyatives of the

hydr ocar byl - substi tut ed , [Iﬁﬂggcar byl - substituted cycl opent ene,

or L J3

cycl opent adi ene i nc|] ude at
group consi sting of| hydrox

10 whereinais 9, 1,2,3,4,5,6,7,8,9,0r10; mandnare zeroora positive integer;
Ri, Ry, Ry, and R4 are individually a hydrocarbyl group; X is either oxygen or sulfur; and

wherein a, m, and n are not zero at the same time,

8. The magneric recording medium of claim 5, wherein the derivatives of the

15 hydmcarhyl-substituted cyclopentane, hydrocarbyl-substituted cyclopentene, or
hydmcarbyl—sgbstimted cyclopentadiene are represented by the following respective
formulas: '

0
"
Ry — RR—0—-C—Y

20 :

02 ()
25 *n
0
i
Ry — Re—0O0—-C—Y
30 a

15 [ R']m [R;]n



hydr ocar byl - substituted cycl opent adi eae are represented by the foll ow ng
respective fornulas: 15 20 25 30 [R3-OR4-OH a [R3_0 H 35 2 7 AUG 2043
36 5 whereinais 0, 1, 2, 3, 4, 5 6, 7, S, 9, or 10; mand n &lchibeltl or
a. positive integer; R, R2,1, and R4 ,gre i ndi vidual ly a hydrocarbyl group;
and wherein a, rn, and n are not 10 '"¥zero at the sau a tinme. 7. The
magnetic recordi ng medium of claim5, wherein the deriva.ves of the

hydr ocar byl - substituted cycl opentane, hyfdrocar Ryl - substi tfluted cycl opent ene,
or hydrocarbyl -substituted cycl opent adi|leRe—aBe-Rapr-d3enCed ¥y t he
follow ng respective 15 for : 0 TL5 30-%

5

[~ (%),

10
whereinais 0,1, 2,3,4,5,6,7, 8,9, or 1{; m and n are zero or a positdve integer;
Ri, Rz, Ry, and R, are individually a hydrocarbyl group; Y is -OH; -NH-,
oy o' -(CFa}y-F, where bis 1, 2, 3, ..., or 20; and wherein a, m,
15 and n are not zero at the same time.

9. The magnetic recording medium of claim 5, wherein the derivatives of the
hydrocarbyl-substituted cyclopentane, hydracarbyl-substtuted cyclopentene, or
20 hydrocarbyl-substituted cyclopentadienc are represented by the following respective

formulas:

(1ol




~-0 P=X)3 P=X 353 2 7 AUG 2003 5 01 'IS R4-0 P--X }a |. 37 10 wherein a

is 0, 1,2,3,4,5,6,718.9, or 10; in and n are zero or a positive integer

R, Rz, R3, and R4 are individually a hydrocarbyl group; X is eilzf;qmgqm?gen
time. 8. The

or sulfur:

respective

10

15

20

25

30

35

and wherein a, in, and a are not zero at the sane

magneti c recordi ng medi um of claimb5, erein the derivatives of the 1 s
hydr ocar byl - substi tuted cycl opent ane, Tiydrocar byl -substituted.cycl opent ene,
or hydrocarbyl -substituted cycl opentadi ene are_ represented by the foll ow ng

f or nul as: 20 25 30 35

[R‘Jm [Ran

[R‘}m [R.;]n

whereincis0,1,2,3.4,5,6,7,8,9,0r 10; mand n are zeroar a positive integer;
R1, Ry, and R; are individually a hydrocarbyl group; R4 and Rs individually are hydragen
or hydrocarbyl; and wherein ¢, m, and n are not zero at the same time.

10. The magnetic recording medium of claim 5, wherein the dérivatives of the

hydrocarbyl-substituted cyclopentane, hydrocarbyl-substituted cyelopentene, or

hydrocarbyl-substituted cyclopentadiene are represented by the following respective

formulas:

ll’\s 0
wlid
c it

O



-aJ3 R-p-GCYO0O 11 &a-CG--Y 2 7 AUG 7.003 0 R3-4R4-0 -CY 10 wherein a
is 0, 1, 2, 3, 4, 5, 6, 7, 8 9, or 10; in and n are zero or a positive
integer; R, RX, R3, and RR are individually a hydrocar byl group;ZYNugfgm
-OH, -NH, af ; or where bis 1, 2, 3, ..., or 20; and wherein a, rn, \
/ and n are not zero at the sanme tine. 9. The magnetic recordi ng medi um of
claim5. wherein the derivatives of thé&d |jydrocarbyl-substituted
cycl opent ene, hydrocarbyl -substituted cycl opentene, or 20
hydr ocar byl - substituted cycl opent adi ene are represented by the foll ow ng
respective formulas: 25 30 35 40 2 7 AUG 2003 ﬁ?_%}

5

T
Ri-+N—S§—2
c

4

5

10 [ R‘Jm [ Rzll

20

T ),

25 whereineis G, 1,2,3,4,5,6,7, 8,9, or 10; m and n are zero or a positive integer;
Ry, Ry, and R; are individually 2 hydrocarbyl group; R is hydrogen or hydrocarbyl; Z
is hydrocarbyl or (CFa)-F where bis 1, 2, 3, ..., or 20; and wherein ¢, m, and n are not

zero ar the same pme.



10 15 20 wherein c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
R1 1
R4 and Rs individually are hydrogen

or a positive integer

R .

or
and R3 are individually
or hydrocarbyl; an

10; mand n are zero
a hydrocaphy, up;
d wherei nrl?,dupg,mﬂand

n.are not zero at the same tinme. 25 10. The magnetic recordi ng nedi um of
claim5, wherein the derivatives of the#lhydrocarbyl-substituted

cycl opent ane,

hydr ocar byl - substi tuted cycl opent ene,

or

hydr ocar byl - substituted cycl opent adi ene are represented by the foll ow ng

respective 1f{fomauka
N- S-

15 20 40 5 [R3 Rs

Sﬁ:ti%oorerégrdﬁ% Chediurh lof aibim © ‘iheiréﬁncthietdcn(\)raévgs '(A)‘r e

2003 5

hydrocarbyl-substiruted cyclopentane, hydrocarbyl-substituted cyclopentene, or

hydrocarbyl-substituted cyclopentadiene are represented by the following respective

5 formulas:

10

15

20

//’

25

/‘

30

-

35

gy

‘[R’]ujz-

NRs
2

NE;
2
NR;s

whereincis0,1,2,3,4,35,6,7,8, 9, or 10; m and n are Zero or a positive integer;

Ry, Ry, and R; are individually a hydrocarbyl group; Rs is hydrogen or hydrocarbyl; and

wherein ¢, m, and n are not zero a1 the same time.



P-3 N 5-Z Jfi Il 25 whereinc is 4, 12,3.4, 5, 6, 7, 8 9, or |Q maad u
arc zero or a positive integer; R, R2, and R3 are individually a

hydracar byl group; Rs is hydrogen or hydrocarbyl; Z is hydroza ﬁ% @y
-(CF2),-F where b is 1, 2, 3, ..., %2 and wherein c, ém not
1.

zéro at the same rime. Z 7 AUG 2003 41 The magnetic recordi ng nmedi um of
claimb5, wherein the derivatives of the hydrocarbyl-substituted
cycl opent ane, hydrocarbyl -substituted cycl opentene, or

hydr ocar byl2. sﬂi@smaguntmd raepodiopencdadheste chig 3, ephegentied deyyvdiiies fa higwi ng
respective 5 rNRS 10 15 [R_3 NRS C 20 25 NRs 30 35 wherein c

rmul.a
is 0, 1, 2 Cag) ?-gubs?ltutgi cyclopentans; bydeasarbyl-arhstinged cpelogemeass, torve
i nt eger,, gfoccg?g L{S?anafeeg dyRfdplitiale!aYe RpPUEEFEY BY fofluOnE tesboctive

hydr ogen or
i CH, w

5 fbnnuhs
; (=]
n

10

20

30




wherein ¢, m and n are not zero at the sane tine. 2 7 AUG 2003 42 12. The
magneti c recordi ng nmediumof cl.aimb5, wherein the derivatives o t@

hydr ocar byl - substituted cycl opentane, hydrocarby[-substituted c? Eéﬂ%ene
or- hydrocarbyl -substituted cycl opentadiene are represented by the

foll owi ng respective 5 fornul as: 10 1 320 25 30r J4 2 7 AUG 2003 43
wherein p is 1, Bmris1 2.9 10

zero or a pomh%% ?n eger® R 7Sk are i n&fJDu%}a?PﬁyaéeM‘aPﬁ%a?%‘w group

13. The rragﬂ@ieurchrmmrggxquW[p Qﬁy&b@kgg) 12ro df,her ein the derivatives of
the 5 hydrocarbyl substituted cycl opent erie, hydrocar byl -substituted

cycl opentene, or hydrocarbyl -substituted cyclopentadiene are represented by
the foll ow espective farmula 10, 15.whgrein m are zero or a
positive i A? gBtEr E'P AERIC, FRFORDNE rfB?‘f}V'au%fl‘ Fipig, herum B dBrlified TP tne

5 hydrocarbyl-substituted cyclopentane, hydrocarbyl-substituted cyclopentene, or

hydrocarbyl-substituted cyclopentadiene are represented by the following respective

/ N s
[=); (=)
(&), ; (&),

formulas:

R;

15
wherein m and n are zero or a positive integers; R; and R; individually are a
hydrocarbyl group; Ry and Ry individually are hydrocarbyl, carboxylic acid, or

carboxylic ester.

20  14. A magnetic head, comprising:
a head; and
a lubricant layer over at least a portion of the head, the lubricant layer
including a compound selected from the group consisting of hydrocarbyl substituted
cyclopentane, hydrocarbyl substituted cyclopentene, hydrocarbyl substituted

25 cyclopentadiene, and mixtures or derivatives thereof.

15. A data storage/retrieval device, comprising:
a magnetic recording medium including a magnetic layer over a support and
a lubricant layer over the magnetic layer, the lubricant layer including a2 compound

30 selected from the group comsisting of hydrocarby! substituted cyclopentane,



hydr ocar byl group; R3 and R4 individually are hydrocarbyl, carboxylic acid,
or' carboxylic ester. 20 14. A magnetic head, conprising: a head; and a

| ubricant |ayer over at least a portion of the head, the |ubricapy VI

i ncl uding a conpound sel ected fromthe group consisting of hydrocarDbyl
substituted cycl opentane, hydrocarbyl4substituted cycl opentene,

hydr ocar byl, substifuted 25 cycl opentadi ene, and m xtures or derivatives
t her eof . 1@?3%06(2?&'@8%5%9% RepkEos hYgéQFf"g’é’} s@%ﬁﬁﬁi FHRjoreatadigite 2ad

recordi ng medi; i dsne gl N8 HTRRE4C | ayer over a support and a |ubricant
| ayer over the magnetic layer, the lubricant |ayer including a conpound 30

sel ected from t heaguapmpticbeml sljacent tofthddgratiarbordiag keddit] ©6 ntapgmkapent ane,
2 7 AUG 2003 44 hydrocarbyl substituted cyclopentene, hydrocar byl
substituted &5 digistoadhemegnaiisdeconiing medismgp repdrandaymity édformasionst; thand a

magneti.c head adj.acent .t magneti c recordi ng nmedium the nmagnetic head
slidi ngfcon t {§S tg':nr%fﬁgrgmgéé%ﬁ%ﬁnhg mediumto read and wite information on
the 5 magnetic recording nedium 16. The data storage/retrieval device of
claim15, further conprising: a power supply for applying a voltage across
t he magnet i The datadtonageietiicynt dearnt aflebaimd gnfurther dosgdtising: readi ng or writing

information on the nagneti ecordin 10 nedi u 17. The data .
storage/retrieval a@@VgE%’pB]fcy tJéT %HPW‘_‘L%?VWF gqrﬂssttﬂ.]‘ém&g%b&é-eqogﬂag ESApR er di sk

drive. and the magnetic head for reading or writing information on the magnetic recording

10 medium.

17. The data storage/retrieval device of claim 15, wherein the device is a computer disk
drive.

15 18. A computer, comprising:
a CPU;
a disk drive connected to the CPU so that the disk drive can communicate
with the CPU, the disk drive including:
a magnetic recording medium having a magnetic layer over a support and a
20 lubricant layer over the magnetic layer, the lubricant layer having a compound
selected from the group consisting of hydrocarby! substituted cyclopentane,
hydrocarbyl substituted cyclopentene, hydrocarbyl substituted cyclopentadiene,
and mixtures or derivatives thereof; and
a magnetic head adjacent to the magnetic recording medium, the magnetic
25 head sliding on the magnetic recording medium to read and write information on

the magnetic recording medium.

1. A method of manufacturing a magnetic recording medium, comprising:
providing a non-magnetic support;

30 forming a magnetic layer on the support; and



15 18. A conputer, conprising: a CPU, a disk drive connected to the CPU so
that the disk drive can communicate wth the CPU, the disk drive

i ncluding: a magnetic recordi ng nmedi um having a magnetic | ayer Oégr'ug
support and a 20 lubricant |ayer over 4{_he magnetic | ayer, the | rAla A0

| ayer having a conpound selected fromThe group consisting of hydrocar byl

substituted cy { r st,ituted cl opent ene, ..

hydr ocar byl su%bﬂ?‘t’%[}t @gﬂgyélﬁ%%{eﬁfagép %hgt?ﬁ' i T8ty %&tﬁt}/&cagfﬁa&rﬁn\gwf%as
thereof; and a regiRuhd sBReEdAHDACEHY gidupt s &l Bydre€RbHl BehsPRALYM the
magnetic 25 head sliding on the magnetic recording nediumto read and
write informati ciyclopentang hydmpeathyt sulstituted oyclopaditamn hydrocasbyk suhstingéd
manuf acturing a rm&getti%@ reco di.ntgr medium .conmprising: providing a

non- magnet i ¢ sufFGPPERaeR% AR FIXIEren9h ABRYAHVESDERE0hn t he support: and 2 7
AUG 2003 45 formng a lubricant |ayer over the magnetic |ayer, the

| ubricant |ayer including a conpound sel ected fromthe group consisting of
hydr ocar by|2(s Whs trethoded claimdPpfietheasemprisye: ocar byl substi t ut ed

cycl opent ene, hydraqcarbyl substifuted  cyclopentadi ene, and m_ xtures or
derivatives ther eoformnpprofestveidyeiRn G magastic [T betyeen the lubrigant Hivay:

formng a prot ngInid‘{E !n%ferticcf{&err.he magnetic | ayer between the |ubricant
ayer.

| ayer and the magne?| C

[0 21. A composition having the following formulas:

y (r1)x (r),
(R’l)m (R'Z)n

wherein R’ and R’; are respectively a hydrocarbyl group which includes a
functional group selected from -OH; -NH,; carboxylic acid; carboxylic ester;
phenolic ester; polyether; amide; amine; sulfonamide; thiophosphate; and phosphate,
and the sum of m and n are is a positive integer less than 6.

30



10 21. A conposition having the following formulas: 15 (REm, (Rz). 20
25 wherein R1 and R 2 are respectively a hydrocarbyl group which includes
a functional group selected from-OH -NH2; carboxylic acid; chfddkyilic
ester; phenolic ester; polyether, am 4&;, am ne; sul fonam de;
t hi ophosphat.e; . and phosphate, . angot Qe sumof mand n are is a positive
i nteger | es- TR&FOBIPOSHOD of ciaig 2howhamin M compositmmissiopresented byl Hism 21,
wherein the GOAINESH s represented by the following formulas: 5 10 15
20 25 30 wherelln a°iﬁg%%‘,d%§, 2, 3, 4, 5, 6, 7, 8 9, or 10; the sumof m and
nis less than 5; Rl, R2, R3, and R4 are individually a hydrocarbyl group.
2 7 AUG 2003 47 23. The conposition of claim2l, wherein the conposition is
represented by the follow ng fornul as: ‘:R;—-—O R, — OH

a

5

" -[R‘Jm | [RZJH
15 | [R:—Ogam—OH

20 [R']m [Ran

(e1—o} x—on
(=) (=),

25

30 whereinais0,1,2,3,4,5,6,7, 8,9, or 10; the sum of m and n is less than 3; R,
R;, R;, and Ry are individually a hydrocarbyl group. '



P=X 3 20 25 30 wherein aisO, 1,2,3,4,5,6,7,8,9, or 10; the sumof mand nis
| ess than5;Rl, .35 R2, R3, and R4 are individually a hydrocarbyl group; X
is either oxygen or sulfur. 2 7 AUG 2063 48 24. The conposition 73? AUG 2605
21, wherein the conposition is represengged by the following fornmulas: 5 10
m-a 015 11 R&-OCGY -, a 20251 1 R4-0-CY .a

23. The composition of claim 21, wherein the composition is represented by the

following formulas:

5 s \

RJ—"O}‘R‘u—-—O-szx
a
10

R

[ l]m Rz}n

. J3
15
[ )
Ry3—O4-R;,—O—+P=X
a
20
[Rl]m R’]n
\ J3
25
\

Rs-‘-O}—Rnt-—-O——P'—'X
a

R () St/a (SR

whereinais 0, 1,2,3,4,5,6,7, 8,9, or 10; the sum of m and n is less than 5; Ry,

35 Ry, Ry, and Ry are individually a hydrocarbyl group; X is either oxygen or suifur.



30 35 wherein ais 0, 1, 2, 3, 4, 5, 6, 7, 8 9, or 10; the sure of mand n
is less than 5; R1l, R2, R3, and R4 are individually a hydrocarbyl group; Y

is -OH, -NH2, OH; or -(CF2)b-F, where b is 1, 2, 3, ..., or 20. prﬂBm%
-04- 0-CY 0 Z 7 AUG 2003 49 25. The conposition of claim2l, wherein the
conposition is represented by the fol 8w ng formulas: 5 10 15 20 25 30 35

J CERS NLL NR4 ¢ Rs

24. The composition of claim 21, wherein the composition is represented by the

following formutas:

Il
5 [R:,—O}&———O—-C—-Y
a

10 [ RlJm [ R, ]n

0
f
R & [Rg— Re—O0—-C—Y
a
20 [m]
- (=],
25 IC[)
[R;—-—- Ri—O0—C—Y
a
30
| [~]
| g (=],
35 whereinais @, 1,2,3,4,5,6,7,8,9, or 10; the sumn of m and n is less than S; Ry,

Ry, R, and Ry are individually a hydrocarbyl group; Y is -OH; -NHs,
OH +°F -(CF)w-F, where b is 1, 2, 3, ..., or 20.

40



wherein c is O 1, 2, 3, 4, 5, 5, 7, 8 9, or 10; the sumof mand n is
|l ess than; RE, R2, and R3 are individually a hydrocarbyl group; R4 and RS
i ndi vidual |y are hydrogen or hydrocarbyl. 2 7 AUG 2003 50 26. Thel6 2003
conposition of claim21, wherein the cofosition is represented by the

follow ng f San0 10.15 2530 35 50 Il RBN-S 11 0Rs 0 R3 - ¢
NS Il 0 %%fomposﬁxon 0 aﬂlm 2:?, wherewn the composition is represented by the
following formulas:

o
5 S : ¥
[ =]
10 m [RZJH
: g
| Ris—O0+N <~
’ c \Rs

20 [ Rl:,m [R, ]n

25
R4
[Rz—O};N <Rs
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whereincis 0,1,2,3,4, 5,6, 7, 8,9, or 10; the sum of m and n is less than; R;,
R;, and R; are individually a hydrocarby! group; Rs and R; individually are hydrogen or
hydrocarbyl,
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-(CFZ)b-F where bis 1, 2, 3, ..., or 260 2 7 AUG 2003 5 10 2 15 51 27.
The conposition of claim21, wherein the conposition is represented by the
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whereincis 0, 1,2,3,4,5,6,7, 8,9, or 10; the sum of m and n is less than 5; Ry,
R;, and Ry are individually a hydrocarbyl group; Rs is hydrogen or hydrocarbyl; Z is
40  hydrocarbyl or {CFz)y-F where b is 1, 2, 3, ..., or 20.



followng formulas: Z 7 AUG 2063 52 5 10 15 [R1 20 25 mwherein p is 1, 2,

3, ..., or 10; gis 1, 2, 3, ..., or 10; the sum of mandnls&?smstzmﬁn
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27. The composition of claim 21, wherein the composition is represented by the

following formulas:
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whereincis0,1,2,3,4,5,6,7, 8,9, or 10; the sum of m and n is less than 5; R;,
Rz, and R; are individually a hydrocarby! group; R; is hydrogen or hydrocarbyl.

40  28. The composition of claim 21, wherein the composition is represented by the

following formulas:
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whereinpis [, 2, 3, ..,0r10; qis 1, 2, 3, ..., or 10; the sum of m and n is less than

5; R, and R; are individually a hydrocarbyl group.



