; B

The present invention relates to a lubricant layer which is a thip

MAGNETIC RECORDING MEDIUM

léyer having a lubricating function at an interface where it is
subjected to a sliding contact with a solid at a high speed. More.
particularly, it relates to a lubricating system in a magnetic
recording medium providing a high recording density used in the
information industry and the like, a magnetic recording medium such

as a fixed thin layer magnetic recording disk, and a method of
preparing the-same.

When a magnetic recording medium is used, the medium is rotated and
accelerated rapidly from a stationary State, whereby a lift is given
to a head slider and é magnetic head is 1iftéd. When the power is
switched off after the use,.a motor driving the medium for rotation
will stop, and the head and.tﬁe medium will come into cdntagt with

. each other at a high speed and cause sliding.

A thin layer magnetic recording'medium, which is a typical example

»

of the magnetic recording medium providing a high recording density
used in the information industry and the like, is usually prepared

by coating a magnetic metal or its alioy on a non-magnetic substrate

by plating, vapor deposition, or sputtering. In actual use, it

becomes abraded and damaged by the sliding contact-of the magnetic

. recording medium with the head at a high speed. 1Its magnetic

properties may be deteriorated.
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fAs a method.for solving such a problem, it has been proposed to

_provide a protectivé layer and a lubricant layer on the magnetic
layer in order to make a staiic and dynamic frictibn coefficient of
the medium during the sliding contact as ldw as possible and to
improve’ an abrasion resistance. A carbonaceous layer, an ‘oxide

layer, a nitride layer, or a boride layer is employed as the

protective layer. A liquid lubricant or a solid lubricant is

employed as the lubricant layer. Generally, a perfluoropolyether

compound, which is one of the liquid lubricants, is.coated on the
surface of the medium.

In recent years, to obtain a ﬁigher récording density, it has becohe

increasihgly necessary to reduce the flying heéight of the head and
to speed up the rotation of the medium. Thus, the substrate for

medium has come to be smoothed.

The provision of the liquid
lubricant layer is very effective in réducing the dynamic friction
cbefficientﬂ as mentioned in the above. As the thickneéss of the

liquid lubricant layer increases, howevér, it has been found that a
micromeniscus is formed by the surface tension of the liquid
lubricant between the head and the medium and thefeby causes
sticking. Hence, this indicates that the static friction

coefficient of the medium increases and the head frequently- becomes

inoperative due to its adhesion to the medium.

As the substrate is smoothed in order to reduce the flying height of

the head, the liquid lubricant has a serious drawback in that the

above-mentioned sticking is very liable to occur. On the other
hand, it is disadvantageous in that a sufficient durability cannot

be obtained when the thickness of the ;iquid lubricant layer is
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teduced to Preveat che stxck;nq
the medwm increases,

Further, as the rotation speed of
otf“

there occurs & wmarked phenomenon called “spin-
and the thickness of the lubucant layer is reduced
such phenomena,

To avoid
the search has qone on for 2 solid lubricant which

.
does not form the meniscus and it has been proposed to use a higher
alcohol,. a higher fatty acid,

or metal salts thereof.

The solid lubricant has a problem, however, in that, when it js
coated on the wagnetic layer,

a crystallization is liable to take
place in part of the coated 1ayer which causes a cohesion, since its

stable phase is as a solid at the ambient temperature

In
particular, the tendency toward cohesion is marked when the
substra.te is smoothed.

.

When the cohesion occurs,  the. thickness of
the coated layer becomes uneven, which increases the possibility

that the head will be brought into direct contact with thé magnetic
layer of the medium. 1In addition, a stain may form on the head
slider or the flying height of the head may be made unstable.

In
t.
order to Prevent the cohesion of the soli.d 1ubr:.cant and to preven

the spin-off, it is necessary to effectively bind and cause the

wolecules of the solid lubricant to adhere to the substrate.

One
th of
approach that has been proposed to increase.the bonding streng

. ing .an
the molecules of the lubricant has been a method of polymerizing

12171990
alkylsilane (Japanese Unexamined Patent Publications No. 103
and No. 103722/1990).

However, according to this method, ttu:a |
lubricant is polymerized, whereby the movement of their molecules x-s
testricted and the'lubricatinq performance becomes inadequate. ‘1“.\15
is because there is a trade-off to be made between the fixation of
the lubttcant and its lubricating performance
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Further , even though the solid lubricant exerts a good lubricating
performance in‘the initial stage, the friction coefficient harkedly
increases with the passage of time and no satisfactory 1ubficating
performaﬁce can be obtained. The higher fatty acid, which has the
effect of fairly maintaining the friction coefficient At a low
level, h§5.the disadvantage of becoming easily liquefied under the
conditions in which it is brought into contact with the head at 50°C.
or higher because it generally has a low melting point and therefore

has a tendency to cause the sticking of the head.

On the one hand,
to avoid such a disadvantage,

it has been proposed to use the higher

fatty acid in the form of a metal salt which has a higher melting
point (e.g., Japanese Unexamined Patent Publication No.

281220/1988) . The metal salt of higher fatty acid has a good

lubricating performance. On the other hand, it has a drawback in

that its solubility in a common organic solvent is poor and thus its
coating possibilities are limitedl -In addition, there are problems
in that an even coatéd layer is hardly obtained when the metal salt
is éoated on the medium and the thickness of the coated layer is
considerably uneven. This tendency toward unevénness is
particularly marked‘when the substrate is sﬁoothed, which may

possibly lead to serious results such as a head crash.

A reversible adhesion is ideal -as a fixation. system in which the
lubricant molecules interact with the substrate while retaining the
strength enough to prevent the cohesion and ‘the adhesion does not

use a trade-off with the lubricating pefformahce.

An object of the present invention is to obtain a lubricant layer

which is a thin layer but which has an excellent lubricating

performance and is free from the cohesion of the lubricant
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molecules, that is, a lubricant layer excellent in durability

without introducing a trade-off between the adhesion of the

lubricant and its lubricating performance. The present invention

has been achieved by designing the lubricating system at a molecular
or atomic level. The present invention also provides a magnetic
recording medium having an even and thin lubricant layer which is

in lubricating performance and durability and which is

using the above lubricant layer.

More specifically, in the lubricant layer of the present invention,
the lubricating molecule, which is the guest molecule, is trapped by
the host compound adhering to a solid substrate through

electrostatic interaction such as an ionic bond so that the

lubricant molecule can be fixed to the solid substrate with a good

orientation and its manner of bonding can be made reversible.
Therefore, there has been achieved not only the prevention of the

cohesion of the lubricant but also the provision of a more excellent

durability and lubricating performance.

The lubricant layer of the present invention can be applied to

various solid surfaces includiﬁg, for example, polymer, carbon,

oxide, nitride, boride, and metal. Thus, it can be widely applied

to any solid surface irrespective of its nature as long as the host

compound can be adhered thereon.

The flying height of the head can be reduced when the lubricant
layer of the present invention is applied to the surface of the

magnetic recording medium.  Hence, it is possible to enhance the’



6
tecording density of the magnetic recording medium and to construct

a magnetic recording system which will remain reliable for a long
period of time,.

The present inveptxon is described in detail below with reference to

an example in which the present invention is applied to the magnetic
recording medium.

Fig. 1 shows a codstructioq where the lubricant layer of the present

invention is applied to the magnetic recording medium. In the
magnetic recordxng‘medium comprising a non-magnetic substrate 1 on

which a magnetic layer 2, a protectivg layer }, and a lubricant
layer 4 are successively formed, the iﬁbricant laye# 4 comprises a
host-guest complex in which a lubricant molecule is fixed as a guest
molecule through a host:- compound adhering to the medium. In Fig. 1,
the protective layer-3 may be oﬁtionally arranged and the lubrlcant

layer of the present invention may be directly formed on the surface
of the magnetic layer 2.

A multideptate ligand having a polar functional group suitable for

forming a hydrogen bond relating to a hydrdxyl group, an.-amino

group, and the like can be fixed on the surface of the medium

through the electrostatic interaction. It is possible to prevent
the -lubricant molecules from c¢ohering with each other when the

lubricaiit layer is constituted in such a manner that the lubricant

molecule is coordinated with the multidentate ligand adhering to the
surface of the medium. To coordinate the lubricant molecule with the

mult identate ligand adhering onto the surface of the medium means
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chat all of the long chain molecular moieties are oriented upward

against the surface of the medium, in principle. As a result, the

orientation of the entire lubricant layer is improved to form an
ideal structure for the lubricant layer, which provides-an excellent
lubricating performance and durability, notwithstanding the fact

that the thickness of the lubricant layer corresponds to that of a
mono layer.

When the "lubricant layer according to the present invention is
applied to the magnetic recording media, it is usﬁally common to
employ.as the non-magnetic substrate an aluminum alioy plate or a

glass plate having a nickeléphosphorus'layer formed by'electroless

plating or sputtering. A ceramic substrate, a carbonaceous

substrate, or a resin substrate can also be used. It is recommended

to adjust the average roughness of the surface of the substrate to
20 to 100 A, preferably 30 to 80 A, by texturing it in order to

reduce the possible contact area with the head and bring out a more

excellent tribology performance.

The magnetic layer is formed by coating a Co or Co-containing alloy
such as a CoP alloy, a CoNiP alloy, a CoNiCr alloy, a CoNiPt alloy,

a CoCrPt alloy, a CoCrTa alloy, or a CoCrétTa alloy by electroless

plating or sputtering, after a-undgrcoating layer is formed, if

necessary. The thickness of the magnetic layer is determined

depending on the properties required as the magnetic recordihg _

medium and usually ranges from 100 to 1,500 A, preferably from 150
to 800 A. When.the lubricant layer of the present invention is
applied, the protective layer 6n-the thin magnetic layer is not

necessarily required and may be formed if necessary taking into

account the physical properties such as the hardness or elasticity
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wavelength of from 185 to 254 nm and an output

- (hereinafter referred to as XPS).

8

of the magnetic layer. A carbonaceous layer, an oxide layer,

a

nitride-layer, or a boride layer is employed as the protéctive

layér;. It can be formed by sputtering, ion p;ating, or plasma

polymerization. A carbonaceous layer such as amorphous carbon or

hydrogenated carbon with the thickness of usually from 50 to 500 A,

and preferably from 100 to 300 A is usually used as. the protective

layer. 1If necessary, the protective layer may be subjected to a

surface treatment such as oxidation.

When a carbonaceous layer-is formed as the protective layer, the

number of ‘acidic functional groups on the surface of the-

carbonaceous protective layer can be increased by, for example, a

wet treatment such as a method comprising immefsing the layer in a
solution containing an oxidant and a dry treatment such as a method
comprising irradiating the layer with ultraviolet rays in an

atmosphere of an oxygen-containing gas. The dry treatment is

preferablé from the industrial viewpoint. A specific example of the

dry treatment includes a method comprising irradiating the

carbonaceous protective layer with ultraviolet rays having a

of 50 W or more at a

distance of from 10 to 50 mm for 30 seconds to 15 minutes,

preferably 1 to 5 minuteé. An increase in the number of acidic

functional groups on the surface of the carbonaceous protective

~layer can be confirmed by the quantitative determination of

oxygen atom on the surface and the ratio of the C=0 bond to the C~-C

bond and the C-H bond through X-ray photoelectric spectrometry

.The XPS analysis can be carried
out using AlKyg rays at an outlet angle of 65°

50 A).

{analysis depth up to

According to the present invention, the ratio of the C=0

bond to the C-C bond and the C-H bond is required to be 0.05 or
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more, preferably ranging from 0.05 to 0.3, and more preferably

within the range of from 0.07 to 0.2.

Fig. 2 shows the diagram of an 18-crown-6 derivative and potassium
stearate forming a host-guest complex and the complex adhering to
the surface of the carbonaceous protective layer of the medium. - K*,
which is a cation in the guest coﬁpound; is trapped in the internal
cévity of the .crown ether, and stearate, which is a counter anion of
K*, is coordinated on the crown ether in such a manner that its
terminal carboxyl group as an ionic pair is oriented toward.the
trapped K*. Thergfore, since the host compound, crown ether,
adheres by binding to an acidic functional group 5 on the surface of
the carbonaceous protective layer 7 at the binding site 6 and an
alkyl chain moiety of the guest compound, potassium stearate, that
is, a stearyl group, is oriented upward against the substrate, thé
orientation of the whole lubricant layer is improved to form an-
ideal structure for a lubricant layer, which provides an excellent
lubricatiné performance and durability, notwithstanding thé fact
that the'thickness of the lubricant layer corresponds to that of a

mono layer. Further, the cohesion of the lubricant is suppressed by
adhesion.

In the host-guest.complex constituting the lub;icant layer of the
bresent invention, a usable guest molecule is one havipg a moleculai
structure bearing a lubricating function and a binding site for
binding to a host mélecule. Both the liquid lubricant structure and
the solid lubricant structure can be employed as the molecular
structure bearing a lubricating function. An alkyl fludride liquid

lubricant such as perfluoropolyether, polybuﬂene, polyalkylene

glycol, phosphate, polyolefin, polyol ester, alkylnaphthalene,
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;siliconé oil, polyarylalkane, polyphenyl, silicate, or.polyphenyl

ether can be used as the liquid lubricant structure. Examples of

the perfluoropolyether liquid lubricant include a Fomblin lubricant
—(CF2CF20)m(CF20)n- structure (manufactured by Mount Edison), a
. DEMNUM lubrlcant- -(CcmF2CF20)p-structure (manufactured by DAIKIN

INDOSTRIES LTD.) and a KRYTOX lubricant: -(CFZCF(CF3)0)q-struc;ure

(manufactured by DuPont) (m, n, p, or q is an'integer of not less

than 1) . The lubricant in which m, n, p, or q is 5 to 50 is usually

used. Its molecular weigﬁt is preferably not less than 500, and

particularly ranges from 600 to 8,000. A branched or straight,

saturated or unsaturated, higher aliphatic hydrocarbdn chain, a

higher aliphatic hydrocarbon chain containing an aromatic.group, or
'a heteroatom or a long chain structure in which a part or all of the
above~described higher aliphatic hydrocarbon chain forms a polyether

chain may be bound to the perfluoropolyether molecular structure.

Fig. 3 shows the diagram of the lubricant layer containing the host-

guest complex according to the'present'invention in which the crown

ether is used as the liquid.lubricant.

The solid lubricaht can take any structure such as a branched or

straight, saturated or unsaturated, higher aliphatic hydrocarbon

chain, the above-described higher aliphatic hydrocarbon chain
containing an aromatic residue such as benzene, naphthalene, or
pyrene or a heteroatom such as F, N, O.or S, or a long chain in

which a part or all of the above-described higher aliphatic

hydrocarbon chain forms a polyether chain. Any structure can be

used independent of the nature of bond as long as it has a

lubricating function. The carbon number contained in the long chain

is preferably 8 or more, and more preferably 12 or more. Since its

solubility in a solvent may become poor when the chain length of a

‘This Sheet Has Been Replaced -
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straight chain-olkyl group is too long, the simple straight chain

alkyl ‘group (i.e., comprising carbon-carbon bonds such as continuous
methylene-methylene bonds) préferably has 24 or fewer catboo'atoms.
Specific examples thereof include long chain aliphatic carboxylic
acids such as stearic acid, compounds containing plural long chain

alkyl groups such as B-(N, —dxheptadecylaminocarbony1)propionic

acid, phosphoric acid esters of 1ong chain aliphatic compounds such

as dioleyl phosphate, dithiophosphoric acid ester of long chain
aliphatic compounds, long chain aliphatic sulfonic acids, sulfuric

acid esters of long chain aliphatic compounds, and long chain

aliphatic alcohols such as stearyl alcohol

The binding site for binding the lubricant compound to the host

compound is selected so that the binding site can be trapped in the
cavity of the host oompound.~'A1kaline metals such as'ﬁa, K, of Rb,
alkaline earth métals such as.Mg, Cs, Sr, or Ba, typical metals such

as Al, Sn, or Pb, or transitlon metals such as Ag, Cu, or Fe are

usually used for bindlng to the terminal group of the molecular

structure. bearing the 1ubr1cating function. Specific examples of

the termlnal group 1nclude an oxygen-containing polar functional
group such as_ a hydroxyl group, a carboxyl group, an ester bond, or

an .amide bond, a’ nitrogen-containing functional group such as an

amino group or an. imino group, a phosphorus-containing functional
group such as phosphoric acid or phosphoric acid ester and a sulfur-

containing functional group such as a mercapto group, a sulfonic

acid group, or sulfonic acid ester. These terminal groups or the

lubricants having an ammonium salt or an amine acid salt at the

terminal can also be used alone, without combining them with metal
ions as an organic ion. 1In this case, the terminal functional group

of the lubricant molecule is trapped in the cavity of the host
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molecule. K, Ba, Ag, Cu, an amino group, an ammonium salt or a

hydroxyl group is particularly preferred as the binding site. The

surface of the carbonaceous protectivé layer having an acidic

functional group can be effectively fixed by using as the host

compound the multidentate ligand to which the basic functional group

such as amino group or imino. group has been introduced.

Y

A multidentate ligand éapable of effectively trapping a metal ion or

an organic ion, including cyclié esters, polyethers, polyols,

polyamines, cyclic ethers called crown ether or cyclofructans,
cyclic ether amines called cryptand or cryptate, cyé¢lic amines,

polypeptides, and their chemically modified forms can be used as the
host molecule. The multidentate ligand havirg terminal functional

_ groups bearing the electrostatic interaction can also be used as the

host molecule. Cyclic iigands such as crown ether or cryptand are
particularly useful. Exampies of the cyclofructans include those .

containing 18-crown-6 as a basic structure such as cycloinulohexaose
and analogs thereof, those' containing 4,4'~dihydroxydibenzo~18~
crown-6 or 2l-crown-7 as the basic structure such as

cycloinuloheptaose and those containing 24-crown=-8 as the basic

structure such as cycloinulooctacse. Cycloinulohexaose or 4,4'-

dihydroxydibenzo-18~crown-~6 is particﬁlarly'preferably usgg. A

cyclic amine such as 1,4,8,1l-tetraazacyclotetradecane or N,N'-

dibenzyl-4,13-diaza-18~-crown-6 can also be used. A compound

containing three or more dono; atoms of at least one element such as
O, N, or S is suitably used as the multidentate ligand. The donor

atoms of the multidentate ligand preferably contains a lone electron
pair having an sp3 hybrid orbital.
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;'EE; 4 shows the strucﬂure of cyciginulohekaose among the
cyclofructans formed by binding a fructose molecule via a B-(2—1)
bona, as an example of the mdltidentate ligand used in the magnetic
recording medium according to the present invgntionl The
mgltideﬁtate ligand is required to have two or more functional
groups, and preferably four or more functional groups, per molecule,
bearing an electrostatic 'interaction such as a hydroxyl group as

well as a cyclic ligand portion trapping a metal ion, like
cyclofructans as shown.

..

The multidentate ligand forms a strong complex with a metal ion or

an organic ion. For example, since the lone electron pair such as 0O

or N contained in the cyclic ligand such as crown ether or cryptand-

is located in the internal cavity of the ligand and shows high

affinity for a metal ion and the like, the equilibrium of the

complex formation usually inclines toward the side of.the complex
formation within a range of from 102 to 100 to trap the metal ion
'very strongly. Namely, in the cyciic ligand, 0 or N is coordinated
as a donor atom by the electrostatic interaction ﬁith the lone
eléctron pair as the main driving.force, and a metal cation is.
effeciiﬁel& traﬁped in the interna{ cavity of the ligand. Compared
to a monodentate iigand, thése cyclic ligands have great advantages
in that no new repulsioﬂ between donors occurs when they are
coordinated around the cation since the donor atom such as O or N is
originally linked via a methylene bridge, which is advantageous to
the complex formation in terms of enthalpy, and also have advantage
in view of entropy because of the suitable placement of the donor
atoms. A straight chain multidentaté ligand is useful as weii as
the cyclic multidentate ligand, but it has been found that the

stability of the complex increases in the case of using the cyclic
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ligerl . as compared to the straight chain ligand. This may be

attributed to the electrostatic and stearic repulsion between the
donor atoms at both ends and the disadvantageous change of entropy

though the straight chain multidentate ligand is superior to the

monodentate ligand in trapping of a cation. There are several

reviews on the above-mentioned cyclic ligands. For example, J. J

Chrxstensen_et al. describe a detailed table reciting the synthetic
methods, structure, and cation to be trapped concerning typical
ligands, crown ether, cryptand, and their analogs, in Chem. Revs.,
14, 351 (1974). from the viewpoint of stability as a substance, many

cyclic multidentate ligands are thermally stable. It hasfbeen

reported, for example, that dibenzo-lB—brown-G can be distilled at
380°C (C. J. Pederson et al.,

Angev. Chem., Int'L,
(1972)) .

Ed. 11, 16

It has been found that there is a close relationéhip-between.the
size of the internal cavity of the cyclic ligand and the size of the
cation to be easily trapped upon the complex formation. For
example, ‘18~crown-6 having an internal davity diameter of from 2.6
to 3.2 A has been known to form a very stable complex with alkaline

metal K* having an ion diameter {2.66 A) which is almost in

conformity with the internal diameter (complexing equilibrium
constant in methahol logK = 6.05). .

Thus, on the one hand, the lubrlcant nolecule (guest molecule) can
be flxed onto the substrate through an electrostatic interaction by
forming a complex composed of the lubricant molecule and the
multidentate ligand (hést compound) adhering onto the solid
substrate as a specifically stable host-guest complex

Fig. 5 shows
rthe diagram of the manner of adhesion of the host-guest complex
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-oapesed  ©f 18-crown-6 derivative and potassium stearate to the

surface of the solid substrate. K*r which is a cation in the guest

molecule, is trapped in the internal cavity of the crown ether and

stearate, which is a counter anion of K*¥, is coordinated on the

crown ether in such a manner that its terminal carboxyl group as an

ionic pair is oriented toward the trapped K*. On the other hand,

the host molecule, crown ether, can be fixed ohto the disk surface
by, for example, adequate chemical modification. _Hence,léhe
terminal éarboxyl group of the lubricant moiety. (a long.chain alkyl
stearate group) is fixed onto the crown ether complex on the
substrate surface, which prevents the lubricant molecules from
cohering with eaCh‘other. To coordinate the.terminal carboxyl group
to the crown ether complex on the substrate means that all.of the
alkyl chain are oriented upward against the substrate in principle.
As a result, the orientation of the entire lubricant layer is
improved to forﬁ an ideal structure of the lubricant layer, which
provides an excellent lubricating performance and durability,

notwithstanding the fact that the thickness of the lubricant layer

corresponds to that of a mono layer.

Similarly, the lubricant having excellent properties can be obtained
by forming the host-guest complex through electrostatic interaction

using an organic compound having a polar functional group such as

amino group and the multidentate ligand. An example is the host-

guest complex composed of long chain aliphatic amine as the guest

lubricant molecule and the 18-crown-6 derivative shown in Fig. 6

In this case, the binding site which interacts with the multidentate

ligand is located on the ligand and the complex is formed in such a

manner that the lubricant moiety is arranged on the multidentate
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ligand such as in the case of using potassium stearate as the guest
compound. ‘

The lubricant layer containing the host-guest complex can be formed
‘on the solid substrate by mixing the multidentate ligand used as the

host compound with the lubricant molecule used as the guest compound

and coating the resultxng mixed solution in which the host

-guest
complex 1s formed on the disk.

The multidentate 1igand is adsorbed *
by or adheres to the surface of the solid substrate through .

interaction with the solid surface by using the mixed ‘solution to

form a layer structure .in which the lubricant molecule is
coordinated on the solid surface.

The lubricant layer can be forﬁed by coating a host-guest complex
composed of a multidentate ligand (a host comppund) having a
function to trép a metal ion or an organic ion and a'lubricant
molecule (a guest compound) comprising an organic ion to which a
molecular structure bearing a lubricating function is bound or a

metal ion to which a ‘counter anion bearing a lubricating function is
bound.

Alternatively, the host-guest complex lubricant layer can be formed
by a method coﬁprising forming of the mul;identaQe ;igand.layer to

serve as the host compound on the surface of the substrate and then
forming the lubricant molecule layer to serve as the guest compound

to form the host-guest complex with the host compound

. According to
this method,

since the multidentate ligand layer'is certainly

adsorbed by or adheres to the solid surface and can then form the
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.host—guest complex with the lubricant molecule, an elaborate

lubricant layer can be formed more reliably when not only the
lubricant molecule having a very high molecular weight but also the

- lubricant molecule having a comparatively low molecular weight is

used as the guest molecule. The latter method is preferred to the

method of using a mixed solution of the hoét-gﬁest complex in cases
where it is difficult to fix the host compound onto the solid
surface elabérately, for example, in the case where the lubricant
chaln'is'verf long and steric hindrance cannot be ignored

It is possible to form the multidentate ligand layer on the solid

surface and then form the lubriqant molecule layer on the

multidentate ligand layer. If the multidentate ligand layer is

unnecessarily thick, the surplus part of the multidentate ligand may

be removed, leaving only a layer adsorbed or fixed onto the solid

surface,

and then the lubricant molecule layer is formed. As a

result, the thickness of the entire lubricant layer can be made thin
to enhance the adherence between the lubricant molecule and the
solid surface via the multidentate ligand layer.

The surbius part of the multidentate ligand layer can usually be
removed by a method comprising r1ns1ng with a solvent capable of

dissolving the multidentate ligand or a method comprising a physical

treatment. Examples of the r1nsxng method include a method

comprising lmmer51ng the disk on which the multidentate ligand layer

is formed in the solvent and then ra;sxng it to wash the disk

surface with thé solvent. Even though the solvent is required to

have the ability to dissolve the multidentate ligand, the use of a
solvent so strong that it completely elutes the multidentate ligand

layer adsorbed or fixed onto the solid surface is to be avoided,
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however. It is preferable from the industrial viewpoint to use the

T

same solvent as the one to be used for the lubricant solution in the
subsequent step of formxng the lubricant layer because the lubricant

solution then cannot be contaminated with the multidentate ligand

upon the formation of the lubricant layer.

In the case that the'host—guest complex lubricant layer is formed so

.as to have a structure such that the counter anion having a

lubricating performance is fixed through the metal ion trapped by

the multidentate ligand, that is, the host compound, having a

function to trap the metaL ion, the method of forming the lubricant
layer includes, a method comprising preparing a solution in which a
metal salt of the lubricant molecule and the multidentate ligand are
dissolved or dispersed or a solution in which the lubricant
molecule, a metal compound, and the multidenﬁate ligand are
dissolved or dispersed, and coating this mixed solution on the
substrate surface and a method comprising forming a multidentate
11gand—adher1ng layer on the substrate surface and then forming the
lubricant molecule layer on the multidentate ligand layer using a

solution containing the lubricant molecule.

In the method comprising formlng a multldentate llgand adhering
layer on ‘the substrate surface and then formlng the 1ubr1cant
molecule layer on the multidentate llgand layer using a soluticn
containing the lubricant molecule, a solution containing the-
lubrlcaﬁt molecule and the metal compound or a metal salt of the
lubricant molecule may be coated on the substrate surface after a
solution of the mulﬁidentate ligand is coated thereon
Alternatively, the lubricant molecule-containiﬁq solution may be

coated on the substrate surface after the multidentate llgand
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solution in whiéh the metal compound is mixed is coated thereon:
According to this method, sincé it is possible to form the
multidentate ligahd léyer on the substrate and thereafter form the
host-guest complex with the lubricant molecule, the desired host-
guest complex can be reliably constructed not only when the _
molecular weight of the lubricant molecule is comparati§e1y low but

also when the molecular weight is high, such as is the case with a
polymer.

A case may arise in which the isolation énd purification step of the
guest compound to prepare the metal salt requires a large amount of
solvent and prolonged time. In this instance, using a solution in
which a multidentate ligand having the function to trap a metal ion,
a metal compound, and a lubricant molecule having active ﬁydrogen
are dissolved or dispersed, where the lubricant molecule has a
functional group capable of forming an ionic pair with the metal
ion, like a carboxyl groub, at its terminal, a compound difficult‘to
be isolated and purified in the form of a metal salt, or a cbmpound
thch cannot be isolated and purified can be employed as the
lubricant molecule to be used for the host-guest complex lubricant
layer. To omit the isolation and purification step is industrially

advantageous in obtaining the lubricant layer which is more widely
usable.

Any metal compound can be employed as long as its metal ion can be

subjected to cation-exchange with active hydrogen (proton) at the.
terminal of the above lubricant molecule. The metal compound is

preferably soluble in water or an organic solvent. Examples thereof

include a salt such as alcoﬁqiate, phenolate, and the like, with an
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alkaline metal compound including a hydroxide such as potassium’

hydroxide and the like being preferred.

The multidentate ligand having the function to trap a metal ion, - the
metal compound, and the lubricant mo;ecule having active hydrogen
are dissolved in a solvent independently or in an appropriate
'combination and the thus-obtained solution cae be coated on the -
solid surface. For example, in a:system usin§ 4,4'-diaminodibenzo-
18-crown-6 as the multidentate lig;nd, potassium hydroxide as the .
metal compound, and.- stearic acid as the lubricant mqiecule, stearic
acid and 4,4'—diaminodibenzo—l8—crown-§ are dissolveéed in chloroform
or me;henol, potassium hydrokide is dissolved in methanol or water,
and a mixed solution of 4,4'-diaminodibenzo-~18-crown-6, potassium
hydroxide, and stearic acid can be prepared by using these
solutions. 1In a cese where the three are independently dissolved or
two of them are combined, dissolved in a solvent, and coated on the
solid substrate, it is preferable to coat the solution containing
the multidentate ligand first on the solid surface. An elaborate
lubricant layer can be prepared more reliably even when the
lubricant molecuie has as high a molecular weight as a polymer or
when it has a comparatively low molecular weight. The lubricant
layer formed by coating the ﬁultidentate ligand having the function
to trap the metal ion, the metal compound, and the lubricant
molecule having. active hydrogen independently as a material on the
solid substrate shows the same ability as the lubricant layer formed

using the gquest cdmpound which has been isolated and purified as a
metal salt.

As the method of forming the lubricant layer, each compound can- also

be affixed to the solid substrate by a dry process such as vapor
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* deposition. In this case, the multidentate ligand, the metal
compound, and the lubricant molecule may be adhered simultaneously

or successively.

In the case of successive adherence, the metal

compound can be introduced into the step of affixing the

multidentate ligand or the lubricant molecule to form the lubricant
iayer in two steps.

The host-guest complex composed of the above-described host and

guest compounds may be obtained in the form of a solution or a

dispersion by dissolving or dispersing the host compound and the

guest compound in a solvent. It may be obtained by mixing their

solutions or dispersions which have been prepared in advance

One
4

of the main characteristics of the host-guest complex is that,

if a
guest compound is insoluble in-an organic solvent like a metal 'salt,

the complex formed with such a guest compound and a hosg'compound

soluble in an organic solvent may oissolve.in a commonly employed
6rganic solvent. For example, a metal salt of a higher fatty acid
such as potassium stearate, ‘which is a typical lubricant, is hardly
dlssolved in an organlc solvent such as chloroform, whlle a host~

guest complex composed of it and 18-crown—-6, which is a typlcal host

compound, dissolves well in an organic solvent. This is because the
crown ether solubilizes potassium stearate by trapping a potassium
ion therein. An organic solvent or water can be used as a solvent

in the formation of the host-guest complex. Examples of the organic

solvent are commonly employed organic solvents having a

comparatively low boiling point, for example, including halogenated
hydrocarbons such as chloroform, fluorocarbon solvents, alcohols

such as methanol or ethanol, ethers such as diethyl ether,

tetrahydrofuran,

ketones such as acetone or 2-hexanone, aromatic

hydrocarbons sucﬁ as toluene, aliphatic hydrocarbons such as hexane.,
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and esters such as ethyl acetate, which may be used alone or as a
mixed solvent.

The thus-bbtained solution or dispersion of the host-guest complex

can be coated on the solid surface as a lubricant as is or after

adjusting its concentration.

The . lubricant containing the host-guest complex can usually be

coated on the surface of the solid substrate by immersing the solid

substrate in the solution. It may also be coated by a method

comprising bringing a tape or the'like impregnated with the solution
into contact with the surface of the solid substrate with a load to
form a coated layef, a method comprisipg affixing it by rotating a
pad on the solid substrate,'or.a spray coating method, the LB
method, and the like. The concentration of the coating solution
varies depending on the solutes or solvents to be used, but it
usually ranges from 0.1 to S g/l in terms of a total solute. The-
thickness of the 1ubricant'laye¥ varies depending on the host

compound and tﬁe guest compound to be used, but it usually ranges

from 10 to 100 A, preferably 10 to 50 A.
(Examples]
The following.Examples will be provided to illustrate the present

invention in detail, but should not be understood to limit the

present invention unless it goes beyond the scope of the invention.
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Example 1

A CthﬁiUm.undercoating layer (2,006 A), a magnetic layer of a

cobalt alloy (400 X), and a carbonaceous protectivellayer (306 A)
were formed in order on.an aluniinum alloy substrate by sputtering to
obtain a magnétic disk having-é diameter 6f-3.5 inches. The
resulting disk was immersed in a chloroform solution containing
potassium stearate and 4,4'Jdiam}nodibenzo-l8-crown-6, each in a
concentration of 1 mmol/l (0.713 g/l in total) for S minutes and was

raised at a rate of 10 mm/é to form an even lubricart layer having a
thickness of 29 A on the disk surface.

4,4'-Diaminodibénzo-18-crown-6 was obtained in the isolation yield
of 90% by reduciné 4,4‘-dinitrodibenzo-la—crown—6 with hydrazine by

reference to the method of E. Shchori et al. (J. Am. Chem. Soc., 95,

3842 (1973)). 4,4'-Dinitrodibenio—l8-crown-6 was obtained in the

isolation yield of 81% by the nitration of a commercially available
dibenzo;ga-crown-e by reference to. the method of W. M. Freigenbaum
et al. (J. Polym. Sci., Part A-1, 9, 817 (1971)).

The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cohesion test. The lubricating

perfqrmance test was carried out by contihuouély sliding the disk by
the use of a thin film head slider under conditions of a load of 9.5j
gf and a sliding linear rate of 0.32 m/s (36—mm radius, 100 rpm) and
measuring the friction force after 2 hours of continuous ﬁliding:
The cohesion test wgs carried out by allowing the disk to stand iq
the atmosphere at a constant témperature and a constant humidity and
observing the cohesion or crystallization under an optical

microscope. The results are shown in Table 2.
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Example 2

The same disk as used in Example 1 was immersed in a chloroform
containing potassium B-(N,Nédiheptadecyi-aminocarbonyl)propiona;e
and 4,4'—diaminodibenzd—le-crowan; each in a concentration of 1
mmolll (1.02 g/) in total) for 5 minutes and was raised at a rate of

10 mm/s to form an even lubricant layer having a thickness of 45 A
on the disk surface.

The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cohesion test in the same manner

as in Example 1. In the lubricating performance test, the friction
force was measured after 10 minutes and after 2 hours of continuous

sliding. The results are shown in Table 2.

Example 3

A chromium undercoating layer (1,200 A), a magnetic layer of a
cobalt alloy (500 A), and a hydrogenated carbonaceous protective
layer (200 A) ‘were forﬁed in order on a smoéth aluminum alloy
substrate having an average central. line roughness {Ra) of 35 A, by
sputtering to obtain a magne#ic disk having a diameter of 3.5
inches. The disk was irradiated with ultraviolet rays having a
wavelength of 185 nm and 254 nm and an output of 90 W from a
distance of 15 mm for 5 minutes in the air, followed by dipping in a
.chloroform solution containing 4,4'-diaminodibenzo-18-crown-6-ether

in a concentration of 2 mmol/l (0.781 g/l) to form an even ldyer

having a thickness of 15 A on the disk surface
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9 disk was then immersed in a chlogoform for 5 minutes

‘and was raised to leave an even layer having a.thickness of 5 A on
the disk surface. B

An even layer having a thickness of 25 & was formed on the disk

surface by dipping in a-soiﬁtion of DEMNUM SH (one-end COOH-

denatured product; average moleéular weight: 1,650; manufactured by
: DAIKfN INDUSTRIES, LTD.) and potassium hydroxide dissolved in a

fluorine solvent PF5080 (a solution manufactured by SUMITOMO 3M
LIMITED), each in a concentration of 0.33 mol/l.

The disk on which the lubricant layer was formed was subjected to a
lubricant Spin—bffitest and a contact start and stop test (CSS _
test). The results are shown in Table 1. The spin-off test was
carried out By rotating the disk in an atmosphere of 80°C for 14°
days at 7,200 rpm and détérmining the percéntages of the residual

thickness of the lubricant layer from the change in the absorption

intensity of C-F Bond in thé FTIR spectrum.

The CSS test was carried out using a 70% thin f;lm head slider
(material: Al1,03 .TiC; a pressing load: 6 gf) which was raised to 75
nm at a peripheral speed of 8.7 m/s. One CSS cycle took 12 seconds,
consisting 3 seconds for turning on the electricity to a spindle and
9 seconds for switching the electricity source off. Thé torque at
the time of the initiation of spindle rotatipn and the torque during
'sliding were meaﬁufed in each cyclé. The torque during sliding was
.?alculated from a maximum power acting on the head between 0.3
;econd-and 1 second after turning on the electricity to the spihdle:
20,000 ‘css cycles were conducted and the average values of the

torque at tne time of the initiation of the rotation and the torque
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during sliding were calculated from the ten highest values. o

stain was observed on either the disk or the head .after the CSS
Lest.

Examalng

The same disk as used in Example 3 was subjected to ultraviolet rays
irradiation and an eveﬁ-ld&er having a thickness of 18 A was formed
on the disk surface by dipping in a chloroform solution containing

4,4‘-aiaminodibenzo-l8—crown-6 in a concéntration of 2 mmol/l.(0.781
g/ly.

The resulting disk was then immersed in a chloroform for 5 minutes

and was raised to leave an even layer having a thickness of 9 A on
the disk surface.

An even layer having a thickness of 26 & (Example 4-1, for
a spin-off test) or 24 A (Examplé 4-2, for a CSS test) was
formed 6n the disk surface by dipping in a PF5080 solution
containing DEMNUM SH (éveraqe molecular weight: 2,400 ) and

potassium hyaroxide, each in a concentration of 0.4 mmol/l.

The disk on which the lubricant layer was formed was subjected to a
spin-off test or a CSS test in tbe'same manner as in
Example'a.

The results are shown in Table 1. No stain was

observed on either the disk or the head after the CSS test.

Example S

The same disk as used in Example 3 was subjected to ultraviolet rays

irradiation and an even layer having a thickness of 16 K was formed



27

on the disk surface by dipping in a chibroform solution containing
4,4 i

-diaminodibenzo-18-crown-6 in a concentration of 2 mmol/l (0.781
g/ly.

The resulting disk was then immersed in a chloroform for 5 minutes

and was raised to leave an even layer havipg a thickness of 8 A on
the disk surface.

An even layer having a thlckness of 44 A was formed on the disk

surface by dipping in a PF5080 solution contaznlng DEMNUM SH
(average molecular wexght

2,400) and potassium hydroxide, each in a
concentration of 0.6 mmol/1l

The disk’ on which the 1ubricant layer was formed was subjected to a

spin-off test in the same manner as in Example 3.

The results are
shown in Table 1.

Examn;a_s-

| 1 3 ‘rays
The same disk as used in Example 3 was subjected to ultraviolet ray
: .. . . as formed
irradiation and an even layer having a thickness of 15 Aw .
. tion’ in
on the disk surface by dipping in a chlqroform solution containing

. 1 (0.781
4,4'-diaminodibenzo-18~crown~-6 in a concentration of 2 mmol/l (
g/ly.

. inutes
The resulting disk was then immersed in a chloroform for 5 m

S a i £f 6 A on
and was raised to leave an even layer having a thickness o
the disk surface.
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An even layer having a thickness of 18 A was formed on the disk
surface by dipping in a PF5080 solution contéining
perfluoropolyether Fomblin Z DOL (OHs at both ends; average

molecular weight: 2,000; manufactured by Mount Edison) in a
concentration of 1 g/l.

The disk on which the lubricant layer was formed was subjected to a

spin-off test in the same manner as in Example 3. The results are
shown in Table 1.

Comparative Example 1

The same disk as used in Example 1 was immersed in a methanol
solution containing potassium stearate in a concentration of 1
mmol/l (0.316 g/1) for 5 minutes and was raised at a rate of 10 mm/s

to form a lubricanﬁ layer having a thickness of 13 A on the disk
surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same mannér

as in Example 1. in the lubricating performance test, the friction

force was measured after 10 minutes and after 2 hours of continuous

sliding. The results are shown in Tables 2 and 3.

Comparative Example 2

The same disk as used in Example ) was immersed in a chloroform
containing stearic acid in a concentration of 3 mmol/l (0.852 g/1)
for 5 minutes and was raised at a rate of 10 mm/s to form a

lubricant layer having a thickness of 16 A on the disk surface.
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The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 1. The results are shown in Table 2.
Comparative Example 3

The same disk as used in Examplé 1 was immersed in a chloroform
containing B-(N,N—diheptadecylaminécarbonyl)-propioqic acid in a
concentration of 1 mmol/l (0.593 g/l) for 5 minutes: and was raised
.at a rate of 10 mm/s to form an even lubricant layer having a

thickness of 28 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner
as in Example 1. In the lubricating performance test, the friction

force was measured after 10 minutes and after 2 hours of continuous

sliding. The results .are shown in Table 2.

c tive B le 4

A hydrogenated carbonaceous protective layer was formed on the same
disk as used in Example 3 and an-even layer having a thickness of 20
A was formed on the disk surface by dipping in a PF5080 solution

containing DEMNUM SH (average molecular weight: 1,650) in a

concentration of 0.5 mmol/l.

The disk on which the lubricant layer was formed was subjected to a

spin-off test in the same manner as in Example 3. The results are

shown in Table 1?
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Comparative FExamole 5 :
A hydrogenated carbonaceops protective 1ayer-§aé formed on ‘the same
disk as used in Example 3 and an even layer having a thickness of 31
A .(Comparative Example 5-1, for a spin-off testf or 27 &
(Comparative Example 5-2, for a CSS test) was formed on’ the
disk surfaée by dipping in a PF5080 solution containing:
DEMNUM SH (average molecular wéight: 2,400) in a '

concentration of 0.6 mmol/l.

The disk on which the lubricant layer was formed was-subjected to a
spin-off test or a CSS test in the same manner as in
Example 3. The results are’'shown in Table 1. No stain was

observed on either the disk or the head after tlie CSS test.
Comparative Example 6

A hydrogenate@ carbonaceous protective layef was formed on ﬁhe same

disk as used in Example 3 and an even layer having a.thickness of 41
A was formed on the disk surface bf dipping in a PF$080_solution |

containing DEMNUM SH (average molecular weight: 2,400) in a

concentration of 0.6 mmol/l.
The disk on which.the lubricant layer was formed was subjected to a

spin-off test in the same manner as in Example 3. The results are

shown in Table 1..
Comparative Example 7

A hydrogenated carbonaceous protective layer was formed on the same

disk as used in Example 3 and an even layer having a thickness of 21
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X (comparative Example 7-1, for a spin-off cest) or 16 A

(Comparative Example 7-2, for a CSS test) was formed on the

disk surface by dipping in.a PF5080 solution containing
L)
perfluoropolyether Fomblin Z DOL (average moleculgr weight:

2,000) in a concentration of 1 g/l.

The disk on which the lubricant layer was formed was subjected to a
spin-off test or a CSS test in the same wmanner as in

Example 3. The results are shown in Table 1. No stain was -

observed on either the disk or the head after the CSS test.

Example 7
The same disk as used in Example 1 was dipped in a mixture of

chloroform and methanol containing 4,4'—diaminodibenzo-IB-crown-5:
potassium hydroxide and stearic.acid,'each in a concentration of 1

mmol/l to form an even lubricant layer having a thickness of 21 A on
the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesjon test in the atmosphere

at a temperature of 25°C and a humidity of 40% RH in the same manner

as in Example 1. The results are shown in Table 2.

Exanple 8

The same disk as used in Exémple 1 was dipped in a mixture of
chlqroform and'methanol containing 4,4'-diaminodibenzé—18—crown—6,
potassium hydroxide and P-(N,N-diheptadecylaminocarbonyl)propionic
aéid, each in a concentration of 1 mmol/l to form an even lubricant

layer having a thickness of 33 A on the disk surface.
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The disk on which the lubricant layer was formed was subjected to a
“lubricating performancé test and a cohesion test in the same manner
as in Example 7. The results are shown in Table 2.

Example 9

. The same disk as used in Example 1 was dipped in a chloroform
solution containing 4,4'-diaminodibenzo-18-crown-6 in a
concentration of 2 mmol/l to form an even layer having a thickness

of 12 A on the disk éurféce. The resulting disk was then immersed

in a mixture of chloroform and methanol containing B- (N, N~

diheptadécylaminocarbonyl)propionic acid and potassium hydroxide,
each in a concentration of 1 mmol/l, and was raised to form an even
lubricant layer having'ajthiqknesé of 33 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cohesion test in the same manner

as in Example 7. The results are shown in Table 2.

Example 10

The same disk as used in Example 1 was dipped in a chloroform
solution containing 4,4'~diaminodibenzo-18-crown-6 in a
concentration of 2 mmol/l to form an even layer having a thickness

of 14 A on the disk surface. The result;ng disk was immersed in a

chloroform for 5 minutes and was raised at a rate of 2 mm/s to leave

an even layer having a thickness of 8 A on the disk surface. The

disk was then immersed in a mixture of chloroform and methanol

containing B-(N,N—d1heptadecy1aminpcarbonyl)propionic acid and
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potassium hydroxide, each in a concentration of 1 mmol/l, and wa's

raised to form an even lubricant layer having a thickness of 26 A,

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 7. The results are shown in Table 2.

Example 11

The same diék.as used in Example 1 was immersed in a mixture of
chloroform and methanol containing 4,4'-diaminodibenzo-l8—crown76
and stearic acid, each in a concentration of 1 mmol/l to form an
even lubricant layer having a thickness of 17 A on the disk surface.
The disk on which.tﬁe lubrican; layer was formed was subjécted to a
lubricating performance test and a.cohesion-test in the same manner

as in Example 7. The results. are shown inITab;e 3.

Example 12

The same disk as used in Example 1 was immersed in a mixture of

- chloroform and methanol containing 4,4‘-diaminodibenzo-18-crown-6

and B—(N}N-diheptadecylaminocarbonyl)propionic acid, each in a

concentration of 1 mmol/l to form an even lubricant layei having a
thickness of 31 A on the disk surface.

The disk on which the lubricant layer was subjected to a lubricating

performance test and a cohesion test in the same manner as in

Example 7. The results are shown in Table 3.
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Example 13

The same disk as used in Example 1 was immersed in a chloroform
solution containing 4,4'—diaminodibenzo-l8-crown-6 in a
concentration of 2 mmol/l (0.781 g/1) and was raised to form an even

layer having a thickness of 14 A on the disk surface.

The resulting disk was then immersed in a chloroform solution
(1.26 g/1) containing potassium f-(N,N-diheptadecylaminocarbonyl) -
. propionate in a concentration of 2 mmol/l and was raised to form an

even lubricant layer having a thickness of 49 A on the disk surface.

‘The disk on which the lub.icant layer was formed was subjected to a
lﬁbricating performance test and a cohesion test in the atmosphere
at a temperature of 25°C and a humidity of 40% RH in the same manner

as in Example 1. The results are shown in Table 2.

The same disk as used in Example 1 was immersed in a chloroform
solution containing 4,4'-diaminodibénzo-l8-crown-6 in a
concentration of.2 mmol/1l (0.781 g/l) and was raised to form an even
layer having a thicknéss of 16 A on the disk surface. The resulting
disk was immersed in a chloroform solution for 5 minutes and was
raised at a-réte of 2 mm/s to leave an even fi#ed layer having a
thickness of 7 A on the disk surface. As shown in Fig. 7, this
fixed layer was not reméved after repeated (three times in total)
rinsing with'a chloroform solution in a similar manner, which means
- that 4,4'—diamiﬁodibenzo-18-crown-6 used as .a multidentate liﬁand in

this Example strongly adheres to the carbonaceous protective layer.
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The disk obtained through the above steps was immersed in a
chloroform solution contaxnxng potaSSLum B-(N,N-diheptadecylamino-
carbonyl)propionate in a concentratlon of 2 mmol/l (1.26 g/l) and

was raised to form an even lubricant layer hav1ng a thickness of 28
A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 13. The results are shown in Table 2.

Example 15

The same disk as used in Example 1 was immersed in a chloroform
solution containing potassium stearate and 4,4'-diaminodibenzo-18-
crown-6, each in a concentration of 1 mmol/l and was raised to form

an even’ lubricant layer having a thickness of 17 A on the disk
" ‘surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test in the same manner as in Example 1 to
measure the friction force after 10 minutes and after 2 hours of

continuous sliding. The results are -shown in Table 3.

Examﬁla_lﬁ
The same disk as used in Example 1 was immersed in a chloroform

solution containing potassium stearate in.a concentration of 1

mmol/) and dibenzo-18-crown-6 in a concentration of 2 mmol/1l (1.03
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‘g/l in total) and was raised to form an even lubricant layer having

a thickness of 16 A on the disk surface.

This Example was carried out to confirm the lubricating performance
under a condition iﬂ which the dibenzo-18-crown-6 was present, in the

system in a large excess when compared to potassium stearate,

namely, the absence of free potassium stearate.

‘The disk on which the lubricant layer was formed was subjected to a

lubricating performance test in the same manner as in Example 15.

The_results'are shown in Table 3.

.

- Example 17

The same disk as used in Example 1 was immersed in a chloroform
solution. containing stearylamine and dibenzo-18-crown-6, each in a
cohcentration of 1 mmol/l (1.89 g/l in .terms of a complék) and was

raised to form an even lubricant layer having a thickness of 24 A on
the disk surface.

The disk on which the lubricant layer was formed was subjected to a

.1ubricating performance test in the same manner as in Example 15.

The results are shown in Table 3.

The same disk as used in Example 1 was immersed in a chloroform
solution containing stearylamine in a concentration of 3 mmglll

(0.809 g/1) and was raised to form a lubricant layer having a

thickness of 25'A on the disk surface.
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The disk on which the lubricant layer was formed was subjected to

lubricating performance test in the same manner as in Example 14.

The results are shown in Table 3.

Example 18

The same disk as used in Example 1 was immersed in a methanol
solution containing cycloinulohexaose and potassium_ﬁ-(N,N-
diheptadecylaminocarbonyl) propionate were dissolved, each in a

concentration of 1 mmol/l and was raised to form an -even lubricant

layer haviné a thickness of.23 A on the disk surface.

The disk on which the lubricant layer was formed was Subjeéted to a
" lubricating performance test and-a cohesion test in the atmosphere

at a tehperature of 60°C and a huﬁidity of 80% RH. The results are
shown in Table 4.°

Example 19

The same disk as used in Example 1 was immersed in a methanol

solution containing cycloinulohexaose, ﬁ—(N,N—diheptadecyl—

aminocarbonyl)propionic acid and potassium hydrdxide were dissolved,
each in a concentration of 1 mmol/l and was raised to form an even

lubricant layer having a thickness of 30 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cohesion test in the same manner

as in Example 18. The results are shown in Table 4.



38

o :

The same disk as used in Example 1 was immersed in a methanol
solution con;aining cycloinulohéxaose in a concentration.of 1 mmol/l
and was raised to form an even layer having a thickness of 16 A on
the disk surface. The resulting disk was then immersed in a
chloroform solution containing potassium B-(N,N-
diheptadecyiaﬁinocarbonyl)propionate in a concentration of 2 mmol/l

and was raised to form an eQen lubricant layer having a thickness of
50 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 18. - The results are shown in Table 4.

Comparative Example 9

The disk on which the lubricant layer was formed in the same manner
as in Comparative Example 3 was subjected to a lubricating
performance test and a cohesion test in the same manner as in

Example 1B. The results are shown in Table 4.

Example 21

On a smooth aluminum alloy substratg having a diameter'of.3.5
incheé,.l,zoo A of a chromium undercoating layer anq 500 A of a
magnetic layer of a cobalt alloy.were fonmed.by sputtering. 200_A
of a hydrogenated carbonaceous protective layer was further formed

.on the disk. The surface of the resulting disk was irradiated with
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ultraviolet rays having a wavelength of 185 nm and 254 nm and an

output of 90 W from a distance of 15 mm for S minutes in the air.

The surface of the hydrogenated carbonaceous protective layer wag
ahalyied by XPS using an AlKo rays, 14 kv-300 W, monochromator as an
X-ray sourée, for an analysis area of 0.8 x 3.5 mm and an outlet
angle of 65° (analysis depth: up to - 50 A). As a result, oxygen
was contained in 20 atm%. The ratio of the C=0 bond to the C-H.bond_

and C-C bond changed from 0.04 before the surface treatment to 0.10 °

after the surface treatment. This means that the acidic functional

groups on the surface of the hydrogenated carbonaceous protective
layer had increased.

~ The resulting disk was immersed in a chloroform solution contéining "
4,4'~diaminodibenzo-18-crown-6 in a concentration of 2 mmol/1l (0.781

g/l) to form an even layef having a thickness of 20 A on-the disk

'surfacé._ This disk was then immersed in a chloroform for. 5 minutes

and was raised at a rate of 2 mm/s to leave an even layer having.a

thickness of 12 A on the disk surface.

The disk was then immersed in a methanol solution containing-
potassium stearate in a concentration of 1 mmol/l (0.314 g/1) and

was raised to form an even lubricant layer having a thickness of 19
A. '

The disk on which the lubricant layer was formed was subjected tq a
CSSs test in the same manner as in Example 3 and a cohesion test in
the atmosphere at a temperature of 25°C and a humidity of 40% RH in
the same mann?r'as_in Example 1. The results are shown in Table 5,
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Example 22

The same disk as used in Example 21 was subjected to ultraviolet
rays irradiation and was immersed in a chloroform solution
‘containing 4,4'-diaminodibenzo-18-crown-6 in a concentration of 2

mmol/1 (0.781 g/l) to form an even layer having a thickness of 17 A
on the disk surface. .

The resulting disk was immersed in a chloroform for,5 minutes and

was raised at a rate of 2 mm/s to leave an even layer having a

thickness of 12 A'on the disk surface.

The disk was then immersed in a chloroform solution containing

potassium B-(N,N-diheptadecylaminocarbonyl)propionate.in a

concentration of 2 mmol/l (1.26 g/l) and raised to form an even

lubricant layer having a thickness of 38 A.

The disk on which the lubricant layei was formed was subjected to a

CSS test and a cohesion test in the same manner as in Example 21.°

The results are shown in Table 5.

Example 23

The same disk as used in Example 1 was subjected to ultraviolet rays
irradiation and was immersed in a chloroform solution containing
potassium stearate and dibenzo-18~-crown-6, each in a concentration

of 1 mmol/l (0.674 g/l in total) to form an even lubricant layer

having a thickness of 26 A on the disk surface.
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The disk on which the lubricant layer was formed was subjected

i i mple 21.
CSS test and a cohesion test in the same manner as in Examp

The results are shown in Table 5.

Examéle_zﬁ

The same disk as used in Example 1 was subjected to ultraviolet rays

irradiation and was immersed in a chloroform solution containing

potassium B- (N, N- dlheptadecylamlnocarbonyl)proplonate and 4,4'-

dlamlnodlbenzo ~18-crown- 6, each in a concentration of 1 mmol/1l (1. 04

g/l) to form an even lubricant layer having a thickness of 3¢ A on
the disk surface.

The disk on which the lubricant layer was formed was subjected to a

CSS test and a cohesion in the same manner as in Example 21i. The 
‘results are shown in Table 5.

Cgmpaxa&iyg_ﬂxamnle_;D

- c- - a -t
Using the same disk as used in Example 21 but w1toout irradiating i

. : X s of
with ultraviolet rays, an even lubricant layer having a thicknes

i i i on
20 A was formed on the disk surface by-lmmer31pg in a fluorocarb

. i ractured
solution containing perfluoropolyether (Fomblin 2z DOL, manufac

by Mount Edison) in a concentration of 1 g/l.

- j ed to a
- The disk on which the lubricant layer was formed was subject

' j : e shown
CSS test in the same manner as in Example 21. The results ar

in Table 5.
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dithout irradiating the .disk having formed therecn a hydrogenated
carbonaceous protectivellayer in the same manner as in Example 21
with ultraviolet rays, a layer having a thickness of 12 A, 15 A, or
18 A was formed on the respective disk surfaces by immersing in a

hloroform solution containihg_4,4'-§iaminodiﬁenzo—18-crown-6 in a
concentration of 2 mmol/l (0.781 g/l)

The resulting disk was immersed in a chloroform for 5 minutes and

was raised at a rate of 2 mm/s. The results showed that the coated

layer had hardly remainder adhered to the disk surface.

Example 25

The same disk as used in Example 1 was immersed in a chloroform
containing copper stearate and 1,4,8, 11—tetraazacyclo—tetradecane,

each in a concentration of 1 mmol/l to ‘form an even lubricant layer

having a thickness of 16 A on £he ‘disk surface.

-

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 1. The results are shown in Table 2

Exaqnlg_25

The same disk as used in Example 1 was immersed in a mixture of

water and methanol containing silver acetate and N, N'-dibenzyl-4,13-

diaza-18-crown-6, each in a concentration of 1 mmol/l to form a

coated layer having a thickness of 6 A on the disk surface. Then,

. - N-
to the resultant disk using a chloroform solution containing p- (N,
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diheptadecylaminocarbonyl)propionic aéid_in a toncentrapion of 2

mmol/l, a lubricant layer having a total thickness of 19 A was

formed.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance'test'and a cohesion test in the same manner

. as in Example 1. The results are shown in Table 2.
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Table 1
Initial Spindle reat CRS_tnenarn
thickness of ’
lubricant Residual thicknesa of torque
layer (&) lubricant layer (%) (gf.cm)
' Inttia- Dusing
1 14 1 14 tion of sliding
day | daya | daye | days rotation

Example 3 © 28 8 | i | | 67 28 11
Exanplae 4-1 26 85 82 81 79
Exanple ¢-2 24 35 8
Example § 44 g4 | 719 | 18 | s - -
Example € 18 80 79 7%} 78 - -
Comparative 20 €7 57 s7 52 - -
Example 4 .
Conmparative 31 76 71 68 65
BExanple 5-1
Comparxative 27 1] 8
Example 5-2.
Comparative 41 72 65 67 64 - -
Examnple 6 )
Comparative ' 21 16 9 53 45
Exampla 7-1 '
Comparative i6 64 25
Example 7«2
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a: MnZn Ferrite

b: Al,03.TiC

Table 2
l:;:icc?f?ssl‘o!'fe‘ ler::::tt;;) Cohesion (25%C/40% R Head
Example 1 29 1.6 None > 32 days a
Example 2 45’ 2.1 None > 32 days a
Exarmple 7 21 3.5 None > 35 days b
Example 8 33 2.9 None > 35 days b
Example 9 33 2.8 None > 35 days b
Example 10 26 2.8 None > 35 days b
Example 13 49 1.6 None > 32 days a
éxample 14 28 1.8 None > 32 days a
Example 25 16 3.8 None > 14 days. b
Example 26 19 3.0 None > 14 days b
Comparative 13 2.7 Observed < 3 d‘ays a
Example 1 : . '
Comparative 16 1.4 ’ Observe.d < 3 days a
Example 2
Comparative 28 3.4 dbserved < 3 days b
‘| Example 3
Head:
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Table 3
Thickness of Friction Friction
lubricant layer{ force after |force after 2
(A 10 min .(gf) hr (gf)
Example 11 17 ] - 3.5
Example 12 31 - 2.9
Example 15 17 1.8 2.0
Example 16 16 2.0 2.0 .
.|Example 17 24 S U | 1.1
Comparative 13 2.0 2.7
Example 1 ) ’
Comparative . 28 ' 3.1 - 3.4
JYExample 3
Comparative 25 . 1.8 ‘Wear
Examnple 8 - ]
Head:

a: MnZn ferrite

b: Alp03¢TiC
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. Table 4
Thickness of Friction* Cohesion
lubricant layer force ({(gf) (60°C/80% RH)
_ VS R ' .
Example 18 ' 23 3.6 None (> 15 days)
Example 19 32 3.8 None (> 15 days)
Exanip‘le 20 © 50 3.4 None (> 15 days)
Comparative - 28 3.4 Observed (< 1
day)
Example 9
* Head: Al203°TiC
Table 5
) Cohesion test
CSS test* (25°C/40% RH) .
. after 14 days
Stain on head| Initiation |Torque during
and disk torque - sliding
Example 21 ~ None 9 gfem .7 gfcem None
Example 22 None 23 gfcm 11 gfcem . None
Example 23 None .9 gfcm 9 gfem ~None
Example 24 _None 21 gfcm 11 gfem None
Comparative None 65 gfem 17 gfcm -
| Example 10 ' .
* Head: Al203°TiC
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As is evident from the results shown in Table 2, it was Confirmeg
that' cohesion was observed on the lubricant layer of Ctharative

Examples 1 to 3 in which a lubricant alone was used, while such

cohesion was prevented on the lubricant layer of Exqmples 1 and 2

according to the present invention even if the thickness thereof was

thicker than those of Comparative Examples 1 to 3 (being slightly

thicker due to the presence of the host layer). It was further

found that the lubricant layer of Examples 1 and 2 had a lubricating
performance and a driving performance comparable or superior to

those of the systems containing a lubricant. alone according to

Comparative Examples 1 to 3.

Further, the orientation of the alkyl chain in the lubricant layer

prepared in Example 2 was analyzed by FTIR-RAS. As a result, as

shown in Fig. 8, the CH stretching vibration attributed to a methyl
group at the tip'of the alkyl chain was clearly observed. It was
also confirmed that the alkyl chain was oriented in sucﬁ'a good
state as to be vertically oriented against the substrate since the

intensity of the CH stretching vibration of the methylene chain was
comparatively small.

Taking into account fhe layer thickné;s, it is considered ;hat the
binding site on the lubricant layer was oriented to the substrate
and_the layer is a mono layer having a structure such that the alkyl
chain was arranged with being directed upward (Fig. i), which is
almost an optimal structure as a lubricaﬂt'layer. On the contrary,
in the conventional system cdmposed of a lubricant_(p-(N,N;
diheptadecylaminocarbonyl)propionic acid) alone (Comparative Example

3), the intensity of absorbance based on the CH stretching vibration

of the methyl group at the tip of the alkyl chain was small and the
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intensity of the CH stretching vibration of the methylene chain wags
large. Thus, it was found that the orientation of the'alkyl.chain

on the disk was so poor that the alkyl chains were oriented in
different directions.

From the results shown in Table 1, it was confirmed that, in the
lubricant layer according to the present invention, e&en in the case
where a liquid lubricant was used, the spin-off of the 1ubr1can£
molecule was effeétively prevented and the adhesion of the head as

' observed in the case of using a liquid lubricant hafdly occurred.
That is, in the iubricating system accqrding to the present
invention, suéh a spin-off was effectively prevented by having the

lubricant compound adhered to the substrate using the host-guest

complex lubricant layer. In addition, the fixation and lubricating

performance_did nbt use a trédeoff and the lubricant layer. was
constituted so as to have an excellent 1ubr1cat1ng performance and a

durablllty while hardly undergoing any adhesxon.

When, on the one hand, a llquld lubricant, perfluoropolyether, was g
directly coated on a smooth disk (Comparatxve Examples 5 and 7), it .
‘18 considered that the lubricant migrates on the surface and
collects at the true contact region between the head and the disk to
form a meniscus due to the low interaction between the lubricant and
the surface of’ the protectlve Yayer. On the other hand, in the case
. in which a liquid lubricant was fixed on the smooth substrate using
a host-guest complex (Examples 3 and 4), the torque at the

initiation of rotation was lowered to. 35 gfecm or less.

From the results of Examples 7 to 10, it was confirmed that the

lubricant layer formed using a multidentate ligand having a function
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© trap a metal ion,

a metal compound, and a lubricating molecule

having an actxve hydrogen independently as a material had an
excellent lubricating performance and the cohesion of the lubricant
molecule was prevented, similar to the lubricant layer formed by

usxng the lubricant molecule, which had been isolated and purxfxed

as an alkaline metal salt, as a guest compound.

.

As shown in the results of Examples 13.and 14, it was found that the
lubricant layer pfepared by forminq the muitiden;ate ligqand layer
and then forming the lhbticant molecule layer exhibited a
lubricating performance comparable or superior to that of the

lubricant layer fixed by using a solution in which the lubricant

molecule and crown ether had formed the host-guest complex (Example
2). '

It is considered that, in each case, the fixed host-guest
CONPlexes have a layer constltution such that the croun ether, whlch
strongly 1nteracts with the substrate as a whole, adheres to the

surface of the disk .and the lub;icant molecule is coordlnated
" thereon.

As ;s clear from the results shown in Table 3, it was found that the

lubrlcant.compOSed of potassium stearate and dibenzo-18-crown-6

-

(Examples 15 and 16) exhibited a more excellent lubricating

performance than the lubricant composed of only potassium stearate

according to Comparative Example 1. Eufther, it ﬁeg found "that the

lubricant composed of stearylamine and dibenzo-18-crown-6 (Example
17) maintained an excellent lubricating performance for a long

period of time as compared to the layer of Comparative Example 8,
which resulted in wear
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,The lubricant composed of $-(N,N-diheptadecylamino-
carbonyl)propionic acid and 4,4'~diaminodibenzo-18-crown-6 (Example
2) showed a lubricating perforéance at the initial slidinq stage
comparable or superior to Comparative Example 3 in which PB-(N,N-
diheptadecylaminocarbonyl)propionic acid was used alone.

The
lubricating performance of Comparative Example 3 decreased

considerably after 2 hours of continuous sliding, as compared to

Examples which retained excellent lubricating performance at the

initial stage with almost no change. Further, the coated layer of

Comparative Example 3 readily became uneven, while the coated layer

of Example 2 had not become uneven even after one month or more.:

(Effect of the Invention]

The present invention provides a reliable lubricating system which
is a thin layer having almost the same layer thickness as a mono

layer with an excellent lubricating performance and abrasion

resistance. In the case of the solid lubricant, the cohesion of the
lubricant molecule can be prevented and, in the case of the liquid
lubricant, an excellent durability can be maintained for a long

period of time because of the prevention of spin-off. When using a
smooth substrate to lower the lift of the head, adhesion to the
N .

head, which is inherent in the liquid lubricant, does not occur and

a satisfactory lubricating performance and sufficient durability can
'.be maintained. There is no problem of cohesion, which is inherent

in the solid lubricant. When the lubricant layer is applied to a

magnetic recording medium, the data recording density can be

increased and a magnet ic recording medium with long-term reliability
€an thus be obtained.
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CLATIMS
, 1. A solid surface on which is provided a
lubricant iayer which comprises a host-guest complex.

2. A surface éccording to claim 1 wherein the
host—gueét-complex compfises, as the guest compound a
lubricating molecule, which is trapped through
electrostatic interaction by a host compound adhering to.
the solid surface. _

3. A surface according to claim 1 or 2 wherein
the host compound of the host-guest complex ig a
multidentate ligand having a function to reversibly trap a
metal ion or an organic ion'by electrostatic interaction.

4, A surface according to claim 3 wherein the
multidentate ligand has terminal functional groups
providing an electrostatic interaction with each other.

" 5. A surface according to claim 3 or 4 wherein
said metal ion is used as a guest compound in combination
with a lubricant molecule having a terminal functional
group which forms an ionic pair together with the metal
ion.

' 6. A'sqrface according to claim 3 or 4 wherein
the guest compound of the host-guest complex is a cohpound
having a molecular structure bearing a lubricating function
and a basic terminal group. '

7. A surface according to any one of the
preceding claims wherein the host compound of the
host-guest complex is coated thereon. _

8. A surface according to any one of the
preceding claims wherein the host compound of the .
host-guest complex contains three or more atoms of at least
one element selected from oxygen, nitrogen, and sulfur.

9. A surface according to any one of the
preceding claims wherein the host compound of the
host-guest complex has one or more basic functional groups.
10. A surface according to any one of the preceding
claims wherein the host compound of the host-guest complex

is a cyclic multidentate ligand and corresponding donor

A O OB T



atoms contain a lone electEEL pair having an sp’ hybrid
orbital.

11. A surface according to any one of the
preceding claims wherein the host compound of the
host-guest complex is a crown ether having terminal
hydroxyl groups.

12. A surface according to claim 11 wherein the

host compound is cycloffuctans.
' 13. A surface according to any one of the
precéding claims wherein the guest compound has 8 or more

carbon atoms and an active hydrogen at one terminal
thereof.

14. A surface accordiﬁg to any one of -the
preceding claims wherein the guest compound of -the
host-guest complex compriées an organic ion to which a
molecular structure bearing a lubricating function is bound
or a metal ion to which a counter anion bearing a
lubricating function is bound.

15. A surface according to any one of the
preceding claims which is a magnetic recording medium
comprising, in the following order:

i) a non-mégnetic substrate;

ii) a magnetic layer; and

iii) said lubricant layef.

16. A surface according to claim 15 which
comprises a protective layer between the magnetic layer and
the lubricant layer. _

17. A surface according to claim 16 wherein the
host compound is coated on the surface of the protective
layer. o _

18. A surface according to claim 16 or 17 wherein
the protective layer is a carbonaceous protectiﬁe layer
which has been treated so as to increase the number of
"acidic functional groups.

19. A surface according to any one of claims 16
.to 18 wherein the protective layer is a carbonaéeous
protective layer, the surface of which has a ratio of C=0
bonds to, C-C and C-H bonds of from 0.05:1 to 0.3:1.

20. A surface according to claim 19 wherein said

T



ratio is from 0.07:1 to O.Z?i.

21. A lubricant which comprises a host-~guest
complex formed by a host compound and a guest compound.

22. A lubricant according to claim 21 in which
the host compound is as defined in any one of claims 3, 4
or 8 to 12 and/or the guest compound is as defined in any
one of claims 2, 5, 6, 13 or 14. _

23. A_methoé of preparing a magnetic recording
medium as defined in any one of claims 15 to 20 which
comprises forming said lubricant layer on the remaining
layers by coating with a solution in which the host
compound and the guest compound are diésolvedz

24. A method of preparing a magnetic recording
medium .as defined in any one of claims 15 to 20 which
comprises forming the lubricant layer by affixing a -
multidentate ligand having a function to trap a metal ion,
a metal compound and a lubricant molecule having an active
hydrogen on the surface of the remaining layers to provide
a host-guest complex in which at least an anion of the
lubricant molecule is bound to the multidentate ligand of
the host compound through a metal ion.

25. A method according to claim 24 wherein the
lubricant layer is formed by coating a mixed solution of
the multidentate ligand, the metal compound and the
lubricating molecule having an active hydrogen.

26. A method of preparing a magnetic recording
medium which comprises forming a lubricant layer by coafihg
a mixed solution of a multidentate ligand and lubricant
molecule in the form of metal salt on the surface of the
remaining layers of the medium.

27. A method according to claim 26 wherein the
multidentate ligand is a host compound as defined in any
one of claims 4 or 8 to 12 and/or the lubricant molecule is
a guest compound as defined in any one of claims 5, 6, 13
or 14.

28. A method according to claim 27 wherein the
lubricant molecule has 8 or more carbon atoms and a polar
functional group at one terminal thereof.

29. A method of preparing a magnetic recording

-
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medium as defined in any oiz of claims 15 to 20 wherein
said lubricant layer is formed on the surface of the
remaining layers by adsorbing or adhering a multidentate
ligand on the surface to form a multidentate iigand layer
and formiﬁg a lubricant molecule layer on thelmultidentate
ligand layer to provide the host-guest complex.

30. A method according to claim 29 which
comprises,forming the multidentafe ligand layer, removing a
surplus part of the multidentate ligand layer to provide a
layer having an appropriate thickness and forming the
lubricant molecule layer thereon.

31. A method of preparing a magnetic, recording

medium as defined in any one of claims 15 to 20 wherein
said lubricant layer is formed by coating the host-guest
complex on the remaining- layers thereof.

52. A method according to any one of claims 23 to
31 wherein the magnetic recording medium conprises a
protective carbonaceous layer which is subjected to
jrradiation with ultraviolet rays in an atmosphere of an
oxygen-containing gas.

33. Use of a host-gﬁest complex as defined‘in any

one of claims 1 to 6 or 8 to 14 as a lubricant.

34, A lubricant layer as defined in any one of
claims 1 to 6 or 8 to 14.

-
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