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Description

FIELD OF THE INVENTION

[0001] This invention relates to a method to deposit fluorolubricant compositions comprising unsaturated fluorinated
hydrocarbons.

BACKGROUND OF THE INVENTION

[0002] Chlorofluorocarbon (CFC) compounds have been used extensively in the area of semiconductor manufacture
to clean surfaces such as magnetic disk media. However, chlorine-containing compounds such as CFC compounds are
considered to be detrimental to the Earth’s ozone layer. In addition, many of the hydrofluorocarbons used to replace
CFC compounds have been found to contribute to global warming. Therefore, there is a need to identify new environ-
mentally safe solvents for cleaning applications, such as removing residual flux, lubricant or oil contaminants, and
particles. There is also a need for identification of new solvents for deposition of fluorolubricants.
[0003] Compositions comprising unsaturated fluorinated hydrocarbons have utility in many of the applications formerly
served by CFC compounds. WO 94/23008 discloses azeotropic compositions comprising a perfluorinated alkane or
alkene and an organic solvent, which are used as carrier solvents for lubricants. The compositions of the method of the
present invention possess some or all of the desired properties of little or no environmental impact, ability to dissolve
oils, greases or lubricants (in particular fluorine-containing lubricants), and non-flammability.

SUMMARY OF THE INVENTION

[0004] Disclosed herein is a method for depositing a fluorolubricant on a surface comprising:

(a) combining a fluorolubricant and a solvent comprising E- or Z-C2F5CH=CH(CF2)3CF3 to form a lubricant-solvent
combination;
(b) contacting the combination of lubricant-solvent with the surface; and
(c) evaporating the solvent from the surface to form a fluorolubricant coating on the surface.

DETAILED DESCRIPTION OF THE INVENTION

[0005] Before addressing details of embodiments described below, some terms are defined or clarified.
[0006] As used herein, the terms "comprises," "comprising," "includes," "including," "has," "having" or any other variation
thereof, are intended to cover a non-exclusive inclusion. For example, a process, method, article, or apparatus that
comprises a list of elements is not necessarily limited to only those elements but may include other elements not expressly
listed or inherent to such process, method, article, or apparatus. Further, unless expressly stated to the contrary, "or"
refers to an inclusive or and not to an exclusive or. For example, a condition A or B is satisfied by any one of the following:
A is true (or present) and B is false (or not present), A is false (or not present) and B is true (or present), and both A and
B are true (or present).
[0007] Also, use of "a" or "an" are employed to describe elements and components described herein. This is done
merely for convenience and to give a general sense of the scope of the invention. This description should be read to
include one or at least one and the singular also includes the plural unless it is obvious that it is meant otherwise.
[0008] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the practice or testing of embodiments of the present invention,
suitable methods and materials are described below. In case of conflict, the present specification, including definitions,
will control. In addition, the materials, methods, and examples are illustrative only and not intended to be limiting.
[0009] Further, when an amount, concentration, or other value or parameter is given as either a range, preferred range,
or a list of upper preferable values and lower preferable values, this is to be understood as specifically disclosing all
ranges formed from any pair of any upper range limit or preferred value and any lower range limit or preferred value,
regardless of whether ranges are separately disclosed. Where a range of numerical values is recited herein, unless
otherwise stated, the range is intended to include the endpoints thereof, and all integers and fractions within the range.
It is not intended that the scope of the invention be limited to the specific values recited when defining a range.
[0010] In one embodiment, the compositions disclosed have a Global Warming Potential (GWP) of not greater than
1000. In another embodiment, the compositions disclosed have a Global Warming Potential (GWP) of not greater than
500. In yet another embodiment, the compositions disclosed have a Global Warming Potential (GWP) of not greater
than 150. In still yet another embodiment, the compositions disclosed have a Global Warming Potential (GWP) of not
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greater than 100. In still yet another embodiment, the compositions disclosed have a Global Warming Potential (GWP)
of not greater than 50. As used herein, "GWP" is measured relative to that of carbon dioxide and over a 100-year time
horizon, as defined in "The Scientific Assessment of Ozone Depletion, 2002, a report of the World Meteorological
Association’s Global Ozone Research and Monitoring Project".
[0011] In one embodiment, the present compositions have an Ozone Depletion Potential (ODP) of not greater than
0.05. In another embodiment, the present compositions have an Ozone Depletion Potential (ODP) of not greater than
0.02. In yet another embodiment, the present compositions have an Ozone Depletion Potential (ODP) of about zero. As
used herein, "ODP" is as defined in "The Scientific Assessment of Ozone Depletion, 2002, A report of the World Mete-
orological Association’s Global Ozone Research and Monitoring Project".
[0012] The present invention relates to a method for depositing a fluorolubricant on a surface, said method comprising
combining the fluorolubricant with a solvent comprising an unsaturated fluorinated hydrocarbon, contacting said com-
bination of fluorolubricant and solvent with the surface and evaporating the solvent to form a fluorolubricant coating on
the surface.
[0013] The most advanced, highest recording densities and lowest cost method of storing digital information involves
writing and reading magnetic flux patterns from rotating disks coated with magnetic materials. A magnetic layer, where
information is stored in the form of bits, is sputtered onto a metallic support structure. Next an overcoat, usually a carbon-
based material, is placed on top of the magnetic layer for protection and finally a lubricant is applied to the overcoat. A
read-write head flies above the lubricant and the information is exchanged between the head and the magnetic layer.
In a relentless attempt to increase the efficiency of information transfer, hard drive manufacturers have reduced the
distance between the head and the magnetic layer, or fly-height, to less than 100 Angstroms (10 nanometres).
[0014] Invariably, during normal disk drive application, the head and the disk surface will make contact. To reduce
wear on the disk, from both sliding and flying contacts, it must be lubricated.
[0015] Fluorolubricants are widely used as lubricants in the magnetic disk drive industry to decrease the friction between
the head and disk, that is, reduce the wear and therefore minimize the possibility of disk failure.
[0016] There is a need in the industry for improved methods for deposition of fluorolubricants. The use of certain
solvents, such as CFC-113 and PFC-5060, has been regulated due to their impact on the environment. Therefore,
solvents that will be used in this application should consider environmental impact. Also, such solvent must dissolve the
fluorolubricant and form a substantially uniform or uniform coating of fluorolubricant. Additionally, existing solvents have
been found to require higher fluorolubricant concentrations to produce a given thickness coating and produce irregularities
in uniformity of the fluorolubricant coating.
[0017] In one embodiment, the fluorolubricants of the present disclosure comprise perfluoropolyether (PFPE) com-
pounds, or lubricant comprising X-1P®, which is a phosphazene-containing disk lubricant. These perfluoropolyether
compounds are sometimes referred to as perfluoroalkylethers (PFAE) or perfluoropolyalkylethers (PFPAE). These PFPE
compounds range from simple perfluorinated ether polymers to functionalized perfluorinated ether polymers. PFPE
compounds of different varieties that may be useful as fluorolubricant in the present invention are available from several
sources. In another embodiment, useful fluorolubricants for the present inventive method include but are not limited to
Krytox® GLP 100, GLP 105 or GLP 160 (E. I. du Pont de Nemours & Co., Fluoroproducts, Wilmington, DE, 19898,
USA); Fomblin® Z-Dol 2000, 2500 or 4000, Z-Tetraol, or Fomblin® AM 2001 or AM 3001 (sold by Solvay Solexis S.p.A.,
Milan, Italy); Demnum™ LR-200 or S-65 (offered by Daikin America, Inc., Osaka, Japan); X-1P® (a partially fluorinated
hyxaphenoxy cyclotriphosphazene disk lubricant available from Quixtor Technologies Corporation, a subsidiary of Dow
Chemical Co, Midland, MI); and mixtures thereof. The Krytox® lubricants are perfluoroalkylpolyethers having the general
structure F(CF(CF3)CF2O)n-CF2CF3, wherein n ranges from 10 to 60. The Fomblin® lubricants are functionalized per-
fluoropolyethers that range in molecular weight from 500 to 4000 atomic mass units and have general formula X-
CF2-O(CF2-CF2-O)p-(CF20)q-CF2-X, wherein X may be -CH2OH, CH2(O-CH2-CH2)nOH, CH2OCH2CH(OH)CH2OH or
-CH2O-CH2-piperonyl. The Demnum™ oils are perfluoropolyether-based oils ranging in molecular weight from 2700 to
8400 atomic mass units. Additionally, new lubricants are being developed such as those from Moresco (Thailand) Co.,
Ltd, which may be useful in the present inventive method.
[0018] The fluorolubricants of the method of the present invention may additionally comprise additives to improve the
properties of the fluorolubricant. X-1P®, which may serve as the lubricant itself, is often added to other lower cost
fluorolubricants in order to increase the durability of disk drives by passivating Lewis acid sites on the disk surface
responsible for PFPE degradation.
[0019] Other common lubricant additives may be used in the fluorolubricants of the present inventive methods.
[0020] The fluorolubricants of the method of the present invention may further comprise Z-DPA (Hitachi Global Storage
Technologies, San Jose, CA), a PFPE terminated with dialkylamine end-groups. The nucleophilic end-groups serve the
same purpose as X1P®, thus providing the same stability without any additive.
[0021] The surface on which the fluorolubricant may be deposited is any solid surface that may benefit from lubrication.
Semiconductor materials such as silica disks, metal or metal oxide surfaces, vapor deposited carbon surfaces or glass
surfaces are representative of the types of surfaces for which the methods of the present invention are useful. The
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present inventive method is particularly useful in coating magnetic media such as computer drive hard disks. In the
manufacture of computer disks, the surface may be a glass, or aluminum substrate with layers of magnetic media that
is also coated by vapor deposition with a thin (10-50 Angstrom) layer of amorphous hydrogenated or nitrogenated carbon.
The fluorolubricant may be deposited on the surface disk indirectly by applying the fluorolubricant to the carbon layer of
the disk.
[0022] The first step of combining the fluorolubricant and solvent may be accomplished in any suitable manner such
as mixing in a suitable container such as a beaker or other container that may be used as a bath for the deposition
method. The fluorolubricant concentration in the unsaturated fluorinated hydrocarbon solvent may be from about 0.010
percent (wt/wt) to about 0.50 percent (wt/wt).
[0023] The step of contacting said combination of fluorolubricant and solvent with the surface may be accomplished
in any manner appropriate for said surface (considering the size and shape of the surface). A hard drive disk must be
supported in some manner such as with a mandrel or some other support that may fit through the hole in the center of
the disk. The disk will thus be held vertically such that the plane of the disk is perpendicular to the solvent bath. The
mandrel may have different shapes including but not limited to, a cylindrical bar, or a V-shaped bar. The mandrel shape
will determine the area of contact with the disk. The mandrel may be constructed of any material strong enough to hold
the disk, including but not limited to metal, metal alloy, plastic or glass. Additionally, a disk may be supported vertically
upright in a woven basket or be clamped into a vertical position with 1 or more clamps on the outer edge. The support
may be constructed of any material with the strength to hold the disk, such as metal, metal alloy, plastic or glass. However
the disk is supported, the disk will be lowered into a container holding a bath of the fluorolubricant/solvent combination.
The bath may be held at room temperature or be heated or cooled to temperatures ranging from about 0 °C to about 50 °C.
[0024] Alternatively, the disk may be supported as described above and the bath may be raised to immerse the disk.
In either case, the disk may then be removed from the bath (either by lowering the bath or by raising the disk). Excess
fluorolubricant/solvent combination can be drained into the bath.
[0025] Either of the methods for contacting the fluorolubricant/solvent combination with the disk surface of either
lowering the disk into a bath or raising a bath to immerse the disk are commonly referred to as dip coating. Other methods
for contacting the disk with the fluorolubricant/solvent combination may be used in the present inventive method, including
spraying or spin coating.
[0026] When the disk is removed from the bath, the disk will have a coating of fluorolubricant and some residual solvent
(unsaturated fluorinated hydrocarbon) on its surface. The residual solvent may be evaporated. Evaporation is usually
performed at room temperature. However, other temperatures both above and below room temperature may be used
as well for the evaporation step. Temperatures ranging from about 0 °C to about 100 °C may be used for evaporation.
[0027] The surface, or the disk if the surface is a disk, after completion of the coating method, will be left with a
substantially uniform or uniform coating of fluorolubricant that is substantially free of solvent. The fluorolubricant may
be applied to a thickness of less than about 300 nm, and alternately to a thickness of about 100 to about 300 nm.
[0028] A uniform fluorolubricant coating is desired for proper functioning of a disk and so areas of varying fluorolubricant
thickness are undesirable on the surface of the disk. As more and more information is being stored on the same size
disk, the read/write head must get closer and closer to the disk in order to function properly. If irregularities due to
variation in coating thickness are present on the surface of the disk, the probability of contact of the head with these
areas on the disk is much greater. While there is a desire to have enough fluorolubricant on the disk to flow into areas
where it may be removed by head contact or other means, coating that is too thick may cause "smear," a problem
associated with the read/write head picking up excess fluorolubricant.
[0029] One specific coating thickness irregularity observed in the industry is that known as the "rabbit ears" effect.
These irregularities are visually detected on the surface of the disk after deposition of the fluorolubricant using the existing
solvent systems. When the disk is contacted with the solution of fluorolubricant in solvent and then removed from the
solution, any points where the solution may accumulate and not drain readily develop drops of solution that do not readily
drain off. One such point of drop formation is the contact point (or points) with the mandrel or other support device with
the disk. When a V-shaped mandrel is used, there are two contact points at which the mandrel contacts the inside edge
of the disk. When solution of fluorolubricant forms drops in these locations that do not drain off when removed from the
bath, an area of greater thickness of fluorolubricant is created when the solvent evaporates. The two points of contact
with the disk produces what is known as a "rabbit ears" effect, because the areas of greater fluorolubricant thickness
produce a pattern resembling rabbit ears visually detectable on the disk surface.
[0030] When dip coating is used for depositing fluorolubricant on the surface, the pulling-up speed (speed at which
the disk is removed from the bath), and the density of the fluorolubricant and the surface tension are relevant for
determining the resulting film thickness of the fluorolubricant. Awareness of these parameters for obtaining the desired
film thickness is required. Details on how these parameters effect coatings are given in, "Dip-Coating of Ultra-Thin Liquid
Lubricant and its Control for Thin-Film Magnetic Hard Disks" in IEEE Transactions on Magnetics, vol. 31, no. 6, November
1995.
[0031] All of the compositions and methods disclosed herein can be made and executed without undue experimentation
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in light of the present disclosure.

EXAMPLES

[0032] The present invention is further defined in the following Examples. It should be understood that these Examples,
while indicating preferred embodiments of the invention, are given by way of illustration only.

REFERENCE EXAMPLE 1

Synthesis of 1,1,1,2,2,5,5,6,6,7,7,8,8,8-tetradecafluorooct-3-ene (F24E)

Synthesis of C4F9CHICH2C2F5

[0033] Perfluoroethyliodide (220 gm, 0.895 mole) and 3,3,4,4,5,5,6,6,6-nonafluorohex-1-ene (123 gm, 0.50 mole)
were added to a 400 ml Hastelloy™ shaker tube and heated to 200°C for 10 hours under autogenous pressure. The
product from this and two others carried out under similar conditions were combined and washed with two 200 mL
portions of 10 wt % aqueous sodium bisulfite. The organic phase was dried over calcium chloride and then distilled to
give 277.4 gm of C4F9CH2CHICF3 (79-81°C/ 67-68 mm Hg) in 37% yield.

Conversion of C4F9CHICH2C2F5 to F24E

[0034] A 1L round bottom flask equipped with a mechanical stirrer, addition funnel, condenser, and thermocouple was
charged with C4F9CHICH2C2F5 (277.4 gm, 0.56 moles) and isopropanol (217.8 g). The addition funnel was charged
with a solution of potassium hydroxide (74.5 g, 1.13 moles) dissolved in 83.8 g of water. The KOH solution was added
dropwise to the flask with rapid stirring over the course of about one hour as the temperature slowly increased from
21°C to 42°C. The reaction mass was diluted with water and the product recovered by phase separation. The product
was washed with 50 mL portions of 10 wt % aqueous sodium bisulfite and water, dried over calcium chloride, and then
distilled at atmospheric pressure. The product, F24E (128.7 gm, 63%) boils at 95.5°C. It was characterized by 19F NMR
(δ -81.6 (CF3, m, 3F), -85.4(CF3, m 3F), -114.7 (CF2, m, 2F), -118.1 (CF2, m, 2F), -124.8 ppm (CF2, m, 2F), -126.3 ppm
(CF2, m, 2F)) and 1H NMR (δ 6.48) in chloroform-d solution.

REFERENCE EXAMPLE 2

Synthesis of C4F9CHICH2C2F5

[0035] 3,3,4,4,5,5,6,6,6-Nonafluorohex-1-ene (20.5 gm, 0.0833 mole), bis(triphenyl phosphine)nickel(0) dicarbonyl
(0.53 g, 0.0008 mole), and perfluoroethyliodide (153.6 gm, 0.625 mole) were added to a 210 ml Hastelloy™ shaker tube
and heated at 100°C for 8 hours under autogenous pressure. Analysis of the product by GC-MS indicated the presence
of C4F9CHICH2C2F5 (64.3 GC area %) and the diadduct (3.3 GC area %); the conversion of 3,3,4,4,5,5,6,6,6-non-
afluorohex-1-ene was 80.1%.

EXAMPLE 3

[0036] The ability of unsaturated fluoroolefin compounds to dissolve a fluorinated oil was determined by adding an
amount of the oil to the unsaturated fluoroolefin compound until the mixture became turbid or separated into two phases.
The results in Table 1 show that the unsaturated fluoroolefin compound has high ability to dissolve the fluorinated oil.
In addition, a solution of 0.5 wt % of the oil was prepared in the unsaturated fluoroolefin compound. In this example, the
unsaturated fluoroolefin was 1,1,1,2,2,5,5,6,6,7,7,8,8,8-tetradecafluorooct-3-ene (F24E). Preweighed metal coupons
were dipped into the solution, the solvent evaporated, and the coupon re-weighed. Table 1 shows the average coating
obtained by this dip coating process. Thus, unsaturated fluoroolefin compounds can be used as carrier fluids for the
deposition of the fluorinated oil onto a substrate.

Table 1

Oil Solubility in F24E Coating thickness

Krytox GPL 102 oil miscible 2.9 mg/cm2

Krytox GPL 106 oil miscible 22.9 mg/cm2
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Claims

1. A method for depositing a fluorolubricant on a surface comprising:

(a) combining a fluorolubricant and a solvent, said solvent comprising E- or Z-C2F5CH=CH(CF2)3CF3, to form
a lubricant-solvent combination;
(b) contacting the combination of lubricant-solvent with the surface; and
(c) evaporating the solvent from the surface to form a fluorolubricant coating on the surface.

2. The method of claim 1, wherein the surface is that of a semiconductor material, metal, metal oxide, vapor deposited
carbon, or glass.

3. The method of claim 1, wherein the surface is that of a magnetic medium.

Patentansprüche

1. Verfahren zum Abscheiden eines Fluorschmiermittels auf einer Oberfläche, umfassend:

(a) Kombinieren eines Fluorschmiermittels und eines Lösungsmittels, wobei das Lösungsmittel E- oder Z-
C2F5CH=CH(CF2)3CF3 umfasst, um eine Schmiermittel-Lösungsmittel-Kombination zu bilden;
(b) Kontaktieren der Kombination von Schmiermittel-Lösungsmittel mit der Oberfläche; und
(c) Verdampfen des Lösungsmittels von der Oberfläche, um auf der Oberfläche eine Beschichtung aus Fluor-
schmiermittel zu bilden.

2. Verfahren nach Anspruch 1, wobei die Oberfläche die eines Halbleitermaterials, eines Metalls, Metalloxids, aufge-
dampften Kohlenstoffs oder Glases ist.

3. Verfahren nach Anspruch 1, wobei die Oberfläche die eines magnetischen Mediums ist.

Revendications

1. Procédé de dépôt d’un lubrifiant fluoré sur une surface, comprenant :

(a) la combinaison d’un lubrifiant fluoré et d’un solvant, ledit solvant comprenant E ou Z-C2F5CH=CH(CF2)3CF3
pour former une combinaison lubrifiant-solvant ;
(b) la mise en contact de la combinaison de lubrifiant-solvant avec la surface ; et
(c) l’évaporation du solvant depuis la surface pour former un revêtement lubrifiant fluoré sur la surface.

2. Procédé selon la revendication 1, dans lequel la surface est celle d’un matériau semi-conducteur, d’un métal, d’un
oxyde de métal, de carbone déposé en phase vapeur, ou de verre.

3. Procédé selon la revendication 1, dans lequel la surface est celle d’un milieu magnétique.
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