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Descr iption 

Tit le of  Invention 

 LUBRICATING AGENT SOLUTION, MAGNETIC DISK 

AND METHOD FOR MANUFACTURING SAME 

 5 

Technical  Field 

[0001]  

 The present invention relates to a lubricating agent 

solution ( lubricant solution),  a magnetic disk, and a method 

for producing the same. 10 

 

Background Art 

[0002]  

 Many of  the exist ing magnetic disks are constituted by:  

a recording layer disposed on a substrate; a protect ive layer 15 

disposed on the recording layer in order to protect 

information recorded on the recording layer;  and a lubricant 

layer disposed on the protective layer.  

[0003]  

 Known conventional techniques for forming a lubricant 20 

layer of  a  magnetic disk include a technique of  immersing a 

magnetic disk in a lubricant solution that contains a f luor ine 

solvent as a solvent.  

[0004]  

 For  example,  Patent Literature 1 discloses using, as a 25 
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lubricant solution, a solution obtained by dissolving, in a 

f luor ine solvent,  a perf luoropolyether compound which is a 

lubricant.  

 

Citat ion List 5 

[Patent Literature]  

[0005]  

[Patent Literature 1]  

 Japanese Patent Application Publication Tokukai No. 

2013-175279 10 

 

Summary of  Invention 

 Technical  Problem 

[0006]  

 There has been no other choice but to use a f luor ine 15 

solvent as the solvent  of  a lubricant solution to be applied to 

magnetic disks.  However,  a f luorine solvent is subject to 

restr ict ions under Act on the Protect ion of  the Ozone Layer  

Through the Control  of Specif ied Substances and Other 

measures and Act of  Promotion of  Global Warming 20 

Countermeasures.  A f luor ine solvent places a high load on 

the environment and is  therefore problematic.  

[0007]  

 An object of  an aspect of  the present invention is to 

provide a lubricant solution capable of  being applied to 25 
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magnetic disks without using a f luor ine solvent. 

 Solution to Problem 

[0008]  

 The inventor of the present invention studied di l igently 

to solve the above-descr ibed object,  and eventually found 5 

that a per fluoropolyether compound having a number 

average molecular weight and including hydroxyl groups, the 

number average molecular weight and the number of  the 

hydroxyl groups satisfying a part icular expression, is soluble 

in water and that a lubricant solution obtained by dissolv ing 10 

the compound in water  exhibits the same functionality as 

conventional lubricant solutions,  and thereby complete the 

present invention. Speci f ically, the present invention 

includes the fol lowing configurations: 

 <1> A lubricant  solution including:  water ; and a  15 

perfluoropolyether compound that satis fies Expression ( I )  

below: 

 NOH  / (Mn/1500) ≥ 2 · · · ( I ) ,  

 where NOH  represents the number of  hydroxyl groups 

contained per molecule of the perfluoropolyether compound 20 

and Mn represents a number average molecular weight of  the 

perfluoropolyether compound. 

  

 

 25 



- 4 - 

  

 <2> The lubricant solut ion according to <1>, wherein 

the per fluoropolyether compound has a structure of Formula 

(1 )  below: 

 -(CF2 )x (CF(CF3 ) )yO(CF2O) z (CF2CF2O) l (CF2CF2CF2O)m (CF

2CF2CF2CF2O)n (CF(CF3 )CF2O)o -(CF(CF3 ) ) y (CF2 )x-  · · · (1) ,  5 

 where x is a real number of 0 to 3,  y is a  real  number of  

0 to 1, and z,  l ,  m, n, and o are each a real number of 0 to  15 

such that e ither x or y is a  real  number of  not  less than 1 and 

at least any one of  z,  l ,  m, n, and o is a real  number of  not less 

than 1. 10 

 <3> The lubr icant solution according to <1> or <2>,  

wherein the perf luoropolyether compound is represented by 

Formula (2)  below: 

 R1-R2-R3  · · · (2) ,  

 where R2  is an organic group having a 15 

perfluoropolyether skeleton, and R1  and R3  are organic 

groups, and include,  independently of  each other,  a f luorine 

atom, a hydroxyl group, an alkyl hal ide group, an alkoxy 

group, a carboxyl group, an amino group, an ester group, an 

amide group, or an aryl  group at respect ive terminals thereof.  20 
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 <4> The lubricant solution according to any one of <1> 

to <3>, further including an organic solvent.  

 <5> The lubricant solution according to any one of <1> 

to <4>, wherein the lubricant solution contains a f luorine 

solvent in an amount of not more than 20 wt%. 5 

 <6> A magnetic disk including: a recording layer,  a 

protective layer disposed on the recording layer;  and a 

lubricant layer  disposed on the protect ive layer,  the 

lubricant layer including a lubricant solution according to 

any one of <1> to <5>. 10 

 <7> A method for producing a magnetic disk including 

a recording layer,  a  protect ive layer disposed on the 

recording layer,  and a lubricant layer disposed on the 

protective layer , the method including a step of forming a 

lubricant layer by placing,  on an exposed surface of  the 15 

protective layer of  a stack of  the recording layer  and the 

protective layer,  a lubricant solution according to any one of  

<1> to <5>.  

 Advantageous Effects of Invention 

[0009]  20 

 With an aspect o f the present invent ion,  i t  is possible 

to provide a lubr icant solution that is capable of  apply ing a 

lubricant on magnetic disks without using a f luorine solvent.  

 

Br ief  Descr iption of  Drawings 25 
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[0010]  

 Fig. 1 is a  cross-sectional view i l lustrating  the 

configuration of  a magnetic  disk in accordance with an 

embodiment of the present invention. 

 Fig. 2 is a  cross-sectional view i l lustrating  the 5 

configuration of  a magnetic  disk in accordance with an 

embodiment of the present invention.  

 

Descr iption of Embodiments 

[0011]  10 

 The fol lowing descr iption will  discuss embodiments of  

the present invention in detail .  Note, however, that the 

present invention is not l imited to the fol lowing embodiments 

but can be al tered within this disclosure.  The present 

invention also encompasses, in i ts technical  scope, any 15 

embodiment derived by combining technical means disclosed 

in di f fer ing embodiments.  Note that the expression "A to B",  

represent ing a numerical range,  herein means "not less than 

A and not more than B" unless otherwise speci f ied in this 

speci f ication. 20 

[0012]  

 [1 . Lubricant solution] 

 A lubricant solution in accordance with an embodiment 

of  the present invention includes:  water;  and a 

perfluoropolyether compound that satis fies Expression ( I )  25 
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below: 

 NOH  / (Mn/1500) ≥ 2 ··· ( I ) ,  

where NOH  represents the number of  hydroxyl groups 

contained per molecule of the perfluoropolyether compound 

and Mn represents the number average molecular weight of  5 

the perf luoropolyether  compound. 

[0013]  

 In this speci f ication, the lubricant solution means a 

solution obtained by dissolving a lubricant such as the 

perfluoropolyether compound in a solvent.  In this 10 

speci f ication, the number average molecular weight of  the 

perfluoropolyether compound is  a value as measured by 

1 9F-NMR with the use of JNM-ECX400 available from JEOL 

Ltd. In the measurement by the NMR, a sample is used as a 

neat solution without being diluted with a solvent.  A known 15 

peak corresponding to a part of  the skeleton structure of  the 

perfluoropolyether compound serves to substitute for the 

reference for a chemical shift.  

[0014]  

 For  example,  for a compound having a number average 20 

molecular  weight of  2000 and including four hydroxyl  group,  

4/(2000/1500) = 3.  

[0015]  

 As disclosed in Patent L iterature 1,  a solution obtained 

by dissolving a perfluoropolyether compound in a f luor ine 25 
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solvent has been conventional ly used as a lubricant solution.  

The inventor  of  the present invention found that a 

perfluoropolyether compound satisfying Expression (I )  is 

soluble in water during the synthesis and puri f ication of a 

perfluoropolyether compound including a polyvalent 5 

hydroxyl group. This f inding was surprising because 

conventional common perf luoropolyether compounds are 

insoluble in water.  The inventor of  the present invention 

further found that in a case of using a lubricant solution 

obtained by dissolving the perfluoropolyether compound that 10 

satisfies Expression (I )  in water or  a mixed solvent of  water 

and an organic solvent,  i t  is  possible  to obtain a lubricant 

layer having a thickness equal to or greater than those of  

lubricant layers obtained in a case of using the conventional 

lubricant solutions obtained by using a fluorine solvent.  The 15 

lubricant solution,  which el iminates the need to use a 

f luor ine solvent,  is inexpensive and places low load on the 

environment.  

[0016]  

 The inventor of  the present invention also considered 20 

partially replacing a f luorine solvent with a solvent other 

than a f luor ine solvent in order  to reduce load on the 

environment. The inventor  of  the present invention then 

found that,  when a per fluoropolyether compound is dissolved 

in a mixed solvent of a f luorine solvent and alcohol, i t  is 25 
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dif f icult  to form a lubricant  layer. Also f rom this perspective,  

it  is surprising that a lubricant solution obtained by 

dissolving the above-described perf luoropolyether compound 

in a solvent other than a f luorine solvent enables the 

formation of a lubricant layer having an adequate thickness.  5 

[0017]  

 In this speci f ication, the "thickness of  a lubricant 

layer" is evaluated by using FT-IR (VERTEX70 available from 

Bruker) . In this speci f ication, whether a solvent places "high 

load on the environment" is evaluated on the basis o f global 10 

warming potential (GWP) published by the Intergovernmental 

Panel  on Climate Change ( IPCC) .  

[0018]  

 In this specif ication,  a perf luoropolyether compound 

refers to a compound having a per fluoropolyether skeleton,  15 

i.e. , a skeleton in which fluorocarbons are l inked via an ether  

linkage.  Examples of  the perf luoropolyether  skeleton include 

a structure represented by, for example,  Formula (1)  below:  

 -(CF2 )x (CF(CF3 ) )yO(CF2O) z (CF2CF2O) l (CF2CF2CF2O)m (CF

2CF2CF2CF2O)n (CF(CF3 )CF2O)o -(CF(CF3 ) ) y (CF2 )x-  · · · (1), 20 

 where x is a real  number of  0 to 3,  y is a real  number of  

0 to 1,  and each of  z,  l,  m,  n, and o is a real number of  0 to 15 

such that e ither x or y is a  real  number of  not  less than 1 and 

at least any one of  z,  l ,  m, n, and o is a real  number of  not less 

than 1. 25 
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[0019]  

 Examples of Formula (1)  include Demnum skeleton:  

-CF2CF2O-(CF2CF2CF2O)mCF2CF2- , Fomblin skeleton:  

-CF2O-(CF2O) z (CF2CF2O) lCF2- ,  C2 skeleton:  

-CF2O-(CF2CF2O) lCF2-,  C4 skeleton:  5 

-CF2CF2CF2O-(CF2CF2CF2CF2O)nCF2CF2CF2-, and Krytox 

skeleton:  CF(CF3 )O-(CF(CF3 )CF2O)oCF(CF3 ) - .  In these 

skeletons, each of z,  l ,  m, n, and o is a  real  number of 1 to 15. 

In Fomblin skeleton, CF2O and CF2CF2O are randomly 

repeated. 10 

[0020]  

 The perf luoropolyether compound preferably has,  in a 

molecule thereof ,  at  least one structure represented by 

Formula (1) .  The perfluoropolyether compound may therefore 

have, in the molecule thereof,  two or more structures 15 

represented by Formula (1).  In that case,  the two or more 

structures represented by Formula (1)  may be bonded via any 

organic group. Examples of  the organic group include an 

al iphatic hydrocarbon group and an aromatic hydrocarbon 

group. The aliphat ic hydrocarbon group and the aromatic 20 

hydrocarbon group may each include an ether  l inkage and/or 

a hydroxyl group. 

[0021]  

 The perfluoropolyether compound is represented by,  

for example,  Formula (2) below: 25 
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 R1-R2-R3  · · · (1), 

 where R2  represents an organic group having a 

perfluoropolyether skeleton. R2  is the perfluoropolyether 

skeleton represented by Formula (1 ) , and the two or more 

structures represented by Formula (1)  may be bonded via any 5 

organic group, as described above. 

[0022]  

 R1  and R3  are organic groups, and include,  

independently of  each other,  a f luorine atom, a hydroxyl 

group, an alkyl  hal ide group, an alkoxy group, a carboxyl  10 

group, an amino group, an ester group, an amide group, or an 

aryl group at respective terminals.  For example,  R1  and R3  

are each, independently of each other,  -F, -CH2OH, 

-CH2OCH2CH(OH)CH2OH, 

-CH2OCH2CH(OH)CH2OCH2CH(OH)CH2OH, -CH2O(CH2 )gOH, 15 

-CH2OCH2CH(OH)CH2OC1 2H9O, 

-CH2OCH2CH(OH)CH2OC1 0H7 ,  or  

CH2OCH2CH(OH)CH2OC6H4-R4 .  In these formulae, g is a real  

number of 1 to 10, and examples of  R4  include a hydrogen 

atom, a hydroxyl group, an alkoxy group including one to 20 

four carbon atoms, an amino group, and an amide res idue. R4  

is  preferably a hydroxyl group or an alkoxy group. 

[0023]  

 Examples of  a perf luoropolyether compound in which 

two or more perf luoropolyether skeletons are bonded via any 25 
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organic group include a compound represented by Formula 

(3 )  below. 

[0024]  

 R1-R5-R6-R7-R3  · · · (3) ,  

 where each of  R5  and R7  is an organic group having a 5 

perfluoropolyether skeleton, and is, for example,  the 

perfluoropolyether skeleton represented by Formula (1) .  

[0025]  

 R6  is any organic group. Examples of R6  include an 

al iphatic hydrocarbon group and an aromatic hydrocarbon 10 

group. The aliphat ic hydrocarbon group and the aromatic 

hydrocarbon group may include an ether l inkage and/or a 

hydroxyl group. 

[0026]  

 R1  and R3  are each an organic group simi lar  to that for 15 

Formula (2) .  

[0027]  

 The number average molecular weight of  the 

perfluoropolyether compound is not l imited to any part icular 

value but is preferably 500 to 6000, and more preferably 20 

1000 to 4000. Further, the number of hydroxyl groups per  

molecule of  the perfluoropolyether compound is not l imited 

but is  preferably 1 to 10,  more preferably 2 to 8,  and even 

more preferably 4 to 8. 

[0028]  25 
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 The concentration of  the perf luoropolyether compound 

in the lubr icant solution is preferably 0.001 wt% to 0.1 wt%, 

more preferably 0.005 wt% to 0.05 wt%, and even more 

preferably 0.005 wt% to 0.01 wt%. For example,  the 

above-described concentration may be 0.1 g/L to 15 g/L, or  5 

may be 0.7 g/L to 1.5 g/L. 

[0029]  

 The lubricant solution contains at least water  as a 

solvent,  and may further contain an organic solvent so that 

the solubi l ity of the perf luoropolyether compound in water is 10 

enhanced. The organic solvent in this specif ication means an 

organic solvent that contains no fluorine atom. Examples of  

the organic solvent include alcohols, ketones, ethers,  

dimethyl sulfoxide,  and dimethylformamide. Examples of the 

alcohols include methanol, ethanol, n-propyl  alcohol, 15 

isopropyl alcohol,  t-butanol,  and n-butanol .  Examples of  the 

ketones include acetone,  methyl  ethyl  ketone, and diethyl  

ketone. In part icular,  ketones are preferable.  

[0030]  

 The proportion of the organic solvent in the solvent of 20 

the lubricant solution is preferably not more than 50 vol%, 

more preferably not more than 40 vol%, and even more 

preferably not more than 30 vol%. The lower l imit of the 

proportion of the organic solvent is not l imited to any 

particular percentage but may be 5 vol%,  or  may be 10 vol%.  25 
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[0031]  

 Al though the lubricant solution preferably consists 

only of  the perfluoropolyether compound and water, or 

consists only of  the perf luoropolyether compound,  water, and 

an organic solvent,  the lubricant solution may contain other  5 

constituent. Examples of  such other constituent include 

known lubricants for magnetic disks such as Fomblin 

(registered trademark) Zdol (avai lable from Solvay Solexis),  

Ztetraol  (avai lable from Solvay Solexis) ,  Demnum (registered 

trademark) (avai lable from Daikin Industries,  Ltd. ),  and 10 

Krytox (registered trademark) (avai lable from DuPont),  

MORESCO PHOSFAROL A20H (available from MORESCO 

Corporation),  and MORESCO PHOSFAROL D-4OH (avai lable 

from MORESCO Corporation).  

[0032]  15 

 The lubr icant solution contains a fluorine solvent in a 

proportion of preferably not more than 20 wt%, more 

preferably not more than 10 wt%, and even more preferably 

not more than 5 wt%. The lubricant solution most preferably 

contains a f luorine solvent in a proport ion of 0 wt%, that is,  20 

the lubricant solut ion does not contain a f luor ine solvent. In 

this speci f ication,  the f luorine solvent re fers to a solvent that 

contains, as a constituent, a  compound including a f luorine 

atom. Examples of  the f luorine solvent include Vertre l-XF 

available from Chemours-Mitsui  Fluoroproducts Co., Ltd.,  25 
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ASAHIKLIN AK-225G available from AGC, and Novec 7100 

and Novec 7200 available from 3M. 

[0033]  

 The lubricant  solution can be used as a lubricant for  

recording media,  in order to improve the s liding propert ies of  5 

magnetic disks.  The lubricant  solution can also be used as a 

lubricant for recording media in other recording devices that 

involve sliding between a recording head and a recording 

medium (e.g. , a magnetic tape)  other than a magnetic disk. 

The lubr icant solution can also be used as a lubr icant for 10 

devices other than the recording devices that include a part 

involving s l iding.  

[0034]  

 [2 . Method for producing lubricant solution]  

 A method, for producing the lubricant solution, in 15 

accordance with an embodiment of  the present invention is 

not l imited to any part icular  method. For example,  the 

lubricant solution can be obtained by dissolv ing the 

above-described per fluoropolyether compound in water or  a 

mixed solvent of water and an organic solvent.  20 

[0035]  

 The method for  producing the above-described 

perfluoropolyether compound is not l imited to any part icular 

method as wel l.  For example, the perfluoropolyether  

compound represented by Formula (2 )  can be obtained by,  for  25 
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example,  al lowing a l inear f luoropolyether (a)  including a 

hydroxyl group at a terminal thereof to react  with, for  

example,  glycidol,  

2,2-dimethyl-4-(2,3-epoxy)propoxymethyl-1,3-dioxolane, 

and/or 3- (2-oxiranylmethoxy)-1,2-propanediol .  5 

[0036]  

 The l inear f luoropolyether  (a)  is represented by 

HOCH2 (CF2 )x (CF(CF3 ) )yO(CF2O) z (CF2CF2O) l (CF2CF2CF2O)m (CF

2CF2CF2CF2O)n (CF2CF(CF3 )O)o -(CF(CF3 ) ) y (CF2 )xCH2OH that 

includes a structure represented by Formula (1) .  The 10 

def ini tions of x, y,  z , l,  m, n, and o are the same as those for  

Formula (1) .  

[0037]  

 Speci f ical ly,  examples of the l inear f luoropolyether (a)  

include a compound represented by 15 

HOCH2CF2O(CF2O) z (CF2CF2O) lCF2CH2OH, a compound 

represented by HOCH2CF2O(CF2CF2O) lCF2CH2OH, a 

compound represented by 

HOCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2OH, and a 

compound represented by 20 

HOCH2CF2CF2CF2O(CF2CF2CF2CF2O)nCF2CF2CF2CH2OH. The 

linear fluoropolyether (a)  typically has a number average 

molecular  weight of  200 to 5000, and preferably has a 

number average molecular weight of 400 to 1500. The 

number average molecular weights are measured by a method 25 
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similar to that for measuring the number average molecular  

weight of  the above-described per fluoropolyether compound.  

[0038]  

 The l inear f luoropolyether (a)  is a compound having a 

molecular weight distribution, and has a molecular weight 5 

distr ibution (PD), given by the expression: weight average 

molecular weight / number average molecular weight, of  

preferably 1.0 to 1.5,  more preferably 1.0 to 1.3, and even 

more preferably 1.0 to 1.1. Note that the molecular  weight 

distr ibution is  a property value obtained by using 10 

HPLC-8220GPC avai lable f rom Tosoh Corporation, a column 

(PLgel  Mixed E)  avai lable  from Polymer Laboratories,  a 

HCFC-based alternative for chlorof luorocarbons as an 

eluent, and a non-functional perf luoropolyether as a 

reference substance. 15 

[0039]  

 The perf luoropolyether compound represented by 

Formula (2)  can be synthesized specif ical ly by the following 

method. First,  the l inear f luoropolyether  (a)  including, at a 

terminal  thereof , a hydroxyl group is al lowed to react with 20 

glycidol  or the like in the presence of a catalyst.  The reaction 

temperature is preferably 20°C to 90°C and more preferably 

60°C to 80°C. The reaction t ime is preferably 5 hours to 20 

hours and more preferably 10 hours to 18 hours. I t  is 

preferable to use glycidol  or the l ike in an amount of  1 to 3 25 
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equivalents of  the l inear f luoropolyether (a )  and use the 

catalyst in an amount of 0.01 to 0.5 equivalents of the l inear 

f luoropolyether (a) .  Examples of  the catalyst can include an 

alkal ine compound such as sodium t-butoxide or potassium 

t-butoxide.  The reaction can be carr ied out in a solvent.  5 

Examples of  the solvent can include t-butyl  alcohol,  toluene, 

and xylene. Then, the resultant product of  the reaction is,  for 

example,  washed with water  and puri f ied by s il ica gel  

chromatography. This yields, for example,  the 

perfluoropolyether compound represented by 10 

HOCH2CH(OH)CH2OCH2CH(OH)CH2OCH2C2F4O(C3F6O)mC2F4

CH2OCH2CH(OH)CH2OCH2CH(OH)CH2OH, which is 

Compound 1 in Example 1.  

[0040]  

 Further, the perf luoropolyether compound represented 15 

by Formula (3)  is obtained by, for example, allowing the 

linear f luoropolyether  (a)  or a l inear f luoropolyether  (b)  that 

includes an alkoxy group including, at one terminal  thereof,  

a hydroxyl group and including, at the other terminal 

thereof, a hydroxyl group to react with an al iphatic 20 

hydrocarbon group (A)  including two epoxy groups. 

[0041]  

 In a case of  using the l inear f luoropolyether  (b) ,  the 

synthesization can be carried out as follows. Speci f ical ly, in 

the f i rst  step, the l inear f luoropolyether (a) is al lowed to 25 
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react with a compound (c) ,  which reacts with a hydroxyl 

group to form an alkoxy group including a hydroxyl  group. 

The reaction temperature is preferably 20°C to 90°C and 

more preferably 60°C to 80°C. The reaction t ime is  preferably 

5 hours to 20 hours and more preferably 10 hours to 15 5 

hours. I t is preferable to use the compound (c) in an amount 

of  0.5 to 1.5 equivalents of  the l inear f luoropolyether (a ).  

Then, purif icat ion is carried out  by, for  example,  column 

chromatography so that the l inear f luoropolyether (b) is  

obtained. This reaction can be carried out in a solvent.  10 

Examples of  the solvent can include t-butyl alcohol,  dimethyl  

formaldehyde, 1,4-dioxane, dimethyl sulfoxide, and 

dimethylacetamide. A reaction accelerator can be used in the 

reaction. Examples of the reaction accelerator  can include a 

basic compound such as sodium, potassium t-butoxide,  or  15 

sodium hydride.  

[0042]  

 Examples of the compound (c) can include a compound 

including an epoxy group and a haloalkyl  alcohol represented 

by X(CH2 )pOH, and a phenoxy compound (c-1)  including an 20 

epoxy group. 

[0043]  

 Examples of the compound including an epoxy group 

can include glycidol , propylene oxide,  glycidyl methyl ether,  

and isobutylene oxide.  25 
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[0044]  

 In the haloalkyl  alcohol represented by X(CH2)pOH, X 

represents a halogen atom such as chlorine, bromine, or 

iodine,  and p is a real number of  2 to 8.  Examples of the 

haloalkyl  alcohol  can include 2-chloroethanol , 5 

3-chloropropanol,  4-chlorobutanol,  5-chloropentanol , 

6-chlorohexanol,  7-chloroheptanol,  8-chlorooctanol , 

2-bromoethanol,  3-bromopropanol , 4-bromobutanol , 

5-bromopentanol ,  6-bromohexanol,  7-bromoheptanol ,  

8-bromooctanol , 2-iodoethanol,  3-iodopropanol , 10 

4-iodobutanol,  5-iodopentanol,  6-iodohexanol ,  

7-iodoheptanol,  and 8-iodooctanol.  

[0045]  

 Examples of  the phenoxy compound including an epoxy 

group include a compound represented by Formula (c-1) 15 

below.  

[0046]  

 (c-1) 

[0047]  

 Examples of  R4 include a hydrogen atom, a hydroxyl 20 

group, an alkoxy group including one to four carbon atoms, 

an amino group, and an amide residue. 
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[0048]  

 Examples of the alkoxy group including one to four 

carbon atoms can include a methoxy group, an ethoxy group, 

a propoxy group,  and a butoxy group. Examples of the amino 

group can include an amino group, a methyl  amino group, a 5 

dimethylamino group, an ethylamino group, and a 

diethylamino group. Examples of the amide residue can 

include an acetamide group (-NHCOCH3 )  and a propionamide 

group (-NHCOC2H5 ) .  

[0049]  10 

 Speci f ic examples of  the compound (c-1)  can include 

glycidyl  4-methoxyphenyl ether , glycidyl  4-ethoxyphenyl 

ether ,  glycidyl 4-propoxyphenyl ether,  glycidyl  

4-butoxyphenyl  ether,  glycidyl  4-aminophenyl ether,  glycidyl  

4-methylaminophenyl  ether , glycidyl  4-dimethylaminophenyl  15 

ether , glycidyl  4-ethylaminophenyl ether, glycidyl  

4-diethylaminophenyl ether,  glycidyl 4-acetamidephenyl 

ether ,  and glycidyl  4- propionamidephenyl ether . 

[0050]  

 For  example,  in a case of  using 20 

HOCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2OH as the l inear 

f luoropolyether  (a)  and using glycidol  as the compound (c),  

both the substances react with each other to form 

HOCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2O

H as the l inear f luoropolyether (b) .  25 
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[0051]  

 For  example,  in a case of  using 

HOCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2OH as the l inear 

f luoropolyether  (a)  and using the compound (c-1)  as the 

compound (c) ,  both the substances react with each other to 5 

form 

CH3OC6H4OCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2O)mCF2

CF2CH2OH as the l inear fluoropolyether  (b) . 

[0052]  

 In the second step, the l inear f luoropolyether (b)  10 

obtained in the f irst  step or the l inear f luoropolyether (a)  is 

al lowed to react  with the al iphatic hydrocarbon group (A) so 

that the per fluoropolyether compound described above is 

synthesized. 

[0053]  15 

 For  example,  the l inear f luoropolyether  (b)  obtained in 

the f irst  step or  the linear f luoropolyether  (a)  is al lowed to 

react with the al iphatic hydrocarbon group (A)  in the 

presence of a base. The reaction temperature is preferably 

20°C to 90°C and more preferably 60°C to 80°C. The reaction 20 

time is preferably 5 hours to  20 hours and more preferably 10 

hours to 15 hours. I t is preferable to use the aliphatic 

hydrocarbon group (A)  in an amount of 0.5 to 1.5 equivalents 

of  the l inear f luoropolyether (a)  or (b) and use a base in an 

amount of 0.5 to 2.0 equivalents of  the linear f luoropolyether 25 
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(a )  or (b) .  Examples of the base can include sodium 

t-butoxide,  potassium t-butoxide,  sodium hydroxide,  

potassium hydroxide,  and sodium hydride.  The reaction can 

be carried out in a solvent.  Examples of the solvent can 

include t-butanol,  toluene, and xylene.  Then, the resultant 5 

product of the reaction is,  for example, washed with water  

and dehydrated. The perf luoropolyether compound 

represented by Formula (3) is thus obtained.  

[0054]  

 Speci f ic examples of  the a liphatic hydrocarbon group 10 

(A)  can include 1,3-butadiene diepoxide, 1,4-pentadiene 

diepoxide,  1,5-hexadiene diepoxide,  1,6-heptadiene 

diepoxide, 1,7-octadiene diepoxide, 1,8-nonadiene diepoxide,  

1,9-decane diepoxide,  1,10-undecane diepoxide,  

1,11-dodecane diepoxide,  and 15 

1,1,1,1-tetra(glycidyloxymethyl )methane. 

[0055]  

 When the linear f luoropolyether  (b) obtained in the f irst  

step is  al lowed to react with the aliphatic hydrocarbon group 

(A) ,  i t  is  possible to obtain a compound of  which speci fic 20 

examples include 

HOCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2-

OCH2CH(OH)CH2CH2CH2CH2CH(OH)CH2O-CH2CF2CF2O(CF2C

F2CF2O)mCF2CF2CH2OCH2CH(OH)CH2OH, 

HOCH2CH(OH)CH2OCH2CF2CF2CF2O(CF2CF2CF2CF2O)nCF2CF25 
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2CF2CH2-OCH2CH(OH)CH2CH2CH2CH2CH(OH)CH2O-CH2CF2C

F2CF2O(CF2CF2CF2CF2O)nCF2CF2CF2CH2OCH2CH(OH)CH2OH

, and 

HOCH2CH(OH)CH2OCH2C2F4O(C3F6O)mCF2CH2OCH2CH(OH)C

H2CH2CH2CH2CH(OH)CH2OCH2CF2O(C3F6O)mC2F4CH2OCH2C5 

H(OH)CH2OH, which is  Compound 2 in Example. 

[0056]  

 When the f luoropolyether  (a) is al lowed to react with 

the al iphatic hydrocarbon group (A) , it  is  possible  to obtain a 

compound of which specif ic examples include 10 

HOCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2-OCH2CH(OH)CH2

CH2CH2CH2CH(OH)CH2O-CH2CF2CF2O(CF2CF2CF2O)mCF2CF2

CH2OH and 

HOCH2CF2CF2CF2O(CF2CF2CF2CF2O)nCF2CF2CF2CH2-OCH2C

H(OH)CH2CH2CH2CH2CH(OH)CH2O-CH2CF2CF2CF2O(CF2CF215 

CF2CF2O)nCF2CF2CF2CH2OH. 

[0057]  

 [3 . Magnetic disk] 

 A magnetic disk 1 in accordance with an embodiment of  

the present invention includes, as i l lustrated in Fig.  1,  a  20 

recording layer 4, a protective f i lm layer (protect ive layer ) 3,  

and a lubricant layer 2 that are disposed on a non-magnetic 

substrate 8. The lubr icant layer 2 contains the 

above-described lubricant solution.  

[0058]  25 
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 In another embodiment, a magnetic disk can include, 

like the magnetic disk 1 i llustrated in Fig.  2, a lower layer  5 

that underl ies the recording layer 4, one or more sof t 

magnetic lower layers 6 that  underl ie the lower layer  5,  and 

an adhesive layer 7 that underlies the one or more soft 5 

magnetic lower layers 6.  In one embodiment, all  these layers 

can be formed on the non-magnet ic substrate 8.  

[0059]  

 Each of the layers of the magnetic disk 1 other than the 

lubricant layer 2 can contain a material  that is known in this  10 

technical f ie ld to be suitable for a corresponding layer  of a 

magnetic disk. Examples of the material o f the recording 

layer 4 include: an al loy of an element (e.g. , iron, cobalt , and 

nickel )  from which a ferromagnetic material  can be formed 

and chromium, plat inum, tantalum or the l ike;  and an oxide 15 

of  the a l loy. Examples of  the material of the protect ive layer 3 

include carbon,  Si3N4 ,  SiC, and SiO2 .  Examples of the 

material  of  the non-magnetic substrate 8 include an 

aluminum alloy, glass, and polycarbonate.  

[0060]  20 

 [4 . Method for producing magnet ic disk]  

 A method for producing a magnetic disk in accordance 

with an aspect of the present  invention includes a step of  

forming a lubricant layer  by placing a lubricant solution in 

accordance with an embodiment of the present invention on 25 
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an exposed surface of  a  protect ive layer  of  a stack of a 

recording layer and the protect ive layer.  

[0061]  

 A method of forming a lubricant layer by placing a 

lubricant solution on an exposed surface of a protect ive layer  5 

of  a stack of  a recording layer  and the protect ive layer is not 

limited to any part icular method. The lubricant solution is 

preferably heated while  being placed, i .e.,  being appl ied. The 

lubricant solution preferably has a temperature of 25°C to 

80°C while being applied. 10 

[0062]  

 The fo llowing arrangement may be employed: the 

recording layer  and the protective layer are formed in this 

order;  the lubricant is p laced on the exposed surface of  the 

protective layer;  and then ultraviolet  irradiation or heat 15 

treatment is  carried out. 

[0063]  

 The ultraviolet  irradiation or heat treatment can form 

stronger bonds between the lubricant layer and the exposed 

surface of  the protect ive layer and therefore prevents the 20 

lubricant from evaporating due to heating.  When carrying out 

ultravio let  irradiation, i t  is  preferable  to use ultraviolet  l ight 

having a dominant wavelength of  185 nm or 254 nm, in order  

to activate the exposed surface without af fect ing the 

lubricant layer and a deep area of  the protect ive layer.  The 25 
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temperature of  the heat treatment is preferably 60°C to 

170°C, more preferably 80°C to 170°C, and even more 

preferably 80°C to 150°C.  

 

Examples 5 

[0064]  

 The fol lowing description wi ll  more speci f ical ly discuss 

the present invention based on Examples;  however,  the 

present invention is not l imited to the fol lowing Examples.  

Note that the f i lm thicknesses of  the following Examples were 10 

evaluated by the fol lowing method. 

[0065]  

 [F i lm thickness evaluation on lubricant layer]  

 The f i lm thickness of the lubricant layer was measured 

by using FT-IR (VERTEX70 avai lable  f rom Bruker) .  15 

[0066]  

 [Example 1]  

 Compound 1 represented by the formula below was 

synthesized as follows: 

 HOCH2CH(OH)CH2OCH2CH(OH)CH2OCH2C2F4O(C3F6O)20 

mC2F4CH2OCH2CH(OH)CH2OCH2CH(OH)CH2OH 

 2,2-dimethyl-1,3-dioxolane-4-methanol (70g), 

epichlorohydrin (100g),  tetrabutylammonium bromide (9g),  

50% NaOH aqueous solution (70g) , and n-hexane (350g) were 

put in a reaction container,  heated to 80°C, and stirred for  25 
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three hours.  A resultant reaction product was then washed 

with water and subsequently dehydrated, so that 60 g of  an 

intermediate 1,  

(2 ,2-dimethyl-4-(2,3-epoxy)propoxymethyl-1,3-dioxolane), 

was obtained. 5 

[0067]  

 In an argon atmosphere,  a mixture of t-butyl alcohol 

(65g),  perf luoropolyether  (25g) represented by 

HOCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2OH, potassium 

t-butoxide (0.3g),  and the intermediate 1 (9.6g) was stirred at 10 

70°C for 23 hours.  A resultant  reaction product was washed 

with water and then dehydrated. Methanol (100g),  water  

(11g),  and 60% nitr ic acid aqueous solution (0.4g)  were then 

added to this resultant reaction product, which was st i rred 

for 39 hours. Af ter this stirring, a resultant reaction product 15 

was washed with water,  and then dehydrated, and puri f ied by 

disti l lat ion, so that 20g of  Compound 1 was obtained.  

Ident if icat ion results of Compound 1 by NMR are shown 

below. 

[0068]  20 

 1 9F-NMR (solvent:  none, reference substance:  

-OCF2CF2CF2O- in the product [-129.7 ppm])  

 δ = -129.7 ppm [11F, -OCF2CF2CF2O-] 

 δ = -84.1 ppm [22F, -OCF2CF2CF2O-] 
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 δ = -124.0 ppm [4F,  

-OCF2CF2CH2OCH2CH(OH)CH2OCH2 (OH)CH2OH, 

-OCF2CF2CH2OCH2CH(OH)CH2OH] 

 δ = -86.4 ppm [4F,  

-OCF2CF2CH2OCH2CH(OH)CH2OCH2CH(OH)CH2OH, 5 

-OCF2CF2CH2OCH2CH(OH)CH2OH] 

 The results from 1 9F-NMR proved that m=5.5 as to 

Compound 1. Compound 1 was found to have a number  

average molecular weight of  1487; therefore,  NOH/(Mn/1500)  

= 6.1. 10 

[0069]  

 1H-NMR (solvent: none, re ference substance: D2O) 

 δ = 3.0 ppm to 4.4 ppm [24H, 

HOCH2CH(OH)CH2OCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2

O)mCF2CF2CH2OCH2CH(OH)CH2OCH2CH(OH)CH2OH] 15 

 δ = 4.6 ppm [6H, 

HOCH2CH(OH)CH2OCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2

O)mCF2CF2CH2OCH2CH(OH)CH2OCH2CH(OH)CH2OH] 

 Compound 1 thus obtained was dissolved in water at a 

concentration of 0.09g/L,  so that a lubr icant solution in 20 

Example 1 was prepared. The lubricant solution was applied 

to a magnetic disk by the dip method. The temperature of the 

lubricant solut ion was set  to  25°C, and the lubricant solution 

was applied under a condit ion of  an immersion t ime of  f ive 

minutes and the magnetic disk was pulled-up at a speed of  2 25 
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mm/sec. 

[0070]  

 [Example 2]  

 The lubricant solution obtained in Example 1 was 

applied to a magnetic disk in a manner simi lar to that for  5 

Example 1 except that the temperature of  the lubricant 

solution was set to 80°C.  

[0071]  

 [Example 3]  

 Compound 1 was dissolved, at the same concentration 10 

as in Example 1,  in a mixed solvent obtained by mixing water  

and acetone in a volume ratio of  50:50,  so that a lubricant 

solution in Example 3 was prepared.  The lubricant  solution 

was applied to a magnetic disk in a manner similar to that for 

Example 1 except that the lubricant solution thus prepared 15 

was used. 

[0072]  

 [Example 4]  

 Compound 1 was dissolved, at the same concentration 

as in Example 1,  in a mixed solvent obtained by mixing water  20 

and acetone in a volume ratio of  50:50,  so that a lubricant 

solution in Example 4 was prepared.  The lubricant  solution 

was applied to a magnetic disk in a manner similar to that for 

Example 1 except that the temperature of  the lubricant 

solution thus prepared was set to 50°C. 25 
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[0073]  

 [Example 5]  

 Compound 2 represented by the formula below was 

synthesized as follows. 

 HOCH2CH(OH)CH2OCH2C2F4O(C3F6O)mCF2CH2OCH2CH5 

(OH)CH2CH2CH2CH2CH(OH)CH2OCH2C2F4O(C3F6O)mC2F4CH2

OCH2CH(OH)CH2OH 

 In an argon atmosphere,  a mixture of t-butyl alcohol 

(41g),  95g of  per fluoropolyether (number average molecular 

weight: 1980,  molecular weight distribution: 1.25)  10 

represented by HOCH2CF2CF2O(CF2CF2CF2O)mCF2CF2CH2OH, 

potassium t-butoxide (0.6g) , and glycidol  (3 .6g) was st irred 

at 70°C for 14 hours. Af ter this st irr ing, a resultant reaction 

product was washed with water,  then dehydrated, and 

purif ied by si lica gel column chromatography, so that 95g of  15 

perfluoropolyether (number average molecular weight: 2110) 

including one hydroxyl group at one terminal thereof and 

including two hydroxyl groups at the other  terminal  thereof.  

This perf luoropolyether (95g) was dissolved in meta-xylene 

hexaf luoride (95g).  Sodium hydroxide (3.0g)  and 20 

1,7-octadiene diepoxide (3.2g)  were added to this resultant 

solution, which was then st irred at 70°C for 14 hours. After  

this st irring, a resultant reaction product was washed with 

water,  dehydrated, and then purif ied by disti l lation, so that 

60g of Compound 2 was obtained.  25 
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[0074]  

 Compound 2 was a color less, transparent l iquid, and 

had a density of  1.74g/cm3  at  20°C. Identif icat ion results of 

Compound 1 by NMR are shown below. 

[0075]  5 

 1 9F-NMR (solvent;  none, reference substance:  

OCF2CF2CF2O in the product  [-129.7 ppm])  

 δ = -129.7 ppm [18F, -OCF2CF2CF2O-] 

 δ = -83.7 [36F, -OCF2CF2CF2O-] 

 δ = -124.2 ppm [8F,  10 

-OCF2CF2CH2OCH2CH(OH)CH2CH2CH2CH2CH(OH)CH2- , 

-OCF2CF2CH2OCH2CH(OH)CH2OH] 

 δ = -86.5 ppm [8F,  

-OCF2CF2CH2OCH2CH(OH)CH2CH2CH2CH2CH(OH)CH2- , 

-OCF2CF2CH2OCH2CH(OH)CH2OH] 15 

 The results from 1 9F-NMR proved that m = 9.3 as to 

Compound 2. Compound 2 was found to have a number  

average molecular weight of  3934; therefore,  NOH/(Mn/1500)  

= 2.3. 

[0076]  20 

 1H-NMR (solvent: none, re ference substance: D2O) 

 δ = 3.2 ppm to 3.8 ppm [30H, 

HOCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2O)zCF2CF2CH2-O

CH2CH(OH)CH2CH2CH2CH2CH(OH)CH2O-CH2CF2CF2O(CF2CF

2CF2O)zCF2CF2CH2OCH2CH(OH)CH2OH] 25 
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 δ = 1.1 ppm [8H, 

HOCH2CH(OH)CH2OCH2CF2CF2O(CF2CF2CF2O)zCF2CF2CH2-O

CH2CH(OH)CH2CH2CH2CH2CH(OH)CH2O-CH2CF2CF2O(CF2CF

2CF2O)zCF2CF2CH2OCH2CH(OH)CH2OH] 

 Application to a magnetic disk was carr ied out in a 5 

manner similar  to that for Example 1 except that Compound 

2 thus obtained was dissolved in water at  a concentration of  

0.35g/L. 

[0077]  

 [Example 6]  10 

 A lubricant  solution obtained in Example 5 was applied 

to a magnetic disk in a manner simi lar to that for  Example 1 

except that  the temperature of the lubr icant solution was set 

to 80°C. 

[0078]  15 

 [Example 7]  

 Compound 2 was dissolved, at the same concentration 

as in Example 5,  in a mixed solvent obtained by mixing water  

and acetone in a volume ratio of  50:50,  so that a lubricant 

solution in Example 7 was prepared. This lubricant solution 20 

was applied to a magnetic disk in a manner similar to that for 

Example 5 except that the lubricant solution thus prepared 

was used. 

[0079]  

 [Example 8]  25 
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 Compound 2 was dissolved, at the same concentration 

as in Example 5,  in a mixed solvent obtained by mixing water  

and acetone in a volume ratio of  50:50,  so that a lubricant 

solution in Example 8 was prepared. This lubricant solution 

thus obtained was appl ied to a magnetic disk in a manner  5 

similar to that for Example 1 except that the temperature of 

the lubricant solution thus prepared was set to 50°C. 

[0080]  

 [Comparative Example 1]  

 Compound 1 was dissolved, at the same concentration 10 

as in Example 1,  in Vertre l-XF available from 

Chemours-Mitsui  Fluoroproducts Co.,  Ltd.,  so that a 

lubricant solut ion in Comparative Example 1 was prepared.  

This  lubr icant solution was appl ied to a magnetic disk in a 

manner similar  to that for  Example 1 except that the 15 

lubricant solution thus prepared was used.  

[0081]  

 [Comparative Example 2]  

 Compound 1 was dissolved, at the same concentration 

as in Example 1,  in ASAHIKLIN AK-225G avai lable from AGC, 20 

so that a lubricant solution in Comparative Example 2 was 

prepared. This lubricant solution was applied to a magnetic 

disk in a manner similar to  that for Example 1 except that the 

lubricant solution thus prepared was used.  

[0082]  25 
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 [Comparative Example 3]  

 Compound 2 was dissolved, at the same concentration 

as in Example 5,  in Vertre l-XF available from 

Chemours-Mitsui  Fluoroproducts Co.,  Ltd.,  so that a 

lubricant solut ion in Comparative Example 3 was prepared.  5 

This lubr icant solution was appl ied to a magnetic disk in a 

manner similar  to that for  Example 1 except that the 

lubricant solution thus prepared was used.  

[0083]  

 [Comparative Example 4]  10 

 Compound 2 was dissolved, at the same concentration 

as in Example 5,  in ASAHIKLIN AK-225G avai lable from AGC, 

so that a lubricant solution in Comparative Example 4 was 

obtained.  This lubricant solution was appl ied to a magnetic  

disk in a manner similar to that for Example 1 except that 15 

this lubricant solut ion was used. 

[0084]  

 [Results of  f i lm thickness evaluation on lubricant 

layers ] 

 Table 1 shows solvents, GWPs for the respect ive 20 

solvents,  appl ication temperatures, and the results of  f i lm 

thickness evaluation on lubricant layers that were formed. 

[0085]  

[Table 1]  
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Lubricant Solvent 
AT 

(°C ) 
Solubility 

LC 

(g/L) 

GWP 

(100-Year 

time horizon) 

Film 

Thickness 

(nm) 

Example 1 Compound 1 
Water 

25 Soluble 0.09 

Outside 

scope of 

measure- 

ment 

1.2 

Example 2 Compound 1 80 Soluble 0.09 1.3 

Example 3 Compound 1 Water / 

Acetone 

25 Soluble 0.09 1.1 

Example 4 Compound 1 50 Soluble 0.09 1.2 

Example 5 Compound 2 
Water 

25 Soluble 0.35 1.3 

Example 6 Compound 2 80 Soluble 0.35 1.4 

Example 7 Compound 2 Water / 

Acetone 

25 Soluble 0.35 0.9 

Example 8 Compound 2 50 Soluble 0.35 1.1 

Comparative 

Example 1 
Compound 1 VertrelXF 25 Insoluble 0.09 1640 

Un- 

measurable 

Comparative 

Example 2 
Compound 1 AK255G 25 Soluble 0.09 595 1.0 

Comparative 

Example 3 
Compound 2 VertrelXF 25 Soluble 0.35 1640 1.1 

Comparative 

Example 4 
Compound 2 AK255G 25 Soluble 0.35 595 0.9 

Explanation of abbreviations in Table 1: 

AT: Application Temperature; LC: Lubricant Concentration 

[0086]  

 As is clear from Table 1, Examples 1 to 8 do not 

signi f icantly di ffer from Comparative Examples 1 to 4 in fi lm 

thickness. This means that the lubricant solutions in 

Examples 1 to 8, which contain water as a solvent,  have the 5 

same functionali ty as the lubricant solutions that contain a 

f luor ine solvent. I t  has therefore been confirmed that the 

lubricant solution in accordance with an embodiment of the 

present invention makes i t possible to form a lubricant layer 

in a manner that places lower load on the environment than 10 

conventional lubricant solutions.  

 

Industrial Applicabi l ity 

[0087]  

 A lubricant solution in accordance with an aspect of  15 
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the present invention is suitable for use as a lubricant 

solution for  a magnetic  disk.  

 

Reference Signs List 

[0088]  5 

 1 Magnetic disk 

 2 Lubricant layer 

 3 Protective f ilm layer  (protect ive layer ) 

 4 Recording layer 

 5 Lower layer 10 

 6 Soft magnetic lower layer 

 7 Adhesive layer 

 8 Non-magnetic substrate
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Claims 

  

1.  A lubr icant solution compris ing: water;  and a 

perfluoropolyether compound that satis fies Expression ( I )  

below: 5 

 NOH  / (Mn/1500) ≥ 2 · · · ( I ) ,  

 where NOH  represents the number of  hydroxyl groups 

contained per molecule of the perfluoropolyether compound 

and Mn represents a number average molecular weight of  the 

perfluoropolyether compound. 10 

  

2.  The lubricant solution according to c laim 1, wherein 

the per fluoropolyether compound has a structure of Formula 

(1 )  below: 

 -(CF2 )x (CF(CF3 ) )yO(CF2O) z (CF2CF2O) l (CF2CF2CF2O)m (CF15 

2CF2CF2CF2O)n (CF(CF3 )CF2O)o -(CF(CF3 ) ) y (CF2 )x-  · · · (1) ,  

 where x is a real number of 0 to 3,  y is a  real  number of  

0 to 1, and z,  l ,  m, n, and o are each a real number of 0 to  15 

such that e ither x or y is a  real  number of  not  less than 1 and 

at least any one of  z,  l ,  m, n, and o is a real  number of  not less 20 

than 1. 

  

3.  The lubricant  solution according to claim 1 or 2,  

wherein the perf luoropolyether compound is represented by 

Formula (2)  below: 25 
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 R1-R2-R3  · · · (2) ,  

 where R2  is an organic group having a 

perfluoropolyether skeleton, and 

 R1  and R3  are organic groups, and include,  

independently of  each other,  a f luorine atom, a hydroxyl 5 

group, an alkyl  hal ide group, an alkoxy group, a carboxyl  

group, an amino group, an ester group, an amide group, or an 

aryl group at respective terminals thereof.  

  

4.  The lubricant solution according to any one of claims 1  10 

to 3,  further comprising an organic solvent.  

 

5.  The lubricant solution according to any one of claims 1  

to 4, wherein the lubricant solution contains a f luor ine 

solvent in an amount of not more than 20 wt%. 15 

 

6.  A magnet ic disk comprising: 

 a recording layer ; 

 a protective layer disposed on the recording layer; and 

 a lubricant  layer  disposed on the protective layer,  20 

 the lubricant layer comprising a lubr icant solution 

according to any one of c laims 1 to 5.  

 

 

 25 
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7. A method for producing a magnetic disk including a 

recording layer, a protect ive layer disposed on the recording 

layer,  and a lubr icant layer disposed on the protective layer,  

the method comprising a step of  forming a lubricant  layer by 

placing,  on an exposed surface of  the protect ive layer  of  a 5 

stack of  the recording layer and the protect ive layer,  a 

lubricant solution according to any one of claims 1 to 5.  




