1 - DESCRI PTI ON LUBRI CANT SOLUTI ON FOR MAGNETI C RECORDI NG MEDI A, CONTAI NI NG
FLUORI NATED POLYETHER COVPOUND AS LUBRI CANT 5 TECHNI CAL FI ELD The present
invention relates to a lubricant solution to be applied on the surface of
magnetic recording nedia to be nmounted on a magnetic disk drive to 10 be
used as information storage for conputers, etc. More particularly, it
relates to a lubricant solution for magnetic recording nmedia, which is
excellent in lubricity and which presenté—high reliability in use for a

|l ong period of tine. 15 BACKGROUND éf&ﬂﬂ&@rnation processi ng systens
for conputers, etc., a magnetic dis riveis widely used as an
information storage unit. |If a magnetic disk drive is 20 used, recording or
readi ng of information can be carried out with a magnetic di sk by scanning
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TECHNICAL FIELD
The present invention relates to a lubricant
solution to be applied on the surface of magnetic
recording media to be mounted on a magnetic disk drive to
10 be used as information storage for computers, etc. More
particularly, it relates to a lubricant solution for
magnetic recording media, which is excellent in lubricity
and which presents high reliability in use for a long
period of time.
15
BACKGROUND ART
In information processing systems for computers,
etc., a magnetic disk drive is widely used as an
information storage unit. If a magnetic disk drive is
20 used, recording or reading of information can be carried
out with a magnetic disk by scanning a magnetic head on
the magnetic disk.
However, in recent years, as high density recording
on magnetic disks has been advanced, various problems
25 have been reported. For example, decomposition of the
lubricant molecules in an operation for a long period of

time has become a more serious problem as the environment
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ted to increase the nolecular weight of thé above conmpoun
Document 1}:

HO-CH,CF,0- (CF3CF,0) x1 - (CF30) y1 ~CF2CH,0H (A)
wherein each of x1 and yl which are independent of each
other, is an integer.

It is known by the document that the surface having
a coating film of compound (A) formed by the application
of the compound (A) on the substrate surface, is
excellent in the nature (self-replenishing property) such
that when a part of the coating film becomes defective,
the compound (A) around the defective portion will cover
the defective portion to replenish the defective portion.
Further, it is known that a -CH,0OH group present at the
molecular terminal of compound (A) 1s involved in such
self-replenishing and adhesive property.

As a perfluoro-polyether compound such as compound
(A) has become to be used under a high temperature
condition, a compound having a lower vapor pressure has
been desired. In an attempt to accomplish a low vapor
pressure, it has been attempted to increase the molecular
weight, but when it is attempted to increase the

molecular weight of the above compound (A), there has

d (A),



been a problemthat the viscosity increases remarkably, whereby its
application tends to be difficult. Further, there has been a problemthat
*the proportion of -CH2OH groups per unit volunme becomes | ow by the increase
of the 5 nol ecul ar wei ght, whereby the self-replenishing property tends to
deteriorate. As a conmpound to sol ve such problens, a conmpound of the
followng formula (B) has al so been proposed (wherein each of h and i is an
integer of at least 1), but 10 conpound (B) also has a problemthat the

viscosity is, high. HO CH2CH( OH) CE20- (.CF2CE20) x2- (CF20) Y2- CF2CH(. CH2- OH
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are - COOH groups, has a proble that when left under a nperature
condition, -EERHs ter ppaks oyagergo CO2 renoval , whereby polar end groups 4

As a compound to solve such problems, a compound of
the following formula (B) has also been proposed (wherein
each of h and i is an integer of at least 1), but

10 compound (B) also has a problem that the viscosity is
high.

HO-CH,CH (OH) CF;0- (CF3CF20) x2- (CF20) yv2-CF,CH (OH) CH,~-0OH

(B)
wherein each of x2 and y2 which are independent of each
15 other, is an integer.

Further, each of compound (A) and compound (B)
requires a -OCF,0- unit in its molecular structure. This
unit is a unit which causes the decomposition reaction of
the compound, and thus, the compound having such a unit

20 has had a problem that it undergoes deterioration in its
use (e.g. Non-Patent Documents 2, 3 and 4).

As a compound having no -OCF;0- unit, a compound of
the formula (A) wherein -CH;OH end groups are -COOH
groups, has been reported. However, such a compound

25 wherein the terminals are -COOH groups, has had a problem
that when left under a high temperature condition, -COOH

terminals undergo CO,; removal, whereby polar end groups



will be lost, and the self-replenishing property will deteriorate. Further,
t he conpound having -COOH groups has had a problemthat the acidity of
-COOH groups is large, thus causing corrosion. s On the other hand, if
pollutants are deposited on the disk surface, there will be a problem such
that during the operation of the nagnetic disk drive, such pollutants wll
scatter around, thus causing a trouble such as corrosion of the magnetic
head. Various causes 10 are concelvable fér such dep03|t|on of the
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or 1,1,1,2,3,4,4,5,5,5- decafluoropentane, or a perfluorocarbon (hereinafter

25 referred tﬁeaaleﬁc)suwaaeas theteali uor phexapeosn emhexateeahlcuor ohept ane.
R113 was widely used as it is non-flammbl e and has 5

during the operation of the magnetic disk drive, such
pollutants will scatter around, thus causing a trouble
such as corrosion of the magnetic head. Various causes

10 are conceivable for such deposition of the pollutants.
One of the causes is considered to be derived from a
lubricant layer to be formed on the magnetic disk surface
for lubricating purpose. Namely, if the lubricant layer
is thick and non-uniform, the thick portion of the

15 lubricant layer is likely to be in contact with the
magnetic head, whereby the lubricant layer will be
scattered.

Heretofore, the lubricant layer was formed, for

example, by applying, on a disk surface, a composition

20 having a fluororesin lubricant dissolved in a fluorinated
solvent such as a hydrofluorocarbon (hereinafter referred
to as HFC) such as 1,1,2-trichloro-1,2,2-trifluoroethane
(hereinafter referred to as R113) or 1,1,1,2,3,4,4,5,5,5-
decafluoropentane, or a perfluorocarbon (hereinafter

25 referred to as PFC) such as tetrafluorohexane or

hexadecafluoroheptane.

R113 was widely used as 1t is non-flammable and has



low toxicity and a dissolving power, and it is also excellent in chem cal
stability, but it becanme subject to regulation as a conpound highly likely
“to deplete the ozone layer. 5 Further, PFC and HFC are conpounds which
becane reduction targets together with carbon dioxide (CO2), dinitrogen
nonoxi de, methane and sul fur hexafluoride (SF6) in the Kyoto Protocol
adopted in Third Conference of the Parties to the United Nations Framework
Convention 10 on Cinmate Change in 1997, &and their use is expected to be

restricted. ngtg%rQE@% Qﬁ&d alg§5ﬁ9§n8f %Egg gﬁ%?%gols %ﬁ% enane,

manuf act ured by bei uorinate er as a solvent tor a l|ubricant
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2). However, such orlnate ether is Not necessarily one ~which shows

adequat e sol E‘Qbh'lﬁ)f1gﬁpﬁgdbngoﬂﬁgﬂnhhﬁl%ﬁ@9 19kehbe chubeaart apd has
further had a problemthat the conposifional ratio of i1Somers changes,

whereby a 20,¢gA8t aBl,edryi Ng property nmay not be obtained. Patent Document
1. JP-A-6-44557 (page 2) Patent Docunment 2: JP-A-2001-187796 (Exanple 2)

Non- Pat eny Docunegwirther’, CprEoneld Hret adle cdmpolind Wi Ehecamel 999, Vol .
95, p. 51-70 25 Non-Patent Docunent 2: W Fong et al, "IEEE Transactions on
magneti cs", MaaQRt1999tra¥Yekts3%ogheheZ, wiph 2821p3h2d8oxide (CO,),
dinitrogen monoxide, methane and sulfur hexafluoride
(SFg) in the Kyoto Protocol adopted in Third Conference
of the Parties to the United Nations Framework Convention
10 on Climate Change in 1997, and their use 1s expected to
be restricted.
On the other hand, a method of using HFE7100
(tradename, manufactured by 3M) being a fluorinated
ether, as a solvent for a lubricant to be applied on a
15 magnetic disk surface, is disclosed (Patent Document 2).
However, such a fluorinated ether is not necessarily one
which shows adequate solubility depending upon the type
of the lubricant and has further had a problem that the
compositional ratio of isomers changes, whereby a
20 constant drying property may not be obtained.
Patent Document 1: JP~A-6-44557 (page 2)
Patent Document 2: JP~-A-2001-187796 (Example 2)
Non-Patent Document 1: “C. Tonelli et al, J.
Fluorine Chem.”, 1999, vVol. 95, p. 51-70
25 Non-Patent Document 2: W. Fong et al, “IEEE

Transactions on Magnetics”, March 1999, Vol. 35, No. 2,

p. 911-912



Non- Pat ent Document 3: J. Scheirs, "Modern Fluoropol yners”, John Wley &
Sons Ltd., 1997, p. 466-468 Non-Patent Docunent 4: P. H Kasai,

" "Macronol ecul es”, 1992, Vol. 25, p. 6791 5 DI SCLOSURE OF THE | NVENTI ON
OBJECT TO BE ACCOWPLI SHED BY THE INVENTION It is an object of the present
invention to provide a lubricant solution for magnetic recording nedia,
which 10 conprises a lubricant excellent in chemcal stability and capabl e
of inparting excellent | ubricity, and a s8l vent having a suitable

di ssol vi ng power f EQQ nt“9k¥§ﬁﬂ§u?@d Jbe@@%hqg§y tpnd] e, excellent in

drying properties an not influential over e ozoneciayer 15 MEANS TO
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medi a, which conprises a | ubricant uori nated “alkyl ether mhereln

the | ubricant |sNg%d@ann%'Hdgyﬁgn%o4po¢ye@he@3gggpound of t he follomnng
formula (1) and the fluorinated alkyl ether is a compound of the follow ng

formul a (4): “fiXcrBholedhilekl) WaBLEI KoX.i 952 gFOIsr-? 9qf the follow ng formula
(2): 25 HO (CH2CH20) a( CH2CH( OH) CH20) b- ( CH2) ¢- CF2( OCF2CF20) dO- (2) wherein a
is an integer of fromO to 100, b is an integer 7

DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION
It is an object of the present invention to provide
a lubricant solution for magnetic recording media, which
10 comprises a lubricant excellent in chemical stability and
capable of imparting excellent lubricity, and a solvent
having a suitable dissolving power for the lubricant and
being easy to handle, excellent in drying properties and
not influential over the ozone layer.
15
MEANS TO ACCOMPLISH THE OBJECT
(1) A lubricant solution for magnetic recording
media, which comprises a lubricant and a fluorinated
alkyl ether, wherein the lubricant is made of a fluoro-
20 polyether compound of the following formula (1) and the
fluorinated alkyl ether is a compound of the following
formula (4):
(X-)eY(-2)¢ (1)
wherein X is a group of the following formula (2):
25 HO- (CH3CH,0) 4* (CH,CH (OH) CH,0) - (CH3) -CF, (OCF,CF,0) 40-
(2)

wherein a is an integer of from 0 to 100, b is an integer



of-fromO to 100, c is an integer of from1l to 100, and d is an integer of
froml to 200, Zis a group of the followng fornula (3): RFQUCF2CF20) g-
"(3) 5 wherein RF is a 01.20 perfluoroal kyl group or a group having an
etheric oxygen atominserted between carbon- carbon atons of such a
perfluoroal kyl group, and g is an integer of from3 to 200, Y is a (e+f)
val ent perfluorinated saturated io hydroc&rbon group or such a (e+f) valent
perfluorinated saturated hydrocarbon group having an etheric oxygen atom

inserted betweer car Borcanphon atus, ‘Mﬁﬁ‘creg;ie& NF IR & MU Ursd &
present, e is an integer of at least 2, and f is an integer of 15 at |east

0, provided thatn(etkkdesr % ifiggar «f Jfooom 2 to 20, a plurality of X when
e is at least 2, may be the same or different, and a plurality of Z when f

is at least 2 mpyibeat Beosdme ok ndi fFbanentingRedPriRA a(453)20 wherein each of
R1 and R2 which are independent of each other, is a Cl_4 fluorinated al kyl

group, provided Eﬁ@QCFyﬂgﬁﬂgLa| nunber pf) carbon atons contained in Rl and
R2 is from3 to 6. (2) The lubricant solution for magnetic recording 25
medi a accor dvhgriednt R€ aboxec(.l) ,paEl@bivad Tkyhegfolipuba a (FPoupach of a and
bis 0 cis 1l and dis from3 to 200, or in the fornmula (2), one of a and
b is at | eashal’ifig an etheric oxygen atom inserted between carbon-
carbon atoms of such a perfluoroalkyl group, and g is an
integer of from 3 to 200,
Y is a (e+f) valent perfluorinated saturated
10 hydrocarbon group or such a (e+f) wvalent perfluorinated
saturated hydrocarbon group having an etheric oxygen atom
inserted between carbon-carbon atoms, wherein no
-OCF,0- structure is present,
e is an integer of at least 2, and f is an integer of
15 at least 0, provided that (e+f) 1s an integer of from 2
to 20, a plurality of X when e is at least 2, may be the
same or different, and a plurality of Z when f is at
least 2 may be the same or different,
R'-0-R? (4)
20 wherein each of R! and R? which are independent of each
other, is a Ci.4 fluorinated alkyl group, provided that
the total number of carbon atoms contained in R' and R?
is from 3 to 6.
(2) The lubricant solution for magnetic recording
25 media according to the above (1), Qherein in the formula

(2), each of a and b is 0, ¢ is 1, and d is from 3 to

200, or in the formula (2), one of a and b is at least 1



and the other is O, cis 1, and dis from3 to 200. (3) The |ubricant
solution for magnetic recording nedia according to the above (1) or (2),
“wherein the fluorinated pol yether conmpound of the forrmula (1) has a 5
nunber average nol ecul ar weight of from500 to 1,000,000 as neasured by gel
pernmeati on chromat ography. (4) The lubricant solution for magnetic recording
nmedi a according to any one of the above ( to (3), wherein (e+f) in the
formula (1) is from2 to 5. 10 (5) The lubricant solution for magnetic

recordi ng q)idat@l%cgrt ng ;10 pany. gne 1of tnI fhave () 1ad Do, Wherein f in

t he fornula ) The 'ubricant’ sol ution for nagnetlc recordlng

nmedi a accordi ng t@,a (
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concentration of the fluori nat conmpoun

mass. (7) Thﬁeb&Qrb%%@%d%%bukbo%h%o%b%%QFQH'Co&GQQrm'Nheﬂ&%ﬂfkﬁgcord'ng to
any one of the above (1) to (6), wherein the quorlnated al kyl ether of the

formula (4) if3ué@ihated %Du%t%felru%'w& &2 t2rd ridrmiroetiy Ingd her .
EFFECTS OF THE | NVENTI ON The lubricant in the present invention has a | ow

vapor pressuhemded Wiveeegie odrdulsrf ee ohtomra fidablsan 25 wfoateterd oration
during its use. Further, the lubricant solution of the present invention

presents a | akr neakured bymgehi gleriveadXesl Ic@itontdgragis, sel f-repl eni shing
property and suitable as a
(4) The lubricant solution for magnetic recording
media according to any one of the above (1) to (3},
wherein (e+f) in the formula (1) is from 2 to 5.
10 (5) The lubricant solution for magnetic recording
media according to any one of the above (1) to (4},
wherein f in the formula (1) is O.
(6) The lubricant solution for magnetic recording
media according to any one of the above (1) to (5),
15 wherein the concentration of the fluorinated polyether
compound is from 0.01 to 50 mass%.
(7) The lubricant solution for magnetic recording
media according to any one of the above (1) to (6),
wherein the fluorinated alkyl ether of the formula (4) is

20 1,1,2,2-tetrafluoroethyl-2,2,2-trifluorocethyl ether.

EFFECTS OF THE INVENTION
The lubricant in the present invention has a low
vapor pressure and viscosity and is free from a problem
25 of deterioration during its use.
Further, the lubricant solution of the present

invention presents a lubricating film which is excellent



| ubricating oil for magnetic recording nmedia. And, the fluorinated al kyl
ether being a solvent for the lubricant is a conpound which presents no
“influence 5 over the ozone layer, and it has a suitable dissolving power
for the lubricant and is excellent in drying properties. Accordingly, it is
capable of formng an extrenely thin, uniformlubricant |ayer and capable
of preventing generation of pollutants. 10 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON Now, the present invention wll %e described in further detail.

{1 lor i nat ed Adl yorher . Feaebaung s ol phbr el e Rt M e P e cant
and is refemgﬂltc%t%gt%qlcqmo?%%n(e@m RUIN{ind pup, of the formila
to as the group

(2) is referre Wth respect to ot er f ormul ae,

reference wll begjmdefd El%rlg'patséﬁma ”E‘étheTP% r?? I‘\Y&E‘E' PO
provides the follow'ng conpound (1). (X)eY(-2)f e compound (1), X

is a nonoval e AL Rt Ne 2% dnldad R el &,e(r?r) no influence
HO- ( CH2CH2O) a( CH2CH( OH) CHRO) b ( CH2) ¢~ CF2( OCF2CF20) dO- (2) 10 Here. a

represents theeRUmRr Bforme( CHYER Oandinit has a suitable dissolving
power for the lubricant and is excellent in drying
properties. Accordingly, it is capable of forming an
extremely thin, uniform lubricant layer and capable of

preventing generation of pollutants.

10
BEST MODE FOR CARRYING OUT THE INVENTION
Now, the present invention will be described in
further detail.
(A) Fluorinated polyether compound
15 In the present invention, a fluorinated polyether

compound of the formula (1) is used as a lubricant and is
referred to as the compound (l). Further, a group of the
formula (2) is referred to as the group (2). With
respect to other formulae, reference will be made in the
20 same manner.

The present invention provides the following
compound (1).

(X-)e¥Y(-2)¢ (1)

In the compound (1), X is a monovalent group of the

25 following formula (2).
HO- (CH,CH,0) a* (CH,CH (OH) CH,0) - (CH3y) «-CF; (OCF,CF,0) 0-

(2)



and is an integer of fromO to 100, preferably an integer of fromO to 10,
nore preferably fromO to 2, particularly preferably 0 or 1, and b
"represents the 5 nunber of -(CH2CH(OH)CH2O - units and is an integer of
fromO to 100, preferably an integer of fromO to 10, nore preferably from
0O to 2, particularly preferably 0 or 1. As a conbination of a and b,
preferred is a case where each of a and b is 0, a case where ais 0 and b
is 10 at least 1 (b is preferably 1) or ¥ case where a is at least 1 (ais

preferably 1), apd ,i%bgﬁg%egggf %%Inng%£u$ anﬁécﬁéé}ﬂ)unygﬁts and is

an integer of from pre era y an 1 nteger om O to 10, nore

preferabl y [Lam 9=0Ln2i nkBB:CATC LRI B Eol 3080 LEATeZplS A0 icRGRher abl y

an even nunber fromthe viewpoint of the ion i enc

represents tBhe pyghep eh 1bccﬁg§52bre9@khﬁlg”@rbﬁ 2R Bt eger of fromito
200, preferably an integer of from3 nore preferably an integer of

from 3 to 20548004 cRakkNGUbREE¥rABE{e0aBkY 1aNahat 806l she® 3H0 70,
further preferably an integer of from5 to 50. any one of a, b, ¢ and d

bei ng 0 neanguhBat Be sych,cmids) @p) PrEsAY anthe Naimti e the "
(CH2CH20) a( CH2CH( OH) CH2Ob-" 25 noiety in the formula (2) neans that when at

| east one ufibmi 8 pbE3ED! Preleira®peChnt @ntaglrobft g om( GH2ZGHAQ),- unit and
the - (CH2CH(OH) CH2O)- unit, their arrangenent is 11 not particularly
limted. Nampbye pRe@etabeyWieb® Qn€o 2, particularly preferably 0 or
1. As a combination of a and b, preferred is a case
where each of a and b is 0, a case where a is 0 and b is
10 at least 1 (b is preferably 1), or a case where a is at
least 1 (a is preferably 1), and b is 0. c¢ represents
the number of -(CH;)- units and is an integer of from 1
to 100, preferably an integer of from 0 to 10, more
preferably from 0 or 2. In a case where c is at least 2,
15 ¢ is preferably an even number from the viewpoint of the
production efficiency.

d represents the number of -(OCF,CF;)- units and is
an integer of from 1 to 200, preferably an integer of
from 3 to 100, more preferably an integer of from 3 to

20 200, particularly preferably an integer of from 3 to 70,
further preferably an integer of from 5 to 50. any one
of a, b, ¢ and d being 0 means that no such units are
present.

The notation of the "“-(CH,CH,0).* (CH,CH (OH) CH;0p,-"

25 moiety in the formula (2) means that when at least one

unit is present with respect to each of the - (CH,CH,O0) -

unit and the - (CH,CH(OH)CH,0)- unit, their arrangement is



untt is present with respect to each of the -(CH2CH20)- unit and the
-(CH2CH(OH) CH2O) - unit, the unit which is bonded to the hydroxyl group may
be the - (CH2CH2O) - unit 5 or the -(CH2CH(OH) CH2O)- unit. Further, in a case
where both the -(CH2CH20O)- unit and the -(CH2CH(OH) CH20O) - unit are present,
and at least either unit is present in a plurality i.e. at least two

units, the arrangenent of such units may Pe in a block 10 formor in a
random form preferably in a block form hore preferably in a block formin

the order of e .0e06aLl G UnkkseRs [denLifietnin Lhecl araulacld) from

t he hydroxyl end™group. ow ng exanples may be nentioned for the 15

2). DGE2 (QeE26R2 <LhotHO, D CR2 (L QaF2 1-2
P ChoCHb 00 BAFS( CErSCEs 5. M Lra) SRE G BaHC o) CHB0S B-3( CERBELs) do. (1-4)

20 In the foppkaanl) thé i-gcl,EROMAERI) Orat: Of cHdiein forpal & (8
RFQ( CF2CF20)g- (3) Here, RF is a Cl1_20 perfluoroal kyl group or a group

having an et ehided0X¥deheadhgrioR§ar beduRe e beC &hion-(cZRcRA POyt ©ns of
such a perfluoroal kyl group. The structure of RF may be a |1 near structure,

a brancheqd st wekurqcugceyol) cusdyuciafe, or a structure partially 12
having a cyclic structure, preferably a |inear structure
Further, in a case where both the -(CH,CH,0)- unit
and the - (CH,;CH(OH)CH;0)- unit are present, and at least
either unit is present in a plurality i.e. at least two
units, the arrangement of such units may be in a block
10 form or in a random form, preferably in a block form,
more preferably in a block form in the order of the
respective units as identified in the formula (2) from
the hydroxyl end group.

The following examples may be mentioned for the

15 group (2).

HO-CH,CF; (OCF,CF;) 40- (1-1)
HO-CH,CH,CF; (OCF,CF;) 40— (1-2)
HO-CH,CH,0CH,CF;, (OCF,;CF;) ¢O- (1-3)
HO-CH,CH (OH) CH,0CH,CF; (OCF,CF;) 40—~ (1-4)

20 In the formula (1), Z is a monovalent group of the

formula (3):
R"O (CF,CF20) g- (3)
Here, RF is a Ci-z0 perfluoroalkyl group or a group
having an etheric oxygen atom inserted between carbon-
25 carbon atoms of such a perfluoroalkyl group. The
structure of Rf may be a linear structure, a branched

structure, a cyclic structure or a structure partially



or-a branched structure, nore preferably a linear structure. The carbon
nunmber of RF is preferably from1l to 16. 5 The follow ng groups may be
“mentioned as specific exanples for RF. CF3(CF2)s- (wherein s is an integer
of fromO to 15), CyF-(CF2)t- (wherein CyF is a perfluorocycl ohexyl group,
and t is an integer of from1 to 14), 10 AJF-(CF2)t- (wherein Ad" is a group
wherein one fluorine atomof a perfluoripated adamant ane becane a
connecting bond, and t is an integer of from1l to 10). g is the nunber of

- (CF2CF20) - Haivti%%agd 213 B RERE Ol By 2005 RIS &ablop.at 1 Nt eger
of from3 15 to I00, nore preferably an integer "of from3 to

particul arlyopr &f grablyedn sithteaeh «0f roh dferad1yThe 1f194elaqw ng exanpl es
may be nentioned as the group (3). CF3-0-(CF2CF20) g- (3-1)

CF3( CF2) 2- 0- (Ekdeka9kg- "i“ﬁe2a¥ar%§(%Eérooécﬁ?@g@ﬁeféﬁa@yTﬂeorﬁoifpound

(1) is a conpound having e nonovalent groups (X) and f nonoval ent groups
(2) bonded teoYieY is a (e+f) valent group and is a perfluorinated

saturated 25 hydrocarbon group or a perfluorinated saturated hydrocarbon
group havd ng an aﬁmerﬂalwg@ Atopd mEgr ted mdied veest e heeciaf on at ons.

Wien it is the latter group, no - OCF20- structure is present in Y.
examples for R
CF3(CF;)s- (wherein s is an integer of from 0 to 15),
C, - (CF3) - (wherein C,f is a perfluorocyclohexyl
group, and t is an integer of from 1 to 14),

10 Agf - (CF;) - (wherein A" is a group wherein one
fluorine atom of a perfluorinated adamantane became a
connecting bond, and t is an integer of from 1 to 10).

g is the number of -(CF;CF,0)- units and is an
integer of from 3 to 200, preferably an integer of from 3
15 to 100, more preferably an integer of from 3 to 70,

particularly preferably an integer of from 5 to 50.

The following examples may be mentioned as the group

(3)
CF3-0- (CF,CF;0) o- (3-1)
20 CF3 (CF3) 2-0- (CF3CF;0) o= (3-2)
CF3 (CF3) 5-0- (CF,CF,0) - (3-3)

The compound (1) is a compound having e monovalent
groups (X) and f monovalent groups (Z) bonded to Y. Y is
a (e+f) valent group and is a perfluorinated saturated
25 hydrocarbon group or a perfluorinated saturated
hydrocarbon group having an etheric oxygen atom inserted

between carbon-carbon atoms. When it is the latter



e and f which specify the valency of Y, correspond to e which represents
the nunber of X and f which represents the nunber of Z, respectively. e is
“an 5 integer of at least 2, preferably an integer of from2 to 20, nore
preferably an integer of from2 to 10. f is an integer of at least 0, and f
is preferably an integer of fromO to 17, nore preferably an integer of
fromO to 7. In a case where e is 2 or nfée a plurality of X may be 10 the
same or different, and in a case where f 2 or nore, the plurality of z

may be the S?g§u§5 gbff%ggné_ s ggé%?ggrigs onding % 9 {he valency of Y, is

an integer o preferably an i teger of from2 to 10, nore

mﬂﬂmvwﬂwﬂmgmwm@&ﬁ1%&@@@&@@@%@&mmwd

saturated hydrocarbon group f Y 1§ a saturated group conposed solely of

carbon atoms¢gnd %h%eh'B%p%%%@%tsFQheeﬁﬁﬁBb% ofd xPeiid yorjiated bival ent
saturated hydrocarbon group is a perfluoroal kyl ene group. In a case where Y

is a group 2QepeBEahBkn@hannaiperl 6roxygeRsplemividhg nugbery gh such etheric
oxygen atons may be one or nore, preferably from 1to 3. The carbon nunber

of Y is psefenabbyrfbgmt tleas?02,Speeirbirabayampl 8% th@ferY o & r&OWN tion
exanples for the conmpound (1). 25 The conpound (1) rmay be present as a

single conpaondmokut pirayeckabpiestntndegarCc@FPEickd @N teOMWY.Ii SifNgs hWo or
nore conpounds differing in the nunbers for ato d 14 and g, and usually
the latter isnmegerreddiakylawaitl @)l and £ is preferably an integer of
from 0 to 17, more preferably an integer of from 0 to 7.
In a case where e is 2 or more, a plurality of X may be

10 the same or different, and in a case where f is 2 or

more, the plurality of Z may be the same or different.

(e+f) corresponding to the valency of Y, is an
integer of from 2 to 20, preferably an integer of from 2
to 10, more preferably an integer of from 2 to 5.

15 The (e+f) valent perfluorinated saturated
hydrocarbon group for Y is a saturated group composed
solely of carbon atoms and fluorine atoms. For example,
a perfluorinated bivalent saturated hydrocarbon group is
a perfluoroalkylene group. In a case where Y is a group

20 containing an etheric oxygen atom, the number of such
etheric oxygen atoms may be one or more, preferably from
1 to 3. The carbon number of Y is preferably from 1 to
50. Specific examples for Y are shown in examples for
the compound (1).

25 The compound (1) may be present as a single

compound, but may be present as a composition comprising

two or more compounds differing in the numbers for a to d



In-a case where the conpound (1) is a conposition conprising two or nore
different types of the conpound (1), the average of a in the group (2) is
"preferably an s integer of fromO to 2, the average of b is preferably an
integer of fromO to 2, the nunber for c is preferably from1l to 5, the
average of d is preferably an integer of from3 to 100, and the average of
ginthe group (3) is preferably an integ r of from3 to 100. 10 The nunber
aver age nol ecul ar wei ght of the conpound %1) is preferably from500 to

1,000,000, myce b ebegablaitivomyl, 000 o 43 900 Eurddher, Juu A gase, vhere

the conpound is amxturée o east two types o conpounds, the
mol ecul ar wei ght 1qf st rdzu 'v@{ér(éwﬁlﬂ\@)ccﬂrffdouﬁmté h(‘iil ICoPUIndddsi i b ef erably

from1.0 to 1.5, nore preferably from 1. o 1.25. The nvol ecul ar wei ght and

the nol ecul akoWpirdhtindi $iol B keRe0kiitfre ooyt bf Gafe Regmasyred by

gel pernmeation chromatography, and as the neasuring conditions, the

condi tions di(ggl 0s8e aRe2BgeXaFPlaes ngitHen gﬂ@’u? naht ers e e/ ayred. The
foll owi ng conpounds may be nentioned as specific exanples for the conpound

(1) in the piesegkri dfeftrioan0 tldere, tihe herfaeld @8 ng iforrdfmesapianth Z are
as defined above, and k is an integer of from1 to 10, provided that 25 in
a case wher eihweget kir € riomane tpr @sentha mubersdmd drdsegdefertdisly nay be
the sane or different fromone another. 15 (i F2)kX i F2X
from 1 to 5, the average of d is preferably an integer of
from 3 to 100, and the average of g in the group (3) is
preferably an integer of from 3 to 100.
10 The number average molecular weight of the compound
(1) is preferably from 500 to 1,000,000, more preferably
from 1,000 to 20,000. Further, in a case where the
compound (1) is a mixture of at least two types of
compounds, the molecular weight distribution (My/My) of
15 the compound (1) is preferably from 1.0 to 1.5, more
preferably from 1.0 to 1.25. The molecular weight and
the molecular weight distribution of the compound (1) can
be measured by gel permeation chromatography, and as the
measuring conditions, the conditions disclosed in
20 Examples given hereinafter may be employed.
The following compounds may be mentioned as specific
examples for the compound (1) in the present invention.
Here, in the following formulae, X and Z are as defined
above, and k is an integer of from 1 to 10, provided that
25 1in a case where two or more k are present in the same

molecule, they may be the same or different from one

another.



x C/CFC /X CF i X(CF2)k -(CF2)k% %CFz ~CF2X F2 F2 CF2X . (I F2)kX x /Cr
CF2 i F2 CF2 CF2 CF2X '''~71 ~CF2 ~CF \ -0 X(CF2k~CF\CFl CF (CF2)1X x/ F X
Xx X CF FCF CF x CF2 CF2 X/ X (I F2)kZ i F2Z X CF X CF ~C~ C C X(CF2) k~
' 1 (CF2)kX XCF2 CF2% F2 F2 CF2Z (1 F2)kZ Z CF2 CF2 CF2X F2 CF2 X |1 F2 X
Z~CF ~F-OCF ,CF'/7 F\ i 2\ CF- CF X X CF2)k CF2 (CF2)kX F 2 CF2 CF2 Z Z

In the corrpound (1) of the present |nvent|on a unit of -(OCF20) - is not
present. A conpound wherein no -(OCF20) - 3nit is present, is a conpound
such that no 5 -(OCFZO) units are |n f)gct presentCszn the structure of

I |Fz)u

X X CE o4

CF
SN xera” Nepx xR \\crzx
2 F CFzX
(TFz)xX X
CF
CFz/ ~¢ F CFA\CFZ Csz
l ch x/CF\CF,-O X
e CF \c x—r—FF e
X(CF CF, (CFz)kx cF, x/
z (CF2h2Z TFzZ
X CE X c
\g/ \g/ X(CFz)k/ \(ch)kx chz/ \\Csz
2 2
CFsZ
(TFz)kZ z
CE_
cFy CF, crgx

| ,/ca\ -0
/ \ CF © CFCF\\CF -
X(CF ) CFy <cr==)ux CF, /

In the compound (1) of the present invention, a unit
of -(OCF;0)- is not present. A compound wherein no
-{OCF;0)~- unit is present, is a compound such that no

5 ~{(OCF;0)- units are in fact present in the structure of
the compound of the formula (1). Otherwise, even if such
units were present, they would be present in an amount
below the detection limit by a usual analytical method
such as (*F-NMR) .

10 The compound (1) of the present invention may be
produced by the same method as the method disclosed in
W002/4397 or the like from a hydro-polyethylene glycol
having a carbon backbone corresponding to the compound

(1). 2As the hydro-polyethylene glycol which may be used



t he conpound of the fornmula (1). O herw se, even if such units were

present,

they woul d be present in an anpunt below the detection |imt

usual analytical method such as (19F-NMR). 10 The conpound (1) of the
invention may be produced by the sane nethod as the nethod

pr esent

di scl osed in

W02/ 4397 or the |like froma hydro-pol yethyl ene gl ycol

a carbon backbone corresponding to the conpound (1). As the
hydr o- pol yet hyl ene gl ycol which may be us 16 as the raw material, o

havi ng variogg §§ru%5§rﬁ§t8r. Tnle%%sak @@h h%%rgre scaer, |%£gy avallable

i nexpensi vel y an
addi ng et hyl
the formul a

r eadi ermnse eaS|Py bé ~synt &S| 7&d by

FRfORAPE, ha:dnPg YRECK @mgr 5 L2425 ERE o 1 o ng et hod.

by a

havi ng

nes

und of

Here, in thelﬁ%{pg}%ﬁ%ﬁ H’dha?eaélw f108'1:e1?x995é( aiga'f?ﬁ gg%]ﬂ‘gd gbove. to

YH is the sane g

inyY substltgygghgglgggrPgegdagﬂgBeth§1bﬁetB§1§%”Eogr0 §§F%%}ogena g

havi ng sone or al

oup~as Y or a group”having sone or

uorine atons" i n RF substltute

rrne atons

roup

at ons,

preferably the-sape group as RF. Rb is a nonoval ent 15 fluorinated organic
preferably a perfluoroal kyl group or a perfluoroal kyl group

contai ning an et kekics fi@AYA6N at e¥ndRhd S tHNGW RN panf hiriddiat ed
group, preferably the sanme perfluoroal kyl group as Rb, or

group,

organlc

10

15

20

25

c is 1 can be produced by the following method.

Here, in the following formulae, a to f, Rf and Y are
as defined above.

v" is the same group as Y or a group having some or
all of fluorine atoms in Y substituted by hydrogen atoms.
R is the same group as R, or a group having some or all
of fluorine atoms in RF substituted by hydrogen atoms,
preferably the same group as RF. R® is a monovalent
fluorinated organic group, preferably a perfluorocalkyl
group or a perfluorocalkyl group containing an etheric

oxygen atom. RPF

is a monovalent perfluorinated organic
group, preferably the same perfluoroalkyl group as R®, or
the same perfluorocalkyl group containing an etheric
oxXygen atom as R°. RS is an alkyl group. X' is a
chlorine atom or a fluorine atom.

Namely, the following compound (Dl) is reacted with
the following compound (D2) to obtain the following
compound (D3), and the compound (D3) is perfluorinated to
obtain the following compound (D4). In the compound

(D4), the ester bond is subjected to a decomposition

reaction to obtain the following compound (D5). Then,



t he sane perfluoroal kyl group containing an etheric 20 oxygen atomas Rb. R
is an al kyl group. X1 is a chlorine atomor a fluorine atom Nanely, the
" followi ng conmpound (D) is reacted with the foll ow ng conmpound (D2) to

obtain the followng conpound (D3), and the conpound (D3)
to 25 obtain the follow ng conpound (D4). In the conpound

is perfluorinated
(D4), the ester

bond is subjected to a deconposition rea J}lon to obtain the foll ow ng

conpound (D5). Then, 17 the conpound (D5

is reacted with the follow ng

conpound (DGt @g 5%@”&%fqlquaaweaomwgh@@on%rwﬂr@eco cmReid (Do)

i s hydrolyzed to obtain the follow ng conpoun Then

(D7) is subjgglgd k0 o%tb%%u%@ﬂeo&oqﬁ@mﬂn%e%%?&nfd Q7 eady

t he “conpound
uheof the ester

bond, or the conpound (D8) is reduced, to obtain the follow ng conmpound

(1- A) Q her Wos@ouhbe @@rrp%n@hye%)ly%@a s eairohtRl ed by, isipj ecting the
conpound (D4) and a corrpound of the formula R-OH (wherein R is as defined

above) to 10campesiher ( @BQhan'gBeﬁea@héOBomﬁgﬁﬂdCQﬁpQUBQ é&b/}\)actédatocormound

of the fornmula (1) wherein c is 1 and each of a and b is

[HOCHZ CHzZ O

(CHs CHZ 9) ehu¥tipn 6EAHE Qd@br@RkilRbn rkHRMGOK ofD2hd I&@.@@C&%rﬁﬂz 0
(CHZ CHZ 0) e-) Y" (- (OCHZ CHzZ) OR] , (D3) | [RbFCOOCF2 CFZ 0 (CF2 CF2 0)

a-1 Y (- (OChzZ €R2) comPRihd( PB) is reduced, to obtain the

following

compound (1-A). Otherwise, the compound (D7) can also be

obtained by subjecting the compound (D4) and a

compound

of the formula R®°-OH (wherein R® is as defined above) to

10 an ester exchange reaction. Such compound (1-3A) is a

compound of the formula (1) wherein c is 1 and

and b is 0.

each of a

[HOCH, CH, O (CH, CH, O) ,~] ,Y* [- (OCH; CH,) , OR] , (D1)

l+RPCOX? (D2)

[(R®*COOCH, CH, O (CH; CH, O) 4~] ,Y¥ [- (OCH, CH,;)  OR] ; (D3)

i

[R®*FCOOCF, CF, O (CF, CF, O) ,~] .Y [- (OCF, CF;) , ORf] ; (D4)

i

[FCOCF, O (CF, CF; O) ,—] .Y [~ (OCF, CF,) , ORf],
L+R‘OH (D6) Or +H,0

[R*OCOCF, O (CF, CF, O) 4—] .Y [~ (OCF, CF,) { OR™],

(HOCOCF, O (CF, CF, 0) 4—]1.,Y [~ (OCF, CF,;) , ORF],;
l

[HOCH, CF, O (CF, CF, O} ,~] ,Y [~ (OCF, CF,) , ORF]

(D5)

o7
(D8)

. (1—4)

The following compound (1-B) which corresponds to

15 the compound (1) wherein c¢ is at least 2, and each of a

and b is 0, can be produced by the following method.

Namely, the compound (D5) in the above method,

is reacted

with iodine (I,) or LiI to convert the terminal-COF group

to -I (iodine atom), thereby to obtain a compound (D9).

20 Then, an optional molar amount of ethylene is addition-



(FCOCFZ 0 (CFZ CFZ 0) -) Y [- (OCFZ CFZ) ORF] (05) 1+R OH (DB) or +HZO
[ROCOCFZ 0 (CF2 CFZ 0) -] Y (- (OCF, CFZ) ORF] (D7) [HOCOCFZ 0 (CFZ CF2 0)
“a-] Y[- (OCFZ CF2 ORF] (D8) | [HOCH2 CFZ 0 (CFZ CF2 0) -] Y [- (OCFZ CF2)

, ORF] (1-A)

The foll ow ng compound (1-B) which corresponds to 15 the

conmpound (1) wherein c is at least 2, and each of a and b is 0, can be

produced by the foll ow ng nethod. Namel y

the conmpound (D5) in the above

nmethod, is reacted wth iodine (12) or 118 to convert the terninal -

group to -l Chodipe 3t epk, cbﬁ%%%?% (@ btt%' '?)b% GeMoung, The” an

optional nolar anmount of ethy

enelsa |t|on1 reacte tothe corrpound

(D9) to obtairfed,CeRROYRINGBLY) 1od-ﬂ]1%natroﬂle e RN JonRAIRE @197 14k the

conmpound ( D10)

is alcohol-nodified by fumed sulfuric acid or betaine to

obtain the campeupd-fbuBkica Ber gumd BullRirGenpeuRd LDHYARE the conpound
(1-B) represents the nunber of ethylene added by the reaction, and his

pref erably fppREInt QhéOQomg@hhacqllalgl)y pref erably fromO to 10, fromthe
vi ewpoi nt of the solubility in a solvent in the present invention. (D 5)

iLil or I [

CF2iele, O iGF,tHY) cdmipolra (D¥H?2 k)t KRKond®nd i (eteyl ene [|

(CH2 CHs ) ,,CFZ 0 (CF2 CF, 0) ,-] Y G (OCFzZ CFz) ORF]
represents the number of ethylene added by the reaction,

and h is preferably from 0 to 100, particularly

preferably from 0 to 10, from the viewpoint of the

solubility in a solvent in the present invention.

10

(D5)
lril1 or 1,
[1ICF, O (CF, CF, 0) ,~1,Y [- (OCF, CF,) { ORF] ; (D9)
l ethylene
[1 {CH, CH,) ,CF, O (CF, CF, O) ,—] .Y [~ (OCF, CF,) , ORF],
(D10)
1}
[HO (CH, CH,) ,CF, O (CF, CF, O0) ,~} .Y [~ (OCF, CF,) , ORF]
(1-B)

The compound (1) wherein a is at least 1, can be

obtained by adding ethylene carbonate and/or ethylene

oxide to the compound (1-A) or the compound (1-B)

obtained by the above-mentioned method. Further, the

15 compound (1) wherein b is at least 1 can be obtained by

adding glycidyl alcohol to the compound (1-A) or the

compound (1-B).

The addition reaction of ethylene carbonate and/or

ethylene oxide can be carried out in accordance with

20 known methods and conditions. Here, in a case where the

fluorine content in the compound (1-A) or the compound

(1-B) is high, compatibility with ethylene carbonate



(D10) i [HO(CH2 CH2 ) hCFZ 0 (CF, CF2 0) a-] OY G (OCF2 CFZ) ORF] 10
(1-B) The conpound (1) wherein a is at |least 1, can be obtained by adding
" ethylene carbonate and/or ethylene oxide to the conpound (1-A) or the
conpound (1-B) obtained by the above-nentioned nethod. Further, the 15
compound (1) wherein b is at least 1 can be obtained by adding glycidyl

al cohol to the conpound (1-A) or the conpound (1-B). The addition reaction
of ethyl ene carbonate and/or ethyl ene oxite can be carried out in

accor dance net a n o e ase where the
fluorine coﬁ%%%{g?ng?ﬁ%@conpgggé EQ ?80?5% e@§5 E§§n8d5?£§§§ i s high,
CO”pat'b'|'tye%&ﬁboﬁthYéeﬂéwca%QQPéEﬁ {f8e ﬂ@QéQEoﬁtQ¥E%@ﬁ e%idenko be used

for the addition reaction, I1s |low, Wwhereby the reaction systemfor the

addi tion rea&é&?ﬂlHEYré‘QQEiQH RApsEn&epghabhaBel abgakwloahaﬁ% thb such
phase separation takes place, the 5 reaction time wll be long, such being

not efficienthaged. i1figudH Qﬁﬁgeedségga@@ﬁdn%ké@epw@@tlﬂrﬂeby addi ng a
solvent to increase the conpatibility to the reaction system As such a

sol vent, sa hydaotionrocaebenl ( HEEC) ongnyshehneatihgnade &@fAsikhe , carmgound
(D) being a starting material for the production nethod, one which is a
m xture of attleaspreferred to carry out the reaction by adding a

solvent to increase the compatibility to the reaction

system. As such a solvent, a hydrofluorocarbon (HCFC)

may be mentioned.

10 As the compound (Dl1) being a starting material for
the production method, one which is a mixture of at least
two types differing in the number of - (CH;CH,0)- units,
is usually readily available. In a case where the above
production method is carried out by using the compound

15 (D1) as such a mixture, the compound (1) which will be
formed, will also be a mixture.

The respective reaction steps in the method for
producing the compound (1) can be carried out in
accordance with the methods and conditions in known

20 reactions (for example, the method disclosed in
WO02/4397). Further, the reaction steps from the
compound (D5) to the compound (D7) and the compound (D8)
can also be carried out in accordance with known methods.
For example, the reduction step in the production of the

25 compound (D7) and the compound (D8) can be carried out in

accordance with the method disclosed in e.g. JP-A-10-

72568 (paragraph 0021). Such a reduction step is



two types differing in the nunber of -(CH2CH20) - units, is usually readily
available. In a case where the above production nethod is carried out by
usi ng the conpound 15 (Dl1) as such a m xture, the conpound (1) which wll
be formed, will also be a mxture. The respective reaction steps in the
met hod for producing the conmpound (1) can be carried out in accordance
with the nethods and conditions in known 20 reactions (for exanple, the
nmet hod di sclosed in W0O02/4397). Further,“the reaction steps fromthe

conpound ( Dor&eethE1gomReNRdA( DT} B{)duggﬁ CQ”P%Hﬂgifnge)a eRN <BLRO e
carried out Tn accordance wt nown™ net %S or ex P e reduction
step in the pregucti O f -the 2655 Gonpe %rﬁﬂmm%ff@ecomound (DB) can be

carried out in accordance with the nethod disclosed in e.g. JP-A 10- 72568

(paragraph 0021) Thgughoaueedeghlta@nah@pth% 8mppreierahl ypraried wut by
usi ng a reduci ng agent such as bor ane- THF, I|th|un1a|un1nun1hydr|de.

The product @@etab@v@gmébﬁo@ompougdaii% gbé@éﬂaslpysubhéc@aaveomet hod is
usual ly preferably subjected to 5 purification treatnent dependi ng upon the

particul ar purpos€at Donbtabathbatcaspetainglhpeh Bhehpaukitylarwher eupon it
is used for the desired application. The content of the conpound (1) in the

| ubricant splhubdbea 0b dbheapneshat compenhdonlmyfbaighepuwhiiek, has 10 been
her et of ore conmonly enpl oyed, but it is preferably fromO0.01 to 50 nass,
nore preferabhygrénpon0iOlisoubed for the desired application.

The content of the compound (1) in the lubricant
solution of the present invention may be one which has

10 been heretofore commonly employed, but it is preferably
from 0.01 to 50 mass%, more preferably from 0.01 to 5
mass%, particularly preferably from 0.01 to 1 mass%.

(B) Fluorinated alkyl ether

The fluorinated alkyl ether constituting the

15 lubricant solution plays an important role from the
viewpoint of the solubility and drying properties of the
lubricant and the influence to the environment. The
fluorinated alkyl ether in the present invention is a
compound of the formula (4).

20 R'-0-R? (4)

Both R! and R? have fluorine atoms having large
electrical negativity, whereby it takes a structure
excellent in stability.

However, each of R' and R? which are independent of

25 each other, is a Ci_.4 fluorinated alkyl group, and the

total number of carbon atoms contained in R! and R? is

from 3 to 6.



mass, particularly preferably from0.01 to 1 mass. (B) Fluorinated al kyl
ether The fluorinated al kyl ether constituting the 15 lubricant solution

" plays an inportant role fromthe viewpoint of the solubility and drying
properties of the lubricant and the influence to the environnment. The
fluorinated al kyl ether in the present invention is a conpound of the
formula (4). 20 RI-OR2 (4) Both Rl and have fluorine atons having | arge
el ectrical negativity, whereby it takes tructure excellent in stability.

However, each OfwﬁénaEHeRgo%Qﬂchuﬁbér'B@egggggﬂtaQEmsZ%oﬁﬁ%ﬂn%Eh%f1I$S a
ClL 4 quorlnated al kyl group, and the total nunber of carbon atons

contained i Naffd ANG Rt Snodd N ZHO b1 Ring Wit h@f tegal fmaPﬁﬁaeédcar bon

atons contained in RL and R2 is at nost 6, the boiling point of the

fluorinated aakkyl eehberaM il npet vbetbgonhyah, aaRdssbahikSpRegbereed in
that the drying can be carried out in a short tine. s Further, when the

total nunberigfteatboRealpPbnyScah bkeastrdedt Batbohl langh@Qltmtltn% not too
|l ow, such is preferred in that handling such as preparation of a |ubricant

sol ution,s wi Firbreef f weeenthe Thet &l uptuinbatedf abkyboat Aebmsn ikhatpr esent
invention 10 may be prepared by reacting tetrafluoroethylene with a
fluorinated akayt 2| cohelbbhlihg poesents nbtatoat dbwst such is
preferred in that handling such as preparation of a
lubricant solution, will be efficient.
The fluorinated alkyl ether in the present invention
10 may be prepared by reacting tetrafluoroethylene with a
fluorinated alkyl alcohol in the presence of a catalyst.
From the viewpoint of the efficiency in the preparation,
1,1,2,2-tetrafluoroethyl-2,2,2-trifluorcethyl ether
(hereinafter referred to as HFE347) or 2,2,3,3-
15 tetrafluoro-1-(1,1,2,2-tetrafluoroethoxy)propane
(hereinafter referred to as HFE458) is preferred, and
HFE347 1s more preferred.
The following fluorinated polyether compounds may be
mentioned as preferred lubricants in a case where the
20 fluorinated alkyl ether is HFE347 in the lubricant
solution of the present invention. In the following
fluorinated polyether compounds, d' to 4 are integers

corresponding to d in the formula (2), and gl to g are

integers corresponding to g in the formula (3).



Fromthe viewpoint of the efficiency in the preparation,
1,1,2,2-tetrafluoroethyl-2,2,2-trifluoroethyl ether (hereinafter referred
"to as HFE347) or 2,2,3,3 is tetrafluoro-1-(1,1,2,2-tetrafl uoroethoxy)propane
(hereinafter referred to as HFE458) is preferred, and HFE347 is nore
preferred. The follow ng fluorinated pol yet her conpounds may be nentioned
as preferred lubricants in a case where tgg 20 fluorinated al kyl ether is
HFE347 in the lubricant solution of the esent invention. In the follow ng
fluorinated pol yet her conpounds, d' to di3 a e |ntegers corresponding to d
inthe formula (2) , and gl to g4 are |nte rr onding to g in the
formula (3). 22 FZ 0'~2 O COH F2 F2 F \Gé B COCCFCF d, 2
F2 F2 F2 F2 OC OC,, OH F2 df,F2/FLk~ CF?% F ﬁ2 | F2 9 HOVC-O GC
C OCCF CF 2 F2 F2 F2HRR _C. ,6 5\

2

Fa Fa

fC/C\O}C\/OH
Fo /&

In the present invention, one type of the
fluorinated alkyl ether may be used alone, or two or more

types may be used in combination.



aCCO_COH F2ye HOOF F2 2 CCOCF3 HOF2 F2 2 O-C,O-C,C O -CF-CF2 F2
e

d6 F2 Fy F2 cH0o CC OoC Q) OH F2 H FFH HDC OC C80-CF2
"F2GCO~CCOCCZOH F2 F2 d FZ FZ/X\ F20HO C C. {O CC*O CF2 F2C- 0O I C-C-O
CZCOHH2 F2 ,oF2" 2 H2 FF HOCC (OC

COCF2 F2CM4AC COCF3 Fy FZ
d: F2s F2 F2 /~(\ F2 HO C C-OA COCF2 F2C-OC C OCF3 H2 F2 du F2 4 In
the present invention, one type of the fluorinated al kyl ether may be used
al one, or two or m)re types may be used £h corrbi nation. 23 The content of

|t2\e/e];1|t :Jg:ll Pzt ;e)?ef eratﬁ %J%torﬁ}'s ,ﬁ}ee %gfdgr‘é aHmﬁ‘e eggre%%relargrt% Pz)m 90 to

99. 99 lubricant solution of the present invention is preferably
from 50 to 99.99 mass%, more preferably from 90 to-99.99
mass%.

5 (C) Other components

The lubricant solution of the present invention may
contain, in addition to the above-mentioned fluorinated
polyether compound and the above-mentioned fluorinated
alkyl ether, other components depending upon the

10 particular purpose.

For example, in order to increase the dissolving
power or to adjust the evaporation rate, organic solvents
(hereinafter referred to as other organic solvents) other
than the fluorinated alkyl ether may further be

15 incorporated.

Preferred examples of such other organic solvents
may be at least one member selected from the group
consisting of hydrocarbons, alcohols, ketones, ethers
(excluding the fluorinated ether of the formula (4)),

20 esters and halogenated hydrocarbons. The lubricant
solution of the present invention preferably consists of
the lubricant and the above-mentioned fluorinated alkyl
ether, but may contain other organic solvents, as the
case requires. In a case where it contains other organic

25 solvents, the content of such other organic solvents in

the total amount of the solvents is usually at most 40

mass%, preferably at most 20 mass%, more preferably at



mass. 5 (C) O her conponents The | ubricant solution of the present invention
may contain, in addition to the above-nentioned fluorinated polyether
conmpound and the above-nentioned fluorinated alkyl ether, other conponents
dependi ng upon the 10 particul ar purpose. For exanple, in order to increase
the dissolving power or to adjust the evaporation rate, organic solvents
(hereinafter referred to as other organic solvents) other than the
fluorinated al kyI ether may further be 154 |ncorporat ed. Preferred exanples

of such oth | gé)% venhs 1%%>érbe_L ?nt d %etonesn%rq)ehrt soeé ec&er? f_romthe

group consi s% ng of ahydroc ons al con ers (exc udi ng the

fl [ d f 4.
hyg(r)(r)lcgﬂ)gnseg}%f (%t EErrlnfgan SO usgl%% tlfgtrﬁfﬂﬁﬁlznégﬁﬁogﬁ%/gﬁlﬁgon gre]‘?erabl
~consi sts of p&lﬁﬁ) By ¢ C@Jﬁlr?j‘dsd(%}? SDoNe- IF, ﬂPé‘erivé&?Eé nated ?éky' et he“

but may contai er organit solvents, as case I'EC]UI res. n a case

where it CO"&cﬂ!&x?priﬁdor%”' Cc%%esQJh\éer‘B $mn W g%o‘%ql?}ﬁr&t K ;ﬁ?’slﬁhtfgrher

organi ¢ solvents in e total ampunt of the solvents is usually at nost 40
mass, pref eraply- e d0shi A0 $8SSso PREL T SF SF1RDI YrébeRd i APShe 10nMeSE. The

Iower limt for the content of such other organic solvents is the m ni num
amount wher ey ghefeHEPOSE e aggé@glﬁugﬁbptmra%@@mlglcsol vents, can be
composition.
The hydrocarbons are preferably Cs.is linear or
cyclic, saturated or unsaturated hydrocarbons.

10 Specifically, n-pentane, 2-methylbutane, n-hexane, 2-
methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane, n-
heptane, 2-methylhexane, 3-methylhexane, 2,4-
dimethylpentane, n-octane, 2-methylheptane, 3-
methylheptane, 4-methylheptane, 2,2-dimethylhexane, 2,5-

15 dimethylhexane, 3,3-dimethylhexane, 2-methyl-3-
ethylpentane, 3-methyl-3-ethylpentane, 2,3,3-
trimethylpentane, 2,3,4-trimethylpentane, 2,2,3-
trimethylpentane, 2-methylheptane, 2,2,4-
trimethylpentane, n-nonane, 2,2,5-trimethylhexane, n-

20 decane, n-dodecane, l-pentene, 2-pentene, l-hexene, 1-
octene, l-nonene, l-decene, cyclopentane,
methylcyclopentane, cyclohexane, methylcyclohexane,
ethylcyclohexane, bicyclohexane, cyclohexene, o-pinene,
dipentene, decalin, tetralin and amyl naphthalene may,

25 for example, be mentioned. More preferably, n-pentane,

cyclopentane, n-hexane, cyclohexane and n-heptane may be

mentioned.



acconplished. In a case where an azeotropic conposition 5 is present with
the solvents of the present invention, it 1is preferred to use themin such
an azeotropic conposition. The hydrocarbons are preferably C5_15 |inear or
cyclic, saturated or unsaturated hydrocarbons. 10 Specifically, n-pentane,
2- met hyl but ane, n-hexane, 2- nethyl pentane, 2, 2-di net hyl but ane,

2, 3-di met hyl but ane, n- heptane, 2-nethyl hexane, 3-nethyl hexane, 2, 4-

di met hyl pent ane, n-oct ane, 2-nethy|hepta@é, 3- net hyl hept ane,

- hyl h , - dj | h [ yl h , .
L e e s Y LRt Bol O T i o,
2,35 U1 MLIVLAGILANE: Gadh LRt IYLDRDE ane o fu 2 Ao et by pent ane,

2- met hyl hept ane, ne pent ane, n-nona r'i met hyl hexane, n

20 decane,rhégggggfe egﬁﬁg?%eng;% 5§§{n§{§6h31hefﬁgéaﬁé?log%§§ﬁ8§l-nonene,

1- decene, cyc opentahé, ylc opent ane, cyblp e élohexane,
et hyl cycl ohexang,, bi ycbihexanss - I5¥E) Phexedito1 a- PLashey1 dipsnbene, decalin,

tetralin and anyl™ napht hal ene nay, for exanple, be mentioned. Mre
preferably, #epent a LYShOPENM Abén t mbEXanep Y ShoNexangrapd-n=-hept ane
may be nentioned. The al cohol's are preferiably C1_16 linear or cyclic,
sat urated orptuisaisl At Bthed 8@hol SpuSResl f | $ahdihy1 DBt Bapgho1 et Banol ,

n- propyl al cohol, isopropyl -alcohol,

methyl-2-butanol, neopentyl alcohol, l-hexanol, 2-methyl-
l-pentanol, 4-methyl-2-pentanol, 2-ethyl-1l-butanol, 1-
heptanol, 2-heptanol, 3-heptanol, l-octanol, 2-octanol,

10 2-ethyl-1-hexanol, l-nonanocl, 3,5,5-trimethyl-1-hexanol,
l-decanol, l-undecanol, l-dodecanol, allyl alcohol,
propargyl alcohol, benzyl alcohol, cyclohexanol, 1-
methylcyclohexanol, 2-methylcyclohexanol, 3-
methylcyclohexanol, 4-methylcyclohexanol, a-terpineol,

15 2,6-dimethyl-4-heptanol, nonyl alcohol and tetradecyl
alcohol. Among them, methanol, ethanol and isopropyl
alcohol are preferred.

The ketones are preferably Ciz;.9 linear or cyclic,
saturated or unsaturated ketones. Specifically, acetone,

20 methyl ethyl ketone, 2-pentanone, 3-pentanone, 2-
hexanone, methyl isobutyl ketone, 2-heptanone, 3-
heptanone, 4-heptanone, diisobutyl ketone, mesityl oxide,
phorone, 2-octanone, cyclohexanone, methylcyclohexanone,
isophorone, 2,4-pentanedione, 2,5-hexanedione, diacetone

25 alcohol and acetophenone may, for example, be mentioned.
Among them, acetone and methyl ethyl ketone are

preferred.



n-butyl al cohol, sec-butyl alcohol, isobutyl alcohol, s tert-butyl alcohol,

1- pentanol, 2-pentanol, 1l-ethyl-1- propanol, 2-nethyl-I-butanol,

" 3-net hyl -1 -butanol, 3- nethyl-2-butanol, neopentyl al cohol, 1-hexanol,
2-met hyl - 1-pentanol, 4-nmethyl-2-pentanol, 2-ethyl-I|-butanol, 1- heptanol,
2- heptanol, 3-heptanol, 1l-octanol, 2-octanol, 10 2-ethyl-I-hexanol,
1-nonanol, 3,5,5-trinethyl-I|-hexanol, 1-decanol, 1-undecanol, 1-dodecanol,
allyl al cohol, propargyl alcohol, benzylz%JcohoI, cycl ohexanol , 1-

ety oyl onexangle 2iIRLWLewcLohexanaly 2 metiylarel ghexan

|
4- et hyl cycl ohexanol , a-teérpine —di’net ngf? nonyl|

al cohol and Lebhadecyl orahaohol. 1ATANG:hhem ebbanel c. ethangl angh ! sopr opy!

al cohol are preferre The ketones are pre ear o yclic,

saturated Oregﬂéﬁgu&§§?9p§§tQEﬁér,SBQEEBbEBb&X1e? %FQPéigu%gln%E%%&,ethyl

ket one, 2-pentanone, pentanone, 2 hexanone; ne i sobutyl ketone,
2- hept anone, ¢ 8nyNepi apPnerhdrhephapenginghi sehutyl Jketene, mRshitbiexide,
phorone, 2-octanone, cycl ohexanone, nethylcycl ohexanone, 'isophorone,
2, 4- pent anedh8fRy 1 2aRi B6xanedi 8REnedli agehanemddngh¢akah and acet ophenone

may, for exanple, be nmentioned. Anong them acetone and nethyl ethyl ketone

are preferrederghydtbeuebiensyar €opr ekamphby 62_fehitieaedor meyekic,
saturated or unsaturated ethers. Specifically, diethyl ether, dipropyl
ether, diisoprepytretihere dibuhyl ethetr, diisopropyl ether, dioxane
and tetrahydrofuran.
The esters are preferably C;.19 linear or cyclic,

10 saturated or unsaturated esters. Specifically, methyl
formate, ethyl formate, propyl formate, butyl formate,
isobutyl formate, pentyl formate, methyl acetate, ethyl
acetate, propyl acetate, isopropyl acetate, butyl
acetate, isobutyl acetate, sec-butyl acetate, pentyl

15 acetate, methoxybutyl acetate, sec-hexyl acetate, 2-
ethylbutyl acetate, 2-ethylhexyl acetate, cyclohexyl
acetate, benzyl acetate, methyl propionate, ethyl
propionate, butyl propionate, methyl butyrate, ethyl
butyrate, butyl butyrate, isobutyl isobutyrate, ethyl 2-

20 hydroxy-2-methyl propionate, methyl benzoate, ethyl
benzoate, propyl benzoate, butyl benzoate, benzyl
benzoate, y-butyrolacton, diethyl oxalate, dibutyl
oxalate, dipentyl oxalate, diethyl malonate, dimethyl
maleate, diethyl maleate, dibutyl maleate, dibutyl

25 tartrate, tributyl citrate, dibutyl sebacate, dimethyl

phthalate, diethyl phthalate and dibutyl phthalate may,

for example, be mentioned. Among them, methyl acetate



et'hyl vinyl ether, butyl vinyl ether, anisole, phenetole, 5 nethyl anisole,
di oxane, furan, nethylfuran and tetrahydrofuran may, for exanple, be
“nmentioned. More preferred are diethyl ether, diisopropyl ether, dioxane
and tetrahydrofuran. The esters are preferably C2_19 linear or cyclic, 10
saturated or unsaturated esters. Specifically, nmethyl formate, ethyl
formate, propyl formate, butyl formate, _isobutyl formate, pentyl formate,
net hyl acetate, ethyl acetate, propyl acet at e, i sopropyl acetate, butyl

acetate, isobhugyle gtgggt §gc éke@gggghe pentyl 15 acetate,

met hoxybutyl acetate, sec- tate et hyl butyl acetate, 2-ethyl hexyl

acet ate, cyclohe&ng h@@%b@hgteﬁeﬂﬁﬁkoégghgh% a@%t%¥%f%&%ﬁign%ﬁ et hyl

propi onate, butyl propionate, butyrate, et butyrateé, butyl

butyrate, IngHﬁ¥5téaoeytMﬁggeurskealc3139lﬁxééexxr cHEbRYk1R6eRLaRAKE,
met hyl benzoate ethyl benzoate, propyl benzoate, butyl benzoate, benzyl

benzoat e, i t%&¥685§5&ﬁ§ ok éa@léa@ﬁ§H€he@&§&@aé cX&t+ 4, dipentyl
| e

oxal at e, yl mal onate, dinethyl naleate,” diethyl naleate, dibutyl

ﬁa|eat6,!ﬂ'b@i&h18§oé@h&ﬁé§el,QLHbéhYbrééEhahéy di bubyl sebacate, dimethyl
pht hal ate, diethyl phthalate and di butyl phthalate may, for exanple, be

nmentioned. AgppghlbesetRBhaYy| 1acetabetd¥radhloebbyhanect ate, are-preferred.
The hal ogenat ed hydrocarbons are preferably Cl_6 saturated or unsaturated
chl ori nat ed eetehthlotbeehanat efentachloroethane, 1,1-

dichloroethylene, 1,2-dichlorocethylene,

trichloroethylene, tetrachloroethylene, 1,2-

10 dichloropropane, dichloropentafluoropropane,
dichlorofluoroethane and decafluoropentane may be
mentioned.

Further, as other components, radical scavengers
{such as X-1lp, tradename, manufactured by Dow Chemicals)

15 may, for example, be mentioned.

(D) Application of the lubricant solution of the present
invention to magnetic recording media

The lubricant solution of the present invention is
used as a lubricant for magnetic recording media.

20 A layer structure (basic structure) of a magnetic
disk as a common magnetic recording medium usually
comprises, sequentially from the lower side, a
nonmagnetic substrate, a primer layer, a magnetic
recording layer (or a magnetic layer), a protective layer

25 and a lubricant layer. In an example of such a magnetic

disk, the nonmagnetic substrate is, for example, made of

an aluminum substrate and as a NiP film formed by plating



hydr ocar bons. Specifically, nethylene chloride, 1,1 5 dichl oroethane,

1, 2-di chl oroet hane, 1,1,2- trichloroethane, 1,1,1, 2-tetrachl oroethane,
"1,1,2,2- tetrachl oroet hane, pentachl oroethane, 1,1- dichl oroethyl ene,

1, 2-di chl oroet hyl ene, trichloroethylene, tetrachloroethylene, 1,2 10

di chl or opr opane, dichl oropent af | uor opr opane, dichl orof | uor oet hane and
decaf | uoropent ane may be nentioned. Further, as other conponents, radical
scavengers (such as X-1p, tradenane, mam#f act ur ed by Dow Chem cals) 15

my. Tor exap) gy be, gagklongdy (OL Saplieat Lan el the Lubceant salutfon of

the present “iInvention o0 fegnetic rec g ne Ficant s6rution of

the Present Lpuankion Lhoobfed A3 Gt uRLL CANL Ol aEnSt L g £esgrging media.

20 A | ayer ructare asic struc netic as a conmo

magneti ¢ rece&%wogeg%ggpuaui'zlbmagﬁgwei~ £3a15€apR0t LA JAYIé%OHS he | over

side, a nonnagneti rate, a prinmer layer, a magnetic ecofr di ng | ayer

(or a magnet kg | axghbied PEOLEBLMYEANAYY! 2PhaNghgndubri capL | ayer. In an
exanpl e of such a magnetic disk, the nonmagnetic substrate is, for exanple,

made of @n ghyghnymmaybsbrakecand asi1dyNwRith! A:f ar redbnaphatkiieg 28 on
its surface, and its surface is super-finished to nake it highly snooth.

The priner |agerlis tsdlatdyr n@UEoPindy, Foal doambed Ngba cenpmgnetic netal .
The C all oy may,
CoCrPt or CoCrPtTaNb.
Then, on the magnetic recording layer, a protective
film is provided to protect the magnetic recording layer

10 from damage by an impact of a magnetic head. The
protective film is usually formed of a carbon material
such as amorphous carbon and is thus called a carbon
protective film. Further, on the carbon protective film,
a liquid lubricant solution is applied to form a

15 lubricant layer for the purpose of ensuring smooth flying
of a head over the magnetic disk. Here, the above-
described layer structure of a magnetic disk is a basic
structure, and as a practical layer structure, a more
complicated structure may be taken in many cases.

20 As a method for applying the lubricant solution of
the present invention to a magnetic recording medium, it
is possible to suitably use, for example, a method such
as a Langmuir-Blodgett film-forming method, a dipping
method or a method of rotary application by a spinner.

25 For example, in the dipping method, a magnetic disk

covered by a carbon protective film is dipped in the

lubricant solution at a proper speed, and after



for exanple, be a M alloy. The magnetic layer is 5 usually nmade of a CoCr
alloy which is a ferromagnetic netal. The CoCr alloy may, for exanple, be

" CoCrTa, CoCrPt or CoCrPtTaNb. Then, on the nmagnetic recording |ayer, a
protective filmis provided to protect the nagnetic recording |layer 10
from damage by an inpact of a magnetic head. The protective filmis usually
formed of a carbon material such as anorphous carbon and is thus called a
carbon protective film Further, on the rbon protective film a liquid

| ubricant sol ution:i pp! | f .a 15.]l ubri.cant, | r..for the_purpose

of ensuring é%%%?%lb?§§n§ b%gpgghggégg€gr%ﬁﬁé’nﬁgné ig%gﬁgﬁé%ﬂng,athe

above- descrggggaF§¥eggégagcture of a magnetic disk is a basic structure,
ayer

and as a practica structure, a nore conplicated structure may be

taken in many ’Ca§?l_s su%@x ésm%nﬁ%rrhoq,hfeorlu ! lcﬂn'Eg tSh%dS%tqueQﬁ'%tﬂ %qll ti on Of‘

the present invention to a nmagnetic recording nediu I's possible to

sui tably usecaiBhnexaBPLEride"BLMR] SHENchaS raubaRgavel BhRdaetiher
filmform ng nmethod, a dipping nethod or a nethod of rotary application by

a spinners 25sFgfieyanBl eorNat NEpeh BRhRY tABHNEH, tReMBIBEIE iYksSki1gOVer ed
by a carbon protective filmis dipped in the [lubricant solution at a proper

speed, and afher c89teHBtAtakAkBY 3fPptaReN udrpREAG EniagEbei bdhsisiedhdr awn at a
sui tabl e speed. In such-a manner, the lubricant is adsorbed on the

depending upon the application conditions, the

concentration of the solution and the cleaning

conditions.

10 In the method for applying the lubricant for
magnetic recording media according to the present
invention, it 1s preferred to apply the lubricant
solution so that the thickness of the lubricant layer
after the application would be from 1 to 4 nm, more

15 preferably from 1 to 2.5 nm. When the thickness of the
lubricant layer is from 1 to 4 nm, the lubricity is
sufficient, and such is preferred in that a sticking
phenomenon can be prevented.

EXAMPLES

20 Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means thereby restricted.

In the following, tetramethylsilane is represented

25 by TMS, CCl,FCClF,; by R-113, dichloropentafluoropropane
by R-225, and CClF,CF,CCl,CF,CF3 by R-419.

Further, NMR spectrum data are shown within an



carbon protective film and the fluorinated alkyl ether 5 is dried to form
a lubricant filmon the protective film The coated thickness of the

" lubricant may be adjusted depending upon the application conditions, the
concentration of the solution and the cleaning conditions. 10 In the nethod
for applying the lubricant for magnetic recording medi a according to the
present invention, it is preferred to apply the lubricant solution so that
the thickness of the |ubricant |ayer aft the application would be from1l

to 4 nm ”Dr§pé§r85?f853@5¥airQﬂk%tzﬁgﬁpé nm Wen the thickness of the

| ubri cant rom ubricity is sufficient, and such is

preferred in thap,acALLoki-ng JpRenaEen can he areyented e%%hf g 20 Now

the present invention scri b urther etarl reference to

Exanpl es. HowvgrnurnbersQgekggeememeeﬁigeorreagﬁk the Pf&ﬁ&nitlment' on is by
no neans thereby restricted. I n the follow ng, tetranethy silane is

represent ed n@dshyed EhEZ t P¥nRehidnatbghbengpenkatl uarepr-opane by
R- 225, and é%lﬁicﬁ% N§¥c§§ZF§ by R—413 Fur?ﬁer% N%R9egectr&nrdata are shown

w thin an 30retpppe@ntochenteal .shift range. Further, the average nol ecul ar
weight is represented by a nunber average nol ecul ar weight (M), and it was
The measuring method by GPC was carried out in

accordance with the method disclosed in JP-A-2001-208736.
Specifically, using as a mobile phase a (99:1) solvent
mixture of R-225 (Asahiklin AK-225SEC Grade 1, tradename,

10 manufactured by Asahi Glass Company, Limited) and
hexafluoroisopropyl alcohol (HFIP), two PLgel MIXED-E
columns {(tradename, manufactured by Polymer Laboratories
Ltd.) were connected in series to constitute a column for
analysis. The analysis was carried out by using, as

15 standard samples for measuring the molecular weight, four
types of perfluoropolyethers having molecular weights of
from 2,000 to 10,000 and molecular weight distributions
represented by M,/M, and one type of perfluoropolyether
having a molecular weight of 1,300 and a molecular weight

20 distribution of at least 1.1. Here, M, represents the
mass average molecular weight, and M, represents the
number average molecular weight. The mobile phase flow
rate was set to be 1.0 mL/min, the column temperature was
set at 37°C, and as the detector, an evaporation light

25 scattering detector was employed.

EXAMPLE 1: EXAMPLE FOR ESTERIFICATION REACTION

25 g of commercially available polyoxyethylene



measured by gel perneation chromatography (hereinafter 5 referred to as
GPC). The neasuring nethod by GPC was carried out in accordance with the
met hod di scl osed in JP-A-2001-208736. Specifically, using as a nobile phase
a (99:1) solvent mxture of R 225 (Asahiklin AK-225SEC Grade 1, tradenane,
10 manufactured by Asahi d ass Conpany, Limted) and hexafl uoroi sopropyl

al cohol (HFIP), two PLgel M XED-E colums (tradenane, manufactured by

Pol yner Laboratories Ltd.) were connected in series to constitute a col um

for anal ys'% ¥%QP0?”8£P{ fs(M@f’o%a{;r#Egoouﬁlagxfgékﬂgeda 1§1§%?Hdard sanpl es

for neasurin e nol ecu ar wel ght our ypes of perf Yoro yet hers

havi ng nol ec ights f 2 0 0,Q0 d a i ght
dlstrlbutloﬁﬁﬁéééggege%fegéby kﬁf&hzgﬁda%ﬁeétggegogepgg?lﬁ%?%p%lﬁgther

having a nol geul ar yej ght %dan?QPo%QH Ra80besHhag W@tﬁhbl%QrQhét“ bution of
at least 1.1. Here, Mv represents ft mass average nol ecular weight, and Wh

represents t§€1rﬁyﬁ§e&h§Y§réﬁé REesHbL BT t¥RbEPE tuFbeyaRbinh¢nkhasesf hew rate
was set to be 1.0 nmi/mn, the colum tenperature was set at 37C, and as the

det ect or 5 amsy@aporsaf ipry |dghicasr geay b@@g@ﬁ det pster,) \QPSWQEPHQMP@J.SEXANPLE
1: EXAMPLE FOR ESTERI FI CATI ON REACTION 25 ¢ of commercially available

pol yoxyet hyl gi@e@1thet¥€6r &let Aepet UBE0XE Gt 180RouppnWhatckurad by N ppon
Yushi K K ), 50 g of R-225 and 2.88 g of NaF were put into a flask, and
nitrogen wasibubbhel weihbevagoroUsas maintained at a level of at most
10°C. After completion of the dropwise addition, the
mixture was stirred at room temperature for 24 hours,
10 whereupon a crude liquid was recovered. Further, the
crude ligquid was subjected to filtration under reduced
pressure. Then, the recovered liquid was dried for 12
hours in a vacuum drier (100°C, 666.5 Pa (absolute
pressure) ). The crude liquid thereby obtained was
15 dissolved in 100 mL of R-225 and washed three times with
1,000 mL of a saturated sodium carbonate solution to
recover an organic phase.
To the recovered organic phase, 1.0 g of magnesium
sulfate was further added, followed by stirring for 12
20 hours. Then, magnesium sulfate was removed by pressure
filtration, and R-225 was distilled off by an evaporator
to obtain 52.8 g of a liquid polymer at room temperature.
As a result of 'H-NMR and YF-NMR, The obtained polymer
was confirmed to be the following compound (D3-1). Here,

25 the average value of (dY%“+d'+d!®) was 27.0. R® was

-CF (CF3) OCF,CF (CF3) OCF,CF,CF;. M, was 2,600.



stirring while the internal tenperature was nmaintained at 5 25C. 34.3 g of
FCOCF( CF3) OCF2CF( CF3) O( CF2) 3F was dropw se added thereto over a period of
1.0 hour, while the internal tenperature was nmintained at a | evel of at
nost 10C. After conpletion of the dropwi se addition, the mxture was
stirred at roomtenperature for 24 hours, 10 whereupon a crude |iquid was
recovered. Further, the crude liquid was, ubjected to filtration under
reduced pressure. Then, the recovered Iid%id was dried for 12 hours in a
vacuum drier (100C, 666.5 Pa (absolute pressure)). The crude liquid thereby

gotained vas 15 6 520l CRHOICHITALOT JOHICHAEORY [ e {imes v ih
phese, o Lhe T eCEauIUBICHINISGOH, PR ICTmles In(DUp & tas
2 Evaporacor ro-obt A GHAO R EHaGHBCER S 1 Shimera ir 6. as
a result of 'H NWR and 19F-NVR, The obtai ned polynmer was confirmed to be
the follow ng cofpame (D38 1) . Mker esoPbehbe avelagesvatderdf Tradp+511S+d16)
was 27.0. Rf was - CF(CF3)OCF2CF(CF3) OCF2CF2CF3. M was 2, 600. 32
CH2Q( CH2CH2O gt ) CHRCH2EEORE 8, f 4 . BICc O CH2CH20) d1sCH2CH2OCORf  ( D3- 1)
CH2Q( CH2CH20) d, 6CH2CH20OCCOR
PF_-NMR (282.7 MHz, solvent: CDCl;, standard: CFCl;) &
5 (ppm): -76.0 to -81.0, -81.0 to -82.0, -82.0 to -82.5,
-82.5 to -85.0, -128.0 to -129.2, -131.1, -144.7.
EXAMPLE 2: EXAMPLE FOR FLUORINATION OF COMPOUND (D3-1)
OBTAINED IN EXAMPLE 1
EXAMPLE 2-1: Example wherein the solvent for the reaction
10 is R-113
Into a 500 mlL autoclave made of hastelloy, 312 g of
R-113 was added, stirred and maintained at 25°C. at the
gas outlet of the autoclave, a condenser maintained at
20°C, a NaF pellet-packed layer and a condenser
15 maintained at -20°C were installed in series. Here, from
the condenser maintained at -20°C, a liquid-returning
line to return the condensed liquid to the autoclave, was
installed.
After blowing nitrogen gas for 1.0 hour, fluorine
20 gas diluted to 20 mol% with nitrogen gas (hereinafter
referred to as 20% fluorine gas) was blown for one hour
at a flow rate of 16.97 L/hr.

Then, while 20% fluorine gas was blown at the same

flow rate, a solution having 15 g of the product (D3-1)



1H NMR (300.4 MHz, solvent: CDCl13, standard: TM5) 5 (ppm: 3.4 to 3.8, 4.5.
19F-NWR (282.7 MHz, solvent: CDCl3, standard: CFC13) S 5 (ppm: -76.0 to
©-81.0, -81.0to -82.0, -82.0to -82.5, -82.51t0 -85.0, -128.0 to -129. 2,
-131.1, -144.7. EXAWPLE 2: EXAMPLE FOR FLUORI NATI ON OF COMPOUND (D3-1)
OBTAI NED I N EXAMPLE 1 EXAMPLE 2-1: Exanpl e wherein the solvent for the
reaction 10 is R-113 Into a 500 nL autoclave made of hastell oy, 312 g of

R 113 was added, stirred and maintained at> 25C. at the gas outlet of the

aut ocl ave, oBQQ@ﬁQéeﬁg”g%cQRgg%eﬁ éﬁssg%efil éga.'fo@e gl Ra k,?rer and a

condenser 15 mal nt al ne were | nsta N Séries. om the

condenser i nakped Bes20Cocdbidbidst ehULBENTynh e cha P%f%urn the

condensed liquid to the autoclave, was insta ter OW ng ni trogen

gas for 1.0 ?QHBrlﬁéugébn@as2Blg@ﬁ gtlﬁhédsﬁﬂe2@lgglgaW%th nitrogen gas
(hereinafter referred to as 20% fl uorine gas) was blown for one hour at a

flow rate of 16. 8hek/ hi. mIhes, aWﬁ!hQBZQ%&BEE%h'%%sgé \@E%éé(mwhfﬂethe sarme
flow rate, a solution having 15 g of the product f obtained in

Exanpl e 15 di 369l ¥8doiind08a8 @hsRoldvm a@Sthbnsaﬁbedlgwe&a@eperIOd of 11
hours, while the 20% fluorine gas was blown at the sane flow rate. Then, 6
m. of a R-11Busohuti onivesgenj gatedasWbilben for 1.0 hour.

After completion of the reaction, a crude liquid was
recovered, and the solvent was distilled off by vacuum
drying (60°C, 6.0 hr) to obtain 21.4 g of a liquid

10 product at room temperature. As a result of the analysis
of the product, it was confirmed to be the following
compound (D4-1) having substantially all hydrogen atom in
the compound (D3-1) obtained in Example 1 substituted by
fluorine atoms. The proportion of the number of fluorine

15 atoms in the compound (D4-1) corresponding to the number
of hydrogen atoms in the compound (D3-1), 1is at least
99.9 mol%. Further, the average molecular weight (M)

was 4,600. Namely, (d*+d%+d!®) in the following formula

is a value whereby M, becomes 4,600.

CF,0(CF5CF,0),14CF,CF,0COR’
FC— O(CF,CF20) 1sCF.CF,0COR’ (D4-1)
Con(CFQCon)dwccmonCORf

20

H-NMR (300.4 MHz, solvent: R-113, standard: TMS) &
(ppm): 5.9 to 6.4.
Yp_NMR (282.7 MHz, solvent: R-113, standard: CFCl,)

5 (ppm): -77.5 to -86.0, -89.5, -90.0 to -92.0, -120.0 to



5-20% fluorine gas was blown at the sane flow rate. Further, nitrogen gas
was blown for 1.0 hour. After conpletion of the reaction, a crude |iquid was
recovered, and the solvent was distilled off by vacuum drying (60C, 6.0 hr)
to obtain 21.4 g of a liquid 10 product at roomtenperature. As a result of
the analysis of the product, it was confirnmed to be the follow ng conpound
(D4-1) having substantially all hydrogen atomin the conpound (D3-1)
obtained in Exanple 1 substituted by fluttine atons. The proportion of the
nunber of flu ng 15 o] n onpound (D4-1) corresponding to the
nunber  of hygégggn a%%%safﬁbthgﬂgogpound (D3-1), is at least 99.9 nold.

Further, theEﬁmfaﬁﬂeznﬁl eﬁi&éﬁ{alé’e HQE Mgeregew@aléeﬁgofowa%leyregg%%ﬂ' s+d16)

in the follomnng formula 1s a va becones
CF20( CF2CF20) d, 4Cr26F2000Rf  FCc O(CFZCFZO)d sCF2CF2000Rf (D41) 20
CF20( CF2CF20) d, 6CF2CF2000Rf 1H NWR (300.4 MHz, solvent: R-113, standard:

TM5) 5 (ppm: 5a9rt@c8idn 86 MNR(282o0cMia, 3@l wae mBnhl3: rd:
CFC13) 5 (ppm): -77.5 to -86.0, -89.5, -90.0 to -92.0, -120.0 to 34 -139.0,

-142.0 t g - 14Ra0. REXABPLE BxdmpEsapphewuwbherBhAgbhetsokvany .f ogsthe reaction
is R419 A reaction was carried out in the same manner except 5 that R 113
in Exanpl e 2réswas ebhanpedah8lRs4390fAs8ha formed product, formation
of the same compound (D4-1) as the product in Example 2-
1, was confirmed.
EXAMPLE 2-3: Example wherein the solvent for the reaction
10 is FCOCF (CF3) OCF,CF (CF3) OCF,CF,CF;
A reaction was carried out in the same manner except
that R-113 in Example 2-1 was changed to
FCOCF (CF3)OCF,CF (CF3) OCF,CF,CF3. As a result of the
analysis of the product, formation of the same compound
15 (D4-1) as the product in Example 2-1, was confirmed.
EXAMPLE 3: EXAMPLE FOR THERMAL DECOMPOSITION OF THE
COMPOUND (D4-1) OBTAINED IN EXAMPLE 2-1 IN EXAMPLE 2
A 50 mL round-bottomed flask containing a stirrer
chip was sufficiently flushed with nitrogen. To the
20 round-bottomed flask, 25 g of 1,1,3,4-
tetrachlorohexafluorobutane, 0.20 g of KF and 20 g of the
compound (D4-1) obtained in Example 2-1 in Example 2 were
added, vigorously stirred and maintained at 120°C. At
the outlet of the round-bottomed flask, a condenser
25 maintained at 20°C and a dryice/ethanol cooling tube were

installed in series, and nitrogen sealing was carried

out.



result of the analysis of the formed product, formation of the sanme
conpound (D4-1) as the product in Exanple 2- 1, was confirmed. EXAMPLE 2-3:

" Exanpl e wherein the solvent for the reaction 10 is FCOCF (CF3) OCF2CF (CF3)
OCF2CF2CF3 A reaction was carried out in the same manner except that R 113
in Exanple 2-1 was changed to FCOCF(CF3) OCF2CF( CF3) OCF2CF2CF3. As a result
of the analysis of the product, formation of the sane conpound 15 (D4-1) as
the product in Exanple 2-1, was confirmed®® EXAMPLE 3: EXAMPLE FOR THERMAL

DECOVPCSI TI N OF it GOVRAUND (- 1)y CHTAINER o Neﬁé@g\i’a 5% Jdd\ EXAVPLE 2 A

50 nL round-botto contaiing a'stirrer |C|ently

flushed wit hlewgﬁgaeeo 1r_801:nh%em§gr5(t2ﬂ?g b%hho%%nf | ask, c%%rrg Rinpl

t et rachl or ohexaf | uor obut ane KF "and 20 of t conmpoun -1)

obtai ned in ExanRkeed- Lol 'EhEX%B'l%n% “ebe, %ﬂ@eqﬁhl\i'eg(&ﬁq%u%'rﬁﬁe%tﬂorﬂ %sa“d
mai nt ai ned at 120C. At the outlef of the round-bottomed flask, a condenser

25 ”H'nta'neﬁa@ht%@Qeé”dn@eQrYb@ﬁb%ﬁhﬁQ%%s%Q%|'&%et%%@v%%kEanbﬂ%%@ led in
series, and nitrogen sealing was carried out. 35 Ei ght hours |ater, the

i nt er nal § enperatibg wWespkowared WereogRkkenpeualfe, @Rdethphura vacuum
punp was connected to the cooling tube, and while the interior was

mai nt ai ned uneeerr, edacedgpoesaupeodube SlivaNntwaand ilhe &b ateationon
by-products were distilled off. Three hours
temperature, was obtained.
As a result of the analysis of the product,
formation of the following compound (D5-1) was confirmed.
10 The proportion of the number of -COF groups in the

product to the total number of ester bonds in the

compound (D4-1) was at least 99 mol%.

CF20(CF,CF0) 14CF,COF

Fc/—O(CcmFZO)dﬁCcmou: (D5-1)

\CFQO(CFQCFZO)dmCFzCOF

'H-NMR (300.4 MHz, solvent: R-113, standard: TMS) 5
15 (ppm): 5.9 to 6.4.

YF_NMR (282.7 MHz, solvent: R-113, standard: CFCls)
 (ppm): 12.7, -78.1, -89.5, -90.0 to -92.0, -135.0 to
-139.0.

EXAMPLE 4: EXAMPLE FOR METHYL ESTERIFICATION OF COMPOUND
20 (D5-1) OBTAINED IN EXAMPLE 3

EXAMPLE 4-1: Example for production by esterification

reaction

Into the round-bottomed flask containing the

compound (D5-1) obtained in Example 3, 0.9 g of KF and



| ater, 13.3 g of a product which was liquid at room tenperature, was
obtained. As a result of the analysis of the product, formation of the
foll owi ng conpound (D5-1) was confirmed. 10 The proportion of the nunber of
-COF groups in the product to the total nunber of ester bonds in the
conpound (D4-1) was at |east 99 nold. CF2Q(CF2CF20 d14CF2COF FQ

O CF2CF20) di sCF2COF (D5-1) CrR2(( CFZCFZO) dOsCFZCG: 1H NWVR (300.4 MHz,
solvent: R 113, standard: TM5) 5 15 (pp > 5.9 to 6.4. 19F-NWR (282.7 Mz,

-Sglzvgnt i 13515(1530 &t@qd%_gn %Jg (%‘ﬁé‘géﬁ ?Q@?éfuﬁs%gfﬁa%?c;uo@

COVPOUND 20,4 £bs 1), OBTA MR, '\’cé?ﬁfé@ Eu§e53§£~]‘%"° Eﬁ}t%lgééage'

production by esterification reaction Into the roun ottorre flask

contai ni ng tfer ooyl #E§f%ﬁe@@éﬁéﬂeﬁaénsfgﬁﬂplSrépwgsg ga@kgKF and 36

5.0 g of R 113 were put, fTollowed by vigorous stirring while the internal

tenper at ur e wes] &ed ik al iesh8d 1 28&mpe FAF 6P wa b Ba On0h i ABEhAROb swAS 8l oWl y
dropwi se added while the internal tenperature was namintained at 25C or 5

hi gher. Bi ghtidwawrs |later, stirring was stopped, and a crude

Eight hours later, stirring was stopped, and a crude
liquid was filtered by a pressure filtration apparatus to
remove KF. Then, by an evaporator, R-113 and excess
methanol were completely removed to obtain 13.5 g of a

10 product which was liquid at room temperature.

As a result of the analysis of the product,
formation of the following compound (D7-1) was confirmed.
All of -COF groups in the compound (D5-1) were found to
be methyl-esterified. The average molecular weight (M)

15 was 3,200.

/CFZO(CFZCFZO)duCFZCOOCH3

FC<—O(CFZCF20)d1sCFQCOOCH3 (D7-1)
CF20(CF2CF70),16CF2,COOCH;
'H-NMR (300.4 MHz, solvent: R-113, standard: TMS) &
(ppm) : 3.95, 5.9 to 6.4.
°r_NMR (282.7 MHz, solvent: R-113, standard: CFCl;)
20 d (ppm): -78.3, -89.5, -90.0 to -92.0, -135.0 to -139.0.
EXAMPLE 4-2: Production Example by ester-exchange
reaction

A 50 mL round-bottomed flask containing a stirrer

chip was sufficiently flushed with nitrogen. 20.0 g of



li-quid was filtered by a pressure filtration apparatus to renove KF. Then,
by an evaporator, R-113 and excess nethanol were conpletely renoved to
"obtain 13.5 g of a 10 product which was liquid at roomtenperature. As a
result of the analysis of the product, formation of the follow ng conpound
(D7-1) was confirnmed. Al of -COF groups in the conpound (D5-1) were found
to be nethyl-esterified. The average nnlggular wei ght (M) 15 was 3, 200.

/ CF20( CF2CF20) dl 4CF2COOCH3  FC- 0( CF2CF20) d,; SCF2CO0CH3 (D7-1) \CF20(C F2C

F20) d, SCF2OOQQ@3CJBH‘ MR A 3(@)9_‘—41 Md%ta%?ﬂe‘éﬁrltn tRiel LS tandand o TMS) 6 (ppm :
3.95 5.9 to F-NVR ( 28 sol vent: R 113, 'standard: CFC13) 20 6

(ppm: -78. 3Exa§1 15; 2-90 191 E@ka e012 =heP 10 d @ oIBhdthadeiAVRle 4- 2

Producti on Exanple by ester-exchange reaction™ A 50 nL round-bottoned fl ask

contai ni ng aaglied, e o laraANay SUlddre@ntdti ddiuNemhiid byl regeRvaL0. 0 g of
37 the conpound (D4 1) obt ained in the same manner as in Exanple 2-1 in

Exanpl e 2 andakrGed oltneithadem Wehperadded. f ohkovad1by wirgeneus stirring
whi l e bubbling was carried out at roomtenperature. The outlet of the 5

round- bot § oneduhldasle twamese dlled Wil Ridalegervidd glittduyens. | ater, a vacuum
punp was connected to the cooling tube to maintain the interior under
reduced Eight hours later, a vacuum pump was connected to
the cooling tube to maintain the interior under reduced
pressure, and excess methanol and reaction by-products
were distilled off. Three hours later, 13.6 g of a
10 product which was liquid at room temperature, was
obtained.
As a result of the analysis of the product,
formation of a compound (D7-1) was confirmed. The
average molecular weight (Mn) of the product was 3,200.
15 The proportion of the number of -COOCH; groups in the
product to the number of ester bonds in the compound (D4-
1) was 99.9 mol%.
H-NMR (300.4 MHz, solvent: R-113, standard: TMS) &
(ppm): 3.95, 5.9 to 6.4.
20 YF_NMR (282.7 MHz, solvent: R-113, standard: CFCl;)
5 (ppm): -78.3, -89.5, -90.0 to -92.0, -135.0 to -139.0.
EXAMPLE 5: EXAMPLE FOR CONVERSION OF COMPOUND (D7-1)
OBTAINED IN EXAMPLE 4
13.0 g of the compound (D7-1) obtained by the method
25 in Example 4-2 in Example 4, 240 mL of R-225 and 200 mL

of tetrahydrofuran were mixed, and 4.0 g of a

borane/tetrahydrofuran complex was added in a nitrogen



pressure,

Three ho
- tenper at
formatio

groups i
was 99.9
3.95, 5.

(ppm: -

m. of R-

borane/tetrahydrofuran conpl ex was added in a nitrogen 38 stream follomed

urs later, 13.6 g of a 10 product which was liquid at room

ure, was obtained. As a result of the analysis of the product,

n of a conpound (D7-1) was confirned. The average nol ecul ar wei ght
(M) of the product was 3,200. 15 The proportion of the nunber of
n the product to the nunber of ester bonds in the conpound (D4- 1)
nol d. 1H NMR (300.4 MHz, sol vent38R- 113, standard: T™S) 6 (ppm:

oo, oSrbgre BTN K905l Wiy 30l venk Brfia i OO
Conpound (D71 GACAI fed by THe BBFhid 95" Tk Eransls A2°Tn Exanpl e 4, 240

225 agdpdlq Bl thtét&%ﬁy@r%%Uh§ﬁfW%%qO@h%@%n1%P%a% QR &

and excess nethanol and reaction by-products were distilled off.

- COOCH3

5

by stirring gher @@BHbeRDEKaN LGOS’ BikERhct TR SQltremowas dirgki | 1 ed of f by

an evaporator; and 2 nol/L of hydrochloric acid was added to the residue,

fol |l oned Dy extraeti @asWcbhcBnZ22atefheod oxhiact Was eoREerRt Iatrwk to obtain
11.95 g of a crude product. The crude product was purified by a silica gel

col um (el uepkodBc225/ Tiex attu@e ohs6@LEPYVadl 60h0F1edByy a silica gel

column (eluent: R-225/hexafluoroisopropyl alcohol). By
'H-NMR and 'PF-NMR, formation of the following compound
(1-C) was confirmed. Further, it was confirmed that

10 substantially no -(OCF;0)- units were contained in the

compound. The average molecular weight (M,) was 3,000.

/CFZO(CF20F20)d14CFZCH20H
FC—“"O(CcmFzO)dwCFzCHzOH (1"C)

\CFZO(CFZCFZO)dwCcmHon
'H-NMR (300.4 MHz, solvent: R-113, standard: TMS) &
(ppm) : 3.94.
15 “F-NMR (282.65 MHz, solvent: R-113, standard: CFCls)
5 (ppm): -80.1, -88.2.
EXAMPLE 6: EXAMPLE FOR STABILITY TEST OF COMPOUND (1-C)
In a nitrogen atmosphere (100 mL/min), the
temperature was raised from 25°C to 500°C at a rate of
20 10°C/min, whereby the mass reduction of the compound (1-
C) (25 mg) obtained in Example 5 was measured by a
differential thermobalance. As a result, the mass
reduction profile was constant, thus showing excellent

stability.



1H NMR and 19F-NWVR, formation of the follow ng conpound (1-C) was
confirnmed. Further, it was confirned that 10 substantially no -(OCF20) -
“units were contained in the conpound. The average nol ecul ar wei ght (M) was
3,000. ~CF20(CF2CF20) d14CF2CH2OH FC- O CF2CF20) d, 5CF2CH2OH (1-C) \CrR2Q(C
F2CF20)d, 6 CF2CH20H 1H NWR (300.4 MHz, solvent: R-113, standard: TWM5) 5
(ppmM: 3.94. 15 19F-NWR (282.65 MHz, solvent: R-113, standard: CFCl1l3) 5
(ppm: -80.1, -88.2. EXAMPLE 6: EXAWMPLE FOR STABI LI TY TEST OF COVPOUND (1-0O

In a nitrogen at %%@%661 1&%% nq}{%]r&)a,se vﬁ"he £nperagl eltt\gpster% %ei from 25C

to 500C at a rate of ereb mass re i‘on ©O corrpound

(1- © (25 ”Eheogb%b%e‘idleﬂt%%gﬁ' € onptR 3@%%@,@ 81%.5 cadidi 8

t her nobal ance result € nmss uction pr | e was constant t hus

showi ng excekh%nbre§hﬁgblbkyy ggumgﬂétqgﬁe % 5@ 11 < Q®S§ ﬂheﬂeeal ab'l'ty

test of the above identified conpound 5 ng) was carried out

presence of waalugirar-baneyPankike! @ﬁe(nqcélchN 611l , %um%tsured by Ni kKi
Chem cal Co., Ltd), the mass 5 reduction profile vvas ‘constant, thus show ng

excel | ents stabiubictiyn POWPARATINE EXAMPLEL]: tﬁEéBlsthz\inBE%chQil@}i@/\N
PERFL UOROPOLYETHER

stability.
COMPARATIVE EXAMPLE 1: STABILITY TEST OF KNOWN
PERFLUOROPOLYETHER
Using a perfluoropolyether essentially containing a
10 -OCF,0- structure (FOMBLIN Z DiOL4000, manufactured by
Ausimont Inc.), a stability test was carried out in the
same manner as in Example 6. As a result, in the
presence of y-alumina fine particles, the ether underwent
decomposition in its entire amount at 250°C and
15 evaporated as converted to low molecular weight
compounds.
EXAMPLES 7 to 16 and COMPARATIVE EXAMPLES 2 to 4
Using a solvent containing HFE347 or HFE458 as an
effective component and, as a Comparative Example, HFE-
20 7100 (manufactured by 3M) or R-225, as shown in Table 1,
a lubricant was diluted so that the concentration in the
lubricant solution would be 0.5 mass%. As the lubricant,
the compound (1-C) as a fluorinated polyether compound
obtailned in Example 5, was used.
25 A lubricant solution thus obtained was applied to
the surface of an aluminum-vapor deposited plate having

aluminum vapor deposited on a plate made of iron, and the



Usi ng a perfluoropol yether essentially containing a 10 -OCF20 structure
(FOMBLIN Z D OL4000, manufactured by Ausinont Inc.), a stability test was
carried out in the sanme nmanner as in Exanple 6. As a result, in the
presence of y-alumna fine particles, the ether underwent deconposition in
its entire ambunt at 250C and 15 evaporated as converted to | ow nol ecul ar

wei ght conpounds. EXAMPLES 7 to 16 and CE@PARATIVE EXAMPLES 2 to 4 Using a
sol vent contai ning HFE347 or HFE458 as an~-effective conmponent and, as a

Conparative Exanphe, v)éFEd%Qeéqul GENUARURed BY1iMC 01t %c%?t%:ngﬁsflslbrpm in

Table 1, a lubricant was diluted so that the concentration in t

| ubricant Sokyt ioa WOl Re (& 3 HRSS urdSuil& Jodh ea¥a; e ddigrepmpound (1-Q

as a fluorinated polyether conpound obtained in Exanple 5, was used. 25 A

lubricant solger@byt R In@e%ﬂ@%ﬁ@pldfeiﬂeo sdiRenurfRe e Ahte

al um num vapor deposited plate having alum num vapor deposited on a plate

made of ironpramthel b®t4A nes0lRt ea s idid & den vaiduala f @PBea-idébr i cant
coating film on the surface of the alum num vapor deposited plate, whereby

the drying properdvalefatiith s verd angkd her strad ecoafirddhef obi avged coati ng
filmwere visually observed. 5 Evaluation of the state of the coating film

was represemlepddented Ho@: cgadbdngodting Oilml nOst ekt eradd ng film n:
irregularity partially observed and X: irregularity substantially observed.
Furt her, evakuwatiiow film, A: irregularity partially observed and X:
irregularity substantially observed. Further, evaluation
of the drying property was represented by ©: immediately
10 dried, O: dried within 10 minutes, A: dried within one
hour and X: not dried within one hour. The results are

shown in Table 1. In the brackets, the blend mass ratio

is indicated.

TABLE 1
Statg of Drying
Solvent coating
£ilm property
Ex. 7 |HFE347 (100) © ©
Ex. 8 HFE347 (95)/isopropanol (5) © ©
Ex. 9 - |HFE347 (95)/ethanol (5) © ©
Ex. 10 |HFE347 (95)/acetone (5) © ©
Ex. 11 HFE34? (90) /methylene © ®
chloride (10)

Ex. 12 |HFE347 (95)/diethyl ether (5) © ©
Ex. 13 |HFE347 (99)/ethyl acetate (1) © ©
Ex. 14 |HFE458 (100) © ©
Ex. 15 |HFE458 (95)/n-heptane (5) © ©
Ex. 16 |HFE458 (95)/ethanol (5) © ©
comp- | gpE-7100 (100) A @)
Ex. 2

ComP- | ypE-7100 (95) A @)
Ex. 3

Comp.

B 4 |R7225 (100) ©
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of - the drying property was represented by (c): immedi ately 10 dried, O:
dried within 10 mnutes, 0: dried within one hour and X: not dried within
“one hour. The results are shown in Table 1. In the brackets, the blend mass
ratio is indicated. TABLE 1 State of Drying Solvent coating property film
Ex. 7 HFE347 (100) o(c) (c) Ex. 8 HFE347 (95)/isopropanol (5) o(c) (c) Ex.
9 HFE347 (95)/ethanol (5) Ex. 10 HFE347 ( )/ acetone (5) (c)o Ex. 11 HFE347
(90)/ net hylene (c) <chloride (10) Ex. E347 (95)/diethyl ether (5) Qo

E§E4ég Fggflﬁ gg%%(a%ter&%g)ea?ﬁteqie o JS)I?xl G%F%Ba %éiggﬂ:eﬁ%no%&pﬁ%c) (c)

Conp. HFE-71Q Qc(lﬁ@)a3/z}7oorE¥IFE%5§0WBf HRE HLRQ L0k Ryt iBh whdlomp. R-225
(100) X (c) ~EX.

applled,-a good coating film state and drying property
were observed. Whereas, in a case where HFE-7100 or R-
5 225 was employed, irregularity was observed, and when

HFE-7100 was used, the drying time was slightly long.

INDUSTRIAL APPLICABILITY
The present invention is effective as a lubricant
10 solution for magnetic recording media.
The entire disclosure of Japanese Patent Application
No. 2004-218687 filed on July 27, 2004 including
specification, claims and summary is incorporated herein

by reference in its entirety.



41 In a case where a solution containing the conpound 1-C, HFE347 or

HFE458, of the present invention was applied, a good coating filmstate and
" drying property were observed. Wereas, in a case where HFE-7100 or R 5 225
was enpl oyed, irregularity was observed, and when HFE-7100 was used, the
drying time was slightly long. | NDUSTRI AL APPLI CABI LI TY The present
invention is effective as a lubricant 10 solution for nagnetic recording
medi a. The entire disclosure of Japanese‘%%tent Application No. 2004-218687
filed on July 27, 2004 including specitihgalsion, clainms and summary is

i ncor por at ed herein by reference inits entlrety 42 CLAIMS 1. A

| ubricant solution {08 g $£ $€§5$1 Shétlc“ﬁé&? §PH@rhé§§ a

| ubri cant and a quorlnate ereln t ricant 1s made of a

fluorinated polivet Q?dmp"?cicsfli@%%ﬁléat}?c fé}hchoé{\ﬂf@dél@{rﬁ'&'&@d(&ikﬁﬂdeéﬁ&

fluorinated alkyl ether is a conpound of the follow ng formula

(X-)eY(-2)f wherthel &iHe X disr @ LHO0Us Gladdienf A |Pl’\41c5§91rﬁ£ié’@:"1§oi§2éther
HO- ( CH2CH20) a( CH2CH( OH) CH20) b- ( CH2) c- CF2( OCF2CF20) dO- 10 (2) wherein a is an

integer of frcmddur@ 10, cHe i ffoAbwiHE S rmOfa f (0Mdhd 0t HOOE 1 6ot Sndted Nt eger
of from1l to 100, and d is an integer of from1l to 200,
alkyl ether is a compound of the following formula (4):
(X=)eY(-2Z)¢ (1)
wherein X is a group of the following formula (2):
HO- (CH,CH,0) 5* (CH,CH (OH) CH;0) - (CH3) ~CF, (OCF,CF,0) gO-

10 (2)
wherein a is an integer of from 0 to 100, b is an integer
of from 0 to 100, ¢ is an integer of from 1 to 100, and d
is an integer of from 1 to 200,

Z is a group of the following formula (3):

15 R"O (CF,CF20) 4- (3)
wherein RF is a Ci.;0 perfluoroalkyl group or a group
having an etheric oxygen atom inserted between carbon-
carbon atoms of such a perfluoroalkyl group, and g is an
integer of from 3 to 200,

20 Y is a (e+f) valent perfluorinated saturated
hydrocarbon group or such a (e+f) valent perfluorinated
saturated hydrocarbon group having an etheric oxygen atom
inserted between carbon-carbon atoms, wherein no
-0OCF,0- structure is present,

25 e is an integer of at least 2, and f is an integer

of at least 0, provided that (e+f) is an integer of from

2 to 20, a plurality of X when e is at least 2, may be



Zis a group of the followng formula (3): 15 RFO(CF2CF20)g- (3) wherein RF
is a Cl_20 perfluoroal kyl group or a group having an etheric oxygen atom
“inserted between carbon- carbon atonms of such a perfluoroal kyl group, and g
is an integer of from3 to 200, 20 Y is a (e+f) valent perfluorinated
saturated hydrocarbon group or such a (e+f) valent perfluorinated

saturated hydrocarbon group having an et Q%ri c oxygen atom inserted between
carbon-carbon atonms, wherein no -OCF20- structure is present, 25 e is an

i nteger of aknkedshe?orakd ffrdremd laMEgep1falatey eastz Qndi avidedid hat
(e+f) is an integer of from 2 to 20, a plurality of X when e is at |east 2,

may be 43 theasame ahydikf erenisam@ndra Jlafalddty, of Z when f is at |east 2
may be the sane or different, RL-O-R2 (4) wherein each of Rl and R2 which

are independent ofr'eaxir? 5 other, is a Cl) 4 fluorinated al kyl group,
provi ded that the total nunber of carbon atons contained in RL and R2 is
from3 to 6. wherEia lalh ofnR'sahdt ROMWH DEh nEgwet hdepec@edt Ngf nedtia
according to Claim1l, whereinin the formula (2), each of 10 a and b is O,
c is 1, and dtherfrdm 3 C9-L2Eucarinatedcea lfkgrimgrou?) praneiddd elad b i s at
| east 1 and the other is 0, cis 1, and d is from3 to 200. 3. The
| ubri cant solthei ¢othdr numgpest iof ceadodi R omedic@ntained in R' and R
is from 3 to 6.
2. The lubricant solution for magnetic recording media
according to Claim 1, wherein in the formula (2), each of
10 a and b is 0, ¢ is 1, and 4 is from 3 to 200, or in the
formula (2), one of a and b is at least 1 and the other
is 0, ¢ is 1, and d is from 3 to 200.
3. The lubricant solution for magnetic recording media
according to Claim 1 or 2, wherein the fluorinated
15 polyether compound of the formula (1) has a number
average molecular weight of from 500 to 1,000,000 as
measured by gel permeation chromatography.
4. The lubricant solution for magnetic recording media
according to any one of Claims 1 to 3, wherein (e+f) in
20 the formula (1) is from 2 to 5.
5. The lubricant solution for magnetic recording media
according to any one of Claims 1 to 4, wherein f in the
formula (1) is 0.
6. The lubricant solution for magnetic recording media
25 according to any one of Claims 1 to 5, wherein the

concentration of the fluorinated polyether compound is

from 0.01 to 50 mass$%.



according to Caim1 or 2, wherein the fluorinated 1s pol yet her conpound of
the formula (1) has a nunber average nol ecul ar weight of from500 to

" 1,000,000 as neasured by gel perneation chromatography. 4. The | ubricant
solution for magnetic recording nedia according to any one of Clains 1 to
3, wherein (e+f) in 20 the formula (1) is from2 to 5. 5. The |ubricant
solution for magnetic recordi ng nedi a aggording to any one of Clains 1 to
4, wherein f in the formula (1) is 0. 6. The lubricant solution for
nmagnetic recordi pgenBdibgicdataceai@iing reramhPRe ief YdRIWE nky edha Wherein
the concentration of the fluorinated polyether conpound is from0.01 to 50
mass. 44 7. 5d88r89hEI €ankn§obHEi 68 E0BimBINEELC of eGOEEAa WRdi a according
to any one of Clains 1 to 6, wherein the fluorinated alkyl ether of the
formula (4) E3udrindtdd hekyafkbuneeebliykh2, ZoZmunif l(4gr aet hyh ,etlzer. 5

tetrafluoroethyl-2,2,2-trifluoroethyl ether.





