2 7 FEB 2004 1 SPECI FI CATI ON PHOSPHAZENE COVPOUNDS AND LUBRI CANTS
CONTAI NI NG THE SAME TECHNI CAL FI ELD The present invention relates tq .a
novel phosphazene conpound and to a |ubricant containing the phospﬁﬁkéﬁ%ﬂm4
conpound. More particularly the invention concerns with a conpound to be
used in a lubricant for a recording meditum such as hard disks of

| ar ge- capacity recordi ng nedium and netal vapor-deposited tapes for 8 mm
vi deo tape recorder or digital video casette, and with a |ubricant

contai ning the conmpound. BACKGROUND, ART. .Thanks to preval ent internet,
intranet, |ocal area network, etc§P§9ﬁ§§Fﬁﬁgpﬁn can be fetched easily only
by gaining access to a network. One of those which support this nmultinedia
era is external recording devices- O existing |arge-capacity external

recordi ng devi , o-cal I | | enpl oyed
in which a rec%f%%égﬁigi%#og&@ ﬁ@gpt“g&f@@%ﬁ%gggﬁg}ﬁ&ém Pépg havi ng a
hi gh strength (hard disk), and the hard disk is rotated at high speed to
operate a recording/reproducing elenment (head). Exanples of the hard disk

are a stq&k&g@ngnﬁﬁﬂJtic di sk, optical disk and optical nmagnetic disk. O
t hese, tHhHe oS preval ent is a device enploying the stationary magnetic

disk. In order Qq g?&&&fﬁé n%%t‘i%ﬂa%i%{té’é ] e;?}@:?éphra%%%di ng

devi ces without” changirng their Size, i1t Is necessary fo increase the

surface recoLdha% M4eNY WY 10 2cL8C U SH NI nTBYT R | VohakBhe 2c dnfde 2004

More particularly the invention concerns with a compound to be
used in a lubricant for a recording medium such as hard disks of
large-capacity recording medium, and metal vapor-deposited tapes
for 8 mm video tape recorder or digital video casette, and with a

lubricant containing the compound.

BACKGROUND ART

Thanks to prevalent internet, intranet, local area network,
etc, information can be fetched easily only by gaining access to a
network. One of those which suppert this multimedia era 1is
external recording devices. Of existing large-capacity external
recording devices, those of the so-called CSS method are usually
employed in which a recording medium layer is provided on a disk
substrate having a high strength (hard disk), and the hard disk is
rotated at high speed to operate a recording/reproducing element
{head) . Examples of the hard disk are a stationary magnetic disk,
optical disk and optical magnetic disk. ©Of these, the most
prevalent is a device employing the stationary magnetic disk.
In order to increase the capacity of these external recording
devices without changing their size, it is necessary to increase

the surface recording density of a recording medium layer, for



2 exanple. This requires that bit size be reduced and the head be brought
near the recordi ng nmedium as nmuch as possible. To reduce a clearan%§ 2004
bet ween the head and di sk, the unevenness of the disk surface shoul g@

m nimzed. For instance, to obtain a clearance of not nobre than 100 nm

t he unevenness should be not nore than 10 nm However, if the snpot hness
of the disk surface is increased, the head is |liable to be adsorbed onto
the disk surface. To obtain high-speed response, it is necessary to

nerease DL enEr LS ot Dors) gicct e Eolatd ol sheatal ae d sk

redquires a maxi mum nunber of revolution

f 5400 . to 7200 d the,. d.of t d L dos h
o 5100 iSRS FI S SRRy o hesapophdsfineeond Tuaupl whe

f above- nenti one

dificati h [ ' | il t act
botween CHENHRIE SEF R hd ad POBeaLTh CPEOR CreTRbel ader ot Rags o

giegfkegairgglé Qg%[]sgq'c{%&%li DLt ¥ i} 2blsew (Qf - tiagtageg.goédwybtfa% Brof &gtd Qi of the
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if the a a ricant applied is increased, not only the slide

resistangg ofy LRGelubl¢ ! shB¥BhndsSs IJICERSQs P Uurilcgo ikhena@gsosdqd,i on of
the lubricant Ts enhanced, thereby causing a stop or burning of a spindle

notor. FefedRcL LAy _rig.a§h.i=.d@o H@%ﬁ%h@ﬂ_@@,oﬂtfo usedadsk uhit G, _Of‘o | st ain
viscosity, the lubricant noves and di sappears froma protective |ayer

during hmﬁns fe@bahion 0f ilhaediskaryThics inaunsese sbontract feet weea t he

di sk and ead, and their breakage A lubricant, in an extrenely sinple

manner, HaRNBhé@refore the rotational speed of the disk. For instance, a
3.5-inch hard disk reguires a maximum number of revolution of 5400
to 7200 rpm, and the speed of the head as it passes through the
periphery of the disk reaches 125 km/hr. Any of the above-
mentioned modifications, however, increases considerably the
probability of contact between the disk and head, as well as
friction therebetween, thus decreasing the reliability.

In view of the foregoing, for protection of the disk surface

and head, it is the simplest way to increase the amount of a
lubricant applied to the surface of a protective coat for a disk.
However, if the amount of a lubricant applied is increased, not
only the slide resistance of the lubricant layer is increased but
also the adsorption of the lubricant is enhanced, thereby causing a
stop or burning of a spindle motor. For decreasing slide
registance, if used a lubricant of low viscosity, the lubricant
moves and disappears from a protective layer during high-speed
rotation of the disk. This causes a contact between the disk and
head, and their breakage.

A lubricant, in an extremely simple manner, forms a

lubricant film having a uniform thickness of molecules on a



| ubricant filmhaving a uniformthickness of nolecules on a 2 7 FEB 2004 3
protective |ayer provided on a hard di sk such as to reduce friction

wear which may be caused during the rotation of the hard disk and & Em&imu
start and stop of the device. For protectlon of the disk and head, there
is required a lubricant which has a | ow3slide resistance, |arge bonding
strength to a protective layer, low coefficient of friction, high chem cal
stability, high thermal stability, high corrosive resistance and lubricity

at low tenperatures of below -10 t, has a _|ow vapor pressure, d which
can for nPEPEFAERTS Yavers PrAvided ikt Pesd Aask %%cgka?st?eﬁ?ﬁLf% rd‘:tﬁﬁ{}e no

change in coefficient of friction over 50,000 tines in gS%% gﬁngg %
That is, anHeweabrilkaht "8HoBP dCHES S SRTAREnE R eI P N7 4487i ng
of the head and bl em sh of the disk _up to,at |east 50,000 ti n a CSS
r epeat ed 2P8set Fr@niiHd BBANEER I éﬂebﬁeﬁﬁgﬁ1chrS?Eﬁﬁ?qﬁﬁ?n g? éhﬁth

ultrathin filmformti on and.  snoot hness, i.s used

in the s@#ﬁ&cén%rQﬁ%Qn|qﬁ§rﬁa§%rr?ﬁu%ﬁﬁdsﬁlﬁ@ H%E%PQM Eﬁggaﬁﬁﬁl% %ﬁ &&Plve

| ayer is, as apparent fromits structur mai n osed of arbon whi ch
| eads torgslléﬁ)a%ﬁ%mléai‘lgebaﬁﬂiih‘ée ﬁ‘ir?ngéfghégl %np%l%;ggg‘?ef%‘?ré'l ;md’epends
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can form ultrathin films. A lubricant for hard disk is required to
have no change in coefficient of friction over 50,000 times in CSS
durability. That 1is, the lubricanf should be free from
abnormalities such as seizing of the head and blemish of the disk
up to at least 50,000 times in a CSS repeated test.

From the point of view of chemical stability, strength,
ultrathin film formation and smoothness, Diamond Like Carbon (DLC)
is used in the surface protective layer of existing hard disks.

This protective layer is, as apparent from its structure, mainly
composed of carbon, which leads to a low chemical bonding. Its
adhesion therefore merely depends upon hydrogen beond with hydrogen
atom or nitrogen atom, and interaction such as van der Waals force.

Thus, perfluoroalkyl polyether oligomer (hereinafter
referred to as "PFPE") is usually employed as a lubricant (Monthly
magazine "Tribology"., No. 99, November, pp37-38, 1995). PFPE has a
low surface energy, chemical inertness, low vapor pressure, and
thermal stability, which characteristics are derived from
fluorocarbon. Unfortunately, it has a drawback that the bonding

strength to the protective layer surface is small because of low

surface energy, and the lubricant moves and disappears from the



fluorocarbon. Unfortunately, it has a drawback that the bonding strength
to the protective |layer surface is small because of | ow surface enzr-]gy 4
and the lubricant noves and di sappears fromthe 2 7 F E B 2004 4 pr cﬁq ng
| ayer by centrifugal force during the rotation of a disk. To suppress
this, an additive of a secondary componént is used (USP4871625), however,

| ow conpatibility deriving fromthe fluorocarbon of PFPE causes a phase
separation, failing to obtain sufficient effect. In order to afford
affinity in PFPE, there has been proposed one nethod in whjch functi onal
group, s@ERtestivE dryeyl byr eeptorius@M dRTEE POl the Fﬂf?%b?&é% nto t he
termnal or center of the main chain of PFPE (FOVMBLIN Z Derivative,

Ausi nont diskp. Ap supRFess ubktel ¢ BRI ELAR 13 Tofals eGP h SAMREEREN AN
active hydrogen m ght decrease chemcal stability due.to th fri%tion wth
the headUspér fYSRAGNGSy BRBEHazeny CORBB LML Hie dGFi¥tRg elF ¢ the
treatnent of magnetic recordi ng nedi um (JP- A-63- 1,0342%%, .. When lé}hese
conmpound$ LapBOERERPTRL fa PFEEr FRAFRS FoPNREPISAPRKRE1 e 1AL Y'Y dYIIPT@4R not

achi eve sufficient CSS durability. Thus, there is.a demand f a novel

| ubr i can®uEARc B} e @t fHCY-hel t (RFERET A ?gf?lb‘%;?rfog\}indéyal%g%fcd%ngkt%eb 3% used
in a lubricant, e.g., for hard. disks .which_have. excellent CSS,. durability,
and a | ul?leieﬁaﬂfo%%ﬁgﬁ%iorﬂenﬁle%{)‘&ﬂ Poiiodhd? B EIGRURHE TRVENTI ON The

gL TR GRS ot T R

SeleCtedoErgghEggzg% éngmaQEZS§2¥% & ®rpE (FOMBLIN Z Derivative, Ausimont
S.p.A). Unfortunately, the functional group having such an active
hydrogen might decrease chemical stability due to the friction with
the head.

Perfluorcalkoxy phosphazene compounds are disclosed for
treatment of magnetic recording medium (JP-A-63-103428). When
these compounds are used as a lubricant for hard disks, the hard
disks can not achieve sufficient €SS durability. Thus, there is a
demand for a novel lubricant.

an object of the invention is to provide a compound to be

used in a lubricant, e.g., for hard disks which have excellent CSS

durability, and a lubricant containing such compound.

DISCLOSURE OF THE INVENTION

The present invention relates to a phosphazene compound of
the formula (1) shown below which has an arrangement such that
perfluoroxyalkylene units selected from -CFy0- and -CFCF30- are
randomly distributed, the compound having a functional terminal
group A
A - OCH,CF90 (CF5CF70) p (CF,0} qCFCH0- A (1)

wherein A is a group of the formula (a) shown below, R is a



random y distributed, the conpound having a functional termnal group A
A- OCH2CF2Q( CF2CF20) p( CF20) gCF2CH20- A (1) wherein Ais a group of the
formula (a) shown below, Ris a 2 7 FEB 1004 5 hydrogen atom Cl_4 agw:lE,B 2004
Cl_4 al koxy, Cl1_4 hal oal kyl, aryl, substituted aryl, aryloxy or
substituted aryloxy, and p and q are a Peal nunber of 1 to 30. P~NP
(A C6H4) R} 5 (a) The invention also concerns with a lubricant containing the
phosphazene conpound of the fornmula (1). Exanples of Cl1_4 al kyl are nethyl,
ethyl, propyl and butyl. Exanples of Cl.4 al koxy are_pethox et hoxy,
pr opoxy ahﬁgmﬁ%kﬁtomExgml akkyl. -4 HEPSHI @H-4%°ﬁﬂﬁ%¥orﬁﬂyl ,
trifluoronmethyl, chloronethyl, fluoroethyl, trifluoroethyl, bronoethyl,
i odopr opybubdt torntedueyl ], chrprotutod sabdtbrwrmsharylox¥xans fsabf @arafe & e
phenyl and naphthyl. Exanples of aryloxy are phenoxy and napht hoxy.
Exanpl es otakubsiberuedit 3 for3Gubstituted aryl and substituted aryloxy are
Cl 4, alkyl, Cl1_4 al koxy and Cl1_4 haloalkyl. In the invention, the
phosphazene congound of the fornula (1) is a novel conpound which is
undi scl osed gl | ature. For exanple, the conpound is prepared fromthe
ol i gomer of | phospfjoni trSH:re I de, phenol and al cohol having hydroxyl
groups introducedllat g6 ksl nal ends of {PFPE mai n chai n. Exanpl es of
t he oIigomeN{e\L Mphonitrile hal ide are cyclic trimer of

F)

The invention also concerns with a lubricant containing the

phosphazene compound of the formula (1).

Examples of Cp_.4 alkyl are methyl, ethyl, propyl and butyl.
Examples of C;.4 alkoxy are methoxy, ethoxy, propoxy and butoxy.
Examples of Cj_.4 haloalkyl are fluoromethyl, trifluoromethyl,
chloromethyl, fluorcethyl, trifluoroethyl, bromoethyl, iodopropyl.
fluoroﬁutyl, chlorobutyl and bromobutyl. Examples of aryl are
phenyl and naphthyl. Examples of aryléxy are phenoxy and

naphthoxy. Examples of substituents for substituted aryl and

substituted aryloxy are Cj.4 alkyl, Cp.4 alkoxy and C;_4 haloalkyl.
In the invention, the phosphazenme compound of the formula
(1) is a novel compound which is undisclosed in literature. For
example, the compound is prepared from the oligomer of
phosphonitrile halide, phenol and alcohol having hydroxyl groups
introduced at both terminal ends of PFPE main chain. Examples of
the oligomer of phosphonitrile halide are cyclic trimer of
phosphonitrile chloride, cyclic tetramer of phosphonitrile chloride
and mixtures therecof. Examples of phencl are phenol,
metatrifluoromethylphenol and like haloalkyl phenols,
metamethoxyphenol and like alkoxy phenols. Examples of alcohol

having hydroxyl groups introduced at both terminal ends of PFPE



phosphonitrile chloride, cyclic tetramer of phosphonitrile chloride and

m xtures thereof. Exanples of phenol are phenol, netatrifluoronethzi&?gth
and |i ke hal oal kyl phenols, nme tanme thoxyphenol and |ike al koxy phehol's!
Exanpl es of al cohol having hydroxyl groups introduced at both term nal
ends of PFPE 2 7 FEB 2004 6 main chain Pnclude the ol igomer of

pertl uoroal kyl polyether of the formula (b) having an average nol ecul ar
wei ght of 400 to 6000 (Ausinmont S.p.A, Z Derivative):

HOCH2CF2Q( CF2CF20) r (CF20) sCF2CH2OH (b)  wherein r is 1 to 30, and_s {13 lto
30. The ewipoahdif Incdmdehshenekbiagusy eAnPeEL Prapaidyl potyedidinpfe P8s
fol |l ows. Phenol gflcohql) is reacted with sodiumor the |ike tqo give
phenol at €ogattahhlath@VinghrBhaV 8T ¥R PG R WA Efoﬁ?é]orrﬁarsogio
phosphonitrile halide, as disclosed for exanple in JP-A-62-53996. Stated
nore speciMuséapny S ghénol P8réY3%hi®/ed in a sol vent such as diethyl ether,

dii sopropyl ether or_toluene. . Then tion is,.gonducted between the

sol ution and aHgggéc%l?c(ﬁF25§2%@?28@%4%%%@)@93odi(Llf hydride in an anount
smal | er than an equival ent anount re uires for making the phenol entirely
into phetSrais, T preflertoPy - 887¢ o° 95%ledi VAl ent thereof at a tenperature
for refluxing the solvent_until the base is entirely reacted, er eby
phenol ate i s proGueBPOYHE Q"dt é’lfnégepﬁé‘ﬁ?ﬂt&toé’ an(ra%%c?lée(far%gf hf%e
cyclotriner of phosp itrile halide_in an .anmmu 1 gayi-val ent,
pr ef er abl§*3F8Eo %ﬁo%]ogaﬁw&m MG q?%‘éo%% }ag%egtea%%g%gv@%e St%g%gbt ai n

aryl oxy- sypsti Lyt ed 44JCXRLRRNOSONAN ddbh Gre Bl itien Fepaeateby walsohol

havi ng hydro ﬁ groups introduced a
cyclic oligomer of phosphonitrile halide, as disclosed for example
in JP-A-62-53996. Stated more specifically, phenol is dissolved in
a solvent such as diethyl ether, diisopropyl ether or toluene.
Then a reaction is conducted between the solution and a base such
as metal sodium or sodium hydride in an amount smaller than an
equivalent amount required for making the phenol entirely into
phenolate, preferably 85 to 95% equivalent thereof at a temperature
for refluxing the solvent until the base is entirely reacted,
whereby phenolate is produced. The obtained phenolate is reacted
with the cyclotrimer of phosphonitrile halide in an amount of 15 to
25% equivalent, preferably 18 to 21% eguivalent, of the obtained
phenoclate to obtain aryloxy-substituted tricyvclophosphonitrile
halide. Separately alcohol having hydroxyl groups introduced at
both terminal ends of PFPE main chain (hereinafter referred to as
“PFPE-DOH") and the base selected from the above-mentioned bases
are reacted in the same equivalent amount. The mixture is reacted
at a temperature in the range from room temperature to 120°C,
preferably 40 to 100°'C until the solid base can not be recognized.

A reaction is conducted between the above-obtained aryloxy-

substituted tricyclophosphonitrile halide and the alcoholated PFPE-



both term nal ends of PFPE main chain (hereinafter referred to as
"PFPE-DOH') and the base selected fromthe above-nentioned bases g{?
reacted in the same equival ent anount. The mixture is reacted at FEB 2004
tenperature in the range fromroomtenperature to 120'C, preferably 40 to
100' C until the solid base can not be récognized. A reaction is conducted
bet ween t he above-obtai ned aryl oxy- substituted tricycl ophosphonitrile

hal i de and the al cohol ated PFPE 2 7 FEB 2004 7 DCH in an ether sol vent such
as diethyl ether, diisopropyl ether or perfluorohexyl nethyl ether for 1
to 10 dapsi r efrecabey fetvent swh ggydigthyl edhser agh%%oﬁ’rrPHYHeertBﬁﬁemFrom
roomtenperature to the solvent- refluxing tenperature. The thus-gbtained
react i onpar&kugrohexylanaeyt e dorel §ol W aY§ol BEEERF O 408 AgtPhe
phenol ate separately prepared. The m xture is reacted for 5 to 15 days at
a tenpefarsirat iy tenBerahyee ¥ hNCoSANEENHRYRHPCR FEMPREA TS &9t thfef | uxi ng
tenperature, preferably at the sol vent-refl uxin tenperature until the
parti al | gohegmgerrfduBdpEt HeBRET 3Ty cl 'B}ﬂwd'élb‘ﬁoﬁgﬁ}fllere? CERNGPRHBL Y et ed.
The thus-obtained reaction mxture is washed with water a few tines,
dehydr at &8 20Rpd di9 E8eapEBET VR CIETthEOLBF VRICUSEd " BI B RIFTS) 2 te
distillation under reduced pressure. when the o tgi neﬁcj J.83 ti gnsngé(taure
cont ai ns SPRFEERIe®TEREAGE : PESEMBEENBRE h&eEar§T ok~ sulst irtuf

tricycl oghos honitrile, these substances are re ved fromthe  reaction

mi xt ure BFTROT R Pdit8Ei FRATT O, WhEPBb Y TRHE oRpotRd T 13 i's pr oduced.

D Rk LR E S\ DYy O Vebeber Bl a1 vl o
temperature until the partially halogen-substituted
tricyclophosphonitrile can not be detected. The thus-obtained
reaction mixture is washed with water a few times, dehydrated and
dried after which the solvent used is removed by distillation under
reduced pressure. When the obtained reaction mixture contains
unreacted phenol, PFPE-DOH and hexaaryloxy-substituted
tricyclophosphonitrile, these substances are rgmoved from the
reaction mixture by molecular distillation, whereby the compound
(1) is produced.

The reaction system of the invention may contain higher
molecular weight compounds like those of the formula (2) and the
formula (3) as shown below, as well as the compound of the formula
(1} . The lubricant of the invention may include small amounts of

such compounds. B in the formulas (2) and (3) represents a group

of the formula (4).

RCeH.O  OCgHLR RCgH,O0  OCgH,R RCH,O  OCgH.R

NN Wi Z 0 (2)
|l/OCGH4R
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RCeH,O, | | oo | i _oso |
o P~ N P Np P
SN | SN L | SN~
RCgH,O OC4H (R RCgHLO CsH4R RCyH,0 OCgH,R



formula (3) as shown below, as well as the conpound of the formula (1).
The lubricant of the invention may include small anobunts of such 2:
conpounds. B in the fornulas (2) and (3) represents a group of the ?Jm%
(4). RC6HAO OC6HAR RC6HAO OC6HAR RC6HAO OC6HAR V P P P N NN N N 1-100 N

RC,H (:O1l 11 ~, oBO\ 111 ~, 0 E3B &\ | IIl CCGHRPPPPPP '2~~ N
-1l '~ N-"~1 N\ RCHOOC HRR,HOCHRRCHOOCHR?2 7 FEB
2004 8 RC6H, O OC5H4R RC, H40 OC, H, R RC6H40 OC6H, R N PAN N. 110 P N Nde P N
OC6H, R 3 RCOH O f 11 /0130,\ 111 /oBO I Il /| PPPPPP/ NI I ~N |
| N1 HOBO OCREUR RGBHHO CokbRoROBHIR CBQR nGHRGERN( CF2CF20) 1 (CF20)
sCF2CH2_ (4) Wnerql is 1to k{04 and s is 1 (Ne% 30. The conpound of the
formula (1) reqw%e&a long tinp-®RA. preparat] s described above. in

vi ew of econonic

theN reaclfion maly‘\I et ated at3a suitable
time instead o \yaiti | /?l?ff‘rxl corrpl| 1 870 b t hi ir/ca%é a conpound |ike

t he conpound of ; &heAfprmul a (;5*)\@ beI owﬁmy/be\ possi bly produced in a
proportion ofogof or exa®pt8RcEE% or s8R REC§H.8uch compeund shoul d

- CH;CF 50 (CFCF50) r (CF90) sCFyCHy. (4)
wherein r is 1 to 30 and s is 1 to 30.

The compound of the formula (1) requires a long time in
preparation as described above. In view of economical aspect, the
reaction may be terminated at a suitable time instead of waiting
until completion. In this case, a compound like the compound of
the formula (5) shown below may be possibly produced in a
proportion of, for example, 50% or more. If such compound should
coexist with the compound of the formula (1), the presence of the
compound will not hinder the achievement of the object of the
invention.

A - OCH7CF,0 (CFRCF40) p (CF0) qCFCHpOH (5)

The compound of the invention is suitable for use as an
incombustible lubricating oil, a hydraulic oil or the like,
particularly as a lubricant for a recording medium.

In use as a lubricant, the phosphazene compound of the
invention can be employed as a lubricant by itself but may be used
as dissolved in an appropriate organic solvent. Examples of the
organic solvent are toluene, xylene and like aromatic hydrocarbons,
methylene chloride, chloroform, 1,1,1-trichlorcethane, 1,1,2-
trichloroethane, trichlorotriflucroethane (CFC-113), perfluorohexyl
methyl ether (HFE-7100) and like halogenated hydrocarbons, diethyl

ether, dimethoxyethane, dioxane, tetrahydrofuran and like ethers,



coexi st with the conpound of the fornula (1), the presence of the conpound

wi Il not hinder the achievenent of the object of the invention.
A- OCH2CF20( CF2CF20) p( CF20) gCF2CH20H (5) The conpound of the inventi éd Kt 2004
suitable for use as an inconbustible lubricating oil, a hydraulic oil or

the like, particularly as a lubricant for a recording medium In use as a
| ubricant, the phosphazene conpound of the invention can be enployed as a
| ubricant by itself but nay be used as dissolved in an appropriate organic
sol vent. Exanples of the organic solvent are toluene, xylene and |ike

ar onat i ceblydl comtiadns, bubrt Myltewatehl 8FY HeCcadqtsr 8Rdr ke esters,

1,1, 1-trichloroethane, 1,1,2- trichloroethane, trichlorotrifluoroethane

( CFC- 1133y yc parehdaner oz yphemetngy| c¥ehepc (HEE-apf0d) kel 15463 1val ogenat ed
hydrocar bons, diethyl ether, dinmethoxyethane, di oxane, tetrahydrofuran and
li ke et heyéroarbomst Bipebayfosrhyidac et HeEnWuEyE LBt {5 B GftUsest at e
and |i ke esters, cyclohexane, cycloheptane, cyclooctane and |ike alicyclic
hydr ocar dbneyo dinmEchyl kérdarm déhedenePhYE s f oxi de, and mixtures of two
or nore kinds of these solvents. Wen the |ubricant of the inventié¥hi S

used for a recBhremnghe ledraRpnE Het COifpdBHE"b1OF e FEFuFE" (1) " TOUSES in a
Concentr aLion, Ol UM O Y MG o1 [ s usual L PO Bkt ocRbou
e er oL Shail 0, e A0 B vl ) UG Y it Agpsospound
perfl uorggkgﬁé,rg¥éﬁﬁfg%iy about 10 to about 100% by weight, more
preferably about 20 to about 100% by weight.
In the invention, the compound of the formula (1) can be
used in combination with the oligomer of perfluoroalkyl polyether
of the formula (b) having an average molecular weight of 400 to.
6000
HOCH,CF50 (CF3CF40) r (CF0) sCFCHOH (b)
wherein r is 1 to 30, and s is 1 to 30.
In the invention, the compound of the formula (1) can be
used in combination with the oligomer of perfluoroalkyl polyether
of the formula {(c)
X - CF0 {CFyCF30) m (CF30) nCFp-Y (c)
wherein X and Y are each at least one group selected from
HO {CH3CH,0) tCHy-, HOCH,CH {OH) CHp0CH; -, HOOC- and piperonyl, m is 1
to 80, n is 1 to 80, and t is 1 to 30.
Examples of the oligomer (c) are those commercially
available under FOMBLIN ZDol-TX, Z-TETRAOL, Z-DIAC and AM3001
(products of Ausimont S.p.A).
In the invention, the compound of the formula (1) can be

used in combination with the oligomer of perfluorocalkyl polyether

of the formula (4)



of the fornmula (b) having an average nol ecul ar wei ght of 400 to. 6000
HOCH2CF20 (CF2CF20) r (CF20 sCF2CH2OH (b) whereinr is | to 30, and s is
1to 30. In the invention, the conpound of the fornmula (1) can be & kB 2004
conmbi nation with the ollgoner of perfluoroalkyl pol yether of the fornula
(c) X-CF20 (CF2CF20 m (CF20 nCF2-Y (c)1 wherein X and Y are each at | east
one group selected from HQ CH2CH20 t CH2-, HOCH2CH( OH) CH2OCH2-, HOOC- and

pi peronyl, mis 1 to 80, nis 1to 80, andt is 1 to 30. Exanples of the

ol i gomer (c) are those conmerci aII alla under FOVBLI N ZDol - TX,
Z- TETRACL, Z- OF AESBRHd 3AvBRIOUCE((5F 8 Rﬁgu mont S.p.A). In the

i nvention, the conpound of the fornula (1) can be used in conbination with
t he ollguhewekﬂ:Upéﬁfﬂué@o@@kyl polyether of the formula (d) 2 7 FEB 2004
10 F - [CF (CF3) CFR201 uCk_ (CF3) erein uis 0 60. Ex | es
of the oli gorreﬁx%féﬁlﬁsr\(ﬂfu&éeao%kﬁﬁi‘&ﬁfnddéoﬁﬁ‘é?‘%‘?%\lal fomgf?ﬁf"fla%‘i’%"%c&graﬁ%RYTox

157FS (E.I. du Pont de Nenours and n the i_nvention g0 ound of

the for navat¥able andss Kﬁ‘é%%?‘llr?""@énﬁ}sn%tiq}h Rﬂntthdfah]ge[ﬁ%‘b%gbﬁazene onpound
f the f | N=P { OCH2CF2CF3 2 2CF2 wh [
2 and b are. eath & oavARTBEr B GrBItagh e Faruf 4P dad B WETEIN

a and b are eath

used in combination with the phosphazene compound of the formula
(e}

[N=P {OCH;CF5CF3}a{OCH; (CFyCFy) xHlbly (e)
wherein a and b are each a real number of 0 to 2, a+b=2, x is 1, 2,
3 or 4, and v is 3 or 4. Examples of the phosphazene compound (e)
are those commercially available under MORESCO PHOSPHALOL NF-100
and NF;46 (K.K. Matsumura O0il Research Corp) .

When the compound (b), (c), (d) or (e) is used in
combination with the compound of the formula (1), each compound is
used in a concentration of 0.1% by weight or more, preferably about
10 to about 90% by weight. At least two kinds of compounds {b).
(¢}, (d) and (e) can be used in combination with the compound of
the formula (1).

BEST MODE OF CARRYING OUT THE INVENTION

The invention will be described in more detail with
reference to the following examples to which, however, the
invention is not limited. All of reactions described hereinafter
were carried ocut in an atmosphere of argon gas.

Example 1

A 2-liter 4-necked flask equipped with a reflux condenser,
an argon gas inlet tube, a thermometer and a stirrer was charged
with 282.1 g (1.74 moles) of metatrifluoromethylphenol and 1.2

liters of diisopropyl ether which was dried, dehydrated and



3or 4, and y is 3 or 4. Exanples of the phosphazene conpound (e) are

t hose commercially avail abl e under MORESCO PHOSPHALOL NF-100 and NF-46

(K. K. Matsumura QG| Research Corp). Wen the conpound (b), (c), (d)23rFER04
is used in conbination with the conpound of the formula (1), each conpound
Is wused in a concentration of 0.1% by Jdi ght or nore, preferably about 10
to about 90% by weight. At |east two kinds of conpounds (b), (c), (d) and
(e) can be used in conbination with the conpound of the fornula (1) . BEST
MODE OF CARRYI NG OUT THE | NVENTI ON The invention will be described in nore
detail w phriFcé@rgnaastailaeidmwl | Chengsexsampl{ess? analEst hef hemelie ni ddes

i nvention is not limted- Al of reactions described hereinafter were
carried ouf natan sidiwsphesecaddedngah gasrrinanph erdadtidnl waercehrdeaiesd
flask equi pped with a ref |ux condenser, an argon gas inlet tube, a

t her ronet at andempstaiturer foasrefianged thetdi 28Rrbpgl (4ther fokesyoodays.
metatrifluoronethyl phenol and 1.2 liters of diisopropyl ether which was

dri ed, dehydeateshfinthidg? tkdB 2004nekblpaodivmedvalsy edi $tely atonsamedheh0B67 5 ¢
(1.59 noles) of small pieces of nmetal sodiumwas added with stirring- A
reacti on wd$.sbnohictledf aycdotenper aifupbo$mirorigfiiliei nylethidledwsopddey|

ether for two days. After confirmng that the netal sodiumwas entirely
consuned, wb@Te 7stig(xingl thel edacfigyolistrieer Therghbephenirepttoras i de was
added while stirring the reaction m xture. Thereafter a reaction was nade
at a refl oridagat enp@mfidvgieg f oemBendyget foyi v alasolp 9809 apopt 1300 g of

a reaction mixture. The reaction mixture was washed with about 500
ml of purified water 5 times. Then the diisopropyl ether layer was
separated and dehydrated by molecular sieves after which the
diisopropyl ether was removed under reduced pressure by
distillation with a rotary evaporator, giving a brown transparent
liquid, which is hereinafter referred to as ~(i)".

A flask of the same type as above was charged with 144.4 g
{0.151 mole) of PFPE-DOH (aléohol wherein the average values of r
and s in the formula (b) are 1 and 10, respectively) and 3.5 g
(0.151 mole) of small pieces of metal sodium. The mixture was
reacted at SO0 to 100°C for 12 days. Then it was confirmed that the
metal sodium was entirely consumed in the reaction. Thereafter 450
g of perfluorohexyl methyl ether was added to reduce the viscosity
of the reaction mixture. A solution of 150.5 g of the liquid (i)
in 140 g of diisopropyl ether was gradually added dropwise to the
mixture. After 3-day stirring at a refluxing temperature, the
mixture was left to cool to room temperature, giving a reaction
mixture (which is hereinafter referred to as " (ii}”).

Using 230 g of perfluorohexyl methyl ether, the total amount
of the reaction mixture (ii) was quantitatively added to a solution

containing 700 g of diisopropyl ether and 1.19 moles of



a re?pt ijon m'xtgre. The reaction m xture was washed with about 500 ml of
purified water times. Then the diisopropyl ether |ayer was separ

dehydrat ed by nol ecul ar sieves after Wﬁi cﬁyt he dii so%ropyl et heP &??Eﬁ%b‘
removed under reduced pressure by distillation with a rotary evaporator,
giving a brown transparent [|iquid, whitéh is hereinafter referred to as
"(i)". Aflask of the sane type as above was charged with 144.4 g (0.151
nol e) of PFPE-DOH (al cohol wherein the average values of r and s in the

peces onemasoiruntmelifntar € e Mt aflr 9 OB
he reactilf reebsbfercosy g of i g v AP O o 1o
| urd, (3] e LROSGeOIO TS apYR B Ve OralianTy Hudds o opu'se to
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added to a solution contajning 700 of _di.l .19
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e O ISP IS sy RSB Srbainesiionl il arberver ature
substituted as mixed together, namely did not contain any reaction
intermediate, the contained solvent was distilled off from the
reaction mixture under reduced pressure by a rotary evaporator.

The obtained residue was dissolved in 200 g of diethyl ether. The
diethyl ether solution was washed successively with 200 g of 1%
agqueous solution of nitric acid three times and with 200 g of
purified water four times. After these operations, the diethyl
ether layer was dehydrated and dried by molecular sieves. The
diethyl ether was vaporized for removal by a rotary evaporator
under reduced pressure, giving 222.6 g of a slightly turbid oily
liquid. It was confirmed by capillary gas chromatography that the
reaction product contained, as a by-product, cyclotrimer of
phosphonitrile wherein 6 metatrifluoromethylphenoxy groups were
substituted and an unreacted PFPE-DOH. In view of this, these
compounds were separated by a molecular distiller equipped with a
diffuser pump, thereby producing 12 g (0.004 mole) of a pale vellow
transparent liguid.

The obtained product was identified as the following

substance according to a ratio of methylene proton and aromatic

proton based on metatrifluoromethylphenoxy group in proton NMR (400



confirmng by capillary gas chromatography that the reaction mxture did
not contain cyclotrinmer of phosphonitrile wherein F [
met at ri f 1 uor onet hyl phenoxy group and chl ori ne atom al one were subsz?tépg@
as mxed together, nanely did not contain any reaction internediate, the
cont ai ned solvent was distilled off fromthe reaction m xture under
reduced pressure by a rotary evaporator. The obtained residue was

di ssolved in 200 g of diethyl ether. The diethyl ether solution was washed
successively wi.th 200 g of 19 ueous solution of nitric acid three timnes
and mﬁtﬁ”?ﬁoaﬁdoﬁcciﬁﬁéhq &8 é%fgg'four times- After these operations, the

di et hyl e a S~ge r 5l hacrsi£ves- The
di et hyl %&Hgﬁﬁ‘*/dve%s&g& O\(@?g%@%géﬁg%@gﬂ) O|ngcr:o ﬁaﬁpgr; os(ra under
reduced pressure, giving 222 a, slsi

.6 oy turbi ily.Jieu-d- Lt was
confi r nelFHPoEag I a3y 'gaf]'s?’“(?l’lF?figjatljoggV:ﬁaSthig{]%ac%6 ‘t ggmgg c}%clylonn’J ;}?gdgctol:
contai ned, as a by-product, cyclotriner.of . Nk k&I rehp:
netatrifW{RHQﬁﬁéPhgl Eno¥YS G oUps W P8m1§u3§$¥%ﬁ?'g %%g éﬁ?ﬁ%ﬁ%egg?eg)'

PFPE-DOH. 1n view of [ S, coppynds were separated by a nol ecul ar
di still esfure%tﬁeppg Qwéh@(};z g?ﬁ%ﬁggr punp,” thereby producing 12 g (0.004
nol e) ofE%%éﬁyeezyellom/ transparent |iquid. The obtai ned product was
identifie s the follow ng substance according to a ratio of nethyl ene

proton and ar Ag neRbBheRo AR AN iAep Bi¢d fduor omet hyl phenoxy group in
proton NWVR (40 FEB 2004 13 MHz) and according to FT-1R

( CF3C6H4AQ) BR3IN3A G2 Gh( 12 ehd) ( EER) 0 GRRGHR ON3 P3(<OCBECEBREtidr ovpound

(1-a)], density 1.7 g/cnB (15 C), boiling point 170'C or
in Example 1 was conducted, giving 270.6 g of an oily liquid
containing cyclotrimer of phosphonitrile wherein 6
metaphenoxyphenoxy groups were substituted (by-product) and
unreacted PFPE-DOH. Then, 50 g of toluene was added to the oily
liquid and was stirred. The mixture was placed into a separating
funnel and left to stand therein overnight for separation of two
layvers. After confirming that the most of cyclotrimer of
phosphonitrile having 6 metaphenoxyphenoxy groups substituted was
extracted in the upper toluene layer, the lower layer was distilled
by a molecular distiller equipped with a diffuser pump. Thereby
the residue was separated from toluene, the portion of c¢yclotrimer
of phosphonitrile having 6 metaphenoxyphenoxy groups substituted
which was not extracted in the toluene layer, and unreacted PFPE-
DOH, giving 23 g (0.007 mole) of yellow transparent liquid.

The obtained product was identified as the following
substance according to a ratio of methylene proton and aromatic
proton based on metaphenoxyphenoxy groups in proton NMR {400 MHz)
and according to FT-IR:

(C5H50C6H40) 5PyN30CHCF3 (OCFZCFz) (OCFQ} 100CF3CH0N,P3 (OC6H4OC6H5) 5

(compound (2-a)}, density 1.6 g/cm3(15'C), boiling peint 200°C or



hi gher/10-4 torr, viscosity (dynam c viscosity) 180 mm2/sec (40'C),

surface tension 30.2 dyne/cm (25" C). Exanple 2 Using netaphenoxyphenol in
place of nmetatrifluoromethylphenol used in Exanple 1, the sane reagt7 birB 284
in Exanple 1 was conducted, giving 270.6 g of an oily liquid containing
cyclotrimer of phosphonitrile wherein 64 met aphenoxyphenoxy groups were
substituted (by-product) and unreacted PFPE-DOH. Then, 50 g of toluene was
added to the oily liquid and was stirred. The mixture was placed into a
separating funnel and left to stand therein overnight for separation of
t\r/]vo Laym@?ﬁ Ll@r‘*cmnhi,r misgoshay tdwnamist vépceyeliot rﬁeﬁemmg,fsec

phosphoni trile having 6 nmetaphenoxyphenox roups substituted was

extract ed 9 riCit.hesurfpee tenhsxdie Jhﬁeﬁyn?ﬁé‘%(l g%ercel-ayer was distilled by a

nol ecul ar distiller equipped with a diffuser punp. Thereb t resid
separ at edorfipanra ttioleu Erampt Rel pFAPON NEf dé%}%ﬁf‘? % JPOP'%h%?ngﬁi tri : eue e

havi ng 6 net aphenoxyphenoxy groups substituted _which S not extracted i
the tol uene | ajet;laerr lﬂﬁﬁ‘@&gﬁédgm-e@@ﬂ})eﬁi vity azfesﬂltlﬁ. Bﬁﬁ%ﬁ%ﬁ' of "
yellow transparent |iquid. The obtained product was identified. as tlae
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prot on Dasen o I1el ARNSAGNBIENBY JrQURS: B, 6] RGRa IR 4408 . ) cointe
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hi gher/ %Qééi]t.](.)artri’onv.i S'%l?ériltf/. 7(3d¥_;n"w1. 87¥ir§c9pes)i tcyf) sﬁgi)l rgﬁ?e/c%%e of metal
sodium were added under stirring. A reaction was conducted at a
temperature of 50°C for 3 days. After the entire metal sodium was
reacted, 6.95 g (0.02 mole) of cyclotrimer of phosphonitrile
chloride and 40 ml of diisopropyl ether were added. The mixture
was reacted at 60 to 70°C for 2 days, giving a reaction mixture
which is hereinafter referred to as “({iii}”.

In the same manner as in preparation of (iii), 18.8 g {0.198
mole) of phenol and 4.14 g (0.18 mole) of metal sodium were reacted
in 250 ml of diisopropyl ether for 5 days, giving a solution of
sodium phenolate in diisopropyl ether, which is hereinafter
referred to as “({iv}".

The total amount of (iv) was poured into a flask containing
the reaction mixture (iii) at room temperature over a period of
about 5 minutes. A reaction was conducted at 70°C for 10 days. A
solution of the reaction mixture in diisopropyl ether was washed
successively with an aqueous solution of sodium hydroxide, with an
agueous solution of nitric acid 4 times, and with purified water b6
times. The diisopropyl ether solution obtained by these washing
operations was dehydrated and dried by molecular sieves.

Thereafter the diisopropyl ether was removed by distillation with a



(40" C), surface tension 31.5 dyne/cm (25'C). Conparative Exanple 1
(Conpound di sclosed in JP-A-6-220077) A 1-liter 4-necked flask equipped
with a ref |ux condenser, an argon gas inlet tube, a thernoneter arpdq ggp 2004
stirrer was charged with 41.3 g (0.083 nole) of C3F70(CF2CF20) 2CF2CH2CH
and 0.5 liter of diisopropyl ether whitéh was dried, dehydrated and
purified by distillation. Then 1.73 g (0.075 nole) of small pieces of
netal sodium were added under stirring. A reaction was conducted at a
tenperature of 50'C for 3 days. After the entire nmetal sodiumwas reacted,
6.95 g (fo@dymehabohteyalmteari meduodd phosshiowi t 8179 Al-dr Bdef andPake i of
diisopropyl ether were added. The mxture was reacted at 60 to 70'C for 2
'('ja_y_s_, glyéngmamqa@mon m xture which is hereinafter referred to as

(itii)". In the same manner as in preparation of (iii), 18.8 g (0.198 nole)
of phenol and #hdbigaifed8prode)t sksmetantsbtdimowehe FRREQEAY in 250 n of
diisopropyl ether for 5 days, giving a solution of sodium phenolate in

di i sopr opybsmirer acehirdhng sccher erhad tef natddepedeyetals and( pypratic The
total amount of (iv) was poured into a flask containin t he reaction

m xture piéidn atasedonnt phperat greudver REPEN SRof40G ) BOf ﬁﬁ?%ﬁ&lw
reaction was conducted at 70'C for 10 days. A solution of the reaction

m xture toa ¥Pilgopropyl ether was washed successively with an agueous

sol ution of sodi um hydroxide, wth an ueous, sol ution af yni fric.a¢id 4
times, anbcaﬁ?%%:{ﬁﬂz%? é@z\ﬁﬁﬁg}rl-épﬂﬁ%égg'ﬁh‘b qor %%é%p{;}l'%ét] Rlca?g}sl%fgﬂ gn
obtai ned by these washing operations was dehydrated and,dried by nol ecul ar
si eves. Théreaft’dast k. dvismeispy derdehc Vvi&é;cf’é?‘r’blé)ecpoo?““é?%‘ﬂ f‘g@/lctr)slr)f with a

surface tension 25.2 dyne/cm (25°C).

Example 3

A hard disk was immersed in a solution of 1 g of the
compound (1-a) obtained in gxample 1 in 1000 ml of perfluorchexyl
methyl ether (HFE-7100), was taken out and dried at 120°C for 30
minutes, whereby a coating film of 10 angstroms in thickness was
formed on the hard disk. The coated hard disk was subjected to the
following test.

In the performance test of lubricants, a modified
commercially available drive was used such that coefficient of
friction was determined from the force applied to the head, and the
test was carried out by measuring the change in coefficient of
friction in a CSS repeated test. A single CSS cycle tock 33
seconds which comprises the steps of starting the drive with the
head contacted on the disk surface, rotating the disk such as to
reach a predetermined number of revolution of 7200 rpm with the
head lifted, and stopping the drive with the head contacted with
the disk surface. The hard disk was obtained by forming, with
plasma CVD, a DLC protective layer of 100 to 200 A on a 3.5-inch

recording medium prepared by sputtering. For increasing the



2 7 F E B 2004 15 rotary evaporator under reduced pressure, giving 23.3 g
of a pale vyellow liquid. The obtained product was identified as th
foll owi ng substance according to a ratio of methylene proton and aﬁ&#ﬁ@ﬂ@‘
proton based on phenoxy group in proton NVR (400 MHz) and according to
FT-1 R (C3F70( CF2CF20) 2CF2CH20} 1, 6P3N3A6C6H5) 3. 4 [ conpound (3-a)}, density
1.6 g/cnB(15' C), viscosity (dynam c viscosity) 50 mmR/sec (40'C), surface
tension 25.2 dyne/cm (25 C). Exanple 3 A hard disk was imersed in a
solution of 1 g of the conpound (1-a) obtained in Exanple 1 in 1000 m of
per f | uor phesade smebhjhess hero (H4REUT2093S wassl t aked krad #48 8fied at 120' C
for 30 mnutes, whereby a coating filmof 10 angstrons in thickness was

f or med omotdiei heircdMiEGs kne Tl icoateed  hand disK azds vagbf ext®d & &56hkest
following test. In the performance test of lubricants, a nodified .

commer ci ahé ycendidtalll Eodr evasl weds ons bdsedcon tH NEBBEF| ef iCIGE UPFELtion
was determned fromthe force applied to the head, and the test was
carried oht lyadreaberedg(chesidtinge Fhecdbik i (GSndise) 239 dthioftRhea®Ess
repeated test. A single CSS cycle took 33 seconds which conprises the
steps of dsskr toquyriescdr PYengR 1dFAUNEENAB A ARHAASACE -on the di sk surface,
rotating the disk such as to reach a predeterm ned nunber of revol ution of
7200 rpm with The réemud [wast sBat afRe &S@‘pr}ilﬁﬁ vRg A9 C%Cﬁﬁst%% Tead

contacted with the disk surface. The hard di sk was obtai ned by form ng,
with and the state of disk was not abnormal.

Example 4

The test was carried out in the same manner as in Example 3
with the exception of using 1 g of the compound (2-a) in place of 1
g of the compound (l1-a). The result was that the CSS life was 50000
cycles or more and the state of disk was not abnormal.
Example 5

The test was carried out in the same manner as in Example 3
with the exception of using 0.2 g of the compound {(l1-a) and 0.8B g
of oligomer of perfluoroalkyl polyether having an average molecular
weight of 2000 (product of Ausimont S.p.A, Z Derivative), in place
of 1 g of the compound (1-a}. The result was that the CSS life was
50000 cycles or more and the state of disk was not abnormal.

Comparative Example 2

The test was carried out in the same manner as in Example 3
with the exception of using 1 g of the compound (3-a) in place of 1
g of the compound (l-a}. The result was that the €SS life was 28000
cycles and the disk had abrasion.

JP-A-6-220077 discloses the compound of chemical structure
prepared in Comparative Example 1 {described herein). The
disclosed compound is similar to the compound of the formula (1)

according to the invention. However, this publication does not



pl asma CVD, a DLC protective |ayer of 100 to 200 A on a 3.5-inch recording
medi um prepared by sputtering. For increasing the 27 FEB 2004 16 sﬂﬁfg
snoot hness, no texture was used. The head was of nonolithic MG ( B 4004
gap), and the | oad was 7.5 g. A CSS test was conducted for eval uation
based on the nunber of cycles until tRe head adhered (crushed) to the disk
(CSS life) and the state of disk (occurrence or non-occurrence of

abrasion) The result was that the CSS |ife was 50000 cycles or nore and
the state of disk was not abnormal. Exanple 4 The test was carried out in
the samedimohese ahel nsERabpées DI \GhehCORROWK: @5t F‘oh“%’Fl%?sqtngfof § of the
conpound (2-a) in place of I g of the conpound (1-a). The result S, t hat
the CSS kriterdias 5@EA0N. c\id &5 68 ewdr X AhEOMRRY 530 & foF*GMBkHad

abnornmal Exanple 5 The test was carried out in the sane nner as, i
Exanpl e 3Jdewitibachdeardapt vbeh dfompairagive Expuptet e %%%‘ng Elfr%i}“gnd 0.8
g of oligoner of perfluoroal kyl polyether haV|n an avera | ecul ar

wei ght ofth2e0the m@ndoﬂe%hﬁ%ﬂn&jﬁ %\6?2{9@? véﬂ%‘} ﬁge(raF”goﬁée of 1 g
of the compound (1-a). The result was that the CSS | g WBT\SP 50000 cycl es
or nore anbrm@%tf@treaoFeéPECRl%@er%Pmabﬁo‘?%las?eéﬁn‘B rBETVETERSpl e 2 The
test was carried out in the same manner as in Exanple 3 wth the exception
of usi ng INDYSBRIAhAFESASBBREIYB-a) in place of 1 g of the conmpound (1-a).

-al_-greaglezﬁl t was Agggi'dirt.]ge t%SSthlel Egv\é\gtslozngooaocomgodlﬁf t%n%et t]gec(i“, S#Olhad

example, as a lubricant for hard disks of excellent CSS durability

and a lubricant containing the compound can be prepared.



JP- A- 6- 220077 di scl oses the conpound of chemical structure prepared in
Conparative Exanple 1 (described herein). The disclosed conpound is
simlar to the conpound of the formula (1) according to the invent2@nEEB 2004
However, this publication does not 2 7 @58 2004 17 discl ose the useful ness
of the conmpound as a |ubricant for a ording medium It is clear from
conpari son of Exanples 3 and 4 (described herein) wth Conparative Exanple
2 (described herein) that the conpound described in JP-A-6-220077 is not
useful as a lubricant for a recording nediumin the aspect of performance.
| NDUSTRI AL APPLI CABI LI TY According to the invention, a conpound to be used,
for exanple, as a lubricant for hard_dj of excellent CSS durability

and a lubricant containing the conpouﬂ{jA be prepared. 2 7 F E B 2004 18
CLAIM5 1. A phosphazene compound of the formula (1) which has an
arrangenment such that perfluoroxyal kyl ene units sel ected fron1- CF20- and

-CF2CF20 are randon1 i stributed e npound h i skyungt Lonal
terminal grouptA A ?%%ﬁ%ﬁ?ﬁ?f? Eﬁ%%dﬁ28$ CE A&%l%h eﬁ%%n is a
group of the fornula pwn b | ow, R rQge -4 al kyl ,

Cl- 4 alk8%§an%ﬁm9PWuﬂé§ %?y UOLey SPEYU?eng}y% gﬁ?é?%%iq%ﬁﬁl d
substi t utgd, aryA@xbezeﬁgb-p R0 88581 @ afR3HIUERET LI cbrioudl. neElPHA) R 5

functional terminal group A

A-OCH;CF40 (CFCF30) p (CF70) qCF3CH,0- A (1)
wherein A is a group of the formula (a) shown below, R is a
hydrogen atom, Cj.4 alkyl, Cj.4 alkoxy, Cj.4 haloalkyl., aryl,
substituted aryl., aryloxy or substituted aryloxy, and p and gq are a

real number of 1 to 30.

P
H— [O(CeH4)RIs (a)
N

N
A
!
]
NQQ?

o

2. A phosphazene compound as defined in claim 1 wherein R is
aryloxy group.

3. A lubricant containing the phosphazene compound of the
formula (1) .

4. A lubricant containing the phosphazene compound of the
formula (1) and an oligomer of perfluoroalkyl polyether of the
formula (b} having an average molecular weight of 400 to 6000

HOCH,CF30 (CF3CF30) r (CF50) sCFyCH,OH (b)
wherein r is 1 to 30, and s is 1 to 30.

5. A lubricant containing the phosphazene compound of the

formula (1) and an oligomer of perfluoroalkyl polyether of the



(a) 2. A phosphazene conpound as defined in claim1l wherein Ris

group. 3. A lubricant containing the phosphazene conpound of the

(1). 4. A lubricant containing the phosphazene conpound of the
and an oligoner of perfluoroal kyl polyether of the fornula (b)

aryl oxy

fd7 *LB anm

fornmula (1)
havi ng an

aver age nol ecul ar wei ght of 400 to 6000 2CF20 (CF2CF20) r (CF20

sCF2CH2OH (b) whereinr is 1 to 30, and s is 1 to 30. 5. A |lubr
cont ai ni ng the phosphazene conpound of the fornula (1) and an o

per fl uoroal kyl pole%et her of the 2 7 FEB 2004 19 formula (c)
X- CF2Q( CFbarng:

i cant
| i gomer of

20)nCF2-Y (c) wherein X and Y are each at | east one

group sel ected from HO(CH2CH2 Q) t -, 2 CH( 20CH2-, HOOC- and
pi peronyl, mis¥iC FZP(SC@C@ZO)%?(%?O?_{EE?BJ , ando_%iq's_| 1to 30. 6. A
| ubri cant containing the phosphazene conmpound of th;e(: (rin}ll,g?(l) and an

ol i goner whierpmirt Xusnday¥ lge grethercast PRE IFYHAS CF

(CF3)

CFZO uCF (CF3 wh (
theqphgspﬁ‘(aiz@h?@*{@%h’%bnd %Qcﬁhgl{g?{g?}fﬁﬁ)lcgz(l) and é‘imé %EB%&M Gonid i ng

azene conpound of
the formula (e) (N=P( OCHZCFZCFB%a( OCHZ(CFZCFZ)XH} b]y (e) wherein a and b

are each &or@hl musbértef8Q #8I2L EFp=30 ¥

6. A lubricant containing the phosphazene compound of the

formila (1} and an oligomer of perfluocroalkyl polyether of the

formula (d}

F- {CF (CF3) CF30} uCF {CFy) COOH (d)

wherein u is 1 to 60.

7. A lubricant containing the phosphazene compound of the

formula (1) and a phosphazene compound of the formula (e)

[N=P[OCH2CF2CF]}3 [OCHZ (CF2CF2] xHibly (e)
wherein a and b are each a real number of 0 to 2. a+b=2, X

3 or 4, and y is 3 or 4.

is 1. 2,

8. A lubricant as defined in claims 3 to 7 wherein the

lubricant is a lubricant for a recording medium.

3. A phosphazene compound of the formula (5) which has an

arrangement such that perfluoroxyalkylene units selected from -CF0-

and -CF3;CF0- are randomly distributed, the compound having a functiecnal

terminal group A

A-OCH,CF 30 (CF5CF0) p (CF70) qCF ,CH,0H (5)

wherein A is a group of the formula {a) shown below, R 1is a

hydrogen

atom, Cy.4 alkyl, Cj.q4 alkoxy. Cy.4 haloalkyl, arvl. substituted arvyl.

aryloxy or substituted aryloxy,

30.

and p and g are a real number of 1 to



3or 4, andy is 3 or 4. 8 A lubricant as defined in clains 3 to 7 wherein
the lubricant is a lubricant for a recording medium 9. A phosphaz@mefgp 2004
conmpound of the fornmula (5) which has an arrangenment such that

per fl uoroxyal kyl ene units selected from-CF20 and - CF2CF20- are randonmy
di stributed, the conpound having a functional termnal group A

A- OCH2CF2Q( CF2CF20) p( CF20) gCF2CH2OH (8} wherein A is a group of the fornul a
(a) shown below, Ris a hydrogen atom Cl-4 alkyl, Cl.4 al koxy, Cl.4
hal oal kyl, aryl. substituted aryl. aryloxy or substituted aryloxy, and p
and q are a real nunber of 1 to 30. 2 7 FEB 2004 20 [( &GGH4)R] 5 (a) 10. A
| ubricant containing the phosphazene conpound of the formula (5), 11. A

| ubri cant copNai ni ng the phosphazene conmpound o f the forrmula (1) and the
phosphazenré%bﬁqund of the form ula (5)

—— —H— [O(CeH)Rs (a)

thb//N

10. A lubricant containing the phosphazene compound of

the formula (5).
11. A lubricant containing the phosphazene compound o

£ the Formula (1) and the phosphazene compound of the form

ula (5).





