;e3ep 3m./40L1~ 2  PHOSPHAZENE' COVPOUNDS AND LUBR? OANT 8+BANTAI NI NG
THE SAME 5 TEOM@M““@W@HWTM present invention relates to a novel
phosphazene co a lubricant jcontaining the phosphazene
conpound. Mre parti®Wtarly the invention concerns with a conpound to be
used in a lubricant for a recording nedium such as hard disks of 10

| ar ge- capacity mlmﬂﬁ““mmmwlmedl um and netal vapor-deposited tapes for 8 nm
vi deo tape rec ital videpEcFIenmreoNnand with a | ubricant

cont ai ni ng the conpgpd. BACKGROUND ART 15 Thanks to preval ent Internet,

~intranet, |local area network, etc, information can be fetched easily only

by gaining access to a network. One of those which support this nultinedia
era i s exter naPHYEEBZENEgCOMROBDS, ANP bWUBRIGANYS SOYTATNINGITHE SAMET nal
recordi ng devices, those of the so-called CSS nethod are usually 20

enpl oyed in which a recording nmedium |l ayer is provided on a disk substrate
havi ng aﬂ%gﬂ sctren?th (hard disk), and the hard disk is rotated at high
speed~to BLaF Fddr di ng/ reproduci ng el enent (head). Exanples of the
hard di sk are aTstati Qnary. na q:eti C d'is optical disk and optical nagnetic

k
di sk. OF these, The $8skc 2B FPEISPehEl s, Wedi BRVEMPRRAPRGZERR st ati onary
ti i I L.0c . j .t f t t |
1 b O IS SR TG B o

recordi ng devices w thout changi ng

the surfaggd %wagaldl%n%&kyiﬂxf,e@tifo%c%ﬂgegﬂgﬂﬂiéég{j" gé(cg{rpc%lg Mo Be XAl e.

This requires that bit size be reduced an t near the

recor di nudetliinmaasulbticdands FBeS8 | M@ rdidgl REELE BuchChEhaRE & ilkglkween the
head and di sk, the unevenness of the di SE surface should be mnimzed. For

i nst ance, layeckbhaboi By ddeoraiing medifum)0bndDhEtd haapbR0a8pdsithe wagugnNNess
shoul d be not nore than 10 nm However) if the snoothness of the disk
surface ifn Bcmeaviédeo ttapeheadordert icabldégt babeviatigoichedt o8l arid&idhsk
surface. To obtain high-speed response, it is necessary to increase bit
transfer YHEcant eprfradiindng the ¢empmundnal speed of the disk. For instance,
a

BACKGROUND ART

15 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 support this multimedia era is
external recording devices. Of existing large-capacity external
recording devices, those of the so-called CSS method are usually

20 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

25 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



10 3. 5-inch hard di sk requires a maxi num nunber of revolution of 5400 to
7200 rpm  and the speed of the head as it passes through the periphery of
the di sk reaches 125 km hr. Any of the abovenenti oned nodifications,
however, increases considerably the probability of contact between the disk
and head, as well as 15 friction therebetween, thus decreasing the
reliability. In view of the foregoing, for protection of the disk surface
and head, example .t hEhisd megesresayhdto bincseasebé hecurednandf e Helgi pant
applied to the surface of a protective coat for a disk. However, if the
- anount of broudiilr neant theptdceddingi nedioms @, mnoh 29 mrdsybibe o @educe a
resi stance of the |ubricant layer is increased but also the adsorption of
- the | ubri¢bsrransechpbvieen thehberadyandudisky &hetwpevennessnofigtid &iskpi ndl e
motor. For decreasing slide resistance, if used a |ubricant of |ow
vi scosi t ySUEiacq ﬁBPPg‘én‘?e MeBiznd- diFeEppeatande.ofrachtated iclearayee
duri ng hi%ﬂ-s eed 25 rotation of the disk. This causes a contact between
the di'sk Shd*HeX8rahte? A% oBy cEREJHeVATRGEPR 8hpH1d be BATt RFeidp &Pnpl e

manner, forns bricant.film ing a i form.thickness, of, nol ecules on a

3 prot ect’i%e Pg"f%‘?lerp’lr ol\alfi (t'i]éﬁl %Iﬂooae}f\gaﬁsg 8?3@“%@@’%5%@?%&&@#?6??% and
whi : ri otation of the.hard_di sk and at the

Start andtq Geale 16 HEAR LS BE MACORRLLRIR Bre dERIBURERHE nI9ao I ¢ | s

required @y diilipeeante ¥ e h3s 98'&@&&3%%%; §orf§%§§%ygpgitl@féﬁ%%%%ng%@g.

strength to a protective layer, [ow coefficient o riction, em cal
stabi | i t yanditglereor8etnes rabhkibyal NiHadC B! 08é Vifi €S| ﬁéﬁ%%caﬂsgl \t;\fr Icity

at |ow tenperatures of below -10 C, has a | ow vapor pressure, an ich can
for miol t rathiimchi hagd didkilrelyoapés fmaxamdmdhedbd:s Jreauibbee i L Bayg no
change in coefficient of friction over 50,000 tines in CSS durability. That
is, the lubri2®@dntrrshoandl the tpeed fobmhabheadsds titepaswelh slsrarhzithg of t he
head and bl em sh of the disk up to at |east 50,000 times in a CSS repeated
test. FrdMfnipbepyi af ©ie Risk seachrmileal kafhbi | Any, oSt tlengbloyei5 ul trathin
filmformatiqn and snpot hness, Dianmond Li ke Carbon (DLC) is used in the
surface PIOEOREGMPIICasfoBR; REWRY SFar dnaredses Ponsigerakler ithe | ayer s,

o5, 2002 SO S Pt er TRlal L somepd oL o Don M o eads Lo e
bondlgjtrké¥@%&8gegherebetween, 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
20 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
resistance, if used a lubricant of low viscosity, the lubricant
moves and disappears from a protective layer during high-speed
25 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



20 ‘atomor nitrogen atom and interaction such as van der Waals force.

Thus, perfluoroal kyl polyether oligoner (hereinafter referred to as "PFPE")
is usually enployed as a |ubricant (Mnthly magazine "Tribol ogy", No. 99,
Novenber, pp37-38, 1995). PFPE has a | ow surface energy, chem cal

i nertness, |ow vapor pressure, and 25 thermal stability, which
characteristics are derived fromfluorocarbon. Unfortunately, it has a

dr awback B¥rttecthzebdavienpmvidrdgt bnta Harel giskesidlyas ayeredudd adaa cicsoanal |
because of | ow surface energy, and the |ubricant noves and di sappears from
- the 4 pind se|irvehielyarashypecenused umtingotbe dotdtignt bé thé didren dakka

di sk. To suppress this, an additive of a secondary conponent is used
(USP4871 athshevetart apdceipat ¢bithe yegdrevi Fgrf poetedtdon oér bhar bon of
PFPE causes a[ag‘gaﬁe ieparatiqn, failing to obtain 5 sufficient effect. In
order to HrForddaheadi tkhene F’FPE‘?q‘f’n‘@dg ahaybpteantymbicbebanre Taw kddden

whi ch _a functional group, su%h as hydroxyl group or acylam de group, is

i nt r oduc e Tt FRe {éélf PRRASPY BRI tPhR PR YPCHNPnlBYeIFRRY FOVBLI N Z

Der i vat i i AL Unf Ly, ,the functiopal havi
such an SQTea 18Ry oF e tion: Pt A BsTtah el Erao vk JRiBad 1 ne

T S , _ di scl osed
For 1 ont ert et rebidt IO reea al ny ke hp A <TBYE Suhen hese

conpounds;: HMfardss i captyfo j the hard 15 di sks.can not
achi eve suffici en?e%gosﬁyflriggi I ??yoCTﬁ%%aé[t og}r 2'5 graprﬁeesﬁélﬁg’fg?gaw I
| ubri cantcarAfoehj €Ttrafhinh@ilnyenti @b Scddd: %QVhQ?dadfé?m%UQQgﬁPr gesed

in a lubricant, e.g., for hard disks which have excellent CSS durability,
and a0l ubrdveand cbahge nimgoeBthctapP@f@ridfion over 50,000 times in CSS
durability. That is, 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,
15 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 6f carbon, which leads to a low chemical bonding. Its
adhesion therefore merely depends upon hydrogen bond with hydrogen
20 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
25 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



DI SCLOSURE OF THE | NVENTI ON The pr esent invention relates to a phosphazene

compound of the fornmula (1) shown bel ow whi ch has an arrangenent such that
perfl uoroxyal kyl ene units sel ected fromyg- CF20- and - CFZCF20- are 25
random y distributed, the conmpound having a functional term nal group A

A- OCHZCF20( CF2CF20) p(CFZO)qCFZCHZO-A (1) wherein Ais a group of the
formula (a) shown below, Ris a 5 hydrogen atom Cl1.4 al kyl, Cl1_4 al koxy,
Cl_4 hal cefdddctizrylayeuiist icentetfwgall foaryl awxxyirty thiebgbtatisd o Wl oxy, and
p and q are a real number of 1 to 30. ~N~P .~.w |~(CsHa.) R's (a) \P~ The

- i nvent i ordigkso '&@rﬁ:mmsw this larbeiddanive orkt @ mlengnddey Tcaripoaphazene

conpound of the fornmula (1). Exanples of Cl1_4 al kyl are nethyl, ethyl,
propyl artPesut(PiSP48%k6As)es heverar 4 kaw spppak tbisithoderiet hoxiromitbpoxy and
but oxy. Exanples of Cl_4 hal oal kyl are fl uoronet hyl, trifluoronethyl,
chl or orretWoroFlaEBPBe‘?ﬁﬁFPEt FRYSSro@iage, Sepawdony| fai bikprisppbtaln
Lgucﬁrﬁb .chl or ob E%q. angd brom%butyl Exam%l es  of aryPI are ghegylasand
pht Ryl .SEEBERE SRty ok %ﬁdt? pﬁ@n%ﬁ?%ﬂﬂ& &BhEN oY PHBEanphese df
207 S, LR B B0 TS BT BT KO Rt BK
I e R AL L AR )
e e e L T D N
phOSphonISJﬁ.hﬁ.fﬁﬁdﬂ$%t§ﬁ3téW¥ﬂ|ﬁ%etEhHB£16Hal group having such an active
10 hydrogen might decrease chemical stability due to the friction with
the head.
Perfluoroalkoxy 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
15 disks can not achieve sufficient CSS 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.
20 |
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 -CF,0- and -CF,CF,0- are
25 randomly distributed, the compound having a functional terminal
group A
A-OCH;CF90 (CF)CF0) p (CF0) qCFCHy0-A (1)

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



20 ‘phosphonitrile chloride, cyclic tetramer of phosphonitrile chloride and
m xtures thereof. Exanples of phenol are phenol, netatrifl uoronethyl phenol
and |i ke hal oal koxy phenols, netanet hoxyphenol and |ike al koxy phenol s.
Exanpl es of al cohol having hydroxyl groups introduced at both term nal ends
of PFPE 6 main chain include the oiigomer of perfluoroal kyl polyether of
the formula (b) having an average nol ecul ar wei ght of 400 to 6000 (Ausi nont
S.p. A Z medyegen aspm, MOCHZARIO( CEZGRRIRIXCFRO) s BEPGOH ,( ByyD, wherein r i s
1to 30, and s is 1 to 30. The conpound (1) of the invention can be
- prepar ed, stikgtidusegl ervhs drilbawsor Phgrxali thakaoley)oxys maaCH eshdMd Areodi um
or the like to give phenolate (al coholate), which is reacted with cyclic
ol i gomer ®tabmyswersnefri |t@ B4l.i de, as disclosed for exanple 10 in
JP- A-62-53996. Stated nore specifically, phenol is dissolved in a sol vent
such as diethyl/Nether, diisopropyl ether or toluene. Then a reaction is
conducted b en\'phe solution and a base such as nmetal sodium or sodium

hydri de in én a ) an an equi val ent anmount required for making
t he phenol gnti rellg i n{@tdi%i‘-‘e)ﬁgnol ate, pr ef & abl y 85 to 95% equi val ent
t her eof at nperature for refluxing the solvent until the base is
entirely reactéd, whereby phenolate is produced.” The obtai ned phenolate is
reacted with the cyclotrimer of phosphonitrile halide in an amount of 15 to
25% equi val ent , Tt én¥erbign 18 900 conoerRmiwidihept lubficdre: congaheth® the
phenol_ate to obtain aryl oxy-substituted tri C{d ophosphonitrile halide.

Separ at el BRAPAGAERE HeRRRAY Y 8F okBe fwaa (Al roduced at both terminal ends
of PFPE main chajn Gheregnafter ferred to.as "PFPE-DOH'). and t he base

sel ected from tr‘%!e%g%gge‘-gﬁenﬁt'ﬁoanlekrg‘ibgggsm%rr}glr'e&‘fggg’ i‘?\rcﬁ)& 88fePR val ent
amount . ThePskULe ¢S, r83%ked e re | he_r fromroom
terrperaturen{ao 120C, lﬁfef g(%a I)a/gglorffi‘éttol?O Ogggir’l]%ﬁj %}ﬂggggyi ?:lmgar}g'gtoétgn not be

recogni zegkan1egast | O, ink10ANMYEL &6k HalWeeRethel ANG4e10BEEOGH M VI oXy
substituted tricycl ophosphonitrile halide and the al cohol at ed "PFPE

chloromethyl, fluoroethyl, trifluorocethyl, bromoethyl, iodopropyl,

10 fluorobutyl, chlorobutyl and bromobutyl. Examples of aryl are
phenyl and naphthyl. Examples of aryloxy are phenoxy and
naphthoxy. Examples of substituents for substituted aryl and
substituted aryloxy are Cj.4 alkyl, Cj.4 alkoxy and C1.4 haloalkyl.

In the invention, the phosphazene compound of the formula

15 (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

20 phosphonitrile chloride, cyclic tetramer of phosphonitrile chloride
and mixtures thereof. Examples of phenol are phenol,
metatrifluoromethylphenol and like haloalkoxy phenols,

metamethoxyphenol and like alkoxy phenols. Examples of alcohol

having hydroxyl groups introduced at both terminal ends of PFPE



DOH in an ether solvent such as diethyl ether, diisopropyl ether or
perfluorohexyl nmethyl ether for 1 to 10 days, preferably for 2 to 5 days at
a tenperature in the range fromroomtenperature to the sol vent-refluxing
tenperature. The thus-obtained reaction mxture 5 is added to the ether
sol vent sol ution containing the phenolate separately prepared. The m xture
is reacted for 5 to 15 days at a tenperature in the range fromroom

t enper at unein chatia sotvedd ridfd oliogméenpfe patril eordaBiar abll yetlied F the

sol vent - r ef | uxi ng tenperature until the partially hal ogen-substituted 10
tri cycl ophesPHeni (b) i hevinm arorvbeadetrziesulaTheet dhus cdbiabned gwact i on

m xture is_washed with water a few tines, dehydrated and dried after which
the sol vefRUSRE; §- Pe’FrD\FecP%”yWGFsY?Hatl on under reduced pressure. \Wen

t he obtained r e.co unr eact ed phenol, PFPE-DOH and

hexaar yl oxy- sugﬁ(?é}{ﬁ?%@@@%?@c@@%ﬁ?ﬂﬁgwpﬁ| | eP) hese substances are

renmoved fr.om t.he reacil on 3[Phxt ur.e b)}r/%m)l ecular distillation, whereby the
t

conpodnd Y4579 Br ddut elef apdagtiont &PsB8m of the invention may contain

hi gh I I n kethose of the forrmula C2) and the 20
flo?mejlrarr?S)ngsaf 09“8 88”}) go\%;#‘ asPYHE: J@&Tﬁsan{aeo?r%%%r a (1). The

| ubr i cant g fndiae vle@fdf% o8 WSl ATMIEDQf Seh Gonpounds. 8

in the fornulas (2 represents a group °F RC8N40\

~ o BHAR o ~({RIMB1 N 5) P\ AR RN G2 Jd
ROl 11 o a0 1 N GO T o i B RS b e (o g‘wé#“ B -

RCBH40 m#lﬂd?eﬂilrgﬂm@sWﬁ@@bﬁ@n%ﬂ@halgdwq‘lsclw&mﬂkle
C6HQR RCBH40\ ~ C6HaR ~\p\ "P\ ~.\p\ RCsH40~ | ~ ~
CCeHaR P i PPPA-62-5899d. ~Bkatéd dnord-spediBRATHH, mamﬂs @QE‘Q&M"H’Q
OBOH - CH2CF20( CF2CF20) r (CFZO) sCF2CHZ- (4) whereinr is 1 to 30 and s is 1
to 30. (3 SPH&epdbnpecindsofdiehbyi cethdma @i)soprppylesthekong tdlvenien 5
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
15 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% equivalent, of the obtained
20 phenolate to obtain aryloxy-substituted tricyclophosphonitrile
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
25 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-



10 ‘preparation as descri bed above. In view of econom cal aspect, the
reactionh may be termnated at a suitable tine instead of waiting until
conpletion. In this case, a conpound |lilke the conmpound of the fornula (5)
shown bel ow nmay be possibly produced in a proportion of, for exanple, 50%
or nore. If such conpound should coexist with the conpound of the fornula
(1), the presence of the conpound wll not hinder the achi evenent of the
obj ect of D@Hhein @verthen. s V@O 6D (3 Aile2b) D ( £EREY) 0 FHI6bBOsb¥D)e tHe® or
conpound of the invention is suitable for use as an 15 inconbustible

| ubri cat i pgriiuorohenytirmetilivd etheorfdmhe ltickep @ays, GdeFekybbg fod @bibcant
for a recording nmedium In use as a lubricant, the phosphazene conpound of
the 20 i nd&¥f iadn ac AAMPeratipiieojadthe waraebfiromntody tidmpekrature twythee used
as dissolved in an _appropriate organic solvent. Exanples of the organic
sol vent afRIYeRtugRéluxing fempraatixe. afbaathus 1ppdadoad borsst ivnt ik Eumee

chl orisde, . chlqod{? for %1, 1, 1-trichloroethane, 1,1, 2trichloroethane,
trichlPorot¥i r 58t Hath S HeECS21 8§t FlMtd BR oReRkA 1 nEEh fhe ephrnol@HEE- 7100)

and like nat ed_hydr acar hons,. di ethyl ether, di nmethoxyethane, di oxane,
t et rahydr%?agua%%%eg dpf?%aeregcf'he&ef mxguﬁFhile’ TRAAEECe TOB Ut VIO Bt gR¥%B eat syl
acetate J ters,,. . hexane, cycl ohept ane cl ooctane and |i ke
alicycli g&%;,ﬂ rljégarg%o%g,th(ﬁ )r‘f%bﬁﬁl or mam eFeﬂP%’é‘%’ﬂﬁe 3 I fg?(i -VeRYd mi xtures
of two Orréﬂyﬁiihgngémﬁgrééﬂ§§? ﬁ?éfg¥%¥iah?tygﬁg ggf%éﬂébghffnt'Of the

invention is used for a recording ne e conpound o e or nul a (1)

i s used itfenbez@RGeat iationnel paboth11Q: 1% Byedei gl 104, ARr e, usual Iy about
0.1 to about 100% by wei ght, preferably about 10 to about 100% by wei ght,

nor e 10r ef erialyicy ophosihai{l Hra 18bestt l0Yebeveiedd . #Re | thid@bkAYsH4 i on, the
conpound of the formula (1) can be used in conbination with the oligoner of
per f | uor ozdoioponisetier isf wabiked ovimhl wafby AafdwngimesavesiBgi-avelests ar

wei ght of 400 to 6000 HOCH2CF20( CF2CFZ0)r (CF20) sCF2CH20H (b) 15 wherein r
is 1 to 3riedngfserwhihy the. solverte vsadens i vemovede byodpsuiid axfiohhender mul a
(1) can be used in conbination with the oligonmer of perfluoroal kyl

pol yet her* SHCERePTRFTHAS (Wyerk-theoobtxinsd gjarction) herure conptansher ei n X

and Y are_each.at l.east, o r sel ected from CH2CH20) t CH2-
HOCHZ CH( dﬁ)réi%&a«z‘-*}e‘}%oc&lggﬁa&%?p?éﬁoﬁﬁ?‘?aﬁér}%’%g%séé,tu?ﬁ s 1 té 80, and t
is 1

150 %Qicyclophosphonitrile, these substances are removed 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
20 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 RCeH,O  OCgH,R RCH,O OCH.R

o N N N
@]
aHa \'L !]: _-0BO ]Ia |"= l
NN | SN~ J) NN
RCgH,0 OCsH4R RCH,O CeHaR RCgH,0 OCgH,R



Exanpl es of the oligomer (c) are those comrercially avail abl e under FOVBLI N
ZDol-TX, Z- TETRAOL, Z-DI AC and AMB001 25 (products of Ausinmont S. p.A). In
the invention, the conpound of the formg a (1) can be used in conbination
with the oligomer of perfluoroal kyl polyether of the formula (d) 10 F-
[CF (CF3) CF20] uCF (CF3) COON (d) wherein ais 1 to 60. Exanples of the
oligomer (d) include a conpound comerci al Ihy avai |l abl e u?ﬂer KRYTOXd15f7FtSh
E: |. du Pont an .). 5 1n the invention, e conmpound o e
1£or mula (1) can 634N9;§%L%n C(C)Lr(r:ﬁq?‘o ?CGWR\MtWCEWQ\Q%%hazene conpound of the
formula (e) [N=P { CF2CF3 } an? 2 (CF2CF2 ) xH b] y (e) wherein a and
b are each %Jggl'l" nunb of O N(Z, +b=2, xN°s 1, N2, 10 3 oy, and y is 3
or 4. Exanples “of;the Pifazdne co ar e |1 98 commercial ly _

avai | abl e under %GQES@@ PHOSPHARQW AiF- 100 and Njr 46, (K. K Matsunura Q|
Resear ch Cor plpEohen t IR€BRPOMNd ( bPLHRRGH{D) or (&doH s used in

conbi nation with the conpound of the formula (1), each conpound is 15 used

in a conc } . bRt or nor preferably about 10 to about
90~ by weig F%%ﬁzgg%@ﬁ/\%@@% o?'corrpouﬁ‘ld)s (b), (c), (d) and (e) can be

used in gAHEYPAGL L0 | th tihe f e formula (1) . BEST MODE OF
CARRYI NG ClJT#ﬁEkI Rﬁ/g\ﬂglbogllazaﬁggqﬁ%nge%toi éﬁw |l be described in nore

detail with ref@iereppbond st frak! S¥ERG £3@TPLE | GRnghoyeyer, the
invention is not lim ?ed. All of reacti on@rygesé‘rll&g%%er g?ng%ermv\ere
carri ed qepaftagioftd® FHIerebod aWHRN OBS . viXA B! @c&n&ﬁc‘%lzélsgégf, 4afiecked
flask equi pped with a reflux condenser, an argon gas inlet tube, a

t her mbnetisracaidnamay ibe elermdsacédiradcd suitable time instead of waiting

A

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
10 compound will not hinder the achievement of the object of the

invention.

A-OCH)CF70 (CFCF0) p (CF,0) qCF5CH,OH (5)

The compound of the invention is suitable for use as an
incombustible lubricating oil, a hydraulic oil or the like,

15 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,

20 methylene chloride, chloroform, 1,1,1-trichloroethane, 1,1,2-
trichloroethane, trichlorotrifluoroethane (CFC-113), perfluorohexyl
methyl ether (HFE-7100) and like halogenated hydrocarbons, diethyl

ether, dimethoxyethane, dioxane, tetrahydrofuran and like ethers,



with 282.1 g (1.74 noles) of netatrifluoronethyl phenol and 1.2 liters of

di i sopropyl ether which was dried, dehydrated and 11 purified by
distillation. Then 36.5 g (1.59 noles) ®of small pieces of netal sodi um was
added with stirring. A reaction was conducted at a tenperature for
refluxing the diisopropyl ether for two days. After confirm ng that the
nmetal sodiumwas entirely consuned, 107.7 5 g(0.31 nole) of cyclotrinmer of
phosphonietivle achkaté deoutyd hdtedatdi lamydt acetate tdhe 1eR6t éoterE, Xt Ur €.
Thereafter a reaction was nmade at a refluxing tenperature for 3 days to

gi ve abouiyclobexgnef cycledeptane nicialcectihe amddtikenaliayelic was washed
w th about 500 ml of purified water 5 tinmes. Then the diisopropyl ether

| ayer wadYByosapheas e idethyd hgrmaniste  biimetkyl| sl fokaédes afd arixwhireh t he
di i sopropyl .ether was renmoved under reduced pressure by distillation with a
rotary eﬁé%&WQtBF,m@ﬁ?ﬂﬁﬁidé Bf oltree &PIN¥ERERL |iquid, which is hereinafter

sane type as above was charged with

f dt "(i)" fl k of th
;24?2"58 15%8?&%%%?1%1?‘%@3 O- B%]—iet](‘%llEﬁ‘ﬁﬁitlﬂﬁe?%i?ﬁ%é%véré@ﬁom&lf‘@es of
d i . f 1 10 cti | d 3.5 0.191
P orey o edilf, | PATUheobhafof dndikohiial (PP el dn A eticenlebBion o
100C f .nT i fi d | di i |
Sonsumd G5 aBBke. o [1Ehy Welfic SO b081 1 HbTE: B0 008 AR RaBR by ©

et her wasyaadted pPef&INS LRSUVISFQY & f k mpdtare. A solution
of 150.5 g g? i i qui d§(i) in 140 g g?ggi%%prbgﬁg’%&g‘?%er was gradual |y

added dr qpwifeeabby tdlout 2OUEE. av¥ter 0308y wdignd.ng at a refl uxing
tenperature, the mxture was left to cool to roomtenperature, giving a
reactPon 25 ni Xutke(wealtiics, henei dafgring eEethedkdrauas ({j i dan bdJsi ng 230
g of perfluorohexyl nethyl ether, the total anount of the reaction m xture
(ii) was 4pednint conbiglarigddeiith dche sdligohen abmexifdiiogoa06,1g poflydtheopr opyl
ether and 1.19 nol es of 12 metatrifluoronmethyl phenolate separately

pr epar ed 9fr She1dormula ((b) 1bavinedn gvenpgatndldaydrsneeighplodndbOand 24. 8 g
(1.08 rmlGE)ﬁ)o of small pieces of netal sodiumin the same manner as in
preparati of the liquid (i). The m xture was reacted by 9-day 5 stirring

at a tenperat u&l@cﬁ%wbqa;%g%%gﬁ??g?@r%@?ﬁ.oﬁAf t er(-ﬁgonfi rmng by capillary

gas chromat ography“tiat t e did t contain cyclotrimer of
%059

phosphonifii-Le, Werein gegat rgrfdi rrEthlﬂpenoxy group and chlorine atom
al one were substituted as n xed together, manely did not contain any

reaction 10 i niar BRE AkRindibs, CORd AUdipupEl YEMndAdatlleh! [ edl bl rom the
reaction m xture under reduced pressure by a rotary evaporator. The

obt ai ned useai titiecomdsindicssnl weth ivhe200i godr direblyk 861Ky INBod 6ty et her
sol ution was washed successively with 200 g of 1% aqueous sol ution of
nitric acfdthéréemulaedchand with 200 g of 15 purified water four tines.
After these operations, the diethyl ether |ayer was dehydrated and dried by
nol ecul ar si ev&scFah F@FEZCH;?](CSBWZ‘FC%§ vapori zed®lor renoval by a rotary

ot PReHRLR Corm forbysRelbit 4695 bethe AeoRar BgHegiat (AAR 1he 20
whr oi n BoerRE T PO e SR R AR s ol Bl etlBe bl T
101 coul o AP ot 16 Toht) Eedtis il i #F i pinp, ¢ her eby praduci ng 12 g

s | dent 1 oo AeBRe (et 2 St ante Bt o B AL R 0F et hyi ene

proton antadlNR edREOFOMBIAS @80 DTRE AlTHTRAVE! OFES R RRANAMYo &Y OUP i N
proton NVMR (400

25 (products of Ausimont S.p.A).

In the invention, the compound of the formula (1) can be

used in combination with the oligomer of perfluoroalkyl polyether

of the formula (d4)



13 ‘MHz) and according to FT-IR -

( CF3C6HA40) 5P3N30CH2CF2( OCFZCF2) ( OCF2) 1~OCF2CH20N3P3( OC6HACF3) 5 [ conpound
(1-a)), density 1.7 g/cnB (15C), boilinggpoint 170C or higher/10-4 torr,
viscosity (dynam c viscosity) 180 mmR/sec (40C), 5 surface tension 30.2
dyne/cm (25C). Exanpl e 2 Using nmetaphenoxyphenol in place of
nmetatrifluoronethyl phenol used in Exanple 1, the sane reaction as in
Exanpl e 1 was c%hé?}:g(tcé‘d), CRpQJuRE (OFD @O0F of afdoily |iquid 10 contai ning
cyclotriner of phosphonitrile wherein 6 netaphenoxyphenoxy groups were
substit ut'€ePYeIR Pr d8uktyo &9 unreact ed PFPE-DOH. Then, 50 g of tol uene was
added to the oily liquid and was stirred. The m xture was placed into a
separati ng funnefemi@s| ef t the digemerhédlkiingdudent gbemgaunds epmmetdimilof two
15 layers. After confirmng that the nost of cyclotriner of phosphonitrile
havi ng 6 %ﬂﬁﬁéﬁo%ﬁ%d@?&oﬁr bepES sifbdt-i St Bentwede Mempurs eand €ot-he upper

t ol uepe | ayer, f

he .| ower | ayer s distilled by a nolecular distiller
equi pped with a tit¥usye ﬁ%ﬁ‘ \'gﬁ@r‘é%p?w Pés%&ﬁefmls’ed&? af@®y ¥¢ om

t ol uene, r t.LOnN. CVYC iper 20 o hosphonitril e_having 6

met aphenoéyphgglo%ﬂg}rg%tpl?ﬁs h’gg{‘l ‘t%lj? @élo\ﬂ?ﬁ‘gﬁe%sc%w@)‘?t ch% fl%’f‘“f"ﬁé
toluene | gyer, and unreacted PFPE DOH, giving 23 g (0.007 nole) of yellow
transparent |iquid. The obtained product was identified as the follow ng

subst ance accor (N<rJolH,FJCEl } H{ o, Terfor gRa B Pt @f) and aromatic 25 proton
based on net aphenoxyphenoxy groups in proton NVMR (400. MHz) and according

to FT-1 Rwherein a and b are each a real number of 0 to 2 a+b=2, x is 1, 2,
(C6H50C6H40)5P3N30CH2CF2(CCF2CF2)(CCFZ)IpCCFZCHZONSPS(CEBFMOCBFE)5

[ conpéundB (2~ &) ] andlensis B dr64 g/ ExBnpdES , obaiHd BBHoRFhAYerdD FemPbund 1de)
hi gher/ 10'4 torn viscosity (dynam c viscosity) 380 m2/sec (40C), surface
t ensi on 3 thpae/ connfeasdpl 1 Coayrirlatilee uEd enNeREECOCPHPSPHRL AL $i5-06@d i n
JP_A-6-2%8331%246 (K.K. Matsumura 0il Research Corp)
. p) .
When the compound (b), (c¢), (d) or (e) is used in
combination with the compound of the formula (1), each compound is
15 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),
(c), (d) and (e) can be used in combination with the compound of
the formula (1).
BEST MODE OF CARRYING OUT THE INVENTION
20 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 out in an atmosphere of argon gas.
Example 1
25 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



A 1-liter 4-necked flask equipped with-a reflux condenser, 5 10 15 20 25 an
argon gas . inlet tube, a thernoneter. and a stirrer was charged with 41.3 g
(0.083 nol e) of C3F~0{ CF2CF20) 2CF2CH20H;and 0.5 liter of diisopropyl ether
whi ch was dried, dehydrated and purified by distillation. Then 1.73 g
(0.075 nole) of small pieces of netal sodiumwere added under stirring. A
reacti on was conducted at a tenperature of 50'C for 3 days. After the
entire nepatificdi by dastikactied. GHM §6(6. §2(1PL oS Yst wdlnebleées
phosphonitrile chloride and 40 nl of diisopropyl ether were added. The

m xt ure waf metadt eddium 6as added with XStdaypdnggi A R@adt f &R Gkd O RoABKE HE®
which is hereinafter referred to as "(iii)". In the sane manner as in
prepar at | 8h dftPEFRtung By reflegdngntite) défispheomyl anttied. fdr gtwd) dagsnol e)
of nmetal sodium vvere reacted in 250 ml of diisopropyl ether for 5 days,

gi ving a 8b¥eR iGR me%QﬁiltLhﬂtpl’ééﬁdP%ﬁaal igpddums wps ognytlirel Meconsumeazh i197.7

her ei rséafte referre? to as . The total anount of (iv) was poured into
a flask c% ¢ Rget nRt r‘%}’é'clﬁ 6F1m?ﬁ-’x‘f%r@WPP)ll'é?l]rQ)cﬂhlPéﬁﬁ%r‘éémra@d@ﬂer a
peri od of action was conducted at 70C for 10 days. A

t.5
solution & h‘ﬁwues tl;ggl&q?o s%rfﬁﬁgéo? rf“’d?‘i‘g&pr oRATeBEhEF okearidrBgvas

¢t | ut di hyd d th
sotut; on pde el 3 PO ARHIAT AR LAY Sop® 3R %?érg%mﬁ LT
di i sopr Op.é/lrc=f‘at<:}iﬁ‘?cE’nSt@:l.)UlEtlrQa'1 O{ilﬁ 'r%‘aa%tQXntng er ea?l nga g}llt Oﬁpgbglsoeo[ her

dehydrated and dried by nol ecul ar sieves.

was renmoved dFy pdicstidd Adt@d 9 Einds. %ﬁeﬁoél?é Xi&%\é_l_g% Preﬂi'x@e eia%%ﬂc aesd

pressure, giving 23.3 g of a pale yel low | T qui tal ne

i dentiiof | ecbrrattba 0 | Q8HYEGasE8 SHR A 20 aFdE NavdO aF bt i & vigt hyl ene
proton and aromatic 5 proton based on phenoxy group in proton NVR (400 MHz)

and accordii irpptrop¥T - ¢ fer-@aB~ D& 20 EF2€iti2dddl fiR3bBLe GiHS) 3. 4 ( Conpound
(3-a)], de.nsi_t{ 1.6 g/cnB(15C), viscosity (dynam c viscosity) 50 mm2/sec
(400), sutrsdddlpbhen oniths azrqywev avaPREaCpr, 19 Ergmpl br8wi thangpdirekt was
imersed in a sol ution of 1 g of the conpound (1-a) obtained in Exanple 1
in 1000 migwd pewh+gkwyﬁ1@ﬁyp1nafter referred to as “(i)".

A flask of the same type as above was charged with 144.4 g
15 (0.151 mole) of PFPE-DOH (alcohol wherein the average values of p
and q in the formula (1) are 1 and 10, respectively) and 3.5 g
(0.151 mole) of small pieces of metal sodium. The mixture was
reacted at 50 to 100°C for 12 days. Then it was confirmed that the
metal sodium was entirely consumed in the reaction. Thereafter 450
20 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
25 mixture (which is hereinafter referred to as “(ii)").
Using 230 g of perfluorchexyl 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



met'hyl ether (HFE-7100), was taken out- and dried at 120C for 30 ni nutes,
whereby a coating filmof 10 angstrons in thickness was 15 fornmed on the
hard di sk. The coated hard di sk was subjgcted to the following test. In the
performance test of lubricants, a nodified comercially avail able drive was
used such that coefficient of friction was determ ned fromthe force
applied to the head, and the 20 test was carried out by neasuring the
change i nmedfrfiifd nenemetfhylr iphenohate sepE3ateepeptashriedstrod BNg g CSS
cycle took 33 seconds which conprises the steps of starting the drive with
the head tbrt%adoddsbrof metditsk ftuofemathyiphatohgaridh@4dissy $L00B amlies)r each
a predeterm ned nunber of revolution of 7200 rpomw th the 25 head lifted,
and stopp?hgmedd Bieces if methd sediie dnt sbeesane thannlee adssin surface. The
hard di sk was obtained by formng, with plasma CVD, a DLC protective |ayer
of 100 t PERRFTALIAN 0B Big ddAuidcbildi nGheei trnsr wpar vepdfieds put Dedang. For
incre%sin the 16 surface snoot hness, no texture was used. The head was
of nonol i THE WP E nt e agHpT, fAh Faffuxipgdthitsorveng. ALfESS test was
conduct ed ..eval uati on .hased on the nunber of cycles until the head
hoitinBife B AP IERY 2 i R tie i Engr renchich

adhered (cCr Ushe i

R e e

life was 50000 cycles or nore an e’state

Exanpl e %Jﬁa@rtiﬁaoya@etqarlbheﬁow;gét&pt Qﬁdsaﬂ?%ﬁ?%? toftSaidhXAMR! € 3 10

with the exception of using 1 g o he conpoun _ I'n place or 1 g of
the compaiundtitubed ddenikaukbgdafed Nalambhe &8P dddf %oﬂ@éﬂ?%ﬁp reY6EESn OF

nore and the state of disk was not abnormal. Exanple 5 The test was carried
out il t hintzamedi@teerthas colt Exeem|1%eh® whi haidia1exgaepts oraaf tMsing 0.2 g

of the compound (1-a) and 0.8 g of oligomer of perfluoroal kyl polyether
havi ng arreagddiageminteruiadeneremicedt p2@6BufernducroobhrpusidfpratScp. A, Z
Derivative), in place of 1 g of the conpound (1-a). The result was that the
CSS | i f e T obtained residue was dissolved in 200 g of diethyl ether. The
diethyl ether solution was washed successively with 200 g of 1%
aqueous solution of nitric acid three times and with 200 g of
15 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
20 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 yellow
25 transparent liquid.
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



50000 cycles or nore and the state of disk was not abnormal. 20 Conparative
Exanpl e 2, The test was carried out in the same manner as in Exanple 3 with
the exception of using 1 g of the conpousd (3-a) in place of 1 g of the
conpound (1-a). The result was that the CSS |life was 28000 cycles and the
di sk had abrasion. 25 JP-A-6-220077 discl oses the conpound of chem cal
structure prepared in Conparative Exanple 1 (described herein). The

di scl osedMExnpodndceerding Itar Froikhe conpound of the fornmula (1) according
to the invention. However, this publication does not 17 di scl ose the
usef ul nes<CE3F6H4R sRaOSHREF HOCE2 T (OSH DY 1006F 2GHA0NG By Qg @Rdisum 1t i s
clear from conparison of Exanples 3 and 4 (described herein) with

Conpar at i leorprungl é1 2)(ldedensbeyl het qi/mndt (it ) hebe by pdidescy o ey n
JP- A-6-220077 is not useful as a 5 |ubricant for a recording nmediumin the
aspect ofhisherdifihdert NDUBSTRIAY ARPLACABIWIsEYsAcgbr i hgrepsehe(domeent i on,
a corrBounq_Etéo be _used, faor exan¥>l e, as a lubricant for hard disks of

excel Pent® CEUFERFIIM yYaRdd¥neA{M i @RnC) cont ai ni ng the conpound can be
prepared.Exa le AIM5 1. A phosphazene conpound of the fornula (1) which
has an 5 ar r“?ngerrent such that perfluoroxyal kyl ene units selected from

CF20- and - CF2GR20- istrihuted, the conpound having a
functi onal terrqn}:sﬁla gégﬁﬁé&‘%&%&%ﬁz’d{ éfgfagzﬁgp(CFZO)qCFZCHZO-A (D)
wher ei N Ande® c21 81 @kt A BnERS %\4@ | o | 19 hydrogen
atom Cl_4 al k;lll, Cl 4 ta kgxy, icrjllu_s%dgg%log? y ,éogr'y\lg,hesu%'g? ?iet?tcé:éxﬁra)‘/ ,

aryl oxy amn gwamblé Ul afhsAeph@x¥te®NGiRialdadlo 3 § a5 88! o HATDEL 1 to 30.
P~-NN\P '~ I~(CsH4)Rls (a) N\P/ N 2. %lpﬁogphazengJ corrpou?ld as (?él |hned in

clai a0l wearteiniky i cyclbtatimed Xyt GhisphoRi tAildlkiHesah gontai ning the
phosphazene conpound of the formula (1)
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
15 layers. 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 cyclotrimer
20 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
25 proton based on metaphenoxyphenoxy groups in proton NMR (400. MHz)
and according to FT-IR:

(CgH50CEH,0) 5P3NJ0CH)CFy (OCFCF3) (OCFy) 100CF7CHON3P3 (OCgH4OCgHg) 5

[compound (2-a)], density 1.6 g/cm3(15°C), boiling point 200°C or



4. A lubricant containing the phosphazene conpound of the fornula (1) and
an oligoner of perfluoroal kyl polyether of the 20 fornula (b) having an
aver age nol ecul ar wei ght of 400 to 60007 HOCHZCF20( CF2CF20) r ( CF20) sCF2CH20H
(b) whereinr is 1to 30, and s is 1 to 30. 5. A lubricant containing the
phosphazene conpound of the fornula (1) and an oligoner of perfluoroal kyl
pol yet her of the J, 19 formula (c) X-CF20 (CF2CF20) m (CF20) nCF2-Y (c)
wherei n Xhigiry aoet each, avis@asttyonaygani® wielcesh ed) f3amudad) SER2CH20) t CH2-,
HOCH2 CH( CH20CH2-, HOOC- and piperonyl, mis 1 5to 80, nis 1 to 80, and
t is 1 told0C)6. surfags itemstionodt rdm@/t:he(%\txsphazene conpound of the
formula (1) and an ol i goner of perfl uor oal kyl polyether of the formula (d)
F- [CF (Gpacpsdye jerampdes) Cooppqund 16 swhesed nim JPsA16t22@I7)7. A

| ubri cant containing the phosphazene conpound of the fornmula (1) and a
phosphazene corfbdurdt8f ¢ meFedniilask egayinsed witthGr2@tiuk qofd@Hzey(, CF2CF2
) xH b) %‘5%9%3 wherej a and b are each a real _ nunber of 0 to 2, a+tb=2, x
is 1,°2, P 938 e)‘F tubg, g thergomgteyand aEtasreapiyareshanaedai ms 3

wh | ub dj
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successively with an aqueous solution of sodium hydroxide, with an
25 aqueous solution of nitric acid 4 times, and with purified water 6

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



10 'hL9@ 10% h&' ()-H JAEb@ 109 | F! 109%&' ()- |
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1.6 g/cm3(15°C), viscosity (dynamic viscosity) 50 mm?/sec (40°C),
surface tension 25.2 dyne/cm (25°C).
10 Example 3
A hard disk was immersed in a solution of 1 g of the
compound (l-a) obtained in Example 1 in 1000 ml of perfluorochexyl
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
15 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
20 test was carried out by measuring the change in coefficient of
friction in a CSS repeated test. A single CSS cycle took 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
25 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



“10%&' ()-0 "1""""dYNC 109% 10 10 10s3 10%& ()- F1Z9409%& ()-)! 10%& ()-

" #109& () , &109&' () -""Z""""#dJEYNC 109 109%& ()- ylO%& ()-

10%<& ()- 109%& ()-mM10%<& ()- &Ls10%& §)- #@H#H#SHPQMEYNC 1098 ! 10%& ()-Y
WMWOU& ()-Y"10%& ()- @L10%& ()-LI10%& ()- | 10%& ()-GB& V' aBYNC
109 13" 10%& ()-/"1109%& ()--!110%& ()-!t

L*#10%h& () -""10%<& ()- 3'YUdO%& ()- "(]J(((((((xmbC 10% Ls10% & ()- 10<
10< 10<L95Uf0PeR: (SosYRAOS4& no) teybirtd Ofae uged3 "MHY®&a4) wds -S¢t] +X, , dEnbC
1098 3&! 3"10% & ()-"10% & ()-F"10% & ()-3"10% & ()-"10% & () -
"10% & ()monoli-thic- MERD G insbdPYL &r(d the load was 7.5 g. A CSS test
L*$10% & ()-( '10% & ()-&L10% & ()-$10% & ()-"ML10% & ()- -,.Ar...//}[<2Cl10
1109 () - Va4 19degteyl- for yluatipnbased on the number of cycles until
1109%&' ()-/10% & ()-.!'10% & ()-////F/ w //iJC10

19y10%0% Ehe yrsgordpsred S({crymbed) (§o Lthe HiwE (§S$ O ifB908nd) the HHa0@<0E0A0

"109 0 s109%0& 1090 #3 10908 1090
gggf% 0G %Jgé(%fgc_’urregc/éo%r( )non occurl.geznce of abréglon) ( ) 0)-

9% y10 100% é? 1 %10%)& G' 10%V& () - 334444456
ég{%} 8%82(%) {f?&o}&ugf e (tg %C103f 0;;2 ? ;) f)yg ocf)j,@cgte? ) o
Tovok: () - TIboRE FFth-abikaR fof AL0atr™advossssibcioLs
10908’ () - akkA%0%' () - S8&910%08 () - $! 10%)& () #- 10908’ () -
& 10908 () - 8: 9a9999- : aBbC105, 10%0& () - 3S10%0& () - ! Y1! 10%008 () - / 10%0& () -

0968 ()'S,!logﬁiﬁé)test was carried out in the same manner as in Example 3
10 with the exception of using 1 g of the compound (2-a) 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.
Example 5
The test was carried out in the same manner as in Example 3
15 with the exception of using 0.2 g of the compound (1-a) and 0.8 g
of oligomer of perfluoroalkyl polyether having an average molecular
weight of 2000 (product of Ausimont S.p.A, 2 Derivative), 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.
20 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 (1-a). The result was that the CSS life was 28000
cycles and the disk had abrasion.
25 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
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INDUSTRIAL APPLICABILITY
According to the invention, a compound to be used, for

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

and a lubricant containing the compound can be prepared.
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real number of 1 to 30.
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2. A phosphazene compound as defined in claim 1 wherein R is
15 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
20 formula (b) having an average molecular weight of 400 to 6000
HOCHCF0 (CFCF0) r (CF90) SsCF7CHOH (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
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formula (1) and an oligomer of perfluoroalkyl polyether of the

formula (4)
F- [CF (CF3) CF70] uCF (CF3) COOH (d)
10 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 {OCH3CF,CF3}a {OCH) (CFyCFy) xH}bly (e)
wherein a and b are each a real number of 0 to 2, a+b=2, x is 1, 2,

15 3 0or 4, and y is 3 or 4.

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

lubricant is a lubricant for a recording medium.



