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f or magnetiegretidingaterials. To read information from magnetic media, a read head constructed

similarly to the record head is brought into close proximity with the magneﬁc media. The
magnetic field of the magnetic media induces a voltage in the read head. The voltage
changes when the direction of the magnetic field from the magnetic media changes.

20 During normal operation, the magnetic media is moved or rotated relative to the
record head with a small space between the media and the head. At the end of the
recording process, the magnetic media is often in direct physical contact with the head.
The frictional force produced can wear both the head and the magnetic media. Eventually,
the frictional force can become large enough to damage either the media or the head.

25 To minimize the wear of the magnetic disk and head, a lubricant is placed on the
surface of the magnetic media. The presence of the lubricant improves the durability of
the magnetic media. Typically, the lubricant is a perfluoropolyether (PFPE) with
functionalized end groups. Perfluoropolyether lubricants are chemically inert, thermally
stable, moisture repellent compositions that possess relatively low surface tension, good

30 lubricity and low volatility. As aresult, they can be effective and long-lasting lubricants

for magnetic media.
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character icﬁI‘nip8§ition to magnetic media. However, the 1987 Montreal Protocol calls for
20  reductions in the use of chlorofluorocarbons to minimize degradation of the stratospheric
ozone layer.
Certain perfluorinated alkanes have been used in place of chlorofluorocarbons as
perfluoropolyether solvents such as those described in U.S. Patent No. 4,721,795
(Caporiccio et al.). Additionally, U.S. Patent No. 5,049,410 (Flynn et al.) discloses the use
25  of a perfluorinated, nonaromatic cyclic organic solvent for dissolution of
polyfluoropolyether lubricants. However, some of these compounds tend to have
relatively long atmospheric lifetimes and can potentially contribute to global warming.
Thus, there is a need for solvents with short atmospheric lifetimes that dissolve

polyfluoropolyether lubricants. The invention provides fluorinated ketone solvents with

30 these desirable characteristics.



-2 WD 02/ 086872 PCT/ US02/ 02901 Sunmary of the Invention The invention
provides a |lubricant conposition conprising about 10 to about 10,000 ppm
per f | uor owologesdser | ubri cant and about 90 to about 99.9 wecghiSopexeent
fluorinated ketone sol vent based on the weight of the |ubricant
conposition. The lubricant 5 conmpositions can further conprise about 0.1 to
about 1000 ppm of an additive such as a cyclic phosphazene conpound. The

| ubri cant conposition typi caI I ﬁdma#wufﬂmllubédtidxy for possi bl e

cont am nant s Sulﬁ{% .as _water, cones, and general carfons

Addi ti onal I y, dityeqIpn prgyides H‘b‘&fé‘iaf‘f EFHNROS I%a‘«?slnr&s ggw BB 0 tRebAItn g
potenti al 1016@@ f%h’:lgé hO&oBs: Kﬁ%ﬂﬁﬁn@ﬂx‘t‘éﬁd‘&bdﬁft90?@aﬂdﬁ¥99©'ﬁé¥gﬁt%¥d&ﬂ! ly has a

total of 5t car bon atom; I n sone enbodi nents, the fluorinated
ket one haéluermaie& ketand solvert based oﬁh:be weight efithe dubrichat cavnpmsﬁllouo Thk dtbwicent a

conmpoynd i n whi.ch all of. the hyd en_.ato Q e ¢ bo ackb neare
ep acod FPEROTTR ARdargEEmRtet 98 oL RabeRiIoPP Rared RendHEe suY

have up t @yélv@pHisphgfdcthuiindaTie uxbric@nttmmﬂoﬁ legpagdld ab@dv@g@ﬁbm;efm
including bromne, chlorine, and igQdine attached to t car bon backbone.

One or noPesHkle ppiaMIHARLS sush é%lwateﬁtse!rqoum andhgenesa! Mﬂrosa@rm ndd@tionally,
mol ecul e. t}'}@ﬁjﬁnEi}ﬁ@o&BSm{l&FQa{ H&@E?@%ﬁ%ﬁkﬁaﬁrﬁh@%n&ﬁ” be used in the

| ubri cant "conmposi nore m sci bl e solvents

can replace a pihetfluofinated kbtone fdluart ioff sedfivdneion ngpicaily\ies ta.totabof Savoar(DI e, up
to about 10 wei ght percen eggfoq‘l he fl uori nat eg ket e can b ons {)I aced with

anot hét  nicaghop afonasy | psqme Rsnts, the flugrinat éﬁefqne Hp&P $at i dgnt
conpri ses A-E
COTDY! S MBS G RS Atne, TEUREHLP RSFHEPAN e Rgiolen ehiuhdie &

i nt eger s icabepdaddmnk yrer@plgoetgwith doofing. cAldroatively) thérﬁmorimdddtdtcﬁm sblvem n,
and p are in ers ind ndent ra fromQ ta ut 200; um of Kk,
m i’ and B ISR U GaB OB aRES plomBRUPIa o ptdea Brlaes dgig ineh
Independermmm%e&mti&d aN® AR R13Ehed2b YR EaFbdDbRkbSR: (ﬂ%rhﬁdre%%ﬂ%ﬁ&ttorﬁsf the
i nvention provi des a nethod of lubricating a substrate. The nethod

conprisses cappitenuny the easbarn brgkboneofithdmolegule. conposition to a substrate

Iﬁlel Z\Sﬁg t Pgt edr%%lq}é%x{] ye?f?‘%{ié‘ g:dtk%tong (r)?vgntl clejlrt? Ie%ger}ltm tfle fnbrlcantt r(lzgmf)gsrl lg&e of

In some embodiments, one or more miscible solvents can replace a portion of the

fluorinated ketone solvent. For example, up to about 10 weight percent of the fluorinated
ketone can be replaced with another miscible solvent.
20 Typically, the perfluoropolyether lubricant comprises a perfluoropolyether

molecule represented by the formula:
A—F (CyF2)O(CaF5ON(CsF0)m(C2E40)(CFL0)(CF2) A" ;

where y and z are integers independently ranging from 0 to about 20. The variables k, m,
n, and p are integers independently ranging from 0 to about 200; the sum of k, m, n, and p
25  ranges from 2 to about 200. Groups A and A' are independently selected monovalent
organic moieties.
Another aspect of the invention provides a method of lubricating a substrate. The
method comprises applying a coating of a lubricant composition to a substrate followed by
drying the coating to form a lubricant film on the surface of the substrate. Typically, the

30  substrate is magnetic media such as a thin film or hard disk.
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including bromine, chlorine, and iodine attached to the carbon backbone.

Representative examples of perfluorinated ketone compounds suitable as solvents
for perfluoropolyether lubricants include CF3(CF3)sC(O)CFs, CF3C(O)CF(CFs),

20  CFs;CF,CF,C(O)CF,CF,CF;3, CF3CF2C(O)CF(CF3),, (CF3),CFC(O)CF(CFs),
(CF3),CFCF,C(O)CF(CF3),, (CF3),CF(CF,),C(O)CF(CF3),,
(CF5),CF(CF)3;C(O)CF(CF3), CF3(CF,)2.C(O)CF(CF3),, CF3(CF2);C(O)CF(CF3),,
CF3(CF,)4C(O)CF(CF3),, CF3(CF2)sC(O)CF(CF3),, CF3CF,C(O)CF,CF,CF3,
perfluorocyclopentanone, and perfluorocyclohexanone.

25 Representative examples of fluorinated ketones with either one or two atoms other
than fluorine attached to the carbon backbone include CHF,CF,C(O)CF(CF3),,
CF3C(0)CH,C(O)CFs, (CF3);CFC(O)CF,Cl, CF,CICF,C(O)CF(CFs),,
CF,CI(CF;),C(O)CF(CFs),, CF,CK(CF;);C(O)CF(CFs),, CF,CI(CF;)4C(O)CF(CF3),,
CF;CI(CF7)sC(O)CF(CF3)s, and CF,CICF,C(O)CF,CF,CF;.

30 The fluorinated ketone can also contain one or more heteroatoms interrupting the

carbon backbone. Suitable heteroatoms include, for example, nitrogen, oxygen and sulfur
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acyl halides in an anhydrous environment in the presence of fluoride ion.
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thereof, The oxidation reaction is typically carried out in a sealed reactor at ambient or
elevated temperatures.
Linear perfluorinated ketones can be prepared by reacting a perfluorocarboxylic
20  acid alkali metal salt with a perfluorocarbonyl acid fluoride as described in U.S. Patent
No. 4,136,121 (Martini et al.) Such ketones can also be prepared by reacting a
perfluorocarboxylic acid salt with a perfluorinated acid anhydride in an aprotic solvent at
elevated temperatures as described in U.S. Patent No. 5,998,671 (Van Der Puy).
More than one fluorinated ketone solvent can be used in the lubricant composition.
25  In some embodiments, one or more miscible solvents can replace a portion of the
fluorinated ketone solvent. For example, up to about 10 weight percent of the fluorinated
ketone can be replaced with another miscible solvent. Suitable miscible solvents include,
for example, hydrofluorocarbons, hydrochlorofluorocarbons, perfluorocarbons,
perfluoropolyethers, hydrofluoroethers, hydrochlorofluoroethers, hydrofluoropolyethers,
30  fluorinated aromatic compounds, chlorofluorocarbons, bromofluorocarbons,
bromochlorofluorocarbons, hydrobromocarbons, iodofluorocarbons, and

hydrobromofluorocarbons. In some embodiments, the co-solvent includes

-5-
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process and t he anoun wast e’  generate
can be extended through the use of a solvent with low solubility for impurities. When the

concentration of the impurities in the lubrication deposition system reaches an

20  unacceptable level, the contaminated soivent is generally discarded and replaced with
fresh solvent. Extending the lifetime of the lubrication deposition system can potentially
decrease cost associated with the lubrication deposition process and the amount of waste
generated. \

Perfluoroketones, though fully fluorinated, have a much lower global warming

25  potential (GWP) than perfluorocarbons, i.e. fully fluorinated hydrocarbons that do not
contain ketone groups. As used herein, "GWP" is a relative measure of the warming
potential of a compound based on the structure of the compound. The GWP of a
compound, as defined by the Intergovernmental Panel on Climate Change (IPCC) in 1990
and updated in 1998 (World Meteorological Organization, Scientific Assessment of Ozone

30  Depletion: 1998, Global Ozone Research and Monitoring Project — Report No. 44,

Geneva, 1999), is calculated as the warming due to the release of 1 kilogram of a



Per f |l uor oket ones, though fully fluorinated, have a nmuch | ower gl obal

warm ng 25 potential (GAP) than perfluorocarbons, i.e. fully fluorinated
hydr ocar bwo2/08@r2 do not contain ketone groups. As used RETAISN2/09@(WP" is a
rel ati ve neasure of the warmng potential of a conpound based on the
structure of the conpound. The GAP of a conpound, as defined by the

I nt ergovernnental Panel on Cimate Change (IPCC) in 1990 and updated in
1998 (Wor kdmpbtmbretitivgita the warmixy dustto ol relasecof 1 kilapréis of €Ovewver ofpediftade 30
Depl etion; 1998, @ 0?8" Oz Research and Monitoring Project - Report No.
44, GeneVyesragopiime; “E%‘P@EF]Qt ed as the warning due to the rel ease of 1
kilogramof a -6 WD 02/086872 PCT/ US02/#02901 conpound relative to the
warmi ng due to the rel ease of 1 kil ograRf.£02dover a specified
integration tinme horizon (1TH): g/p—té.éz o Fxcae-'1'dt OGAP.(t') = ITH f
Fco2Ccoz(t)dt O 5 where F is tﬁ fadi atd ve forcing per unit mass of a
compound (the change in the flux of radFetLCod?)hrough the atnosphere due
to the IR absorbance of that conmpound), cCis the atnospheric concentration
of a conmpound, ti is the atnospheric lifetine of a conmpound, t is tine and
x is the compound of interest (i.e., C6is the time O or initial

concerst r atwhere Pis the eatiivedorcing pid uhid enas® 67D Bdriip Amd €fHeafahgeHn itlse idOof ear s
representing a conprom se between short termeffects (20 years). and | onger

term ef L eétdjatiguibrapgh the gmosplicgedye tothelR ebf:etl@ﬁw af ﬁheﬁwcc}cmpognd)@ 8 e
konoci oo (mbstfed] ERRBNRI G a38H06%, o % IR AMSARBRE ARG s oMLt e

time intemakahd& MRcomPOuR] HURRIEO . £8,, TPheltinie00 of Mitif xehRAGeicN6t
renoval of CO2 fraom 15 the atnosphere. (the Bern carbon cycle nodel).

CF3CF2C( OFempey® ®). has an at mospheric lifetine of approximately 5 days

base on phot ' | | uo, simlar
abs o?lboances an?h%t% hﬁlﬁa{{rﬁgh@%@gg iesgq% m%e\%gq%? rneg?rgzi;ngé 6&’3‘?’8 @%%§eﬁ{l%§lt imes. A
measur ed Ishore tersseffeest(R0 peam)sand longer term effects (500 years or longer). The

concentration of an organic compound in the atmosphere is assumed to follow pseudo first

order kinetics (i.e., exponential decay). The concentration of CO, over that same time
interval incorporates a more complex model for the exchange and removal of CO; from
15  the atmosphere (the Bern carbon cycle model).

CF;CF,C(O)CF(CF3); has an atmospheric lifetime of approximately 5 days based
on photolysis studies at 300 nm. Other perfluoroketones show similar absorbances and
thus are expected to have similar atmospheric lifetimes. A measured IR cross-section was
used to calculate the radiative forcing value for CF3CF,C(O)CF(CF3), using the method of

20  Pinnock, et al. (/. Geophys. Res., 100, 23227, 1995). Using this radiative forcing value
and the 5 day atmospheric lifetime, the GWP (100 year ITH) for a perfluoroketone with 6
carbon atoms is 1 while the GWP for C,F¢ is 11,400. The fluorinated ketones of the
invention typically have a GWP less than about 10. As a result of their rapid degradation
in the lower atmosphere, the fluorinated ketones have short lifetimes and would not be

25  expected to contribute significantly to global warming.

Additionally, the fluorinated ketones have low toxicity. For example, the
perfluoroketone CF3CF,C(O)CF(CF3); has low acute toxicity based on short-term
inhalation tests with rats. The "no-effect" level for cardiac sensitization for CF3CF-

2C(O)CF(CF3), is >150,000 ppm, comparable to the "no-effect” level for perfluorohexane
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used to calculate the radiative forcing value for CF3CF2C(O) CF(CF3) 2 using
the nmethod of 20 Pinnock, et al. (J Geophys. Res., 100, 23227, 1995). Using
t hi s radiwbDiogmesdsozr ci ng val ue and the 5 day at nospheric | ipCatisom929bhe GAP
(100 year I TH) for a perfluoroketone with 6 carbon atons is 1 while the
GAWP for C2F6 is 11,400. The fluorinated ketones of the invention typically
have a GAP | ess than about 10. As a result of their rapid degradation in

t he | ower (@gmrp)splpeﬁbxprddaﬂ)mvudwmﬁpaiaﬁdehomber dfvacbombaverhs thaf kdsianteag and

woul d not _be 25 extpect ed to contribute significantly to gl obal warm ng.

Addi t i onaMSforyH{&ate|US®r i nat ed ket ones have |ow toxicity. For exanple, the
perfl uoroketon qﬁ&ﬁ&%@lﬁﬁ&ﬁ@&ahﬂﬁcﬂuﬁ% SetirGndre &bfﬂdo‘:‘oﬁb%%@lﬂzr on

short-term inhalation tes rats. The "no- effect | evel for cardiac

senS| tization for CF3CE- 2C(O CF(CF3) €, P, conpar abl e to t he
"no- ef f ectoompe\ms cpmalrp@s theepesHiBg uak * 7 WO 02/ osleavlzclpw @su@setz@s@m
(C6F14) , I r%? h t QfRiqrat
has a ong é‘&tseb?y i2 ?bdll\fltjtée éytl ?llljlglrtgpo yet tMSllal;l%?élhcgnt udes

one or northke pmﬂﬁoﬂopolyeﬂnet Ipbtitants useﬁdpmthedavmm dave bepntdescribep (pedwmglw ni t

oo e degnas: B Bl B ot SR RSy B Do B
per f | uor op@hyeichied al. yb;rmamsgcuﬁ&ideio &Rl }shfema%?sweum\éﬁ) b,%i@a olgscri bed

previously such as 1'n Burguette et al

4,268, 556 (I\@Edh@tal9)and45,,%31mlyrmmnbljchl et al.), 4,721,795 (Caporl ccio
et aI , 746, rett M ts , an

S 6eald o7 ( Fi y VPt e Berflyofipcietser ibrga lf)a?'ﬂvﬁoﬁt T TP
a liquid ﬂﬁbrldﬁ.ﬁﬁ%h@tﬁﬁﬂeétﬁEM@a krigvaasda fllid pdandiale Bvidd Apelof AbdosTtieh.SEh known
as a fluid, can have a wi de range of viscosities. In sone enbodi ments, the
| ubri cant spEegmpodisgs, dhq lubrieant it wseaua oilydihg molecylas syeightys wiughy highough t o
prevent v

Gur i g us SO Sl ATBHRL ol Gr b RIUEAR, £t AP B

t he | ubri okhén the sulsstiatd iy alﬁagneghdnenahghmomumwe@t of the lutsrivaxisik uedalliyhe

| ubricant by centyifugal forces c F when t he sk is rotated relatlve
to ei bher higfeenough toprevent sheremoxal offbﬁb UoHFRRf bycRatri que?scﬁﬁ%ﬁtvﬁw hest the

(O oy o S R RERT RSBt R E Bhend

Typically, the perfluoropolyether lubricant can be represented by the formula:

A~ (CyF2y)O(C4FgON(CFs0)n(C2F40)(CF,0)(CF ) - A I

of

where y and z are independent integers from O to about 20; the variables k, m; n, and p are

20  independent integers from O to ébout 200; and the sum of k, m, n, and p is from 2 to about
200. The repeating units can be randomly distributed in the backbone of the lubricant
molecule. Each of the groups CyFay, C,F2;, C4F30, C3F60, and C;F40 in Formula I can be
linear or branched. The A and A' end groups are independently selected monovalent
organic moieties that have from 1 to 20 carbon atoms. The end groups can be either

25  hydrogen-containing or nonhydrogen-containing and can include heteroatoms such as
oxygen, nitrogen, sulfur, or a halogen other than fluorine.

In some embodiments, a major amount of the lubricant includes perfluoropolyether
compounds containing at least one hydrogen-containing end group. In this embodiment,
minor amounts of the lubricant can include compounds having only nonhydrogen-

30  containing end groups. In another embodiment, a major amount of the lubricant includes

perfluoropolyether compounds containing two hydrogen-containing end groups. In this
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where y and z are independent integers fromO to about 20; the variables Kk,
m n, and p are 20 independent integers fromO to about 200; and the sum
of k, m wooanshsp2is from2 to about 200. The repeating ®oirttsorerybe
randomy distributed in the backbone of the lubricant nolecule. Each of
the groups CyF2y, CZF2Z, CAF80, C3F60, and C2F40 in Forrmula | can be

| i near or branched. The A and A" end groups are independently selected
nonoval entembodigedht,aniiidt Sbextts bithe lutaicant dagincludeccotbonaddievirgf iy ondhe end

groups can he either. 25 hydrogen-contajning or nanhydrogen-containing and
can i ncl UMQW§F%‘P6‘§PW "é‘cﬂcﬂﬁo‘ﬁé"“@iﬁyﬁ’@h fﬁ%%‘\’%fﬁ’é?‘im“gﬁpg gfoul’ér a hal ogen

ot her 1 han {1 U86diRGarol BOHRNSDR ShTROb Bup nb RS op BRyile O citler, UbEEg ant

i ncl udes perfluoro alni ng at

hydr ogen- coRf-aiQCRLRN-QTRYP-CFIC(ONF,ané rhodDYR Mn exdipglobf anount s of the
| ubri cant can |nclude conpounds havi ng only nonhydrogen 30 contai ning end

groups. | pedhver Gﬁtmlﬂlydf@g%}?@ﬁala%lmﬂ SEMUPSHE | ubri cant i ncl udes
per f 1 uor opol yet ntal hydr ogen- cont ai ni ng end groups.
In this -8 V\D(g%(g% 872 02/0 go?rbodl ment, mnor anmounts of the

| ubricant can include conpoyrds having only one hydrogen-containing end
group or two nonhydrogen-con glnlng end groups. Nonhydrogen-containing A

and A gr Qiage infl§ hay ﬂﬁege? Rhvifig §%ﬂu€ ,suchQIFmZtCiﬁé lubri@E& has E,nunrb%\?eﬁf - OCF3,
-CF2C(O F, and - . An exanpl e of perfl uoroB | yether wit

nonhydr og@mlw&aravmghtgn dhecrapgeoefpld0P g0 50Q§=3’Elﬂs2®pe@ cap@ poroReCRAgF3 CF3
wh h t th b t nb
Aver age | MR SRR R BT st 4ime i ebab AR PPt "

| ubr i want DE Qﬂﬁﬁﬂéﬂiy@h{%én—o@ﬁﬁidlﬁé)b@ﬂa&mKRWW Mbridahts MORIE, fot exampent
deNenours & Conpany | mn 10 DE. O her nonhgdr ogen cont ai ni ng

per f | uor osemtyiBtynes oufE@M% flyids sieh as FOMRLEND ¥ and delavailahlerionas of
FOVBLI NTM I
S poA of MpelSord b BN ke] M et cdubPiRE SPDEMIPNIIRISOER AN 1 s
DEWN JMIrMDEZMMNUMBP S Azandi SPafal &l abieofiro idddatkin Ihdlﬂtriﬁs,rL'dsof Tolkdo, Hpailpokyo,
Japan). Exanpl n-contal ni n ro ar.e |, aryl,
and al karyl %S)amlﬁaso?'imﬁﬁogﬁn-e%alwgdgﬁw A vug%%aaﬂ&%t " aarbLor ) ne
at oms; ANd e @fhsCRMHcR chn be partially substituted with fluorine atoms and can contain

heteroatoms, such as oxygen, sulfur, and nitrogen, for example. Particularly useful

examples of such hydrogen-containing end groups include:

(@ —B—D groups wherein:
@) B is: —CH,0—, —CH,—0—CH;—, —CFr—, and —CF,0—;
20 and
i) Dis:
E
—O0—R
—0—R!
or
E
—0
O>G




het er oat ons, such as oxygen, sulfur, and nitrogen, for exanple.
Particularly useful exanples of such hydrogen-containing end groups

i ncl ude: wa)2B8d87yr oups wherein: (i) Bis: -CHO, -CH2- OpCHArS02/602952-, and
-CF20-; 20 and (ii) Dis: E-R -R or EO'CT OA -9 W 02/086872

PCT/ US02/ 02901 wherein R and R are independently al kyl groups having 1 to
3 carbon atons; Gis a divalent alkyl group having 1 to 5 carbon atons;
and Eis -H -OH -0OCH3, -0OC2H5, or -OC3H7 (each R, R, and G group can be

bstituted wt | ; .- t)SH, - (C H2)SR2,
Gt ) NRe2, - DR KR OB ndspe RSy A Hbispe ing [t Epdiben s 18
-(CLH2t) NGO, - (Qibidbat ?oug Ha@h'ézl) o0& &rlggn atdims; am(i@ ﬁZLH' )—%?IRZJ»OCH%
(CH2t) OSRCF3, - (G ) GO d, o= (L HRt ) CO 10
(G K P B O (G ARl (?%503?5? %’&aé‘? o o “ﬂc?igw’th one o
Ct H2t ) SO2 = -
((CJtH2t§)CE(C))C((§1§)g%§enPW1)Q/ 00 O0R2 (ClHt) OR2, 15

(CLH2t) O O) R2,(p) ( CHREH, SEH2L Aol SR?, —(CiHa)NR%, —CO:R?, —(CiHz)CO-H,
—(CeHz)SiR?%,Qs,, —(CiH2)CN, —(CiHz)NCO, —(CiHlz)CH=CH,,
_(CtHzt )‘_‘C—"C __Rza

—(CHz—)CO;R?, —(CiHz)0S0,CF3, —(CHa)OC(0)Cl, —(CiH»)OCN, —(0)COC(0)

10  —R? —(CiHy)X, —CHO, —(CiHy)CHO, —CH(OCHs);, —(CiHz)CH(OCHs),,
—(CiH2)S0,Cl, —C(OCH;)=NH, —C(NH,)=NH, —(CHz)OC(0)CH=CH,
—(CiHa)OC(0)C(CH;)=CH,

(C,H2,)ov—©> —O@RZ

—(CHz) 0R2,
15 - (CtHZt) OC(O)R2>
- (Ctﬂzt) (CtHZtO)xH,
OHOH
— (CH2)OCH CHCHp;
wherein Q is —OH, —OR®, —H, —Cl, —F, —Br, or—I; R?is hydrogen, an aryl group
containing 6 to 10 carbons, or an alkyl group containing 1 to 4 carbons; R® is an alkyl
20  group containing 1 to 4 carbons; X is Cl, Br, F, or I; z is an integer ranging from 0 to 2; x
is an integer ranging from 1 to 10; v is an integer ranging from 0 to 1; and t is an integer
ranging from 1 to 4;
() —OCR'R’R®, where in R* is hydrogen, an alkyl or fluoroalkyl group
containing 1 to 4 carbons; R’ is hydrogen or an alkyl group containing 1 to 4 carbons; and

25  RSis fluoroalkyl group containing 1 to 4 carbon atoms; and

(d)

-_— (CtH 2[)_N'_CH —=N—CH=— CH )

-10-



OHOH | | (CGtH21) OCLH21CHCHZ2; wherein Qis -OH, -OR3, H -d, -F, Br, or
I; R2 is hydrogen, an aryl group containing 6 to 10 carbons, or an alkyl
group corweimniosrg7d to 4 carbons; R3 is an al kyl 20 group ®cmtisoni2eg 1 to 4
carbons; Xis d, Br, F, or I; z is an integer ranging fromO to 2; x 1is
an integer ranging from1 to 10; v is an integer ranging fromO to 1, and t
is an integer ranging froml to 4; (c) -OCRARSRG6, where in R4 is hydrogen,
an al kyl ehefd tiptdefiddyds aboeip containing 1 to 4 carbons; R5 is hydrogen or

an al kyl group containing 1 to 4 carbons; and _25 is fluqroal kyl group
containing 1 t&pect S PEURDISS %ﬂl%ﬁ%rbt H)e?e(@ﬁmzfﬂuor&pg?&qﬂh@a\@g fanceionaho

02/ 086872, ggﬁo‘dﬁ?%c@?&ﬂ to L8 Tindiggsef i ned as above. Specific exanpl es of
particul arly“preferred perfluoropol yethers having functional end groups

according to fé@mula | include: (a) 0 5 CH3-O-CF2 O (CF2CF20) T-(CF20) p
CF2~-OCH wherein n and _p are integers, each having an independent val ue
such that the lubricantijlhas a nunber average nol ecul ar wejjght in the range

f 10Q0 to 500 £xa @f sych BRALIEE Jos,-cormpErcgal | vail abl e
gs FOVBLI KITM Z?%E%E'from I\/b%t edigon %F%o@%\ of I\%lb?pan, I'taly); é{%@( b) H2C O
O ::][ O ( WhefpHR andip GBHIGER SRBBELDE 20 FRRPpRISHL GHROSHEh thattthe Ibricantdasl p

i nt ach havi n i ndependent va su at the, I uybricant has
2 hunber A bLEEFERE TN ATy BREF R A Taet D03 SIpb6Rr BBt sl s of
fs lrJg Pn COMREMPETdaE LomATEREAIS Alaildbid\ue FOMNMENS: Z-BYEAY, oM Ki¥nafdn 85IAAM 3001
of Milan, Italy);

®)
0
ol O,
H,OCH,CF,0(CF,CF,0),(CF,0),CF,CH,0CH;~

wherein n and p are integers, each having an independent value such that the lubricant has

10

a number average molecular weight in the range of 1000 to 5000 (examples of such
compounds are commercially available as FOMBLIN™ AM 2001 and AM 3001 from
15  Montedison S.p.A. of Milan, Italy);
(c) HOCH;—CF,—O0—(CF;CF,0)—(CF,0),—CF,—CH,0H
wherein n and p are integers, each having an independent value such that the lubricant has
a number average molecular weight in the range of 1000 to 5000 (an example of such a
compound is commercially available as FOMBLIN™ Z-DOL from Montedison S.p.A. of
20  Milan, Italy);
(d)
0) )

CH;3;0C—C3Fg—0— (C4F50);— C3Fs—COCH;

wherein k is an integer having a value such that the lubricant has a number average

25  molecular weight in the range of 1000 to 5000;
(e) HOCHz——C3F6—O—(C4F 3O)k—-C3F5—CH20H

wherein k is an integer having a value such that the lubricant has a number average

molecular weight in the range of 1000 to 5000;

-11-



15 Montedison S.p. A of Mlan, Italy); (c) HOCH2

--CF2--0 (CF2CF20 "- (CF20) p- CF2- CH2OH wherein n and p are integers, each
havi ng arwondegp@sndent val ue such that the |ubricant has @&cmorsoz0298wer age
nol ecul ar weight in the range of 1000 to 5000 (an exanple of such a
conpound is conmercially avail abl e as FOVBLI NTM Z- DOL from Mont edi son
S.p.A of 20 Mlan, Italy); (d) 0 0 CH3OC C3F6-0O (CAFSO) k- C3F6-000H3
wherein k is an(f) nteger having a value such that the |ubricant has a number
average 25 nolecular weight in the range of 1000 to 5000; (e)

HOCH2- - C3F6- - O (C4AF80) k- G3F6- - - CH2OH wherein k is an integer having a val ue

such that the lubric n er nol ecul ar wei ght in the range
of 1000 to 5000; -11%‘8 5%5338#%@%% 2901 (f) O 11 CH3000F20
CF2CF20 y3 -CF3 wherein n.is, an integey havi a val ue such that the

Ubr i cant  WASeLE T ABARCESARNiSE & VbeUah H1AT Hhs IipricanhhaS A iahig V5PE% 000 1 o

5000; 5 (g} jgg?}gp@g {r thEFAlgE 3P168BoMpeDeI N N is an integer having a value
such t hat tﬂe ubri%?nt has & nunber average nolecular weight in the range
of 1000 to 500(g) (h) 0 11 CF30-g C2F40--CF2 CH2OCCH= CH2 10 °

HOCH,CF,0—¢ CF,CF,0%-CF;

wherein n is an integer having a value such that the lubricant has a number average
molecular weight in the range of 1000 to 5000;

()
0

10 CF30—¢ CoF40-3-CF, CH,OCCH=— CH,

wherein n is an integer having a value such that the lubricant has a number average
molecular weight in the range of 1000 to 5000;
(¥
0]
CF;CF,CF,0—¢CF,CF,CF,0-;-CF,CF,COCH;3;

15  wherein m is an integer having a value such that the lubricant has a number average
molecular weight in the range of 1000 to 5000 (an example of such a compound is
commercially available as DEMNUM™ ester from Daikin Industries, Ltd.);

)
CF3CF,CF,0—CF,CF,CF,0-;+ CF,CF,CH,OH

20  wherein m is an integer having a value such that the lubricant has a number average
molecular weight in the range of 1000 to 5000 (an example of such a compound is
commercially available as DEMNUM™ alcohol from Daikin Industries, Ltd.);

(k) OCNCH;—CF,—0O—(CF,CF;0)—(CF,0);—CF>—CH,NCO
wherein n and p are integers, each having an independent value such that the lubricant has

25  anumber average molecular weight in the range of 1000 to 5000 (an example of such a
compound is commercially available as FOMBLIN™ Z-DISOC from Montedison S.p.A.

(Milan, Italy));

-12-



wherein n is an integer having a value such that the |ubricant has a nunber
average nolecular weight in the range of 1000 to 5000; (i) 0 11 CF3
CF2CF20 -WOo@BAKIB2CF20 - - CF2CF2000H3 15 wherein mis an i nregarsotieddsbng a

val ue such that the lubricant has a nunber average nolecular weight in the
range of 1000 to 5000 (an exanple of such a conpound is commercially

avai |l abl e as DEMNUMIM ester from Dai kin Industries, Ltd.); 0)

CF3CF2CF20- E- CKRCF2CF20-t - CF2CF2CH20H 20 wherein mis an integer having a

val ue such that_the |ubricant has_a nunber_ average | ecul.ar weight _in the
Vanae ofTooo. HC3Ese) 0Ty o ML B Rile s Tk S

avai |l abl e ki ' t.fl. )i .

oo - RGN ARG RS ca R ! Rgs QRS SAIGE suchHarkie Kblicant has

i nt eger s, aematbehaverage moleculdepeigbiemtthe singe of LAY tb15A00 {dnsextamiptel afamnth has 25
a nunber average, ol ecul ar. weight in._t to 5000 . .(an exanpl e
ot "sucn aw@aﬂﬁ%ﬁcfowgleeeﬁk%w%ahew KONTRL VA 2D Qlrle FRmMORASOR: 11 o
Mont edi SOTSSIrQ.'APgﬁilan (Mlci) n, Italy)); -12 WD 02/086872 PCT/ US02/ 02901 (1)

H( OH4C2) 1. 50CH?- - CF2- ?’CFZCFZO) "-(CF20) p- CF2--CH2Q(C2H40O) 1. 5H wherein n

and p are intedas, each having an independent value such that the
| ubri cant has nunber average nol ecular weight in the r e of 1000 to
5000 (an exanpl?Hof such a 5 conmpound is conmercially avaH bl e as

FOVBLI NTM i t adi . lan, | : OH OH

HOCH2 CHCH2 OB 2 CF 5+ Br90) (CHCF é?g‘é) oridfs- 35 SGHOH 0 L and
R L oy |

p are int &Rk nGAGH ﬁémté&régadh%%ﬂl‘agnﬂlqmep\éﬂ&éﬁ? valde SudnhBhe thO Ribkidhiingant

has
10 anumber average molecular weight in the range of 1000 to 5000 (an example of such a

compound is commercially available as FOMBLIN™ Z-TETRAOL from Montedison
S.p.A. (Milan, Italy)): and
(n)
0] 0]
H-—0— C— CF;—0— (CF,CF;),— (CF;0), —CF,—C—OH
15  wherein n and p are integers, each having an independent value such that the lubricant has
a number average molecular weight in the range of 1000 to 5000 (an example of such a
compound is commercially available as FOMBLIN™ Z-DIAC from Montedison S.p.A. of
Milan, Italy).
Methods of making compouhds according to the formulae listed as examples (d) to
20  (h) are described in U.S. Pat. No. 5,039,432 (Ritter et al.).
In some embodiments, the lubricant compositions further comprises various
additives. Suitable additives include, for example, cyclic phosphazene compounds such as
Dow X-1P and X-100 (available from Dow Chemical of Midland, MI). The additives can
enhance the performance of the lubricant, for example, by reducing the rate of lubricant
25  breakdown and wear. The additives are usually added at levels from about 0.1 ppm to
about 1000 ppm based on the weight of the lubricant composition. In other embodiments,
the additives are present in concentrations from about 1 ppm to about 300 ppm or from

about 10 ppm to about 250 ppm.
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10 a nunber average nol ecul ar weight in the range of 1000 to 5000 (an
exanpl e of such a conpound is commercially avail abl e as FOVBLI NTM

Z- TETRAOWDroemsdsbnt edi son S.p. A (Mlan, Italy)): and (npPCce/u@o2ewa C
CF2-0- (CF2CF2)"- (CF20 p CF2-C-OH 15 wherein n and p are integers, each
havi ng an i ndependent val ue such that the |ubricant has a nunber average
nol ecul ar weight in the range of 1000 to 5000 (an exanple of such a
conpound i s cormetleirakpegt ofthe imzieh'eoralsroﬁﬂvBh krWMdZ}f[DhlA((‘:aﬁng)msmmmd I'Ben

S.p. A of Met hods nds accordin 0 the
ofimil ae Meteetmprists il o fpoing OLAT0 S FOMBELY B aopHiat Sllopat Do,
5, 039, 432 r{dfbdihg theolvht fromlthe SOMRg SR 2{@9& ﬁxbrﬂcﬁ}ﬁ ﬂlﬁib'THé%ErlcféﬁfTPOS' tions
further conprises various additi ves Sui tabl e additives include, for

exanpl e, cympomthnhg@ppaa&e@ aboutdffoabels 19,900 pam perfivorppolpetherdubticamo and

avai lable_fr e The addi n ce
{he b oahils D 3 S8, & feigh st Fhrindled ketdlie sdtiki: bt piiae wePEF

| ubri cant tﬁ&lubﬁ@@kd@mom& le@dﬂuoThﬁteﬁd@tdnb‘éﬁﬁeﬁr@rd#mH|d¥lr1ﬁ§|dﬁcﬂr?ﬁ1§| evel s
fromabout 0.1 ppmto, about 1000 ppm based on the weight of the ri cant

conmposi t i &P mypwamérth@ Rt Rt magneticaedigimcludings qreéalﬁp@sm ijms and

about - 250 Rrgisks FRERREC rBOE oA RS R oy sBE a0RRE RiARHT 1 ©
i nvent i on opa@ulyiesicanaretislafd afmdgunbtic fager coptaniag oh) cbelt, nitie],rorttholike.

conprises _applying a coating of a |uhricant_ conposition to substrate
fol | oMed Bye maghels wggnawén §B‘Pt9’é‘rﬁptlf’?*§ eeReolGHRanRy o pasisfials WeabatcSor | cant

film Theg &mathﬁ td%a%r Iﬁggﬁa bg@%}n{gﬂa 6msﬁqeatao%A@ﬁ&@@g@ﬁ%ﬁﬁ@a ppm

per fl uoropol ye ant out 90.0 to about t percent
fl uori nat ehbmﬂemmtkagbwent based on the weight of the |ubricant

conposi tion. | pat e et.one s lvent is re durln the I ng
step. Typi cal I %% i?"%tsg Of 1SRRG élf“]a %qr@%ﬁ (Efn?ﬁ W@gn %ﬁ%

thin fil mndanrgdy hb@ﬁzﬂl i &V&opﬁfh@n&?@nﬂ@dlhﬁvlﬂ%rﬁﬂéﬁﬂyﬁﬂd sfgﬁﬂsduﬁhﬁ lVelsa base
| ayer such as gl ass, alum num or a pol ¥lrrer| c material and a magnetic |ayer

cont al;i ndherhigher sighall qutpuiilevielsl have beq jeved at least in part, by providing

smoother, lower defect magnetic media containing thinner lubricant coatings. The

decreased thickness of the lubricant coating allows the magnetic head to be in closer
proximity to the magnetic material in the media. However, if the thickness of lubricant
coating is too thin, the durability of the magnetic media can be compromised. The

20  thickness of the lubricant layer is typically less than about 2 nm in state-of-the-art
magnetic media.

Although the lubricant composition can be applied to the substrate by any known
process, two methods are widely used for application of lubricants to hard disks. The first
method involves placing a hard disk in a coating chamber. The lubricant composition is

25  pumped into the coating chamber to completely cover the disk. The lubricating
composition is then drained from the chamber at a controlled rate leaving a uniform
coating on surface of the disk. The second application method involves dipping a hard
disk into a vessel containing the lubricant composition and then slowly pulling the disk
back out.

30 With either the draining or dipping application method, the thickness of the
lubricant coating can be controlled by varying the concentration of the lubricant in the

lubricant composition and the speed of either draining the lubricant composition or pulling
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10 The magnetic nedia can contain optional |ayers of carbon or other
materials to enhance, for exanple, durability and perfornmance of the

medi a. Thwoloalsdseant is usually applied as the outernopst PCayesn2/02b01 neet

t he demands for increased data storage densities, the nagnetic recording

I ndustry has had to devel op magnetic nmedia with significantly higher signal
out put levels. 15 The hi gher signal output |evels have been achi eved, at

| east in p@aeldisklont 6f heilehiri@nseoagiosition. ToWefing eeasohcéarion oftheedi a
contai ning thinner lubrjcant coatings. The decreased thickness of the

| ubri cant ResBeerepolxetheiis the brigamt spmpositen canylaseeapthelthiskness pf Birilghricant o

t he magnet i G,:pat 4. I B J: ' ' | ubri cant
coating 1 < PUTE: Sy, Beleh GeBiifh e B EFemdvel bi¥he SR Smithe

conpr om seldbriddne cafipdditiokusssthefldriihiagltedhhiquani dearyssing the tatp of sdnhgval efthet han
about 2 Mh in state-qf-the-art nagnetic di.a. . Al thoyugh the | ubricant
conpos?t i obﬁfééﬁk%@‘%gfﬁ 1}1@60%0%@0 (S eSgppmweaw%ﬁ caaﬂsesgsg,tﬁ%m

nmet hods ar@;ihe8!of tSREriédk c8dtlel cation of lubricants to hard disks. The
first method I nvolves placing hard disk in a coating chanmber. The

| ubri cant conpothd fleerinased KeFonssobedt ¢antbe remeveh &or exgmpleabp dryingoconpl et el y

cover the disk. .The | ubricat,l. onposition is then drained freomth
Chamber ot SVaBREHPS 6 SEGepCR i Es G dsh; RohRereRrg G BROSTGLEN Y ¢ he
di sk. The $Ra¥6soRRAt tenRivaP THEGRAS rbMy¥ed1\6a% bl intRdasel frdihGhe GdeSdf a0 2
vessel containing the lubricant conposition and then slowy Eul l'ing the

di sk 1Backreactive 539 suygh 4, firenamplehritrager of atgoroio agsipipivaperapen pkideiselvertet hod,

e RS S A AR L R O ol L

of either draining the |ubricant conposition or pulling -14 WO 02/ 086872
PCT/ US02/ 02901 the disk out of the |ubricant conposition. Lowering the
concentration ofhe ledlowing examplesdurtheridessribethe wbrice compasitiepspisthads 8k can
decrease t ' : | in ibq Wy I tLoher

decr easi ngll;gt emrbgl%(ﬂgﬁgﬁt %m%&égoln%% lh?%e ?}? ggﬁ’s ft?cairl‘en{'!"%.ljﬁic?zlr‘.e t?{eugﬁotggnt
conpodft i ocharmsteniyticshef the hibmicas comphsitique The campéasiraprovided fat exeoiplargnoval

f the 5 hard disk.f the | ubr.i iti ing.the dipping .
Cechn: que ot bt BRUGAL Hecerpirding BEeSFVeRiah PPl #5 stoniigled 0 i

the invention to the examples.

EXAMPLES
20

Preparation, Sources for Organoftuorine Compounds Evaluated

CF3CF,C(O)CF(CF3)2 - 11,1,2,4,4,5,5,5-nonafluoro-2-trifluoromethyl-pentan-3-
one
Into a clean dry 600 mL Parr reactor equipped with stirrer, heater and

25  thermocouple were added 5.6 g (0.10 mol) of anhydrous potassium fluoride (available
from Sigma Aldrich Chemical Co., Milwaukee, WI) and 250 g of anhydrous diglyme
(anhydrous diethylene glycol dimethyl ether, available from Sigma Aldrich Chemical Co.,
Milwaukee, WI). The anhydrous potassium fluoride used in this synthesis, and in all
subsequent syntheses, was spray dried, stored at 125°C and ground shortly before use.

30  The contents of the reactor were stirred while 21.0 g (0.13 mol) of C,FsCOF
(approximately 95.0 percent purity available from 3M Company, St. Paul, MN) was added
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The fluorinated ketone solvent can be renoved, for exanple, by drying or
evaporating at anbient or higher tenperatures. Tenperatures up to about
150C can we 0208@d f or sol vent renoval. The rate of renovalPCrarsobe9ddncr eased
t hrough the use of a non 10 reactive gas such as, for exanple, nitrogen or
argon to assi st evaporation of the solvent. As the solvent is renoved, the
| ubricant fornms a uniformfilmover the substrate. The foll ow ng exanpl es
further de®ahe kealadmeadtah rTheasictomanddtsiconents, waretheodwsated, andsileg & he

| ubri cant i tiaps, the t f ' he ' 15
char act er | CTPBRTYSE of A B b Tese Bt BRrre Rt 1 rhé R RLETCE TR Gec
for exenpl @exaflydbmepfend, avalti%jlé frd 1R ISR rid) AGdridhaTHént16a] To. § 4R 163VERNT0.98 and

shoul d not be construed to limt the invention to the exanples. EXAMPLES
20 Pr epar ampDrof CabsGQE wap addedravgna B10wur time@sripduPusngihe addition of the

CF3CF2C( O CE(SF3) 2 - . I

T 115 4 BaaoibBrapicne and the CoFCOF miFtyie IS Pregurs Was gaintaigsd st s han o) g
dry 608dn1a95°ps’1g (753(@(16&). ”qualuli)nﬁssfﬁcb wﬁhﬂetﬁitdﬂthehexaﬂ&&fo@ﬁp&rﬁieZﬂdi'tibﬁmGOUpl e
wer e added' 5.6 0,10 n of anhydrous_potassiymfluorjde (avail able
from Si gneP$ié (308 o @mtﬂ!apgwf%%ﬂé%mlw? el perie ’gfil%fea R §ORteRtS
diglyme ( ' | , Ll fdoom Si gna
A droh cna oAb 18 b SR Shosfite BTN R pbigh 071 ELSHERRDOEART e
used in t hil,g,1s3;4dltesbsonathubro2-taifluorometsddutant3-egananke®32% Odiy, spray dri ed,

stored at 125C, and ground . shartl before use., 30 The gontents of the

react gP \/\B&@X&‘}‘}rﬁ’@ m%ﬁ?‘? dimeq) 35 dstergrned byggas “@%@ %W%l mat el y

95. 0 per ceffioratdd Met@iAlAsARAter-ivh ol 3NbRAP A driedtby dActindWithWifcagfed - 15
WO 02/ 086872 PCT/ US02/ 02901 to the sealed reactor. The reactor and its

cont ent s werowidehadidtionated fluamehtethlketone ofi99fppurity ané cortaind@ ha¥ been reached,
a mxture ﬁ)f ﬁ{é}?.@ﬁ& ;ﬁ% |%8 mgl) of CF2=CFCF3 (hexafl uoropropyl ene,
avai |l abl e 98 @ia YRGB Cheni cal Co.) and 163.3 g (0.98 nol) of

C2F5COF was addadrfviehatad Bubritded kdtdbEmaRy dseidscribet iabgve Wes mitiediocgn of the 5
hexaf | uor opropyl ene and t he C2F5COF m xture, the pressure was naintai ned at
| ess flhan hesilgeiogrqpybme dimens psingrike follawing proeqdue, dntagiclgan diyH00 mL Parr

hexaf | uor O%%&BYLcﬁﬂgpe%qgiitﬁ Ltﬂpery\ﬁesaté%nd thermocouple were added 61 g of acetic acid, 1.7

g of potassium permanganate, and 301 g of the above-described fractionated

1,1,1,2,4,4,5,5,5-nonafluoro-2-trifluoromethyl-butan-3-one. The reactor was sealed and
heated to 60°C, while stirring, reaching a pressure of 12 psig (1400 torr). After 75 minutes

20  ofstirring at 60°C, a liquid sample was taken using a dip tube, the sample was phase split
and the lower phase was washed with water. The sample was analyzed using gas
chromatography and showed undetectable amounts of hexafluoropropylene dimers and
small amounts of hexafluoropropylene trimers. A second sample was taken 60 minutes
later and was treated similarly. The chromatographic analysis of the second sample

25  showed no detectable dimers or trimers. The reaction was stopped after 3.5 hours, and the
purified ketone was phase split from the acetic acid and the lower phase was washed twice
with water. 261 g of the ketone was collected, having a purity greater than 99.6% by gas

chromatography and containing no detectable hexafluoropropylene dimers or trimers.

30 n-C3F7C(O)CF(CF3); - 1,1,1,2,4,4,5,5,6,6,6-undecafluoroe-2-trifluoromethylhexan-3-

one
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psig (2300 torr) and did not change over the 45-mnute hold period. The
reactor contents were allowed to cool and were one-plate distilled to

obt ai n 30WODI2@8aseont ai ni ng 90.6% 1, 1, PCT/US02/02901
1,2,4,4,5,5,5-nonafl uoro-2-trifluoronethyl-butan-3 -one and 0. 37% C6F12 10
(hexaf | uor opropyl ene diner) as determ ned by gas chromat ography. The crude
fluorinated ketone was wat er-washed, distilled, and dried by contacting
with silica gellntoa clganadry 660 mlf Parc réactoaequippddumith stararghdaterané of 99% purity

et one. madheBcRlste etaaan o s AL Hoff BF iy 350 st BriisBiE aRE a0y RE "

diners us 'aﬂEhF]drB@s diglyn RV THE dRLRABDSMIR rehdtbOweareGlifed asld Yodd&iwith dRpice whilgact or
equi pped Wi t'h stirrer heater and thernocouple were added 61 g of acetic

acid, 1.72335% (g% raglé iofi m%@fg@waiaéﬂe o 320 Cog appraxieatgly Goed m&mﬁ bed
fractlonated 1, 1 nonafl uoro-2-trifl uoronet hﬁ@g utan -one.

5-
The ract PTIAIAS @Qﬁ@d%hﬂseaiféarﬁwort ol hsaeactagiand dfs spntents yyere then deated
4 5 GOC
pressure qf e?’n%tgﬁib&' ﬁ%ngﬁgogﬁah b&é% I’e?ﬁ]%egi: 1!tifih§¥d(§s 2‘?}3} (\)I\fé{exac'%d(frﬁéﬂa 1@ﬁe a

i quid sanp ewasta ase s and
t he | ower vpisaﬂded/\asa pmshmobf\ﬂStmng/(éﬂéOtorr‘Mwelszamﬁ houwaknapatqckelaum@ thg gas
chr onmat ogr 8 ?E showed un 35 fib|e nou s of hexatf.l uorog @%

di mers anddi¢RBe ﬂf%?“?ﬂy RN rSBg he feactor wasincreased slogrly %anpl e
was taken ggéc Wﬂ@ﬁﬁaﬁntain%gaﬂhe%%sdﬁﬁt les£hedo phipi(b400 térr). TRe p3ERAS4LQRE aphi ¢
anal ysis of the second sanple 25 showed no detectable diners or triners.

The r¥hct ieod oﬁd@ hsmﬂimdprapylene slditidnoyas40 m(%ﬁe torplandrdié don«é)a@gfeoms

ot er.  por g APOHHOFRAF B pdbar FRR Tl d i SRS R 4,

99. 6% by gasms 61, 0/1H, 99 rsgaagw éanﬂembm-mtﬁﬂumm Bibk@beQ)ne havmg a
hexaf | uoropropyl ene diners or O CF( CF

1,1, 1, 2, 4beil sl,gamt@fémn@@eampuaﬁbofz9? P?/orasutﬁfweﬁmgéﬁahmmat%@hngh@o
02/ 086872 t d
W th sti rrsg'rg,&{l1ea%¥er an%‘e(g h@%ﬁ%@gﬁ%ﬁgﬁﬁﬁia (gg‘ %I.sgggggsc{,@agoohole?ugfpe

anhydrous potassium fluoride and 108 g of anhydrous diglyne. The contents

of the re 0 stir and cooled with dry ice while 232.5 g (1.02

nol ) of n%égﬁglﬁém«éﬁgk from3M Co., approximtely 95.0 percent 5

pur | ty) vas agdeyl o, £aS SEal EhoSRs e ishiGor SR Hpaldal L sacont ent s vere
8.1 g (0.14 mol) of anhydrous potassium fluoride, 216 g (0.50 mol) of

perfluoro(isobutyl isobutyrate) [need prep. or reference for making] and 200 grams of

20  anhydrous diglyme were charged to a clean dry 600 mL Parr pressure reactor. After
cooling the reactor to <0°C, 165 g (1.10 mol) of hexafluoropropylene was added to the
resulting mixture. The contents in the reactor were allowed to react overnight at 70°C
with stirring, then the reactor was allowed to cool and the excess pressure in the reactor
was vented to the atmosphere. The contents of the reactor were then phase split to obtain

25  362.5 goflower phase. The lower phase Was retained and mixed with lower phases saved
from previous analogous reactions. To 604 g of accumulated lower phases containing
22% perfluoroisobutyryl fluoride and 197 g (1.31 mol) of hexafluoropropylene was added
8 g (0.1 mol) of anhyﬂrous potassium fluoride and 50 g of anhydrous diglyme, and the
resulting mixture was allowed to react in the Parr reactor in the same manner as before.

30  This time 847 g of lower phase resulted, containing 54.4% of desired material and only
5.7% of perfluoroisobutyryl fluoride. The lower phase was then water washed, dried with

anhydrous magnesium sulfate, and fractionally distilled to give 359 g of
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when a tenperature of 72C had been reached, 141 g (0.94 nol) of

hexaf | uor opr opyl ene was added at a pressure of 85 psig (5150 torr) over a
3. 25 hourwOimesqser i od. During the addition of hexafl uoropcopshrmmsot he
tenperature of the reactor was increased slowwy to 85C while naintaining
the pressure at less than 90 psig (5400 torr). The pressure at the 10 end
of the hexafl uoropropyl ene addition was 40 psig (2800 torr) and did not
change ovet,1,1s)4,acd, 6 j6gradtatlzdrodrd- hl@dtﬂﬂlpmoinedxyl)iﬁhaath-ém hathiag ©5\286 purity
fractional | dlstllledt |ve 24 ams_of

150 a5 & dsterned iemschitgogaRhy pfoRs ﬁ%‘i‘%ﬁ‘;?P‘H&%YXﬂ% thepreticah ipidignd

boi | i ng pohmngaib&gnégoﬁ,pgfay;;mlrl ty of 99.9% as determ ned by gas
chromat ography. The ~“structure was confirnmed by gas chronmat ography and nass

spectroscopy. 15 (CF3)2CFC(O CF(CF3)2 -

1,1,1,2,4,5.5 , < 2,4-b trifl t hyl t 3- 8.1
g (0.1 rm&f%&ﬁﬁﬁ&@ Qﬁé%gg;; um f :.I?)I(’I (rzlia gigoge(OyS%)pﬁgl ;Jmof one
per f | uoro(i sp%f i’b4'f?%‘bté“?qtﬁérnde@ﬁﬂﬁ]ox%%—?x‘nﬂﬂ@oﬂn?étﬁ{rlﬁ?éan %fmémk' ng] and

200 grans of anhydr’ousdi gl ry 600 nmL Parr
pressure react oA nﬂtn&rcona@mig wm@oﬂ;ﬁaﬂ)jdmpmngwﬂ@ndbﬁaog g(ofaﬂxﬁ)ydmhs) of

hexaf | uoro added m xture.
the reacto lg&é‘%/f‘e?éi 1 g tassiums ‘é‘tf“gvé? gg’% iébfﬂq? OtgsiuN E‘?‘i“P’fl ‘P h%e%n t he
reactor wa I?e'xhﬂﬂ@‘é gyfeﬂé"waﬁlﬂgatéchﬁn £Xbfer §ta9ﬂ@s§§fé%ﬁpﬂe£hu¥é‘&‘es§&ﬁﬁ&&f Was

vented to the at nosp h The contents of the reactor were then phase split
to obtli n aBoBBROG Igesstlrd aivﬁ@PC rﬁcbrakﬁehouirmél“hemxeducpm&amaﬂmdwtlﬂedtcagdem xed

hccumut at At SRR hdds LA, Z%ﬂ%eca Wb ABaHBlR 58 Bl ang
197 g (1. 3Boillkg poiaf ofEreas dn'thr%p(D%% ; Ofdé‘&ﬁmﬂﬁ:d@ﬁ' ga8 cﬁlrohﬁtdgrﬁ@iy)anﬂfmass

anhydr ous potassium fluoride and anhydrous diglynme, and the
resul ting $fAegtroscéPvas al l owed to react in the Parr reactor in the same
manner as before. 30 This time 847 g of |ower phase resulted, containing
54. 4% of desired material and only 5.7% of perfluoroisobutyryl fluoride.

The | qager QIF3EEFY)3E(ONER; Wal 411,38, 4065!5,608,7,2,8,8/8-hbxadeoiffiroustaieyonsi um
sulfate, and fractionally distilled to give 359 g of -17 WO 02/086872
PCT/ US02/ 02901 1, 1,

1,2, 4,5, 5,5, 6, 61¢5200Laff Ruentyl-apetatetyas(conydrteddo dwazdn@mfb@mdamtesviacdi@chavi ng
2020 DU o5 SRR 9B G AL ARl 81 euting
perfluorinated ester was treated with methanol to convert it to the hemiketal to allow
distillation of the reaction solvent. 1272 g of the resulting hemiketal was slowly added to
20 1200 mL of concentrated sulfuric acid, and the resulting reaction mixture was re-
fractionated to yield 1554.3 g of 1,1,1,3,3,4,4,5,5,6,6,7,7,8,8,8-hexadecafluoro-octan-2-
one, having a boiling point of 97°C and having a purity of 98.4% as measured by nuclear

magnetic resonance spectroscopy.

CF3(CF,)5C(O)CF(CF3), - 1,1,1,2,4,4,5,5,6,6,7,7,8,8,9,9,9-heptadecafluoro-2-
25 trifluoromethyl-nonan-3-one
A mixture consisting of 2027 g of trifluoroacetic acid pentadecafluoroheptyl ester
(made by reacting heptyl acetate with fluorine gas as described in U.S. Patent No.
5,399,718 (Costello et al.)), 777 g of 3M™ PF-5052 Performance Liquid (a mixture of
perfluorinated solvents, available from 3M Company), 3171 g of anhydrous diglyme and
30 79 g of anhydrous potassium fluoride were added to a 2-gallon (7.6 L) stainless steel
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having a boiling point of 73C. 5 CF3(CF2)3C(0O CF(CF3)2 -
1,1,1,2,4,4,5,5,6,6,7,7,7-tridecafluoro-2-trifluoronethyl heptan-3-one A
m xture cwoImsdsmy of 775 g of perfl uoropentanoyl fl uori deCcTaG02/e0f
anhydrous diglynme, 13.1 g of potassiumfluoride, 17.8 g of anhydrous
pot assium bi fluoride and 775 g of hexafl uoropropylene was heated in a
3-liter stainless steel pressure vessel under 10 autogeneous pressure at

50C for 16stinedrpsessuikerepsehdihetversebwhs hedtedaial 181 6d)j cithekafhubrogropyleme wdsl3 g of
1,1,1,2,4,4,5,5,6,6,7,7,7-1ridecafluoro-2-trifluoronethyl-heptan-3-one,
having a ¥lef oM péhavr psriod wehileprintagung)aseaation gﬁﬂ%raa'g@@f APOHEQORY. dhe

11015, 3 P R ReltBRS0sC RSGHAREORYI BR neb et Wi hiotommpeens o

2-octyl acgidaich waScohglster Tad réadtor RRis la@dsl‘edl bifd dﬁa{eﬂd ThS r&ultitigdi@id wad
fluorination as described in U S. Patent . 488,142 (Fall et al.). The

rﬁsulh tﬁng phase snlit end thetleweephase fra@somlfl%étSBHeWQgiVﬁé%a@ L1512, ddefrer t ']E tﬁ
osul'ting Iealrsp o Rl bl Ao pa e ABRAAL PRt 8RO ana BEOE &% 1 '

acid, and 93% ah@3427 | aglrlelaz;nmcms,ejsﬁ,ma ws-HeEmdécfambwnmmbrbﬁeﬂ&yﬁl d
1554.3 g of 1, 1, 1,3,3,4,4,55,6,6, xadecaf | uor o- oct an-2- one,

havi ng a besnantgonsp haingp bgﬂmgmmth»ﬁwéh"@ and.98.5% pritpas dessrminedebssgased by
nucl ear n%gnett ¢ fgsonance s ectroscopy CF3(CF2)5C(O CF(CF3) 2 -
1,1,1,2,4 %mgogr anc gags P rﬁscﬂ@bt adecaf | uoro-2- 25

tl’lf| qgromet hyl - nonan 3-one A m xture consisting of 2027 g of
trifluoroacetic acid pentadecafl uorohept g’l ester (made by reactin heptyl

acetate W ﬂTSQKGEz)zJQ( 6¥(GE3escri-béd4 @-ogaﬂwatoehtrlﬂboronsetbw
(Costello et al . (77 g of 3MIM PF-5052 Performance Liquid (a mxture of
perfluori n‘é‘!ﬂ-’!ﬂ’"g ethylpentand0ne,p) e from 3M Conpany), 3171 g of anhydrous

di gl yne and 30 HW f 2]
2-gallon (7.6 LI)?@(;_?;{E%? gss St%?aﬁ?%%&%&%%/agg%%zégg/ gggcgfg%élo stl rred

pr es S u re vegssium fineridecarsicl 13vieg ohadnyduuadiglge 6 The ofntens of the seastropeyre ene
about 1500, g 2 cBal Wiutbey ik i 226 £ Pisk B0 B PO GRAFkACOR KRG af Cer
the hexafl 495,00 %Xl a?;BI%mmately 97 percent purity) was added to the sealed reactor using

isolated vacuum. With the reactor at 80° C and pressure of 80 psig (4900 torr), 154 g (1.03

mol) of hexafluoropropylene was gradually added over a 3%2 hour time period. Following

a one hour reaction hold time, the product was recovered from the reaction mixture by

20  distillation and phase split prior to fractionation to give 100 g of 1,1,2,2,4,5,5,5-octafluoro-
1\-triﬂuoromethoxy-4-triﬂuoromethylpentan—3 -one, h?ving a boiling point of 77°C and a
purity of 99.8% as determined by gas chromatography;. The structure was confirmed by

gas chromatography and mass spectroscopy.

25 CICFyC(O)CF(CK3)y - 1-chloro-1,1,3,4,4,4-hexafluoro-3-trifluoromethyl-butan-2-
one
To a clean dry 600 mL Parr pressure reactor was charged 53.5 g (0.92 mol) of
anhydrous potassium fluoride, 150 g of anhydrous diglyme and 150 g of
chlorodifluoroacetic anhydride. With the reactor set at 80°C and 92 psig (5500 torr), 123
30  g£(0.820 mol) of hexafluoropropylene was chargéd over a 3 hour period at a tank pressure

not exceeding 120 psig (7000 torr). Following reaction for ¥ hour at 80°C, the reactor
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addition was conplete. The reactor was cool ed and drained. The resulting
liquid was 5 phase split and the | ower phase fractionally distilled to give
565 g of wpD248a872, 4, 4- hept af | uoro-3-trifl uoronet hyl - but eTrasSonehavi ng a
boiling point of 25C and purity of 95% and 1427 g of 1, 1,
1,2,4,4,5,5,6,6,7,7,8,8,9,9, 9-hept adecaf | uoro-2-trifluoronethyl -

nonan- 3-one, having a boiling point of 134C and a 98.5% purity as

det er m nedohtgnigaeere alhovestbtoagobpidywern distitied tosgheain ri88 Sapyf cride material. Upon

et v B s AR
11. . o i j 13,5
Znhgd&ous%‘;ﬂqﬁrfag’nﬁ? 1 §R2v B nRARENR BACSTICITIDERALE S FBF ediisgy® oo e

i I : 0 i 3M

Cor " apor 3fid, baFBoizgie el Spuf e o sl Uelemtned b ehUBLIARERAGCT S0 g

i sol atSed vacuum Wth the reactor at 80 C and pressure of 80 psig (4900

torr), 15 (1.03 . nol)) of hexafl uoropropyl ene was gradual |y added over a
3/2 hourﬁﬁ%rlé ToB?'i'ﬂé’t?.mlL‘&F’flﬁvvi ng a one hour reaction hold tine, the

Phase spl 1 pr Earohoailtes [GRel Mnltia® i FLUORINER T PrShed"
1,1, 2, 2, 4,SpeSialty Dijued fromrav Company, St. Paul, MN.

1-trifluoronethoxy-4-trifluoromethyl pentan-3-one, having a boiling point of
77 Cand a purity of 99.8% as determ ned by gas chronmat ography. The

P L graphy and mass spectroscopy. 25
Cl CFZI O) %&_ H@H]Mob@@fm%mﬁ gﬁ{e?

1-chloro-1, 1, 3 pdrfuctobiRfahétHPr @hedid 4vailabierg SRITMNO Y@M 1HE-9 1 §;?hc?a1ﬁrl ean
dry 600 nL Parr pressure reactor was charged 53.5 g (0.92 nol) o

anhydr ous Lpaid SromudMi Coopange, 150 g of anhydrous diglyme and 150 g of
chl orodi fl uoroaceti c anhydride. Wth the reactor set at 80C and 92 psig
(5500 torr), 123 30 g (0.820 nol) of hexafl uoropropyl ene was charged over a

3 hour peldRMCEH CFHEICPS S £,1[162,3,4045,5,50ReailigropeRtanei g (7000 torr).

Foll ow ng reaction for /2 hour at 80C, the reactor 19 WD 02/ 086872

PCT/ US02/ 02901 VERTREDLT™ Xilds e haddofiwercarbon acdilablediove B I.dluPbnt dedderhourept ai n
180.6 ¢ Of\’gﬁr ude ”ﬁbfri al. Upon fractional distillation, acetic acid/Kwvh04
treat nent AW A% onation of the crude

C3FsHCly - dichloropentafluoropropane
C3FsHCly is a hydrochlorofluorocarbon available as AK-225 from Asahi Glass
20 Co. Ltd., Tokyo, Japan.

CCIhFCCIFy - 1,1,2-trichlore-1,2,2-trifluoroethane

1,1,2-trichloro-1,2,2-trifluoroethane, a chlorofluorocarbon, was formerly available

as FREON™ TF from E. 1. duPont de Nemours until enactment of the Montreal Protocol.

25
Z-DOL
FOMBLIN™ Z-DOL-TX is a functionalized perfluoropolyether lubricant available
from Montedison S.p.A., Milan, Italy.
30
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material, 46.1 g (26% of theoretical yield) of (CF3)2CFC(O CF2Cl, a clear
colorless liquid, was obtained having a purity of 98.8% as determ ned by
gas chromaDogsgshy. 5 C6F14 - perfl uorohexane Perfl uor oheyamaispmzoed
isomers) is available as 3MI'M FLUORI NERT PF-5060 Specialty Liquid from 3M
Conmpany, St. Paul MN. 10 CAF9OCH3 - perfl uorobutyl nethyl ether

Per f | uor obut rret hyl ether is available as 3MI'M NOVECTM HFE- 7100 Speci al ty
Liquid fr O0tonmpany, CF3CFHCFHCF2CF3 -

1,1,1, 2,3, 4, 4 gﬁﬁ@f D . .
hydr of | uor ocar bc())nli/[gval I aéM%Qlo‘rgnqéﬁ&ﬁm}%l %ﬁﬁgﬁ@b-[%é%ﬁfrl% “?"’Wf‘tn%“’r?g‘;‘?%lﬁ,
C3F5HCL12 fromh Muntsdigoars. pfAl Milapiapane C3F5HCL2 is a hydrochl orof | uor ocar bon
avai l abl e as AK-225 from Asahi G ass 20 Co. Ltd., Tokyo, Japan. CCl 2FCC1F2
- 1 1 2-trichloro-1,2,2-trifluoroethane 1, 1,2-trichloro-

ri Ek??r oet hane a chl orofl uorocarbon, was formerly available as
FRE MT romE. |. duPont de Nenours until enactnent of the Montreal
Protocol. 25 Z(-ll)Ens a Byl phhsMaZerio@ddifixe iagaitabteuinemilova Chegmital Co., Midland,
perfl uoropq} yether lubricant available from Mntedison S.p.A, MIlan,
Italy. 30™20 WD 02/086872 PCT/US02/ 02901 AM 3001 FOVBLI NTM AM 3001 is a
functionalized perfluoropol yether |ubricant available from Mntedison
S.p.A., Mlan, Italy. 5 X—1P X- 1P |s a cyclic phosphazene addi tive
avai | abl e Exampley e 6o miples )7

10 " In Examples 1-3, perﬂuoropolyether lubricants Z-DOL and AM 3001 and
phosphazene additive X-1P were evaluated for solubility in CF3CFoC(O)CF(CF3)3, n-

C3F7C(O)CF(CF3), and (CF3)2CFC(O)CF(CF3)», all fluorinated ketone solvents within

the scope of this invention.
In Comparative Examples C1-C5, the same fluorinated lubricants and phosphazene
15  additive were evaluated for solubility in CgF14, C4F9OCH3, CF3CFHCFHCF,CF3,

C3F5HCIy and CCIHFCCIF,, all fluorinated solvents outside the scope of this invention.

Results from these soiubility studies are presented in TABLE 1. The term
“miscible” denotes that the lubricant and fluorinated solvent were miscible in all
proportions, forming an essentially clear solution. Any number entry denotes solubility in
20  the fluorinated solvent as
percent by weight. The term "NT" denotes that the compound was not tested for solubility

with the solvent.
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Exanpl es 1-3 and Conparative Exanples C1-C5 10 .
| ubricants Z-DOL and AM 3001 and phosphazene additive
X- 1P wer ewowalossated for solubility in CF3CF2C( O CF( CF3) 2, Paa/US02/02901

per fl uor opol

C3F7C( O CF(CF3) 2 and (CF3)2CFC(O CF(CF3) 2, . al |
the scope of this invention.
sane fluorinated |ubricants and phosphazene
solubility in CGF14T

Wi thin

yet her

cibilrty

| I n Conparative Exanples C1-C5,
15 additive were eval uated for
StudesicVaapes Fluun@etiglvantg CC12FCC1F2,

In Exanples 1-3,

fl uorinated ketone sol vents

t he

all fluorinate SO vents dethesco th JII uttys from
t hese sol ubifli y st udi es §érsllggpresent ed |%WEL 1. %gﬁ? m.fgm fl e”
denotes that{ the | ut@}f%@(@wpmft@il natgchd vent missiblem :CI Wesiniall
proportions,| form hg an essentially cl ear solutipn. Any nupber entr

denot es sol ubi 13 ty| i nC3FGC{OXCH(CEg)J nlat edissiblesrent asisgiblecent yo3vei ght. The
term"NT" degnotes that the conpound was not tested for solubility wth the
sol vent. -21 W3 02 (S6H7CFEENIIE0F4))290 misEibRE [I: mibaiblebi [ it 0.6 udiles in
Various Fluorinated Solvents Fx. Solwvlent Z-DA 3001 X-1P 1

CF3CF2C( O) CH( CE3) 2 m sci biGsFritsci bl e {0. OBisciblen- CBFrasaihler( CF3922hi sdi bl e
mscible 0.03—_3 (CE2CECLO CE(CE3) 2 msciple mscible 0. 03 Cl C6H14

m sci bl e nislci 62e p. 025 C OCH3 |mi s®iseibée ni 5cimipe@blei sbi miscibles
CF3CFHCFHCF2CE3 rﬂ :CI h]. a 1 hl a m Cf‘l hl e ("/1 PQFEHP19 m *r\: hl e m Ci b| e
mscible C5 CE%ZF:C@EQCEHQE‘FQF@(}H ofi bimiskible The d@isciblen TABL@‘tllesl‘ow t hat
t he fl uori nateg-ketrones t-h HRveRt-on: gpoet=solvents—fot—the Z- DOL
and AM 3001 jpelfl upropol §é‘5$¥é‘¢f2 ubr i cant@‘sgg’ll?/\er p t“HéClgle 1efm§qllf}8r| nat ed
sol vent s. e tilc ' cu ketones Ot nt7bu |vLa|

war m ng as do S% uor oca ons @uch as p’B SFi"'”Jeor ohexXant lbfe al I NWount s of
the X-1P addirtive are sotubte:

The data in TABLE 1 show that the fluorinated ketones of this invention were

good solvents for the Z-DOL and AM 3001 perﬁuoropolyether lubricants as were the

warming as do perfluorocarbons such as perfluorohexane. Small amounts of the X-1P

additive are soluble.

Examples 4-6 and Comparative Examples C6-C10

10

other fluorinated solvents. However, the fluorinated ketones do not contribute to global

In Examples 4-6, dioctyl phthalate (DOP) and silicone oils having viscosities of

100, 1000 and 10000 centistokes (cst), all known detrimental “impurities” encountered in

lubricant deposition processes, were evaluated for solubility in CF3CF,C(O)CF(CF3)2, n-
C3F7C(O)CF(CF3)7 and (CF3)2CFC(O)CF(CF3)2, all fluorinated ketone solvents within

the scope of this invention.

15

In Comparative Examples C6-C10, the same “impurities” were evaluated for

solubility in CgF14 (a perfluorocarbon), C4FgOCHj3 (a hydrofluoroether),
CF3CFHCFHCF,CF3 (a hydrofluorocarbon), C3F5HCI, (a hydrochlorofluorocarbon),

and CCIpFCCIF, (a chlorofluorocarbon), all fluorinated solvents outside the scope of this

invention,

20

The fluorinated solvents (both ketone and comparative) were also tested for their

ability to dissolve normal hydrocarbons of increasing molecular weight according to a test
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Exanpl es 4-6 and Conparative Exanples C6-C10 10 I n Exanples 4-6, dioctyl
pht hal ate (DOP) and silicone oils having viscosities of 100, 1000 and
10000 cemwDIRO&@®32 (cst), all known detrinmental "inpuritie®CTarsowwyered in
| ubri cant deposition processes, were evaluated for solubility in
CF3CF2C(O) CF(CF3) 2, n- C3F7C(O) CF(CF3)2 and (CF3)2CFC(O CF(CF3) 2, all
fluorinated ketone solvents within the scope of this invention. 15 In
Conpar at i vgroEacampliaslatCto thatldesciitied is AN$. Paterp INa. £5j285,66%€Ven DeaPuntte.) f or

2 bl i SIS AR e S RS SR
hydr ochl or gfuaLgs10Mm8 P ADctane AL P kS Wabtifed addedtdlthE QirhdiGiaD Cﬂié?ﬂﬂ%waﬂehled

fluorinated sol vents outside the scope of this invention. 20 The

f 1 uori nat egly cleking tHeslid, Biginthé ¢1abRas stivtle AN thtitwe cotPosentd. Sifalckaidgd f or
their _ability to dissolve normal hydrocarbgns of |ncreasing nolecular

wei ght Saccopdiiegreg@hase it ocared pieisettng yndistptbed danseverab prinutes

simlar to ' ' N i [ V Puy et

) ol M Fivef FRESHC R4 idble RGO ink .28 a0 SHUUORY T s
added t o aresulédd, thdrtest opsa lrepeatednmibstituting ninangne((n-CHHHH fomasciahe nifaddedyt o
the sanme vial. The vial was sealed by closing the lid, then the vial was

shaken t o mixtuteros atphasecsphip oeremed, the Solyent|wasgjven ami LH rasingrof 8. ghedest syalsi t

occurred after trli undi. st.urbed for seweral nminuie t.h | vent — was
i ven an Lequipu il fpedtaL SRR T Bialohe 3 tkaneurf ity s OLY Bise,

sol utilon  gAisebérebd. tThe [ISEbfatin@ SiveRAROALGOndEdohe batbom Ghain ABENST thé1- COH20)
for n-octane. If a cloudy mxture or a phase split occurred, the sol vent

was gi ven Hrgesilyble mradkape vehichriosmed a homgaeneounsaluting atwqual yekinas with the

hi gher honpl,0 - upt.j ks ) ' r glhl_glﬁﬁ plit
occurred. :gute ﬁ%ﬁnrgéﬁ%%gﬁg}evg{# é%??géiggﬂ@gi)&éétsﬁg%gear ton C ga?n% (?engt h of
the 'argeéﬁ']ﬁzzgl&h&d%ﬁ{a@ﬁﬁhy@%E'Sﬁﬂfiﬁ@%a@ré_%@f&ﬁ%ﬁ'@@.us sol ution at equal
vol unes with't test 'solvent. For exanple, if n-decane (n-C 10H22) was

sol ubl e but n- URERMETROM thesElikipafily Galibeily fesh a6 pres@ited in TABLESH Tiatteitg Was
recorded as 10. Results fromthese "inpurity" solubility tests are

preserdfed INI'Tagotesthattheimpirity was noiNested gvibe dgotipated seleentnpurity was not
tested in the fluorinated solvent. TABLE 2: Solubility of Various
I mpurities in Fluorinated Sol vents

TABLE 2: Solubility of Various Impurities in Fluorinated Solvents

Silicone | Silicone | Silicone

Ex. Solvent DOP | 100cst | 1000 cst | 10000 cst | LSH

4 CF3CF,C(O)CF(CF3); | 0.024 | <0.01 <0.01 <0.01 6

5 n-C3F7C(O)CF(CF3); NT NT NT NT 6

6 | (CF3),CFC(O)CF(CF3)y | NT NT NT NT 5
Cé | CeF14 <02 <1 <1 <1 NT
C7 C4F9OCH3 5 <1 <1 <1 9
C8 CF3CFHCFHCF,CF3 >30 <1 <1 <1 7
C9 C3F5HCIy NT NT NT NT NT
C10 CClLFCCIFy NT NT NT NT NT

Results from TABLE 2 show that the fluorinated ketones of this invention are
20 relatively poor solvents for the detrimental impurities typically encountered in lubricant

deposition systems. Also, the largest soluble hydrocarbon for the fluorinated ketones was
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Silicone Silicone Silicone Ex. Solvent DOP 100 cst 1000 cst 10000 cst LSH
4 CF3CF2C(O)CF(CF3)2 0.024 < 0.01 < 0.01 <0.0165n-CF/C(OCF(CF3)2 NT
NT NT NT WO 08/0d878) 2CFC( O) CF(CF3) 2 NT NT NT NT 5 C6 C6F12CT/iB0R202901L < 1 <
1 NT C7 AF9CCH3 5 <1 <1 <19 C8 CR3CFHCFHCF2CF3 >30 <1 <1 <17 (9
C3F5HC12 NT NT NT NT NT Cl O CCL2FCC1F2 NT NT NT NT NT Results from TABLE 2
show that the fluorinated ketones of this invention are 20 relatively poor
sol vents f@wertthan foethe geindflorodtierror thyéoflugtoicarabh,)indioatingd lkessedtendedoylivi cant
deposi ti on,s&stems. Al so, t}?e | ar gest sol ubl e hydrocarbon for the

f 1 uor i nat SipsRlve gar-dlugeaated 9l 02/ 086872 PCT/ USD2/ 02901 | ower than for the
hydr of | uor oet her or hydrofl uorocarbon, indicating a | esser tendency to

di ssol ve non-fluorinated oils. Exanple 7 5 Z-DOL was eval uated for
solubility in the follow ng fluorinated ketones: CF3(CF2)5C(0O) CF3
CICF2C( O @xaaale 2 CF3(CF2)3C(O) CF(CF3)2 CF3Q(CF2)2C(O CF(CF3)2 10
CF3(CF2)5C(O CF(CF3)2 The Z-DOL was soluble to at |east 10% by weight in

all ofg the ket ' R alel : t e
fl uor isnat ed ke%ﬁg’}' \-&l;gsﬁé\gaéuagé(cg@r ?@k@%ﬁ‘?‘?bﬁ@r“Sﬁ’g‘%@%ﬁ‘e‘{ﬁ lﬁkﬁ%g‘ant
deposi tion sol vent CRECEMEO)EBy nmagnetic nedia applications. 15 Fromthe

foregoing detail ed descrqi;&ti on it will be evident that nodifications can be
made in the methods WEFHO)CH 3on without departing fromthe spirit or

and vari ations not. SRR REON FEdhe spirit of the | nvention com wi thin
t he scope of the cl &FO(ERH.CIODCE(EE val ent s.
10 CF3(CF2)sC(O)CF(CF3)
The Z-DOL was soluble to at least 10% by weight in all of the ketones. These
high solubilities indicate that these fluorinated ketones can be excellent perfluoropolyether

lubricant deposition solvent candidates for magnetic media applications.

15 From the foregoing detailed description it will be evident that modifications can be
made in the methods of the invention without departing from the spirit or scope of the
invention, Therefore, it is intended that all modifications and variations not departing

from the spirit of the invention come within the scope of the claims and their equivalents.
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-24 WO 02/086872 PCT/US02/02901 WE CLAIM 1. A lubricant conposition
conprising: (a) a perfluoropolyether lubricant in the range of about 10 to
about 10,wWO®m2/opq872 5 based on the wei ght of the |ubricant ecmse?/oison; and
(b) a fluorinated ketone solvent in the range of about 90 to about 99.9
wei ght percent based on the weight of the lubricant conposition. 2. The

| ubricant conposition of claiml1, wherein the fluorinated ketone has 5 to
10 10 caMiBICIaAAIMIBE and up to two hydrogen atons. 3. The | ubricant
conposition of claim2, wherein the fluorinated ketone has up to two

hal ogens sel ected fromthe group consisting of chlorine, bromne, iodine,

and m xtunes tARKERInt chmphsitidhBohpiidihgant conposition of claim2, wherein
the fluorinated ketone contains along the carbon backbone a heteroatom

sel ected from t(e granpepflewopdlyetherdulricant inrtheymnge obabyaye A0 taahdutil 0,08( gpm

m xt ures thereof,, 20.5. }'Bg l.ubri cant cg.n‘gpsi tion of claim2, wherein the
fl uori-nat aselgeqnothgvgeég ° H'ftfrlfgpto‘f?é?pé)ﬁ 10 6*.dehe | ubri cant conposition of
claim 5, wher ei) t he MNrinkiédketont 8bl9ektas tHe rhRzcdof abatt I todbenen9 Lieibht The
| ubricant conposition of claim®6, wherein the fluorinated ketone is

sel ect ed pereght based gn thepveighifshe lnbriesnt cpBpestionsC( O) CF3,

CF3CF2CF2C( O) CF2CF2CF3, CF3CF2C(O) CF(CF3) 2, ( CF3) 2CFC( O) CF( CF3) 2,

( CF3) 2CFCF2C( O) CF(CF3) 2, CF3( CF2) 2C( O) CF( CF3) 2, CF3( CF2) 3C( O) CF( CF3) 2,
CF3CF2C( OpCF2 CHMfelgbricitt édmgdsktivnfol Claith CF(WhER)r’the TadfihdteCkébhdh4sF3)0210 and
per fl uorocycl ohexanone. -25 02/ 086872 PCT/ US02/ 02901 8. The | ubri cant
compod t i GATbSR atqms Fnd1up (WP AYArOgRRAOMSor i nat ed ket one has a boiling poi nt
of |l ess than about 150C ‘

3. The lubricant composition of claim 2, wherein the fluorinated ketone has up to two
halogens selected from the group consisting of chlorine, bromine, iodine, and mixtures
thereof.

15
4, The lubricant composition of claim 2, wherein the fluorinated ketone contains
along the carbon backbone a heteroatom selected from the group consisting of nitrogen,

oxygen, sulfur, and mixtures thereof.

20 5. The lubricant composition of claim 2, wherein the fluorinated ketone is a

perfluoroketone.

6. The lubricant composition of claim 5, wherein the perfluoroketone has 608
carbon atoms.

25
7. The lubricant composition of claim 6, V\}herein the fluorinated ketone is selected
from the group consisting of CF3(CF;)sC(O)CF;, CF3CF,CF,C(O)CF,CF,CF;,
CF3CF2C(O)CF(CF3),, (CF3)2CFC(O)CF(CF3),, (CF3),CFCF2C(O)CF(CF3),,
CF3(CF2)2C(O)CF(CFs),, CF3(CF2);C(O)CF(CFs),, CF3CF,C(O)CF2CF,CFs5,

30  CF30CF;CF2,C(O)CF(CFs),, CFs0CF2C(O)CF(CF3)2, and perﬂuorbcyclohexanone.
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9. The lubricant conposition of claiml, wherein up to 10 wei ght percent of
the 5 fluorinated ketone solvent is replaced with a co-solvent sel ected
from t he wooepsaensi sting of a hydrofl uorocarbon, hydroclricerusbt/oexnpcar bon,
per fl uorocarbon, perfluoropolyether, hydrofl uoroether,

hydr ochl or of | uor oet her, hydrofl uoropol yether, fluorinated aromatic
conpound, chl orofl uorocarbon, bronofl uorocarbon, bronochl orofl urocarbon,

hydr obr on3car bame littitahd ¢onipsiod df claiid; aheeibihk fluosiaged Reton@hsh dboilikg €S
thereof. 10 10. The | ubricapt conposition of claim9, wherein the

co- sol venPoihef kosg than @b 158/C. at oms. 11. The | ubricant conposition of
claim1, further conprising 0.1 to 1,000 ppmof an 15 additive. 12. The

| ubri cant conposition of claim1ll, wherein the additive is a cyclic
phosphaze®e corhetutdicadOcohdpositioa df ehaim danheeimpypsi 10 weight patat of the wher ei n

h fl I h I i i fl I h
ﬁ egr ggant Ogg a?tp% Ectatpgﬁg %?é)prt Iisg(%n acedC vcs)nt ralc?)-es%lv%mp s%liecte ¥ g ?hél gertou;()a E:or(l:s?stcri?lgund

(CyF2y) Gf’E%g&%ﬁ%%@%,%ﬂ%%g@@b%&&%_é)fﬂﬁ'roca‘r‘l’ﬂﬁ‘q[ Bérfluofopdly¥ttes an

integer fromO to about 20; z is an‘integer fromO to about "20; (c)
k, m n, &ydrofluarasthencwdeochitonefluaroethen bydrofineropelyethen fiuodaded eomaticn t he

sum of k, n n anges, from 2 o abqut 200: dd{d) the A and A end
aroups ar &ommaunt AfeFer eGP BFisiBeditii. SogiasfBrotibetd " 30714 The
| ubri cant hgersBesthddagibn9iodelabidcdBon, Myarddrémafludrearbbr Afd &ixttifes terastd A end
groups is a hydrogen-contai ning nonoval ent organic noiety. -26 W 02/ 086872

PCT/ USb2/ 02901 15. A lubricant conposi tion conprising: (a) about 10 to
about 10, Qg0 p%eﬁ@&rIéaH%ogxﬁ’ﬁe%Ilsﬁ%@h%?rclam?; Whetdn {ﬁ@%‘s%mﬁ lgh%.s 90 Ufocpl the

| ubri cant "conposition, e perffPuoropolyether Tubricant conprises a
atoms.

11.  The lubricant composition of claim 1, further comprising 0.1 to 1,000 ppm of an
15 additive.

12.  The lubricant composition of claim 11, wherein the additive is a cyclic

phosphazene compound.

20 13.  The lubricant composition of claim 1, wherein the perfluoropolyether lubricant

comprises a perfluoropolyether compound represented by the formula:

A—E (CyF2,)O(C4F5O)(C5F0)m(C2F40)u(CF20),(CF2) A
wherein:
(a)  yisan integer from O to about 20;
25 (b)  zisan integer from O to about 20;
(c)  k, m, n, and p are independent integers from O to about 200, wherein the
sum of k, m, n, and p ranges from 2 to about 200; and
(d)  the A and A' end groups are independently selected monovalent organic
moieties.
30
14.  The lubricant composition of claim 13, wherein at least one of the A and A' end

groups is a hydrogen-containing monovalent organic moiety.
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5 perfluoropol yet her conpound represented by the formula: A E

(CyF2y) O 4F80) k( C3F60) m( C2F40) n( CF20) p(CzF2z) -~-A" wherein: (i) y is an

i nt eger fwormO8dso2 about 20; (ii) z is an integer from O POTAIS0202920; 10
(tii) k, m n, and p are independent integers fromO to about 200, wherein
the sumof k, m n, and p ranges from2 to about 200; and (iv) the A and A
end groups are independently sel ected nonoval ent organic noieties; and (b)
about 90 to about 99.9 weight percent a fluorinated ketone sol vent based on
15 the weight o he | ubricant conpasition, wherein the fluorinated ketone

sol vent hds 5 tiUPHCARtLORRRSHOR SRMPTNNE:, t o hydr ogen at oms, and up to two

hal ogens sel ectgd f radoui 1eLoHbEUP0,C0VSnS hérftopoleiner lubticaitbasddh thkodi ne,
and m xtures thereof. 16. A nmethod of | ubricating a substrate conpri sing:

20 (a) appvsighigfthe labdeans compesitions sderaigthsiperflyarppalyethar lelbrigaatcamprises a
' .l ] i nated sol vent f th
coat g prfturftifRiter BRbolid rpFEBKLERy Wltokp! 15 BF PO et ¢

dia. 25 -27 ,
edi a A—F (CyF2y)O(C4F50)(C3F60)m(CoF 40)n(CF20),(CF ) A

wherein:
() y is an integer from O to about 20;
(i)  zis an integer from O to about 20;
10 (iii) k, m, n, and p are independent integers from 0 to about 200, wherein

the sum of k, m, n, and p ranges from 2 to about 200; and
(iv)  the A and A' end groups are independently selected monovalent
organic moieties; and .
(b)  about 90 to about 99.9 weight percent a fluorinated ketone solvent based on
15  the weight of the lubricant composition, wherein the fluorinated ketone solvent has 5 to 10
carbon atoms, up to two hydrogen atoms, and up to two halogens selected from the group

consisting of chlorine, bromine, iodine, and mixtures thereof.

16. A method of lubricating a substrate comprising:
20 (a)  applying to a substrate a coating of a lubricant composition according to
claim 1; and

(b)  removing the fluorinated solvent form the coating.

17.  The method of claim 15, wherein the substrate is magnetic media.
25
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