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Conposition to Aid in the Form ng of WMetal FHELD OF THE I N\l hdhiIsHsS '
i-nvent i oWPEPIIEE (o netal forni ng operations, particularly to %yll?]’gnd 5
secondary netal form ng operations, and nore particularly it relates to

| ubri cating and cool i ngCompoditiomstedAislLini thg FoumingpEMetalons. BACKGROUND OF
THE | NVENTI ON Metal s may be nol ded and shaped into a desired form by

met hods of 10 forming that are simlar in nature to the nolding of

pottery. "Al though nany in nughef.paof THRINVENRTION i n particul ar
characteristic, nmethods of ‘formng netal share the comon, basic attribute
of applying an eRkiginventidroretatesito metaleforhing operafionsypatiiculagly 40 bulkiandut o

Geral | o8 dcscondary mRbITTING heSHioRCAT PO IR SRS Gl Bg s

- SGENCE Ao aenliog Bidé e dBRRmgBoRons. 0, ° L i ng pr ocesses, |

i's necessary to provide a lubricant at the interface between the tool and
lui ds are utilized. Cur BAGKFROUND OF RHEAVENIIENT (TS a1 20°
generally into t%ﬁgﬁkﬁﬁ:@%ﬁﬁg%g%a@dfﬁ%% esf?é&jﬁ}mcqyarﬁectw% ises.ails ...

and ot her organi {are*derived princlpally et rol eum

ani mal 100" fBhaip tRithed AAMSSn nAhFE ko thesrelding|of porteryiAlthoagh shamylis t ances -
i nclude, for exanple, saturated and unsaturated aliphatjc hydrocarbons such

as n- decaneumhbed endiwidely variedin particular chassrienistisemethpds abtorming raetal

hydr ocar bonsg, | yoxyal kyl enes.. suche. 5 POl vathyl e A oXe | SRS S
aromatic hy’i‘?@c&g?m By fcﬁ"&‘f%&&e@i%%ﬂ %géle-}s@ fgﬁegagr’g&\é/‘mﬁgeqi&%ai | abl e
and are relgb mepd ilhdarR|BVingor dthéwiselbuitirigl of abradingthefmetalrtolbe | i i ted;
because they are nost often nonvolatile under the working conditions of a

met al wor ki repapgsie rEariactetailedl dgsaription of thei basienesal fomaing methpdssesifag pi eces, -

iri ddi t ] | £SSi i gni f.i | . 30
A Secord” rrsmple, Bl AViERE, Ml Foimp, rh BRGYCE Qe RpepavsicAE (PTELS!
chi or of | UorRGRIGORSD TEEMIOLOCYES R (PYgZ)! uor ocar bons (HCFCs), and .

In most metal forming processes, it is necessary to provide a lubricant at the

interface between the tool and the workpiece. Generally, to serve this purpose
‘various metal working fluids are utilized. Currently utilized metal forming fluids fall
26 generally into two basic categories. A first, older class comprises oils and other
organic ::henﬁcals that are derived principally from petroleum, animal, or piant
substahces. | Widely used oils and oil-based substances include, for eiample, -
saturated and unsaturated aliphatic hydrocarbons such as n-decane, dodecane,
’ turpentine oil, and pine oil, naphthalene hydrocarbons, polyoxyalkylenes such as
25 poiyethylene glycol, and aromatic hydrocarbons such as cymene. While these oils
are widely available and are relatively inexpensive, their utility is significantly
limited; because they are most often nonvolatile under the working conditions of a
metalworking operation, they leave residues on tools and working pieces, requiring
additional processing at significant cost for residue removal.
30 A second, newer class of lubricating fluids for metal forming includes
chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), and
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perfl.uorocarbens- ( PFCs}:—O--these -t hree -groups of fluids, CFCs are the nost
useful aW@ 9812286 storical ly the nost widely enpl oyed. See PE/YS9718976. Pat .

No. 3,129,182 (MLean). Typically used CFCs include

trichloro - | 2 |

1102, 21 oPRDupfRaER} ARG Brind diret BBt BF s CRCL e R ABIRRRN
trichl or 0dadd areixtdsicalty theshostavitiély employerio Sed, iegn sUIS) Pat. Nd. 3,189 B82oel i eved
to be environnentally, benign, they are now known to be dan?ging to the

envi r onmenfM¢ . a‘ﬂﬂ“_’ﬂmdQFgSIFPﬂR@dﬁPBbmWPWQEﬂ‘B?tF‘W’ &, e.g., P.S.

Sbst | t ut o3y SEhASHERNE, 2 2 btrtehiRSrosRRS, S LE 10 g (o -
per si st5 i ntetsachleromaonviiBrtetiane,andarichioidifuoroethae] Whild thesed or degr aded

under, anbient environnmental - conditions). Because netal formng is :
acconpl i sheempesitinnstinitially werg delieved do be gaviranmestally bepiga, theyrafe1ow or i ng

processes perfo d.wthou e ald of a~Lubri or _wi,th the aid of the
Dt or enent | Bt IR astbaehitto e Epiitchithy, “CPHR p At Csdte Hhlel b Banit °1, ' 5
15 changedépletiohs(saé, leigZ, 3.8 OBuref, Lodhiing BaR bfi Aredit@ioR @ CFUs| Hatonset al

wor ki ng flui-ds require annealing at an elevated tenperature to reformthe

cryst al | i nSpurs Swirch e Selistitutes, FHEWe &BRG'GRNEWS, Nownd S 1983, ats12)n PR@sed

processi ng, s that.often.account.s for i zabl e .portion of, t.he .overall
et ol T it 6 phral i b SRRl t%. & nch ohtrfidal ufeRed oikathden Vo
| NVENTI ON Bhbight ehviroRmemsl chBRiohs). t hi s T nvention pr.ovi des a | ubricating and

cool i ng conposi.ti.on for._the form'ng.-of.metals conprisi ns; a
hydr of | uor oet heBecause snetal formingsis accomplisbed theought the plastic deformation afes a

met hod of formng jretal s conpri si appl yin 0.Lh tal and t wor kpi ece
o Compos PO COATRET G PRocERves BrTR bl et 8% B Panc B wishiee her

flui ds usegdiof tiie Wofepentiofed YonvaitRingl lbriciting NURIBCohusdst drefilmentNyeqt i on
provide efficient lubricating and cooling nedia that efficiently transfer

heat, Hre change in cystallizatiom nForeedimetals using comentiondl metahworkingdhidsr e non-

ci 1 hor 30 TeAHES AR AN AR emBCRE o R e YT SHESEeh ( hor cby
el imnati “&e?ﬁ’&%ﬂdﬁﬁetﬂ!.ecﬁﬁmﬂg PR GEd ProcésSing sRPhittfeh QRboudis o

wor kpi ece and yielding a -2-
a sizable portion of the overall metal forming process cost. -

20 . SUMMARY OF THE INVENTION
Briefly, in one aspect, this invention provides a lubricating and cooling
composition for the forming of metals comprising 2 hydrofluoroether. In another
aspect, the presentinvenﬁon provides a method of forming metals comprising
applying to the metal and the workpiece a composition comprising a
25  hydrofluoroether. '

. The hydroftuoroether fluids used in the forming of metals in accordance
with this invention provide efficient lubricating and cooling media that efficiently
transfer heat, are volatile, are non-persistent in the environment, and are non-
corrosive. When used in the neat form, they also do not leave a residue on either

30 the working piece or the tool upon which they are used, thereby eliminating

“otherwise necessary processing to clean the tool and/or workpiece and yielding a
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-substantial cost savi ngs I n many operat i ons, the use of the - S
hydrofl uorwetBae22860MPOSi ti ons descri bed herein will also el mcrmnam
necessity of annealing a formed netal . BRI EF DESCRI PTI ON

OF THE DRAW .0vi des a_photom cr a ad cross-section
produced by ey fﬁ?téafd?%rsg‘{' g@é‘?wl (?ﬁfﬁ(g‘é’f‘ﬁdgg i‘D&}BEPY‘UﬁQP W@f}gf'v\or ki ng
fluid. FtG o%n&foexaoﬂeae@naeﬂt&iaﬁw AREehiffhatd the nebésSidflofdmdRaligest i on
produced by 10 a threadformng operation using a conposition conprising a
hydr of | uor odbtmed fmetal.d. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS The
hydr of | uoroet her fluids of the invention may be utilized as working fluids
in any process involving the form ng or.other defornative working of any 15
met al suistable to such Bmptnmmmmrmmwmgsent ative,
processes involving the form ng netals 1 nclude: bulk deformation preocesses
such as forging, FEG.I% prgyxdes)aipham:m:;rogmihbﬁbehtdachwoagsedtﬂon@aoﬂdced by ag,
extrusion, cold_ headi n and the |ike; and second formng
processes sabwaég faamngmsmoamwpghmta'gw %ﬂérfma spi nni ng,
shearing, punching, 00|n|ng, and the like. Metals 20 connDnIy subj ect ed
to form ng operations include: refractory metal.s such-as_ tantalum -niobium
mol ybdenum  vanadfiBn2 proviges £8 photoinitrographuf aithiend tidsesectivn fodided by Net al s
such as _silver, gold, and platinum high tenperature netals such as nickel
and titaRi urhthiea DETatI0B (USIBE A fPEPOSition compasingathyfeotiugrgatipr flyid

magnesi um bi snmuth, alum num steel (tncluding stainless steels), brass,
bronze, and 25 other nmetal alloys. The use of hydrofl uoroether fluids . in .
such oper ati ons. BPETAILEIXDESCRFPTION OF PREFERRED EMBODIMENTSe surface |
i nterface between a netal workpiece and a machining tool) by renoving heat

and particulate rﬂlet}miqul‘iéfmﬂ}“dérﬂfthﬁ:'!‘gem’@nlmﬂ%b%‘éﬂge ¢£Working surf aces,
Sortace O hutis SRS BroBRd oA {He Blrhii of Sl Betch BRSO iy !

necessi 1y Ofmaﬂlsﬁﬂiblﬂﬂa sucBoperatnons The most common, representatwe processes - . .

involving the forming metals include: bulk deformation processes such as forging,
rolling, rod, wire, and tube drawing, thread forming, extrusion, cold heading, and
the like; and secondary metal forming processes such as deep drawing, stretch
forming, knurling, spinning, shearing, punchiﬁg, coining, and the like. Metals

20 commonly subjected to forming operations include: refractory metals such as
tantalum, niobium, molybdenum, vanadium, tungsten, hafnium, rhenjum, titanium;
precious metals such as silver, gold, and platinum; high temperéture metals such as
nickel and titanium alloys and nickel chromes; and other metals including
magnesium, bismuth, aluminum, steel (including stainless steels), brass, bronze, and

25  other metal alloys. The use of hydrofluoroether fluids in such operations acts to
cool the machining environment (i.e., the surface interface between a metal

“ workpiece and a machining tool) by removing heat and particulate matter

therefrom, and acts to lubricate machining surfaces, resulting in a smooth and
substantially residue-free machined metal surface. In many operations the1r use will

30 also eliminate the necessxty of annealing.




TR

WD 98/ 12286 _ ) '

...PCTLUS97/.13976 - The cooling and lubricating conpositions of this invention
conpri M0 H8n2286 nat ed et hers that nmay be represent ed geneP@r/$9MA39Tehe

formula: (Rerr]-Oferr]-Rerr] 5 where, in reference to Formula I, nis a

nunber from ncl u and err]..are the sane or are
different fro Wgﬂ%%bgﬂ?ﬁﬂgrcgh?ﬁ%@?%‘afﬁ %‘Hgn 5? pseconsi sting of
SubstltutMnaﬂéd%ﬂ&mwxww F?Irég&dnedgeyéranﬂyihalfdﬁﬂﬁ yl groups and their
derivatives. At |east one ‘of err err] contains at |east one
fluorine atom and at 10 |east one of Rerr] and R err] contai{(d9 at |east
one hydrogen atom  Optionally, one or both of Rerr] and Rerr] may
contain one-or nore catenary or nGc@heRary heteroatonms, such as nitrogen,
- oxygeg or sulfur. Rerr] and Rlerr] may al so optlonally contain one or
nore functional groups, including carbonyl, carboxyl, thio, am no, am de,

ester. Chfithe, iR 1o ﬂﬁrfﬂﬁégu,qsamx%%rmuwﬁg gy al so be -

| i near, contaln one or nsat ur at ed

car bon- cardhe sme%? arefa.ﬁereh ﬁém'ﬂnerahﬂithef ariOdrB slbctbd ROMARE gl | Y MRy
contain one or nore chlorine atons provided that where such chlorine atons.

- are..pr es enusistingrof substituted radisnsubstisuted alioyh eyl aansialk daryt groupy and - theior Rl err]
Tgroup on whi ch they are present. Preferabl)( t he cooI ing and lubricating
corrp03|t|deﬁgatb¢stﬁélqgﬁté§’émf&l#9€ﬁ2l¢@ﬁt%a‘ fiyoring gl 98d @t et hers of
the forml a: Qt) err] - O—RV\:h? |n referenceto Forimlall above, :
" Rler i adgpstonsof By ‘F%’EP“P%?‘ saskppe hydspgenratom Qptiopally, opgphy| o |, except

“hrars, VP ?fﬁ@?%i@%z o b6 %@‘!’ﬁ%ﬁfe)ﬁ? %@%ﬁh@%@%ﬁa&ﬁ%ﬁﬁgﬁg?nf aly "
, h but y

O DuPy 1 St AR pevehy Yl CROR B oo nal e el R o .

prefer abWorEMc{lﬁga!g' :ﬁ:ll ﬁElhEﬁ E:%%Ey! g&ﬂ»&ﬁ tﬁ%”ﬁmﬂ{oem{de,egst@rrm"d' ments. -

bod

cont ai ns oné or
ether hydroxy, and mercaptan groups. R and Ry may also be linear, branched, or

15  cyclic, and may contain one or more unsaturated carbon-carbon bonds. R; or Ry or

both of them optionally may contain one or more chlorine atoms provided that

where such chlorine atoms are present there are at least two hydrogen atoms on the
R; or R; group on which they are present.

Preférably, the cooling and lubricating compositions of the present invention

20 comprise fluorinated ethers of the formula: _ ' -
| (1)
ReO-R

where, in reference to Formula II above, Ry and R are as defined for R and R; of
25 Formula I, except that Ry contains at least one fluorine atom, and R contains no
| fluorine atoms. More preferably, R is a noncyclic branched or straight chain alkyl
group, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, i-buty!, or #-butyl, and R¢
is a fluorinated deriyative of such a group. Ry preferably is free of chlorine atoms,

but in some preferred embodiments, R contains one or more chlorine atoms.
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In the no red embodi ments, -Rlerr] and Rerr], or R g are
chosen soﬁ%%ﬁ?ﬁe conpound has at |east three car bon at ons, Err (?ﬂﬂaﬁ? ot al
nunber of hydrogen atons in the conpound is at nost equal to the nunber of

fluorine atons. QGamsomostpreferredembogipentsoRyg ahdJRb,eondEerlbbbosen 50
Representative of this preferred 5 class of hydrofl uoroet hers I ncl ude

[ ecr] F[ er r tititheeompouridchas preant threcrarbon pfams; pnd tiedetal ppmbenafcH err ],

R e T iy

C err] F[ err kdaiiduhad of ﬁﬂﬁyﬁ Rhdi§ Béh&ﬁﬁﬁrﬁﬂﬂl HREpredentdtive b8t ehi® breféifed®r NOT €

fluorinated ethers are alSo considered useful in practice of the Invention.
Usef ul hydr efaksiof in@irdfuorcethérs iglriedCIFA00H: A ChR CH) C5F§00Hs, nay al so 10
-conprise one or nore perfluorinated conpounds. Because a hydrof| uoroether
~is nost com@BYQCHRCE C4BYOC H S O OCH§ CF) 30CHw CgBy sOCH s C3E| OCATE, as a

| ubricious additive, a conposition containing both a hydrofluoroether and a

per f 1 uor i naCysF2f OCHS, auidCaRF0C,Hy. | Blendsgffonsoranore floorimatediethersiarealso| ess
t han 50 wei ght J)ercent of the perfluorinated fluid or fluids. Useful
per f'l uor i nacewsi qr@ﬂmsﬁﬁ:ltnyptaeumgftbgntvanmm from5 to 18 carbon atoms and

% h,as dival
oy or o1 var SRR PrBluostBt ook aT S BAs Rl BTN, & /25"
used hey@i ncé ?hsmﬁe&rrg@feup@rmmﬂ%a%mpaum Hecahde a(,%:a drémRBithatiky al ) of

the hydrogen atons are replaced with fl Uorine atons. presentative
per f | uori namedt ¢Q!tmpd§' mare wgbgledpmaperaihgnmmd Byidiselectedas pdehrisigusanes, 20

per fl uoroa perfl uar.oet hers cI oam ne xt ur es
Pher eor . sprifire BromRasinR sorgiingaeh advrpiberrsiies andie PRTGRRE :
fol |l ow ng: ﬂﬁﬁfﬂrél@fabWﬁ%prﬁé B InhiHOF ARGKAN .., lQé!:r thhrt'96 QeRht B&%ent of _
per f | uor ooct ane, perfl uoronet hyl cycl ohexane, perfluorotripropyl anine, -

per f | uor ot rthgmeyﬂummted fluiborf fluids. oUséfabperflaorinated lmerd’SItmcailyrqdnmlyl ani ne,
perfluo ol i ne perfl uoro- hol i ne

perf | uo 0{:)% %F‘PYHB? b‘ﬁlﬂslaﬂg maﬁé?ﬂ"Pﬂé c%—“’?r@?%@ EFr?aé?rPWne

perf | uor o 1h&m%&ﬁﬁ§ ishéHR VBRI By S GH (HVAER GG SEAL GRE . The term
‘perfluoro-2-butyltetrahydrofuran, perfluorotriethylam ne, per f 1 uor odi butyI
~ether, and frexBuormteliquidss mcdjhmhenclp@sfdrgajm cerpaiinds quwhmh albgomercial | y

o e PRl D g AR A e 10 "
Fl uor i nert [ Regrbsentarive ]pEll':ﬂg_oﬁnatEh HGhidS ficlude cydiic ﬂdLHoﬂoclga @ér%lﬂ@i&aﬁ&hésl FC- 77

Fl ui d, Fluorlnert[err lui'd, Fluorihert[err luid, -5-
20 perfluoroamines, perfluoroethers, perﬂuorocycloammes and any mixtures thereof.

Specific representative perfluorinated liquids include the following;
perfluoropentane, perfluorohexane, perfluoroheptane, perfluorooctane,
perfluoromethyicyclohexane, perfluorotripropyl amine, perfluorotributyl amine,
perfluorotriamyl amine, perfluorotrihexyl amine, perfluoro-N-methylmorpholine,
25 perfluoro-N-ethyimorpholine, perfluoro-N-isopropyl morpholine, perfluoro-N-
methy! pyrrolidine, perfluoro-1,2-bis(trifluoromethyl)hexafluorocyclobutane,
perfluoro-2-butyltetrahydrofuran, perfluorotriethylamine, perfluorodibutyl ether,
and mixtures of these and other perfluorinated liquids. Commercially available
perfluorinated liquids that can be used in this invention include: Fluorinert™ FC-
30 40, Fluorinert™ FC-43 Fluid, Fluorinert™ FC-71 Fluid, Fluorinert™ FC-72 Fluid
Fluoriner{™ FC-77 Fluid, Fluorinert™ FC-84 Fluid, Fluorinert™ FC-87 Fluid,

4
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PCT/ US97/ 13976 Fluorinert[err] FC 8270, Performance Fluid PF-5060, :

Per f or WO8¥WIRB&i d PF- 5070, and Performance Fluid PF-505BPCTUSHIAIZTS t hese
|l i quids are described in FluorinertT[err] Electronic Fluids, product
bulletin = | HW ' f Co., St.
Paul , M nlﬂ&or% er %%%%hang;é/gl abl e‘gé%@p%ljf?r%%rei}{lfg% I qui ds t hat
ar e consisg0eghdBerformance Ritid™PESOS52. iSowendfitinsse ligaids dre describeddni nat ed

[i quids sql d. |.d LS fluids, Flut PP fluids, Kryt
per | uor GBS RGOS rpaiss Pilesty ShBF cb RS INRY il | W[ or ]

perf | uor opel ) GhBIEoRBMEY, 4Pl MPRE e BiimASEIY WoRIBR( o0 1 Ui ds, the

conpogitions of the Inventlon and typically

wll, si nqieﬁtlmrinaadc:iguimlﬂsat argsonsidered akefabidithé pRSerft ipfenfion iivludesi on
I nhi bitors, _ antioxidants, defoaners e bactericides, freezing point

dyes,
depr essgirneﬂ“w&ﬂlﬁaéﬂéﬁﬂd#&a@e"%gsp ids| Flugec™ RP M%&W%f these
convent i mﬂog%l%%tx%&l?Mh o‘)@gétngrsaﬁx{d Ii:nl’llﬁl r application to
|

any give I 'ng and abras working of netal is well 15

wi thin the h&sof an individual skilled in the art. One or nore
conventional base oils or other |ubricious additives may also be -
~gppropri at'él'y Inaddisiopto ppeoriparereriiuarmatedduidso thedwidrofweroashespt i ni ze t he
l'ubr i gati nﬁ: nat.ur e?/m‘ Lhe somnosi ti on. The."nns[ﬁdusef ul _additives 'wll be
vol adPl e “Pepgsitions.of the inygation can, and typigalfy will, i “2B6°[ B¥F o) though other's
are al so copvmtioRilddiives stich ab/asrroSionfAhibitaksX hatickidants Befosmerssdpusdi ti ves

woul d include, for exanple: saturated and unsaturated aliphatic - °

" "hydr ocar theeterieides, figezing peintidepressens auatel deactivatars.iand the like. aFke pi ne oi | ;

Y bt bal efe Budr acar bons: val ky| h | yethyl ene gl ycol ; -
A ot | ¢ RSB eS0Tk B R VR IF R B, = OV
sul f ur - cappiiiation to &y EvtREthod b c@tih® bhd abradlvévdriasgobaeal isfedildi ng

oligonmers of chlorotrifluoroethylene, 25 chl ori nated perfl uorocarbons;.

and a8 hemm_@imwomdhdnﬁdkﬁ&gin thegt.usef ul are | oad-resistive
A T L
di al kyl hygpreptinteRNafRied td 2 hydRifilstoctie compusitiGhicotingike fHedibdcating Cl er I |
carboxylic acids, esters of nonoal kyl ether polyethyl ene or: ethylene -
gl ycol s, naiwee ofibe|composition. The most useful additives will be volatile (i.e., have a
boiling point below about 250 °C) though others are also considered useful. Useful
20 auxiliary_lub{:icious additives would include, for example: satufated and unsaturated
aliphatic hydrocarbons such as n-decane, dodecane, turpentine oil, and pine oil;
naphthalené hydrocarbons; polyoxyalkylenes such as polyethylene glycol; aromatic -
hydrocarbons such as cymene; thiol esters and other sulfur-containing compounds:
and chlorinated hydrocarbons including oligorhers of chlorotrifluoroethylene,
25  chlorinated perfluorocarbons, and other chlorine-contéining compounds. Also
useful are load-resistive additives such as phosphates, fatty acid esters, and alkylene
glycol ethers. These latter classes of compounds include trialkyl phosphates,
dialkylhydrogen phosphites, methyl and éthyl esters of Cyg to Cao carboxylic acids,
esters of monoalkyl ether polyethylene or ethylene glycols, and the like.

30  Representative load-resistive additives include triethylphosphate,




30 ¢ Represent ative 1oad-resisti ve additives include triethyl phosphate, -6-
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PCT/ US97/ |6met hyl hydr ogenphosphite, ethyl caproate, po yet?nl/ﬂ gne
gl ycol nethyl ether acetate, and et hyl ene gl ycol nonoethyl et her acetate. One

or nore par tinsthylhydrogenphasphite,cathyl eaproate; polyetbyleak glyceldnéthilether ous

addi tives.may al so dded to the hydrofl ugroether conpositions to further
5 -optim zégqtﬁé' %&P@Fﬁ@yﬁw&f’ﬁ"é@“ﬁf a?ef%%tet:onposi tion. Such additives
typically conpri gheQitanére paitiafly BR6fAinHQS 8Pperiitiortiafailkylaed Itticighsone or nore
hydr ocar bon groups through a functional noiety. Suitable perfluoroal kyl

groups cons additivés raay alsabe added ito therhydoofluoroetbier compositioasitafugthensat ur at ed
"Cferr]-Clerr] .gro and useful, hydrocarbon,, L ude straight-chain:

and bra heGPt‘%‘&ewél"@&c‘&Hﬁpmg‘&&e&%/’ Ehéc?"mwt'&;-ggﬁial I%fFﬁWﬁs typigalys " suitabl e

functional Liaki WS e&%@ Pdi{iﬁ gﬁg(g&' '
" het er oat om%@éhgﬁﬂ%ﬁﬁég ) r%h?kﬁgnc i c‘)"ga gﬁ%eﬁoﬁ%ﬂgg@é oenr r]-,
-CO-, - SO egrdups throGglea fiinctiondPGiadety. SuitabthperfludroalkyPgioaps tonsistied , or
-Sderr] N(R) - where Ris a short chain alkyl group. The |ubricating
conposi t i onstraightr¢hain anddwenched, satprated apdunsatprated Gater2 arewpsn gnd gsefulnd

o hbin s ebn AN SR S B A U o
2er 00 8 " B 20 liin RSk SRS BEAP el oMM SRR G ¢
tool i tself The QLN SUPEPOER, 316 HARKRal Grofbélslcl gk lBynder st andi ng

of the 20 “present i1 nvention ant are nhot rue mting the

scope ther eofo-Uns@es BN WGR, LPEiSApt)-, O-RAISOAMR) LRI {ps are by

wei ght. -7-
PCT/ US97/ 13gheft Ehaaialkefigroup.

The lubricating compositions of the invention may be applied for the cutting

15  and abrasive working of metals using any known technique. For example, the
hydrofluoroether-containing compositions may be applied in either liquid or aerosol
form, can be applied both externally, /.e. supplied to the tool from the outside, or
internally, i.e. through suitable feed provided in the tool itself.

“The following examples are offered to aid in the understanding of the

20 present invention and are not to be construed as limiting the scope thereof.

Unless otherwise indicated, all parts and percentages are by weight.




Exanples 1 to 14 show hydrof | uoroet her cool ant |ubricant fl uids’ used in the
formation of threads in titaniumwith a cold formng bit. Conparative
Exanpl eW0®8/1223861 to C-5 used a conventional cool ant | ubr iPEIMSIFHA3N6 her
fluorinated fluids. In each of the Exanpl es and Conparative Exanples hol es
were drilled in a 3/4" (1.9 cm tl‘ﬁ%é%gani um bl ock 'in rows spaced 1 1/2".
(3.8 cm apart with an 8.8 mm hi gh~Spe steel bit using a conventional
wat er ‘based cool ant (C nmtech 3900 available from G ncinnati Ml acron) on a
Mt suraMC- 600VE[ err] CNC machine. After 10 cleaning and drying the
wor kpi ece, t heB¥amplesktatd shovnhydrafivorgsthegceplant dubricantfluids used émtheo[ err] cH
8 HSS) r .10 f ): # . ) for a 65% -
hr oad,  ACHERITolraRE b it 4 SRR 0rhing BR, Fhipdblivp HydhBles =

Hydr ofsl uoCqeto®S uaedh edkventibial eaplant lubricknt veomherfibrinated fluidsignbi t and the
hole froma plastic squeeze bottle at a flow rate of about *30-35 mi m n.:

| mredi at «gagh of therExamplesaind GompagativigiExamplasrthcles avere drlleddnad/€cd 9t s

t enper at ur ngd .t hat he_t hr eade , re, neasured w.th g.type K
ther moco Bk ik lork i i BREE 1B o R SRR o s midig DT
the hol e dphsdaeel it donvbitiond WaRr b&FARbSkH! (CImiRh 890600sAshIaNd
averaged over_three separate test holes and are shown on Table 1. Maxinum

I oad val Jeem LincieratirMilacremeconcMitsuraMGecQREEMLNG machined dfterind are 20

i | d Tabl . T . Di h t t ded hol

ot 1800 Ao dhying B Skl SBER AR TR bl Slea I L BFOG [he° °°
th d 1 irSfa ) i t he

i oade ORRRAAGN GHES) hih dtoERMans fekyirFlapfiitk. S0SaRMRE bhfi) N

PCT/ US97/fo8865%rthigad. |A v thyeading bit was used for each fluid teisted.

oo oF FyShGoroPer Bt MR ity gl appled 10 Thehh bid ki FbE -
HFE[ er 1 | -plds8@ squeeze bottle ath oW ratecof dbolel $0-55 HAIgHid. B aRer fipscribed in
157 312) 103 (8) 72 WD 96/ 22356 ( er rllmlf[ err| [.err], prepar ed |

- as dd§cr ibiteway withdrawn fgn the)workpiece 83 tepeyature and thg ofithestbreadedbolesi ng
P Pl uor Qgerg hRASIREA with a type K thermocouple on an Omega™ Model H23 meter

aﬁplied to the bit tip and the hole thread, respectively. These temperatures were

recorded and averaged over three separate test holes and are shown on Table 1.
Maximum load values as shown on the CNC machine were also recorded and are
20 included in ;I‘able l.. | |
The work pieces were cut through the threaded holes so that the thread
surface could be examined in cross section. All of the threads appeared to be fully
formed with a slight discoloring of the threads in Example 2 andl 7.




C[érr] F[err]OC[‘.err] H err]

~9-

~carbonyl . fluori-de and dinmethyl sulfate 4
--pt-epared- as-described in 147 (16) 90 (6) 72 WD 96/ 22356
usin erfl uorocycl ohexyl carbonyl fluoride and diethyl su
d er.?] E[W [err] §/CF( CF[ er?/] Y[err] prepared as y i’&){’g%"l;?&‘ -
88 (4) - 69 described in WO 96/TabB5b 6 - Clerr]Flerr}]OCH err]
I’enaEEd as d QSGFl benl 1443 [8\ (o)) EENAW,AY v Zo NEEENTUNA V.Y Y -
86/ :’§M'°q5| ng perfl L uororﬂ'l"hyl cycl\ohexyl gf’ﬁﬁ@gﬁ"’f’ﬁcqoﬂ"ﬁ%cgeﬁ'& c"‘f‘ﬁ%{nﬁﬁﬁr
T o e T s e v I
[ (CELerrl e YZ2:c 3 Varada 2 QCK _qau%-%m-]-hl,—eemumw"
- 156{(12) Q!’:‘}Pfeparedas%"‘a"ﬂabl el as 1EB(1D ol [Jer r103183 f Jom The
"PERM brangh of thP St WO HIBIG ite of Applied Chenmistdy St  Petdrshurg
Rus$i a8 Fdder aCrlsOCHs, preparedas desciitydHer| er { | OM6PY | dormB4-Qlhl | | avEsi | aRI e
149} (9) WOS6/22356 using perfl@dracyclohexylior pchem Lt d. 10
Cefr] F[err] OCdrisony] Mioridp amddimethybsulfatee fr pe radi cal 140 (7) op
(1) 64 CRIRIOOM; préparet ak hescﬁsémund Pt ExR(18) € 90 ( 53) 72
[H =rr] 60| erw]&ﬁgﬁjsk wSing p&rND6RR described in (16)
86( ?) .- Qattlonyl i iﬁ@ﬁde dléh‘ﬂ-%%fq?gél (Mpore et al.) by decar boxyl ati op
EHEer C/ ST
Jefr] [erlr] och éhéjomv%!&%gdjds TP 1355 )¢ (25§8 (4) 95 6&0)
Sl I .-. Lo X W e e
efr] [err] %‘ﬁé@ °‘§iso est b@ﬁT H[ err] &?ég‘ errfl“ﬁrepar ed? 11
)| 83 WO 96/22356 psi i n| EP 565118 1 |
etr] F[ er pvqlqmpanbomlﬂm ffate] Fon 142 _(12) gh
)| "7 | 60 EsF1s0CHs prepared wsyayé[ err]| Tapgpt & Fi i d 864 71 11h
) 92 (8) in WO 86/22386ai | abl e frolm Castrol jdustieq lng. ) C2
[ Br r 8 CHIOEE: G GFC(EFs)DQHaCalf Ha bbmmersially| 156 (12175 | ( 2391 (5) 10509) B
Ver t r eltjvailablle aéfFdlital™ [H3Hcomw the@RERM brasjchy r | F[ err | H pr epar éd by}reductipn
] er r] F[ efithd Stafecinstitbtetof Applie@heniisyy, St. P6( 8) 63 ' 1
' Petersburg, Russian Federation
9 CF:CHFCF,0CH; commercially available 149 (9) 96 (6) 69
from Fluorochem Ltd.
10 C4F9OCH;Cl, prepared by the free radical 140 (7) 92 (1) 64
chlorination of the compound of Example 1
11 [HF,COC,F}.0 prepared as described in 153 (16) 86(7) 69
U.S. Pat. No. 5,476,974 (Moore et al.) by
decarboxylation of [CH:O(CO)F,COC,F;),0
12  C4FsOCH; with 15% FC-40™ 158 (25) 99 (10) 69
(a perfluorotrialkyl amine available from the 3M ' -
Company)
13 | C.Fs0CH; with 5 wt% Ci0H210CsF)3, prepared 141 (6) 83 (2) %)
as described in EP 565118
14 C.FsOCHa with 5 wt% Krytox™ FSM 142 (12) 84 (8) 60
C-1 Molydee™ Tapping Fluid 111 (9) 92 (8) 54
(available from Castrol Industies Inc.)
C-2 CF:CHFCHFC,F; (available as 175 (23) 101(9) 72
- Vertrel™ XF from DuPont)
C-3 | CeF3H prepared by reduction of CsF1:SO,F to 161 (13) 96 (8) 63
the sulfinate with sodium sulfite, followed by '
thermal desulfinylation .
C-4 FC-40™ (available from the 3M Company) 152 (33) 87 (15) 64
C-5 | (C.Fo):N (available from the 3M Company) 142 (11) 103 (18) 66



the sulfinate with sodiumsulfite, followed by thernal . désulfi nyl at'i bn G4
FC-40[err] (available fromthe 3M Conpany) - 152 (33) ' 87§ 15)" R
64 C-5wogBerr]Flerr])[err]N (avail able fromthe 3M CB%W” 3976 142 (11)
103 (18) .66 -9- WD 98/ 12286 -

PCT/ US97/ 13976 The bit and hol e tenperatures were simlar for al |

hydrof | uoroether coolant [ubricant fluids tested. The hydrofl uorocarbon
fluids Used i nThéobipandhole eentperarpies svete similadfotal hydofinoresthien cavlantncr ease in
the bit temperature with each hgle 5 r eg%én be seen in the |arger

st andar d lubsicant fluids testrdy (The hydrotiugeacarbon ¥ r] tapping fluid

used in anat AR irritating
snoke du%ﬂ‘%@ﬁe |t:!)taDe Lsﬁltltga%‘hﬁ{'ﬁ %%‘%éﬁ? uresu‘girrtllg #fh}ﬂriknachl ne
| oad @bs ey &hidh ézithHe&nﬁﬁﬁe Iaagmsmdiﬂdwedlatxbheepurﬁedtfat uhag Exemiplesor oduced
woul d nmake its use prohibitive in this téo"émi’; ITB.ChI operation. A 10

smal | anoMiely-dse™ teppingAuid usedin Comparative e &ilprg “‘i EXCEBREDi ng bits

was al so note d g%n%mr ative
Exanpl es @%@%@@@a%@%‘& {uﬁ'gtéipgrtuﬁg %Fb’ﬁ]@g‘?% \/\ggﬁﬁg‘t or all test
Fluids, heweyfiachii®Rd \WBSerdsd mth M\ﬂt»dee e@pinlgatmd; hbeirtiatingsibkebl y- dee
tapping fluid. Furthernore, the wor | ece was cl eaned after nachi-ni-ng-to-—--

renove trmodnneyl wmﬂd mkectsase protnbﬁp@rrmhls/msf machigigg|operation. Yo ot her fluid

t est redt ve a re ue.tha § threadlng
bi t s "? lﬁe ?sﬁo?%géj&m}cr Es'ﬁi'f‘?ﬁ Eﬂl&l tﬁgth%’%ﬁgsmﬁt‘y%g}? %% the hol e
not bei ngl(ﬁ&fr'm 186 Brs¢ hbtég aireaidd uP\Ekﬁﬁ%Ie\& dnld CoraparitiierEkahiplesaCi2gmdge

i ndi cated that all. of the cool ant ricants -tested: gr oduced threads which

ver e wi t iE43. rinmedark staining efthe bits way neted dor alkigst fividse howeverRonewas j cates in

Beannl os. pxtepsees b Bhietudl WO Maly-HBPBBPRb PR, IRBRHNGIS nkSROR, | These
perform 32&&@&& &I@ﬁe&aﬁ&aﬁmxﬁxég wfehmr:ﬁwmmoaémﬁammmmﬁ@ 2 to G 4)

or a conventional ta fl ui in thread form ng of (titanium Snall
amouritss %:ammeﬁhbmmhmwesﬂ enpmd@llwqmﬂé%ﬁ{ﬂh%ﬁﬁormance of the

fluid Cef in::lge r'flle%ﬂaﬁmg]bn Was observed to slip in the chuck in Example 13

resulting in the hole not being completely threaded.
A test with a standard thread gauge indicated that all of the coolant
lubricants tested produbed threads which were within normal specifications. The
20  last holes of the triplicates in Examples 1, 4, and 13 were slightly looser than the
others tested. | |
These Examples (1 to 11) show that hydrofluoroether coolant lubricant -
fluids perform better than comparable fluorocarbon containing fluids (C-2 to C-4)
or a conventional tapping fluid (C-1) in thread forming of titanium. Small amounts
25  of lubricous additives can also improve the performance of the fluid CJFsOCH; by
reducing bit temperatures (Examples 12 to 14).
Examples 15 to 17 demonstrate thread forming done in aluminum (Type
2024-T3) using hydrofluoroether coolant lubricant fluids. The threading of 3/8 -
16, 1/4-28 and 8-32 threads was done in a 1 inch thick block of type 2024 -T3
30 aluminum. The holes were predrilled using Cimtech™ 3900 lubricant and high

speed steel twist bits with a Mitsura MC-_600VF CNC machine. The threading bits,
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.reducing bit tenperatiures (Exanples 12 to 14). Exanples 15 to 17
~denonstraté thread formng done in alumnum (Type 2024-T3)

hydr of | uo¥R¥28% o0l ant ubricant fluids. The threadi ng of %%@%97/1%975
1/4-28 and 8-32 threads was done in a 1 inch thick block of type 2024 -T3
30  al um n@Rromhe™GHEhigRsRedsteel] Wetefinug 50 gufide feathiar(abot 93241 ubr i cant
and hi gh speed steel .twist bits with a Mtsura_ M:600VF CNC machi ne. The
t hr eadi ng bisurface_cpgmin)withgoolgnt| inbeeant fluid applied from a squeeze bottle at a flow

feet/min (abUeerI0as mbuld lcobPartiERRRIE C2S B podlEhin Cit@hmadodtyT | 20¢
from a squegzgatérBasédhwirocarionssolant fubdicatOaptiliet s flodd modepdhat i ve Exanpl.e

‘C-5 was done with G mech[err] 3900, a water based hydrocarbon cool ant
| ubricani, hybpicantsiwere &s Bllowsl node. The 5 lubricants were as fol | ows:

Exanpl e Fluid 15 - Clerr]Flerr]CCH err] 16
‘Cerr]Flerr]Oerr]Herr] 17 Cerr]Flerr]OCH err] C6
G nt ech{ er {kxs The Thrdafyfa0 Was acconplTshed With no observable

di fference ) . ljcant fluids and G ntech
3900 fluid|{dsring machini rg:,pg(mm t he resul t| ng tlhreads passed inspection
w th a 'stapdard thread.gal produced with

hydr of | uor p@6 her cool ant/| lﬂ;FsQGsz fl ui ds appear ed to be brighter, shinier
I N appear apee—thear—those—] w-th—etech—39490. In addition, the
~threads prp Zced with hydrgf:F’tr&: et her fluids werg clean and dry shortly
after mach g. 15 C"h&%hﬁ[g% Tam wor Kpl ecq was then cut through
each ti-ne pi_ threaded-hol ds so that-the thread sulface coul d be exanined.
Threads produced with C ntech. 3900[err] were not as fully fornmed as those
wi th the hydrofl uoroether cool ant/] ybricant fluids ot om crographs of the .
thread cross- sec%@*’ﬁ%@%ﬂﬁ’%%%%%%%ﬁ'& A&e gﬁ N as can be

seen in Fi ghydjroﬂm&ﬁelt &folant lubricant fluids and Cimtech 3900 fluid during machining

‘10 - and the resulting threads passed inspection with a standard thread gauge. However,

the threads produced with hydrofluoroether coolant/lubricant fluids appeared to be
brighter, shinier in appearance than those produced with Cimtech 3900™. In
addition, the threads produced with hydrofluoroether fluids were clean and dry
shortly after machining.

15 The aluminum workpiece was then cut through each line of threaded holes
so that the thread surface could be examined. Threads produced with Cimtech
3900™ were not as fully formed as those with the hydrofluoroether -
coolant/lubricant fluids. Phdtomicrographs of the thread cross-section produced
with Cimtech 3900 had an “M” shape, as can be seen in Fig. 1, while the

20  hydrofluoroether coolant lubricant fluid threads had a fully finished triangular shape,
Fig. 2. |

These data indicate that the hydrofluoroether fluids can be used as a
coolant/lubricant fluid in forming threads in aluminum and that the resulting threads
are ﬁxlly formed while a water based lubricant produced incompletely formed

25 threads.
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20  hydrof | uoroether cool ant lubricant fluid threads had a fuITy'finished
triangul ar shape, Fig. 2. These data indicate that the hydrofl tuoroether
flui ds weypghezgésed as a cool ant/lubricant fluid in form rREVUSFHILI6 n

al um num and that the resulting threads are fully formed while a water

b d lubri t d d-J | etely f 25 ..t ' 8/ 12286
PCT! Uso7/ 1367 ommRle Beiods Seopsta i dvpiibotgrher AOER LR beps{l, 114 as
can be usgdnf chﬁpa{ A0 1P2RRBHer liber ek krfiIBE With@lGongtsovasager knur l ed wi th

a-100 grooves I'nch he knarl on a netal Iathe (Lodge and Shipley)
run at 45nchivelicsl. Khl®on awnetablather(Lodgemand Shipley)amd ag45 33mpRP12% essure on the -

k | tool . Test | ant L ubri t fluid d t t he:
Copper " dnaher et SvREDRHMrIRes PREsEF opte Ratnd el TR8Ceaethnlt “Doout 1 o
11/ 2'5-°f1u%m{ﬂM§w B6lkd tb@EEf‘pd?*’i‘éﬁﬁﬂly‘%étiéd@@ﬂf&dﬂé@'éﬂhéuor oet her
cool ant lubri1c ui d.

ant nventional” lubricants, kerosene and Vactra #2 (a
hydr ocar ischiige dA Ibahd bf abuut ataill 1421 ef Knudwadproduaed|in tuge passes withd as a -

controls in Conparative Exanples, C6_and C7..The hricapts used were 10
as f ol | owach bydrpfiueroether coo?ant lvﬁq_qgmp qgc? _anventnone{ J@B?Tﬁ%?‘ﬁ% err] 19
Cerr]Flerr (o) : Mobioar 5 o
Ker osene “ef'b’%hg # (y[l&%o}::?%gnggﬂr‘?ﬁ"%&‘%ﬂﬁ]?ﬁﬁgf thgﬂgdri%})e‘geésr@ and-peaks- -
pr oduced yses aex eoitrslslinlComparativeBxanplesaCi6yaredt C-T0 Thedubticattsxisehwefeudged on.
t he conpl et eness of knurl formation and defect |evel observed. Each of the
hydr 301 udsdellans: cool ant | ubricant fl uids were judged to be equivalent to
t he kerosene control. Knurls produced with the Vactra #2 were judged to

have significantly nore defects, principally on-the-peaks:forned. 20
These exanpl es show t hat knuEkhﬁm.p_lorpe wi t hFhidr of | uof oet her- cool ant
| 18 C,F1:OCH; |
19 C.FyOC;Hs
20 |- CJFOCH;
C-6 Kerosene
C-7 ' ._Vactra #2™

The quality of the grooves and peaks produced was examined

15 microscopically at 10 X and 20 X and j'udged on the completeness of knurl
formation and defect level observed. Each of the hydrofluoroether coolant lubricant
fluids were judged to be equivalent to the kerosene control. Knurls produced with
the Vactra #2 were judged to have significantly more defects, principally on the
peaks formed. |

20 These examples show that knurling done with hydrofluoroether coolant
lubricant fluids is equivalent to that done with kerosene and superior to that done
with Vactra #2. In addition, both the kerosene and Vactra #2 lubricants required
additional cleaning to produce a clean and dry surface while the hydrofluoroethers
were clean and dry after machining.
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| ubficant fluids is equivalent to that done with kerosene and superior to
t hat don& Pég# actra #2. In addition,-both the kerosene giernyyTiiadre’2
Tubri cant'® red additional cleaning to produce a clean and dry surface
whi | e the hydrofl uoroethers were clégglglgsd dry after machining. -12-
CLAIM5S W claim 5 1. A conposi t aid T t al
conprising a hydrofluoroether. 2. - A nethod FH%SH‘E’%W '?%%E npri si ng
applying to said netal a conposition 10 conp |S|,n___ of | oet her and
form ng thg.gi@! Wherein said application is made prior to or during the
formng of the netal. The conposition of claim11, or the nethod of claim
wherein the hydrofluoroether is selected according to.the fornmula: 15
(R[err] -Oferr]-Rerr] wherein: nis a nunber from1l to 3 inclusive;
Rlerr] Sand Rlerr] are the same or are different fromone another and are
selected fromthe group consisting of substituted and unsubstituted al kyl,
aryl, 20 and al kyl aryl groups and their derivatives; with the
provi so that atAlcempbsiticetodid fathe fBfreing Jof avethl Rpmpriding e hydiofluorethezast one
fluorine atom and at |east one of Rlerr] and Rlerr] contains at |east one
hydrogen atom and further wherein one or- both of Rerr] and R err] may

contain ong.or Ve ons;_.Mmay .
contain orié or 'Qn%?e (fda%f;: Pgﬁﬁlmeé?lgg’%@%%)épg@ W%qﬁggpmgaan&lﬁﬁeﬁﬁg’trn cycl i C;
nmay cqot ai doniprigingla Hjiﬁf&lwmhetraﬁﬂe'd’nﬁag i metal whereinaaidupplicationdy cont ai n
one or nore chlorine atonms with the proviso that- where such chlorine atons

are pr esermadersios te ppduging the forming oftheragialn at ons on the R[err] or R[err]
group on 30 - - - ~which they afre-present- =

3. The composition of claim 1 6r the mgthod of claim 2 wherein the
hydrofluoroether is selected according to the formula: '
R | (R1-O)n-R2
' wherein: . o
n is a number froni 1to3 inciusive;
R; and R; are the same or are different from one another and are selected
from the éroup consisting of substituted and unsubstituted alkyl, aryl,
20 « and alkylaryl groups and their derivatives; |
with the proviso that at least one of said R) and R; contains at least one
fluorine atom, and at least one of R} and R; contains at least one
hydrogen atom;
and further wherein one or both of R; and Rg may contain one or more
25 catenary or noncatenary heteroatoms; may contain one or more
functional groups; may be linear, branched, or cyclic; may contain one or
more unsaturated carbon-carbon bonds; and may contain one or more
chlorine atoms with the proviso that where such chlorine atoms are
present there are at least two hydrogen atoms on the R} or Ry group on

30 which they are present.
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6. The conposition of claim1 or the nethod of anyone of clai'ng 4 or 5
wher ei n the hydrofl uoroet-her -is—-setect-ed according to the formul a:

Rl err] - @oddsazgsvherei n: R cont ains at |east one fluorinecrusyrasaiéi s
selected fromthe gr 7'\ %Eﬂf substituted and unsubstituted al kyl,
aryl, and al kyl aryl BHEHnH gh derivatives; R contains no fluorine
atons and is sel ect d frcnﬁRL%E@roup_bonm sting of 10

substi tutpd angh Qs iistidTBreikidl| 13 the Hettlod Rhird ' Whétbitlm@r oups and their
deri vatlves . The conposition o arm he net od of any one of
clainms 4 ﬁﬂr&ludmétbénis kdslectéwmcofdmg)mhblﬁﬁ-mmas sel ected fromthe group
consisting of: Clerr]F[err]CCH err], 15 Cerr]Flerr]Cerr]Herr],
Clerr]Flerr]CCH err], Clerr]Flerr] @®&r]a, Jerr]Ferr]O0Jerr]Herr],
C[err]F[er{l QCH err], Cerr]Flerr]Oerr]Herr], C[er]F[err]G:H[err]
Cerr F[e‘f" E!E[err]H[err] Cerr]Flerr]OCH err], and

SRl el S %“055?§t°ﬁ§§$§§|%%%§8?{9ﬁ3§%?3€ ning
Corpost 1 on or" nePRARERsaSRRePEid WUCABERAISE sy oML 0. | 1S

._hydrofluoroethergnmqmamdnhqydnmnnwmﬂu on._further conprises -|ubrici-ous -
~additive. osi ti.on o thod of claim9 erein said
bt § ¢ ous- addRePHns 80 E0BRE SR A9 THERAM 265 80U CABERE &1 vor | nat ed
al kylat ed conpou I # f s coupled to
one o? nor e hydrg%ﬁ%?&%ﬂ%bgﬁﬁg&awaﬁlgﬁ{dldé%@ﬁ%rw séﬂ{d?gtaurat ed and
unsat urat ed al i pkiativativiey;dr ocar-bons; -napht hat-ene hydr ocar bons;
pol yoxyal kyl enes; aromatic. hydrocarbons; thiol esters; 30 - - oligoners
of chlorotrifluoroethylene, .chlorinated hydrocarbons; chlorinated

perf | uor agar bofife cJHSSARINA'E Hairh 3 dritnéfriethol Yt Blafin 230hkraih fid ene gl ycol

esters. -14-
hydrofluoroether is selected from the group consisting of: C3F70CH3,

15 C3F,0C,Hs, C4F90CH3, C4F90CH2C1 C4FoOCyHs, C7F13OCH3, CF/ 30C2H5,
CgF15OCHS, CgF150C;Hs, C10F210CHs, and C1oF20CoHs.

)

6. The composition or method of any of the preceding claims wherein said
hydroﬂuorogther-containing composition further comprises a perfluorinated

20 compound.

7. The composition or method of any of the preceding claims wherein said

hydrofluoroether-containing composition further comprises lubricious additive.

25 8. The composition or method of claim 7 wherein said lubricious additive is
selected from the group consisting of: fluorinated alkylated compounds comprising
one or more perfluoroalkyl groups coupled to one or more hydrocarbon groups
through a functional moiety; saturated and unsaturated aliphatic hydrocarbons;
naphthalene hydrocarbons; polyoxyalkylenes; aromatic hydrocarbons; thiol esters;
30 oligomers of chlorotrifluoroethylene, chlorinated hydrocarbons; chlorinated
perfluorocarbons; phosphates, fatty acid esters, and alkylene glycol esters.

-14-
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