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PCT/ US98/ @ibékfz7Agxot r opi ¢ Conposi tions of Met hoxy- Perfl uor oBe@RR9§0REH
Their Use FIELD OF THE | NVENTI ON 5 The present invention relates to
binary and ternary azeotropic conpositions conprising

met hoxy- perfl uor opropane. The invention further relates to the use of these
azeotropi c conpositions as CFC replacenents in various application such as
e.g. cleaning of dShieotropicCompositions of Methoxy-RerfluproRnopanesamst TheiwUseher mal
energy. 10 BACKGROUND OF THE | NVENTI ON

Chl or of | uorocarbons (CFCs) and hydrochl orof | uor ocarbons (HCFCs) have been

used in a wide variety of sol vengrppp OFTHREENVERTION dryi ng, cleaning
(e.g., the renmoval of flux residues fromprinted circuit boards), and vapor

degreasi ng. SSuch nat Eh¢ present inmention relasesto hinasy and terndryiageotmpiocompasitionsw ng
agents and in heat transfer progesses. 15 . .Fo xanpl e | yur ef hane
and pol yi socyanW%F@oﬁeg%ﬂgwrﬁ?@ﬁugga “ﬂ’sef’ﬂ%n f‘}rﬁ’fﬁ%’ftﬁ?‘ffg‘%‘ﬁ%? ane
(CFC-11), as t hfiedd £24bt6pic @6mposifions & CEC réfhdfieh ih 92iGus &%EF, b e
general |y been expand_edg?/vi th bl ends of trichlorofl uoronet @Ee %%g and
1,1, 2-tri chl or oa.gi deaningoefisubsteat¢sCrOddpasi Jof lsbatinigs gnd transfer of thenmab phergy.i ¢
foans are usually expanded with 20 di chl orodi fl uor onet hane (CFC-12).
Further, many snaller scale hernetically sealed, refrigeration systens,

such as thqge used in refri gg QERGROUND ORI R INVINTRON condi tioners,
use di chl orodi fl uoronet hane (CFC-12) as the refrigerant. Larger scale
centrifugal refriger@&hlomfluctgoarbons(CFCs)iaid hydrachlomfluorocatbéns (HOFCs) baviedieen

e oht or of | uor ot ia §RtecnBRBF LAk sibiichfos Pifh a8 oo, ek fe s, 20 ol
1, 1, 2- tri chl or osfrflukresidves filofnstintddrdirchit baard$)saridnapéradeptedsing rSush fatesiaRhate

Aer osol product gave enpl oyed bot h individual hal ocarbons and hal ocar bon
bl ends as pr opeHioffen 1p Fefrigenatione a5 blowingegents andip heat dransferproessses. as 30

o 75,208, B 0P RS USSR AR S B
they have now hesing trichloeoflicvomethane (CRC-41),as the'tslowing apgnt of dhbiteMPhéniotial
Protocol and i ti%ams have heretofore generally been expanded with blends of
trichlorofluoromethane (CFC-11) and 1,1,2-trichlorotrifluoroethane (CFC-113)
- blowing agents. Thermoplastic foams are usually expanded with

20  dichlorodifluoromethane (CFC-12).

Further, many smaller scale hermetically sealed, refrigeration systems, such
as those used in refrigerators or window and auto air conditioners, use
dichlorodifluoromethane (CFC-12) as the refrigerant. Larger scale centrifugal
refrigeration equipment, such as those used for industrial scale cooling, e.g.,

25  commercial office buildings, generally employ trichloroflucromethane (CFC-11),
dichlorodifluoromethane (CFC-12) or 1,1,2-trichlorotrifluoroethane (CFC-113) as
the refrigerants of choice.

Aerosol products have employed both individual halocarbons and
halocarbon blends as propellant systems. Halocarbons have also been used both as

30  solvents and propellant vapor pressure attenuators, in aerosol systems.

While these materials were initially believed to be environmentally-benign, they
have now been linked to ozone depletion. According to the Montreal Protocol and its
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attendant amendments, production and use of CFCs nust be discontinued (see,
e.g., P. S Zurer, "Loom ng Ban on Production of CFCs, Hal ons Spurs S_vmtcp
to Substi MRABEM6Xcheni cal & Engineering News, page 12, NoveRGBUSI163993) !
The characteristics sought in replacenments, in addition to | ow ozone -
depletion 5 potential, I cal |y have i ncl uded boiling point ranges
su!ot.abl e for a Qﬂiff‘ t?‘“ﬁ?‘%&ﬁr@ Eti‘%pr‘@e%&ﬁﬁqsdﬁ'ﬁtéﬁél,scqmﬂﬂ(ﬁmmlﬂty,
and | ow toxi ci t §. Z:3e4, vmnmgshasﬁmhéﬁoﬁlosw@mml&hsf% §»ﬁ]?ch49§hb%ﬁ¥ut '
soll's. Preterably,

di ssol ve both hydrocarbon-based and fl uorocarbon-bas _
substi tut es wi | Chemise/ §Engigaering News pageyi2, Nenembeol4,/1883). poi nt s (as neasur ed

by ASTM D3278-89), h | [ |4 for.use.dn,.cleanin .

a%pl i cati ons, anzj ha%@ﬁ%‘f&@%@%ﬁg noﬂg%hieaﬁélﬁéen?sr Pt E_‘%ﬂ?&'%&rg 6?9_2)95‘8?

war m ng pot ént i pdtmﬁaogspiallthiﬁdludugimﬁhg?omﬂgﬁ‘gés sam@ll@fotﬂngxiét} %!«2581\2% ea e

hydr of | b .HFCs). materi als ve als een .eval uated as :

rgplr gcelrjrg:r? gair nagmi‘%ﬁ%lﬁ’@ hﬂﬁ%‘ ‘.ﬁm F@%‘Mé@?m%ﬁsb?mgplmeggmo@ ly
act . |

sufficiently chgguketavy dlabilibFro SAVOBH h?d}gcaﬂﬁ{x}-ﬂ fﬁ‘°}°%a}?’§ﬂ'§g%§égﬁlsan q

sol vent applications, PFCs tend to persist in the atnosphere, ( _
15 HFCs are gBrefarahly,substidstessivilladsoibedow netoxiGiChaverr fldsk fsinfs (s mieand\byng

di [ h [ .. mxtures, of, PFCs, of HFCg wi th
Py ocar bons t e TR5 DR B e eBrepiak{es iy o iR Slefice rRAloRfanged hitns
thaln P{:CZ o (l_ZIFF%rﬁhlﬁme. iln c ?f‘girgtr?ﬁgppl [ cagfpiogérf\igakFor exgérrr%llsbéﬁglégE I n

epl a nts i . F
'? \ﬁg gm? er Zace Cs?ﬂi@@lﬂhﬁﬂ?‘“@ﬂ%ﬁ@@%?@'%@%) metegals haveralsodeen
Al ter nat i ves CopfufufGE CRE-ARITRCTE fertipmbAoth divif AR WRle thes

hydr of | uor ocarbon ethers as possi bl repl acenents an SCUSSEs various
properties of témupoundnge genbsallyisbfficiently chesridally stablpy roptuxic and aonfbinirhsble

h hydr. of | in thi I scl osure. 96/ 22356
sl oses HiEs. oVRHaLeaiaE HERHRES B CS Biq Rerastia the wap e, maRBGand 300
menti ons MEESHOXHFDS hid denérally lREAdiRcARAhANCF O 'Ald HEFCS fof dissdMhE o ditfieldin

various solvents. WO 96/22129 nentions the use of HFEs and in particul ar
met hoxy- per f | uoRXsisecsphonanaterials. AlsoemibsturgsofRFGspr &H’ﬁ;wﬂthmm?dm
Japanese Pat ent ' ' ' - ' es se o
per f | uoropropyl bé%rr%? %%}fé’?%s{[aﬁgrdfsggééﬁ% %ogﬁg%%%?@o?nf g#a%%&% or HFFE% aloBe:
Hydrofluorocarbon ethers (HFE) have also been evaluated as CFC
replacements in certain applications. For example RITE in the Conference

20  Proceedings of the International CFC and Halon Alternatives Conference, October

24-26, 1994 discloses several hydrofluorocarbon ethers as possible CFC
replacements and discusses various properties of these compounds. Methoxy-
perflucropropane was mentioned amongst the many hydrofluorocarbon ethers in
this disclosure. WO 96/22356 discloses HFEs for use in cleaning of substrate

25 suffaces. WO 96/22356 mentions methoxy-perfluoropropane and optional mixtures
thereof with various solvents. WO 96/22129 mentions the use of HFEs and in
particular methoxy-perfluoropropane in fire extinguishing compositions. Published
Japanese Patent Application (Kokkai) 8-259930 discloses the use of
perfluoropropyl methyl ether as a transport fluid.

30 While HFEs are excellent candidates as CFC and HCFC replacements, they
may not always have all the desired properties for particular applications. For

example, in replacing a CFC as a refrigerant, an HFE may not have sufficient
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30 Whi | e HFEs are excell ent candi dates as CFC and HCFC

repl acemewogartedy nmay not al ways have all the desired propectasss/di637
particul ar applications. For exanple, in replacing a CFC as a refrigerant,
an HFE may not have sufficient -2- solvency for lubricants that are
general | y admi xetvency forthiiteicaft€ thadare gehenglyyadmiked wit&sheﬁFClFEﬁ:chiﬁ%ﬁt her
organi c conponents are gﬂ n ,%ﬁi dered. Such m xtures are preferably

azeot ropi ¢ congBRArESAEE g?/‘ RT QTSRS coRyRRRRaLs e bpiagcrasiderads Suelke t hem
useful as CFC gpgni seexanpl e, azeotropes have a
constant boiling pog;%e%\xﬁﬁe{:afﬁwa%lsggﬂ%%Pﬁ%gtl?é@ﬁperat ure drift during
processi ng and use. Manyantotropes posssssprapertiésithat nidke thienousefiil a9 OFCiaad BHECRE as a

sol vent, the properties the solvent renai n constanf. because, the
Comroni 1 onSor ToaLEs, Hor PAIG aYaniopes FAe 8 cHBRa ALng Ry BHich 8RS opes

that are used aswilfflt¥apéraual & SathgfodsiRy HdRe CRIWMRMROR NWhoh £ NVolume
distillation. 10 lﬁ%l be For exarrplgg? WO 93/11201 di sclog’s-es azeolft?%%ﬁag

conposi ti ons ofazegtropsfis ussd e aseluent, thepropgdtienof the salventremairsconstamtbycauzathe.  US

S 023 009 4 o) iRnhl o e B0 B B RO 0R . Asaotopes it e wod
pent af | uor opr opersolverits alda efi beaptdversd Gongenidntly by Histllatiollvol ve one or nore
CFCs al so ve been consj dered toschai | or properties of CFCs for

S (o)
parti cul ar 18emands i ForsxawplapWiQ 23(1 12 disqloses weatroniecompositionsef  No.
3, 903, 009 di scl bR atbEhd @ hyaroBa bk frefli 5 i t4id -Iﬁ&rgane
wi th ethanol and nitronet hane;El 6&% ngtﬂi'éf‘sNég'ref%l,g%rert,s.s §5§¢ﬁggogsd§scwts%26 I'hary
azeotrope of 1,dzedrapi¢ cimpositibhsnfilohl 233 hewaflucroS-methpxyprepanand:2)2, 3188 -
2,999, 817 disclos t he biﬁl?@_rly azeotrope of 1,1,2- 20
trichlorotrifl| JSPEEURZREP net hyl ene chloride. Despite the fact that many

azeotropes are anV\/flAhébn\?EEc@ﬁzﬁosiﬁél@rﬂihtmwefbﬂeﬁrh&e@@ dldo'Hab&beepeed for
azeotropi c _conpositions i ch have desirable end-use characteristics.

Unf or t unat dPy, essidered imtailerpronertiasef &FCs fonpartisulan demands imsnsee applications: For e
reliably to pregiagind: N6 § ¥t Nd. Y56 06 SIUE 0GR efhalP ook BPPLE £314.10 N

trichlorotrifluorethane with ethanol and nitromethane; U.S. Pat. No. 2,999,815

discloses the binary azeotrope of 1,1,2-trichlorofluoroethane and acetone; U.S.
Patent No. 2,999,817 discloses the binary azeotrope of 1,1,2-
20 trichlorotrifluoroethane and methylene chloride.

Despite the fact that many azeotropes are known in the art, there continues
to be a further need for azeotropic compositions which have desirable end-use
characteristics. Unfortunately, as recognized in the art, it is in most cases not
possible reliably to predict the formation of azeotropes, a fact complicating the

25  search for new azeotropic compositions.

SUMMARY OF THE INVENTION
The present invention provides an azeotropic composition consisting
essentially of C;F7-OCH; and a second component selected from the group
30  consisting of an unsubstituted alkane having 5 to 7 carbon atoms, methyl formate,
acetone, methanol, 1,1,1,3,3,3-hexafluoro-2-propanol, methylene chloride and

trans-1,2-dichloroethylene.



25 search for new azeotropic conpositions. SUMVARY OF THE | NVENTI ON The
present invention provides an azeotropic conposition consisting essential|y.
of [err] dYR*¥™6tond component sel ected fromthe group 30 PCEYFW U6 hg of
an unsubstituted al kane having 5 to 7 carbon atons, nethyl fornate, B
acetone, nethanol, 1 % 1,3, 3, 3- hexiad‘rl uor o- 2- propanol , et hyl ene chl ori de
and trans- 1,2-di chl Sh®REEsStdpentionfurther provides ag @zROtiQPiGFRMRARLAR GORESting

provi des an aze ' e kS ' lerrl .
second corrponentestsé'g'f%lelg t0 gs E ff%%%%s%?@%&é %gpgﬁ%gédﬁuﬁé{lﬁg'n%@ %ohﬂst?ng
1,1, 1, 3, 3, 3- hexeof tethamwol 2n¢ 1 (ph B3, 3-hexchflaotoa2-propanchandenthird compoaehtfselettet he

group consisting of nethylene c¢hloride and traps-1, 2-dichl oroethylene. 5°
In a still furt emtagg&ff’,mﬂém}mésﬁgylﬁ fl‘{;rﬂ-"gléﬁi‘ﬁ'elsz‘éﬁh@f% eRe for
produci ng refrigerat| st%ﬂ‘ﬁ'x i ' |

conpositi on%fas defi nlergga ovgmfﬁ%ﬁ%t’ @?@lrm iy g@fdgﬂgg ys%ﬁ%‘é&%&o &d.
Further, the prpodoting refrigération whichicemptisesevaparating art meoﬂb?ﬁ:lwm sifiofitas

whi ch conpri ses_ condepsi n n azeotropi ¢ conpositjon as defined above in
the vicinity ofdefie ag°'fﬁ)‘g§€?‘6°!5‘€yﬁ§a edy tohg ¢aled. the present invention

provi des a process f f ] | S| | Q- opi c
conposition as aboveP e ‘?’161@'3 pgés%gﬂggéggﬁhér wgdo%bﬁf%gﬁgd&%%ﬁ%ém
invention al so gomprisgesomdepsing an azdotropit! cdRposition as definbdabol e irrthe Yicinityofc h
conprises cgntac g said sqolid surface with an azeotropic conmposition as

[
defi ned above. ?ﬁ?&\@rbe&e@?ﬁdded Is a process for depositing a coating on a
substrate surface co L S . Of WA sirate surface
Pk, B8 oL enthalHoR brAdiel ietsd e WoritE Bt 1

a liquid coating conposition®conp n azeo

above and a coatomyprisity empteyiag anlazédiripid confsitioh@s abovt dafiakd a9k Sedofdarye
azeotropic corrplositi n and further

oop refrigerant.
The present invention also provides a process for cleaning a solid surface
15 which comprises contacting said solid surface with an azeotropic composition as
defined above.

Further provided is a process for depositing a coating on a substrate surface
comprising the steps of applying to the substrate surface a liquid coating
composition comprising an azeotropic mixture as defined above and a coating

20  material that is soluble or dispersible in the azeotropic composition and further
evaporating the azeotropic composition.

This invention further relates to a composition comprising an azeotropic
mixture as defined above and a material, in particular a coating material, that is
soluble or dispersible in said azeotropic composition.

25 This invention also provides a spray comprising an azeotropic composition.



evaporating the azeotropic conposition. This invention further relates to a
conposi ti Qi aA@FR3 Si Ng an azeotropic mxture as defined aboperaRos/dies7
material, in particular a coating material, that is soluble or dispersible
in said azeotropic conposition. 25 This invention also provides a
spray conprising an azeotr gRIEFCDESCRIPIION OF THE BRAWINGECR! PTI ON OF THE
DRAWNGS FIGURE 1 represents a vapor-liquid equilibriumcurve for a
met-hoxy- perfl uor oprmtlr@nmqqtsadammcqwhm swrye fon amethionps pheri ¢
pressure. 5 DETAI LED. DESCRI PTJ.ON PREFERRED ENBODI MENTS The term
oot rapi o coMfEMTPRIPET Ras FacUeHaFPDIRe SRTSm a GEPRPORFIT PIERBEBS bot h
the azeotrope and conpositions that behave essentially |Iike an azeotrope in
that they boil at substantially the same tenperature as the correspondi ng
azeotrope. PBrefer abDETAHERDESCGRIBEION OF PREEERRED EMBODIMENE®si t i on
at anbient pressure s Within about 1 [err] G of the boil.,.ng.point,-of its
azeot rope measur ed a?ﬁetwg"sm é%%qu]%qsnt}gbpemﬁpg?%qn&mvgﬁ,h JIYEROR, opi ¢
conposi tions Wihéh8&y BotR the £8BR5HE sHEEompLAitions qxa%akuveleg&aﬂ%l}ﬁné aner r] C of
Wi

the boiling points of their corresponding azeotropes. be under st ood
that the concerfzeotropmin tbat theeboil alr substantiably shesamestemperaturd asthgani ¢ sol vent
in a particular_15 eotropi c c?ﬁostiﬂt it?ln vart gubst antially fromthe
amount s cont ai rfOETSPONGRE F5RITORE-+ T B S8y F‘?g@ﬁﬁé’f’ OL3NBEGOHORIC 5nd t he
magni tude qb SUingRitibn%s alibReny prdsairk A wRIBRSBS m)afﬁ,%pmg%ahﬁ offtsvent
used to nmake the conposition. Preferably, the concentrationsS of

hydr of | uor ocar azeotropemeassudedatghe sams piesame. More preferably; theiazeattopimsi t i on

T T e SRR SRR LR Har. 20, uie SBEa £ 8L g Sy
pressure. More ﬁﬁ%%ﬂﬂiﬂccﬁéﬂﬁoﬁ&ﬁ?%ﬂ%?éﬁﬁ?wﬁ! Be BhderitBod BR thd | VE percent
of those contained in the azeotrope. Most preferably, the azeotropic
conposi ti on corcancergratione of thel Hydraflverecankoncetherand oaganinsolvsnt iha particalar and
solvent as 15  azeotropic composition may vary substantially from the amounts contained in the
composition’s corresponding azeotrope, and the magnitude of such permissible
variation depends upon the organic solvent used to make the composition.
Preferably, the concentrations of hydrofluorocarbon ether and organic solvent in an
azeotropic composition vary no more than about ten percent from the
20 concentrations of such components contained in the azeotrope formed between
them at ambient pressure. More preferably, the concentrations are within about five
percent of those contained in the azeotrope. Most preferably, the azeotropic
composition contains essentially the same concentrations of the ether and solvent as
are contained in the azeotrope formed between them at ambient pressure. Where
25 the concentrations of ether and organic solvent in an azeotropic composition differ
from the concentrations contained in the corresponding azeotrope, the preferred
compositions contain a concentration of the ether that is in excess of the ether’s
concentration in the azeotrope. Such compositions are likely to be less flammable
than azeotropic compositions in which the organic solvent is present in a

30  concentration that is in excess of its concentration in the azeotrope.



are contained in the azeotrope forned between them alt anbi ent pressure.

Were 25 entrations of ether and organic solvent in_an azeotropic
conposi ti gigg?’ﬁigf fromthe concentrations contained in th_ePf:'Sﬁs&’?J‘éﬁHl_ng
azeotrope, the preferred conpositions contain a concentration of the ether

that is in excess of the ether's concentration in the azeotrope. Such
conpositions are |i ke-[IL}V BZEOLPIG 8%’&??-‘1’%%‘3?‘%?{%% IBVEBHPR 6 be Bsed988i t i ons

in which the or ggplacenient f° TFCsandEECENS in leﬁe?sp%f_apﬁﬁ&gﬁgg frAhigh CRéRlankiS 1 N

excess of its concentration in the azeotrope. - 5- azeotropic
conposi ti on of H(FGxhavetmaditionaliy been epiployed. Jnﬁdmlgsaa azgqifcgné@cgmﬁpositﬁfnsﬁcs
and HCFCs in a variety of, | i cati.ons . .in which CFCs, an ave
traditionally b@‘é‘f?rg‘?‘fi/?f" @QPFFS%'PY@&PM‘* %‘?@B‘Fr"ﬁ‘mlg‘“ﬁ ¢ha replagement of

accordance wthdprre1 Pas§8rCF! Nty i i
repl acement of 5 CllgC-ll gﬁﬁ% CIE _113ﬁrfﬁé%gﬂtﬁgﬁ%@ﬁ§§a§§gtb%§§%

conposi ti ons nmjn ¢Jeaningsdn heat ttapsfer processes, lae tfrigerantsfasra reacivnynetiumass a
refrigerants, as,a.reaction nedi.um. as a blow ng agent, as a coating
liquid, and the%}qv%g Agens a&fé&ﬁ%&ﬂlaoﬂﬂg&s?m%ns according to this .

i nvention are m Xt ur qhe@fecftysic @b @'ﬁ&@rab&i’dhgé{% ; ?R’g" éc]:%'zﬁxﬂ'gs tionally
third conponent which, eif 16595 frgctli onal I'y di S?Ilhf e &g‘%g uce a %lostl Il ate
fraction that i bydrefluorecarhopethepand mﬂ%ﬂ@hmlmdmdtﬁpmpendneghglhdft he second
and optionajdy hik n he .agzeatrapi ¢ osi tions .| at y

t enper at ur eisét hat gggﬁg@g@%& l%f’?‘ifgtaté&ggﬁg’paﬁ%mﬁﬁ%%om mpﬁ(??mes of their
correspondi ng ahpdrbflarecarboniretifee ambihy sedohé abdptiondlyiitdéonRfondit. THE RicORBPIE

conposition at anbient essure is within about 1 [err]C of the boilin
point of its 15°°meﬁwgbwﬁ§itﬂapﬁmﬂ@p€emwm£ﬁm% thehedling peints o .
Mor e preferabl e;r%"@gpﬂog- ' | r'a'919 11 l: Leapesat ures that
are vmpthi n aboﬁ%h 0.5 [err?’ﬁg%&{r e ;P?%f%, ng ’;%%édsmgg?d‘%tﬁg%? corr lgpondi ng
azeot ropes. The coopesifionrahambiest préssuteds Within about d °Cofl tHedwiling Ipeint effits second

vy Duber ot Y PR RBS s ke BR b o o A M gt o
correspondi ng azsRtoHp eompsitiond HillBaiNAtitstaserfthires tHabarb WithinSsbol 5 ¥@bf @bi ON
boiling points of their corresponding azeotropes. The concentrations of the
hydrofluorocarbon ether and second and optionally third component in a particular
azeotropic composition may vary substantially from the amounts contained in the
20  composition’s corresponding azeotrope, and the magnitude of such permissible variation
depends upon the second and optionally third component used to make the azeotropic
composition. Preferably, the concentrations of hydroflucrocarbon ether and second and
optionally third component in an azeotropic composition vary no more than about ten
percent from the concentrations of such components contained in the azeotrope formed
25 beﬁem them at ambient pressure. More preferably, the concentrations are within about
five percent of those contained in the azeotrope. Most preferably, the azeotropic
composition contains essentially the same concentrations of the ether and second and
optionally third component as are contained in the azeotrope formed between them at
ambient pressure. Where the concentrations of ether and second and optionally third
30 component in an azeotropic composition differ from the concentrations contained in the
corresponding azeotrope, the preferred compositions contain a concentration of the ether

that is in excess of the ether’s concentration in the azeotrope. Such compositions are
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depends upon the second and optionally third conponent used to nmake the
azeot r opiwwo@lAPRSi tion. Preferably, the concentrations of hygfpkdsuagpcar bon
et her and second and optionally third conmponent in an azeotropic )
conposition vary no nore than about ten percent fromthe concentrations of
such conponent $100% B4 REINAIMABIE AR GRIEBHR chRpiERibnd i whiBletheRedbnihRE at
anbi ent pressure. Mre preferably, the concentrations are within about five
per.cent of thooptienatly diirdcdmpanent is preseot in grencenisationthat isdp gteps of itse

azeotropic co It] t al S ' SR ' -1 he
et her and sec?r%’g %%‘%&qggﬁah#éyho?’%’l ?gé}cng#;%%en as aorpggcoﬁ{ tg{ﬁ%ﬁ%&?lﬁeﬁbﬁ _
azeotrope for mpd shmifivastthidpein e salventgoivepofihe composifibas ever timeconcent rat i ons
of ether and second and optiopnally, thi _[d gb%g%% ent in an azeqfropic

|

conposi tionddiffer fHsiangnags sepustingf e azeofrARIc COMPRUtANS #f ng
azeotrope, the ERQ@ PAR | RGSSHahRh er
that is in excé‘s?ésﬁgﬁ{ﬁgoﬁgs@? er E&concg%tg% %ﬁeﬁegﬂt he azeot?ggg#leltsl&?ﬁﬂﬁg
conposi ti ons arwhielSdo not significhntlyt altebthe hzsotropic hehmxivr of thi sompesition; opi ¢

conpositions in whigch the second and optional.ly third component is present
in a concentrat#@ﬂr%’%?%%"%m °ﬁ%§ﬁ’é’8‘%{°ﬂﬁyﬁicﬁn A ope.
The nost pref erp @t iydRMubRRAbor SthEIGHd skcdnd aid bptioRAIY third coifpdhegisthalt ant
change in the solvent power of the conpositions (_)vg5 time The

.5
| anguage " d8nsiamqunty of ptheyeempaupdsiwhich g petgnterfere i tbe formation ofshe azeptrPRms of

the i venti on iy Bekmbl! GfiSihd e il i/ YeSERrin e wlbSpIATOUNT o Of

ot her material s whi 0 not signitican the azeotroprc behavi or of
t he conposi ti orcompositionh ofghe/invéntien tiemprovephecdispensitobity tor solsbility of materialsyent i on
may al so contain, in addition to the hydrof)uorocarbon, ether and second and
optional Iy thi rﬁ?"%ﬁ?ﬁﬁ%ﬁéﬁ’ﬁ?wteﬁgs (")'/% ‘E°§°R9?y°8\eﬁE’P“EMnds whi ch do
not interfere iffcrdpRlynRrsibi thdlaRbtréfie coiipRitioppe. For exanple, small anmounts
of surfactants may "beé present in the azeotro%ipc conpositions of the

i nvention t§ i npr oveThewhatictopistiosiof preotrppesiarsdisaussediin Jetaj} indverchan TES Béch as
F T or opol ymar o) oSS0 Geet i hricdi Col MOAETAEG. cor 1T cap B and
characteristics of arkohydegfhororasoniethernssed ih the prisénd invention/ieCsiye@CH; bhds.
Pat. includes the pure isomers #-C3F7-OCH; and CF3-CF(OCH;)-CF; (= i-C3F-OCH;) as
well as mixtures of these isomers. Most preferred in the present invention is pure »-
20 C;F+-OCH;,

The hydrofluorocarbon ether can be prepared by alkylation of perfluorinated

alkoxides prepared by the reaction of the corresponding perfluorinated acyl fluoride or
perfluorinated ketone with any suitable source of anhydrous fluoride ion such as
anhydrous alkali metal fluoride (e.g., potassium fluoride or cesium fluoride) or
25  anhydrous silver fluoride in an anhydrous polar, aprotic solvent in the presence of a
quaternary ammonium compound such as “ADOGEN 464" available from the Aldrich
Chemical Company. General preparative methods for the ethers are also described in
French Patent No. 2,287,432, German Patent No. 1,294,949, and in Assignee's co-
pending application titled "Process for Production of Hydrofluoroethers," serial number
30 08/632,697.
Suitable alkylating agents for use in the preparation include dimethyl sulfate,
methyl iodide, methyl p-toluenesulfonate, methyl perfluoromethanesulfonate and the
like. Suitable polar, aprotic solvents include acyclic ethers such as diethyl ether,
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No. 5,064,560 (see, in particular, col. 4, lines 7-48). TPe I 4
hydr of | uo ether used in the present invention is [eLr |nc udes
t he pure %%%?@%-@F?-OCHS and [err] (= [err]) as well as ﬁ%’fggg

these isoners. Most preferred in the present invention is pure n-

[err]. The hydr . re | at j on of

perfl uorinated g‘?‘&%ﬁ%%ﬁéﬂ g‘?‘%&g}r‘ g@&b%ﬁ? %‘gﬁylg?ic@ ?%’ngg?eﬁpﬁgﬁgoﬁr %’%‘ﬁa‘r’ﬂg
perfl uorinated astys sidhasmetleyl formate] éﬂﬁgddbmm' hmbﬂiybh@n?ek\ddetﬂyl W?r&ﬁ t abl S
source of anhydrous fluoyide ion such as anhy us..a mata uori de
(e.g., potassi uRfoPylshs F"’J&"&'fe e'@{;%ﬂevx%'\eceépm%)aﬂwfmgﬁes su ialgdr
fluoride in an M&QE&B&%MQ{-meﬁgg‘&Haﬁn&DW@aﬂﬁohﬁ?ual agf,?ﬁ nce Of a

quat emary ammoni um conpound such DOGEN" 464" “av romthe Al drich

Cheni cal ConpaniN-methylpymolidone;aikyhsilfouidessuvhds dimpthyl Sléfosidalaaibrlaglgzm jghas .
[ [ R {
- hssi gneer's. cAmlNHERS didmefhyfeBd sitine, 288 oHR piBlaB0 oPcpdinee el s or *

Hydr of | uor oet hewmemgm.baizonamﬁejndwéaa‘ 697. Suitable al kyI ati ng
agents for use in the preparation_ ingclude dinethyl sulfate, h¥ I odi de,

met hyl p-tol uenesul f &§euarnaied lﬂ‘tﬂf&dﬁ(fe'r‘&ﬁﬂﬁﬁmlthﬂﬁéf@“am ether) e

Sui t abl I di et hyl
cther, 7 o eoROERbh AR HoRich (S i Hiexoniinde | |

di met hyl et h&r ; hydmotasbor cad:oayhmlaoal;(neademmhe thsrenﬂf sirig eiihe:rmhﬁdroﬁl'kyyﬁc-iogen

f te, t hyl | cal en 0 an
o e, et Y ey e K e B o oGRS I e s
as N, N-di met hy| fla6ridusiafl@ perlludfirtedikeiohbOéaNRlb BE prephrdd B ?'dlssomatxon of

N- et hyl pyrrol i done;  al k | sul foxides such as di nethyl sulfoxide; alkyl

sul fones such adediupragted carhoxylitacid aw(fﬂuﬂwaerbepmmedrf@m&naomsmdmz

oo 1 P b B N B W il

hydr of | uor ot&r bdinoxirie gas). mmsbciaao:pmnmraehietgd byl centactingtenperfhiorinhicd estecdition
(ECF) of the co rscrau%% gfr}ﬂ{ogge ion under reacting conditions (see the methods described in U.S.
Patent No. 3,900,372 (Childs) and U.S. Patent No. 5,466,877 (Moore), the description

of which is incorporated herein by reference) or by combining the ester with at least one

initiating reagent selected from the group consisting of gaseous, non-hydroxylic

20 nucleophiles; liquid, non-hydroxylic nucleophiles; and mixtures of at least one non-
hydroxylic nucleophile (gaseous, hqmd or solid) and at least one solvent which is inert
to acylating agents.

Initiating reagents which can be employed in the dissociation are those gaseous
or liquid, non-hydroxylic nucleophiles and mixtures of gaseous, liquid, or solid, non-

25  hydroxylic nucleophile(s) and solvent (hereinafter termed "solvent mixtures") which are
capable of nucleophilic reaction with perfluorinated esters. The presence of small
amounts of hydroxylic nucleophiles can be tolerated. Suitable gaseous or liquid, non-
hydroxylic nucleophiles include dialkylamines, trialkylamines, carboxamides, alkyl
sulfoxides, amine oxides, oxazolidones, pyridines, and the like, and mixtures thereof

30  Suitable non-hydroxylic nucleophiles for use in solvent mixtures include such gaseous
or liquid, non-hydroxylic nucleophiles, as well as solid, non-hydroxylic nucleophiles,
e.g., fluoride, cyanide, cyanate, iodide, chloride, bromide, acetate, mercaptide, alkoxide,
thiocyanate, azide, trimethylsilyl difluoride, bisulfite, and bifluoride anions, which can be
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10 hydr ocar bon carboxylic acid (or a derivative thereof), using either
anhydr ousyhyskiagan fluoride (Sinons ECF) or KF.2HF (Philli p§8gg§b8,@1%3.; he
2 :

el ectrolyte. Perfluorinated acyl fluorides and perfl uori nat ket ones can
al so be prepared by dissociation of perfluorinated carboxylic acid esters

(which can be RHGRAT BGhd foRfloF ARl Rkfaf 2RPAHIS, AMALSGAMRA LB honium (mono-, di-
partially-fluorinated carboxylic acid esters by direct fluorination wWth 15

fluori ne gas). »Misobteiratshbstitied), eraquatemasy plepspijonivam saltst andgnixtuces thereof. Such

Condi 11 on. ( Sedith e bl iR rlis bl & deied B bERt Sgorm, | o)

and U.S. PaéI eﬂtmétl_iodsge.gﬁﬁ}owawém) by)M. Chénedd and Rpth Brasted in'Oo, 'rgﬁrﬁh&m'l

I ncor por at e ereln py rererepc Oof. C .0lng the ester wt at east
one i ni ti at Png JreEgaicCheatidnn S’&ﬁﬂ“’o%‘i‘&'éﬂ 8@5%@9&%1; flr68sDg¥anNesrand
non- hydr oxyl 1 ¢ Einpan) Uk S RBW YR (19575 s by T2 Bl &0l Vi Ufistll i RPAnn 051 AN

m xtures of at |east”one non- hydroxylic hucl eophile (gaseous, "liquid, or
solid) and at |G, 1978, 1337 dpft-diakabidyciof2.2.2Jactane andithy like are gisa guitabie solid
Initiating rea enfs ich can be enployed in the dissociation are those
gaseous or liq ugeo, ~hydr oxyl i ¢ nucl eophil es and m xtures of gaseous,

liquid, or solid, noTheWRirofluostambsy thersiised RGREPrEthe hzedfbpic @byifoNitions of

(hereinafter termed "solvent m xtures") which are capabl e of nucleophilic

reaction wilPh phisfinvestiomdn rai deplete the ozpheinsheeasthcscatmpsphets and have sweprisirgly

@ tEps

hydr oxyl i ¢ nucl | %r@ﬁ“ ﬁﬂﬁmﬁﬁﬂ #EF 0, b | Lyi d, non-
hydr oxyl i c nuclsglgg%ﬁ%?hl nclu e&%ﬁ% am negtﬁ%{?ﬂ ycﬁl gbnags, Q
car boxani des, dRéppktedin Tablé Hizsan aanosphericdifetiae for tieerdnyidrafmorearbpry etheli wideh and
the I'ike, and m xtures th f ...30 i.t abl.e non-hyd i ¢ nycl eophil es
for use in sol vVE#i'® Wyi%@ya%%%ﬁ@ﬁg%&qﬁ%&pn% n Bxylic
nucl eophi | es,  apro¥Rtidn Péchhiclbgies, Coffernrs Pryc¥ddings O6oB&R 21123 $9962 Whshington,
fluoride, cyanide, Cf/anat e, lodide, chloride, brom de, acetate, nercaptide,

tib

e
al koxi de, tIRi odP&natltis apparent from thedatayn Tabl |l thut thethydiofluoroparben ¢therdias and

bi fl uori de ani ong,: ' - 8- . htd L | | 1), fr.al kal i
nmetal , amoni un;{'1 E&T’% F@iﬁu%sgﬁa{%gtaggo Sglﬁier%clr?lifﬁ%h% %{gdnﬂgﬁ&%fs‘{’af gﬂ P?a-l “? or 8

t et ra- subst i t utgigntiab rSuiipeisinply) alie hydroilupioeabonethed dls has adignifichntlyshodtérer eof .
Such | t ' I i al | i | abl t, jf desi : b
plrjgp a? 2d Eya[(ﬁoql,gﬁm%t%qeairgospﬁgnc et(l;rlne{ajl thax itg1 \c/:grlresgond?ngb}lljydroduoroca% oni glﬂane(.:an ©

Table 1
Compound Atmospheric Global Warming Potential
Lifetime (years) (100 year ITH)
n-C3F;-OCH; 6.4 485
i-C3F7-OCHj, 49 368

20
The present invention provides both binary as well as ternary azeotropic
composition of the hydrofluorocarbon ether. Suitable second components that can form
binary azeotropic compositions with the hydrofluorocarbon ether are unsubstituted
alkanes having 5 to 7 carbon atoms, methyl formate, acetone, methanol, 1,1,1,3,3,3-
25  hexafluoro-2-propanol, methylene chloride and trans-1,2-dichloroethylene.
Particularly suitable unsubstituted alkanes are n-pentane, n-hexane,

methylcyclopentane, 2,2-dimethylbutane, cyclohexane and n-heptane.



nmet hods, e.g., those described by M C. Sneed and R C. Brasted in

Conpr ehensi ve 5 | norgani ¢ Chem stry, Volunme Six (The Al kali tals),
pages 61-W2 983716330 Nostrand Conpany, Inc., New York (1957%%8@9‘?#. ]
Kobler et al. in Justus Liebigs Ann. Chem, 1978, 1937.

1, 4-di azabi cycl o[ 2. 2, 2] pctane and the lLike.are also suitable soli.d .
nucl eophi |l es. The hy%ﬁcct?&F%%ﬁlﬁﬁﬂmg?Wé‘?“ss '%gg’ar‘%%cﬁWé'bafﬁ%‘qvﬁ%t‘ SRS
conpositions of 10 this_jnvention do not deplete the ozone in t9$e earéh' S
at mospher e and (A9\waecompositiogicapsistingrssential &2 weight percentds CliiedP e an

mnimzing their i ¢t .on ql obal ] L Q. of B _
at nospheric lifet ?ﬁléﬁf‘g?' T ?gpﬁ%%}‘ﬁ%%%ﬁg?é &ﬁﬂ;gﬁk%}aé trzzipgr eacti by
S. Msaki and A §q4fé§g§,-eagf7gbgﬁ,ﬁ,thg;national Conf erence On Ozone Protection
Technol ogi es, Conference Proceedi ngs, COctober 21-23, 1996, Washi ngton, 15
D.C It is app t | EP¢Eto]-
et her has a%r ela@i%v%ﬂj SLtfg??o g%%t?ﬁa%g%ﬁglﬁ%ispihgfﬁg%hﬁeti rrtgi gn ?glﬂé!ta? ‘?/el y
smal | gl obal war nil6gl 8oweight peatent 3\ 2-gimethyihyitane ankd daving adollingpeintrdf 30.6cther
al so has a significantly shorter estimated atnospheric lifetinme than its
correspondi ng hyddot P8t apeassie ofifkxfamHg e 1 Conpound
At nospheri c G obal Warmi ng Potential Lifetinme (years) élOO
year | TH) [ err](C)acompositiongoasisting essentially of 96.1-96.5rgeghtpargent n-CsF,-OCH; 4. 9
368 20 The present inveption provides , both bi,nary a |l a
azeot ropi ¢ corrposi*‘f‘flgnfi 819 ‘Fﬂsﬁ%%ﬁff’ﬂm‘%a’ﬂé&ﬁ“é% ﬁg’loma“gtﬁqrilﬂtfgﬁg)gt{ fid
conponent s {ghat cgme QtréTng'héﬁ?é Mfﬁggghﬁ@ggg conpositions with the

er e

hydr of | uor ocar bon et re unsubstitut al kanes having 5 to 7 carbon

atons, nethyl f el ONE. o%, - O
hexaf | uor o- 2- pr@iﬁéﬁpﬁsﬁiﬂy‘fkg‘ﬁlﬂ%%i gy étr‘lédsti.é r%h%ﬁ{ggfé?rc rFc’)qr gg{’h?/ Iélﬁe.
Particul arly suit ahig. 814 ReEEht piresht alekpislopemant gl tiaving, a boilivgpoint of

met hyl cycl opent ane, 2, 2-di net hyl but ane cgycl ohexane and n- heptane. -9-
32.9°C 1 °C at a pressure of 729.5 mm Hg;

(E) a composition consisting essentially of 97.4-97.7 weight percent n-CsF;-OCHs
15 and 2.3-2.6 weight percent cyclohexane and having 2 boiling point of 33.3 °C +
1 °C at a pressure of 735.8 mm Hg;

(F) a composition consisting essentially of 99.2-99.8 weight percent #-C3F-OCH;
and 0.37-0.41 weight percent n-heptane and having a boiling point of 33.4 °C +
1 °C at a pressure of 729.3 mm Hg;

20 (G) a composition consisting essentially of 66.7-68.9 weight percent n-C;F,-OCHs
and 31.1-33.3 weight percent methyl formate and having a boiling point of 24.9

°C+1°Cata pressure of 728.7 mm Hg;

(H) a composition consisting essentially of 99.0-99.5 weight percent n-C;F;-OCH;
and 0.5-1.0 weight percent acetone and having a boiling point of33.5°C+1°C
25 at a pressure of 728.5 mm Hg;

(I) a composition consisting essentially of 95.8-96.2 weight percent n-C3F-OCH;
and 3.8-4.2 weight percent methanol and having a boiling point 0£29.0 °C £ 1
°C at a pressure of 728.5 mm Hg;

-10-



Specific azeotropi c conpositions in accordance with the invention include:

(A) a comyoosirm3 consisting essentially of 69-72 wei ght pepegikodfigsd and

28-31 wei ght percent n-pentane and having a boiling point of 24.8 [err]C 1
[err]C at a pressure of 735.8 mmHg; 5 (B) a conposition consisting

essential | y of (B2 dbipusitivhicopsistipdsséritially of 07 1195 i&e%m perceMOl- Gﬂﬂ;t
2, 2-di rrethylbutane and haV| a b0|I|n 0| nt of 30 [err]C [err](a,‘at a

pressure of 735. b9 wed &P%fﬁﬁlﬁo]sl %36W§ﬂ1&r91?gp@§§miﬁﬁémwgﬁ |
96. 1-96. 5 ht cent..n- hexane an
havi ng a b\glle: ?ng ‘%°§‘.r' S&P{?;}% ag;: fcé ﬁﬁ%ré,\gm% tf7g$? ;—ll &a pressure of

t tjally, of 95.8-96.2 wei
percont Lorr]  BRYA SORTOSGRFOTHSERR FESARANLe 5yl'§a%w§+a%5a€cw GokrdlG

boi i ng poigt of SRl ﬁgq# 't dfE) @
conposi ti onsqconsétglléral‘g‘i eZse‘g%lgﬂﬁ ééj{"% %% }2 wel g cen ry JfE

and 2.3-2.6 wei ghe6.peCaiehPCayalpedssurend 7302 mmBgand boi I I ng point of 33.3
[err]C 1 [err]C at a pressure of 735.8 mmHg; (F) a conposition consisting

essentially of (ﬁpaaoﬁaeﬁnmﬁtmeg&ﬁﬂﬁﬂg%ﬂom@wa@hp pérdentSi-Ol¥,- ent

n- hept ane and having a boiling pornt of ressure o

m Hg; 20 (G a HWhHOS0Q wei bmrcmtlmgﬂelsz-dmiﬂcz{bethyleﬂe ssf aviiy Oboiling) ht

- d h
e o s ool kR 5E AR, 2y 0 "

conposi tiofgconsi sting essentially of 99. 0 99.5 wei ght percent n-C3F7- OCH3
and 0.5-1.0 wei ght percent acetone and having a boiling point pf 33. 5C 1
C 25 at a pr es dihas fithe7 b&nFound thit th¢ h})drwtmmupdmhbﬂmnmmomcamwght}us

essentially of. -96. 2 er cent er r({p and 3 4 2 wei ent
met hanol and hg'v ?l nis %*fﬁg? ﬂ'@os‘ ons haying A%F&’B
728.5 mm Hg; - #ird component. The second component can be selected from methanol and
1,1,1,3,3,3-hexafluoro-2-propanol and the third component can be selected from
15 the group consisting of methylene chloride and trans-1,2-dichloroethylene.

Particular ternary azeotropic compositions in connection with the present

invention include:

(A) a composition consisting essentially of 74.3-82.3 weight percent n-C;F;-OCHs,
2.3-2.6 weight percent methanol and 17.3-21.3 weight percent frans-1,2-
20 dichloroethylene and having a boiling point of 26.8 °C + 1 °C at a pressure of
731.7 mm Hg;

(B) a composition consisting essentially of 70.3-77.7 weight percent #-C;F-OCHs,
3.5-3.9 weight percent 1,1,1,3,3,3-hexafluoro-2-propanol and 21.0-23.0 weight
percent #rans-1,2-dichloroethylene and having a boiling point of 29.5 °C + 1 °C

25 at a pressure of 730.2 mm Hg;

(C) a composition consisting essentially of 70.0-76.6 weight percent #-C3F;-OCHs,
1.9-2.1 weight percent methanol and 23.4-25.8 weight percent dichloromethane
and having a boiling point of 24.6 °C + 1 °C at a pressure of 733.7 mm Hg; and

(D) a composition consisting essentially of 67.8-74.8 weight percent #-C3F;-OCH;,
30 - 2.5-2.7 weight percent 1,1,1,3,3,3-hexafluoro-2-propanol and 24.8-27.4 weight
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(J) a conposition consisting essentially of 97.1-97.5 wei ght percent [err]

and 2.5-2.9 weight percent 1,1, 1, 3, 3, 3-hexafl uoro-2- propan l.hg a,
boi li ng pworﬁs ? 333. 4 [err]C 1 [err]C at a pressure of 73&1.‘?9%8%&’(@ a

conposition consisting essentially of 73.0- 75 6 wei ght percent [err] 5°

of 260 [er]C - 1PEmharonepat et fvine seafis G pfdefcd P st 29 PO T

conposi tion consrﬁgeggﬁgegpwghﬂm of 50. 0-92. O wei ght percent [err] and
8.0-50.0 wei ght percent trans-1, 2-di chl oroethyl ene and having a boiling

point of 29.5 [err]C 1 C at a pressure of 736.0 mm Hg. 10 It has further
been found that the hydrofl uorocarbon ether in connection with this

i nvention is capabl el’re&rablyr thie ageotrepic zompasitions arefhiomogenepus i Thavissthepfonng a
second and {hi rdgfﬁo ne The secgnd conponent. can be sel ected from

met hanol an ﬁ‘é@f’é‘?‘?’ﬁ&? litions, ii5 2h oM tARPeTARre g atm ent can
be selected fr lé'e the group consisting of nethylene chloride and
trans-1, 2-di chl'oroet hyl ene. Parti cul ar ternary azeotropic corrposrtrons in
connection with the @seqmprcmemsnmramreme hyapixingtherdesired ampundwefsi st i ng

essentially of .7 8 wei r C

nmet hanol and 1'}“@‘ §E°'§°§g?n ?2?% Paﬁ@ yQ&egﬁﬁmpcg}ﬁéf’%g{lﬁg‘ﬁ‘eaghyl ene
and having a b@ufﬁm&mge&xemismg@oﬂvebﬁmalﬁmﬂg:ﬁem a pressure of 731.7 mm
Hg; (B) a conposition consisting, essentiall f 70. 3 er cent

n- C3Fr ocH3 103, 5- 3. 9 Aeleamng propesa in aceorgance vith smatfqn&ara ¢ o @e& and

rz)(l)r gt ng 02\36{59[ er%{‘er r Cdngﬂgt&mépsméss ur eWlegn@omg g ng
conposi tion corisvestiomygnt ﬂse:nntaminagtsoh theGubstiag: Be vbesojwd thispersedtor Elspla]:e;d m
i chi o onat handF Tt A Ero A ComROR Ao S o viDs (BF PRI Hsng e ¢ o
pressure of 73%uBstraie with frédhglundohtatina@sti@edtiopit tofPbsitic orty rémedng b alilsiraref
67.8-74.8 weight percent [err],

15 ~ immersed in an azeotropic composition from the bath and permitting the contaminated
azeotropic composition to flow off of the substrate) the azeotropic composition
containing the dissolved, dispersed, or displaced contaminant from the substrate. The
azeotropic composition can be used in either the vapor or the liquid state (or both) and
any of the known techniques for "contacting" a substrate can be utilized. For example,

20  the liquid azeotropic composition can be sprayed or brushed onto the substrate, the
vaporous azeotropic composition can be blown across the substrate, or the substrate can
be immersed in either a vaporous or a liquid azeotropic composition. Elevated
temperatures, ultrasonic energy, and/or agitation can be used to facilitate the cleaning.
Various different solvent cleaning techniques are described by B. N. Ellis in Cleaning

25  and Contamination of Electronics Components and Assemblies, Electrochemical
Publications Limited, Ayr, Scotland, pages 182-94 (1986).

Both organic and inorganic substrates can be cleaned by the process of the
invention. Representative examples of the substrates include metals; ceramics; glass;
polymers such as: polycarbonate, polystyrene and acrylonitrile-butadiene-styrene

30  copolymer; natural fibers (and fabrics derived therefrom) such as: cotton, silk, linen,
wool, ramie; fur; leather and suede; synthetic fibers (and fabrics derived therefrom) such
as: polyester, rayon, acrylics, nylon, polyolefin, acetates, triacetates and blends thereof;
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30 2.5-2.7 weight percent 1,1,1, 3,3, 3-hexafl uoro-2-propanol and

24. 8- 27. 4wsghies  per cent dichl oromet hane and having a boptrngogoiest of
26.3 [err]C 1 [err]C at a pressure of 733.8 mm Hg. Preferably, the
azeotropi c conpositions are honogeneous. That is, they forma 5 single
phase unde_rl_hanﬁailﬁm cofiprding Oblend bt_‘zﬁtmaladndrsymlmﬁcﬁbgsr a{dxfoa;paﬁtbs?fmgspher ijc
pressure. e gzeotropi c conpesitions are .p[epa y mxing the desire
amount s of hyd?gﬁsw Bisteriglsn 1he Rescessds gsgﬁwgl[yslﬁpfv@mtg%mmalﬁp lopmag of nor
conponent s sucRyRgoRt oMt Ye. f O Sirdoakis), BPiGO BMARIH RO Rledil] ddiHediBANS 10
A cl eaning process 1 n accordance with this”invention can be carried out by
contacting a caleviges andtmedicaliarsicles suchwas syringas suigiqahequipment, implaptabledevises i ons
of this invgntion unkil the contam nants on the substrate are dissol ved,

di spersed of difRPPRIMEE, or by the azeotropic conposition and then

removing (for exanplEhelfeahingprat@ss dfthesiibéitiontsh bid usbd to' dissalve on Emidvathaspt ed
azeotropic conposition or by renpving a Substrate 15 I nersed in_an

azeot ropi ¢ coneRARINGA surfase ah a substister For example, matenials sush aslight
azeotropic co | okhrB6n “Hc’ﬁ% f a&ﬁ%ﬁiﬁ |
conposition con glllo%I ng %’ﬁ]e |sstgl%g¥m§¥é§g§%§g§ﬁ%§)°§%§§face con gurﬁhr?gnt
fromthe ts §bs]t Ma-gl di{se%mz?qtmﬂgcgfqd stampirigtdils a:zctrnxds?meﬁ:bon;mﬁiahﬁm?she
vapor or the Iﬂ%ﬂ) S e r ,bo , ang aa%#? e kno ecwghﬁaés or
"contacti ng? a SUEhE}Restiverenglyethers, promositiuoreathylene oligomers fgyrosco g
azeotropi ¢ CONRARKdtHARoreetRylBR: AiZbAYR(hfrallic YRR uBAMits), N BHOSils M Predstle
vapor ous azeotro&lpc conposi tion can be bl own across the substrate, or the

substrate can iselderflwrescppriiqulates; aud othencgplomingstsencounteragl in grecisiom elegiranic,

conposition. El t ral: . ' n - 6l ' can
be used to facilﬁ/@a%gi '%'%gpagldg%#l ﬁémtga‘}ra?’%gg%fe g 'e?fé%%!mg%%?ge‘n@ %ﬁé&ﬁ#ﬁ%ﬂ

t echni ques ar e foethe ténxedl 6fhydrochtboirkdritaminantS{esperiatig, lifht hydrochricnruilg))i nat i on
of El ectroni ss wqon nts and. Assenbl| iu?a?éngl ectro hgm’ cal . .Publications

Linited, A n copigminants pagticulatesepd walgk (s desgabRdIn eRertRATgEARN)-
substrates can be clfapRMlatWorrbfioR WaBSRom sublshbte!shMEdRk, R cledfii) RO64E 8f i €
exanpl es of the substrates include netals; ceram cs; glass;
invention can be carried out as described in U.S. Patent No. 5,125,978 (Flynn et al.) by
contacting the surface of an article with an azeotropic composition which preferably
contains a non-ionic fluoroaliphatic surface active agent. The wet article is immersed in

20 the liquid azeotropic composition and agitated therein, the displaced water is separated
from the azeotropic composition, and the resulting water-free article is removed from
the liquid azeotropic composition. Further description of the process and the articles
which can be treated are found in said U.S. Patent No. 5,125,978 and the process can
also be carried out as described in U.S. Patent No. 3,903,012 (Brandreth).

25 - Cleaning using an azeotropic composition in connection with the present
invention may be carried by spraying using a spray comprising an azeotropic
composition in connection with the present invention.

The azeotropic compositions can also be used in coating deposition applications,
where the azeotropic composition functions as a carrier for a coating material to enable

30  deposition of the material on the surface of a substrate. The invention thus also provides
a coating composition comprising the azeotropic composition and a process for
depositing a coating on a substrate surface using the azeotropic composition. The

process comprises the step of applying to at least a portion of at least one surface of a
-13-



pol ymers such as: pol ycarbonate, polystyrene and

acrylonitrile-butadi ene-styrene 30 copol yner; natural fibers gand fabri¢s
derived t Q837863 such as: cotton, silk, linen, wool, rani BETUSISOIEY ¢ her
and suede; synthetic fibers (and fabrics derived therefrom such as: )

pol yester, rayon, acrylics, nykon, o] yolefin, acetates, triacetates and

bl ends t her eof ; Subgipate a cogting pf 3 dqud 8CPRPOSIHONSAAPEFINg [) aR 27eOPRIC sy nt het i ¢
fibers; and conpasidiisn thd (B)%: a5He cOMinBRiatdiaPivRich K VBIUBleQSt Aispersible in the
especi all'y useful “Iin the precision cleanrng of electronic conponents (e.g.,
circui t boar ds)3zeopepic egmpsitiong be taating dorapositien canefiirtben compriseens ogmereredi cal

articles such ag [ S rgic ' - o tgm & %&H and
prost heses. Thea%ﬁ egﬁp%’ %“f%%@%g' %krﬁgéé%g%? llh%)%@’cagﬁ e uSe eo(}gtgfdéxs‘t& ve
or renove nest aRithéalikd)aPieferabilythé process filrtreconiprizesthb siep af emoving thexanpl e,

materials such as |ight hydrocarbon contanj nants; hi ghgr nol ecul ar -wei.ght
hydr ocar bon con%’&ﬁ?’%ﬁ?@“&%@ﬁnﬁ@mﬁ’ﬁéﬁ%ﬂtg%?“%bye&ge ,°‘E’BSFYWQ“&H’EI¥5“9“

stanping oils a er%??@%ﬁgﬁwgﬁe%%%%mlo such as

per fl uoropol yet uoroet’hyl’ene ol I gonérs (gyroscope fluids),
and chl orotri f | uor oeThe tanting miategialsovhich dan e degasited by thelprocéss imclude pigments,

silicone oils .greases... solder.fluxes;.partjcul ates; d ot her

contani nants entSH 5‘6@%%?8%551%@8@*5@&?’0#%?%& ?ﬁgwacﬁ@ml%é?lme
devi ce cl eajp NgagenR, MBrgaRideNiAes, arld thellike,Chd TombBinRidnk tierdofr Piéfered miterfalyy t he
renoval of hydrocar bon cont ami nant s (especially, light hydrocarbon qils),

i gt
15  f 1 uor ocar binelude perflnerapelyesherhydrocathion: and silisone lugrmnts'(faaoram copakamerh

t he next paragr %r?eﬂ g,t%t ) e surfaces,

t he cl eaning pr g@g)sr%ﬂu-(l);?oet e %’ﬁ%’ n |ag%8can %éﬁé?é‘%@ﬁgﬁ#p%%{ﬁ%scri bed in

U. S. Pat ent No. Rbpréstntativéexanipjesrof efatarials)suitablefon tisech ithegprodess moudatitaniom an
article with an azeot.ropi ¢, conposi.ti on. whic retferably contains a. .
non-ionic fl upré’&ﬂ m%lds“-a St Wfigh%ﬁﬁ 9"‘;‘#?9‘% °]¥?‘£?‘f‘,'}°é'site§nf’ﬁﬂg’r sed
in 20  the13 i qudrlicaamedivadPolyteediRiefdeityRile, aftfrptous SdpdRmienfofatirhflublogthylene,

di spl aced water IS separated Tromthe azeotropic coggosmlon, and the

resul ti ng wat er afd enmbimations thereof. rAnyofahe subsiratestfiesqribed pbpva fion cleaning:

e Treated aro. PRRIRMPR EabRCbi G elfipRkpiiisidainoh s Iulbkas BT 0 027

particularly useful for coating magnetic hard disks or electrical connectors with

perfluoropolyether lubricants or medical devices with silicone lubricants.

20 The deposition process of the invention can be carried out by applying the
coating composition to a substrate by any conventional technique. For example, the .
composition can be brushed or sprayed (e.g., as an aerosol) onto the substrate, or the
substrate can be spin-coated. Preferably, the substrate is coated by immersion in the
composition. Immersion can be carried out at any suitable temperature and can be

25  maintained for any convenient length of time. If the substrate is a tubing, such as a
catheter, and it is desired to ensure that the composition coats the lumen wall, it may be
advantageous to draw the composition into the lumen by the application of reduced
pressure,

After a coating is applied to a substrate, the azeotropic composition can be

30 ‘removed from the deposited coating by evaporation. If desired, the rate of evaporation

can be accelerated by application of reduced pressure or mild heat. The coating can be

of any convenient thickness, and, in practice, the thickness will be determined by such

-14-



al so be carried out as described in U S. Patent No. 3,903,012 (Brandreth).

25 "wo §8/8483 Ng usi ng an azeotropi c conposition in conr}pccltfb&@m ] l;7h t he
present invention nay be carried by spraying using a spray conprl m#& an

azeotropi c conposition in connection with the present invention. The
azeotropi ¢ CONTFRsbisias B VistDsif FhdRatSSthateRalC B tdirAGRAT Wi e coating is

applications, where the azeotropic conposition functions as a cafrl for a
coating mat eri @pphes, andhihiesatg of withidrpwal (if imymengion isutiheedpri al on the surface

of a substrate. The 4 Lon thus al so.proy des a .coat.i ng conppsition
conprising the azeotirng}éla@%gorr%ogggg ?%'FP%H}P?H% SR RsaLIny °ﬁ8’ﬁ68g‘§'lqsﬁ§;°'§°’
coating on a subsipbsitiensiokipaisiag 4f ar@tiopie compENificiDchGs EROFigesht The
process cor‘rBrl ses the sﬁ’eagtﬂof_ aﬁgl ying to at |least a portion of at |east
one surface>of Qmposition peinclydea fubrisant; Tg form (copting) gompesitiongthe
conposition co IS PP the SRAIRESE B -and t _|eagt,one
coating materi ;HIa H\Kpﬁ?gﬂs é@%g{hﬁ gﬁgrﬁ?&é’l tg%er SI @ﬁg%ﬁﬁ*@ﬂﬁégﬁomenﬁ&),
conposi ti on. Tradeonaddigvels)mibizdd) carbecumtinedityany canventiahal mixingaechiiijue
additives (e.qg. § I‘fdi’-lCt ants, colori ngmg]g nts, stabilizers,_ anti-oxidants,
flane retardant®® E’r sSpling flisnersing, or @F%ﬂ’\?,w‘f‘ﬁ‘é“eﬁFoﬁgsbyW
conprises the sighftiodf ulrQSoRid dxStatidie nidAeA apRitiof, MHAMORe! | he
deposited coating bd;} e.g,, allow ng e\(a%orgﬁ onmﬂhieqﬁﬁgg%l&(ggb{gi ded by the
appl i cat i oROof compositien-and the additqnalanateniplfs) carmbe eam auy ratio/depending mpbre
deposited by t ' . ' Qi can stabilizer

adhesi ves, ant !“-?% [ g‘ﬁ??pk’%lég‘%%ﬁgér@ég D llggfr?g?geuéqagg%a%ng g}aiegg@é)lo

agents, i nor gamreferablyctenstitata frohhsbolt && to sbuikt tOWeighByidresnsof thecelihg Pr ef err ed
mat eri al s i nclude perfl Porgl%gol yet her,, hydrocarbon, and silicone [ubricants;
anor phous copol SPRPPEtoR for mostooating appliRdHoBRe: pol yt et r af | uor oet hyl ene; and

conb! nat i ons { her eof e kaRRA LRIl BBNSE SF i b Shldthid Hbhahlsss | o7 use

in the process include titaniumdioxide, Iron oxides, nagnesi um oxi de,
per f | uor opdPy etrpfsigerants doneoolingamehiect or araa.i In padicdlar, Bprocescisyprivideddhasi ves,

L Mo I T
appl i cations) odvinityeoftiedtgett 16 be dodkedp The potesfcah BE cAri¥EAit il Bquipiént PT OCess
can be employing the standard refrigeration cycle, which would generally include a compressor
for pressurizing the refrigerant in its vapor phase, a condenser for condensing the
20  refrigerant, an expansion valve for reducing the pressure of the liquid refrigerant, and an
evaporator in which the refrigerant returns to the vapor phase. The phase transformation
at the evaporator causes the refrigerant to absorb heat from its surroundings, thus having
the effect of cooling the immediate vicinity. It is understood, however, that the
azeotropes in accordance with this invention can be suitable for use in any refrigeration
25  operation which currently uses known CFC in particular those that use CFC-11 or CFC-
113. Modification to the standard refrigeration system may be needed and include the
presence of one or more heat exchangers in addition to the evaporator and condenser.
Examples of equipment in which the azeotropic composition in accordance with this
invention may be useful include, but not limited to: centrifugal chillers, household
30  refrigerator/freezers, automotive air conditioners, refrigerated transport vehicles, heat
pumps, supermarket food coolers and display cases and cold storage warehouses.

The process described above can also be used to heat an object in the vicinity of

an azeotropic composition as it condenses. During the condensation step, the azeotropic

-15-



particularly useful for coating magnetic hard di sks or electrical
connectors with erfI uoropol yet her lubricants or nedical devices with

sil'i cone MHt¥EA The deposition process of PREUSMUAFT on

can be carried out by applyi ng the coating conposition to a substrate by
any conventional techni For ex e, the osi.tion.can.,be brushed or
sprayed (e.g. compasition t?%‘é%ﬁhe(?ﬁtpdgtgﬁ% tg'f nBarB?" 'ﬁ@ immediate yjcinity,
spin-coated. Pragbeyieithmdersiosd &h&ﬁgéamslpm@mﬁﬁ&mteawawxﬂ&t efplofiRg the

conposition. |Inmersion can _be carried out at any suitable terrperature and
can be 25 |Stﬂpdardéeﬁlggrﬂuwcboﬁwmce$ﬁls s'éngletfordfsepnmhqamg sppasatiisshatat e

composi t1 on codte CRCPpiRbHPbShipafitflal bifsBleti3hixk ety SBoks hafheciT-
conposi ti on5i ntld dri@FQ-t1®en by the application of reduced pressure. After a
coating is applied tpﬂ&a subs.trat.e,.t cot ropj C_conp itfl can be 30
removed from the dept$iRTe® lf@a&’iéjﬁ?ﬁ?‘?bhme?‘}sﬁa& PIB%}V'"SF?@“PPJRSe of
evapor ation ca%gﬁm@{ﬁg%m%tmﬁnmmgﬁguced pressure or mld

heat. The coating can be of any convenient thickness, and, in practice, the
t hi ckness will be determ ned by such -14- factors as the vi scosity of

the coating material, the tenperature Zém he coating is applied, and
the rate of withdrawal (if imrersion i In addition to coating

corrposi tiong, tm@@m@ﬂu.maum'eﬁﬂu@@mpm des ot her conpositions
conprising an azeotropic conposition, such as e. gy refrigerant 5
conposition that nayPsrfiueregeopionyl Sueridewas prspared by she destrachemicebnposi t i on,

ddi 1 onal - ma: diosiredor SEREBIoR e ipina o€ s@AfRY SO L JERRUIERT Lo oy
any convent i onafluotin¥fi¢iy Tﬁ@mwwnpmdtwcﬁlea&almmyw& &difdefideR ind OF
enul si fyi ng the corrponent S nechani cal Sfbt ation, ultrasonic

agi tation, Jurthergaolad IBﬁD%l%GGFh@t I Huémgmﬂum wanismoved as a gepanasi t i on
and the ad ) g upon
the part| cﬁi q“l?)‘ BRSE Rl {3 eff ARt DTG58 bRRYrS b SSAGF BRET, 0
rr?t eL i al (s) pretaisfepled t6 atdinlésststee Eylidabrihiniinike hpdrabeistand Ghefatifitiite per cent
of the coatin
Y further manipulations. Analysis by >F NMR average analysis of 77.4 % C,FsCOF.
Analysis by 'H and '>F NMR gave an average value for 0.72 % residual HF.

Into a previously dried 2 gallon Paar™ stainless steel stirred autoclave was

20  placed anhydrous potassium fluoride (191.8 g, 3.3 moles). The autoclave was
evacuated with the aid of a vacuum pump to an internal pressure of less than 10
torr. A mixture of anhydrous diglyme (1287 g) and triethylamine (23.4 g, 0.23
mole) was charged into the evacuated autoclave through a dip tube. A portable
refrigeration unit was attached to the cooling ports of the autoclave. When the

25  internal temperature of the stirred autoclave reached -20 °C, the perfluoropropionyl
fluoride mixture (643.5 g, 3.0 moles, described above) was charged to the cooled
and evacuated. After the acyl fluoride was charged, the reaction mixture was
allowed to warm to about 0° C. Dimethyl sulfate (438.4 g, 3.48 moles) was added
to the chilled mixture through the charge port using another steel cylinder which

-30  had been previously dried and evacuated.

The cooled reaction mixture was allowed to warm to ambient temperature

whereby a slight exothermic reaction ensued with a temperature rise to 29 °C. The
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conposition for nost coating applications. This invention also includes the
use-of thgoallRyessdescribed azeotropes as 15 refrigerant $ciRisoffs4 N9 an
object or area In particular, a process is provided that conprises the _
steps of condensing the refri gerant, then evapor at| ng the refrigerant in
the vicinity ofuhhe t 4 ed out in
equi pmrent  enpl {r))ill ng Vt9 eﬁﬁegn ahgg L"ﬁggpg cycl e %@gﬁﬁ{d generally
i ncl ude a conppetassium hydrozide{200 gnf |4g Wﬂ%)mﬁladq;ﬂtwﬂle reactdrs Thejimermahase, a
condenser for condenS| the% er an& an e%FPdEHSI n val ve for
reduci ng the pleEYeA %F HERYS 2A3e Way, FUKBE®MAS n whi ch

the refrigeran 6{)@@ n t t the
evapor at or cau%uelg&{twﬁahﬁa?ﬁg%r g& #o abs e%‘cé?gat r lesu f;é g)’{reérg%nd&%ﬂg
thus havi ng t hwasagpplied totthemattonin order tdm'eﬂdceapmducﬁosu dmnglthe bse platker st ood,
however, that the, azeotropes in accordan e wth t ventjon, can .be

ol unl o T oo fiigton ppd BeVERLpasS (008 the S3pepe T et SFPdAEt (BN MasS o

known CFCinp li% cdhilRd LohddkindS &%&é nto
t he standard rgﬁdlc{gégrlgtai on g%tae%n §ge ﬁoﬁﬁnﬁx@ ng%rg%tg %ce of
one or nore hetie wainllamml]mi sealctoradﬂletremnoxt wag gradeallyteatedao S8hC to duvdlitarer .
Exanpl es of equi %g‘e in which the azeotropic conposition in accordance
with this invePfadyat i@PvBE useful include, but not limted to: centrifugal
chillers usehol d r Qi

condi ti oneirUs) refri é’}% H%%giegtrt{?é é‘f%dﬁsﬁzt%b%%&ﬁo(g&@&yo,%supg?nrtrlaﬁrege?wf ood
cool ers and dlbmhngnmeaﬂis(éa’i) atmigiwhhmmlm&pmm%)ﬁiﬂ sahmhig&r

descri bed abov a e ysed. t eat ect VI C of an
azeot ropi c conggi} hﬁﬁllfl q“f“@ﬂ&é@%@@ﬁ“%ﬁﬁ%gﬁr@ﬁ%m@gﬁ tb’??“ﬁ‘@rﬁ the
azeotropic cﬂrﬂﬁ{g r m,g @5%’

war m ng the m‘Predﬁ ate vi C|ér??%bf6\s a (;elvg1 I't érﬁugxto'?s ooéﬁéggyﬁ th| S
process is not wlﬂ\mntasshytgreﬂqtmmﬁﬂm %ty GL.Crapalykie. Stxaama:ldeﬂﬁéauogavat ion .
cycle; the ess I.s %lmgl e for use on any heating apparatus that uses
CFCs and bEORGUSIng { suitable for those heating apparatus that use
CFC 5 11 orCFC-113. The present invention is further illustrated by

means of the foll ow ng exanpl es
Test methods:

Characterization of the Azeotropic Compositions by the Distillation method.

Mixtures of hydrofluorocarbon ether and a second component and optionally
20  third component were prepared and distilled in a concentric tube distillation column
. (Model 9333 from Ace Glass, Vineland New Jersey). The distillation was allowed to
equilibrate at total reflux for at least 60 minutes. In each distillation, six successive
distillate samples, each approximately 5 percent by volume of the total liquid charge,
were taken while operating the column at a liquid reflux ratio of 20 to 1. The
25  compositions of the distillate samples were then analyzed using an HP-5890 Series II
Plus Gas Chromatograph with a 30 m HP-5 capillary column (cross-linked 5% phenyl
methyl silicone gum stationary phase), a NUKOL™ (fused silica) capillary column or a
Stabilwax™ - crossbond Carbowax™ - polyethylene glycol column and a flame
ionization detector. The boiling points of the distillate were measured using a |

30  thermocouple which was accurate to about 1 C.
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wi t hout however the intention to limt the invention thereto. EXAMPLES 10
Preparation of 1-nmethoxyperfl uoro-n-propane Perfl uoropropionyl fl] .de was
prepar ed WP BREL63| ect rocheni cal fluorination of propionyl W%%@qﬁggl ng

t he standard Sinons el ectrochemical fluorination. The total cell product
was collected in a Dry Ice candenser, and further cooled.in a Dry |Ice chest.
Hydrogen fluoride wan 2zeaweReds detegiedié CL&l]@gPBmtisi%& ™ "Bﬁ’a@g‘ﬂ"f‘%ﬁlaf‘ﬁﬁ cel |
drainings. The LiR6Yin the diQfliaflas WA When36 &) 357 dfthetotal

stai nl ess st eelsg.%%:aﬁ@ggn%{éﬁ{n@mlze hydrolysis and the facilitate further
mani pul ati ons. aAwahtcharget wak eollecedNVR aver age anal ysis of 77.4 % [err].

Anal ysis by [err]H aggd [err].E N ve. an ayer \ 2y % r esi dual
HF. Into a previ ous?ﬁ‘ed#’f“@ﬂ l@'@-ﬁﬁ?‘%ﬁ?"@ﬁﬁﬁ"& raflggﬁg}eﬁ{‘ggsss S 3&"@“{?& ed
autocl ave wgs 3filing RoMEOHerd Mbd6lirad! fre Peoned inTabld 2:for thidiralPdzebtropes andin

nol es). The autocl ave was evacuated with the aid of a vacuum punp to an

i nternal press(fableck for thedempryazadropes-r . A ni xture of anhydrous di gl ynme
(1287 g) and triethylam ne (23.4 g, 0.23 nole) was charged into the
evacuat ed autocl ave through a dip tube. A portable refrigeration unit was
attached to therigamability didid estfopelie aut ocl ave. When the 25 internal

t t f th ti d t ocl - 20 [ .th .
per 1 Uor opr opi onyl  TRAEHESRE HET Asa Esle! § Farnisaniyly plicing Ksmpalhsliguat )
was char geqot 0 ¢, 02,5068 ait Oferftdtiiiiedlsh AdheIdidg eflatedoufde MOttt Weth the

charged, the reaction mxture was allowed to warmto about 0 C. D nethyl
sul fate (438.4 ppotofsle aasbepe ahave the dish. Flameipeopepationagross the yarorindicatrgh” t he

charge port usi not her steefi gxhi Min@%' REEHPTAYd PHsd ¥
dried and evacu@% _azfﬁéo%eo%?se rea(l:gt?idg{r? m X u}lgpd\/\a/a%ﬁgﬁq? oweg to warmto
anbi ent t enper agridetheheddiip/ Flahl’i ght exothermi c reaction ensued with a
tenperature rise to 29 [err]C. The -16- m xture was stirred overni ght at

anbi ent tenperature. Water (200 g) and potassi um hydroxi de (200 g of 45
wt.% was added to the reactor. The internal
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tenperature rose to 35 [err]C after the aqueous base was added. The m xture
was stirsqodspsrigcilitate the hydrolysis of any excess di netdgysosloiabe.
External cooling 5 was applied to the reactor in order to reduce product

| oss during the one plate distillation and recovery process fromthe
reactor. The cCriifgy s &didie #é@mmmyvas collected in a chilled condensing
system by al | om ng the product vapors to escape_ the stainless steel

reactor. The reactormmmsﬁeéﬁvﬁettﬁt@éﬂlﬂ@ﬂwtpmmﬁate pr oduct
renoval . 10 f some
unidentified | &%d?g'%& ma e | g@@é}&{%‘tmgﬁgﬁaﬁrﬁ% egol re uct .
(90% and sone desaihednbms Paanmws,zis mnmdﬂ@uhpthi()fWMdm

Fractional distillation thraough a 50 pI ate r shal roy
1- met hoxypePf | (ablesd ekt wassehsaingd by, gfi“‘ ﬁ"'%iglé‘gfgwg@’r r t han

99.8 % by GLC @akw%hémméﬁngﬁ%&%aﬁ&%ﬂ@omJtilevaieﬁﬁommas [errl F

NVR. Test neth aracteri tropic Conpositions by t
Distillation mgtenedt. 'Meﬂwdmearbom sdlyhihméslmdtmamﬂmm conipositiomsiwere seeasured at

conponent and optiqnal | t hi nt 5] . di sti | | £d
in a concentri 8 g ITal’Fl %5'5‘ ﬂﬁ&fﬁdﬂgf”bﬁg%dﬁé qﬁ@%& pond”

Vi nel and New J%sﬁa/ﬁmnbléhef@ﬂrﬁdddtéﬁmne stlydesvarboh @- @leuaelﬂwwaseomehot al
reflux for at least 60 mnutes. In each distillation, six successive
distill atelgamaebof@ae:pogpm@mmmwasrqsm@@nerawe vol ume of the total
liquid charge, were taken while operating the colum at a liquid reflux
ratio of 20 to 1. The 25 conpositions of the distillate sanples were then
anal yzed using an HP-5890 Series Il Plus Gas Chronat ograph with a 30 mHP-5
capillary columm (cross-1linked 5% phenyl nethyl silicone gum stationary
phase), a NUKOL[err] (fused silica) capillary colum or a Stabilwax[err] -
crossbond Carbowax[err] - polyethylene glycol colum and a flane ionization
detector. The boiling points of the distillate were nmeasured using a 30

t her nocoupl e whi ch was accurate to about 1 [err]C -17-
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An azeotrope is detected if the boiling point is below either conponent and
a substanti al | constant conposition in the distillate is found when 20 to
30 % of tH@ 3 amount charged was col |l ected. The conposi PCOREPS/MIET,

boi ling points and anbi ent pressures at which the 5 boi ling points were
nmeasured are reported in Table 2 for the bi nary azeotropes and in Table 3
for the ternary azeotropes. Flamabili tym‘t%e azeotropes The .azeot r opes

were also tested for flanmability by gh’ﬁ@f‘ﬁ&@"l’% aliquot of 10 the
azeotrope in an_open alum numdish an | Ng flarre source in contact

with the vapor|SetondhE€ompendnt ope ﬁ]ompevsttl%' Fham. | B.2neC ) rPreaqied® 'H@ ¥S
t he vapor indifcated that the azle gitanh O f 1 amyabl e. ‘I’he(&% bility data
is presented |(Jﬁ IaW oL ol B AR Pyt
di ssol ve hydrdcar bon He azeotropic conpogitions wereltested flor their
ability to di siPehtagehydrocarbons @b.5 (c4)easi vigs foleegll 4r yas ght] 1 n-ggmanper
sim | ar tothe_.p.r_g.g_e.d.u.r_e_d.e,g_c“b_edinllQ Patent No. % 275 669 (\Van Der
Puy et al.) Tq %QEQCMt ed |in 130(013bl ¢ Yemjd 30.6ag oMB6ngd byl3
determning t est—Tormet ||y ofatkefre— e h—ras—seoHubi-e—ih—a-
particul ar aze ?‘8’?90 conpositilo T(le’ t“oY 5032}6 pney%qegcent. Phe
hydrocar bon soivg&hylcidlSentdnet NE az4ag bapi C S TEaSUT £ttt
room t enper at ure l1’he nunbers_iln Tabf(e -%dggpﬁ he§ %aqll‘r,t\%geﬁHC@T"w
correspond to [Qyelohexdner of carjoor2.4i(0/ i n Noe || B3gest hm,wcajr bong
n- al kane that pas—setuble—+R—10-——each—of—lthe azeotropilc conpogitions at
room t enper at (Fisptangg_ Tabl e 2 ®AK8A) afedor jp34 | 7293 10
Esters
Methyl Formate 32.7(0.3) Yes | 24.9 728.7 14
Ketones
Acetone 0.8 (0.1) No 334 728.5 10
Alcohols
Methanol 40(0.1) | Yes | 29.0 728.5 9
Hexafluoro-2-propanol 2.7(0.1) No 334 733.2 10
Chloroalkanes
Methylene Chloride 25.7(0.1) No 26.0 733.2 14
‘Chloroalkenes
t-1,2-dichloroethylene 22.4(0.1) No 29.5 736.0 12

1 .
average amount of second component in the azeotrope

2 pressure at boiling point in torr

-20-



Second Conponent Comp. mt %err] Flam B.P. [err]C Pressure[err]

HC @RT (s{hwysks7Rey.) Al kanes Pent ane 29.5 (0. #rT/Uusey@esr 24.8
735.8 15 2, 2- Di net hl but ane 17.0 (0. 2) Yes 30.6 735.6

13 Hexane 3.7 (0.1) Yes 32.7 729. 6 9

Met hyl cycl opent ane 4.0 (0.2) No  T3B1e3 729.5 10

Cycl ohexane 2.4 (0.1) No 33.3 735.8 9 Hept ane

0.4 (0.1) No 33.4  729.3 Temary Azgotsppesiet hyl For mat e
32.7 (0.3)

1T

0.8 (0.1) econd g third comaponent  Comp, jyt %EI spﬁﬁéi‘ﬁ%noﬁ““ HC@RT
4.0 (0.1) Yi 29..0 L1225 (stan eV Pl dalaP-TaTall 2.7
(0. No 33 4 733.2 10 Chl oroal kanes I\/Et hyI ene Chloride
25.7 (0.1) 26—0 332 14 S-oroptHenes
t-1, 2-di chl or of fﬂweﬁ'éw"nzz 4 (0.1 29.5] 7360 1P [err]
aver age anount Nt | eqt g T pToacu
boi | i ng poi nt &qﬁé}?ﬂﬂ%& , I abl e SI%Q%);‘?V &?gt rggie'z Secgﬁﬁ Lumdait%ﬂ rg
conponent Conpimethafi¢lerr] BP Pr essTr e1.8(0.1) Kl am| HC@RT |(stand] dev.)
([err]C) Conposition TI

Composition T2

trans-dichloroethylene 222(04) |29.5{ 7302 No 11

hexafluoro-2-propanol 3.7(0.7)

Composition T3

methylene chloride _ 246(0.1) |246| 733.7 No 14

methanol 2.0(0.1)

Composition T4

methylene chloride 26.1(04) |263| 7338 No 13

hexafluoro-2-propanol 26(0.1)

" average amounts of second and third component in the azeotrope

2 pressure at boiling point in torr

Yapor-Liquid Equilibrium Data For Hydrofluorocarbon Ether/frans-1,2,-
Dichloroethylene System
The vapor-liquid equilibrium (VLE) data collected and presented in FIG. 1
were collected according to the following method. A continuous equilibrium still
10 comprising a 1.0 liter insulated distilling flask, a heating mantel, an overhead
condenser, a receiving flask, and two thermocouples positioned to measure the
vapor temperature and the temperature of the liquid in the distilling flask was

charged with approximately 200 mL of #rans-1,2,-dichloroethylene. The trans-1,2.-
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trans-di chl or oet hyl ene 19.3 (0.1) 26.8 731.7 Yes 12 et hanol
2.5 (0.1) gsition T2 trans- dlchloroethylene 22.2 (0.4 29.5 730.2
No wﬁ% % | uor o- 2- pr opanol 7 (1.7) Conpositi BET’F’?WN&I ene
chl ori de 24.6 (0.1) 24.6 733.7 No 14 et hanol

h l.ori 0.4 26.3 733.8
N ) 3 RisorpaylsnaNas besioto boif andlgwted to papilbiate sableb el fBLR 5 of
second and t hi néhst:e@nmﬂﬁestuﬂdar hiASoSPESTY praffird &r\bﬂucﬂhﬁﬁsﬂié figdt gah@béﬂd}g poi nt

in torr 5 Vapor-Liquid Equilibrium Data For Hydrofl uorocar
Et her/trans-1, 2¢mp@am¢somretrﬁ;drdede Syccessiva htkimmsmf-dppmmdatelywd mbrofum

VLE) dat II t oIIeted accordlngto'
the ol Towi g, IEAHBHORREBA A sadeck i e Sl fask o ow%ﬂmlem 310
liter insul gt eQqfiiistad | 7 Gn ratiGn BE& dabs syt Bés?\}e dﬁﬂx ﬁ{eh Per

ask

a receiving fl , and t er nocoupl es p05|t|one asu
t enperature andemperatwememtagam redortiéxband liguidi saimpléhwetél extrablet! Iﬂtjmi thts k vvas

harged with 200 f ot di chl | Th
Craned, o - - o AlahE e dpcue fasand1B0h Ebeiive somgPHOGH Vare oEed o
equi librate at dsﬁ;k%rmsbwséﬁés ﬂi’lﬂs@&tcﬁ%ﬂﬂ hiibe A vAEHD SO S-S

pressure at which-tine the liqu vapor terperatures were recorded.
Successi ve addicapidary qn!lurmp(nrossl-lmked IS% mbenyl_meﬂlyhglﬂcmklgum slamdamphase)aamﬁded
to the dis |lation flask a @%allo dsimdﬁ.r fo 5 eqwllbr Upon
boui | br at Mo &iate lonatian fctedor . Ehcporisat addiion wagsoataed WP e

proportion of the hydrofluorocarbon ether in the distillate flask reached about fifty

percent by volume. The distillation still then was emptied, filled with approximately
200 mL of hydrofluorocarbon ether, and the above process was repeated by
successive addition of approximately 10 mL of #rams-1,2,-dichloroethylene.

15
Evaluation of Hydrofluorocarbon Ether/trans-1,.2,-Dichloroethylene Azeotrope as a

Refrigerant _
The ability of an azeotrope of the hydrofluorocarbon ether and frans-1,2 -

dichloroethylene (22 wt% frans-1,2,-dichloroethylene) to function as a refrigerant
20  was evaluated from prediction of the thermodynamic properties of the azeotrope

using the four parameter corresponding states method described in W.V. Wilding et

al., "Thermodynamic Properties and Vapor Pressures of Polar Fluids From a Four-

Parameter Corresponding States Method," Int. J. Thermophysics, Vol. 8(6), 1987.

The method employed. the following measured vapor pressure, critical point, and
25  liquid density data:

Boiling Point (K) 302.6
T. (K) 449.1
P (K) 31.42

30 Liq. Density @ 23 °C (g/cc) 1.355
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tenperatures were again recorded and liquid sanples were extracted fromthe
di sti k| atwoensamgsr ecei ving flasks and their respective conmpggihis lglsgu;re
anal yzed using an HP-5890 Series Il Plus Gas Chronatograph equi ppe Wth a
30m HP-5 capillary colum (cross-1linked 5% phenyl nethyl silicone gumf

stati onar hase) a I o]
addition \>//vag con% | ngggﬁgn%cl c{ehep%%%geﬁ‘g%ﬁ%? @!{%‘Hgﬁ%{ ltloEP?(’)érﬁocgs‘ra%’g%@etdher
in-the distillfiom thesgsdata.cTabled bebow presests gheresaltsnt by vol une. The
distillation still then was enptied, filled with approxi mately 200 nlL of
hydr of | uor ocar bon ether, and the above process was repeated by successive
addi tion of approximately 10 nL of transghpte 4di chl oroet hyl ene. 15 '
Eval uati on_of Hydraf| LIOr 0CAr bon Fther/trans-1,2, -Dichloroethyl ene Azeotrope
as a Refri an &£RGddopd of HCECH2Sr of uor Azesotrope €t h
and trans- wt-06-t+grs—t—2—di-cti-o

function 4 7 lat ed from jpﬁsedl cti )n of tiHd

t her nodynaj SENVIS I oo R ouT—p§ranet
correspgn?ﬂl gwl?rr?l’ WV. WI ?‘%3 et al., 402.9
"Therrmdynlacocp Properties and Vapor Pregssurgs of Pppsmr Flu ds Fr gmgea Four
Par anet er [Corresnonding States Mpthod " | nt 1 __Thermphysics, Vol 3(6)
1987. The nMathl@hﬂroyed the fo Iovvihﬂﬂmaasured viapbr pregsure, le# ti cal

pOi nt, and censt ty tata—B “%i’ig Pot-rt—1<5 3026 T[ C"'I"1
(K) FAAN 2 449.1 Pler]] (87 41.0 3] 42 3404

Li g. Densi ty ng) g) 1 C (07CC) 1.35372 87" ISEREE PP C Cycle p TTTHTTC
at typical fq&condl tions thén was pr edilct ed ?r%gﬂ t hesg dat a?‘{%%m e 4
bel ow preseﬁwts the results. Table 4

O

U

The predicted thermodynamic properties of the three refrigerant materials
compared in Table 4 provide evidence that an azeotropic composition of the
hydrofluorocarbon ether and trans-1,2-dichloroethylene can function as a
replacement for currently employed CFC and HCFC refrigerants. The tip speed of

10 the azeotrope is very similar to that of both comparison refrigerants. This number is
a measure of the tangential velocity the impeller must have to develop the pressure
difference required to span the temperature difference between evaporator and
condenser. If the required tip speed for the azeotrope was larger than that for CFC-
11 or HCFC-123, an existing compressor might not be able to develop the head

15 required for normal operation. This is a condition called surge and it halts
compressor operation. Should a new impeller be necessary, the fact that the tip
speed is lower for the azeotrope guarantees that 100% of CFC-11 or HCFC-123
compressors can be retrofitted. If the tip speed was higher, a larger impeller would
be required and that impeller might not fit in the existing impeller housing.

20 The volumetric capacity of the azeotrope is very similar to that of HCFC-
123 indicating that the azeotrope might function as a drop-in in machines operating
with that refrigerant. The volumetric capacity of the azeotrope is sufficiently similar

to that of CFC-11 that it might function very well with redesigned impellers.
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Property CFC- 11 HCFC- 123 Azeotrope Tip Speed

(m's) 191 185 177 Vol unetric
Capacity OTSRNG 4745 406. 1 402. 9PEEIS98/01637
7.16 7.05 7.40 Mach Nunber T.44

1.51 ' 1.44 Plerr] .(kPa) o 49.7 41.0
40. 4 P[err] (kPa)  The theoretical COP of the ageotrope is highen than ghat of CFC-11 and 143 9

5 The predicte r gmng : : i ??Ihi terials
conpared in Ta(b*_llée:pg f?ﬁ%{n& e tﬁété'rﬁ%fe}ﬁ*%;eﬁg%&g@éﬁlé g"g?%&%@n'g‘gé 1Tl ogr?iof t he
hydr of | uor ocar hesteepérfornmance thanmould Be gossiblowithehhérasfehe athefslnkitd e as a

repl acenent for currently_enplaoyed CFC and HCFC refrigerants. The tip speed
of 10 the azedVhensneray éflisipncy, ifpmarketable featureof B oew ystemathiseopld well
refrigerantg. lmlﬁ i ngential velocity the

i npel | er rru§t have t?g e&gpgmg%#g@g%%h%%#%ence required to span the
tenperature differ erFinalbg theMaclemambéraifahe sixdtrope Bsiedtingl dndidesighequi r ed
tip speed for the azeotrope was |arger than that for CFC, 11 or HCFC 123,
an exi sting corfnditioas indicatas thatithe eompressar sap dovelomtherequited head withewta r ed
for normal opergtd IS 34, l.Lion called surge and it halts

conpr essor Opﬂ%}%}c%ﬂo%ﬁﬁf&%g%ﬁg@vgﬁh el | er be necessary, the fact that the
tip speed is lower for the azeotrope guarantees that 100% of CFC-11 or
HCFC- 123 conpressors_can be retrofitted, If the tip speed was higher, a

| arger i npdPl er woul Yateusraedifications and alterationsnfithis invention wilbbe pparantite he

exi sting inpell i . Y I I . .
arcotrope 15 venbsRiRdlH et pithous deghitfe Bos ¥R dcofie G5 Bt ot s thiiition,
azeotrope m ghtandinstiouthbewnderdosdthiab thiginvastivnrie fotinitat tortle ustrativeat
refrigerant. The volunetric capacity of the azeotrope is sufficiently
simlar to thatenodimnents set:faeth hereind ght function very well with redesigned
i npel lers. -23- The theoretical COP of the azeotrope is higher than that
of CFC- 11 and
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HCFC- 123 indicating that machi nes designed for this refrigerant m ght
exhi-birt beid ew37péey f or mance than woul d be possible with eithegcfisdsifes7
others. At a tinme when energy efficiency is a marketable feature of a new
system this could well 5 make the azeotrope highly effective and

desirable. Finally, the Mach nunber of t&mgtrope at nmiﬁti ng and
* c L

design conditions indicates that the conpressor can deve Iuﬁgm
head w t hout a Whalesm: f| ow condi ti on devel opi ng. 10 i ; ”ﬂ l
o those

nodi fications and alterations of this invention will be apparent
skilled in the art wi thout departing fromthe scope and spirit of this

I nvention, and4t sh Wdsh [ étﬁﬂﬁ hSiod | ' of Jimted
to the illust ralt'i ve %ﬁln%gef?%gnt S S%Q‘%SRM(;} telr%#%.ehﬁ%&[gflcgﬂvp%c}?’ama
CLAIMS 1. 5 Aseeorsidomypminentcsebactesd fromthe grovipsdonsigtiss of alkirdeyordycioglkahe and
ab second c&a ,ogeént _?gérgct ed fromthe group consisting of an al kane or

cycl oal kane ha on siomsamethy! formate; acetoppemethanglel.dded,33et hanol |
1,1,1,3,3,3- hgxaid Oy 2= hde

rans. 1 2 di chibReRb 2 proBegil el B o Snd ek y LB rostvienes; ng 1o
claiml1l wherein said azeotropic 10 conposition is selected fromone of

the follow ng conpositions: (A) a conpositign consisting essentially of
69- 72 wei ght pér centAR agsotropifcompositiqnacsardingta-claim | whernin paid aredptropic ng a

O 09, POND! Roribsffioh St Sddered bk Qs3he BB Wiip@iugrd? & 1 HO: (B) @

conposi tion consisting essent rce [err] and 15
16-18 wei ght ngent 2. 2-di net hyl but ane. and l.ng .a boilin | f 30.6
[err] tC I1|g[ er Eﬁgég&;oggfggggﬁpgm ngﬁ%?‘%‘ﬁ%ﬁﬁ?‘“’?f ;ghtm ?’f&%‘%ﬁ%ﬂ‘? i ng
essenti a 0 : cSbHn : RTRCE

n- hexane axd havi %gsa bmgllﬁieﬁng pg?ﬁ{eﬁ%ﬁbw.&?&hﬁ@] (Q, r%lﬁﬁléﬁ?gg}]]%&g{‘\%m
pressure of 729. 6aprésgyre of 735.8 mm Hg;

(B) a composition consisting essentially of 82-84 weight percent #-C;F;-OCH; and
15 16-18 weight percent 2,2-dimethylbutane and having a boiling point of 30.6 °C
+ 1 °C at a pressure of 735.6 mm Hg;

(C) a composition consisting essentially of 96.1-96.5 weight percent #»-C3F,-OCHs
and 3.5-3.9 weight percent n-hexane and having a boiling point of 32.7 °C +
1 °C at a pressure of 729.6mm Hg;

20 (D) a composition consisting essentially of 95.8-96.2 weight percent 7-C;F7-OCH;
and 3.8-4.2 weight percent methylcyclopentane and having a boiling point of
32.9°C =1 °C at a pressure of 729.5 mm Hg;

(E) a composition consisting essentially of 97.4-97.7 weight percent #-C;F,-OCH;
and 2.3-2.6 weight percent cyclohexane and having a boiling point of 33.3 °C +
25 1 °C at a pressure of 735.8 mm Hg;

(F) a composition consisting essentially of 99.2-99.8 weight percent 7-C;F,-OCH;
and 0.2-0.6 weight percent n-heptane and having a boiling point of 33.4 °C +
1°C at a pressure of 729.3 mm Hg;
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20 (D) a conposition consi Z,t' l gl ly of 95.8-96.2 wei ght percent
[err] and 411 wei ght perc ﬂmmgwggﬂﬂﬁtt ane and having a boiling
poi nt of @% 7%?3?]0 1 [err]Gatc av f 729.5 nm Hg?g?'ﬁf”é‘"“" :
conposition consisting essentially of 97.4-97.7 weight percent [err] and

2.3-2.6 wei ght rcent cycl ohexane and .havi a _boiling point of 33.3
[err]C [err] Zga?acomfo[; Pp pensiging eﬁ?@%‘g&%‘n%ﬂ'ﬁg.%ﬂ&hﬁﬂf&eﬂ( mCsH-OCH;
corpos £ on consi gid S1S3ibight barogt AN 1S W B PO GRS plj d
0.2-0.6 wei ght percent n-hept ggebaﬁd havi)ﬂg a %%%ﬁﬁﬁ%ﬁn ol n@ﬁ%pé‘g{.élé%ﬁgr] C
[err] 1[err] C at o prle¥C ar &preksut 8f 2281Tnidg He: 25- (G a conposition
consisting essentially of 66.7-68.9 weight percent [err] and 31.1-33.3 '
wei ght per cent (HyaRwpbsitioh consistigb8senfigll?of 08 0-593 WwaiktiperlentA-OF.OCHC 1
[err]C at a pressure of 728.7 m‘nﬁg; (H) "a conposition consisting

essenti al | y5of 99amgl @§-150 weight pegventcasetone @nd having a boiliag goint of 33.8 °@et ght
percent acetone apgd~having a bqili nt of 33.5 [err]C 1 [err]C at a
pressure of 728. 5%%“?@”%#5‘“&’%3%%&%‘% consi sting essentially of
95.8-96.2 weig percent, [err], and 3.8-4.2 weight percent nethanol and
having a boi | i Y 3fRamRosEonengisting essentially pf 95.8-26.2 weight parcsntoe-CaF=O06H:;728. 5

0 - SRS S gt BURAt55 358 bt ¥ b8ling ok 872870 484"
1,1,1, 3, 3, 3- hexaflwraoa%r@mwmsmj ng a boiling point of 33.4 [err]C
[err] 1 [err]C at a pressure of 733.2 mmHg; (K) a conposition consisting

essenti al | yp of (H3 &n?n%rbsﬁidffé gg;gﬁ@gléﬁgﬁﬁfgn%gf 6% 137 ééigﬂf 3571.5%“3‘@1: @_ﬁ? rcent

nmet hyl ene chl ori‘de a avin _ olnt of 1 ferr]
1 [err]C at a preasi2.8-29 weight pervanthy 1, 1:83|3 (hekxafluoro-2psrepiriod and havdngsd i ng
essentially of 50.Q-92.0 wejght percent [err] and_8 0-50_0 wei ght percent
trans-1, 2-di chl or%’c‘?ﬁlf’%‘ﬁbo%“h&\# hgcét BOreSpygopBhemmHEy 5 [errjC 1
[err]C at a pressure of 736.0 mm Hg

(X) a composition consisting eésentially of 73.0-75.6 weight percent #n-C;F;-OCH;

and 24.4-27.0 weight percent methylene chloride and having a boiling point of
15 26.0°C =1 °C at a pressure of 733.2 mm Hg; and

(L) a composition consisting essentially of 50.0-92.0 weight percent n-(i;F-,-OCHa
and 8.0-50.0 weight percent frans-1,2-dichloroethylene and having a boiling
point of 29.5 °C & 1 °C at a pressure of 736.0 mm Hg.

20 3. An azeotropic composition consisting essentially of C;F,-OCHj, a second
component selected from the group consisting of methanol and 1,1,1,3,3,3-
hexafluoro-2-propanol and a third component selected from the group consisting of

methylene chloride and #ans-1,2-dichloroethylene,

25 4 An azeotropic composition according to claim 3 wherein said azeotropic

composition is selected from one of the following compositions:

(A) a composition consisting essentially of 74.3-82.3 weight percent #-C;F;-OCHs,
2.3-2.6 weight percent methanol and 17.3-21.3 weight percent frans-1,2-
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20 3. An azeotropic conposition consisting essentially of [err] a
second coWPRssAt63sel ected fromthe group consisting of net h®EFIUSAsALI637
1,1,1,3,3,3- hexafl uoro-2-propanol and a third conponent selected fromthe
group consisting of methylene chloride and trans-1, 2-di chl oroet hyl ene. 25
4, An azeot r opdichlocogtindertel and taeitgrabailing poiat of 26.8 °Gliet eCrat agiréssure of
azeotropic conposition is_selected fromone of the follow ng conpositions:
(A a conpositi on7%’oﬁ§i"§ﬁgég essentially of 74.3-82.3 weight percent [err],
2.3-2.6 weight percent nethanol and 17.3-21.3 weight percent trans-1, 2-

- 26- di chl or(gbmymn@namgommsgseenbeny oh{P-3di7nt weighppergertar-C3E3-OCHs,

[err]C at a pressie, gf i ; ) C shtion consist il .
essentially of 70?3%?W?%ééipém%ggclééf?’%gﬁﬁﬁqg% %_Pé‘? ﬂjinﬁggg Cove'ght
1,1, 1,3, 3, 3shexaf pateémt FmB 10 MordBtlyRhe And Baving'& beikihg Point of 203'€S8Y °C
trans-1, 2-di chl oroet hyl ene and having a boiling point of 29.5 [err]C [err]
1 [err]C at a prestapressie BWBR2mmMEg; (C) a conposition consisting
essentially of 70.0-76.6 weight percent [err], 1.9-2.1 weight percent

met hanol and 23C¥azbmpositiog bdngitingeezsentiallybHTR0xT6Gweightferoanti R Fy-OCH;] Ng
point of 24.6 [errlQC 1 [err]C at a pressure of 733.7 mmHg; and 10 (D) a
conposi ti on consi 8rhd weight percent methangland 23/4-35.8wejght preeent gichiqrpmethane

2.5-2.7 i ght t. . 3-h .l -ofr Qr.0 -2l 4

Cerght porcant PeRifBivie ¢ hdiide Brit RESR 6oL 1€ RaTHERRte SOBT i A fad.
C at of 733.8 mm . 15, 5. ocess for pr Cj

o] et daP" D afeompesifion sontyingssstntily af 6L 0Y HRteht pupRi-CoErOLE:,

refrigerat f8n (D erForaREy HprEA ALY ShO BT Tronesh:

N oeasst or CorodiSET whigtipebenf 111634 EnBlanlioR 2 broiot) bt BR89004 Gilight

conposi ti on as depement dichlerofmethahe add hdyingra bbiling goiret ofi26In?C 3 107C at Hody to

be heated. 7. A process_for transferring heat conprising the steps of:
pressure of 733.8 mm Hg.

15 5. A process for producing refrigeration which comprises evaporating an
azeotropic composition as defined in claim 1, 2, 3, or 4 in the vicinity of a body to

be cooled.

6. A process for producing heat which comprises condensing an azeotropic

20  composition as defined in claim 1, 2, 3, or 4 in the vicinity of a body to be heated.

7. A process for transferring heat comprising the steps of:

providing a heat souroe C N o

providing a heat sink; and
25 transferring heat between the heat source and the heat sink through the use

of a heat transfer medium comprising an azeotropic composition as defined in claim
1,2,3,or4.

8. A process for cleaning a solid surface which comprises treating said solid

30 surface with an azeotropic composition as defined in claim 1, 2, 3, or 4.
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provi ding a heat source; providing a heat sink; and 25 transferring
heat bet heat source and the heat sink through the at, .
transf ervwnggfé?rﬁgonpri sing ar‘(ﬁﬁﬁmtlmﬂllﬂ(ﬁmrm tion as defil’lczg 8§sﬁ‘ﬁg¥’gi_m 1,
2, 3, or 4. 8. A process floyllid id surface which conprises
treating said solid 30 surface with aft a¥ectropi c conmposition as defined
inclaiml, 2, 3, or 4. -27- 9. A process according to claim8
wherein said sglid Ausoas abéording!thelafifl Sowhérbintsatdolidl sGEdeAsh PrinRA clfichift
flux and flux residues. 5 10. A process for depositing a coating on a
substrat e sur f beard confaminatedywith fluxapd flusresidiesyi ng to sai d substrate
surface a liquid coating conposition conprising an azeotropic nmixture as
defined in claiml1, 2, 3, or 4 and a coating naterial that is soluble or

di spersi bl & i njgai d A2ErRRES: T depoSiiR i doafiflg or & substrate surface eompFsiag tHe
conprising an azeotropic mxture as defined in claiml1, 2, 3, or 4-and a

materi al that stepsofapplyngto saidsubstratelserface aliquid &gamgmﬁpsmnmmmising. 12.

ér sgr a>1/50?r271§f ' an Qgeo?r%pﬁszneu%rggg Qefined in %ia%t{‘lq?Z,ai cg'et{ an éj céartlmg ln?altgrlna} tha% is 3

soluble or dispersible in said azeotropic composition.

10 11. A composition comprising an azeotropic mixture as defined in claim 1, 2, 3,

or 4 and a material that is soluble or dispersible in said azeotropic composition.
12, A spray comprising an azeotropic composition as defined in claim 1, 2, 3, or

4.
15
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