WD 96/ 36689 AZEOTROPE- LI KE COVPCSI TI ON AND

THEI R USE The invention relates to azeotropes and

nmet hods of using azeotropes to cl ean substrat es,
deposit coatings and transfer thernmal energy.

Chl or of | uorocar bons (CFCs) and hydrochl orof | uor ocar bons ( HCR, @,Ween
used in a wiWeBE§BLty of sol vent applications such as drying, cleanl ng
(e.g., the renmoval 10 of flux residues fromprinted circuit boards),
and vapor degreasing. Such materials have al so been used in

refrigeration and heat transfer processes. Wile these materials were
initially believed to be environnentally-benign, they have now been |inked
to ozone depl etion. According to the Montreal Protocol and its
attendant anendnents, pr oducti on and use of CFCs nust be

di sconti nued (see, eg., P. AZEOTRORE-LIKFCOMBPOSHIONSH BUSE oducti on of
CFCs,* Hal ons.Spurs Switch to Substitutes, " Chem cal & Engi neering

News, page 12, Novenber 15, 1993). The characteristics sought in

repl acenents, in Thecithekintioronal ate to 2ectopanad dethbds ofasing azeettbpes kq clean
typi cally have included boili oi ht _ranges sui.table for a
vari ety of solvent cleaning sag%agﬁ'é%"ﬁﬁ& PEs o rapRlEl heFPElPIeBY g | ow
toxicity. Sol \@irofliedca®ERss TFEs)aha Bydidthlokafiubvabin §HEBCE) Have bekn

di ssol ve both hydrocarbon-based 20 and fl uqgrocarbon-based sails.
Preferably, substiused B$ wile yariglyobsalvent sppliatons suehcas diying, gloaning (e.g., the remoyg!

flash pointgg(as fB?ﬁfak'EﬁQuMMt%Zﬁﬂt&%h aftVBor e RRLIAY ISBekSthatBtiald Hae T O

use in cl eani ng applications, and have short_atnospheric
lifetimes and | ow alsodeer uspdmrefrigeration and heat transfepproresses. While these materials were

Certain perfluori . F Nl ripat L.uor.ocar hon
(HPCs) 25 m{]ﬁ#@&%ﬁﬁg@@%@% e SL%%% &’51‘5% hgge %‘%&'Wﬁg
repl acements in salepltidn. According to the Munir€shPiofsasl.and\is stenddnesferdiaigounds are
general ly sufficient non

.cherpically stable,. . . oxic an .
nonfl ammabl e to bePTRRHEEPN %Vépsﬁ}ﬁﬁm‘&ﬂﬁd(ﬁg&%tﬁ%’pmw
the atnbsphese, ang Hrdustich ot GHCSSHAGIR SP6r SuRth 6 SuBSRuE T Cehiiot? & BdinetiAg
and HCFCs for dissolving or_ dispersing hydrocarbon naterials.

Al'so, mixtures of Nespage 12yMNeyember 15, 1993). The RarcsEiatics sHSht BARPIACSMBRSS bt t er
solvents and di SPeamBh & 16w bzdhs Aefleth peRtial, Rfeally have included Befiihg Point Fabges

al one. ) Many azeotropes possess properties that make them
useful sol vents. Fyitable for a variety of solvent cleamng applications, low flammability, and low toxicity.

Solvent replacements also should have the ability to dissolve both hydrocarbon-based
20 and fluorocarbon-based soils. Preferably, substitutes will also be low in toxicity, have
no flash points (as measured by ASTM D3278-89), have acceptable stability for use in
cleaning applications, and have short atmospheric lifetimes and low global warming
potentials.
Certain perfluorinated (PFCs) and highly fluorinated hydrofluorocarbon (HFCs)
25 materials have also been evaluated as CFC and HCFC replacements in solvent
applications. While these compounds are generally sufficiently chemically stable,
nontoxic and nonflammable to be used in solvent applications, PFCs tend to persist in
the atmosphere, and PFCs and HFCs are generally less effective than CFCs and HCFCs
for dissolving or dispersing hydrocarbon materials. Also, mixtures of PFCs or HFCs
30 with hydrocarbons tend to be better solvents and dispersants for hydrocarbons than
. PFCs or HFCs alone. _
Many azeotropes possess properties that make them useful solvents. For
example, azeotropes have a constant boiling point, which avoids boiling temperature
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exanpl e, azeotropes have a constant boiling point, which avoids boiling

t enperat ure drift during processing and use. In
addi ti on, when a volune of an azeotrope is used as a sol vent, the
properties of the solvent remain constant because the conposition of the
sol vent does not change. Azeotropes that are used as solvents al so can be
recovered WO96B3668%cqonyeniently by distillation. 5 CT/US96/06502 o o
currently is a need for azeotrope or azeotrope-like conpositions that can

repl ace CFC- and d4ifixturisg arogessing andsise. kerdditionpwhencs vobinge of B aieoapaisdised 45@ns

woul d be solvaRNthb bAPRERE ¢F thelt8ivEnt 2REh RRAILEBlcalke MR comPaiidR of e daMBJE
to the ozone | ayer and have a relatively short atnpspheric
lifetime so that foiveytdges nabehange fHzeptrones gt areoised 3sisolvents algo can be recovered| opga|
warm ng. 10 convenientiybyPQiI@RAECt . the invention provides azeotrope-|ike

conpositions consisti n_gl . essentially of hydrofluorocarbon ether
and one or Aore or ganithescurentlyds 2 read for azeotrope or a4epithpeflike compositions thabeaner i s

represented by the .ge I la Rl err [ gr e I. I S
branched or strai rﬁﬂ?“"ﬁ&ﬁ“@%ﬁf@%‘n@ i%ﬁbﬁ'ﬁ{e@(ywegé SP“%?‘B%% v&gplgﬁg and
the ether non-flitynable, IRive pobd|seiven® pRostduseno darfidgé it the ofbhe Lk ahid kuve hed
and strai ght chain ether ounds, The organi ¢ sqlvents are

15 GO |
sel ected from t hed BlasYaly her aimasphegc lifetime 5o that dhey do not significantly. contributene anched
chain and cyclic abispRgsigontaining 6 to 8 carbon atoms; cyclic and
acyclic ethers containing 4 to 6 carbon atons; ketones having 3 carbon
at ons; 10 chl orlp ABR pech thedpvestionpsevides azeatrope-like enmpesitions sensisingo s ;

chl orinated al ke Y Am&a , cohol s
containing 1 to 2@%3?%@%@2*35%0%%?% °é'?ef§'/"df+‘88n na?@gagﬁgcoﬁol s 20
contai ning 2 to hydmflboncashoprether is rdpresentgl byplergenera dermuini R{OCHs whekelRgis22 5¢c a

(1,1, - Lchl pro- e 3s S pent.af | uor.opr opan nd. H -225¢ch
(13- di ohi or o- 1, e Sigftchiiv i RIS s IRRRER A0 s Wi cver
concentrations ofmiyte dijgleaiolpoundons biure bhde braidled and straight chaid @hedi ¢ sol vent
included in.an azeotrope-like conposition may vary sonmewhat. fromthe
concentrat iqéns f FEFEOYASt %%’é&%’dﬁﬁﬂ'ﬁ?%ﬁf%’@ﬂkﬁ’eﬂ%ﬂn@ﬁ?ﬁ‘ﬁﬁ r R a
conposi tion 25  chain)¥ridehél dhbia afCSREC Qﬁan&ﬂoﬁtaihiﬂFG%%%bontahﬁxs?@didﬂﬂ poi nt's
of the azeotrope-like conpositjons wi Il be substantially the sane

as those of thei racyghicetbersseniaipine 4 jab earkopatemsdretones haying 3 carbon atoms; ¢ he

azeotrope-|ike COmRpiRitsd Meded@htainind1, $614 &ibon RioRSdhloRinardd allleRETBMmAhing S t hat
are wi t hi n-about 1[err]lC of the tenperatures at whi ch therr

correspondi ng aze8scaberatpps, alcghols geataining 1 to 4 carbanptamsp pastially fluoringtgd alcohols

I n anot her 5,gspect [ ' iyde, t G j ects by
contacti ngztahe ob?ﬁﬁggq%g@ﬁ%%%bﬁﬁogﬁg% mngpfgﬁl%’?t heﬂz}g% ?Jfope-l I ke
conposi tions dichloro-2,2,3,3,3 pentafiuoropropane) and HCFC -225¢b (1,3-dichloro-1,1,2,2,3-

pentafluoropropane). While the concentrations of the hydrofluorocarbon ether and

organic solvent included in an azeotrope-like composition may vary somewhat from the
concentrations found in the azeotrope formed between them and remain a composition

25 within the scope of this invention, the boiling points of the azeotrope-like compositions
will be substantially the same as those of their corresponding azeotropes. Preferably,
the azeotrope-like compositions boil, at ambient pressure, at temperatures that are
within about 1°C of the temperatures at which their corresponding azeotropes boil at the
same pressure.

30 In another aspect, the invention provides a method of cleaning objects by
contacting the object to be cleaned with one or more of the azeotrope-like compositions
of this invention or the vapor of such compositions until undesirable contaminants or

soils on the object are dissolved, dispersed or displaced and rinsed away.
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of this invention or the vapor of such conpositions until undesirable

contam nants or soils on the object are dissol ved, dispersed or

di spl aced and rinsed away.

- 2- In yet anot her aspect the invention also
provi des a nmethod of coating substrates usi ng the azeotrope-Iike

conposi tions O8Nt s or carriers for the coating materi al PCT/US%6/06902
The process conprises the step of applying to at |east a portion of at
| east one surface of Inyetanother aspect theStvention abso piogidesch roethad of goatiogmadsirateson

conprising: (a) 'E'Z‘ﬁ &gg-l-' 1 It . .5ast one
coating materi al a%r'n C 9% S 6%%%‘%’%&& s%%@%?i?%ﬁ%@ggﬁ%%@#ke
conposi tion. Pref Ehegirbaess domprigas testep of sppiying to aderst 4 metiontofi et leasemeahrfacenbvi ng
t he azeot rope-| i. C osition from.the,ligui oat | .
conposi tion, for %é‘%ﬁ%ﬁ%ﬁ 1“5‘?“ ol compost Q?acﬁglpﬂﬁ"?@b@ ueStrop@ thé Bnposition, The
i nvent'i on alsso prm'di(Em laastdhe mﬁmeﬁdld' whizh & solabls bﬁdiiﬁecibiwiahﬁ&dﬁsddoye-ﬁﬁe ?nl
10 azeotrope-1like co si.tign an coati ng, teria ich are usefu
in the W@H@hﬁ%@@ﬁwmﬁﬁ%m ses the step of removing the |y y ey
anot her aspect; tBRotdpFRE bdhoBitioh froH thediqiiR cb4fifls dmplokiadhs fp kdrtifle, biper mal
energy using the azeotrope-like conpositions of thi's invention as”heat
transfer fluids evaporaton. (e.g. prinmary or secondary heat transfer nedia).
15 The 85eRtion ; ' %g&g Q - erence
to the appended Fi gureﬁre UN%W%F% n%fésb 'S amg@%ﬁﬁ%f%%eﬁ%&ggfﬁ ng
poi nt versud the sagbenpe-lisecamposition indrs codtingmateripinphichrsfa@efubinithe
for two conpositi R mE i Qi. i ﬂg H@g?‘- 1, 2-di chl or oet hyl ene and
hydr of | uor ocar bon & ethers having different concentrations of
perfl uoro-n-butyl met hiplyetrcanither aspect, the invention provides a ihisthodofarahsferring themel
conpositions are m xtures  of r(%grotl uorocar bo&. et her .and 20 one or

[

more organic sol y‘éﬁf%"%%gﬁf’z‘? ??WPBH%F‘!WS thig inyention asheas gasfer fluds
distillate fracti @ggbm%ﬁ?ggecoﬁmthe&m,my ope of the hydrofl uorocarbon

et her and organic ) ] The azeotrope-|ike
conpositi ol boil at tEhepeesentinvestionisfurther explaisadiwithaefirpnaeitethe appended Figweine
as the boiling poj . ' | he
boi | ng | e is a5 oF B pARE D=l el b ol
pressure i s withifor tinoempifitons p@taufing tans1R2-dichloroddyldne argl hydiofitorodartions

correspondi ng aze e. at e._s Dressure
preferably, the a%%iof%vwg%ﬁeg%fgogﬁ%%éﬁnm r%v ‘T’églgqllmegy?%g?ﬁjerat ures that
are within diteuzedtropd-tier cofrpaoditionk ere ik tiresof hpdrofilcsocafboh btkerrand

correspondi azeotropes neasured at . . .wSane pressur.e. .
P 289 one or oreorgauicé solvents whitcl!xl?f fractionally drstdlecil prod ceaisﬁ'ilate fraction

that is an azeotrope of the hydrofluorocarbon ether and organic solvent(s).

The azeotrope-like compositions boil at temperatures that are essentially the
same as the boiling points of their corresponding azeotropes. Preferably, the boiling
point of an azeotrope-like composition at ambient pressure is within about 1°C of the

25 boiling point of its corresponding azeotrope measured at the same pressure. More
preferably, the azeotrope-like compositions will boil at temperatures that are within
about 0.5°C of the boiling points of their corresponding azeotropes measured at the
same pressure,

The concentrations of the hydroflucrocarbon ether and organic solvent or

30 organic solvents in a particular azeotrope-like 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 or solvents used to make

the azeotrope-fike composition. Preferably, the concentrations of hydrofluorocarbon

-3



The concentrations of the hydrofl uorocarbon ether and organic solvent or 30
organic solvents in a particular azeotrope-like conposition may vary
substantially from t he anmounts contained in the conposition's
correspondi ng azeotrope, and the magnitude of such perm ssible
vari ati on depends upon the organic solvent or solvents used N

t he azeotrodyq9ﬂR@m§onposition. Preferably, the concentrations o

hydr of | uor ocar bon - 3-
ot her and or gani ethexsing ereenic splvent in ap ereptpe-like sompesitigRIeIYNogRPre, hn AbAw t5hor o

than about ten percentfrom ﬂ&%ﬁ&ﬂ&a&ﬂ%ﬁdﬂ@oﬁﬁ&%&ﬁ@%&lﬂe@ﬂﬁhﬁn@%ﬁhfnﬁﬁmonent s
contained in the azeotrope formed bet ween t hem at anbjent

pressure. MNore pbewesnthanyat ambientpsesswie Mors nosferably.dhe gopseniratiops e wittin about
five percent of ?Ué)ﬁé?ceﬁp&'%@%tﬂn@d e BERRHE MWi6st W , e @Ecdibpé-like N e
i

azeotrope-1like conposi tion contains essen t he same
concent rati®ns okompnsition bnnfaingsesentially tha sampropgentrations of the 3“"%@5\4@@%8‘ % t he

azeotrope fornmed s r

Goncent rati ons. of SRR ok Aayas ) Spbedt AT H afbiell ik, Whers e

conposi tion diff gsnchrt@tidns of ether and oridc sahfamanirfaéotmp@hkﬁmomaommd differ fiome
correspondi ng azeotrope, the J _ef rred CO Siti Oﬁgp cont Z%J n a
concentration of teifeRGERtFRYPNS, o nithe cagy NG Az hecRreferred SRIOBOSYHONS | oy

in the 10 a%&%ﬁ 2 BShcenididh &mm%i thit Q16 exted dftﬂé%{h)ér § eonbefitrhtiofi $n the ammabl e
t han azeotrope ik conpositions in whic organi c_sol vent is

present inl& con@mﬁﬂm Sush compasitions arp)likelyta b less ﬂa’“’“abfe ag Becentration
in the azeotrope., Eb@ o b whic fﬁfero'ié?:gxc%l@éﬂ”ég snt InaSoRRARMSh ihhQH excess

will exhibit no §F g ant c ange In the s ent ower of the conpositions
over tine. of its concentration irfthe:azeoteape.r Birremast prefer ropp-dkescoptositang

I nvention may al s t.ai ar bon

et her and organi cqéﬁgwgiﬁﬁ%&%n% é?pw;gl em @8%%%%&%95&&5@5&8 whi ch
do not interfere in tmm:f@wlxbmmfposmmwﬁtmsinvapbnnﬁmiscemmw,adémnlI

Compos! 11 ob of e HHRIBERERRE lod Sredc P, A B LB %P"r"in'f‘-f or

sol ubility of matichab hot ifterfdie MtheBinkition 6fhd ﬁe&fop@%rbf@:ple small amounts of
materials (eg., perfluoropolyether | ubri cangs andfluoro ner s in the

azeotrope- | i ke 2@urfactants sghbe Biesanbin heRzeaoPs i composHippy,pfi %“'P?‘i?

conposi tions contaligid\fe GSpersitiiyBIRBIlity of materials, suchaswater,soxlsorooatt
1, 2-trans-dichl ortg%t hé]'fleengp pr‘eferabl y gl so contain about _ .25 to 1 &gl ght

per cent of materials ¢.8.; perfivorapalyether dubsipastsiand fupsopolymers), inbe grpotroperikent  of

epoxy but %°ﬁé ain t
, 2-trans- d| chl oroe’?ﬁP{gneAzﬁegoges %zg ‘ﬂﬁédo o(?}ébn%(t)slk?glagr?scovmmlnfn
contai n about O. Bmwdtchipmmemcftwmmmﬂ@"eﬂhwf@ 2510 heeightresert®Ent  of

th 25 f
7L e BB 01 e P

degradation of the 1,2-trans-dxchloroethylene Most preferably, such compasitions will

~ contain about 0.5 weight percent nitromethane and 0.1 weight percent of the epoxy
25 butane.
The characteristics of azeotropes are discussed in detail in Merchant, U.S. Pat.
No. 5,064,560 (see, inparticular, col. 4, lines 7-48).
The hydrofluorocarbon ether useful in the invention can be represented by the
following general formula:
30
R-O-CH; (D)



No. 5,064,560 (see, in particular, col. 4, lines 7-48).
The hydrof |l uorocarbon ether useful in the invention can be represented by

t he foll owi ng general fbrnula: 30

-4 - where, in the above formula, Rr is selected from
t he group consisting of |inear or branched perfl uoroaklyl groups
havi ng 4 carBBﬂ’G?%%t. The ether may be a mixture of PC“@F%%*@“

having |inear or branched perfluoroalkyl R err] groups. For exanple,
perfl uorobutyl  where, in the sbovefpimuls, Reis seleatedAram the grebp cansiséng o findar oper cent

per fl uoro-n-butyl_ne I nd %) L. ght<he .

per f | uor oi sobut ylb%é%w%’%%l%od' p%%afv’fnlgﬁ‘oc FSB'\‘S%@Q rr‘gi% r%"%%?@%%%"ra RIS Of.

cont ai ni ng about effdrsthavifilineet @idranpledperfiuorpskyl Rygronss Fouexginplegterfivorobtiyer and
40 to 20 i ght per cent fl.uor o- n- but vl t hyl ether are useful
in this inventi Oﬁpethvﬁetﬂerco taining about 53 Wﬂé“ﬁff&%??’h%‘?’%'g‘g‘ﬁlg%ﬁmg{’lﬁ “8‘5% be
prepar ed bys al kylyaigh®per&int perflucroisobutyl methyl ether and perfluorobutyl methyl ether

1) FOL. O(GH or 1) [c8MHpigs Aoas 460 80 woigh ereshererhgissby! migst ipeend foed

af orenent i oned ' % - ion. reaction of
CF[err] CFI[ err] CE%%%#%@W&%? ﬁﬁ%&g@é@?&?@ﬁéﬁfu&% tg?]:é:vennon |

Cerr] F[err] C{ O CF[ er fhe hydtofiiosocarbensether can be prepaeth by allsylationiof:h any sui t abl e
source of anhydrous fl ' he@ P\~ I\kA! | - nmet al

fluoride (e.g., pot asﬁ%#ﬁ%ﬁpdﬁ&@@?gﬁT zgl%gf:gg?aérb(%}?ﬁk;?darngus si | ver
fluoride 10 mixiures shereaf) e fipst shrpsodferemeniptied ipexflusrohlivedides ican tielpeeppred bpnce

of a quaternary anmoni S u s " 4" ayvai l abl e
fromthe Al drich "e3¢8PR %gﬁgﬁﬁg?ﬁfism’éﬂ&g&@g’ ?5‘8%&6%6’ I?Bé(ﬁ“&g",m

C(CF[ err]) [ err] O theéébfogithiung BaitaBM sbifcd TamHytigs fikortié Rh slch[a arhyflouydikali a base
such as KOH in an anhydrous polar, aprotic solvent in the presence of a

quat enary metal flisprislei(ei 8 peswssigmyflporideas spsium fiyoside)of anhydroppsiverdluonds ¢ ne
ethers are al so | ' . oo and
CGer man Pat ent Noqﬁ%?%gﬁgfﬁlaéé protic solvenﬁﬁ %(bgﬁlgtégg{%qday%wf ati n%;m agents for
use in thelpr eparcampomdisnchl as tADDIGEN§G4” avdilatie fram (he. Ajdrich Chemical Compadnyet hy|
sul fate), alkyl lid " - i odj de Lkyl p-t . es
o g e oo didee FEEAP 35 hS Sy Hachie CLCHHER i Uine
per f | uor oal kanes WutloRHGH i £ Bhydrdis ipbl, aprotic solvent in the presence of a quatemary
ammonium compound.' General preparative methods for the ethers are also described in
French Patent No. 2,287,432 and German Patent No. 1,254,949,
20 Suitable alkylating agents for use in the preparation include dialkyl sulfates (e.g.,
dimethyl sulfate), alkyl halides (e.g., methyl iodide), alkyl p-toluenesulfonates (e.g.,
methy! p-toluenesulfonate), alky! perfluoroalkanesulfonates (e.g., methyl

perfluoromethanesulfonate), and the like. Suitable polar, aprotic solvents include acyclic
ethers such as diethy! ether, ethylene glycol dimethy! ether, and diethylene glycol
25 dimethyl ether; carboxylic acid esters such as methyl formate, eth)':l formate, methyl
acetate, diethyl carbonate, propylene carbonate, and ethylene carbonate; alkyl nitriles
such as acetonitrile; alkyl amides such as N,N-dimethylformamide,
N,N-diethylformamide, and N-methylpyrrolidone; alkyl sulfoxides such as dimethyl
sulfoxide; alkyl sulfones such as dimethylsulfone, tetramethylene sulfone, and other
30 sulfolanes; oxazolidones such as N-methyl-2-oxazolidone; and mixtufes thereof.
s Perfluorinated acyl fluorides (for use in preparing the hydrofluorocarbon ether)
can be prepared by electrochemical fluorination (ECF) of the corresponding
hydrocarbon carboxylic acid (or a derivative thereof), using either anhydrous hydrogen
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per f | uor onet hanesul fonate), and the like. Suitable polar, aprotic solvents
I ncl ude acyclic ethers such as diethyl ether, ethylene glyco

di mret hyl. ether, and diethyl ene glycol 25 di met hyl ether; carboxylic
acid esters such as nmethyl formate, ethyl formate, nethyl

acetate, diethyl carbonate propyl ene carbonate, and ethquwa te;
alkylnltrll‘ggX such as acetonitrile; alkyl anides g&@ﬁﬁ%@?

N, N- di et hyl f or mami de,
N- et hyl pyt rol | dBepside irpons %‘Eﬁ”"f)ﬁ&%ﬁ‘ﬂ%ﬂg/ﬁéﬁﬁ% '%fff"ly?e ertiuorinated acy
sul foxi de; al kyl ssdHdb9ihg pediubdnata k&usestchwswbmpsedwssmmyﬂ ene sul f one,

and ot her 30 sul f ol anes; oxazol i dgnes su %ge @g oI i done;
use in prepari ngﬁmwﬁw&%ﬂwfmcﬂm&wdestersbydtrectMn&hﬁnﬁﬁﬂ?par ed by

el ectrochem cal uorination CF) of the correspon

hydr ocar borf car bfwoying GBS&CDQS((C@FIOYHCEH e pehigved by cf’ﬁ?ﬁ“%g? perflugrinatedester aith a

anhydr ous hydr og descn Us. )
5 . $olrce °fﬂ“‘¥’1de Shi uader(eg.cnné conds (sgerth?(xlr:xeﬁé?_(lilg ?Phl I Itllps ECF) as

the el ectrol yte. PR&nNouhB@OMe(Ghlkbyandus Patent No. § 4668 T7dMoorghier preecrnbining nat ed

ket ones can al so_be pre d . by di.ssoc yer i nat ed

carboxylic acid he£ra M%@ﬁ&(‘“ Watbng %afag%'{pg%lee mth?%roupcoﬂggenggondl ng

P?/df ocar bon or ﬁdsbé@'doh-hﬁv Mﬁ;ﬂﬂcﬂﬁ&l&ﬂhﬁ@ﬂhﬁbﬂyﬂm&w&mﬂc axdeopliled) pndimixares
uor i natlon W t

qu ssoci atj.on | eved by
cont acti ngt® he péﬁﬁi"ﬂﬂt"?’?ﬁ"é& @ﬂuaf%’h@sm“s’ l‘q“‘d’°r§§1?ﬂ95’é£%fa§ql°ﬁeorl de ion

under reacting c { WEiBSs (A% AdyRinEigemds described in U S
Pat ent No. 3,900, 37 %Cﬁh an‘JcSIl ﬁE\Sf‘I Pat ent No. 5, 466,877 é’l\/bore)é%or by

conbi ni ng th&%@?gwwlcétcaﬂ Recemplageduin theidissogiationare | ect ed
fromthe gr oup c 9y RS dpgwﬁq; J,,Isgl
nucl eophi | es; gﬁ%‘ﬁ{ }rllon- ;oéyhcnudf%phﬂﬁ%?gophl Ies nd rrq?i?%/ xd,non- of

at | east one nonhmwwwalegpm&@ UUIpnIVF'é (t(egm@emmeq! SQ'IYF‘E m"ﬁ'l“e bY'I“é) end at

| east one TRfprédfde
Initiating reageﬁ?p I\%\,ﬁ %i}&%‘(m;'b J&d"ﬂ 3‘ c'jﬁucma d| SSOCI ati otr??are t hose
gaseous amounts ofdwdrdxylm ounldwhites zanl beaolmted dhphlils gaseoymor lighidi wones  of

, liquid, I d
gaseous. 11 001 4. oS0 LikegBORE o anyprSCHI Yo Wikt akt) ot
of nucl eophi|'i c EfiRRides amikie okidps oazoliBones Atyedinessareirties kg hed pixeertbwect! snal |

f hyd I I I d S
AUt of VAo FU SoRHL LS SA e L S5 b UL ScBRERY® O

trial kyl amges, S%d?ﬂ,( AdH-KyFoxy Ii’&xkx)ﬁieophnles,asweﬂassdﬂdf morihgidrexylie niciepliles,des,

oxazol i dones, pyridines, and the |ike s thereof
Sui t abl e non- hydegx e Ma‘%ﬁ?ﬁ"?@é"é‘%dﬁ@@ g%\?‘éﬁ'ﬁ‘e' meseartide.alkogide, g o

such gaseous thiocyanate, azide, trimethylsily! difluoride, bisulfite, and bifluoride anions, which can be

utilized in the form of alkali metal, ammonium, alkyl-substituted ammonium (mono-, di-
, tri-, or tetra~substituted), or quaternary phosphonium salts, and mixtures thereof. Such

25 salts are in general commercially available but, if desired, can be prepared by known
methods, e.g,, those described by M. C. Sneed and R. C. Brasted in Comprehensive
Inorganic Chemistry, Volume Six (The Alkali Metals), pages 61-64, D. Van Nostrand
Company, Inc., New York (1957), and by H. Kobler et al. in Justus Liebigs Ann.
Chem., 1978, 1937. 1,4-diazabicyclo[2.2.2]octane and the like are also suitable solid

30 nucleophiles.

The hydrofluorocarbon ethers used to prepare the azeotrope-like compositions
of this invention do not deplete the ozone in the earth’s atmosphere and have
surprisingly short atmospheric lifetimes thereby minimizing their impact on global
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20 or liquid, non-hydroxylic nucleophiles, as well as solid,
non- hydr oxyl i ¢ nucl eophi l es, e.g., fluoride, cyanide, cyanate,
i odi de, chloride, brom de, acetate, nercaptide, al koxide,

t hi ocyanate, azide, trinmethylsilyl difluoride, bisulfite, and bifluoride

ani ons, whi ch utilized in the formof alkali

ammoni um al kﬂlﬁ’g i tuted amoni um (nono-, di- q&?ésgbwm
tetra-substituted), uat ema hosphoni um salts, .and m xtures thereof.
Such 25 sal (ARG ﬁ T e dyncatmespheris ifetme Fﬁm@m@}l"wﬂ"@esi red,

can be prepared %kmmwas calculated usx@m&asuqueaescnseh%? ngc,lxmb%ehw% C.
Sneed and R C. Brasted _in Conprehensive | nor gani c

Vol une Six The AIQKK‘F’F‘WWE’QF@Y’I’%&%§ %rsmwwhus%ﬂnm qfér,qémology (1993)

Eggpany, ne. N@We)@&lgfgﬁ%;}hﬁd%%%l azabl cyc o?% @k oct ane and‘ﬂkeﬁbl gske

are al'so sust abl dyess)i. d'hamosphenmhfeixmmﬁﬂieé;;dwﬂuorocarbon etherandits The

hydr of | uor ocar bon_et her e the azeagtr Like co ositions
of thi,s |nvent|oﬁ°‘a§pﬂ@g§¥§f’% %P%E%'ﬁﬁeﬁsf’ﬁg%%?‘fwx? °[°58"%9’|‘ere and
hﬁve _ swlméoplsd begwieninchighest iosgupiel atoleCulhri okisifal éifeszy afbthe Riyowti ni mi zi ng
Yo PR O Sricaghene i of bvdiefpracaons i rofusrora o pigrs el

-6-

lifetime for the whyehrffkibP8aade@By'Cooper et al. in ARb Ehvidal ZAN, WAE33¢ i 99, at ed
usi ng the techni (;]ue described in Y. Tang Atnospheric Fate of

Various Fl ¥rocar upgate reportedins Tabig; kunden thekeading Tﬁ‘f’ﬁ@‘?%ﬁ@“‘!ﬁ’heﬂéchnol ogy
(1993). mtf SR blbbal Qénﬁ;hg &(&ﬁwy@w Bt EarBh 4 Lhe

headi ng " At rmspherl C e at nosphe et mas of
t he hydr of | uor oc asing theegiration dasctibed & the Intergovernmental Pareps Otinag Change The

dtvel oped bt vootPE ORI dets Biei ARARLEDEIH PBSTIaY RSP A ( ne
known UGN el skt i THEIE | Qhdby e Bldcitg ™ GRAEPR R Bbtential”. It

hydrof | uorocar bon ethers that is siml to a correlation

described B Coopespperentdiom thedasg indable EmﬂF the hydrofinrocarbomether hasmlzt}velm
Th |
ese values are sﬁ&pélﬁﬁ'l@lgd attho ”eﬂlbxll hfltiﬁs{%g r?&tﬂ@l}! Qﬁﬁpél&ﬁl wgﬂi}éﬁ% al,

At nospheric pot ent 1
hydr of | uor ocar bo ﬁumeglymbshsdwﬂmmwm ether also has a sxsmﬁ«gtlx fhortes garinpatesh

d bed th Th
Il(fa’SC(C::r ISc;aen!t inf [ cegg%@g%gxﬁh&ggﬁ%ﬁ&%ﬁ%%m‘ @sf’f‘;t@{’ ess%‘b ° The results

of that cal cul atlon are present'&bleh Table 1 under the headi ng

"d obal Warm ng * WWI el
that the hydrofl For EB‘&P%’&H iher ‘ﬁ'ggnaéeq el atfi véygposphenc b #rOHRg j hat ed
at mospheric lifefine and rel Atmpge%frﬁfepmgl obalLifgE®ei ng| pot diptential.

Surprisingly, thé hydrofliorécarbofyeassher al thlﬁ"_"&s.i_gn.i_dil_%lﬂg@hniter
esti mat ed "C4Fo-CHa 7.0 - -
C.Fo-O-CH; 1.9 4.1 500

20
Typical organic solvents useful in this invention include straight chain, branched
chain and cyclic alkanes containing 6 to 8 carbon atoms {e.g., cyclohexane,
methylcyclohexane, hexane, heptane and isooctane); cyclic or acyclic sthers containing 4
to 6 carbon atoms (e.g., t-butyl methyl ether,, tetrahydrofuran and di-isopropyl ether);

25 ketones containing 3 carbon atoms {e.g., acetone) , chlorinated atkanes containing one,
three or four carbon atoms (e.g., methylene chloride, 1,2-dichloropropane, 2,2-
dichloropropane, t-butyl chloride, i-buty! chloride, 2-chlorobutane and I-chlorobutane);
chlorinated alkenes containing 2 to 3 carbon atoms (e.g., cis-1,2-dichloroethylene, 1,1,2-
trichloroethylene, trans-1,2-dichloroethylene and 2,3-dichloro-1-propene); alcohols

-7-



at nospheric lifetime than its correspondi ng hydrofl uorocarbon al kane.

Tabl e | Conpound Esti mat ed At nospheri c

G obal War mmg At nospheric Lifetine
Lifetime Pot ent i al (years)
(years) (100 year I|ITH) Cerr]Flerr]-CH err]

7.0 WO 96/36689 _ C[ err] F[ er r] - PCF§96/p§9p2

1.9 4.1 500 20 Typi cal organic

sol vents usef ul icontsihing 1itov eaxbanaonisr{e unsethanol, sthapiol, 1 impane], ZHrrepanelcid

chain and cyclic . al kanas alni . ot Borfhtoms (¥ ¢! Ohexane,
met hyl cycl ohexané’,“laﬂ(glxté u&%gl;:%% %\@9%‘205&'%%&8%%@%@&&33@?& or acyclic ethers
containing 4 trifluoroethianol feataflinroprapanoiand lexafluprot2-fropaptl), lebrémdpropaner | |

car bon at oms (o. desnigiasi ByS kS i atisy R GRC2 A RGRcRE " "
carbon atons (e. g ’ ' g e,

three or fogr car(gg&cm (e.g., nethylene chloride, 1 ,2-dichloropropane,
2, 2- di chl oropr opane, t-butyl chloride, chl orj de,

_i-bytyl
2-chl orobut ane and 1- &ne@msmwepsgwmlveﬂtscanmlzs%diwﬁﬂéﬁlua{ Bilguethyl
containing 2 10 JusPodlled! il Bredtfipth and HedadpedkbdniboRi! Vit Bramblel of

trichi oroet hyl ene oroet hyl ene and 2, 3-di chl oro- 1-propene);
al cohol s such azeotropes and azeotrope-like compositions are described in the Examples.

2 pr opanol, - <o Wi Rapited scoRHaHE Y o STl Boms ieDnRARE
al cohol s hagi ng 2tianol 31-prepimohandtisopmpinel) ate combined with the ethefr karoakean Azeatodpe

pent af | uor opr opanol and xaf | uor.o- 2- pr opanol ) ...l - br.o
acetonitrile and °<§""5"8“'9&"0«%&@W%"ﬂ?’)%‘fﬁ?"é’%?°W@@“2°3§‘5§B‘§{{§%a%%cb S
(respectively). effect on the composition of {8 8zeBtiopdD Howeler, eVed insugh mixaurss) thedoiliag can

be m xed with perfl uorobutyl nethyl ether to ’.qloage t he
azeotropes and azZoutpitheazeprepesforprshetyesn he campopeiiare SSEH S e

such azeotropes and aéﬁ&t&ap\e}&éﬁk&r SNRODirpb:Pitfs & BorflshEfdobd) ehat iS) theye

Exanpl es. en nonhal ogenat ed al cohols having 1 fo 3
carbon atorts (i . dorm asioglaphsse unber ambient eondlitions) i.¢., it ropm dampgestureand afmesphesiSanol )

s O

are conbined with _t ereet her to make an azeotrope or
azeotrope-|like copﬁf)s %l‘tion, the isomer conposition of the ether nmay have
some ef f ect The akdatropealike oshpdsitionsaie pripmred by atixingtbe désedaruntsefen i n

such m xtures, pgdxg:gig%%ﬁye% ﬂ@mg&%g\ifegg org(];lvetnt;%mi1 E)'S'%hrtspﬂﬁﬁr éoﬂfp%b etween

t he conponents a
such as surfactants together using conventional mixing means.

20 The cleaning process of the invention can be carried out by contacting a
contaminated substrate with one of the azeotrope-like compositions of this invention
unti] the contaminants on the substrate are dissolved, dispersed or displaced in or by the
azsotrope-like composition and then removing (for example by rinsing the substrate
with fresh, uncontaminated azeotrope-like composition or by removing a substrate

25 immersed in an azeotrope-like composition from the bath and permitting the
contaminated azeotrope-like composition to flow off of the substrate) the azeotrope-like
composition containing the dissolved, dispersed or displaced contaminant from the
substrate. The azeotrope-like 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

30 utilized. For example, the liquid azeotrope-like composition can be sprayed or brushed
onto the substrate, the vaporous azeotrope-like composition can be blown across the
substrate, or the substrate can be immersed in either a vaporous or a liquid azeotrope-

like composition. Elevated temperatures, ultrasonic energy, and/or agitation can be used
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Preferably, the azeotrope-Ilike conpositions are honbgeneous. That is, they
15 forma single phase under anbient conditions, i.e., at room

t enperature and at nospheric pressure. The
azeotrope-|li ke conpositions are prepared by m xing the desired anmounts of
hydr of | uor ocavbess@sher, organi ¢ sol vent or solvents and any PETEP6A6IMo
conponent s such as surfactants together using conventional m xing
means. 20 to facilitate the kleanirige Afariong diffepenesolventiclepting fechnispes are desqribad by
carried out by caopt of
the azeotrope-Ii E@ 1@%%68 F?elafﬂ'ﬁ'g a"‘% C‘%a"ggél}r?\%%@?%%qw? &Qﬁ})& ’ELES%\%%}”%%”
contami nants on tHlectfbdisniicabPeblieatiensiiisrited, Wyr) Scafland) pagee 82694 (1P84)| aced in or

by the azeot e-|i.ke conpositi and, t n exanpl e
by rinsing the substra‘%‘\‘éﬁ‘)"%‘"’°""dmo tfsfr% °m8ﬁ§5aﬁféﬁfr$ r@ges“f%e

azeot rope- | iske COfAARL. | Fpredéntdiive & mmh@susu&fe&rnamaeﬁ&als,cemmmgmed in
an azeotrope | i ke conposition fromthe bath and perm ti t he

cont ani nat ed azecpalypsss suck es: pelygathonats. pplysiene Ayl onitg} !egm%t e) the
azeotyope-like ﬁ&%@%i’s bk frdi) qéhsé%& indiiager sed or
di spl aced cont am ngnl?mﬁ’o t( Dbt E@sﬂ% sThe azegtg’rso]gel- ke

conposi ti on can bwoalgesiie] fur; ésatheeandtshqdemmbctmd'abers md fabejes derived thereﬁnm) syt e
(or both), and an Of { heéwknovmﬁ’g 1ces$rﬁr onqﬁjﬁr%k&'n accet%?sn{rﬁgetﬁxél%d Blendtifdldel € can

be 30 uti i Z80PoreEs f ope-11Ke compositlion can

be sprayed 10r br ufabfdd comprising a blend ot natdrhiand siintheticfibers; tddeompqmuea:nfshe
azeotrope-|ike conp05|t|on can_be bl own a ubsérate or

the substrate canfRSONEaraaly The ol esagc\rﬁﬁbggghgngqprguﬁx?rhﬁcfaam&? ot r ope-

| i ke conposition. e@tﬂ{ak&gp&aﬁp@@kﬁ&ﬂ%aﬁé)t SpEA) B BaBRy Bidia, andimedical
agi tation can be used

-- devices and nfegisal articles suchiae erﬁufﬂjcw}mt imrlangableflevieey v ent

cl eani ng techni ques é{sﬁ‘ %SCI’I bed by B. N Ellis in Ceaning and
Cont ami nati on of EPEIERTCs Conmponent s and Assenbli es,
El ectrochergiscal Publ i C'Hteldld&ﬂng_pmdsedftheﬁxyvmn&nan beurseld mmdseawmm@g%) .

Both organi c and inorgani str n | eane of the -
5 i nventi on. ‘R@H& £} ’E°5‘c \A:a é‘f(°a F@gstr éxaéntpg%fr\éﬁf@gs‘%‘%%ﬁ%uig net al s;
ceram cs; gl ass; hydrocarbon cona@hmrﬁgmus:blemr “p@hwarobammmmm sychese and
acrylonitrile- but adi é??lbﬁé renﬁutg%gang Wg° ﬁ“ﬁ Efsn atmucg‘l%(m npa%;lgan(sand

fabrics derived tR&e
rame; fur; |eathgih &E‘ﬁbrﬁdb%iﬁlyeﬁ&@tUﬁ@ﬁdtﬁﬂ&td&ﬁ?lSne(digdnérﬁ(yyro@mpdﬂtmds')eahd

therefro ch as. pol yeste

pol yol ef |mn 28020 et a?’!i@'*""ﬂﬁ?’ﬁ?fét‘ﬂ‘gékgy"af?& (Mg8¥‘%ﬁ’§8¥m“i(§ﬂ'c°% °q‘f iy greages;

conprising a bl ?ngox&i gﬂ’?e%ga afticuidel aﬁ&&h&%ﬁtﬁmi‘h&%&mﬁm lﬁﬁréaasmtelwmﬁc,t he
r

foregoing nateria ocess i s especi al useful in the pre
“se tical

cl eani ng of ~ metal, amim@ilmmvwe@bmféhb%m@@“& “%PTP%?FPB’G‘S?I
or magnetic nedi ag, gnd. IRA| §drocarbon contaminants (especially, light hydrocarbon oils),

fluorocarbon contaminants, particulates, and water (as described in the next paragraph).

25 To displace or remove water from substrate surfaces, the cleaning process of the
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 azeotrope-like composition which preferably
contains a non-ionic flucroaliphatic surface active agent. The wet article is immersed in
the liquid azeotrope-like composition and agitated therein, the displaced water is

30 separated from the azeotrope-like composition, and the resulting water-free article is
removed from the liquid azeotrope-like 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
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devices and nedical articles such as syringes, surgical equipnent,

I npl ant abl e devi ces and prostheses. 15 The

cl eani ng process of the invention can be used to dissolve or renove nost
contam nants fromthe surface of a substrate. For exanple, materials such

as |ight hydr ocar bon contam nants; higher nol ecul ar wei ght

hydr ocar bon c¥Q%/@668&nts such as m neral oils, gredCIAISYesH92 Ng
and stanping oils and waxes; fluorocarbon contam nants such as

per f | uor opol yet he e, prévessroat dlid Belt@irie@bit ik Gaderitiell IO BEPsient BY./3pm3@Re f | ui ds),
and 20 chl 2%’%%‘5’%' uor oet hyl ene ol i goners (hydraulic fluids,

| ubricants); sili }s and gr eases; sol der fl uxes;

particul ates; and ot hen@&a&mw%mp&imymn%edemdnar&%@ldeposmahect ronic,
netal, and medi cal deV| ce ¢l eaning can be rermveidwql The proces

particul arly usef gpplications, where the gzeotrape-liks cpmppgsition W&%%W?%ﬁf%ant s

(especi al l'y,s | | ghiyaRyigt® eriabie ABpositibiPaf the material on the $urfded &Q@ﬁ&&&ec?ﬂéﬁ{?@nﬁﬁﬂt S,
particul ates, and water (as described in the next paragraph).

To displ ace or retwyalsyprovidesfarcosting gorapasitiorcamprising the azqon@edlkemhmmpn askess
of the n nb arried Pat ent
No. 5,125,978 (FI yh ¥°’%° %"%a&a{;"g““““bsg’l#ﬁs“ °g§§§4'hge)g’%ﬁr tﬁtia(?of an
article with an ammcsmpe ’I‘he mcﬁss)mnqmlséslthntw applyingetd erledst a/portion of at least
contai ns a non-ioni cmjauor oal.i c.surface.act.ive article

o e sed i n | on surtads O Ry PRER i s BT BT PE R
agi tated theyei n, ateBRopdllkp k@ﬁmtmhﬁ(b) & 1&9: one coating BB #hieh isfsblblebhe

azeotrope-|i ke conposi.tion, and hF resul ti ng ter-free artlclgﬂ‘s
Cemoved from the PEBRTbe B Aeimpe-ike OmpENMm ThS ARG GFPPRoN SR EFNS: i on of
the process com nsea%rmeeﬁaﬁw&ksg Whfabthnt 6o/ dpbfa bEBllizke adepund i n
said U S. Patent No. 5, 125, t he process can

al so be carried ofidans, ﬂ@%ﬂ:"ﬁa@@@!&ﬁnd the &ike).PRreforablynthe procesy furthencomprises the
(Brandreth). step of removing the azec-m)%e-ﬁﬂt?&gr pBQ{?onl flofEne 8 V\%g?%& H]agﬂﬁ bf; @, al so be

used in coating deposi I cati ons,
azeotrope-I11ke co gtavmrafmm (,whwzhmn hsméeddunhel apphchtmn of, ecandeatiog vacum).

material to enabl e de i t 0 e ter.da ur f ac
substrate. The inventi coixtmg miztert sw"?ﬁ %ﬁ%%gsﬁ?&ovqﬁé@%g‘cg Yéeﬁ?mems
conposi tion conpr lubticagts] dubilizere aidhaives, hﬁtkébudhﬁﬁp@%s polgmers/harmaceuticals, release

process for depositing a coati rate surface SI ng [t he

azeot rope-| i ke agemsqm'gmé'o‘fﬂ%giaf‘#]@ﬁl nglt F‘bﬁ’é‘é‘? m featerials, of
applying to at |eﬁl31hd@pmoi'dp9@etﬁér I¥drdeB6H, and silicone Iubncaxﬁé‘@m&@hé@@ﬁgdh’me?s
Substrate a coat| ng of a Uld coating composition_conprising (a) an 10

azeot r ope- 14%e co E)‘éﬁﬂt'?'@ﬁ %CPW"*&'EWP"@%&P"@% oebinations heerokr i al which i s

sol ubl e or Represe&hM%&ﬁﬁr&%f hidtehiR@s\AEK0 tok RGN Ine SRcE:0 HRRZE titaflm The
coating conpositign can further
dioxide, iron oxides, magnesium oxide, perfluoropolyethers, polysiloxanes, stearic acid,

acrylic adhesives, polytetrafluoroethylene, amorphous copolymers of tetrafluoroethylene,
and combinations thereof. Any of the substrates described above (for cleaning
25 applications) can be coated via the process of the invention. The process can be
particularly useful for coating magnetic hard disks or electrical connectors with
perfluoropolyether {ubricants or medical devices with silicone lubricants.
To form a coating composition, the components of the composition (i.., the
azeotrope-like composition, the coating material(s), and any additive(s) utilized) can be
30 combined by any conventional mixing technique used for dissolving, dispersing, or
emulsifying coating materials, e.g., by mechanical agitation, ultrasonic agitation, manual
agitation, and the like. The azeotrope-like composition and the coating material(s) can

be combined in any ratio depending upon the desired thickness of the coating, but the
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conprise one or nore additives (e.g., surfactants, coloring agents,

stabilizers, anti- oxidants, flame retardants, and the like).
Preferably, the process further conprises the step of renoving
t he azeotrope-like conposition fromthe deposited coating by, e. g , 15

al l owi ng evaporation (which can be aided by the application of ., heat
or vacuunj. éab’“““m’ The coating materials which caf C@gl i ted
by the process include pignents, | ubricants, stabilizers,

adhesi ves, anti - coatinfpmaterjal(d)/mreferably kynstitate, froptuboutiddero hbann ) & weight peeceat of

agents, inorganig oxi.de and..canmbi nati ons thereof. Preferred
materi al s ﬁme ?‘ﬁ'&"@gg% &Tﬂ%%?@ﬂphﬁa%?mhydrocar bon, and silicone

| ubricants; anor phousﬂfecﬂapdsmp&c%%ﬁhemv@ﬁoﬁﬁhbaédrﬂﬁdmebﬁaﬂpmme

pol yt et raf | uor oet hyl ene; and co t?%é@ons t here sentative

exanpl.es of mat efF® RECOmipPYIign10.a § °?'?Y§“"8P%E’t§§'§q‘¥°nff’mfz‘t Ri um

di oxi de, i BON OXidNfsitibHG 86 biusRed s} SRayeP@I |5 @ RRAIY Gith e Subsi@leystithox anes,
stearic acid, acrylic adhesives, poI yt etraf | uor oet hyl ene,

anor phous copol y%ﬁtﬁtﬁmﬁ’e{*R’M‘PﬁP@r Beefasghily, fhe substrate is coated bwmrwﬁm mhq ons
thereof. Any of giefsn% wmﬁﬂo&ba?%ﬁsﬁi fet
applications) can be coate Vi a e process o in entlon e process
can be matahlaobfmranylcpnmreﬂtdéngfhnf tlmalfmhvgubmghaa tubihgrstichiassks or
el ectrical connect,0ors e uor et her .l i At S Qr
medi cal devi ces HH ?f’? }t&soqegrﬁd&%ﬁsgrgﬁl ghe ol 5ald Bl lu'%g{‘fglﬁir’}d?%%ﬁ
coating cdOposi t advantadebss t6 drpahedntposifion ile ﬂﬁOﬁmi’dyttﬂappKdati& of rédied

azeotrope-like co 05|tion, the coating material (s), and any additive(s)

utilized) can beP conbi ned by any conventional m xing techni que
used for dissolvi “9 Attt Bebatin Qs Fedto asubstrate R BHofbletie Gofm doHQanbe
materials, e.g., by nmechanica tation, ultrasonic agitat manual

agi tation, and t tegnovéddeom thi éemax@dtcoajlpgbjf e\haoreump Yslesited tharate Qf leapozation ng
material (s) can gan b]e a%cﬁlgra&eg%y gﬁg?&:%ﬁ %f Eeﬁxéc%g ¥re£s%}e of m%ﬁ R&d. d“lﬂgcolﬂgx?g cah %g

desired thi cknes
- 10 - 15 of any convenient thmhness; gndrm pmmaé (the)thwimdsenhbé getaroiptiby sech from

about 0.1 to abo t 10 n osi tion
for most coating 5'B'p§l @‘gt"gﬁﬁ’g%{tﬁe oating material, the ‘empFF?e"rﬁétp@E?'}tﬂBFP ®ess of
the invention caipph%u e&rtheﬁctauﬁm&rxwammrumaﬁmlmeuhzed) coat i ng J )
corrp03|t|ontoasu ate hy . an ntional technique. For, exgnple, the
5 conposi tion caAbigRs 3ndadyantases,o \é’fﬁ'&%@“@é"' élg‘s%e‘{;@"ﬁ 7‘”’8& o the
substrate, or thgamples, but thepﬁi&%hﬁ&ﬁalgﬁmﬁ?ouﬁt?m&espﬁhﬁg in MeRfeRirAklby as t he
substrate i s coated by i Mmersion in nposi tion. | nmersion

can be caPi ed ovwell astothengonditionsaany éetmbnﬂevldmtrbe cmu@aﬁ upguly limit this
mai ntai ned for agye GeN ik BlnerwisdSlatbd il ainbits drf in'ghfinsSR 3 p&tbidgss de t UDI NQ,

such as a

weight percentages,
EXAMPLES
Examples 1-2
25 The preparation of the perfluorobutyl methyl ether used to make the azeotrope-

Iike compositions described in later Examples is described below.

Preparation of Ether “A™. “Ether A", used to prepare some of the azeotrope-like
compositions of the following Examples, was prepared as follows.

Perfluoro-n-butyryl fluoride, a reactant used to make Ether A, was prepared by

30 electrochemically fluorinating n-butyryl chloride (>99% pure) in a Simons ECF cell of
¢ the type described in U.S. Patent No. 2,713,593 (Brice et al. ) and in Preparation.

Properiies and Industrial Applications of Organoffucrine Compounds, R.E. Banks:
ed., John Wiley and sons, New York, 1982, pp. 19 to 43.
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catheter, and it is desired to ensure that the conposition coats the | unen
wall, it may be 10 advant ageous to draw the conposition into the |unen
by the application of reduced pressure. After a
coating is applied to a substrate, the azeotrope-Ilike conposition can be
renoved fromthe deposited coating by evaporation. |If desired, the rate of
evaporati on WOB8636689 can be accel erated by application of reduwsseso2ssure
or mld heat. The coating can be 1 5 of any conveni ent thickness, and,
in practice, the thi ciraegsewslplmdaetsmasmsbw@mhooledm-sz“(:(-#@m ors as

t he scosity of t coap | nat eri al e ture at coatin
08 VISCOSTLY O andfhe Sermling HiAtes eaeratet The WRECHF PRISE an Fe e hobkzo the” 0! 9

utilized). ECF cell and thelo»@?lpﬁﬁﬁx& sk c@ﬂé&éﬁt ages of this i nvent ion are
further illustrated b OW n exanpl es, but the particular

mat erial s and anount s¥hmrpém ph@emegi@dammu@s:@amamwygra@emanﬁ 5%wel | as

Cnvent§on. Ui os SoRME TP ILodrR SF et S oo ' T

percentages are perﬁuonnated iﬁ@:‘t%ﬂ?ﬁlrc REMESUNIS OPEs product phase was used m subsequent

EXAVPLES Exanpl es 1-2 25
The preparation ekylatensyéthputfortotpugificaionhyl ether used to make the
azeot r ope- ToTyyter S t E@gﬁr@,

descri bed bel ow. o2 Mduglg r%?ét On@%ﬁe’ém{%ﬁ Rl ﬁésr

used to prepare shangad@fkgt(ms.lande):qfewey-ﬁmdd@otassmm ﬂuondec'ﬂnmmdrmsn&abﬂ the

foll ow ng anpl es, ,was prepa as _foll ows

Per f | uor o- h* but y m??’&%?ﬁﬁed'g“{ez'%rfmm refj %“’tlﬁssm&%ﬁf’er“wd%s pr epar ed
by 30 el ect Hﬁ&éﬂ@m)ﬁﬁdnh&e (fzbuckg) w:h@&d&db&wwhmmdm xdmdrwaéowdr e) in
a Sinons ECF cell type described in U S. Patent

2,713,593 (Brice “taheloaﬁ °°C)Mﬁlrfaﬂﬁfwt #&"ém The perfluorobutyryl fluoridpprggust tiqse@e'én d

| ndstri al Applic

ed. . John WI ey g%dgg gignlgig, gN¥e gv%%i M&Oédgééﬁoﬁﬁmpaﬁm@ BvheR @& Smperature of

- 11 - the reactor reached -20°C, dimetHiih axlfy&s(éb@:kg ﬁﬁddnwt)smﬁ added tdibe Si nons
cell were g)ol ed tog -62

phases separ at ed’ rc’Wpa‘p%'a Lﬁﬂéﬁgﬁ%?&m\% &ng‘ﬁl'ﬁl'glfrﬁsé@wg%’g”ﬁﬁ H:le héi@ ECF

cell and the | owgsr 1phafisiwith fontind agitaior; Waslraised to 50°C foranaddmonalf&haotﬁmduct
phase yielded a m xture of approxinmately greater than 73. 5%

per f | uor o- n- but yf"fl”aﬁ %BP‘%W%%%W‘P@@#'Glp%bﬂle?'r‘wa“kl%m’c{émaﬁﬂy 23%

perﬂuorooxacyclopemane present in the starting perfluorofluorobutyryl fluoride) was

vented from the reactor over a three-hour period. The reactor was then resealed, and
20 water (6.0 kg) was added slowly to the reactor. After the exothermic reaction of the
" water with unreacted perfluorobutyry! fluoride subsided, the reactor was cooled to
25°C, and the reactor contents were stirred for 30 minutes. The reactor pressure was
carefully vented, and the lower organic phase of the resulting product was removed to
afford 22.6 kg of product. The crude product was treated with 68% aqueous KOH at
25 60°C overnight, water was added and the product azeotropically distilled. The resulting
distillate was phase-separated and the product phase fractionally distilled through a 2
foot {61 cm) Oldershaw column. Analysis revealed the product to be approximately 95
wi% perfluoro-n-butyl methy! ether and 5 wt.% perfluoro-isobutyl methyl ether and the
product boiled at 59°C (at 734.3 torr). The product identity was confirmed by GCMS,
30 'H and "°F NMR and IR.
Preparation of Ether “B”. Perfluoroisobutyryl fluoride, a reactant that was used
to make Ether B, was prepared by fluorinating isobutyric anhydride (>99% pure), ina
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perfluorinated, inert cyclic conpounds. This product phase was used in

subsequent al kyl ati ons without further purification.
Into a 20 gallon Hastalloy C reactor with a stirrer and a cooling system
was charged 6 kg (103.1 nole) of spray-dried potassiumfluoride.

The reactor d 10 and the pressure inside the re

reduced to I\(,avg‘?wt'i5 an 100 torr. Anhydrous di net hyl fgﬁ’{ﬁw 25.1
kg) was then added to the reactor and the reactor was cool ed

bel ow O[ err] C wi t3imendBCR ¢! (ag désaiibedrabove) €0 folnfa mwwlﬂw‘ohao od@ct
product descri bed s, added to the

react or contents"%@ﬁ‘&"r?@"ixéﬂ’ﬁ%‘ya% eA‘cPPgi““ms"%mWIﬁH%" 23 ¥ % eached

-20C, dinet hyl S%Jﬂﬂo?o-ﬁ%ﬁyllfﬂon%na 2@%@/ rﬁﬁteﬁhiﬁer%groducts.
reactor over a period of approxinatel ours. The resulting mxture was
t hen held f Githea® Wamhsnwepmcthmcharmwgpimgaﬂna hmﬂloym'asm to

Cenct| b, ahd wad PR Ppis=HR A Tek Rosnes, 375 oles) Sk BRI £
per f | wor ooxacycl cawmgnﬁddgew (3.2 polRdsSs amididsy) tﬁ&hﬁhfdﬁe efd Mnaplsw yl

fluoride) was ented fromthe reactor over a three-hour period.
The reactor was m@m)m&nqﬂwobtam! fagride produett (490 paurds|&dP meles, suptiedd sl owl y

unr eact ed per 1| uoy BRYOTE 17agh e 6 ERIR( 5 plindbob myen s b "

25[err] C, and t hghé RaGber THeXRAREH was HRldSat 304TF foflappPoximRelyitvd hRbrs tHdie react or
pressure was car ef ul ll[vp vented, and the | ower organic phase of the

resul ting @Qoductheetaét(rb’fﬁﬁﬁedda WedtoreaCtoveBﬁghwd 22.6 kg of product. The

d duct t h 6 % H,
overni Ght . et ot ves. 4188 SRt Def baPuspormtinUBRiddls 422
resul ting poun&b?t;ﬁéultﬁﬁfe ﬁﬁ?%ﬁj@&é@dﬁ\%ﬁ@f ﬁ‘ﬂﬁ@ aﬂ&gm’i'&efopf‘;@ﬂh&ﬁﬁes%ase

fractionally distilled through a cm) J dershaw col um.
Anal ysi s reveal edOfFet qosodldmtpngemertapptbemaé ﬁF@r&s added to the sohttilz(n until

er fl uor o- n- but yl a erflu r0- i net h et her
gnd t he Y thn%d%ét”‘%ﬁg '@&R%?mg‘é‘f‘é’% ‘7‘3‘@’@“&5& tionry pr oduct
identity was confd;srnlraﬂfrbm the PehctioR Gnixturd. Thé hilshmw{w Whshd MRavater kiremove

Preparation of Ether "B". Perfl ugrai sobut¥ él fluoride, a reactant that was

used t gneteangl, étenéwcwnawaérswké;sa eppurity therdesiead; rrRduct bR yri ¢
anhydri de (>99% %@e}s prb{?id@d 3 odu%trtléag was awroﬁnateg ?ﬂ P Oggrgfi%ﬂuty(l fethyl

descri bed above) 't orm a I"u
cont ai ni ng appr oxitheatsd %%@emuord}ﬂ-pmyfmetbyl@ﬂmbmd Ppoijdd dt bbartiSQW; atB4R . %

roducts. T*fw'v‘*gﬁd%?%ﬁ‘t?wevmnftrws%% CERRS By " HMT TRt 2 100

gal | on hasgegl | oy reactor: spray-dried potassiumfluoride (48
pounds, 375 nol es), anhydrous di gl yne (307
Examples 3-48
Preparation and Identification of Azeotro mpositions: Ebulliom
Method.

The azeotropes of this invention were initially identified by screening mixtures
25 of hydrofluorocarbon ether and various organic solvents using an ebulliometer or boiling
point apparatus {specifically a Model MBP-100 available from Cal-Glass for Research,
Inc., Costa Mesa California). The lower boiling component of the test mixtures
{typically an amount of 25 to 30 mLs) was added to the boiling point apparatus, heated
and allowed 1o equilibrate to its boiling point (typically about 30 minutes). After
30 equilibration, the boiling point was recorded, a 1.0 mL aliquot of the higher boiling
component was added to the apparatus and the resulting mixture was allowed to

equilibrate for about 30 minutes at which time the boiling point was recorded. The test
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pounds), Adogen[err] 464 (3.4 pounds, 3.2 noles), triethylamne (12 pounds,
53.9 nol es) and perfl uorobutyryl fluoride product (190 pounds,
319 nol es, supra). Wiile stirring at 75[err]F, dinethyl sulfate
(113 pounds, 407 nol es) was punped into the reactor. The reactor
was held at 104[err]F for approximately two hours then 10 heated to
140[ err] F andW09636€88 t o react overni ght. THRCT/ER6/06902 Wa s
then charged to 20 wt % aqueous pot assi um hydroxi de (123 pounds)
to neutral i ze anycomtinuedbbsichilylasdesdnipkd shové, atith additibns td the st nfigore30 1.0imlusfes at

70[err]F at a sol yti H. I g}ﬂgg F\%gﬁlﬁgg%t t he
solution until %h%ﬂergoillﬁésﬁﬁ%%g}%%%%?@an #%‘éﬁg?o uct per eih(t?l%'re'(')butyl
net hyl et her fr acbailing poins cdrfiponent had tebers sdded. e presentd dfen azairdrieoves noted when  The
fracti onal 1y di ot PFFatrm AREREH BurfTRE peintiuey bbpIBESAEE Helpuet

process progi ded BoiRigRompéneht i¥itheWas midie. OXhe BinpbsitioRSESrieepohditiPioahd Sobut vl

met hyl et her and 35% perfluoro-n-butyl nethyl| ether and boil ed at

about 59C at 734. $orementioned botling ppints preze dptesmined. Theepmpasiion felume ) ofthed by
GCMS, [err]H and [gLkh iti ion of boili ;

Beanpl oe. 5 g il Sohf 2 Goreeh was then plotod g o fmction of beiipg point, Tho
Azeot rope Conposi ¥eotrape-likbedmriositiens dpiling at temperaturpgwithirdabout 1°C of the respective  The
azeotropes of thig_lnveni-on e d.nitial ' W r i

ot ur oo 25 et B e Bl hbinch TR biok S8 oY coRBLBEMAI s, |
usi ng an elddl | i onfheameighbY asisips well as the boilingicint raagmtratposdifgstpdei fical |y a
Model MBP-100 avail abl.e from Cal.- 3 ass.for ,Research - .« lD0C. sta
Vbsa Cal | for ni a) - CORRESTORPRISRat oh e SO TRAN 51 e Aempesiion beiipg poRg id e

(typically an anpissétrapk bdifing gointlaréibi@sentvdin Pkl to the boiling point
appar atus, heated and allowed to equilibrate to its, boiling,point

(typically about 30 i F§OBSpIc spivenisusadto preparedhn azequigpesikesampesitionp desprited
poi Nt was 1 eCor Aol shee Rxahpllls vithd frkHasedlcotliErofiihicih 18 Aldrich Themical Company

conponent was added to the apparatus and the resulting m xture was al’l oned

to 15 equi andihedtlekarGhemigalfenmraay, skospt fosHGFC-ARY caiebtwhich wasputsbased ng
poi nt was recorde : . . . g
P Hom Nafhi GRS Company se AK225 ( misgue of 45 weight pecpen HCRC 235,
addi ti ons to the iegd:;FsGHAlrand 65 weight percentfof HCFC-225cb, i.¢.heFRICHREHCHI | i ng
poi nt conponent every 30 minutes until 15 to 20 nLs of the higher
boi I i ng poi nt, conponént had been added. The presence of an azeotope was
not ed when :
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the test m xture exhibited a | ower boiling point than the boiling point of

t he

in

The conpositions

af orenenti oned boiling points were

determ ned. The conposition (volunme % of the

or gani ¢ sol vent

boi Il i ng conponent of the test m xture.
the conposition was then plotted as a function of boiling poi

5
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[err] Exanples 49 to

94 Preparation and Characterization of the Azeotrope-Ilike
Conpositions by the Distillation Method. M xtures of
hydr of | uor ocar bon et her and one or nore organic sol vents whi ch

exhi bited a wobsmsegsopoi nt depression in the Ebulliometer Mt prau/usesessos
eval uated again to nore precisely determ ne the conposition of the

azeotrope. M xtures of theseE,twfegﬁbw‘,ocar bon and organic
sol vents were prepared and distill ed Ln.a concentr| c tube
distillation col um ( xepetatiorsand Ghargeterigationy oilid pos

Jersey). The d Stnlédlﬁﬁénoﬂrgmﬁ Ohbiett o Aa;bm 8t oﬁe%%oré&&%ﬂ&‘ for at

| east 60 mi nutes SI X successl ve Stillate
sanpl es, each appoleantnwbich gxhib:tpcéah@lntgﬂo;ntd@msmn invicd Ebuliontetet Mathiod were | | quid

Tat1 o or 50 to 1 cvaiftd sEaBRE Bl sk SRt B e pibe 8t azcoreppe. Mol |
anal yzed of thase hydroflnorbiiartiod 464 Searicslvehts erduprG‘pmecﬂnﬂ dmilie@lgﬂ aph

Hew et t - Packar d t | | ol | i nked
596 phenyl et hy) )%%*esﬁlee getegen eham oS from 5o 613, ViR iRRs Lo e
DAL er 1] COl UM Ay ARSI o s a2 RS ARl iR e o R 50,

Assoc.) and a flane |onization detector. e boiling points of the
distillate were Ineach distillatigg six specgssigidisg! %efm%m@xmt@hﬁms%bnur at e

to about 1ljerr] Cyoileo Wﬁl M'[lﬁﬁlaa%%e were taken whﬁi@&lpéraumjs h&gmt?gt'ﬂfqﬁldandar o

anbi ent pressures at ch the boilTng points were neasure
reported in Tabl @efBx ratio of 20 to 1. The compositions efseedistiflate sampiest wer&thewe analyzed d

Et her B were used_.to aze th 20 a | C
Solvent . For eachsbleRHEBRESFRERFIGRES chromhsatioh (owhBarRs ufth {3
HP-5 capillary column (cross-linked 5% phenyl methyl silicone gum stationary phase), a
30m Stabilwax DA™ column {Alltech Assoc.) or a 30m Carbograph I ™ (Alltech
15 Assoc.) and a flame ionization detector. The boiling points of the distillate were

measured using a thermocouple which was accurate to about 1°C. The compositional
data, boiling points and ambient pressures at which the boiling points were measured
are reported in Table 3.
In some cases, both Ether A and Ether B were used to prepare azeotropes with
20 the same organic solvent. For each such case, the standard deviation and mean of the
concentrations of the azeotrope components were calculated and analyzed using a t-test
{95% confidence level) to determine whether the differences in the azeotrope
compositions prepared with Ether A and Ether B were statistically significant, or should
be considered to be from the same population. Where the t-test indicated that the
25 compositions were from the same population, the mean and standard deviation were
calculated for the entire population (i.e., data for Ether A and Ether B azeotropes) and
the mean value is also reported.
The azeotropes were also tested for flammability by placing a small aliquot of
the azeotrope in an open aluminum dish and holding a flame source in contact with the
30 vapor of the azeotrope above the dish. Flame propagation across the vapor indicated
that the azeotrope was flammable. The flammability data is presented in Table 3 under
the heading “Flammability”. The flash points of select compositions were determined
using a method similar to that described in ASTM D3278-89 test method B. Instead of
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concentrations of the azeotrope conponents were cal cul ated and anal yzed

using a t-test (95% confidence |l evel) to determ ne whether the
differences in the azeotrope conpositions prepared with Ether A
and Ether B were statistically significant, or should be
considered to be fromthe sanme popul ation. Were the t-test | % t hat
the 25 NGB ons were from the same popul ation, the ¢‘F

standard devi ation were calcul ated for the entire popul ation

(i.e., data for [Eodiiegspecisneds irnzdthe Suimipem coclingblpckeespribed in test methgd Ry ean
value is al so reg%l’ (s were cooled using solid CO.. ﬁ@?egﬁ&%‘?iﬂe%?ﬁ@aﬁ%ﬁr@péke%&dhﬁﬂ ed
for flamuability Dy placing a smﬂ% al 1 quot o the azeotrope in
an open al umi numTedbls B unded thedkating] Flash Peimts source in contact with the 30
vapor of the azeotrope above the dish. Flane propagati on across the vapor

i ndi cat ed - that the azeotrope was flanmable. The flammbility data
is presented in Table 3 under the heading "Flammability": The
flash points of select conmpositions were determ ned using a
method simlar to that described in ASTM D3278-89 test nethod B. Instead of
- 17- cool i ng speci nens using the al um num cool i ng bl ock
described in test nethod B. specinens were cooled using solid CJerr]. The
results of the evaluation are presented in Table 3 under the headi ng "Fl ash
Poi nt ".
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Exanpl es 95-140 A nunber of the azeotropes were tested
for their ability to dissolve hydr ocar bons of increasing

nol ecul ar wei ght according to the procedure described in U. S.

Pat ent No. 5,275,669 (Van Der Puy et al.) The data presented in Table 4 was
5 obtalqﬁgmgﬁagetern1nlng the | argest normal hydrocar bopcpbisageeyhi ch
was sol ubl e- particul ar azeotrope at a |evel of 50 volune
percent. The hydrocarbon solubilities in the azeotropes were
measured at both roomtenperature and the boiling points of the

azeotropes. The data is reported in Table 4. The nunbers in Table 4 under

t he freadTITyST Ty U otar R an

R o1 Hydrocarbon [err] BP"
correspond tjo fhe nynpereiog! ) | &| gqrdyon fgogngnthelargest hydr ocar bon
n- al kane t hdt J\Es.sclﬁlblze§1£ea§1 f2 212|212 ) azeotropes at room
t enperature anpEa® tlhef bdil i n i h ze@t rippe, respectively.
Azeot r opes re preparad an( ' I nfs vere neasured using a
resi stance tfenperat yre qth Irlepgnts were accurate within
about-0.2[err]3b 2| 2| 2nd 2Tl e 4. 15
The data i njT §e= showg t kamesi are very soluble in the
azeotrope-like cd%n sitiqgns so the azeotrope-1like
conpositiong afe for fhe cleaning process of
t hi s inventifonj. Thesle ¢conpo bl so be effective as
sol vents for di% Ll 90y @{@f coatings of
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WO 96736689 PCT/US96/06502

Examples 95-140

A number of the azeotropes were tested for their ability to dissolve
hydrocarbons of increasing molecular weight according to the procedure described in
U.S. Patent No. 5,275,669 (Van Der Puy et al.) The data presented in Table 4 was
obtain%d by determining the largest normal hydrocarbon alkane which was soluble-ina
particular azeotrope at a level of 50 volume percent. The hydrocarbon solubilities in the
azeotropes were measured at both room temperature and the boiling points of the
azeotropes. The data is reported in Table 4. The numbers in Table 4 under the
headings “Hydrocarbon @ RT" and “Hydrocarbon @ BP” correspond to the number of
carbon atoms in the largest hydrocarbon n-alkane that was soluble in each of the
azeotropes at room temperature and at the boiling point of the azeotrope, respectively.

Azeotropes were prepared and their boiling points were measured using 2
resistance temperature detector. These measurements were accurate within about 0.2°C
and are presented in Table 4.

The data in Table 4 shows that hydrocarbon alkanes are very solubie in the
azeotrope-like compositions of this invention, and so the azeotrope-like compositions are
excellent solvents for the cleaning process of this invention. These compositions will
also be effective as solvents for depositing hydrocarbon coatings, e.g., coatings of

lubricant, onto substrate surfaces.
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Exanpl es

The foll owi ng exanpl es descri be the preparati on of

141- 151
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WO 96/36689 PCT/US96/06902

Examples 141-151

The following examples describe the preparation of azeotropes containing
Ether B and two organic solvents.

Azeotrope composition was determined using the distillation method
described in Examples 49-94, their boiling points were measured using the
procedure described in Examples 95-140 and their cleaning power was determined
using the procedure described in Examples 95-140. The data is presented in Table
5.

Azeotrope-like compositions containing within about 10 wt.% of each
component contained in the azeotropes of Table § are usefiil azeotrope-like
compositions in accordance with the invention and have many utilities such as

cleaning solvents, coating composition solvents and drying agents.
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28 - Exanpl e 152
The followi ng exanples illustrate the use of one of the azeotropic
conpositions of this invention as a solvent or extraction nedia.

A mneral oil filled polypropylene m croporous nmenbrane prepared 5
according to & dure described in Exanple 10 of U S. Pa

4,726, 989 &Ggﬂiﬁv\g cut into 1.5 X 3.0 cmstrips and wei ghg'g&}vswwwz
The oil -l aden strips were subsequently imersed in either about 30 nLs of
Ether B or about 30 miLs of an azeotropefi@®gleddfpositi on consisting of 50
WL % of B hem@r&m%@&%pw%m&r&é HeSdoford dt QLRSI ene.  The
sanples were lightly 10 agitated in their respective solvent or
extraction medi a foompasitiens of this inventioe anmsplver or extractidnemedia-t hdr awn and

air-dried. The sanples [ | ghed etermne t anmount
of oi 1. removed by Bt hert Bnamhoy RIS FmliBe PSS Tbink ans pented ni g
Ether B. Ethgr B rge¢eniiag tdthe phoctdite d0RriBedih ExRaple 10@F UM Hatedb NoV i\ TEe98% e
azeotrope-li ke conposition renoved 0.379 O 15 g oil per g of nenbrane.

This 15 dat avasenbintst k-5 %%0 ematripsané weighede azeotrope |ike
conpositions of this i i i

extraction media than ?ﬁg ggg%? @@ﬁg rlgxr‘]eegubsequémgfﬁmﬁysgf n e\’tﬁersa%EXt%tﬁLg of
Exanpl e 153 Ether B or aboufl310) ml safadzectadperike compositivnaoasistingd 50 vk %

conposition of the dnventi can ed.in nmer cj al  dr,)
cl ggnislngl pr ocesses,".f&;g“\é’r and 305t% °ftfaﬁf‘6’2f‘g§1"%’]rg§gyllf’l‘£°' gﬁﬁssgmgfﬁ‘ E’Weééﬁ‘h(/i al's

vere added ghe foldOunbd their resD%ctive solvent or éxfriction BN foft St She i and and
10 drops (0.24 g) of SECAPUR DRY- MASTER[ err] dry cl eani ng

detergent (a cati dhéncwitteravmandtairadried! Jihk samplesmeere thenlweighed to deternfineotixe
Buesi ng & Fasch GrbH & ?o-. Rei ni %Li’n%s-u. Ver edel un stﬁ?hni k af, . s
d denburg, Ger minﬁnount of oil removed by Ether B and the azeotrope-like composition containing

Ether B. Ether B removed 0.026 + 0.006 g oit per g of membrane while the

azeotrope-like composition removed 0.379 + 0.015 g oil per g of membrane. This
15 data demonstrates that some of the azeotrope like compositions of this invention are
more effective solvents or extraction media than the Ether B alone.
‘ Example 153
This example shows that an azeotrope like composition of the invention can
be used in commercial dry cleaning processes.

20 Into four, 30 mL glass screw cap vials were added the following:

(1}  about 40 g of Ether B and 10 drops (0.24 g) of SECAPUR DRY-
MASTER™ dry cleaning detergent (a cationic detergent available commercially
from Buesing & Fasch GmbH & Co-Reinigungs-u. Veredelungstechnik of
Oldenburg, Germany),

25 (2)  about 40 g of Ether B and 10 drops (0.24 g) of SECAPUR
PERFECT™ dry cleaning detergent (an anionic detergent also available
commercially from Buesing & Fasch GmbH);

(3) 40 g of mixture of 50 wt. % Ether B and 50 wt. % of trans-1,2-
dichloroethylene, and about 10 drops (0.24 g) of SECAPUR DRY-MASTER™

30 detergent; and '

-29-~



25 (2) about 40 g of Ether B and 10 drops (0.24 g) of
SECAPUR PERFECT[ err] dry cl eaning detergent (an ani oni c detergent
al so avail abl e comercially from Buesi ng & Pasch GrbH);

(3) 40 g of m xture of 50 wt. % Ether B and 50 wt. % of trans-1, 2-

di chl oroet hyl ene, and about 10 drops (0.24 g) of SECAPUR DRY- MASTER] err] 30
det er gent ; anWo 96/36689 PCT/US36006902

(4) 40 g of a m xture of 50 wt. % Ether B and 50 wt. % of trans-1, 2-

di chl oroet hyl ene, and @?Ouu%oﬂrﬂﬁlﬁwé@f Béw)%mhéﬁ%agampﬁ%ﬁm@m]

det er gent . tles were shaken hand and V|suaIIy
eval uated to det ediphiproethyiene, gnd about 1Q,dsops (.24 ) SE E* n the
ether or azeotropgs V\%‘#%ﬁ conposition. Ether B did not di ssol ve
ei t her detergent, e the azeotrope-Ilike conposition dissolved both

det ergents. The bottléflmchmtt&'s@ergshhmtgﬂnmm;m&#hﬁﬁmmr?ﬂmﬂgtémmfd tEe
SECAPUR DRY-MASTE ent wa mewhat hazy. wth 10 drops of .t he
detergent, But i Féﬁjq%d eidtﬁﬁggg swﬁap Freorq%mge%& SPMaPSfigae & 5
drops 10 <0 jr?otg issdtbe : et GdRe %Mﬁﬁﬁ%@eﬁ&ts@&gs&&omm& L&h

soluble in the e conposi
Sol utions of the detirgenenThabettie copaning ke azeotppeiike corspaditivomndte above

etaned wth o o SECAPGR I MASPERD actppert Jas Sortimvn Py I dres cbber. 5
L5 om cot ton f ahieidrg ey 1R o readily SaldWito Ui 1B Bhask? VI%M\EF SFHréﬁse

under a 500 g wei ght for 3 hrs to ensure goo penetration of the
oil into tH@ fabr{@d2 gThéSECAPhB@BWASEER%d@%MrWaplﬁdb'edlubhmthe
cont ai ners cont ai ni t? qﬁ(sdet eggq ent/azeotrope-|ike conpositions described
above, HEOHIPEEEFPIPIRIL wer e capped and shaken for about 2
m nutes. The swatches Solutions of:h&@ét@rg&maedtmmﬁ@c@ﬁﬁbsmohs déscasbdasbey €
visual ly conparing themto unstaine swat ches. Both of the
det er gent - cont ai rverg exabuaseskastdrpeleaningragersp fasrwhitg cotsomfabric swatches stainedwithet el y
rEggDn\éngt gg 4?'1|5 6%&3’1 Riotdr O Dy R8RS 6H S5s poured on 1.5 x 1.5 cm cotton fabric swatches

15 and the swatches were then placed under a 500 g weight for 3 hrs to ensure good

penetration of the oil into the fabric. The stained swatches were then placed in
containers containing the detergent/azeotrope-like compositions described above,
and the containers were capped and shaken for about 2 minutes. The swatches
were then removed and air-dried before visually comparing them to unstained
20 swatches. Both of the detergent-containing compositions were observed to have
completely removed the oil stain from the swatches.
| Examples 154-156

In the following examples, the compositions of azeotropes formed by trans-

1,2-dichloroethylene and hydrofluorocarbon ether having various relative
25 proportions of perfluoro-n-butyl methyl ether and perfluoroisobutyl methy} ether
were determined. _

25 mL mixtures of trans-1,2-dichloroethylene and hydrofluorocarbon ether
having the relative proportions of perfluoro-n-butyl methyl ether and
perfluoroisobutyl methyl ether specified in Table 6 were prepared. Each of the

30 mixtures was distilled using an Ace Glass 9333 concentric tube distillation column

having 40 theoretical plates (stated). In each distillation, the column was allowed to

-30-



In the foll owi ng exanples, the conpositions of azeotropes forned by trans-
1, 2-di chl oroet hyl ene and hydrof | uorocarbon ether having various relative 25
proportions of perfluoro-n-butyl nmethyl ether and perfl uoroi sobutyl nethyl
et her wer e det erm ned. 25 nmL m xtures of

trans-1, 2-dic | ene and hydrof | uorocar bon et her i he
relative propg$§ions of perfluoro-n-butyl nethyl ether and PCﬁﬁaﬂﬂ%&ﬁ
per fl uoroi sobutyl nethyl ether specified in Table 6 were prepared. Each of

the 30 i xt utqudiibipte forioge hpuray tasdireflyxa Thasefug ratie wossipseqyprtbradiusted; ube
distiljauion col U, 2010 1 and thdt@flef ! P it GRHpRE of BB &hER reMbRdHom e €ach

distillation, the colum was a
- 30- receiver. Egch of the sarmplésovasanalydedvia gas chrmatographly wsing ¥he

reflux ratio was subs t justed . . to.20 tg 1 and {.h after,
six, 1 nmL sanples g?wﬁﬂﬁgfal"é? @ﬁ?@%@'ﬁ%é‘&*ﬁ%ﬁ?&’ coum.n?‘romﬁlgglrgﬁver_
Each of the ganpl epadiad ta detemtringlthe rdlaRcotenealdns GF &iahy. 1,adidMbraethylene and

Hew ett Packard 5890 GC containing an HP-5 capillary colum fromHew ett 5

Packard to det er ni huirefluerqcarbanether indhe aasotropaso e stative praportions of perfluoro-n-

1, 2-di chl or oet hyl e I [ e My | h
azeotropes. The r eﬂgyl%egh}g Ft ct)1 Bl(.)ﬁdl pgﬁgu%%?q;o& g&? ﬁ%@?’ gé_%ﬁgr th B’% hydt%ﬂh%%f: ?fPotl"ret hyl
et her and perf| uor ghercing the cortdntfioredfieans-1[2-dibidotoythylzhé s igdesfiefocarbon

et her and the concentration of trans-1, 2-dich| oroet hyl ene and
hydr of | uor ocar bon ether in the azgqateppes is presprtedind@bledhes i s presented in Table 6.

I 0 10
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[err] The data shows that despite the variation
I n the concentration of branched and straight chain isoners in

t he hydrof | uorocarbon ether, the conposition of the azeotrope
formed with trans-1, 2-di chl oroethylene is |argely unchanged.

Exanpl es 157- kg8 5& The followi ng exanples ill usg, é@ﬁgﬁﬁ%@

the effect of hydrofl uoro | soner concentration on the

poi nt curves for azeot rgpi n
ether and trans-1,2-dic o‘fr\ag)aes?lfgagﬁ’ﬁE de%p%e& € variation in the £@"ﬁén¥%@?§\°ﬁé§]

described in Exanrﬂxﬂ&tr&gﬁﬁchagmqni&s iafthedigidroflugraqearboh ethef, elie ¢oRjposition of the  as

a function of conpositio vol ume %9 were prepared, for m xtures, of Et her A
10 and t r ansAZ¢OtpoRy; r}'Eﬁgﬁ’l“’éir‘?? 'ér%d’&hlﬂrq?ﬁw&ﬁeﬁl%méy unchanged.
trans- 1, 2-di chl oroet hyl ene. The Ex \@§.1gge presented in Figure 1.

The da,ta shows that the curves are very si ar desplte the different
concentrati ofis of perfITlmrfoﬂcrwmglwmptmulhyﬁatetﬁmmeleﬂ'e&tdféwdmﬂam1BIMr B.

The rel atively const oi lLi.n 03|t|ons red with
Et her ‘A (repr esent@gc¥atonon 3‘8;’ ?H@P@ng%%f PPiE ﬁ@"‘?ﬁﬁ Bppoi nt
curve) contain bat\%%ﬂu@#&%oﬂ@th@rﬁaﬂ%a?x@-—l“z-d;chloroethylcné"’e' ght percent Ether A
while the rel ativel'y constant boil 0| nt conpositions pr epar ed

\lIJVIt|h Et her B co][lt ain aﬂémg themthpdd edrwul‘gdam & B ci8ngraphsefibolling Phiat ("C)f
E 40, V
trher B Lo M O e'kpdiohBr fohptiiedh cidhlng p Seve Fbfarkh for WA be R O

nmodi fi cati one and éhkittﬁhﬁil j2cdichlsrbethyiese dnd\BthériBoandirdns- (B diakipaietiiylent.0The
those skilled in the art wi tho Ig%epartl ng fromthe scope and spirit of
this invention.  Curvesare preseme gure 1
The data shows that the curves are very similar despite the different
concentrations of perfluoro-n-butyl methyl ether in Ether A and Ether B. The
relatively constant boiling point compositions prepared with Ether A (represented
15 by the flat portion of the boiling point curve) contain between about 16.2 and 75.4
weight percent Ether A while the relatively constant boiling point compositions
prepared with Ether B contain about 17.4 to 75.4 weight percent Ether B. The
boiling point of Ether A is 40.7°C at 727.5 torr and the boiling point of Ether B is
40.3°C at 729.3 torr.
20 Various modifications and alterations of this invention will be apparent to

those skilled in the art without departing from the scope and spirit of this invention.
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- 33- W claim 1. An azeotrope-Ilike
conposi tion including perfluorobutyl methyl ether having a
boiling point of 59*C at about 734 torr,,and one organic solvent, wherein
t he azeotrope-li ke conposition is selected fromthe group
consisting of: 5 - (i) conpositions consisting essentially of
about 95 to 6IWRAEBAB? per cent of per f | uor obuPQTUSAEVERP?
et her and about 5 to 39 weight percent cycl ohexane t hat
boi| at about 54 MfU¥MPerr]C at about 735 torr; (ii)

conposi tions consiist i Ngnasedpé-fikd sonpositibn ticluding perfiiSrobetylréthyl RtRE Ndving
perfl uorobutyl nethyl ether

about | to 17 weight percent 10,
met hyl cycl ohexane 2PRIES BYPY °f§§d%15‘cﬂgf’“’5'§4ttﬁ"ﬁﬁ‘ﬁé’f‘? SOfREy: Whesain th .

(iii) Comositionmae?é.ﬁﬁé&& Sin6nsisakdt¥d Rbm
of pert | I h

per cent heptSane that
732 torr,
about 99 to 88 wei ght

buPSnkieorei ght per cent
a

uorobutyl methyl ether and about "1 to 14 wei ght
(i) compositions consistingeissentially abshout 88t @ weghimeicontaf about

TR R MR M ST WA

ether and about | t0 1da Wil bdte 5 8556°CH B6ANSS fohat boi |
at about 58 to 60[err]C at about 739 torr

10

15

20

25

30

(ii) compositions consisting essentially of about 99 to 83 weight percent of
perfluorobutyl methy! ether and about 1 to 17 weight percent
methylcyclohexane that boil at about 58 to 60°C at about 729 torr;

(iil) compositions consisting essentially of about 99 1o 86 weight percent of
perfluorobutyl ﬁethy! ether and about 1 to 14 weight percent heptane that
boil at about 58 to 60°C at about 732 torr;

(iv) compositions consisting essentially of about 99 to 88 weight percent of
perfluorobutyl methyl ether and about 1 to12 weight percent isooctane that
boil at about 58 to 60°C at about 739 torr;

(v) compositions consisting essentially of about 97 to 66 weight percent of

" perfluorobutyl methyl ether and about 3 to 34 weight percent diisopropyl

ether that boil at about 56 to 58°C at about 736 torr;

(vi) compositions consisting essentially of about 79 to 22 weight percent of
perfluorobutyl methy! ether and about 21 to 78 weight percent methyl t-
buty! ether that boil at about 50 to 52°C at about 723 torr;

{(vii) compositions consisting essentially of about 92 to 42 weight percent of

perfluorobutyl methyl ether and about 8 to 58 weight percent
tetrahydrofuran that boil at about 54 to 56°C at about 725 torr;

(vii) compositions consisting essentially of about 86 to 34 weight percent of
perfluorobutyl methyl ether and about 14 to 66 weight percent acetone that
boil at about 49 to 51°C at about 728 torr;

(ix) compositions consisting essentially of about 75 to 17 weight percent of
perfluorobuty! methy! ether and about 25 to 83 weight percent trans-1,2-
dichloroethylene that boil at about 39 to 41°C at about 729 torr;

AR O



(v) conpositions consisting essentially of about 97 to 66 wei ght percent of
perfl uorobutyl nethyl ether and about 3 to 34 wei ght percent diisopropyl
ether that boil at about 56 to 58C at about 736 torr 20 (vi)
conpositions consisting essentially of about 79 to 22 wei ght percent of
per f | uor obut yl wmkhRyess €t her and about 21 to 78 wei ght percent

butyl ether that bolil at about 50 to 52[err]C at about 723 tor#ﬁt]ﬁ%km&oz

.(vii) conpositions con )éssQlE cent
of perﬁ Eg?ggs%?%sliﬁh’% et her an oéuft8 %82‘?%@?%@\/%991
percent 25 perﬂettmblhty%n@hxlremﬂ tahéabdub?- to 3\2 waigbtperéent 1,3,256[ err | C

at about 725 torr; tchloé%t%qnﬁmagé@?% ﬂi’f’“ U S 5t Ab3LST33 thiad

essentially of about 86

perfluorobutyl nethyl epiedo mﬁ:xmsx%gteaseﬁﬁalwawmpawemtve@ﬁesméthat
boil at about 49 to 51[err]C at about 72

(i x)
conposi ti ons Sconsi st i ngpeBuerabytyl methylrethepand abput 3 t0 3R7weightpercepel-cent of 30
per fl uorobutyl methyl e Qtodbg sg L1t r trans-1, 2-
di chl or oet hyl ene t hat b%&og‘?gg%%ut 193%54% J[‘%épr gJﬁabB o‘}ﬁuzt%rl Y torr;

- 34- P (xii) composztxons cqnsistinpessanially afiabotdIsto SSiweighe paeaitiofll | v
of about 98 to 68 weig ercent. o per fl uorobutyl nethyl
ether and about 2 to SZPQ)@?%?MW@EW“I’E’&“@MW7t°45 weight percent 2-

trichl oroethylene that Elﬂbﬂob@hn@z‘ﬂ%oﬁ%? Jb@u@ﬁ[tsfsts‘]&ﬁbo&bﬁqtm?@G torr,

(xi) conpositions consisting essentially of about 97 to 68 melght percent
of 5 10 per f (i) composiionssonsisting essentialin of aliout 94 B §2oweghtpsraghit of

B about 728 tory;  perworSBuSHRRRURES bifeoltt fo B w el gt 71 C

essentially of about 93cHigridethatdol 3t aB&WtFANb SETC at about 730 torr,
perfl uorobutyl nethyl ether and about 7 to 45 wei ght percent 2-

chl orobut ane that boil &iv)&owgesitiansiconssingessewially obhghout 77871 weight peceent of

of ) omPostrons CoTg R ORaR ol infioof Bt Xt erelR il L P

percent i - bursyl chloride that boil lat %otﬂa6ttb38°0mlaboat73amt 54 to 56[err]C

at about 730 torr; V) conp, Ittl %ns con |st grL?
essential ly of about 7%"?’?)%%\%?1?"‘}5@?‘%%“ 5‘P1?3”_’ about S8 10 3 percent of
perfluorobutyl nethyl ebéﬂﬁﬁor@&ﬁyﬁhﬁlﬁleﬁﬁrﬁﬁﬂ ﬁzuﬁ"ﬁcgfﬁwagﬁt%%emt rputyl

dichloropropane that boil at about 58 to 60°C at about 724 torr;

(xvi) compositions consisting essentially of about 92 to 57 weight percent of

20 perfluorobutyl methyl ether and about 8 to 43 weight percent 2,2~
dichloropropane that boil at about §5 to 57°C at about 735 torr;

(xvii) the composition consisting essentially of about 82 to 8 weight percent
perfluorobutyl methyl ether and about 18 to 92 weight percent methylene
chloride that boil at about 33 to 35°C at about 737 torr;

25 (xviit) the composition consisting essentially of about 97 to 52 weight
percent perfluorobutyl methyl ether and about 3 to 48 weight percent
methanol that boils at about 45 to 47°C at about 733 torr;

(xix) the composition consisting essentially of about 97 to 70 weight
percent perfluorobutyl methyl ether and about 3 to 30 weight percent

30 ethano! that boils at about 51 to 53°C at 728 torr;
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15 chloride that boil at about 46 to 48[err]C at about 733
torr (xv) conpositions consisting essentially of about 98
to 82 wei ght percent of per fl uorobutyl methyl ether and
about 2 to 18 wei ght percent 1, 2- di chl or opr opane t hat
boil at about 58 to 6 err]C at about 724 torr, (xvi)
conposi ti ons SN68%,g essentially of about 92 to 57 wei ght PGE{USENE903f 20
perfl uorobutyl methyl ether and about 8 to 43 wei ght percent 2, 2-

di chl or opropane that bgix) thetcompenitionTbndisting essehtiatly o ebrut 98t Gﬁoweight percent

(xvii )tthe conposition (;Rns tqidn ez&gftﬂqg&%&&ﬁgout 2 Bﬁﬁﬁ"\i\%{’%i -
percen 61%619
wei ght percent net hyl epsils at about 56 to 58°C at aboﬁ{rmgrm@le t hat b0| | at about 33 to

35[err] C at about 737 torr; 25 (xviii) the conposition
consi sting essent i al | y(xsp campesitiony consisting %eqr@}my of about 99 to 75 weight pesesnt ent

et hanol. tha boi 1 o at S speARErBgShbednlcher Gad Mol thRSEEH: percent 2-
(xi x) the conposition mammitHat bl & 2657 & 59°Cat alwbo™2 @, t 0 70 wei ght

percent perfluorobutyl nethyl ether and about, 3 to 30 weight percent 30
ethanol that boils at GKGLROmpositignssopsisting essgatialipof abgpt 99 to72 wexght percent

(xx) the conposition c I

per cent OF Bl RBRISERLA i B BB 008 gl

wei ght percent 1-propabmhnolthatbonlataboutS?to5936|ataboat73ﬂintrt 56 to 58[err]C at
about 733 tarr;

of about 99% 0 75 wei g\m(xubgqmtnogx%conmstm%ﬁge%tlm lly o?%tpo%?%g tgé# P&wgssent Lally

methyl ether and about f 1hre%eﬂﬁo%hﬁm\eﬂﬁﬁre@ﬁpﬁn&’bbutztoZZwexghtpercentt- but anol
that boil at about 57 to 59[err]C at about 742 t (xxii)

conposi tions consi sti n@tm&atmllatybmﬁ Sabo5iT"Capaboyt 739 wet ght per cent

of the perfluorobutyl h

but anol that boil at a@%ﬁ? g%gﬁ ngt“%'ng ﬁn&a}%(?fgb W‘i%gg%‘%gﬁ?&rﬁm
(xxiii) conpositions Cmﬁk?btﬂﬂgroﬁ qem&thﬁlethereﬁdabmwtoga weight Perortght

per cent P |.uor obut yl pet h% ether and about 2 to
22 wei ght pércent t- trifluoroethanol that boil a4 gboirgil te AHC dbabaut 282 WFsut 55 to

S7[err]C at about 739 LQoyg g-g:osmons consxstm% essenthf‘QboﬁPg?beﬁW&iglft ﬂéﬁf@ﬁt‘ sting

essentially of about 94 to
perfluorobutyl nethyl eft ﬁclpeﬂludrobbtyhmetﬁyltedxenandmpgﬂﬁ top2rvesigitt pérsent

(o) “ompon s ons " cordp R EReimlpofaBod e sBE R8R HZRRY b con

(xxvi) compositions consisting essentially of about 89 to 50 weight percent

20 of the perfluorobutyl methyl ether and about 11 to 50 weight percent 1-
bromopropane that boil at about 52 to 54°C at about 729 torr;
(xxvii) compositions consisting essentially of about 84 to 32 weight percent
of the perfluorobutyl methyl ether and about 16 to 68 weight percent of
hexafluoro-2-propanol that boil at about 51 to 53°C at about 729 torr; and

25 (xxviii) compositions consisting essentially of about 39 to 10 weight
percent of perfluorobutyl methyl ether and 61 to 90 weight percent of
HCFC-225¢a/ch that boil at about 52 to 54 °C at about 738 torr.

2. An azeotrope-like composition according to claim 1 wherein the
30 perfluorobutyl methyl ether consists essentially of about 95 weight percent

e
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of the perfluorobutyl methyl ether and about 5 to 42 wei ght percent

pent af | uor opropanol that boil at about 56 to 58[err]C at about 732 torr;
(xxvi) conpositions consisting essentially of about 89 to 50 wei ght percent
20 of the perfluorobutyl nmethyl ether and about 11 to 50

wei ght perce - br onopropane that boil at _about 52 to .
54[err] C at ar%glj?fmfﬂg) torr .(xxvii) conposit FEATSR6I06202 ¢ | ng

cosernti L of “BoukoR b PR REASRES auts pyre perpoBo

ggxaf | uor o- 2- pr Olét(haﬁ,ﬂanc_l i&?&le&ﬁd fro@tth@grﬁup cérbisting 63C at a:)_oult I 729]c torr; t agg
XXVI 1| conposi tl gng consl, | essent| a Of aldqQ

to 10 wei ght (@ compo&uﬁe-fr@@ﬂﬁtﬂtsfesmﬁfmrél ?Pﬂdr&'ﬂé‘r‘_"%’teh nd 61

to 90 weight percent en fractionally distilied, fomgﬁgﬁlﬁ?éﬁ&ﬁsbﬁkhatm Ialfﬂotrgaé thiapout

52 to, 54 0 at about 7 An azeotrope-|i
conposi ti ons accor di ngcomsistd exsemtiallyvifcabout 88 weigid(ercent of theeethdrand shout y2 et hyl

e cons St exSent o o SRR e BRI TGS et o

percent perfluoroi sobyyl nethyl ether, and is selected fromthe
group consisting of: . .. (1) conpositions consistig}g
essential ly of the et kircompasitignsiconsisting essaptially of the ether and methylcy e

fractionally distilled,.for .St il L@t t] Q0. s : otropé
that 5 coﬁ”é’fci't ‘5’%‘?5%%?‘5%’%“%“@# g%g'udtﬁgg&t\%gl}aé%% %gt rlggﬁt of the
ether and gpout 12  azeotrope that consists\wesegtivlly p€ slsonn 06 ofeightpercent bithe ethere and
boil s at about 55[err]C at about 726

torr,, .
(ii) conpositions conéndabav4aeighnpersent of the methylcyclohsxangand hojls,haboh ohexane
whi ch, when fractionalb glﬁ?lkl, gorma distillate fraction that is an
10 azeo ?pe Bt EonSrsts essential y of about 96 wei ght

percent of the ether (i) compositions consistiag dssamially ofitherethghindpbeptametwhixh, t he
met hyl eycl ohexane and bhoi lfrsact?t;nal?bc(i)ilsjt%}led form a distillate fraction?hga[t (xasrz{n]ageo%topg Oalflt 729
torr, when y » ]
15 consists essentially of about 95 weight percent of the ether and 5 weight
percent of the heptane and boils at about 59°C at about 733 torr,
(iv) compositions consisting essentially of the ether and isooctane which ,
'~ when fractionally distilled, produce a distillate fraction that is an azeotrope
that consists essentially of about 96 weight percent of the ether and about 4
20 weight percent of the isooctane and boils at about 59°C at about 734 torr;
(v) compositions consisting essentially of the ether and the diisopropyl ether
which, when fractionally distifled, form a distillate fraction that is an
azeotrope that consists essentially of about 78 weight percent of the ether
and 22 weight percent of the diisopropyl ether and boils at about 57°C at
25 about 736 torr; '
(vi) compositions consisting essentially of the ether and methyl t-butyl ether
which , when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 63 weight percent of the ether
and about 37 weight percent of the methyl t-butyl ether and boils at about

30 52°C at about 729 torr;

R R
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(i1i1) conpositions consisting essentially of the ether and heptane which,
when fractionally distilled, forma distillate fraction that is an

azeotrope that 15 consi sts essentially of about 95 wei ght
percent of the ether and 5 wei ght percent of the heptane
and boils at about 59C at about 733 torr; (1v)

conposi tions MWNY368ng essentially of the ether and i sooct amETmISHexe902
when fractionally distilled, produce a distillate fraction that is an
azeot r ope (vii) comppsiions eensising;essentialiviaf she sihes andyistraleydosfumaei ght

percent of the ether cﬁb%%b?er rTagy dlstlll d, fom§dtstxﬂﬁéﬂgétxoﬂ'%ﬁa@% of the

i sooct ane and boils at about
(v) conpositions consiazebigpethataonsiss d:syewallytdfabmtﬁéme@hdth df the etheopy |

h || d
gitste irl late fraction thaa"tdvgls"eé‘%?“wgetmghydr Hira aaébé’?é%tltailb %6"{13&3@8%2%

essential |y sof about 7§mwe| ght percent of the ether ; and
22 wei ght percent of the’dii sopropyl ether and boils at about 57[err]C at
25 aboufviii) 3®mpositions consisting essentxally of the ¢ther)and @nqgm whicly s

[ 1 h
Wi oh-, ienfract | onal e AReGpTAY Batien o 2 ieles RrGen o B aprpoRa s an
azeotrope that consi steomﬁesﬁemmw“ﬁouaml lﬁ%ememgmherwreeeﬁtmnﬁerém et her

and about 37 wei ght percent of the net | ether and boils at about
30 52[ er ?fjthe aetons aod bqﬂzgt ﬂmﬂ C'aabout 756 tom;

-37- QUdRAS ' essentially
of the et her and tet rahy o?p&sgxﬁns(éﬂnkxltm% lI&bPﬁ%mﬁx? gﬁidsﬁ\f\‘%g’r%e

fractionally distill eddscﬁlmomhplenﬁ which whendradctionadly dmtﬂtekiaforma dstillate fraction

oher | P Nt COnt St e o onel ol el S R A e o s o

about- 56[ err] C at abouUghe é@8r and 56 percent of the transdl Qtdlchloroethylene and boils at abouftVi i i)
conpositions consistin essentlally of the ether and acetone which,

when fractionally di st41°’Catiabaup7IA @i stillate fraction that is an
azeotrope tpat ?1% cggxposxtlons%?ps?ﬁnﬁé §ss§xﬁi§ﬁ)%f‘tﬁé ét)fer%}ld ?%B}ob%?an@e' ght

percent of the ether a acet one and
boi | s at about 51[ err]hieh, v&hﬁlﬁhctmﬁllﬁ digtilled, ¥orm a distillate fraction thén X hn

composi tions consisti n%egggp%nt}uit%% stsoésse}ngﬁlyec}f ra]l(;"c;.xt %2 welgl;\agesrceni of the ether
* and 14 percent of the 1-chlorobutane and boils at about 57°C at about 730
torr,

20 {xi) compositions consisting essentially of the ether and 1,2-
dichloropropane which, when fractionally distilled, form a distillate fraction
that is an azeotrope that consists essentially of about 95 weight percent of
the ether and 5 percent of the 1,2-dichloropropane and boils at about 59°C
at about 732 torr, |

25 (xii) compositions consisting essentially of the ether and 2,2-
dichloropropane which, when fractionally distilled, form a distillate fraction
that is an azeotrope that consists essentially of about 77 weight percent of
the ether and 23 percent of the 2,2-dichloropropane and boils at about 56°C
at about 723 tom;

30 (xiif) compositions consisting essentially of the ether and methanol which,

when fractionally distilled, form a distillate fraction that is an azeotrope that

R




di chl oroet hyl ene which when fractionally distilled, forma distillate
fraction that is an azeotrope that consists essentially
of about 44 wei ght percent of the ether and 56 percent of
the trans-1 , 2-dichloroethyl ene and boils at about
41[err]C at a torr; 15 (x) conpositions nsi sting
essentially O?Qt he ether and 1-chl orobut ane PG *ﬁ’o‘men
fractionally distilled, forma distillat raction th i S.an
azeotrope that consi st s°°é'§'§‘§1ﬁfﬁ°5’fﬁ%¥ °tfb°é'g8%fve'§ht Rﬁé‘feﬁh%t%%?t@%rrﬁ"do? PRI &Y her
and 14 percent of the lthemetiiaablingbeilsandbdn b Aatab&h@3s thi[ err] C at about
730 torr; 20 . .. (xi) conpositions. consis}ing
essentially of the et h_e@“"an‘a’“i’,"?x"’“s consisting essentially the nﬁ%ﬁ?‘iﬁ@%ﬂgffg Wiﬁ?"ch,
when fractional |y di ti fhenallyishle) Writd dieieft G 181Ys gn azeotrope that
that i,s an azeotrope that conSists essentially of about 95 wel ght percent
of S t heoneists esseatially 6 ateut @hiveight peneent of2heletber and oghoopdine and
boil s at about 59[err]C .at . abou 32 tor 5
(xii) s«conpositions conspeé'?q“ﬁﬁftgggt_@mqléi‘q ?f"%‘f‘t faq?@t %:foﬁé‘?a%ﬂ‘l'&g%? é’m
di chl or opropane which, wuhg @?{x]xb?ﬁtwn@ Bésis¥ing! bstéritlallyes¥ thé ethen addisibpdroPvRich,

: a

fraction I s an azeotrope that consists essentially

of about 77 weight per cwhen figctionally distilled, form a distillatedragtionahatis an aoiropethat:  of
t he 2, 2-di chl or opr opane ' bout
723 torr; 30 co%%s?%e{xﬁfa}l?éé?ﬁ%%ﬁ%% ?'g' st %%%eg? osfitp?\%theersasn 8 n%biagf ?y of
the ether ang met hanol pértenbof the 1-propanol and boils at\aban ST7iCattabowmed35 o] sti | | ed,
forma distillate fractiopn that (is an azeotrope_tha

- 3 8- (xvi) compositiong goRssting esserialiy ?%fi‘? gtherrand sduty! chlogde gt
percent of the ether a : : gt s otd : and
boils at about 46C at a gﬁ,%&%{%tﬁﬁlly distilled, form adlstlllat? }g?@soﬂg%ﬁnp% tions

consi sting essentially idsstrepethat consisteéssemially wfuboin, 46Wasight percent of the ether
fractionally distilled, forma distillate fraction that is an azeotrope

that 5 c¥s abput S4peresnt ohithey-butyl ehieride and bois aypbon 4 Cettt  of
the ether a about 3 . percent of the ethanol and boils at
about 53C a’?gabout 736 ?bgPtr 723 torr; and (xv) conpositions consisting
essentially of the et hefxvii)hdormpgaitiopsoarsistily essentially of the ether and HCFCa22Sca/ch

fractionally distilled, LoF BinHadtdnaliy tistilel obm 2 hiskiit ahcticR i iea ' OP®

t hat
azeotrope that consists essentially of about 26 weight percent of the sther

and about 74 percent of the HCFC-225ca/cb and boils at about 53°C at
20 about 723 torr; |
wherein the concentrations of the ether and the organic solvent in
the azeotrope-like composition differ from the concentrations of such components

in the corresponding azeotrope by no more than ten percent.

25 3 An azeotrope-like composition according to claim 1 wherein ether consists
essentially of about 35 weight percent perflucro-n-butyl methy! ether, and about 65
weight percent perfluoroisobutyl methyl ether, and is selected from the group
consisting of:

(i) compositions consisting essentially of the ether and methylcyclohexane,

30 the compositions ,when fractionally distilled, form a distillate fraction that is

an azeotrope that consists essentially of about 97 weight percent of the ether

_—
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consists essentially of about 98 wei ght percent of the ether and about 2 10
percent of the I|-propanol and boils at about 57C at about 735 torr;

(xvi) conpositions consisting essentially of the ether and t-butyl chloride
whi ch, when fractionally distilled, forma distillate fraction that is an
azeotrope that consists essentially of about 46 weight percent of the ether
and about 54 pwosiesssHf the t-butyl chloride and boils at aboptTdsyGoesoz 15
about 723 torr; and (xvii) conpositions consisting
essentially of the etheg,daueudibipid defcait? the methylcyclohexane and Boilé Sabothen
fractionally distilled, forma distillate fraction that is an

azeotrope that consistsSEEababeI™MY U, about 26 wei ght percent- of the ether
and about 74 percent of . 6% 'gﬁé%’ﬁ IfsBe aherah 20
about 723 torr; (,,5%&5&5&,@%5&3;4& erel ﬁp‘% ﬁee%oer{ce%?{egtéﬁgﬁ? of the
et her and the organi c scimpesitionsywhen fractionally idistliedz foom naiistillite fractiomthards an on
differ fromthe concentrations, of such co nent s . I n e .

cor r espondi ng{Iazeot r ope225PTPRE t%ﬁ@"*ﬁtﬁaﬁs@@%ﬁgf‘m% weight percent ‘%’?’e ether’
azeot rope-|ike composi t ;E@ic@ﬂaf%eq{e 258 dnd W3R iaBOIR 10T aiCABBRH BLS
essentially of about 35 \A/el‘gﬁ?a ercent per?ﬁauoro- n-ﬁi)ut y? met hyl ether, and
about 65 _ wei gletr; per cent perfl uoroi sobutyl nethyl ether, and is
sel ected fromthe group,.. .. __consi.sting.o . '

conposi tions consi sti ng(“Qscgg‘ﬁ??“é‘fnls§°%ﬁs“f'¥1855%m‘i9'r°f§?|°deq‘%_taﬂ§/!'W&T%ﬁgégane_, 30
the conpositions ,when égnifebitionavhin Badtibhdlly btillddOpratidced didtilibfeFHabtidd higitis On

that is an azeotrope that consists essentially of about 97
wei ght percel of the etrazeotrope that consists essentially of about 96 weight percent of the ether

- 39- 1 : : i

percent of the nethyl cy%qdc?ﬁg%;n‘gﬂ%*ﬁ& egzg?tl c’sf t}g:tmog ouet & bofiPhiibost S HfHbout
59[err] C at about 743 tTd2rtprr; (i1) conpositions consisting
essentially of the et he{. and he&t ane, .the ool CONROSi ti ons,
when fractional ly disti “f)e‘ﬁf’,mﬂo_ﬁ RSSO g epsgrts YP%%‘FF@ﬁrﬂqéfmf’ “an 5
azeotrope that consi st sgigiis@Bthyiahd, he@Gompbaitidng StheBabtiinalBediStaRE, fofh he et her

15 distillate fraction that is an azeotrope that consists essentially of about 50

weight percent of the ether and 50 percent of the trans-1,2-dichloroethylene

and boils at about 41°C at about 740 torr;

(v) compositions consisting essentially of the ether and 1-chlorobutane, the

compositions, when fractionally distilled, form a distillate fraction that is an
20 azeotrope that consists essentially of about 88 weight percent of the ether

and 12 percent of the 1-chlorobutane and boils at about 57°C at about 732

torr,

(vi) compositions consisting essentially of the ether and 2-chlorobutane, the

compositions, when fractionally distilled, form a distillate fraction that is an
25 azeotrope that consists essentially of about 79 weight percent of the ether

and 21 percent of the 2-chlorobutane and boils at about 55°C at about 740

torr,;

(vii) compositions consisting essentially of the ether and i-buty} chioride, the

compositions, when fractionally distilled, form a distillate fraction that is an

30 azeotrope that consists essentially of about 80 weight percent of the ether

e
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and 6 wei ght percent of the heptane and boils at about 59[err]C at about
732 torr (ii1) conpositions consisting
essentially of the ether and isooctane, the conposi tions,
when fractionally distilled, produce a distillate fraction that is 10

an azeotrope tyglsslsi Sts essentially of about 96 wei ght per of the

et her w8 and about 4 wei ght percent of the isoggﬁéﬁgmﬁﬂﬁ
boil s at about 59[err]C at about . . 732 torr,

(i v) conpositions consi &ud 2fpesesnbefithei-bytylchloride and boils atabgut $356 4t abomt 741

di chl oroet hyl ene, the c ositions, when fractionally distilled, forma 15
distillate fraction that I’s an azeotrope that consists essentially of about

50 i oh t \Avei(\@it)tcomsim cofsisting essbrtially ofttle lEtRerpathﬂ agmytl elilgﬂ[ide .
rans-i , 2-dichl oroet hyl ene - ) ngd hojls .about 41ferr,
at about 740 torr; the compositions, Whe("\fWE‘Eﬂ?Bbg’Fﬁlegné’“BGM*F %gcﬂon ot

essentially of the etheg, ﬂ%@trfpé‘th&t%ﬁ&?ﬂi E3&ntialty§F about 47 wﬁight percent of the ether -

conpositions, when fractionally distilled, forma distillate fraction that
is an 20 ando pesgest ofithe t-butplsshinride endboilsiatdtiout ¢8°Citaboutsi3
wei ght percent of the eéoher and 12 percent of the

1- chl or obut ane and boi | ¥™at about 57[err] C at about 732

torr; (iX) borfipusRRas Edmidtng-aabntially dTdhe@th@ahd a3y of the
ether and 2-chl orobut ane, the .. conposi ti ons, when
fractional |y distill ed, dictprapeopane the qompesitipnse whesrfractignally distifieds form a

azeotrope th consi sts | | et her
and 21 per ceﬁdt of the 2@%&3%%3‘# gﬁ‘gP{asr? g%%&qoé@%ﬁ?%@%%&s@%f@?ho@b&% Pg‘t’)out
740 t aeight percent of the ether and 6 pdrvdnt bf the MRcdicliloropopaseaidst i ng

essentially of the ether and i_bUt"Et chloride, the
composi tions, when fracheilsahphopt 87°61atpbel 743 89 a distillate fraction that

is an 30 . ' ' y» 9f about 80
wei ght percent of the e(’ﬁé?‘%{’é&%SEmgmﬁg Esdénitiafly SRREBhbdnkY2,2
- 40- dichloropropase) thexidmpesitiens! wbén fravtionally disyilled; Fdrora de and

(vii1) compold t fons. condruis acgen st isapageesopt that Gomars cxmprigly fthppe 1
chlori de, weight percent of the ether and 19 percent of the 2,2-dichloropropane and
boils at about 55°C at about 727 torr;
(xi) compositions consisting essentially of the ether and methylene chloride,
the compositions, when fractionally distilled, form a distillate fraction that is
20 an azeotrope that consists essentially of about 45 weight percent of the ether
and 55 percent of the methylene chloride and boils at about 35°C at about
743 torr;
(xii) compositions consisting essentially of the ether and methanol, the
compositions, when fractionally distilled, form a distillate fraction that is an
25 azeotrope that consists essentially of about 90 weight percent of the ether
and 10 percent of the methano! and boils at about 46°C at about 733 torr,
(xiii) compositions consisting essentially the ether and ethanol, the
compositions, when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 93 weight percent of the ether
30 and about 7 percent of the ethanol and boils at about 52°C at about 732

torr,

o



the conpositions, when fractionally distilled, forma distillate fraction

that is 5 an azeotrope that consists essentially of about 47
wei ght percent of the ether and 53 percent of the t-butyl
chloride and boils at about 48C at about 743 torr;

(1x) corrp05|t|§ gﬂfgnm sting essentially of the ether and 1, 2-

di chl or opr opan corrp05| tions, when fractionally distill| SRETFSIFMAER2 10
dlstlllatefractlonth eot rope that st SheSSof tla f about
04 woRtirk SpBrelRE trSine SRy BR R e BRE phepndt BE

1, 2-di chl or opr opane andomposntxons, when fractronalbcmétmeditfombodikmﬁ%mmmhxwis an45
torr ositions co essenti al | f the ether
and 2, 2- abeStrge TRCaOHS FRpBAL, PEAbeg e e aremgt dhe cther

fractional l'y distilledgsd Qb3 phreent cifthe l-proganolarﬁi'b?ﬁlk bi b S6°6 4f At Wt its

an azeotrope that consists essentially of
percent of the ether atir,19 percent of the 2, 2-dichl or opr opane and

o st aoout Sl et ] R oRaSont bl ot o e PR e,

the conpositions, whenchhgssitions)avtey fidétfonhlly didilled, S6ri Adistilate fedctib® that B@hi on
that is 20 an azeotrope that consists essentially of about 45

wei ght percent of the azaqtrppe that consists essentially of:abgut-R$ weipht pacenjrof thesther
met hyl ene chloride and JF(P%:?)I Q?e?c@ﬂ%:ﬁ%ﬁ&no?%oﬂs at about 38°C at about 712;;' 3
torr Xi 1) CONpositiOns Consistin y of the

essent1 al
et her and m¢d hanol , theorr; conposi tions, when fractionally

distilled, forma d| stlllate fraction, that is, azeotrope

that consists essenti aff) Ompasitens cowsisiag gisentiy neéﬁf ether and i-brtapely the
and 10 percent of the %ﬁ%lfig%sWuﬂﬁéﬂoﬁﬂ?d}ﬁi’ﬂ%‘%éﬂ%ﬁﬂaﬁﬁm EHdE s 4R 3

torr; cdonposi t1ons consi'sting essenti a e ether
and et hanol, the azeotrope that consjsxmsnnllgooﬁabowmélgia peicentaf Itl;e ether

distilled, forma distil e fractio IS, a ° ot rope
that consists essentiaff ‘{/a% uta‘l%fffmég %aﬁpol&gagggﬁatgﬁaoqtﬁg C?tﬁg?u%s

and about 71percent ofidrhe et hanol and boils at about 52C at about 732
torr;

(xiv) compositions con&iv) Famposiiensransisting esentialiy °§E}ﬁéﬁh°é%ﬂi’ ‘rb““ﬁ'l"bﬁ%ol t he
compositions, when fractionally distilled, form a distillate fraction that is an

" azeotrope that consists essentially of about 94 weight percent of the ether

and about 6 percent of the t-butanol and boils at about 56°C at about 741

20 torr; | '
(xviii) compositions consisting essentially of the ether and trifluoroethanol,
the compositions, when fractionally distilled, form a distillate fraction that is
an azeotrope that consists essentially of about 86 weight percent of the ether
and about 14 percent of the trifluoroethanol and boils at about 52°C at

25 about 740 torr;
(xix) compositions consisting essentially of the ether and
pentafluoropropanol, the compositions, when fractionally distilled, form a
distillate fraction that is an azeotrope that consists essentially of about 89
weight percent of the ether and about 11 percent of the

30 pentafluoropropanol and boils at about 57°C at about 740 torr;

R
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conpositions, when fractionally distilled, forma distillate fraction that

s an azeotrope that consists essentially, of about 97
wei ght percent of the ether and about 3 percent of the
| - propanol and boils at about 56[err]C at about 729 5 torr;

(xv) conpositjons %nsi sting essentially of the ether and 2-butanol, the
conposi ti ons, Pactionally distilled, forma distillate TCHEI9586P02 hat
is an azeotrope that consists essentially of about 98
wei ght percent of the (sx)wempositions consisting essentiallyofithelethetr aitl rer cent of the
2- butanol and boils at, ahout 58[err]C at about 742 .10. " torr;
(xvi) conpositions corf§? qowrgéggln{qupmo%tfonﬁh\ghe&%@p?tgmdxisgllﬁgt %Ia, t he
conposi tions, when fragéfREationthalis il Sotrb R thhteoflisié bdsértially f dbold S¥ t hat
s an _azeotrope that consists essentially ‘of about 99
wei ght percent ofthe ewdight percent of the ether and abotaﬁ@pammtoﬂthq%rcent of the

i - but anol apd boils at,_ahout er,r bput 1 torr ,
(Xvii) conpositions C&ﬁg&@pf@?ﬂ@gg@hﬁogﬁ@agqntéﬁg?gtaﬁgyf 7&%(50?’- but anol, the
conposi tions, when fr qgki) etagdsifiods ednsistinChssdntlEI oF tRH éthirlah@t Dromegrbpae, t hat
s an azeotrope that consists essentially of about 94

wei ght percent of the tB epsmpositions, when fractionally distillad, forgu s distiljses fregtion ghat ishe
t-butanol and boils at : ,

(xviii) conpositions gg%?i&is{{olpgg&égénesﬁ %g%epgxﬁ%f&?%%xtg?%ex gﬁﬁcemB?{hreemer
trifluoroethanol, and about 26 percent dfithe S-<bngmuaprdpana and bdile at doac53°Cral | vy
distilled fﬁrma di sti Iat,,g fraction that is an azeotrope
that consi $Ps essenti 2PPYt 1“%!15'out 86 wei ght percent of the ether

gy about 14 percel Nogpongoblostali ekt S Sugnghttc 211 ©
consi sting essenti al | yafgb, thheomﬁdsi!ionanﬁen fractionally distilled, form a distillate fraction

pent af | uor opropanol, the conpositions, when fractionally distilled, forma
distillate fraction tﬁgﬂt ‘ﬁ@‘%@%&Fﬁ‘&ﬁ@'ﬁ‘ﬁ%ﬁ“@éﬁk‘?@@‘@éé’éﬁ‘&m&ﬂcﬁm&f about
89 | r FM : of
the 30 \ggén%g%l aﬂg r%%?%épﬁ% g?\ﬁhggb S atsacg%gh?&éof :a?rﬁ at
about 740 t8rr; $3°C at about 740 torr; and
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(xxiv) compositions consisting essentially of the ether and 1,1,2-
_ trichloroethylene, the compositions, when fractionally distilled, form a
distillate fraction that is an azeotrope that consists essentially of about 87
weight percent of the ether and about 13 weight percent of the 1,1,2-
20 trichloroethylene and boils at about 58°C at about 744 torr;
wherein the concentrations of the ether and the organic solvent in the azeotrope-
like composition differ from the concentrations of such components in the

corresponding azeotrope by no more than ten percent.

25 4. An azeotrope-like composition according to any of claims 2 to 3 wherein
the concentrations of the ether and the organic solvent in the azeotrope-like
composition differ from the concentrations of such components in the

corresponding azeotrope by no more than five percent.

30 3. An azeotrope-like composition according to any of claims 2 to 36 wherein

the azeotrope-like composition is an azeotrope. -
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(xx) conpositions consisting essentially of the ether and 2-
hexaf | uor opropanol, the conpositions, when factionally distilled, forma
distillate fraction that is an azeotrope that consists essentially of about

58 wei ght percent of the ether and about 42 percent of the
2- 5 hexaf | uor opropanol and boils at about 52[err]C at about

748 torr WO 96/36689 (xxi) conpositions consisting esserRCTAINS§06902 t he

et her and | -bronopropane, t he conpositions, when

fractionally distilled, forma distillate fraction that is
an azeotrope that consists essentially of about 74 weight percent of the

et her 6. Acprdceadfor BepdGiting b ¢odting oh a isliletriteBufite o MPesiag thed boi | s
at about 53C at 10 ) about 731 torr; (xxld' i)
conposi ti ons consiSEPiofaprlvingtaat leastiz nortiampf ablesst presygfacq gftho substrate a liqui
ca/cb, the conposi 9&% %ﬁ&f deonal ly distilled, forma distillate
fraction cbat ™ t atnql%gﬁgﬁﬂé:izeot rope that consists essentially of.
about 31 weifht per o@k)tanateotrope-like composition accordingat hmy ofxlaimsbows; éd per cent

of the HCFC- 225 cal/ch.and boils at about, 15, . . +D3[err] C at about
740 torr: and ) 3feas? O ¢ se&wyteeﬂa%&w%%rmﬁ%%t&%@w@ny
of the ether and 1, Ifigcomposition. trichl oroet hyl ene, the

conpositions, when fractionally distilled, forma
distillate fraction that is an azeotrope that consists essentially of about

87 wei -De st . ef . el ght percent
of the 1,1,2- 20 © Wi J&W%‘%ﬁ %#ngig?'%,qggeﬁgﬁggﬁ@%g#ﬁg%ﬁ? tie oot
58[ err] C at1mbout cépositivnraccording to any offolaingsi IntotShendcoeradng materialns of t he

ether and the organic solvent in the azeotrope- | i ke conposition
differ fromthe concentrations of such conponents in the

cor responding azeq! 1 D@ BceOrF Rirfov g Windaiihal oRthe surfp@Pof g substrle AN

azeotrope-li ke conposition according-to any erein

t he concentr at i onsomprisingethe sty of conthctifigethe sistrate withlone ot moore d¢ftthe azeotrope-
azeotrope-like . conmposition diff fromthe ncentrations of such
conponents in t helike °°mp°5%gEWF@'§}5'§ﬁﬂ PWg&%B? M&%ﬁ%&om“nﬁsﬁef ive
percent.  $9 disSolved, disPErs@FaQispRieed inidf By BRER&Uobb-NiRe BSHRIsHioRTarido any of
clainse 2 to 36 wherein the azeotrope-like conposition is an

azeot r ope. removing the azeotrope-like composition containing the dissolved, dispersed.or3.

displaced contaminants from the surface of the substrate.

9. A process according to claim 8 wherein the azeotrope-like composition further

20 comprises a surfactant and the substrate is a fabric.

10.  An azeotrope-like composition including perfluorobutyl methyl ether,
wherein the ether consists essentially of about 65 weight percent perfluoroisobutyl
methyl ether and about 35 weight percent perfluoro-n-butyl methyl ether, and two
25 or more organic solvents, and the azeotrope-like composition is selected from the
group consisting of:
(i) compositions consisting essentially of the ether, trans-1,2-
dichloroethylene and methanol, which when fractionally distilled, produces
a distillate fraction that is an azeotrope consisting essentially of about 51.9 .
30 weight percent of the ether, and about 43.0 weight percent of the trans-1,2-

-
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6. A process for depositing a coating on a substrate surface conprising

t he step of applying to at |least a portion of at |east one
surface of the substrate a liquid coating conposition conprising:
5 (A) an azeotrope-like composition according to any of clains |
to 5; and (B) at |east one coating material which is sol ubI e
or di spersi bl e I n‘% azeot r ope- |l i ke conpositio 6/0690

7. A coating conposition consisting essentially of an azeot rope i ke 10

gorrpo& tion acco][dl ng dichlarogthylenedra aboutl 5.1 ovelghtipricent Qf)]:tbemeghanaltf ¢he gl

: A process for ace of a substrate
conprising the step of gc%kﬁ%c‘f %%‘%ggg’g%‘ F%‘}thﬁgz dne or nore of the
azee][ roEe- I(xﬂ&mﬂmstmﬁﬁﬁmg@ﬁs%ﬁﬁhllpgﬂm echey, trnsel, 24 ms I Ei o5
until the contaninants SS i sper.s [ e in or
by the azeotrope-like ﬁ!ﬁ@%ﬁ?\%%ﬁ*&m w\"“’g Wi ‘?"efﬁm) W’g‘ ﬁ é‘ﬂ%fg ‘5’5@ li ke
conposi tion g£ont ai ni NggisiRtemEon ﬁﬁf’rsaﬁhﬁ&%?@?ox@fstmg essent:aﬂy of &Bﬁtaﬁeﬂ :

contam nants fromthe surface of the substrate A process
accordi ng to clai m8 wheight peraeheofaheetheromd- abdue44:6mm§ﬁ peroentfuﬁtltehmns-za-

conprises a surfactant e, subs rate

azeot rope- | i ke conposi i"a@ﬂmeﬁ’gw b %tr Jﬂﬁrfﬁ"%ﬂ%?'ﬁﬁha%?lh&smmmpe
wherein the ether consbﬁﬁ@@%&ﬁuomggﬁbgﬁtmq&tr 65 wei ght percent

per f 1 uor oi sobut yl met hyl et her and about 35 wei ght percent

perfluoro-n-butyl met h(fi) compesitionstensisting eesentially of the eHhsr.ara@Fdeni ¢ sol vents,
and the azegyrope-|i kedx@ﬂ%@ﬁn&fehé’{h ' ﬁba%?'l?%cﬁqolmlﬁgﬂ Wihen {ractnonal ly dngipﬁﬂ

consi sting of: 'ons consl s sentlally of
the ether, trans-1, 2- produce a distillate fracuon thacik b azeetropd e}:mslsmgiesmmw

Lne SO . uce a
o e £t onal | ok 51 et o BT 8 e vy g gl ot
wei ght percent of the giiief 2 sRAMRBRMhe gk SholiEd.S Weight ber2t of the! Mfropanol,

trans-1, 2-

cﬁ-"
:r

the azeotrope boiling at about 40°C at about 733 torr;
15 (iv) compositions consisting essentially of the ether, trans-1,2-
dichloroethylene and 2-propanol which, when fractionally distilled,

_ produce a distillate fraction that is an azeotrope consisting essentially of
about 51.7 weight percent of the ether, about 47.0 weight percent of the
trans-1,2-dichforoethylene and about 1.3 weight percent of the 2-propanol,

20 the azeotrope boiling at about 40°C at about 737 torr;
(V) compositions consisting essentially of the ether, trans-1,2-
dichloroethylene and t-butanol which, when fractionally distilled, producea
distillate fraction that is an azeotrope consisting essentially of about 53.5
weight percent of the ether, about 45.9 weight percent of the trans-1,2-
25 dichloroethylene and about 0.6 weight percent of the t-butanol, the
azeotrope boiling at about 40°C at about 730 torr;
(vi) compositions consisting essentially of the ether, trans-1,2-
, dichloroethylene and trifluoroethanol which, when fractionally distilled,
produce a distillate fraction that is an azeotrope consisting essentially of
Y 30 about 43.8 weight percent of the ether, about 46.8 weight percent of the

DT T




-44- di chl oroet hyl ene and about 5.1 wei ght

percent of the nethanol, the azeotrope boiling at about
36[err]C at about 732 torr; (ii) conpositions consisting
essentially of the ether, trans-1, 2- di chl or oet hyl ene and

et hanol which, when fractionally distilled, produce a 5

distillate fr XOPYIWhat is an azeotrope consisting essenti al PGIIOS960Em0t
52.7 wei ght percent of the ether and about 44.6 weight
percent of the trans- 1,tmns-1,2-dichloroethylene and about §|4veightipproapteof sl about 2.7
wei ght percent of the @gdfg s o i J4.ng at
about 40[err] C at abou'?l;1 %tgﬁn%?%%%é&%ﬂmgat aboﬁ?gi?af:gbr%l(t)?‘%{ldorpﬁs
consi sting essential |y (i) ¢drapositiney onsistingessentially bfthe ether, trans-1,2-

di chl t hyl d ab | - | i ch,, wh ti l.ly.distilled,
bt duce o disti Tl are f ARt peatiRucriy siopol WK oien sobicoall | o 1y
of 5 ab kil - prodiRe dltstiPAE §8EHonThat iR R4dRIpe caMPtihg 48. 6

wei ght percent of the trans- 1, 2-dichl oroet hyl ene and
about 0.3 wei ght per ceressepfiallyjoabout A7.4 yeeight percent of the ether, about 4&.weighteot r ope

boi ling at about 40[er @Lﬁgﬁtoﬁ@ﬁ@qb di{:}ﬁé{o'gtthilg?e, and about 5,8 \Zg:ight(ﬂe\x‘t)ent of

conpositions consistin senti a rans-1,

di chl oroet hyl ene and 2-+tps supeafiabroviipipanol e ateotrepe uilirg ay abbus 400 fdbout
produce a distillate fraction that is an azeotrope consisting essentially
of abddf t®T;1. 7 wei ght percent of the ether, about 47.0
wei ght percgpt of the , .. " e s 102~ H 0, | gne and about
1.3 wei ght ggrcent of t( g) ?%?%sggaﬁgf?nsgﬁﬁf&ﬁeﬁaﬁy&'tﬁemtﬂ h@%ﬁlé%t rope

boi li ng at about 40[ er rdjcBloadetinbemet and héxdflnoro-2-propano! which, when fracripnally

conpositions consisting,essentially of the ether, trans-1,2- . |

di chl or oet hyl ene and t-%Eﬂﬁ%fﬁ(ﬂr°€ﬂ%\éﬁfs“0m%ﬁa‘?t}°§éﬁtWIW‘W%P?‘FSFSEB& produce
a _ di Stakdeh@dli§ of dEHRt 3D wWeltht pdreen BT thé Mkr, ABt CAIS Wveighing
essentially of about 53.5 wei ght percent of the efher,

about 45.9 wei ght per c@rrcensfof thedrang-d;2sdighloroethgiene and about 19.4 weight percent of

azcot 1 ope biT i ng at ab e be Fpedlanb siBborfipe ik ar 66 c of s

(vi) conpositions consi?gsidtf] essentially of the ether, trans- 1, 2-

di chl oroet hyl ene and trjfl uoroethanol jwhich, when fractionally distilled,
produce a distillate f I(‘é):tcP@H“t‘tFﬂi‘f cprsisting sssensiallyofshe ethen wansnh2essential |y
of 30 abQithiofobtifdie! M lacRBhiffovhich, WHE sakinany Abfidl, 46- 8

wei ght percent of the
produce a distillate fraction that is an azeotrope consisting essentially of

20 about 51.6 weight percent of the ether, about 48.1 weight percent of the
trans-1,2-dichloroethylene and about 0.3 weight percent of the acetonitrile,
the azeotrope boiling at about 40°C at about 728 torr;

(x) compositions consisting essentially of the ether , HCFC-225 ca/cb and
methanol which, when fractionally distilled, produce a distillate fraction that

25 is an azeotrope consisting essentially of about 45.6 weight percent of the
ether, about 48.6 weight percent of the HCFC-225 ca/cb and about 6.6
weight percent of the methanol, the azeotrope boiling at about 46°C at
about 734 torr, and
(xi) compositions consisting essentially of the ether, HCFC-225 ca/cb and

30 ethanol, which when fractionally distilied, produces a distillate fraction that

is an azeotrope consisting essentially of about 42.5 weight percent of the
. R
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- 45- w trans-1, 2-di chl or oet hyl ene and about
9.4 wei ght percent of the trifluoroethanol, the azeotrope
boiling at about 39[err]C at about 734 torr; (vii)
conpositions consisting essentially of the ether, trans-1, 2-

di chl or oet hyl ent af | uor o- 1- propanol whi ch, when fractionall 5
distilled, pr%g@g”gi stillate fraction that is an azeot rope"ggﬁﬁséﬂoﬁg
essentially of about 47.4 weight percent of the ether, about 46.8 wei ght

percent of the trans-| gfhegiboitl Broweibv prrtentcofdheBOBC-2.5&alob iabiit 4Bcweightt  of
t he pentafluoro-I-propanol, the azeotrope boili I‘[? at about 43&;{ C at
B¢

about pergent ofthe ethpppl, the azeotrope boiling, atj abputn e

consisting essentially.pf the ether, trans-1, 2-
di chl or oet hyl ene and hexaf | uor o- 2- propanol whi ch, when fractionally
di stil,led, producavhereitthe icohcentrationsof theethehartd the organia solvents insthe azestropé-ng

essenti al | f abaut 36. 3. .wei,ght .percent of t.he ether, about 44 3 wei ght

per cent of ytfle trﬁﬁ%gﬁ’}pﬁs@%ﬂﬁ%}fg&'ﬁ%@%&éﬁ° % ‘gll‘?"}?%'ftﬁﬂ‘tth?)ercegt of
15 » t Rerréspuiiing iebtrabeDy MBI thah iéh peceat r ope boiling at about
39[err] C at about 735 torr; - (ix)

conpositions consisting essentially of the ether, trans-1 , 2-

di chl or oet hyl ene gpd agﬁé?élbg}ﬁb%_hg? %ﬁgﬁ"ﬁ%&é{gﬁﬂ tfd)%hle?ﬁ tg%ﬁ&&h?ﬁogfl y

produce a distillate fra € consrsti essen

of 20 of thlethst arflithé or@nic bdlventy in eind azedtrégeciikeicomposititrodifferfcor
wei ght percent of the ] trans-1, 2-di chl or oet hyl ene and about
0.3 wei ght Pr centhefoneaniations o ftch cpmponents in the corresponding az0trope ke BgE

boi l i ng at about %eﬂép@v&ﬁt about 728 torr; X
conpositions consisti rilg essentially of the ether, HCFC 225 calcb and

nmet hanol which, when fractionally distilled, produce a distillate fraction

that 25 is an azeqQtrope consistipg essentjally of about 45.6
wei ght percent of 1fhe An azeotrope-like compositipp accordipg o clam 10 whsrgipthener cent  of

the HCOFG 225 cal cRompakitinGsdn Herope wei ght percent of the
¥

met hanol , the azeotrope boiling at about 46[err]C at about

734 torr; ahd (xi) conpositions consisting essentially of
the ether, HCFC 233 Caf\%?o@egsdfor depositing a coating on a substrate surface comprising the

step of applying to at least a portion of at least one surface of the substrate a liquid
coating composition comprising:
(A) an azeotrope-like composition according to any of claims 10 to 12; and
20 (B) at least one coating material which is soluble or dispersible in the azeotrope-
fike composition.

14. A coating composition consisting essentially of an azeotrope-like
composition according to any of claims 10 to 12 and a coating material.
25

15. A process for removing contaminants from the surface of a substrate
comprising the step of contacting the substrate with one or more of the azeotrope-

; like compositions according to any of claims 10 to 12 until the contaminants are

dissolved, dispersed or displaced in or by the azeotrope-like composition, and
30 removing the azeotrope-like composition containing the dissolved, dispersed or

displaced contaminants from the surface of the substrate.
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30 et hanol, which when fractionally distilled, produces a
distillate fraction that is an azeotrope consisting
essentially of about 42.5 weight percent of the

_46 et her about 53.2 weight percent of the

HCFC- 225 cal/ eb about 4.3 wei ght percent of the ethanol,

t he azeotropewussl3s6s9 at about 51[err]C at about 735 PCT/US96/06902% oy
wherein the concentrations of the ether and the organic solvents in the
azeotrope- 5 | i ke conposition diffefyqfromthe concentrations of such
conponents in the correspondi ng azeotrope by no nore than ten
percent. 11. An azeotrope-like conposition according to 10
wherein the concentrations of the ether and the organic solvents
in the azeotrope-like conmposition differ from 10 t he concentrations of
such conmponents in the correspondi ng azeotrope by no nore t han
five percent. 12. An azeotrope-like conposition according to
claim 10 wherein the conposition is an azeotrope. 15

13. A process for depositing a coating on a substrate surface conpri sing
the * step of applying to at |least a portion of at |east one
surface of the substrate a liquid coating conposition conprising:
(A an azeotrope-é& conposition according to any of clains 10to 12; and
20 (B) east one coating material which is soluble or

di spersible in the eot r ope- | i ke conposition.

14. A coating c sition consisting essentially of an azeotrope-|ike
conposition according to any of clains 10. to 12 and a coating naterial.
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25

a substrate

one or

of claims 10 to 12 until
di spersed or displaced in or by the azeotrope-|ike conposition,

renovi ng the azeo -l ke cqoppas
or di sp?aex cont am nantﬂs&.é

-47-

-

i

15. A proéess for

e ReRarl

renovi ng contam nants fromthe surface of
conprising the step of contacting the E§t§gy

nore of the azeotrope- | i ke conpositions accordln an
t he contam nants are

di ssol ved,.,
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