WO 96/ 36688

PCT/ US96/ 06887 ' AZEOTROPE- LI KE COVPCSI TI ONS AND
THEIR USE 5 The invention relates to azeotropes and net hods
of using azeotropes to cl ean substrates, deposit coatings and

transfer therq@ Chl or of | uor ocar bons &&Fﬁgyﬂyya
hydr ochl orof | u Fﬁgég%gns (HCFCs) have been used in a et
of _sol vent applications such as drying, cleaning (e.g., the :
rerroval of flux residues fromprinted circuit boards), and vapor
degreasi ng. Such 10 material s have al so been used in refrigeration
and heat transfer processes. Wile these naterlals wer e initially
bel i eved to be environnent sAZEOTRION B €} \ i g n |inked
to ozone depletion. According to the Montreal Protocol and its
attendant anmendnents, production and use of CFCs nust be discontinued (see,

€. g. 5P. S Zurqte mvbﬁibﬁi‘rﬂﬂteﬁﬁfhz@&r? QMe:ﬂadschuﬁﬁgazeoﬁab&%
Spurs Switch to 15 Substitutes, "Chem cl{: & Engi neeri ng News, page

12, Novenber 15, 199&pn substrates, depos‘tcommwxs%ttmsndmw

{ 58! calTy have el uded SHIFRBARRRE (G fid %@ﬁ#oi%fwgbsaﬁ%‘%%ﬁswe
sol vent cl eani ng beenusedﬁwﬁdeazhnamfsdlmiﬂpﬁmbs such ¥s driting, dieaning (b thiey -

Sol vent. repl acenents al s ou haye the abili ty to di ssolve both
hydr ocar bon- based aﬁﬂ“?‘f‘gefﬂf‘aﬁﬂ@??’@?mw t beprds), and vepordegrepsing. Such

substitutes | al $eedifil [ 4 I&ag?&?,&egﬁ§ ured
by ASTM D3278- %9) have aécl%gb%lg%#e&g?“at;l lreﬂcl% ?:)drﬂqﬂghe@?n eani n widle

applications, and these materialswersinitially hbe envitoj Eyohavg nowal

war m ng potenti al s. Cert,aain erf i and

highly fluorinated r§Hnked s ozone depletion. A°°°“‘B'€ @M"@ﬁ? f“é’o‘d’&bét $al so

been eval uated as Cﬁﬁeﬁd&ﬂtm&ﬁ%ﬁsm&&dﬁ&eaﬁCFCsmst%@M%u (see, e.g.,
conpounds

applications. Wile these are_general ly sufficiently chem cally

stabl e, nontoxi c and- SeoAwtenfaemiagBanon Produgtionof CFCs Halong SrursSwitahte, PFCs

| 6o offecti vE t ngn Sibaieed” CRln LR EMg e gl gl 17 Nkl B S5 ThE ¥

hydr ocar bon mat er i alcharagtesissics sought in replacements, esadﬂiu@ﬁcbmozdﬂﬁﬁsplwmotennal, .
v ocar bons o0 Gy Syl A e e RUBH b i
applications, low flammability, and low toxicity. Solvent replacements also should
have the ability to dissolve both hydrocarbon-based and fluorocarbon-based soils.
20 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 hydroflucrocarbon
(HFCs) materials have also been evaluated as CFC and HCFC replacements in
25 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 with hydrocarbons tend to be better solvents and
30 dispersants for hydrocarbons than PFCs or HFCs alone.
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PCT/ US96/ 06887 Many azeotropes possess properties that
make t hem useful solvents. For exanpl e, azeotropes have a constant
boi ling point, which avoids boiling tenperature drift during

pr ocessi ng and‘g addi tion, when a vol une of an %ﬁ%ih%? S
used as a solv ﬁ?&‘i‘hg properties of the solvent remain constzrin ecause 5
the conposition of the solvent does not change. Azeotropes that are used as
sol'vents al so can be recMauny astotropes pnssessipropepties that mpke them gseful solvents. For

There currently is a;&,gmgg,qg Goamg - '.%Oﬁﬁm. tions that
can replace CFC an%‘a&%ﬁi}cont |n|%9%§8§gﬁnts. #@PS\{H{% y these

conposi ti ons tempegature drify during\prokessingiidase. ninaddigion,vhen lavelimenfianr |
cause no damage to o V&L ] lLyel h

at nospheric lifeti rré%ggg%%lgt% s%dﬁagy %g%@gp%gm@gﬁ@?%%%\a‘ﬁ\%&%g#hﬁu%t e
to gl obal warrsing. the composition of the solvefit duee notchaxple, AlizBstropesthat areasedasVi des

azeotrope-|i ke conpositions consisting . essentially of a
" hydr of | uor ocar bon e8olvantsalsp cap be recovered canveniently by distillation.

hydr of | uor ocar bon et her 4 "

R%/err] CCerr]Herr], V\he%w9ﬁ%?&r%@sgﬁ%?ﬁéﬁ%%g??g?%ﬁmf:bﬁ'z:ii n
pelrfl u;)rpal ky: g{ ogﬁﬂmntahﬁmmﬂbﬁﬁmwn?mgml?mrrefaaﬂ{rme;WMMs e
sol vent. is selected_fr he groupn consisting of: strai chai ranche
chain and cyclic al E’%@?”@Bﬂ' aﬁl& §°‘3§ %@Fﬂ@ﬁ?"&&ﬁ%‘?“&é‘?‘&?&%&&ﬁ%ﬂ? ng
4 carbon 10 Ryéhd hited DreRitively sliod dinbphériclifétini sothatthey doirlopxanes

containing 6 carbon atgns, . cyclic and acyclic ethers containing 4
to 6 carbon atons, Sgnifieantlycentribyte tglebadyarming. containing 3 to 4 carbon

atons, chlorinated al ken ' : iﬁg?m% : " %éﬁgg%é%
contai ning one to four cgf%%%g%%gnﬂ%lhﬁ"ﬁgf natagk alc ﬁ'o sc "é?ﬂ"r?é’“ car

at oms, 1- br onopr opaeseatiatly ef ®hysinofludrdcarbol\bihkrentlloegacivsolventr The ons of t he
Composi £ on may var PERRHETReRoh e inTemEsHiea b Pl o rmtr DR, Fhere Rels
azeotrope 2515  f Qbiinchddir\seaight! cgiiperitorogiiylighoud Hatifl @ ThrbbR Btotids afid thet he
scope of this invention,  _ . the boiling points of the azeotrope-|ike
conposi tions will bergspssekientisselepted fromthegroup consisting ofy graight chain, branghied;

cor respondi ng azeot gRge RS dontaifify € 0Lk Sadrhe Rsters containing 4 carbon

conpositions boil at anbient pressure enperatures that ar hin a
1C of t he atosspkatones comaining ivatbon atoms, siloxanesscoptainiig Hcabanatong e s

boi |l at the same 3Ocyclic an(P:rtceyS o ethiers containing 4 to 6 carbon atoms, chlorinated alkanes

20 containing 3 to 4 carbon atoms, chiorinated alkenes having 2 to 3 carbon atoms,
alcohols containing one to four carbon atoms, fluorinated alcohols having 3 carbon
atoms, 1-bromopropane and acetonitrile. 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

25 formed between them and remain 2 composition wnthm 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

30 pressure.
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PCT/ US96/ 06887 I n anot her aspect, the invention provides
a nmet hod of cleaning objects by contacting the object to be
cleaned with one or nore ofthe azeotrope-|like conpositions of this
invention or t of such conpositions until undesirable
X *ﬁ?&ﬁ ) . ) PCT/US96/06887
contam nant s o?ﬁ%0| S on the object are dissolved, dispersed cwcﬁlsg?aced
and rinsed 5 awna I n yet anot her, aspect, the

i nvention also provi desY@@mwmawwonmwdes 3%@8@!’!"&@%%e
azeotrope-like Corrpoéinﬁrcgfggth@%bﬁgd t%%@tcﬁaﬁc]i vt 6de%‘i'?10i-96§tix9§zeo?'gpeéltik

coating material. The p SS conpri ses e step of applying t"Ieast a
portion of aomplositions ofithis invefitioncor dlie vaperdfstuchacompesitionpuintil uralesirably

conposition conprising; (@) .an 1 - eotrape: | i.ke conposi.ti.on, and (b)
at | east one coati nq"“l%ﬁ’t“&?%’ﬁﬁ °’\/§Hﬁ%?ﬂh§°%ﬁi’5? @ng}ved, ‘ﬁsPersgq)“%fM ﬁ%@g&n
t he azeotrope- ki ke osition. Preferably, the process further

conprises the step of renmoving the azeotrope-|ike conposition fromthe
li qui d* coat i ng Ipoepancther aspects the inventign also prgvides amethod oficoating

- The invention al so ' | | 1 . 1y S e-
150 T ke conposi | FHrET e RoAGRAS! ohBpiindis Bk idlibr eklA TR 87

af orenent i oned _ coating matetiah (Thepoacessscomprises the step of applying taatyledst @ partioe of

enor gy USi ng ¢ ho. az CBUASRS HRRCh A TIE R HRLooR i Smasigey pomprifingS(s)

The azeotrope-1bi ke CaiEpeepe-E vomposition, ahd! (1) at 1eist Biciédatihg'Mmhrerial wiich iskdlatle 8P

and organi c solvent which, if fractionally distilled, &roduce adistillate

fraction that dispersibje inthe azegtropgylikegomposition; Frefermblythe propess fustheer  and
X I t . -1i i td il t
emper at ures that ar Eomees the step of iR A4 Lgfne ikE BRI he iy, 1 ¢

of their correspondi gsating ecrhposition, foPeingie by ¥vapbiation. boi | i ng poi nt
of an azeotrope-like conpgsition at, anbient pressure js wthin about 25
1[err]C of the boiling poFhinysntion alse proyidescratingcompagitions compeisipg #p azeotrope-

pressure. Mrqs Iike contpoSitieh 2 dbatihg RateAA AHichRRe beeltPintRORBRiehfistiod W | |

boi | at tenperatures that "are within about 0O.5[err]C of the
boi I'i ng poi nts of theoatngpracesspondi ng azeotropes neasured at the

f}?(r:lnreoflr 52? g(r::r bon et her alﬁg%%oé?\%lé&go \%Mda&gﬁd&fa Qg%dr t;u(.:agffg?mg
azeot rope- | i ke conpothetralenéergy using the ardotropelikedompofitiony ak heat avansfertfluids.
g?nts 3:3 Red 'n the conposit l?en;zseotggprer- e %89853@0:3259 bxhlres ofqlr}gro ngroma on gtﬂgre
20 and organic solvent which, if fractionally distilled, produce a distiliate fraction that
is an azeotrope of the hydrofluorocarbon ether and organic solvent. '
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-likt.% composition at ambient pressure is within about
25 1°C of the boiling point of its 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 hydrofluorocarbon ether and organic solvent in a
30 particular azeotrope-like composition may vary substantially from the amounts

contained in the composition’s corresponding azeotrope, and the magnitude of such
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PCT/ US96/ 06887 perm ssi bl e variation depends upon the organic
sol vent used to nmeke the conposition. Preferably, the
concentrations of hydrofluorocarbon ether and organic solvent in

an -azeotrope-l%ﬁ?gﬁgggosition vary no nore than about ten perg@g}upwa

the concentrati such conponents contained in the azeotrope Torne
between 5 t hem at _anbi ent pressure. More pre&%ab‘lﬂy, tBe
concentrations are mlamonﬂwdwmﬂworsﬁ&we t used (O t(’,"o_nt ai ned
in the azeotrope. MyghnBiifidit Prknbly, theconé&ifatiots 'of hydrofiluorocarbon @FHRP ard drshic

contains essentially the sane concentrations of the ether and sol vent "as
are contained in t haolyensda amprgotropedike composition vanene more siapiabout ten percent Som

Wher e t he concentratio f.ether and organic_so]ve | ngan

azeot rope- | i ke conpdst 48 '"fgo““r}ss“ '@W@Wowggﬁmmﬁﬁ%@%@m?ned
in the corresppndi Ngheid AUMBKNE prebsife. More preferablp) thé Edncafirationdipé withifAbout five
contain a concentration of the ether that is in excess_ o

f the .
ether's concentr at i daroent afithose sentaineshja thegzeatrapsnost prefsrablyathe apsatiopiz 1 o be
less t1 ammea b GsifidtAchniifds Yhde ity ke SmE SOMRERFtioRIGF the ethbl anfl sbiVént as
organi c solvent is present I'n“a concentration that 1's 1 n excess
of its concentr ati oraré contdimeddn thetazentsope fixmedrbetween3hem at amhient pressae. Where

conpositions will exhibit no.signficant chan in the sol veat power..of the
conposi tion over ti ﬁ@gmncen%-an?ns%?e{herm{&o% %@%W%Wﬂ@?@ﬁéﬂ?f’f‘?%s of
this inventiogpgmay ifie fioihe concentiations contained irhe corrédPoriding! d26otrope, the

hydr of | uor ocar bon et her and organi c solvent, small anounts of other

conpounds whi ch do Roeferred eampopitions coptain & eanpentration ofithe ether shat inin exress gfghe
exanpl e, 20 S%ﬁ%ﬁ&g@% i:ﬂﬁsfa%h?ﬁé. sm&ﬁﬁ%%ﬁoﬁﬁﬂmag \t/% Qfxneses

azeotrope-|li ke conpositions e 1 nvent o I npr
di spersibility or sdlampiabletthanzzeotenpedike compasitiohs in svhichithe organic solvent is psesents

or coating materials_(e.q. er fl uor.opol yether |ubri.cants and
f1 uor opol ymers), - mgm'%'fmi’ %M*&ﬂW%FM&?ﬂB&@?WS&%OWJME or
azeot rope- | i kgs conpgspefeiréd'éompositions will eflibit Ad sigrificafSchangeGiHeR6WEnt power of the

1, 2-trans-di chl oroet hyl ene preferably al so contain about 0.25 25 to 1
wei ght percent of ni®PPpREEMRVEEHMEabout 0. 05 to 0.4 wei ght percent of epoxy

but ane to prevent degrad%%%g%_P&MbW?ﬂ}?f%M O&?y%@g&&%ﬁé

preferably, such conpo I oNs "W ontarn a
per cent nitromet hanedditidn G the lwdrgfinorpcarboarether and organic sob/ent; smaalbamouptsnfiothee .

The characteristics gf 3ZER WIS i3t ecHerc HR0rmhaliof 6F Mk hzdottoPl Fe Shmplé) >
20 small amounts of surfactants may be present in the azeotrope-like compositions of
the invention to improve the dispersibility or solubility of materials, such as water ,
soils or coating materials (e.g., perfluoropolyether lubricants and fluoropolymers),
in the azeotrope-like composition; Azeotropes or azeotrope-like compositions
containing as a component 1,2-trans-dichloroethylene preferably also contain about 0.25
25 1o 1 weight percent of nitromethane and about 0.05 to 0.4 weight percent of epoxy
_ butane to prevent degradation of the 1,2-trans-dichloroethylene. Most preferably, such
compositions will contain about 0.5 weight percent nitromethane and 0.1 weight percent
of the epoxy butane.
The characteristics of azeotropes are discussed in detail in Merchant, U.S.
30 Pat. No. 5,064,560 (see, in particular, col. 4, lines 7-48).
The hydroflucrocarbon ether useful in the invention can be represented by
the following general formula:
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30 Pat. 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
the foll owi ng general formula:
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Rlerr]- OC[ererﬁ[ (I) where, in the aboveforrm.:?.[lJ ﬂ,err]
is selected fromt he group consisting of linear or 5 branched

perfl uoroal kyl groups having 4 carbon atons. The ether may be a mixture
of ethers having linear or branched perflqgapg$ﬁyla§{err]groups. For
exanpl e, ' perfl uorobutyl ethyl ether contalning about 95
perfluro-n-butyl ethyl ether and 5 wei ght percent

fl i sobutyl ethyvl - | t her. .. . ’
Do ot OBt Y1 € i 5 R BRAL SRR BB o S oo o,
85 ]Eol 65 1?h 5 vveilghict habpaﬂmmﬂhylfgi-oupshavhmearbommﬂ 'Hiemiergraybathmﬁxmreh
useful in i's inventj r.of | uorocar bon et her can
l(oje:[ pr e]bgr:(e%:l[oy ai ;<y| Fal?ﬁwﬂgmwmb‘a“@gﬂﬁjéfﬂfﬁrl}fmﬁr Korexampleo,

err err @m@eg,;, ﬂﬂaﬂn@': I Q’E@’
C(Crlerr])[err] Qerr‘{eﬁand mXxtufes R &% andpwﬂ%-ﬁtuutg%]g:h{hgﬁhﬁl oned

fl | k d oweigls perent perfbubrdi yiethep uorobuty
?:Ie:{ergleg?er(r)i(ICF[lere‘%p O F CF’# {égs:o‘ ’| err “qé)a}F gW 5
Cerr]Flerr] C(O CF ﬁm&%ﬂm g r3 Oroiso ‘t“r‘i"yéﬁﬁi‘%ﬂ’ldtsa?&f’é

source of anhygrous véiglapeftent geffhfors-h-batyl alijletlicd e altb igéfal inEisinvention.
fluoride (e.g., pot aSSI um fluqgride or cesiumf|uoride) or anhydrous sil ver

fluoride in an Eherhydvofuerogasber ethersan be H’@ presence

f t bl
o ¥ ey et cnicro o cRRHHD: g ROk i
C(CF[err])[err] qerrthereoﬁrn‘ﬂeafmmmehimrﬂuoreﬂkoﬂm CinGelpeepated[byrredclibh of:t h a

presencebgfseaSUCh as&ﬁ%@&f@%ﬁ?@’ (%é’rsf’?é‘lfivent Igléﬁtrgﬁ% ve

met hods for the et heﬁrﬁhﬁf itabl sourc ﬁhl%@r&ﬁ%ﬁéﬁm&xw&hﬁimﬁﬁ%r&&l
2,287,432 and Ger nan Patentul Noe 30! ui t abl e

al kyl ating agents f diuogide (¢.8. pmsswmaﬂ;md@ pbwsmntﬂqqaée)cnrmﬂwrous gilven flueride in
E)?t gl heglagh P?anglafs a%@nhy&k@kl%ﬂrg@isof\%n 6‘]“’ enesu Io?o #W a}i’lﬁﬁqmum
per f 1 uor oal kanesul f covsmpesnd umg as “ADB}&EN 464” avallable from the Aldrich Chemlcal Company.
The perfluoroalkoxide, C(CF;);0", can be prepared by reacting C(CFs);OH with a
20 base such as KOH in an anhydrous polar, aprotic solvent in the presence of a
quaternary ammonium compound. General preparative methods for the ethers are
also described in French Patent No. 2,287,432 and German Patent No. 1,294,949,
" - Suitable alkylating agents for use in the preparation include dialkyl sulfates
(.., diethyl sulfate), alkyl halides (¢.g,, ethyl jodide), alkyt p-toluenesulfonates
25 (e.g., ethyl p-toluenesulfonate), alkyl perfluoroalkanesulfonates (e.g., ethyl
perfluoromethanesulfonate), and the like. Suitable polar, aprotic solvents include
-acyclic ethers such as diethyl ether, ethylene glycol dimethyl ether, and diethylene
glycol dimethyl ether; carboxylic acid esters such as methyl formate, ethyl formate,
methyl acetate, diethyl carbonate, propylene carbonate, and ethylene carbonate;
. 30 alky] nitriles such as acetonitrile; alkyl amides such as N,N-dimethylformamide,
N,N-diethylformamide, and N-methylpyrrolidone; alkyl sulfoxides such as dimethy]
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perfl uoronet hanesul fonate), and the |ike. Suitable polar, aprotic solvents

I ncl ude acyclic ethers such as diethyl ether, ethylene glyco

di mret hyl ether, and diethyl ene gl ycol dinmethyl ether; carboxylic
~acid esters such as nethyl fermate, ethyl formate, met hyl

acetate, diethyl rbonat e, propyl ene carbonate, and ethyl ene - 30

al kyl nitrilesxgﬁgﬁmgg acetonitrile; alkyl anides such as éEHJQ%MHéy

NN- di met hyl f or mami de, N, N- di et hyl f ormam de, an

N- fret hyl pyrr ol i done; st#pwsiw&wlrt&ﬁ@méycls gthyl mlﬂ?e%mmthylene sulfpape, aod othet s

PCT/ US96/ 06887 sulfolanesS bkdzBHdduBs suth k¥ N-riethyl 2088zctd6Hk; & mixtures thereof.

di met hyl sul f one, tetranethylene sul f one, and ot her sul f ol anes;

oxazol i dones such as N w&mo@a@daﬂdﬂum{foamwméhﬂwér@@ﬂmw on

Perfl uori nated acyl n
et her) can be prepar;’e'h&g qfe régag%%ﬁgﬁca o T FIOQ@I on@a%ﬂg‘ E@#gﬁ&{dm

correspondi ng 55 hydréeatbioncarborylicasidi{ore derivativeitheréod), usingl itliey ihyirous

t hereof), using eltheyr anhydr Qus ) K¥dr en (?)Iuorl de (glmrjrrons ECF)

or KF.2HF (Phillips Hxdrgeadiuprde (SironsEGE) opK¥.2HF h’hﬂh s EGE) a3 the lecienlite acyl

fluorides and perfl ﬁérﬁ@o ﬁ%ﬁn

di ssoci ati on of perf éurgrl nat ege}‘ar oné)%laﬁ?: acl esters I C aﬂ g by
prepared from dnssocnhmefperﬂmpmtdﬂcgbmﬁymwhem(mhcmbeprepued&om
partially-fluorinateg carbox [S ir

fluorination wth fiissPespgud b i of paiale fodpnaed carb W?&‘ﬁ%%ti ng
the perfluoringted edireet fivdrination with/flusrineigas)| m;:oda:on@mwmfevmmohﬁcung

conditions (see t he t hods descri b in US. Patent
3, 900, 372 (Chi | ds) athg perfigorinate E?ﬁefmhawmeof? weem meﬁ)ﬂon%@%y

conbi ning the ester tkbtids ERab ' hNect ed
it thaseeodl}gw%o@n ydroxyl i’c nuc ds%alﬁi at?‘ﬁqw

fromthe group consisting o ,
15 non- hydr oxyl i &%STkMMrstqrbamdmbmmmhmteomthm MSnelometmg reagent

non- hydroxylic cl hile seo ui or sSoli nd .a

| east one sol vent V\/nf%%d “h@'%%’?“@ cogngﬁmgo?ﬁas ﬁ'&’ﬁqﬁs gﬁlgcrﬂ"?& files 2 md
I nitiating lreagegt S m.?mmﬂclem?ymmﬂutebefdllaﬁmhe&bh-wdtﬁiﬁmt hose
gaseous or |iquid, non y i C gQug eop es, and ‘m xt ur es ga,seous
liquid, or 20 wavgen B, H‘?‘P'E‘l“a" et t0

(herei nafter terrred mxtures whi ch are capabl e of
nucl eophilic reaction"wt perfl uori nat ed est ers The presence of

smal | anounts of hydroxylmmw ch eambe jgmploped:in shecdissociation are those

(?:J:a} 33: gmgﬁzgous o t ri Q@Ey‘W'm nes; @ﬁ%ﬁgpﬁdlﬁﬁ“@?’kg&%&%‘% or
anmi ne oxides, 28xazol safidymon-hydfoxylic nut#npphilt(s)end solvent (héreinkftdreermad Usolvent ur es
e A Sl MR S reno with Sl i
The presence of small amounts of hydroxylic nucleophiles can be tolerated.
Suitable gaseous or liquid, non-hydroxylic nucleophiles inchude dislkylamines,
trialkylamines, carboxamides, alkyl sulfoxides, amine oxides, oxazolidones,
25 pyridines, and the like, and mixtures thereof. Suitable non-hydroxylic nucleophiles
for use in solvent mixtures include such gaseous or liquid, non-hydro:
nucleophiles, as well as solid, non-hydroxylic nucleophiles, e.g., fluoride, cyanide,
cyanate, iodide, chloride, bromide, acetate, mercaptide, alkoxide, thiocyanate,
azide, trimethylsilyl difluoride, bisulfite, and bifluoride anions, which can be utilized
30 in the form of alkali metal, ammonium, alkyl-substituted ammonium (mono-, di-,
" tri-, or tetra-substituted), or quaternary phosphonium salts, and mixtures thereof.
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nucl eophil es, as well as solid non-hydroxylic nucl eophiles, e.g., fluoride,

cyani de, cyanate, iodide, chloride, brom de, acetate, nercaptide,
al koxi de, thiocyanate, azide, trinethylsilyl difluoride,
bisulfite, and bifluoride anions, which can be utilized 30 in the form

of .al kali netg) 96g{g{@n| um al kyl -substituted anmoni um (MONO- , pRus96/06887
tri-, or tetra-substituted), or quaternary phosphonium salts, and m xtures

e e Such salts are in general commercially available but, if desired, 3an be prepared by

PCT/ US96/ 06887 known m&h6ds, sgl tos@ B6sciibedy ™! @ Sreed ARI K. G [Bristediai | abl e
but, if desired, can be prepare knomn nethods those
M«nﬂ #)spage

described by M C. Eowprehensive mﬂ&mﬂp
D Van Nostrand Congkiey Dy ﬁé‘*"@%@&?ﬁ%ﬁ%@iﬁ%ﬂg Py K°b‘=F el

i E Justus Li e:s! ES Ath?thgsWBChebﬂBEZSﬂl%f?dlla?]W@z 2ZJo&amecind rise and
t he i ke are als i ucl eophi | es.

The hydr of | uor ocarb 'B‘i’gc?"ﬁ‘!)mﬁﬁk - t he azeotrope-|ike

conposi tions of this '”V?ﬁéhﬁﬁoﬂiﬁr&ﬁiboﬂ%ﬂkﬁttﬁedﬂﬁamehﬁo&%&%th s

at mosphere and have surprisingly short atnospheric Iifetines
t her eby mi ni ni zi ng comapositionp afthisinvention do not depletscthe pzongiimthe eadip s ptmasphese

cther whi ch vas. cal B s bl Hibet faoiptEc iedmes e/ ilichighl i iBibt on

;I'an?., tA:E rms]E)I'uf?i ﬁ thobal@fva{g%ggi anwFﬂedlhr'nTb:thtfmauhb@hMah?efok/ﬂmachuset ts
nstitute of Techno results o at i ar.e
presented in Ly‘g'?ﬁ racay W?ééﬂl‘f"l‘l@‘eg‘ gu1$$gzmﬂgY
(years)”. The at WSMW eric Futeo Vbﬁ&é}ﬂ&w&&ﬁb&ﬁ% THERiO sp’s&“a‘aﬂ;s%bef

and its correspondi uorocar ane were
cal cul ated using a bmmméafwandegeﬂlB?ﬁ)dTbetasdﬂofﬁhecdm@tmmepresentedm

occupi ed nol ecul ar i and .t he nes of
hydr of | uor ocar bons ?ﬁ@h Fffrqﬁﬁﬁ%/'é im \ﬁg&ﬁﬂgfyeggf —lﬁ\el b
correlation 15 hfﬁﬁﬁ@ of ih@ﬂyﬂi’hﬂﬁ?@&ﬂion@heﬁhnd lwboﬁ’éfﬂmdlﬁghydrammrocarbon
26A, 7,1331(1992). Theseval ues 20 are rep rte%welil %g er the
headi ng "Esti mat ed Akapyereaise caloylated png a ation W%BW&F“

potential of the hyQpQiddGhaiedldr ofvita ‘ﬁﬁ&ﬂﬁ%ﬁ%ﬁﬁ\ﬁﬂpﬂéﬁb'ﬂ&ﬁiﬂéﬁof

equati on descri bed | n e I ntergovernne Panel's O imate Change: The

| PCC Sci enhydrofuorocasbensand hydrofiror mnmmnamé@smm The

Ul 0L, L0 AR PEC A S kAR BRIAR 244 2] P19 ek U

20 are reported in Table 1 under the heading "Estimated Atmospheric Lifetime.” The

' global warming potential of the hydrofluorocarbon ether was calculated using the
equation described in the Intergovernmental Panel’s Climate Change: The IPCC
Scientific Assessment, Cambridge University Press (1990). The results of the
calculation are presented in Table 1 under the heading “Global Warming Potential”.

25 It is apparent from the data in Table 1 that the hydrofluorocarbon ether has a
relatively short estimated atmospheric lifetime and a relatively small global warming
potential. Surprisingly, the hydrofluorocarbon ether also has a significantly shorter
estimated atmospheric lifetime than its corresponding hydrofluorocarbon alkane.
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25 It is apparent fromthe data in Table 1 that the hydrofl uorocarbon
et her has a relatively short estinated atnospheric lifetine and a
relatively small gl obal warm ng potential. Surprisingly, the
hydr of | uorocarbon ether also has a significantly shorter

esti mated at rm“poyerl c lifetinme than its corresponding hydrofl lﬁ%ﬁ'ﬂﬁ?{i&%

al kane. 6/36688
WD 96/ 36688 .
PCT/ US96/ 06887 _ ~ Table! Tabl e |
Conmpound EﬁW SEstims m&”' ""Global Warming
At nospheric Ligf et i Hot ¢ ar . .

. : ) 08 Lifetime Potentiat
Lifetine (yedrs) (2 ;
(years) C[err] Flerr (years) (140 year ITH)
! ) :] ears) A I‘] Q.5
1.2 70 C4F9-C;,I-]§ 2 pr gani=e- sol vgnts useful in
this invention incl§de g chngin, 0.5 Branqﬁﬁd chgrnandzgycric
al kanes contai ning @ ~HETIR SPSTAETEY-S

cycl ohexane, nethyl cycl ohexane, heptane and i sooctane); esters

cont ai ning 4 carbon at onsy,

ket ones cont ai ni W%%Wﬂ%ﬁv@@ﬁ ﬁ’rcﬂ?#unﬁﬁ%ton );

si | oxanes cont ai ni ngaranchanlummandcychcalkmemu&mgmﬁ"mﬁmtd:)d(mgshbme,ne);
cyclic and acyclic hers c aining 4.t rLbon atons (eg.,
t-anyl nethyl ther F&WM@B&W%M“&W%IWW‘?a B‘%Opyran
and 1, 2-di met hoxyet h@dﬁ%m%bh&bbmbﬁs (6 KRB prorite infl 81 1 dofatt); ketones

carbon atons (e.g, 1 | or opr opane, - 2, 2 2-dichl or opr opane an
1- chl or obut ane) ; containing  casbomatomd (a8 koethy) etiol katione), siloxagesccontaining:f careon

&F oot s cont af i no- S8 REb AR ttcaspe; eyl oy eftnd il oo FEY

al cohol s cont ai ni ng one
carbon atoms (e.g., t-amyl methyl ether, 1,4-dioxane, tetrahydrofuran,

10 tetrahydropyran and 1,2-dimethoxyethane); -chlorinated alkanes containing 3 to 4
carbon'atoms (e.g., 1,2-dichloropropane, 2,2-dichloropropane and l-chlorobutane);
chiorinated alkenes having 2 to 3 carbon atoms (e.g., trans-1,2-dichloroethylene and
2,3-dichloro-1-propene); alcohols containing one to four carbon atoms (e.g.,
methanol, ethanol, 2-propanol, 1-propanol and t-butanol); fluorinated alcohols

15 having 3 carbon atoms (e.g., pentafluoro-1-propanol and hexafluoro-2-propanol);
1-bromopropane; and acetonitrile. '

Preferably, the azeotrope-like compositions are homogeneous. That is, they
form a single phase under ambient conditions, i.e., at room temperature and
atmospheric pressufe.

20 The azeotrope-like compositions are prepared by mixing the desired
amounts of hydrofluorocarbon ether, organic solvent and any other minor
components such as surfactants together using conventionat rmxmg means.

The cleaning process of the invention can be carried out by contacting a
contaminated substrate with one of the azeotrope-like compositions of this

25 invention until the contaminants on the substrate are dissolved, dispersed or
displaced in or by the azeotrope-like composition and then removing (for example
by rinsing the substrate with fresh, uncontaminated azeotrope-like composition or
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met hanol , et hanol, 2-propanol, 1-propanol and t-butanol); fluorinated

al cohol s 15 havi ng 3 carbon atons (e.g., pentafluoro-1-propanol and
hexaf | uor o- 2- propanol ) ; . 1-bronopropane; and acetonitrile.
Preferably, the azeotrope-like conpositions are honbgeneous. That is, they
forma single der anbient conditions, i.e., at room t ¢Rfifedess and
at nospheric pr@??u’?‘w The azeotrope-|ike conposi tla%ns are

prepared by m xi ng the de5| red pounts of hydrofl ugrocar
et her, organic sol vebxwwaﬁfummm%&mmmﬁow ® RYBRRSHioR %é’ﬂﬁ?l‘e&%ﬂ‘ |

surfact ants toget her gy ?ﬁﬁnﬁ%&“@éﬁdtﬂﬁlﬁiteﬂi&bﬁ mgosmontoﬂowoﬂ'ofthe The

cl eani ng process of the invention can be carried out Dy contacting a
cont am nat ed subst r asubstydte)thearsotsope-like @Mﬂh@p@tﬂmfbedﬁmﬂﬁdl,oﬁlwemdpm s

G sperced o disigl o SRR SRR oOPeh R Rl BB onfpoRREh Hilhe

and then renoving (fmdﬁxeitmfﬁevapororthehqbiﬂstamﬁirbah),hﬁdm#ﬂﬁﬁthﬁhﬁmu th
fresh, uncontam nated azeot roge i ke ,poggom tio WD. 96/ 36688

PCT/ US96/ 06887 techniques, eiutilizads For pxample, the Tiquid
azeotrope-| i ke Cormoaeuir&f}, e%r%ﬁﬁn&?&aﬂbes edorbamed)&{tgmetshmé&e

cont am nat ed azeotrope- e co sitionto flow off of th
substrate) the azeotvappmmtvahb%mmhommthwm@wbﬂm or the

 di spersed or ed m t he ub Jhe
azeotrope-|ike corrpoﬂ'\bgtfiﬁ Ctnnﬂa@%rsga g@ﬁ'ﬁ"ﬁoﬁf eﬂéb% r or the
l'iquid state (gor bot Jiﬂmpo@iﬁldnaﬂlevﬁtédtdﬂipmwmﬁasomc energyeﬁﬂfbr(igm:oh%nbe
“"contacting" a substrate capn be utjlized, For exgg : the |iquid,
oY

azeotrope- | i ke conpousedtefacilitate the cleaning - Marigus difig vt eleaning

Substrate, or the — JescASRY3ERy Efia %’#‘M@@ﬁ"ﬁ%&méﬁus

or a |iquid azeotr opand AssembRes, Electrovhemioali Publivations/ Idmitéd; yt, Septind] pages 182-94
ultrasonic energy, a d/glrE agi tation can be used to facilitate the
cl eaning. Various di 1980knt “sol vent cl eani ng techni ques are

described by Bs N. Ellis g | dnd ifiPgantcuibstfited 3hr Becl@nedbPthe pRItessof the
Conmponent s and- Assenbl i es, Electrochem cal Publications Limted,

Ayr, Scotland, pagesinyemionsRepresentative exampiss of thesubstrates include metalsgegramiss;gani c
a0 | 10T Q2N 0 Subst ¢ R e Bl GAYRflBbnd SORORES il B sndiene
ceram cs; gymememmdlﬁbhrsdmdfphﬂqdm\bdMonpchMcm and
Ry O ) o Ut a0 G e woph s o e SRR BB Aand AL ad R
: 20 therefrom) such as: polyester, rayon, acrylics, nylon, polyoleﬁ_n, acetates, triacetates
and blends thereof; fabrics comprising a blend of natural and synthetic fibers; and
composites of the foregoing materials. The process is especially useful in the
precision cleaning of electronic components (e.g., circuit boards), optical or
magnetic media, and medical devices and medical articles such as syringes, surgical
25 equipment, implantable devices and prosthesis.
The cleaning process of the invention can be used to dissolve or remove
most contaminants from the surface of a substrate. For example, materials such as
- light hydrocarbon contaminants; higher molecular weight hydrocarbon contaminants
such as mineral oils, greases, cutting and stamping oils and waxes; fluorocarbon
. 30 contaminants such as perfluoropolyethers, bromotrifluoroethylene oligomers
(gyroscope fluids), and chlorotrifluoroethylene oligomers (hydraulic fluids,

9-



silk, linen, wool, rame; fur; |leather and suede; synthetic fibers (and
fabrics derived 20 therefronm) such as: polyester, rayon, acrylics,
nyl on, polyolefin, acetates, triacetates and bl ends t hereof,
fabrics conprising a blend of natural and synthetic fibers; and

conposi tes of whgehieEI0i Nng materi al s. The process is especi aptyrossfbigh 1 N
t he preci sion cleaning of electronic conponents (e.g., circuit

boards), optical or e and

medi cal articles suéﬁbwt%F*ﬁ%’gg’ﬂggﬁfﬁg’ g&%&%ﬁ%ﬂﬂf | ant abl e

devi ces and prost hesdoatamnmtsencoumwedmpmcim'aheeledneninjmgalpmaﬁcabﬂevidee

I nvention can be used to dissolve nove t tam

fromthe surface of & Pﬁfi @?mlsmgﬁ’?@l"éeéuﬁﬁ&&

| i ght hydrocarbon c Hﬁﬁhﬂiﬁﬁ‘ SR hvdResbd: r

cont am nants Hy as m nera %Qlalaﬂf gse c%%?rgg%g‘;n st anpi ng

oil's and waxes$ f| ucootamirats, muculates, uudm(aadﬁssﬁbedmmam paragraph).

per fl uoropol yethers, bro uoroeth | epe .0 roscope

fluids), and chlorotrifl ﬁg’r‘iﬂ g’ﬁ@P ?MW%#MM%
-9-

WO 96/ 3Qﬁ'$ﬁ’amvennoncanbecamed out as described in U.S. Patent No. 5,125,978
PCT/ US96/ 06887 | ubricants); silicone oils and greases soI der

fluxes; particul at eﬁmwﬁﬂhxmnmsthemr#m%m AR AZROHFOP

preci sion, electroni whﬁﬁ reF@ﬂi \4 - m@g’cﬁ@ be
r enoved. The process&lmg particu g Llf%gl‘#'ﬁf o@ﬁt'%necirl%orrr%a\}lgpﬁ

hydrocar bon cddt ami rnants mnmmmlelxgnmnlersgdmﬂlyﬂqmd:mbnmeaﬁkespmpbhmmldar bon

cont am nants i cul an ter scr,i bed |n e next -
par agr aph) . 84 gﬁ%‘?@&cﬁ‘g g"e eike: r at

surfaces, the cl eanlmgamsneaadﬂmmsulu -ﬁeb&rticl&\iﬁ&hﬂo@éﬂmﬂm Gid ri ed
out as described in Pat ent 25,978 ynn et al.) by

contacting the surfmed#eapmmwﬁmﬁqdemw@p@m@ and the afticles

ggt”f)ezl abon ! ggeﬁ[‘%’%e wet arti CI e | sﬂmrsedN{’lny% : 'aﬂﬁ‘ﬁﬁp?oébgéaﬁce
azeot r ope- | i k@5 conpalsottiemarriedaut as described indd St Retentl Noh3,063,012 @Blmd(hth)pl aced
water is separated from the otrape-|i 0Si t.i 0 and the
resulting water-free artr.lkc]?E ?‘gmlpg' %W&Wﬁ%q'?aﬁvﬁ%”a&nggmmgm
azeotrope-|i ke conpagpplidations, Emeﬁhﬁnzéemyﬂkbhﬁnp&fuohlﬁmméﬁfae&%aﬁaﬂfoibe
articles whi ¢h can be ena%iated are found ipn_ U Pat en

5,125,978 and the préoaHAgmatgral e deposition;of the materialion, é%ﬂ e n
U.S. Patent No. 3, 90&%&5{&39515‘6Bﬁowdesacoanngcomposxuoncﬂﬁlsﬁﬁﬂﬁa{z@&?dﬂé ke

conpositions can also be used in coating deposition
20 like composition and a process for depositing a coating on a substrate surface using

the azeotrope-like composition. The process comprises the step of applying to at
least a portion of at least one surface of a substrate a coating of a liqﬁid coating
composition comprising (a) an azéotrope-like composition, and (b) at Jeast one
coating material which is soluble or dispersible in the azeotrope-like composition.

25  The coating composition can further compﬁse one or more additives (e.g.,
-surfactants, coloring agents, stabilizers, anti-oxidants, flame retardants, and the
like). Preferably, the process further comprises the step of removing the azeotrope-

. like composition from the deposited coating by, e.g., allowing evaporation (which
can be aided by the application of; e.g., heat or vacuum).
- 30 The coating materials which can be deposited by the process include

pigments, lubricants, stabilizers, adhesives, anti-oxidants, dyes, polymers, '
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applications, where the azeotrope-|ike conposition functions as a carrier

for a coating material to enable deposition of the material on
the surface of a substrate. The invention thus al so provides a
coating conposition conprising the azeotrope- 20 | i ke conposition and

a process for m&&gng a coating on a substrate surface usi grwsesess7
the azeotrope-like conposition. The process conprises the step of applying

to at | east, a portipn of at | east one syrface, of, a spubstrate a
coating of a liquid m%‘fﬂt‘”?s’ 'e?meagmm?ﬁ’ﬁgiso?ﬁﬁ‘rq‘%i‘lﬁgmf §o ons
azeotrope-|ike conpogefeb Prefoited hidierials iﬂcﬁﬂ&fpeﬂﬂ@rorolﬁether, hydrécaftion) éhd'Silichd 2l

which is soluble or dispersible in the azeotrope-[ike conposition. 25

The coating conposi tbsicaatshamenphouscopelymers of tegrauasp ; oethylege;
surfactants, colori . tg%}h If serfdtive el JihR { S,
and t he i é’)ac.%ﬁ@p%wé‘r%ta y,ﬂ ?ﬁé‘sef)er ocess r %?‘atcorrprgfa?%ge lgﬁs ep
of renovi ng thé azeothe ppeess include titaniurh idioxide gingnosxides, anaghesium bikide,deposi t ed

coating by, e.g., allown vaporatjon (which kB . can, be aided by the
application of, e. g.l?e"ﬁ‘lé‘?{gp@y&ﬁ%%d’ﬂw‘”‘gﬁs’ stearic acid, ac"Y]“’aS'\eﬁ'éfe%oat i ng
mat erial s whi Ch can havERRRBridRYIdN, ditfpRius 665ctyhds bt8@aftuoroethylene, dHITENT S,

| ubricants, stabilizers, ~adhesives, antl -oxi g'an% S, d{es, pol yners,
-10- WO 96/ 3@mahinations thereof. Any of the substrates described above (for cleaning

PCT/ US96/ 06887 . r ' . I S | ROr i | des,
and the |ike, and co?ﬁg’lhﬁaé{& P%négﬂ%%&%gpﬁ@?%%% @@%@‘n@&é}%c&é& ude
per f 1 uor opol ydoher, particutarBrisefn] fonoobting magnetie hard disks or elbctiical coriectors with

anor phous copol yners of tetraf] uqroetyl ene; . polytetrafl yoroethyl ene;
and conbi nati ons theP ‘FQ”P@WE@E‘I‘R"SF‘Y‘?/E’@%H&EF‘ eg i @qqequ cagtst abl e for

use in 5 the proc fd'rﬁq "f&’gﬂ’h’ b O | | s

magnesi um oxi de, e?f)er uoro’pl)% y€et 4&‘?@%‘%& @SI (%igr}gés), Bar l.eé,ctlh%’
acrylic adhesives, azeotrope-likecdopipesitior, theoating méterial(s), and amy additive(puatilized)rcan
of tetrafluoroethyl ene, and conbi nations thereof. Any of the .
substrates descri bedg%mbgmf‘é'ﬂ’ﬁ "“’““gte"?’mﬁﬁ‘b'l‘*gg'id@ﬁé SPGERNg,
coated via theasprocessemilsifyiiy doatif thaterinls, €25 b niteRmicalaitatithh, Witrasonic agitation,

particularly useful for ¢oatihg magnetic_hard di sks or electrical .
connectors with manual agitatipn, snd e like; The azegisepeciikecomppsition And the ¢ating o s

the conponents of ¢ hamienals) can be combined in any rifo Sepeilid 602 the el i3k GF
conmposi tion, the coatheegating butith¢ ¢anting material(s) preferably constitpte fram abouti9.1den
be_combined by any. cgiuie2 bl pdbase Bt G5LAg Shpiiel s oo o5l Wpiations.
20 The deposition process of the invention can be carried out by applying the
coating composition to a substrate by any conventional technique. For example, the
composition can be brushed or sprayed (e.g., as an aerosol) onto the substrate, or
the substrate can be spin-coated. Preferably, the substrate is coated by immersion in
the composition. Immersion can be carried out at any suitable teinperature and can
25 be maintained for any convenient length of time. If the substrate is a tubing, such as
a catheter, and it is desired to ensure that the composition coats the lumen wall, it
may be advantageous to draw the composition into the lumen by the application of
reduced pressure.
After a coating is applied to a substrate, the azeotrope-like composition can
30 be removed from the deposited coating by evaporation. If desired, the rate of

evaporation can be accelerated by application of reduced pressure or mild heat.
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15 or emulsifying coating materials, e.g., by nechanical agitation,

ul trasonic agitation, manual agitation, and the |like. The
azeotrope-li ke conposition and the coating material (s) can be
conbined in any ratio dependi ng upon the desired thickness of the

coating, but t ng material (s) preferably constitute fr
to @%J?B%kwel ght percent of the coating conposition ‘?’or m)st

coating applications. The d sitio rocess of
i nvention can be cark heé’B“H{&"aBP"SWfPW@“'FWéﬁP& and, i E‘B’#B il on

to a substrate by arﬁé&%@&bﬁﬁﬁhﬂcﬁﬁbﬁtﬁ&ﬁw&i@ioﬁm mhtefial, the
conposi tion can be brushed or sprayed (e.g., .as an aerosal) onto the

substrate, or tﬂnpef@ﬂée%m @WSBEP%W(EW withdrawab@f y  t he

substrate is coat edé@“g{, W " - the conposition. |Imersion
can be carried out ny  sul e tenperature and can 25 be
mai nt ai ned forsany Convemwsmwm&séﬂmmvbﬁnmmmmmmabymt ubi ng,

such as t het er, | |s de |redtoesuret at .
conposi tion coats t ?‘ﬂﬂ% qsdb"\ Mﬁﬂg&ﬁt o4 §raw
the conposition int %Es@%xidﬂ?snameﬁ%ﬂ%?%&tﬁinb%&ft g,shouldnotbé&ﬂbtﬁﬁdto '

pressure. After a coating is applied to a substrate, the
azeotrope- | i ke conpowmdelydimitshisigention. be renpved from the deposited

coating. by evaporation. |If desired, the rgm evaporation can
be accel erated by application of reduced r mld heat. WO

96/ 36688 10 Examples 1-2
PCT/ US96/ 06887 The coati ng can,_be, of _any convepni ent thj ckness
and, in practice, the th&h&mgmmm identification of the 3aqogrope- ogitieps of thi

factors as the visc ﬁﬁ%ﬂ‘ﬂ-’“ﬁl terrperature
at which the coati ngﬁﬁ’éé'ﬁ%‘gﬁags g the rat W t hdr awal (i f
imersion is utilized). Mﬁm ABher¢Ag, m@ttanmmayemmro

i nvention are further r

the particul ar mat er g}pgﬂéﬁ%ﬁ&i%%p{s%gﬂ% f?llowxg]g.xlgﬁﬁ%%Bgep%ﬁ fﬁ‘?
exanpl es, as well as ot hmzommmwm:wm&mmmcmgtrued
to

Eoanpl s 12 Y sy, was chargd wilspgmsdried fotassinm Suaride (7.0 kg: 0.3 poleh o

azeotrope-like Comomém&@&%s&mmmepmmwm&moﬁwféﬂﬁ&altbedsthan
the foll ow ng Exanpl es. Preparation of Ether "A". Ether

"A", used to prepar dmhmamrdwwfone(ﬂ5k§)WhmaﬂdeMemmor
azeotropes of the foll Qﬂ‘é g a@@mﬁ%d%ﬁd@w%&ﬁﬁc&%&n?&&ﬁ@ﬂ.

. 20 Heptafluorobutyryl fluoride (22.5 kg of 58% purity, 60.6 mole) was added to the
reactor contents. When the temperature of the reactor reached -20°C, diethyl
sulfate (18.6 kg, 120.8 mole) was added to the reactor over a period of
approximately two hours. The resulting mixture was then held for 16 hours with
continued agitation, was raised to 50°C for an additional four hours to facilitate

25 complete reaction, and was cooled to 20°C. Then, volatile material (primarily
perfluorooxacyclopentane present in the starting heptafluorobutyryl fluoride) was
vented from the reactor over a three-hour period. The reactor was then resealed,
and water (6.0 kg) was added slowly to the reactor. After the exothermic reaction
of the water with unreacted perflucrobutyryl fluoride subsided, the reactor was

30 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
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15 A 20 gallon Hastalloy C reactor, equipped with a stirrer

and a cooling : system was charged with spray-dried potassium
fluoride (7.0 kg, 120.3 nole). The reactor was seal ed, and the
pressure inside the reactor was reduced to |l ess than 100 torr.

Anhydrous di megBwkadees mam de (22.5 kg) was then added to the ?,g?&%%
I on ‘8

and the reactor was cool ed to below O[err]Cwth constant agi

he. TP Y e e o 373 ot el st w1 PPy AT

-20[err] C, diethyl reyealed the prédifct R approximaidly 9@%9%%&&%@13&&%&%& he

reactor over a period of pI’OXI mately two hours. The resulting

m xture was then heﬁMf%P@W‘)ﬂD ether. Thepméwﬂdenn'@mgm@meéhy was

Eé"rrilegtte"rigﬁff%c SRS Ba o F Mmrr?@@ﬁ B BECANT S o,

(primarily per Preparation of Bthem (8% t Entcea mtmﬂmHnstaIlOB@Mtwnba

hept af | uorobutyryl fluor [ the .r actor .over a
t hr ee-hour peri od. r’@g mﬁ?ﬁeﬂ”"f’lﬂgﬁs %d%‘gﬂgé%]z (ie)"? _ (6.0
kg) was added sl ow ;So{aes:ﬁ:hﬁuaﬁ&cmkreaaidr%sfsa&d%@ma%&k&eme&meacmwas

of the water with unreacted perfl uorobut fluori de subsided, the reactor

was 30 cool ed mduw[@rlﬁs@anamat@me usdighyme: (139.4 kg teethylomine (544 r
30 ninutes. Th Y | , t
50, Mt oo, ThE 1 225 0 o) APOCRAPRRA( AFLE £35500 kot PAIH 28! i

-12- MO 96/ afiffé)Svere added to the reactor followed b; erﬂuormsobu 1 fluoride (86.3
PCT/ US96/ 06887 was_ renoved to af ford 31!71) g of tr)r’u?!terl al (Whl (!(g

was 73% Clerr] Flerr pé&%:aﬂdﬂt@m contens,| 319;64mole). The resulmmqm@e@bdé gkt
b |
L0 g, appr oxt Al oL ¥ 6B e 1 it ol idiof ikl fBABAC. oiliemer 0 k)

GCMB and by [err]H, ﬁ%@&ﬂ@tmﬂnlﬁmﬁetﬂi4@j2@3 9?rﬁ>1e3husajd5dabﬂﬁiﬁacﬁlon
Et her I nto 100 gal | on

torr. 5 . Pre at.i on of
Hastal | oy C react or ™iFHf aﬂ%" {' for appropjmately, %%"‘H'“ was ehalesto
charged 21.8 g (373»3‘23&&121ﬂadﬂfﬂoﬁﬂﬂaﬁzigl&draterwasadded,mV&iﬁvyWA&qu%ﬁﬁe

The reactor was seal ed and t he pressure i nside the reactor

reduced to | ess thahydtogen fyaride (h08 ke S3d1 @P@?r@tﬂm@‘ﬂhpﬂ@ﬁw B; &heproductne

(5.44 kg, W salllgl rméé
diethyl sulfate (62@@%@%‘?‘1‘8 oﬁm e v% § Eg?béipﬁg %tj[cg%de
fol | owed by perf| uompoidustehigh yias firther putified Bpa Sechny distillation. Thepro8@spravidid a
fluoride content, 319. | e The ur e s th el d
50C T or 16 hours' wi EROBGhERE s PRy A2 .78 pEiib- it PR ebfer and Ia, o
(20 kg) and 20 wt.% perfluoro-n-butyl ethyl ether, which boiled at sbout 75.0°C at 739.3 torr.

The product identity was confirmed by CGMS, 'H and "’FNMR and IR.

Examples 3-30 ‘

25 The azeotropes of this invention were initially identified by screening
mixtures 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

30 the boiling point apparatus, heated and allowed to equilibrate to its boiling point
(typically about 30 minutes). After equilibration, the boiling point was recorded, a
1.0 mL aliquot of the higher boiling component was added to the apparatus and the

- =13-



45% aqueous potassi um hydroxi de (25.4 kg, 203.9 nole) was added to the

reaction m xture. After stirring for approximately 30 m nutes,
the reactor was cooled to 15 43[err]C and an additional 136.2 kg of
wat er was added, followed by 48% aqueous hydr ogen fluoride (4.08

kg, -98.1 nol e) inafinal pHof 7 to 8. The product

separ at ed from‘i‘ﬂg@e&%ﬂgcti on m xture by distillation to obtai npﬂ’%%g%?
crude product .which was further rified second e
distillation. The prf&%‘ggwwmﬁﬁbﬁtﬁ&ﬁ%{'g‘?mwmchmeﬂ‘e

approxi mately 82 W .poifingloint Wak RecbiIe®.UTNe teStdoMtimsed Bk dbSoribed with %0
perfluoro-n-butyl ethyl “ether, which boiled_at about 75 0O[err]C at 739.3

torr. The agdiionsto thejtest mixure af1.0 811 of thahighsy betlingpoiptcomppnent every

[err] FNMR and IR . . s - . F}ﬁ@“ s 3-30
Preparation and | den?t(}‘f“,“&‘tgﬂ'%t},l lgfto%ggx&srogbhgh&\ﬁrptggwipg%go ull orre%ég‘r

Met hod. 25 5 added. The presamte of apezowdpel wdshotedweheh thetestbeaurerexhibivéd &/
identified by screening i

- . m xtures of hydrofl uorqcarbon ether. and
vari ous organic sol J@W%b%&'ﬂj’“ﬁmmtﬂ(emﬂmgm%ﬁ &F&W@G%@PP‘F%“&E? nt
apparatus (specific : . i : Bl LSS

Al mifbd) Ofle gﬁoﬁsgﬁ#ﬁy@ to the gotementgdngm%g points

for Research, Inc., Costa Mesa f a). ["ower boilin .
conponent of the teswemidstermiped. (Thegompositiors(volume dh)of thie azganicsobeniinhe was

added tpo 30 the boili. ol pt aratu heat.ed.,.and .al] l.awed t.o .

equilibrate to its b‘?ﬁ"fﬂoﬁ'ﬁ&bg’ﬁ{j‘”w”aﬁe i© Mggﬂ'g{jtﬂ?mw&?

Ar ter equ} i EHOL! Oﬂ,cdtﬂp%_silﬁ_ﬁiﬂﬂoilﬁigﬂﬂfeﬁipmedm g ﬂﬁdtd l°€hofthe respectivehzéhti(‘jdpeh
[ t t t t

Ot O e O b ok v s Wi Hons S plot o s compoaomaldaa o

PCT/ US96/ 06887 ioht & Qg 9 iﬁng’\gﬁﬁ o thor ate for
about 30 m nutes at _v\xﬁglgh%??ﬁigfatﬂrgl HHHEBB. olill %\@g‘gles?tenms recorded. The
test continued basi ceonppsitionsiexpresserdbas the difference hetween the compositien hailingpoiny t he

test mxture of 1.0 f_the hi [ W Jd i nt. nent every

30 mnutes until 15 %W@%ﬁ%&ﬁ?@h&gﬁggﬁ%ﬁggﬁw conponent had been
5 i deed.lsThe prfasenn&bdi_éanilfl o sohvents htmnﬁt hpY@Srt emﬁbﬂdotvd_ o M’kbb&:xp&&ionf tsnh' xture
exhibited a oyer, . boi li_ng ppin a e boil| oi . L he

| owest boiling com&mvﬁem&ﬁ@mgampleswqu’#mmﬂ%@g Rons
correspondi ng to t hecgdnfédt BRI CREnkSH Cofakél Nt S were

determ ned. The conposition (volunme % of the organic solvent in the

conposition was then plotted as a function of boiling point The
azeotrope-|like
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wei ght

boiling point were then identified fromthe

Conpani es.

data (on a

erence between the conposition boiling
I ng point) are presented in Table 2. 15
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conpositions boiling at tenperatures within about 1[err]C of the

described in these Exanpl es were purchased commercially fromthe Al drich:
and Fl uka Chem ca

Chem cal

The organic solvents used to prepare the azeotrope-like compositions -
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(expressed as
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WO 96/ 36688

PCT/ US96/ 06887 Exanpl es 31-72
Preparati on and Characterization ofthe Azeotrope-like Conpositions by the
Distillation Method. M xtures of hydrofl uorocarbon ether and
organi ¢ sol ventg detp exhibited a 5 boi l i ng poi nt depressj eﬂ,g $h106:

Ebul |'i onet er ﬁ%were eval uated again to nore pr eci sery gt erﬁnbiene
t he conpositi on of the azeotrope. M xtures of the hydr of | uor ocar bon
and the organic solvent of interest wereegrepared and distilled in a
concentric tube distillation colum (Md xagples 34173m Ace dass, Vi neI and
New Jersey). The dj . ) ) .

reflux for at |east 60 —eact
distillate sanples, M_M_mately 5 - percent by vol ume of the
total Fiquid charge were taken operati e colu

liquid reflux ratio of @BH‘%B‘?P F@%WB T‘W‘Pr“é‘!@%ﬁﬁ%
were t hens angg; mesesaéh itheBRiBionttdr Methdd Werd Svihifted dpaltB nkigé aph
with a 30m HP- cross-1linked 5% phenyl nethyl silicone gum

stationary phase, apreciselyteterminethe compesitignaf therazeatrops. BixturesbtheL

: ilable f S

(a2l 01 2 1 om 5908 iclvon SR Vo o il Y bl nd et

\'me F\Oi ling points a&ommmdw?@mmmswmmwmww t
ich was accurate to abo i ona oints

and ~ anbi ent f&*&ﬁfw}n ‘B’R@"’gg?p “H@%?ﬁ?@?@%g‘ré%@?ﬁ?éﬁ are

reported in Tabhg tes31neachd1anTanSlxmig3€ssﬁ3€EﬁW§ﬁlﬁY¥§récﬁﬁ

for flammability by placing a smal I quot azeot'rope I n-an
open al um num di sh pademrbydohgiewfthoam hplddurgenwwml@owhﬂe operatmgthhcalhan

vapor i ndi cat ed- ¢ hatt % FECiELE FEpatante | T edbrmeSaes ot 67 dRilals P, | o
25 presented in Tﬂibhenﬁyteamhg b FIPL5390 ISeses TFPﬁmbChi‘oiﬂﬁtograph with a 30m HP-
i 5 (cross-linked 5% phenyl methyl silicone gum stationary phase, available from
15 Hewlett Packard Co.), NUKOL (available from Supelco Inc.), or STABILWAX
DA (available from Altech Associates) capillary column 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
20 3.

Tne azeotropes were also tested for ﬂamrhability by placing a small aliquot
of the azeotrope in an open aluminum dish and holding a flame source in contact
with the vapor of the azeotrope above the dish. Flame propagation across the
vapor indicated that the azeotrope was flammable. The flammability data is

25 presented in Table 3 under the heading “Flammability”.
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[err] WD 96/ 36688 PCT/ US96/ 06887
[err] WD 96/ 36688

PCT/ US96/ 06887 Exanpl es 73-114
A nunber of the azeotrope-like conpositions were tested for their abi Iity
to - di szebyssely/dr ocar bons of increasing nolecular weig
to the procedure described in U.S. Patent No. 5,275, 669 an De
Puy et al.), the scrlpthn of] b whifch 1 $ 1jncerpofateq herfel tﬁ
ref erence. The datfa ghown |{n Tapl e 4 MLS obtfai ne detdrm nig
t he | argest normalj hydrocafbon Bl kang whi ch|was
particul ar azeotrdpedl® ke fonpobitiop 4t a level perdem. The
hydr ocar bon sol ubiffi ffiges i h the{azeofope-1ilke co e ngasyred at
bot h rootgriberajye pgd theibwiliing poi dzgotirgpay i ke
conposi'ti ons. The fLO gatal s rpPert ed|”h Tabl her|™ |
Tabl e 4 under the jheddi ngs "Hddr ocdr bon dr odar Po @
BP" correspond to f hggnunber of cafbon ar ggst
hydr ocar bon n-al kgne |@hat s spl ublk ifn eagh of
azeotrope-like conpog t§on> at foom | erfper agur e g pdginf oH‘
t he azet rjppg& Tke[conppsi tipn, J €s ecti
 |ls |3l |3 b ]
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15 The data in Table 4 shows that hydrocarbon al kanes are

very soluble in the azeotrope-li ke conpositions of this invention,

and so the azeotrope-like conpositions are excellent solvents for

t he cleaning process of this invention. These conpositions w |l
~also be effect ivyﬁgf;g‘bsﬁol vents for depositing hydrocarbon PCT/USEREssNOS .

e.g., coatings o ubricant, onto substrate surfaces. 20

-22- WO PO 306650
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t-Butanol:Ether B
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Hexafluoro-2-
Disiloxane:Ether A
Disiloxane:Ether B
1-Chlorobutane:
‘Ether A
1-Chlorobutane:

Ether B

1,2-

Ether A
1,2-Dichloropropane: .
Ether B

Example
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Examples 73-114
A number of the azeotrope-like compositions 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 description of
which is incorporated herein by reference. The data shown in Table 4 was obtained
by determining the largest normal hydrocarbon alkane which was soluble in a
particular azeotrope-like composition at a level of 50 volume percent. The
hydrocarbon solubilities in the azeotrope-like compositions were measured at both
room temperature and the boiling points of the azeotrope-like compositions. 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
azeotrope-like compositions at room temperature and the boiling point of the
azeotfop&slike composition, respectively.

‘The data in Table 4 shows that hydrocarbon alkanes are very soluble in the
azeotrop.e-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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WO 96/ 36688

PCT/ US96/ 06887 Exanpl e 115
The follow ng Exanple illustrates that azeotrope-like conpositions can be
used for dry cleaning fabrics. _ A cl eani ng sol uti on was
pr epared using trope-1like conposition 5 pr epar
wei ght percent %&i and 63 wei ght percent trans-1, 2- FerodsRikes!
di chl oroet hyl ene, and 1 vol unme percent of SECAPUR PERFECT, a dy cl eaning
det ergent avail ab . ' et rmany, and
0.1 vol une perceny 15fcmis of a 70/ 30
percent pol yester { { 65435 pelfc
pol yester/cotton by gppl t hree
different sites of S, 01 ..cod Qi t hree drops
of m neral | )gmilg iha | Se oi |
stains were then ¢ Ij&= s | aci ng a
11.2 kg (5 pound) jwe te and the
stains: were then @ 1 hour
After the stains re ¢gle he cl eani ng
~solution by agitag L ot cl olution for
about | esl 3 hen{ e ifr dried and
eval uated for any| | ¥letra| @ nagst & n| gsi|my %1,; dqr[err]
CR- 300 fl‘0m M nOl “‘ s ||ﬂaﬁy uf Fadpatt ‘I‘] E
measurements for fhqerl e’gﬁed gbrifs werejlonly sllightly than 20
the unstained fabfli dgr ghout 4.0 fo Q. 32 thup illl usfrat t he
cl eani ng sol utionf By fade| of it he|azeptrdpe-|i ke iftion is an
effective dry cl edni a%lnt § 1
Exanpl e 116 t her a | b& 4 de g to the
foll owi ng procedues?” = § S % 5grflﬁo ﬁso%ut?éyl"fl was
prepared by el ect foghem cdl [y fil uofinatin 5 I soputtyrf ¢ fanhydri de
(>99% pure) in a $in EQF relll of tHe type Hesdribeéd ip u. S
Pat ent "No. 2, 713, 393 rige et jal.{) and ifn Pfepgration,| Pjopkertfi es and
| ndusi al Appl i cat i§Qn f -@rghngf | upri dWOJnds, RIE. Banjks| d4d., John
Wl ey and sons, % k, 119B2,f pp|] 19 to}43 to flormla prfil uprdi sobutyryl
fluoride product ( ni rjg. ppdrox| matel y |56 WM. 1% pérfl bonoi polqut yryl
fluoride, 24 30]}& %«wt%)ﬁpe?f gor osn{But Ry} K| c?"ridg a'n:ig’o W %
percent perfluori rfatjed,_ 1rer profluctis.
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WO 96/ 36688

PCT/ US96/ 06887 A 600 nmL stainless steel Parr pressure
reactor was charged with spray-dried . potassium fluoride (1.10 nole
equi val ents relative to perfluoroisobutyryl fluoride), anhydr ous

diglyme (1.0 \A%Y(gm@ uivalent relative to perfluoroi sobutyryll,cf-l-l,ﬁsgg,b@g)

Adogen[ err] 464 nol e equi val ents rel at | ve to perfluoroisobutyryl

fluoride, purified by dissolving |$‘! gol)igrre] fol |l oned by

fractional dr stillation to renove ol) and tribenzyl am ne-

(0.03 nol e equival ents reThafonewthxamplemusthhdtmonropeﬁkﬁgumdosﬁabmﬁe)
The vessel was seal ed, coo‘{igd Wth@g %/?we char ged W th
per f | uor oi sobut yryl wsed ot °'L°F|‘EPS Twed to vvarmto roomterrperature Wi th

stirring. Diethyl sulfatep M6pe-Fke composition

per fl uoroi sobutyryl 10 | uor i de; vvaspthen charged to the react or under
pressure and ti¥e reaplteplredhﬁ'bmﬁwelghtpercentEtmadrdﬁmlgﬁpmthﬂed to
40[err] C for an addi nal hour t hen heat for
an additional 18 hou&fﬂ roeth ene, atd' Pvolume 8F$E§AP\X&P¥%E%CE ‘i

aqueous potassi um hy véldel}ﬂi‘meﬁesmgandFaschGMbHMdéﬁﬂrgy\G&miah 1 and
neutralize any unreacted diethyl sulfate and stirred for 30 15 m nut es

at 85[err]C until th@ls"@‘l!ﬂqmwm% greater t han 13 Excess agueous

Pﬁgrgaen fiuert dewf(stg8 Wt %539 e pro uct 1- gﬁﬁ\% ngr}égg Fgréllﬁedi
fraction was diGstil| 65Y35 pement polyester/cotmmblenéaull fabnc wenetstmmd b¥ applying tat threg e
fractional |y disti || Geet HE8 oA ErRgHhriaystihcbipe drops o gore ) fes dyps of mber
Various nodificati ongjl ahfthrde!dpbpdtdf ditey dtof 6il. STHe'bilBHirisOWerdithen &Qaﬁﬁﬁﬁdisnt to
those skilled in the art wthout departing fromthe scope and irit of
this invention. fabric swatches by placing a 11.2 ch(s pound) weight over the chesforl
" minute and the stains were then allowed to further set for about 1 hour.
15 After the stains were set; the fabric.swatches were cleaned in the cleaning
solution by agitating the swatches in about 500 mL of cleaning solution for about
15 minutes. The swatches were then removed, air dried and evaluated for any
remaining stain using a Chromometer™ CR-300 from Minoita Camera Company of
Japan. The AE measurements for the cleaned fabrics were only slightly greater than
20 the unstained fabric or about 0.0 to 0.32 thus illustrating that the cleaning Solution
' made of the azeotrope-like oompbsition is an effective dry cleaning agent.
Example 116
Ether B can also be made according to the following procedures.
Perfluoroisobutyryl fluoride, was prepared by electrochemically fluorinating
25 isobutyric anhydride (>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, Properties and'
Industrial Applications of Organofiuorine Compounds, R.E. Banks, ed., John
Wiley and sons, New York, 1982, pp. 19 to 43 to forma perfluoroisobutyryl
fluoride product containing approximately 56 wt. % perfluoroisobutyryl fiuoride, 24
30 wt. % perfluoro-n-butyryl ﬂueride and 20 wt. % percent perfluorinated, inert
products.
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-27- WD 96/ 36688 :

PCT/ US96/ 06887 W claim 1. An azeotrope-like
conmposi tion including (ferr]Flerr]OCerr]Herr] and an organic

sol vent, the azeotrope-|ike conposition being selected fromthe group

consi sti Ng 5 wooe3eéss (1) conpositions congstdobtess?
essentially of about 82 to 24 wei ght percent of

ot o) Bat er P o 1 T AR o el o e o ik b e i)k
(i) conpositions copétassiunnguctiie¢nl0 fiolejcquivalents viathe to pernaomisbughyrymmae);

ﬁfep'} gne that boi | C[at(:a Lnr"ldF’E"Eeir %[?Vcé?[es( r@] Vgiﬁlr!re!luieﬂd %elgtgre%g péﬁu(g%aﬁmer C!]efﬂ‘qup),
t t
(I N CorrpOSI o Cga%eﬁ err Wv?énrr] and boutﬂg’$ 5%YH\/\/cal ge(F:Iten

percent i sooct &ne thmnﬂydlbts'dmolmm lglyme,followedbyfracuonaldiauﬂauoﬂﬁmmojl(: at

733 torr; 15 Si |o.ns si ting.essent.dally of about

98 to 74 wei ght perc’éﬁ?méfmbma% & ?‘ﬂf’é % rr] H[ err] and

2 to 26 weight percegérﬂ 5 &Mbay@lmkwma)ﬂmtewseb@aslseﬂéd,zaolwwathd charged
torr;

74[err]C at about 73 (ea conposi tions conS| sting
essential |y of about Wiih peiugrpispbutyryl finaridedhan allowed to warm to room temperature with

cther that boi | 2o e B fitp d 30l cdtflatels g8 RTE pelciliondiit

(vi) conpositilns coflsoridte) wgs thes elurgel tb herkacmounderitedsuredfid theirerictorthekiae nt

gfer cent 1, 4-di oxane ?%gfgbééf'ﬁlﬁ{‘ %ﬁﬁ LWEoanaJ&nonElot\l%h%g}sfg%rg e htC at

736 torr; 60°C for an addit dnLImgstns consisting essentially of
about 96 to 58 wei ght per cent ot; Cerr]Flerr]CCerr]H err]

and about 4 to 42 weight 'ﬁhemﬁbrwmmdmgedwﬁtﬂqmsphmﬁmhydroﬁde(mgoﬂs
at about 73 to 75[er

consi sting essenti al Wcﬂ%éégg?%%ﬁ“&“%ﬂwymgb‘mﬂ %{é’a}m%&'}@f){%} 300
Cerr] Flerr] OQser r] Hmixiutds a8 858°Culimilithe bdlution PH wie igtibter fah ¢BNExctbdggueet at e
that boil at hydrogen fluoride (48 W% concentration) was added to the solution until the pH
was 7-8, and the product 1-ethoxy nonafluoroisobutane fraction was distilled from
the reaction mixture. The distillate was washed with water to remove smatl amounts
of ethanol, then fractionally distilied to further purify the desired product.
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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about 70 to 72[err]C at 740 torr;
- 28- WD 96/ 36688 PCT/ US96/ 06887
(i x) conpositions consisting essentially of about 88 to 38 wei ght percent

percent metnyt gsaigin e that bor - JINNIAAHIS: S0oitecitmsspnait: o

737 torr; (x) conposktions cdnsi*sting essentially of
about 91 to 66 wei gh%gelr.cent of 5 - Cerr]Flerr]OCerr]H err]
and "about 9 to 34 wei rcent met hyl ethyl ketone that boil

at about 70 to 72[err]C at 730 torr; (xi) conpositions

consisting essentially of about 94 o 35 J .
err] Flerr] O] err] Hler r ] AReHNR %‘ a&c‘bﬁlm@?@éﬁi s ppd apofgAniG hat
boi |l at about 52 solvent, the azeotro m&,ﬂ{pamﬁ&@emg deléltddTFdim thé @roup consi
(xii) conpositions consisting essentlally of about 94 to 55 melght per cent

of 5 Oﬁ[err]F[err]OC[err]H[err] and about 6 to 45 wei ght

: t eth | that boil
{)g:rcen s at bl Q corrpo‘l’mfm% ce(')'ﬁasulys Ny essent F)&Féhlgmﬁéméout

94 to 80 wei ght percent oQF:;OCszand28to76we1gh€b&bm}liém¢Moﬂm}SH&@63”Caund
about 6 to 20 wei ght percée uzlzgtorpaml that boil at about 15

to 65[err]C at 729 torr; (xiv) conpositions consisting

essential ly of about 93 t @i6donifistichs &{%ﬁl&ﬂigtes&fmaﬂyofabouws to 78 welghtﬁ:ercentof

Cerr]Flerr] err]Herr] and about percent t-butanol that
boi | at about C4Fy0C,H; m%tmwsmmtwbmﬂnm 74°Cat
(xv) conpositions consisti |aI l'y of about 84 to 46 weight percent
of 20 C[err]F[@?ﬁ&i:Ferr’] H err] and about 16 to 54 wei ght

pe{ cen} pent af | uor o- 1- pr ogiincompdsitions consxshngess)enttally of aboub®8 to 83t weilist\percent dfo
69[err]C at 735 torr; XVl) ¢ ositjons consystin
essentially of about 37 t&@%ﬁgm‘dﬁ@ﬁ%;ﬂ Y‘}Opvelggngercentlsooctanetﬁathoﬁata%out
Clerr]Fler r] OClerr] H err] 748 78%ec 3 $ork 0 98 wei ght percent

hexaf | uor o- 2- propanol t hat boi|l at about 56 to 58[err]C

at 736 torr; 28 (iv) sempositionsgrosistingessentialiy of shout) §8 ¢e 24 weight peycent of

about 98 to 84 wei ght per@eRlneH, and 2 to 26 weight percent methylcyclohexane that boil at 72 to
74°C at about 733 torr;

(v) compositions consisting essentially of about 98 to 65 weight percent of

C4FsOC,Hs and about 2 to 35 weight percent t-amyl methyl ether that boil
20 at 73 to 75°C at 737 torr; _

(vi) compositions consisting essentially of about 98 to 82 weight percent of

C4FsOC;Hs; and about 2 to 18 weight percent 1,4-dioxane that boil at about

74 t0 76°C at 736 torr;

(vii) compositions consisting essentially of about 96 to 58 weight percent of
25 C4FsOC;H; and about 4 to 42 weight percent 1,2-dimethoxyethane that boil

at about 73 to 75°C at 733 torr;

(viii) compositions consisting essentially of about 89 to 33 weight percent of

C.FsOC;H;s and about 11 to 67 weight percent ethyl acetate that boil at

about 70 to 72 °C at 740 torr;
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of Jerr]Flerr]OCerr]H err] and about 2 to 16 wei ght percent hexanet hyl
di si | oxane t hat boi I—a‘r—arbvm—ﬁ‘t*d—ﬁi[’err] C at 738

torr; (xviii) corrp05| ssentially of
about 89 to 38 wei ght percent ||1@i”"7| igl m mr

Cerr] Flerr] OCwbbtsdess '] and about 11 it o nt 1- ebrRrs g&mﬁ@
that boil 30 wo at about 68 to 70[err]Cat 736 torr

_Pg:%- US96/ 0688\7/\0 90/36588 g compositions consisting ssssntislly, of aboyt, 88 tq 3§, weightpercentpf |

of about 94 to 71 weight Wm}hﬁﬁdabout12to62we1%mpercentmethylpropionatethatboil
Cerr]Flerr]Cerr]H err] and about to_ 29 wei ght percent

1, 2-di chl or opr opane t hat Bbhout 70t072°Cat737tor; "4t about 73 to 75[err]C at

738 torr, AO%P g,;m

about 76 to 40 wei ght perc(,e)n sifl ﬁh&dﬂg 82 ﬁﬂlg| Pf’%‘gr%H err
and about 24 ta560 wei ght q:mmam&odtﬁtdb%wgghtmnﬁmhylethylketonethatbod
boil at about 65 to 67C at (xxi) conpositions

731 t ;
consi sting essentially of awg‘a‘!tﬁ@%“‘i%"g‘mf' percent of

Cerr]Flerr]Cderr] H err] (aygompssitiond orsiatintlesvitisliylof ABdut 98 to 35 Aeight ercentof
-1, 2-di chl oroet hyl ene { d “ t hat boi lﬁli}taq[ about 313 to 45[err]

at 729 torr; 10 C@Q&Fﬂ%@s&ﬁtn%wsbmﬁm@m&@ntw Mﬁ
about 95 to 68 wei ght per¢eghec ot 720

C[err]F[err]OC[err]H[err] and a out“grto 32 wei ght per cent
2, 3-di chl oro-1 1Gpr opene (xn)composnﬁonsoonsnithghsshmaﬂydabammo'ﬂwmfpémemm

A O o 21 wei ght PGS shd iouf 8 TR 98 Welgh epfenl Shabol i 35 M1

Cerr]Flerr]OJerr]Herr] t@@ﬁn@g%gt&g to 79 wei ght percent 1-bronopropane
that boil 15 at about 62 to 64[err]C at 725 torr;

(xxi v) conpositions consi imlh@mmnnsmmytmgfeswhwlyoﬁlbmm%ﬁ) $weiht peentoft

That boi | at eI CTErGO BT hont 63520 Pl et i bbb

(xxv) conpositi®ns consi sta3ng 66CMPsorryy of about 88 t o] 53 wei ght percent
pgr cent cycl ohgiag:[ee{ LL{:[ te(g"i o ermg n g"r"s‘]s""agne(gse?‘gﬁgé‘géizﬂm §%47 B g&rﬂ"f@"%‘ff
730 torr. C4FsOC;Hs and about 7 to 39 weight percent t-butanol that boil at about 66
to 68°C at 736 torr;
(xv) compositions consisting essentially of about 84 to 46 weight percent of
20 CFsOC;H;s and about 16 to 54 weight percent pentaﬁuoro-l-propanol that
' boil at about 67 to 69°C at 735 torr;
(xvi) compositions consisting essentially of about 37 to 2 weight percent of
CFsOC.H;s and about 63 to 98 weight percent hexafluoro-2-propanol that
boil at about 56 to 58°C at 736 torr;
25 (xvii) compositions consisting essentially of about 98 to 84 weight percent
of C4F4OC;H; and about 2 to 16 weight percent hexamethy] disiloxane that
boil at about 74 to 76°C at 738 torr; .
(xviii) compositions consisting essentially of about 89 to 38 weight percent
_ of C4FsOC;H; and about 11 to 62 weight percent 1-chlorobutane that boil
30 at about 68 to 70°C at 736 torr;
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2. A process for depositing a coatlng_gn—a—sub—st—%ate—surface conpri sing
t he step of applying to at |east &ortlon of at |east one

surface of the substrate a |iquid 25 c“lﬂlﬁ l!’ H Mtlon conpri si ng:
(A) an azeotrope-like composition accor

(B) at |east onqygogidssd materl aI which is sol ubl e or d| sper si bbernisdshéag?
azeotrope-|ike conposition. 3. A coatihg conposition

consi sting essentially of %@%&ﬁ&&@&@c&dsﬁmmﬂaﬂyoﬁ%&@%% QRight 5@ BF

to claiml and a coating
- 30- WO 96/ 36688 C4FsOC;Hs and about 6 to 29 weight p&rtént/S2ediclidrBpropane that boil

4. A process for renoving,c romthe surface of a substrate

conprising the step of con?‘%t‘??‘i’% ﬂgqgﬁgggf%e with one or nore of the

azeot r ope- li ke ce&p ﬁs&ﬁﬁ@lﬁr@d@ﬁbnﬁﬂly@fﬁhd&%mowgﬁﬁ:tmd
he

contanm nants are di ssol ved, di spersed or displaced in or

azeot rope- i ke donpositi onf &ﬁ@zﬂeﬂfd\ﬂbw@%ﬁemmgmpem%@mwmﬂhﬂ
conposi tion containi ng the aﬁ%ﬁ&ﬁ%@’mgﬁﬁ@??gmror di spl aced

contam nants fromthe surf he “su 5. A process

according to claim4 Mere(m)wbmpoﬂmmgmemm&bbﬁmmurwmp&%m&

conpri ses a suractant and stra a_fabric. .. 0. An
azeotrope-|ike conpositi onaﬁrﬁgﬁ:ﬁ °b 54J8P6Mﬂg?‘FPmM%‘ﬂ!°hW‘B’Fﬂe

said ether consists essentﬂﬁ{mﬁfabéﬁeqygowc\wqmrper cent
perfluoro-n-butyl ethyl her, and about 5 wei ght per cent

per f | uor oi.sobutl et hyl et (rsh) cmwnv aongjsting esseatially ofabogb?ﬁmﬁs weight persent
celected oM e, 101D < OLFe-i AR Yot oo 515 32wt prk 23 SRRl
that boil at about 72 to 74°C at 735 torr;
(xxiii) compositions consisting essentially of about 78 to 21 weight percent
of C4FsOC;H; and about 22 to 79 weight percent 1-bromopropane that boil
15 at about 62 to 64°C at 725 torr;
(3xxiv) compositions consisting essentially of about 94 to 45 weight percent
of CFsOC;H; and about 6 to 55 weight percent acetonitrile that boil at
about 64 to 66°C at 739 torr; and
g (xxv) compositions consisting essentially of about 88 to 53 weight percent
: 20 of C4FsOC;Hs and about 12 to 47 weight percent cyclohexane that boil at
about 66 to 68°C at 730 torr.

2. A process for depositing a coating on a substrate surface comprising the
step of applying to at least aportiim of at least one surface of the substrate a liquid
25 coating composition comprising:
(A) an azeotrope-like composition according to claim 1; and
(B) at least one coating material which is soluble or dispersible in the

azeotrope-like composition.

30 3. A coating composition consisting essentially of an azeotrope-like
composition according to claim I and a coating material.
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conpositions ,when fractionally distilled, forma distillate fraction that
s an azeotrope that consists essentially of about 60

wei ght percent of the ether W wei ght percent of
the hexane and boils at about 62[err]C bout 20 725 torr;
(11) conpositi egegseess St ng essenti al Iﬁm mud hept peflusdsliess?

conpositions, when fractionally distill | ate fraction that
is an azeotrope that consi st$ e’ésemtl |y of about 92
wei ght percent of the ether and 8 wei ght percent of the

heptane and boils at4.abouk protessfod femdvin Pbmnmama%mthemrfaceofasubs&aer;
(ii1) conpositions conS|st|n essentlal y of the ether and isoaqctane, the

conposi tions, when fmqsms stepyofoptacting t wbmwahenwmwatogtherwm
that is &Rk n@‘%ﬁﬁ% about
91 wei ght percent of the gaﬁﬂ% r@iﬂgt&aﬁh Fai’ tﬁé‘c%p Hgégeh?% er cent
of the isooctafie anddisperded ontlisplbesdtin 35y the azdotrope-Bie composition, and removidg ther r ;
-31- WO 96/ 366883 SO6/ 06887

(iv) conpositions ¢ oTrEPEoRs ke compasition gantaining the dissalved, dispersed, gr, g{ﬁ? , the

conposi tions, when fémm&m%ﬁ)fﬁéﬁhhéﬁbm distillate fraction that
s an dzeotrope that consists essentially of about 66

wei ght percent of the ether and 34 percent ofthe

| oh d boilsg
cyclnoxene, and o1& oSG’ R RSt cpostn

et her, the corlposit |mmnsetmsurfaclamtandmhﬂdubstdtesmaﬁhad forma distillate

fraction that is an azeotrope that consists essentially
of about 85 wei ght percent of the ether and 15 percent of
the t-anyl methyl etger amm&m eoiRpUsitiof ifthiding perfluorobutyl ethyl ether, whekein
about 738 torr; 10 conposi tions conS|st|ng essential |y

of the ether and tet mdmsthcrcﬁonmtnesscm@ﬂy of about 95 weight percent:perfiunso-n-howd ethyhen
azeot rope t hat consi €0t BRLARf S rRightpclenpirBiorbiglhlyl it el o spe praasi o
and 45 percentl5of t hgolvent, lanh jscbelettod fromaheigloap bonsidtinghéfout 63[ err] C at about
732 to r-{i}- compositions consisting essentially of the ether and hexane, the
compositions ,when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 60 weight percent of the ether
and about 40 weight percent of the hexane and boils at about 62°C at about
20 . 725 torr;
(ii) compositions consisting essentially of the ether and heptane, the
compositions, when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 92 weight percent of the ether
and 8 weight percent of the heptane and boils at about 74°C at about 729
25 torr; :
(iif) compositions consisting essentially of the ether and isooctane, the
compositions, when fractionally distilled, produce a distillate fraction that is
an azeotrope that consists essentially of about 91 weight percent of the ether
and about 9 weight percent of the isooctane and boils at about 75°C at about
30 729 torr; '
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15 (vi) conpositions consisting essentially of the ether and
t et rahydr opyran, the ; compositions, when fractionally

distilled, forma distillate fractio '
azeotrope that consists essentially: fl' erlmﬂ,!ﬂluém percent of the ether
an Qils

and .17 per cent yadoddsgest €t r ahydr opyrian ut 72[ ergdrusdboabrut

724 torr; 20 (vii) conpositions consisting
essentially of the ether d 1,4-di oxane..the .

conposi ti ons, when fract i@ﬁam°ﬂ‘g%*ﬁwwyﬁf@?ﬁhﬁa%q?lﬁmﬂiehat
is an BORPoSIAGS, Whé fraomlly distiledsforh adistillate fractivn that #%an

wei ght percent of the ether ercent ofthe

and 8
1, 4- di oxane and boils at MERPﬂWé?W%MﬂU&fMe?U@WMOfMﬁhﬁ

(viii) conpositions consighisR%efoemrti héxhnd I - .
di mret hoxyet hane, the corrp%gi?’??’ons, o gﬁéylfl}‘%ct | ﬂ%ﬁ%‘@??@dé‘?@rﬁﬁé‘m’
distillate fraftion that {i¥) esompositivhs consistingressentiallyiof the ethes ead t-athyl yjmediyl about
82 Cowei percent of the ether d,. rcent. of the,

1, 2- di met hoxyet hane and gethlt‘er’ t.ﬁeoompost%og “ﬁ%h@%ﬁﬁé‘b‘%‘ﬁ?&%‘é‘i‘f@m& Wt
729 torr; that i hndze6tPofeahat lcbAkikts GEUMEAIROf ABou 85 HejghBper¥enPbf t he

et her and ethyl acetate, fhe 30 conposi tions, when .
fractional Iy distilled, ftheether asddfipercentof thesramybmethylether andhoils at about 74°C
azeotrope that consists | of about 68 wei ght percent of the ether
- 32- WO 96/ 36688%%‘&&@%

PCT/ US96/ 068870 (v) compositions aontistiiy essentieliyt ofalie éther and teyrhhwicefumhcthand
boils at about 71[err]C at abqut 73 . . e torr; . .
(x) conpositions consist mglveg@@mwﬁﬂmmﬂx@%ﬂeﬁﬂaﬁ&wﬂ@%Waﬁtm e,
the compositions, when f ragsticpadhds Konbists dstentislly o @it 85 dieibhi perébheofl thét6théron
that is 5 an azeotrope that consists essentially of about
73 wei ght percent of the a@ﬁﬂérpercentofthetetrahydroﬁ;ranq;ﬁ@o@s;atp@ngéﬁ‘{g@fabgw2
net hyl propionate and boijg. at about 71[err]C at about

728 torr; >(xi) conpositions consisting essentially of the

et her and nmet A§l ethyl kevi)cempositions consisting essentiatiyef theoetimer and tetralydropyean, the
fractionally distilled, forma,distjllate fragti. hat ,1Q . .
is an azeotrope that consfOTPOSIHANS.H W°@Y§%‘ff3§€“ﬂé‘f%‘ﬁ‘eﬁmmﬂéﬁ% he

ether and 14 percent of t wﬁmmwfmwwwmgmu C
at abo u;nd7l?’;' pextchrntrc:;f the tetrahydropyran and bc;ils at about 72°C at about 724
torr, .
20 (vii) compositions consisting essentially of the ether and 1,4-dioxane, the

compositions, when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 92 weight percent of the ether
and 8 percent of the 1,4-dioxane and boils at about 74°C at about 726 torr;
(viii) compositions consisting essentially of the ether and 1,2-

25 dimethoxyethane, the compositions, when fractionally distilled, form a
distillate fraction that is an azeotrope that consists essentially of about 82
weight percent of the ether and 18 percent of the 1,2-dimethoxyethane and
boils at about 74°C at about 729 torr;

(ix) compositions consisting essentially of the ether and ethyl acetate, the

30 compositions, when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 68 weight percent of the ether
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(xii) conpositions consisting essentialTy of the ether and hexanet hyl

di si |l oxane, the conpositions, when fractig infi b , forma
distillate 15 fraction thiiﬂmnmlmmgmmﬂne t hat consists
essentially of about 91 wei ght * ¢ o percent of the ether and 9
percent of the kaxegdebdsy! di sil oxane and boils at PCTIUS9/0688T
76[err] C at about 732 torr; (xiii) conpositions

consi sting essentially the er - . o
conpositions, when fracti ﬁg}’??ﬂ'&%@gf#%%%’%&og &ﬁbg’ftenf? 5%1"?8%73[lhat
Is an 20 azeéwirope that consists essentially of about 74

wei ght percent of the ether .. .. ana(il ab%ut 26 percent of the 1
-clilorobutane and boils &% compepitigesconsisting essentially of the ether and methyl propionate; -

(xiv) conmpositions consi sihd\chnfeikibhs, %Wﬁﬂéﬁoﬁhﬁﬁiﬁ&%f&ﬂfﬁ*g@fa&ﬁwﬁoam Lis

di chl or opropane, the conpositions, when fractionally distill forma
distillate frachion that iasazeoteope that consiststessentially of shout 73 weight per¢ent of the thert

84 ) wei ght cent the.et her. and about 1 nt ,of
the 1,2 sy 7 el ot s e oo o Bl o BB 15 4 Bl
about 730 torr; 728torr; (XVv) conpositions consisting essentially
of the ether and 2, 2- ) di chl oropropane, the conpositions,

when fractional ly distill %) cempoitiongeonsisting essentially of thejethsriand methyt ethyd ketone

that is an azeotrope that ' . ' ; o )
- 33- VO 96/ 36688 S SmpositiGnS Gild Racbndll; sRRALE form a distillate fraction that

PCT/ US96/ 0688710 © is an azeotropei thittcopsistsesséntially dflabowti86aveight geralam of theS
percent of the 2, 2- di c(')?l or o and bojl,s at, ab 66C
at about 729 torr; ether and 14 perceny; %&%@%%@L@fﬁ%&“‘gﬁ%“
essentially of the ether gggut73298ml, 2- di chl or oet hyl ene,

t he conpositions, when fractionaly distilled, forma 5
distillate fraction that i(siacompositionpennsisting esseptiallyof thecetiser and bexameth§l about

37 wei ght,.percent of the, et her and. about. &3 rcent .ofthe
rans-1, 2- I bl Yo Shmigion, Yien BRGioRa el AGi g Rt 5,
about 731 torr}s fraction thaf ¥ ¥Wh adeofrOPEIRaY donsifs esaentiailys6f dboutHSwéaghtal | ¥

of the ether and 2, 3-dichloro-1- . ropene, the ]
conposi tions, when fracti cﬂ?a‘?ef‘%ﬂfdh"s?tbﬂ“éﬁ,gﬂeém%ﬂg? E@‘H“F@ﬂéﬂ‘i‘@mmb"ﬂ“‘
fraction that is an azeot rygg 7@kt #RBETRIdreSsential ly of about 82 wei ght

(xili) compositions consisting essentially the ether and 1-chiorobutane, the
compositions, when fractionally distilled, form a distillate fraction that is an

20 azeotrope that consists essentially of about 74 weight percent of the ether
and about 26 percent of the 1-chlorobutane and boils at about 69°C at
about 730 torr;
(xiv) compositions conslstmg esséntially of the ether and 1,2-
dichloropropane, the comi:ositions, when fractionally distilled, form a

25 distillate fraction that is an azeotrope that consists essentially of about 84
‘weight percent of the etherand about 16 percent of the 1,2-
dichloropropane and boils at about 74°C at about 730 torr;
(xv) compositions consisting essentially of the ether and 2,2-

. dichloropropane, the compositions, when fractionally distilled, form a
30 distillate fraction that is an azeotrope that consists essentially of about 55
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percent ofthe ether and about 18 percent of the 2, 3-dichloro-1-propene
and boils at about 73C at about 725 torr; and (xviii)
conposi tions consisting essentially; of cetonitrile, the
conposi tions, when fractionally dist 'Ulmﬂ“ﬂmm“I‘ﬂﬂm' | late fraction that
is an 15 WD 9 azeotrope that«consist® essentially of ppgy

wei ght per cent ofo tGﬁg“gt her '- and about 17 percent ofthe
acetonitrile and boils at apout 64C about 727 torr;
wherein the concentrati‘on PW&P%?‘@WNWB&?%@%%%%?’ in the
azeotrope-|ike conpositi odichlofdpedpahé it tickle atabomesstC atdbows720ftorsuch
conponents in 20 the cqrrespqndi ng azeotrope. b 0 re,than_ten

per cent . 7. (v W@@g%"sﬁgﬁ‘%w%%g@giﬁg%%w& -
Substrate surface cOMpr i Siagieldifyjons, the compoRhiER, Hher RkKDY dlsflid, TAASt
portion of at |east one surtace the substrate a li1quid coating
conposition corprising: 2Gdistilate fractiop fat isran azentropethat ¢onkists essensially of about 37
according to claim6; and

. B) at .l t ] terial
which is soluble or di speP‘@}SBFB"fFW‘Pﬁ@eﬁé’ﬁg&“aoﬁ?ﬁ?gpe%g‘&%%@eerI :

conposi tion. ichloroefhyleha kid Bbils @b 46°0 at sbaGET31MtbARY essential ly
of an azeotrope-like 30 ° _ conposjtion according to claimé6 and a coating
mat eri al . (xvii) compositions consisting essentnﬂly of the ether and 2,3-dighloro-1-

WO 96/ 36688 : : istiliRd. form 4 dRfiREESS
for renoving contam nantSPP%’%&&???Q%???“?&?&}Fg‘ts%lﬁd’ orm

conpri sing thelGtep of coifitackiani the is dreazeotiope that consistsiessentally of amut 82 weight:

azeotrope- | i ke conpaosi.t,ions ac di to claj il the
contam nants are dissol veB}"""nB“t °f;‘he&‘%%‘ﬁgﬁ%ggw@eﬁ@g@gﬁ%"&‘ﬂyw}?e
azeotrope-|ike conpositi Ognd Beild at SHBAY T37C at Bsbut 225 torr; aizeot r ope- | i ke
conposi tion containing the dissolved, dispersed or displaced

contam nants from the sur i compesitions gprmsting essentially of the ether and acetonitrile, the
.compositions, when fractionally distilled, form a distillate fraction that is an
15 azeotrope that consists essentially of about 83 weight percent of the ether
and about 17 percent of the acetonitrile and boils at about 64°C at about
727 torr;
wherein the concentrations of the ether and the organic solvent in the
azeotrope-like composition differ from the concentrations of such components in

20 the corresponding azeotrope by no more than ten percent.

7. A process for 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 2 liquid
coating con;posiﬁon comprising: .
25 (A) an azeotrope-like composition according to claim 6; and
- (B) at least one coating material which is soluble or dispersible in the azeotrope-
like composition. '

8. A coating composition consisting essentially of an azeotrope-like
30 composition according to claim 6 and a coating material.
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10. A process according to claim9 wherein the azeotrope-Ilike conposition
further conprises a surfactant and the substrate 1s a fabric. 10

11. An azeotrope-like conposition ac wherein the
concentrations of the ether and the orgmﬂll mtlm:"m"rrﬂlfhe azeotrope-|ike
conposi tion di fyyeoshésasn t he concentrati ons fof Lsuth component S lr@:rhi%%mssw
correspondi ng azeotrope by no nore than five percent A

process for dep05|t| atl ng, oNn _a substrate sur e c Sj the
Step of applying to 9t | cASFOCEEIOF feoiyigEotaitiniy o sﬁﬁegﬁﬁe% i
substrate a liquid comprising the€stap bf CbneRtiiOhe kubRate Wifhdne bf Giore of the azeotrope-
(A) an azeotrope-like corrp05|t|on according to ¢claim1l; and ngplqeﬁ,

t he

(B) at |east one coalkeRpmnos PFMWWP@’%@FWHI@WW%‘F

azeot r ope-
conposi tion consisti ngp essent&ggpmh#anthgi%”&“} Pey T l%p%smonﬁnﬂi’&ﬁ&%the
conposi tion acdor di ngzwn'opé-hkmohboandneommmngﬁg disaoleed, dispergd or displaced  14.

A process for renoving con fro urface of a substrate
conprising the step 8‘?“%?’3%”3" ﬂ’é&% é“Wth one or nore of the
azeot r ope- | i ke conpositions accord| ng to claim11 until the

contam nants are dissol ved, di sper sed or di spl aced in or by the
azeotrope-|ike conpodPt |6rPf°“&Pr'cP°F@'FH§'8|fﬂ glainh wherein the azegtrepsrifks somppsition

conposi tion contai ni §gleP ?‘a’@“eﬁ%ﬁt ﬂéﬁgﬁ&%ﬂh?@r@ced

contam nants fromthe sur e su strate
- 35- 10 WO 96/ 36688
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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.

15
12. - A i)rocess for 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 claim 11; and
20 (B) at least one coating material which is soluble or dispersible in the azeotrope-
' like composition.

13. A coating composition consisting essentially of an azeotrope-like
composition according to claim 1 landa coating material.
25
14. - 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 claim 11 until the contaminants are dissolved,
dispersed or displaced in or by the azeotrope-like composition, and removing the
30 azeotrope-like composition containing the dissolved, dispersed or displaced
contaminants from the surface of the substrate.
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| i ke conposition is an azeotrope. 5 16. An aeotrope-Iike
conposition including perfl uorobutylw wherein said
et her consists essentially of about wei ght percent_perfl uoro-n-

butyl ethyl ether, and about 82 wei ghm mmnmmumﬂr oi sobutyl et hyl
ether, and one 636688 ©OF danic solv m ted from %Bfﬁ
consi stl ng of: wo? (i) conpésiti dhs *consi st i ng esis‘gz(t’l ally of
t he ether and heptane, the 10 conposi tions, when
fractionally distilled, forma distillate fraction that is an

azeotrope that consists. es3aiizestrdpe-liké composition dcovedingiio dliimnGowtiershi thielagectiopes
and 10 wei ght percent_of the heptane and boils at about 74[err]C at about
739 liks; gomposition i an azeotrope.  (j j ) conposi ti ons consi sting
essentially of the ether and isooctane,- the 15 conposi ti ons,

when fractionally distilled, produce a distillate fraction that is
an azeotrope thest conﬁstsﬁnmemomﬂkycuhpmhmanuwegﬂmquMmaﬂwmhe

géuhle; at about 74[ er rrl&erga’tlnld a(gfﬁit cmé%is &Qénuglfy&e%ut?g%t g ISOOCt%&F ro-n-
(iii) conpositions copgtyPdthy)@thes aRdationt 82/ welght!gercehit bﬁwp&ﬁﬁwandbh@

20 conposi tions, Wnenfractlonally |st|IIed forma
distillate fraction tn@aanmgolaﬁmmdnsselectedfrom group eonsisiRgof hat consi sts

essentially of about 74 wei te gétagg and
26 percent of the cycl ohexéﬁ g‘lﬁl omlﬁﬁhggsou ferrftéera?dalbgl %e'ﬂﬁs
torr; 10 ( va)mmhions mmmmylmmfamnmwn thiitds an
ether and nethylcyclohexan

ositions, n
fractionally distilled, W@Eﬁ@fﬁwsa%wy‘% % m@tieether
an azeotrope that consi Stsax%ﬁﬁ&&glﬁpb%eﬁfofﬁﬁ%ﬁm&lm%ﬂ% em'réat%oﬁthm

et her and 9 percent of the nethyl cycl ohexane and boil s at
about 73[err]C at about 737 torr; (vii)
the’ composi Li on,  when ?Z i on§++*7 oA e A B
that is 30 15 mmmwmﬂmmpmmdﬂhgmmxs
?26\_/\@ ght per\(;\le)nt%;)gesggg ° herotropethatconsustsessentxallyofabout9l weight percent of the ether
PCT/ US96/ 06887 and about 9 weight percent of the isooctane and boils at about 74°C at about
" 736 torr;
(iii) compositions consisting essentially of the ether and cyclohexane , the -
20 compositions, when fractionally distilled, form a distillate fraction that is an

azeotrope that consists essentially of about 74 welght percent of the ether
and 26 percent of the cyclohexane and boils at about 67°C at about 735 torr;
(vi) compositions consisting essentially of the ether and methylcyclohexane,
the compositions, when Eactionally distilled, form a distillate fraction that is
25 an azeotrope that consists essentially of about 91 weight percent of the ether
and 9 percent of the methylcyclohexane and boils at about 73°C at about
737 torr,
(vii) compositions consisting essentially of the ether and t-amyl methyl ether,
the compositions, when fractionally distilled, form a distillate fraction that is
30 an azeotrope that consists essentially of about 85 weight percent of the ether
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and 15 percent of the t-anyl methyl ether and boils at-abeut 74C at about
735 torr; (viii) conpositions consisting essentially of

t he ether and tetrahydrofuran, mlmm)osi tions, when
fractionally distilled, forma distill atm““u“‘“l“‘m Ws 5 .

an azeotrope t hatyougRédsst s essential |y of *about' 53 wéi ght per cenicTaisodsies?
et her and 47 percent of the tetrahydrofuran and boils at
about 62[err]C at about 72 o i torr: . ... ° | X
conpositions consisting esé‘é‘““f g?'f’?tﬁ?‘ﬁé'a@ﬂfE?R ﬁgmerl?:g_boﬂsataboutMCatébou%
di met hoxyet hane, the conpog3$teeris, when fractionally distilled, forma 10
distillate faction that is gjp azeotrope that consists _essentially of about

82 vei gh B CoRsting casentialy of the gther ang tetrhydyofuran,
1, 2-di met hoxet hane and the compositions, wherPPActidnay dRfAl fofta @fﬁlﬁtﬂ?ﬂ&%’gxﬁﬂaﬁs
torr; (x) conpositions consisting essentially of the

ether and ethyl Scetate, theazeotrope that consists essentiallypfabout $3weightipercent of the ether

azeotrope that consi ots coSheT P of B TERARE ok B src at abou 7
and 31 percent of the ethykorficetate and boils at about 71[err]C at about

739 torr; . .. (xi)). caonpositions_consisting
essentially of the ether af®)sRmpasitions ¢apsisting cssratially of theetherand 1,2- e

fob | one Mhen TTET o et om0, Bha| iy i, iy

wei ght percent W the et hedistillate fraction that is an azeotrope fifht pomsistsiessentially lof aboast BY |

tet)wl ket one and boils a’EX%{bo 71! EF’H“BCHE‘%E%’%;% @é@eh?'ﬂ!ﬂw E34émd

ether and nethanol, the  poilsat about 74°C at aboRt Pt ONS, When fractional ly
distilled, forma distillate fraction that is an 25

azeotrope that consists es$ncompdsitions consisting edsentiallypifi therethec aud ethyl acdtatecthber

20 et O e e i ek e

et her and ethant, the azeotrope that consists@fuehtiatly of shoat 69 WReightipefent ofithd éthier

distilled, forma distillate, fraction that is an o

azeotrope that consists es%ﬁﬁlm‘&oﬁ@ﬂ%wwsmml G At ahout T3% o

30 and abouyerg2 percent ofthe ethanol and boils at about

62[err] C at about 731 . . torr; ]

-37- (xi) compositions consisting essentially of the ether and methyl! ethyl ketone,
: the compositions, when fractionally distilled, form a distillate fraction that is

.20 an azeotrope that consists essentially of aboﬁt79weight percent of the ether
' and 21 percent of the methy! ethyl ketone and boils at about 71°C at about
734 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 84 weight percent of the ether

| and 16 percent of the methanol and boils at about 53°C at about 731 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 88 weight percent of the ether

30 and about 12 percent of the ethanol and boils at about 62°C at about 731
torr;
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WD 96/ 36688 PCT/ US96/ 06887 (xiv) conpositions
consisting essentially of the ether and 2-

conpositions, when fractionally distilled, jstillate fraction that
IS an azeotrope that consmﬂ MMHM about 87

wei ght, percent ofywhlgsider er cer péyrososheR?
2-propanol and boils at about 65[err]C at about 731 torr;
(xv) conpositions con5|st| ssent d

conpositions, when fracti o %‘?‘h MW’&?@?%%%&%%%@%&
is an az ecﬁomppﬁubﬂtammmﬂydsﬁbdifoahhﬁmﬂataﬂuﬁon&nat isan

wei ght percent of the ether cent o

t-butanol and boils at abom%%“ﬁﬂf}(ﬁwwtts}we&ﬁ{p ercent,p the
(xvi) conpositions consistijng AVGETH petéer Voﬂbeh?ﬁapﬂﬁ&ﬂﬁd?&ﬁa?ﬂi&xﬁéﬁ‘@%ﬂsdm

propanol, the conpositions, when fractionally distilled, forma distillate
fraction that isSan azeot ro'bétmﬂfat consi sts essentially of about 75 weight

percent of the ether and ahgout ent . t - |- ngl 15
and boils at about 67[err] xﬁwﬁ%g@&%@{ngmygﬂ&%&omdt%%ﬁ&e

conposi tions consi sting essefipositions, wher fa:tiondily distifed, foes aldistidite fraction that is an
propanol, the conpositions, V\:henfractlonally distilled, forma distillate

fraction that is an azeot r@&@WW&t" %Gﬂ%ﬂ%’(@s@gﬂb’rﬂf $4 weightpseentof the eiher
percent of the ether and a &féﬁ{ 3&5&&0@(%&9&0@9?’41
20 boi | s at aout 57 C at aout 7 4 torr,

(xvi) conpositi d@s consi st iteg, essent ially of the ether and hexamethyl

di'si | oxane, the conpositio when fracti on | | d'. i llsed., forma

it late ) EoEPomopf i bl U et s eBtnarps-
essentially of about 90 weiggBpanol, thecompomhons, whenlﬁ%ﬁ&ﬁllydiﬁhﬂehﬁbﬁﬁbﬁishﬂﬂd
about 10 percent of the hexangt hyl d|S|onane and bQils

at about 75[err]C at about fragtion that is an azeotrope that oonmstseswy%f@kms"stwm

consi st ng essentially of tf%ﬁeﬁ{ F’é&eo J}S.‘m? 1
conposi tions, when fractiona ﬁt?ﬁ%%ﬂcﬁgﬁrﬁs&é}l st |f 'rl%rgt |%mpmﬁ331t

is an 15 azeuﬁrboﬂsaattahaztﬁﬂfﬂmwomﬁéwm ially of about 72
wei ght percent of the et her an erncen

1-chl orobut ane and boils at x%mﬂmggf’grmg ?@gmﬁ P&'eet%apa“d%g’g'?ﬂ?
torr; propanol, the compositions, when fractionally dlstnllea,&‘urmadlsullate

fraction that is an azeotrope that consists essentially of about 35 weight
percent of the ether and about 65 percent of the hexafluoro-2-propanol and
20 boils at about 57°C at about 734 torr;
(xvi) compositions consisting essentially of the ether and hexamethyl
disiloxane, the compositions, when fractionally distilled, form a distillate
fraction that is an azeotrope that consists essentially of about 90 weight
percent of the ether and about 10 percent of the hexamethyl disiloxane and
25 boils at about 75°C at about 738 tor; |
(xv) compositions consisting essentially of the ether and 1-chlorobutane, the
compositions, when fractionally distilled, form a distillate fraction that is an
azeotrope that consists essentially of about 72 weight percent of the ether
and about 28 percent of the 1-chlorobutane and boils at about 69°C at
30 about 740 torr; '
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VIO 96/ 36688 /m

PCT/ US96/ 06887 (xvi ) M‘ ‘»\E ‘m I sting essentially
of the ether and 1, 2- pane* the conpositions,
when fractionally distilled, forma distillate fraction
that is an azeo at consists essentially of about 87 /06887
wei ght percent o e ether and about 13 percent of the 1, 2- SPCTmsg

di chl oropropane and boils at about 73C at_about 732 torr
(xvii) conpositions consi WW%%H%W?WW‘EPH@F%@ h2-

di chl oropropane, the ConpgghioréliSpantiiislcdhpbiaiibny) Wby friktivhatlyl didilled, #5rif

distillate fraction that is an azeot rope that consists esséntially of about
62 wei ghtlistillate Enctionfthat isanceentropa that consists es@ntialiyof pbous 87t he

240 torr: 1 el B BF et i ool 1 BRI AL 01 D01

the ether and tgans-1, 2- d:chloropr opane and boils @t £50uOT35Ctahabon 232 fohe
conpositions, when fractiognally distilled, forma

distill3te fraction that K@Q@@E@Gﬂ“ﬁﬁ@%“&@ﬁ%ﬂ%ﬂf@mﬂ‘?aﬂry of about
31 wei gh R Fésﬁ% ﬁ.Pa;&mlﬁ,Q% of the
trans-1,2- 15 tdl di c 'It"m oet ene asr’lgﬂlb at “about Z err] C

at about 731 torr; d:stlllateﬁ'actlont(latns@azmqnpsrthatmmmaﬂymg‘about&
essentially of the ether and o e he

conposi tions, when fracti Syeighy e'&f'gt%?he@gm PR%‘&?E?’F?‘H‘&{’@“F%N i on t hat
I's 10 an awreﬂep&ﬁ&hdsmatmo&tes&’emboﬁwm@h about 56

wei ght percent of the ether _ nd, about 44 percent of the
1- br onopr opane and boi | s &mbmmosgpwp@haseismﬂaﬂyoftheetheran traggrdZc 730
torr; and f the
et her and acetonitrile, tﬁjed“&%&)ﬂ“ﬁQH‘I’P@l§ &hﬁ)&ﬁmﬁgwggﬁl ons, @ﬂ:ﬁlh&fbﬁfn?

fractionally distilled, f@isﬁﬂaeﬁaeﬁdﬂthﬂhmmowwhdtbmﬂstmmyofabmnﬂ
azeotrope that consists essentiall ut i ght nt of he et her
and about 15 wei ght perceﬁ”fe‘gfpﬂ‘?@}éé’% d"ﬂY F‘?qub 59 ﬁ‘e B4[err]C
at 25 15 aboutdichidtoétRyléne and boils at about 45°C at abmemu&rt he
concentrations of the ether, and the organic solvent in

azeot rope-|i ke conpositi orfx} W@PW#W?W%@F@W“@%@W‘“@ drhsomopropane,
Sg ?‘ég Ete f‘t s in | t Rfte GsthyoaRiohs) Wher sEcoRilly San&Y, st J‘Ei&tﬁlaiefﬁ?g%x?ﬁat is
an azeotrope that consists essentially of about 56 weight percent of the ether
and about 44 percent of the 1-bromopropane and boils at about 63°C at
20 about 730 torr; and | |
~ (xx) compositions consisting essentially of the ether and acetonitrile, the
compositions, when fractionally distilled, form & distillate fraction that is an
azeotrope that consists essentially of about 85 weight percent of the ether
and about 15 weight perormt of the acetonitrile and boils at about 64°C at
25 about 740 totr;
' 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.
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WD 96/ 36688 PCT/ US96/ 06887 17. A
process for depositing a coating on a substrat e surface—conpri sing the

step of applying to at |east a portion of e surface of the
substrate a liquid coating corrpo I, mﬁ

(A) an azeotrope-yhlogsésgyrPosi tion according teo nd 5

(B) at | east one coaﬁsng material which is soluble or d| sperS| bl ecxt’(rltsgt r:add

azeot r ope- ik coat in

conposi ti on consistinglkss W %W&ﬂ“%%?ﬂ%&ntwwm the

conposi tion according §t@p6fa¥p inkGo abiéast 2 Hoion o at TodsConedurfack®df the substrate a fiuid
A process for renpoving contam nants fromthe surface of a substrate

conprising the step of%ﬁ%@?@@ﬁ@“@ﬂ%rate W|th one or nore of the

azeotrope- i kgﬁ?mﬁ&%ﬁﬁﬁ%ﬂd aceg ggf il the

contam nants are dissolv erse In or by the
azeotrope-|li ke cénpositi ¢B) atdeast oxeavatimpmatesial mchxssolublemdispupblelmtheazeotrope-
conposition containing t di ssol.ved, dispersed or displaced

contani nants from the suffafMRIsMMe substrate. 20. A process
according to claim 19 wherein the azeotrope-Iike conposition

further conprises.a surfactant and the substrate is a fabric. 20
21.  An azeotrope-|ik#8. co@mmmmmwmm»me

concentrations of the azeotrope-|ike
'{;@eﬁ%ﬂ% @ng 1 oNns o sueﬁﬁ%ﬂm{&]igl

conposition differ from concen o rrponents in the
correspondi ng az®otrope by no nore than five percent. A

process for dep05|t|ng tin a supstrate, sur e conprisin the
step of applying to at S?ea ‘%&‘r'&'@ﬁ‘%&?" %?FE%“;@W 153?

substrate a liquid compnsmg“tﬂ@%téﬂ&‘dbﬁﬁﬁﬁlfgthé RibstrAéRith Shé'&more of the azeotrope-
(A an azeotrope-|ike conposition according to claim?2l; and 30

(B) at |east one coat i ¥ ampesitions agpordingite aim 16mél the contaminants are dissolvedic
a!z eot r ope- : dlséér-geﬂ o?-(aEBﬂéédtlh 8F'by the azeotrope-like composition, and removing the
" 15 azeotrope-like composition containing the dissolved, dispersed or displaced
contaminants from the surface of the substrate.

20. A process according to claim 19 wherein the azeotrope-like composition
further comprises a surfactant and the substrate is a fabric.
20 .
21.  Anazeotrope-like composition according to claim 16 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.
- 25 _ ' _
22.. A process for 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 claim 21; and
30 (B) at least one coating material which is soluble or dispersible in the azeotrope-
like composition.
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23. A coating conposition consisting essentially of an azeot rope-like
conposition according to claim 21 and a coatl ng matertal . 24. A
process for renoving contam nants fr a substrate
conpr.ising the ﬁ@mscont acting th m&m .,one or NorEeAk

azeot r ope- | ke conpositions *accor aim21 unti I t he
contam nants are di ssol ved, di spersed or displaced in or by the
azeotrope-li ke conposition, and renoving the azeotrope-|like

conposi tion containipg, tha ¢ onfpdsition ﬁd?ﬂi&ﬁ@dasﬁuittldlyfd!hﬁlﬁﬁdtréﬁb—hke

contam nants fromthe surface of the substrate.

azeot rope-|ike conpo§¢@PQﬁﬂ°&c’é@9f€¥‘E§° elgjmc3 Landha oatingmagerial. he

azeotrope-i ke conposition is an azeotrope. = 15
5 24. A process for removing contaminants from the surface of a substrate
T comprising the step of contacting the substrate with one or more of the azeotrope-

like compositions according to claim 21 until the contaminants are dissolved,
dispersed or displaced in or by the azeotrope-like composition, and removing the
azeotrope-like composition containing the dissolved, dispersed or displaced

10 contaminants from the surface of the substrate.

25. An azeotrope-like composition according to claim 21 wherein the
azeotrope-like composition is an azeotrope.

15
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