TI TLE OF | NVENTI ON AZEOTROPI C AND AZEOTROPE- LI KE

COWPCSI TIONS OF E-1,1,1, 4,4, 4- HEXAFLUORG- 2- BUTENE Thi s
wappeBis®ati on clainms priority of U S. Patent PCT/US2008/066621

Applications 60/934199 and 60/ 934209 filed June 12,
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2007, U. S. Patent . n fl‘u 37590 filed June 28,

2007, U.S. Patent -Apprita 970387 and 60/ 970384
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di scl osur e riel g b AbNERASLHORe 2R UREBb T ope- 1 ke

conposi tions of E-1,1,1, 4,4, 4-hexafl uoro-2-butene.
Descrjption, of Rel at ed Art l\/a(% i ndustrijes have been
wor ki S peplicelen gags pewtyeltdde &2t APRICAIEPY acenent s

b9osihe MGM%M‘%@%@E}?UKQV‘SO@%@Q%%QG&?%) and

dr ochl or of | uor ocar bons

et e dpto i R00d. |- SM(P@éeﬁté’rﬁ)@éG%m&ﬁ?&ﬁ?@Bﬁ ifitsdls |
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i gerants, cleani agent s, expansi on agents

Sﬁfetemispr 8s200 g U e At Apploade) SAERP24T Bledf er
&Eﬁme Seiky dielectrics, fire extinguishing and

SUppr essi on agents, power cycle wor ki ng fl uids,
pol ynmeri zation nmedi a, particul ate renoval f|UIdS,
carrier fluids ,bufflno”abrasyve aoents, and
di spl acenent BAGKGROUMEFE THE INVENTdGNCh for
repl acenents for these versatile conpounds many

i ndudripldr! thg Risclosure

The present disclosure relates to azeotropic or azeotrope-iike

compasttions of £-1,1,1,4,4 4-hexafluoro-2-butene.

Description of Related Art

Manv industries have been working for the past few decades {o find
replacements for the ozone depleting chiorofiuarocarbans (CFCs) and
hydrochiorofluorocarbons (HCFCs). The CFCs and HCFCs have been
employed in a wide range of applications, including their use as aerosol
propeliants, refrigerants, cleaning agents, expansion agents for
thermoplastic and thermoset foams, heat transfer media, gaseous
dialectnics, fire extinguishing and suppression agents, power cycle working
fluids, polymerization media, particulate removal fluids, carrier fluds,
buffing abrasive agents, and displacement drying agents. In the search
for replacements for these versatile compounds, many industries have
turned to the use of hydrofluorocarbons (HFCs).

The HFCs do not contribute o the destruction of stratosphenc
azone, bid are of concern due {o their contribution o the “greenhotse
effect”, L.e., they confribute {0 global warming. As a result of their
contribution to global warming, the HFGs have come under scrudiny, and
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wapoatidspheri c ozone,

turned to the use of hydrofluorocarbons (HFCs). The
HFCs do not contribute to the destructi on of

contribution to the "greenhouse effect”, i.e., they
contribute to global warmng. As a result of their
eentiddipbanudeomgl @@al m\/@aﬁ;mmg ,i:hé herHFGsush avgs aoare

under scrutin mg eir WI d use ma ?Iso be
o e Bt TR Bt ottt Dol 66 AES G eRaTf or
SEPOTichib @Rsnd Bat aEe Haok 2&@@&69%:&3@?’;}&2@%&@%@%' on

of strat ospherl c ozone and have

GaFAN iy sEBIROlelNs. Toss)! 1 &4 ANPRIISERIBFEDI ef i ns,
@ghk&m&:m RoshaboftBr %A burkea o RIEERaN(BEROM=CHORS,

36nzz are belleved to neet both goals. SUMVARY
OF THE | N\/ENFI ON Thi s application includes seven
di fferent types of azeotropic or azeotrope-like
m xtures. This disclosure provides a conposition

consi sting essSHMMARY QF THE INVENTION6nzz and (b)
et hyﬁ,n% géﬂ?%f?@n WSEES% Q%»&Jlf SHELAVY Zeof?ie%tr‘nﬁm@resem

in an e I've anoun orm an
moctiope-le thxiE®S: 1336nzz. This di sclosure al so

E ro TSR ORI o e SARPLRL MBI Rt e S anthe
i;?‘: é:g{i rﬁfgf&nzz amd gt:rz) gg{ﬂ?;& ddiinege avfangh the nfe@wfrfmmaxe

SRRy Bb BT ES s P 2oL b RS Mureawitn E-

EQmMpashizkon consi sting essentially of (a) E- FC— 1336nez
) t

op i Etpsih AR D R 2RaT SReh Fe SRS B A m

SN aRESQY 1 ARG Bz OENBR RO OL FId; MRrdTh X If-@eWahB is present

E-FC- 1336nzz.
in an effective amount to form an azeotropic or azectrope-like mixure with

E-FC-1336mzz.
This disclosure also provides a composition consisting essentially

of {a) BE-FC-1336mzz and (D) 2-methylbutane (isopentane); wherein the
isopentane is present in an sffective amount to form an azeotropic or
azeotrope-fike mixture with E-FC-1336mzz.

This disclosure also provides a composition consisting essentially
of {a} E-FC-1336mez and {b) trans-1,2-dichiorcethylene; whereain the
trans-1,2-dichlorosthylene s present in an effective amount o form an
azeotrope-ike mixture with E-FC-1336mzz.

This disclosure also provides a composition consisting essentally
of (a} E-FC-13386mzz and (b} 1,1,1.3,3-pentafiuoropropane (CFiCHCFH,
HFC-2451a), wherein the HFC-245fa is present in an effective amount to
form an azeotrope-ike mixture with E-FC-1336mzz.

The disclosure also provides a composition consisting essentially of
{a) E-FC-1338mzz and (b} n-butane; wherein the n-butane is present in an
effective amount to form an azeotiopic or azeotrope-liike mixture with £-
FC-1336mze.

Pu¥

but are of concern due tPCT/H81008/066621
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Thi s di scl osure al so provides a conposition consisting
essentially of (a) E-FC 1336nzz and (b)

W@ p@pgs54612- di chl or oet hyl ene; wherein the transPCT/US2008/066621

1, 2-dichl oroethyl ene is present in an effective anount
to forman azeotrope-like mxture wwth E-FC 1336nzz.
Thi s THes@basslre aRloSRoPESY & despasitONPasidtingrseamsils b ng

SERL e Yabkadtnt Wi aﬁ%ﬁ?@%ﬁ%@@%ﬁéww $ista) |

MWReel r@péd’é&» rkeed b difocBlSaMBLN 1B 18 8h bRedtae: or
amount to form an azeotroge like m xture with

ReeEopsdBpP Y UEty Edd-d38f 828l so provi des a
conposi tion consisting essentially of (a) E-FC 1336nzz
and (b) n-butane; wherein the n-butane is present in

an ef f ect iRFYE EMN&%Y%rWEQ%‘@H?‘;%pl c or
azeotape-. 'F'i(?e‘i EQ&‘% B A e Rttt 30 TRotr % Jike g

dlsclosure es a conmposition con
ey spariiogis opneist ;qgayssgngﬁiyl{ﬁg?eﬁ@z@ Z@hozgsd met hyi ‘fﬁ: mate

%Tﬁe 5&@0&%{5% (bgabptane); wherein the 2-

ropane I's present in an effective anpbunt to
form %63 ﬁzé‘ﬁ)@r opi z gephazbeprageeidiivk of At vaeteops ail

Eiearops R Ebmp s VMR efferl iy AP Rty -
wgpmétdtansmpmrsgfagmﬁséme:g‘?%al L;é o]t Eb FC; 1336nrzz
2rG BEML AT S SoBbsRal RIS AIGE e an BaeinrRcit,
OO 0P LRty Ity sNMARP o1 £ TS 1 SemizdndNg
R B A A T = i U A S

gr aphiicals - repr esenpatihral @braRnagieq b aRsRRd-like

azeotrope-|ike conpositions consisting essentially of
EEROS{EE FPrSIshRp essentially of E-FC-1336mez and trans-1,.2-

QUL

dichlorosthylene al a temperature of about 20.0 °C.

FIG. 5 - Fi3. 5 is a graphical representation of szeotrope-fike
compositions consisting essentially of B-FC-1336mzz and HFC-245fa st a
temperature of about 20.0 °C.

Fiz. 8 - FIG. 4 is a graphical representation of an azeotrope and
azeotrope-tike compositions consisting essentially of E-FC-1338mzz and
n-butane at a temperature of about 20.0 °C.

FIG. 7 - FIG. 7 is a graphical reprasentation of an azeotrope and
azeotrope-iike compositions consisting essentially of E-FC-1338mez and
isobutane at a temperature of ahowt 20.0°C.

DETAILED DESCRIPTION OF THE INVENTION
In many applications, the use of a pure single component or an

azeotropic or azeoirope-iike mixture is desrable. Forexample, when a
blowing agent compaosition (also known as foam expansion agents or foam
expansion compositions) is not a pure single component or an gzeotropic
or azectrope-like mixiure, the composition may changs during is

3
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I sopentane at a tenperature of about 20.0 C FIG 4 -
FIG 4 is a graphical representation of azeotrope-like

W@ 09pasicti ons consi sting essentially of E-FC 1B3B0§208/066621

and trans- 1,2- dichloroethylene at a tenperature of
about 20.0 C FIG 5 - FIG 5 is a graphical

sgpasenhahé Gandforagrolbons: |Sike anPesi ¢dreRssition
con istin ajs%?gwtl ally of E-FC 1336nrz. and HFC- 245f a
il e

%CEU‘ g SO FERYSTPORI RETETENEE B8 i s a

ghapbical ARG DR fSRBEALLO BpSicatifha zeelie R aNsken lost
azeotrope-|ike conpositions consisting essentially of

fUG AT AN Egh rae%ﬁtﬂa\ﬁ%afaﬁe%\s thON PPN B SRS
;%QﬂQa&a bfkEn lifes. zﬁh@mgn 18 fof e@@m 168 bE PRESSANLARE ON

an azeotrope and azeotrope-Ti ke conpositions
%ngﬁre@“f@ﬁ mt“ieﬁm"%ﬁ @)”F}C@ FEs SEB Wﬁﬁ‘?f atipg endlapentiie

SCRI PTI ON
B R P o a sy e e Mo of
puacdrogeilge eovpnptimante mftimaatzmm@m neay change when
BERPL PRSI 8 DAL R RSP ARl et B ent 1T
Ebpaimsigenn a@ég@@nbmmmncewpamsam tbempogitanbios) i s

Bost BulbRePlel s BTy BOO Rk BB R ON AR, AeRbingey
therd G m&aﬁpphﬁ‘n@ebm:dm d:«rrﬁemam»ﬁm nxgrephiotess.
SICRLBCARG ol Shss B XR0ble ek T tingheb g nllres™
epphiheati-on. 1 AldsPhatatiubel Phoenat(EalF Appidieat, ensc- a

rggfig rant is often | ost during operation through
; ¥n shaft seals, hose connections, sol dered

j of NtSeiaRtsR SRy bétBiesSot dribaiidits @BscrdtRe Hepbu | @eteant

may be rel eased to the atnosphere during maintenance

ﬁ?f%@@(iﬁﬁ%’cﬁ‘e&?‘@ﬁ‘tﬁﬁ%er ation equi pnent. |f

FC-1336mzz may exist as one of two configurational isomers, £ or
Z. FC-13308mazz as used herein refers to the isomers, Z-FC-1338mzz of
E-FC-1338mzz, as well as any combinations or mixtures of such isomers.

As used herein, the tenns "comprises,” “compriging,” "includes”
“including,” "has,” "having” or any other variation thereof, are intended 1o
cover a non-exclusive inclusion. For example, a process, method, article,
or apparatus that comprises a list of elements is not necessarily limited to
only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless
expressly stated to the contfrary, “or refers o an inclusive orand not to an
exclusive or. Forexample, a condition A or B is salisfied by any one of the
following: A is true (or present) and B is false (or not present), Als false
{or not present) and B is true {or present), and both A and B are true {or
present}.

Alsp, use of "a” or "an” are emploved o describe slements and
componants described herein. This is done merely for conveniance and to
give g general sense of the scope of the nvention, This descriphon

4
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the refrigerant is not a pure single conponent or an
azeotropic or azeotrope-like conposition, the

WO efosiisgerant comnposi ti on may change when | eakeRCDDS2008/066621

di scharged to the atnosphere fromthe refrigeration
equi pment. The change in refrigerant conposition may
Sau&ehs Pﬁad efind ger an c«i @ {Be one af&hz aﬂmd ht;@saﬁa s@g have
poor r ation perfor ce.. Accordin there is
Boeeh e Tl Pgoms Bt G Rahart 5 eo GHEIMERe i xtur o
i Nt hegesantetlifeiomRpl hiERcheRS) a0t used
azeotropi c or azeotrope-|ike m xtures contai ni ng

gergimbiayeha SATR SR HLRDCITRGN VS dersierRny g3,
& dﬁ% Y 4383 ﬁﬁﬁé dart t@%\%ﬁh%‘i HaanhRaihetaial tﬁ@@&h methods

nbodi nents descri bed bel ow, sorreterrrs are defined or
@fﬁ%ﬁﬁfﬁ*@éf 3’@@‘1@%’1‘1@’?*%? Wiere desbed deesin cap be used

r s
AL BRI LPIRlng PO e SRR REE,
@33‘1@2 anggnatetidls agse deger ié@%_ﬁﬁ*@a& iAhgbdratingt petest of
N . I, - T rises,"”
A s L
ecoporied herefe@ncati brirtherdofunias @ pantaitgehstageoyer

fithdn e Bridrc e BbEP sl R sl R BEPRRRRL o

wlilenetrbis ih additibn nee essaralt ymdthodld eddtexaoplas drhose

ncl ude .ot her elenents not expressly
i SrERe Sad ARG e DG et hod. artiole.
or appRCatusmzi 4 Redwn umhgwm&pﬁ@sﬁm&ét&imeﬁmt he

b Yaetac. FE eI DRuoREnth Bl o RBP e s
Shbinkkl s&;@w @ﬂ&m@;@ecaiﬁqnmg:aﬁ;@hé Q&AL (141 gad-sue (or
%)resent and false (or not present), Ais false

bﬁﬁFﬁR"é@‘@ﬁP}’ r«gfﬁas‘qge,z%ﬁ% PO¥ePor present), and both
A andrifs as8ichlideinkRBes azeotropic ar azeotrape-like compositions
comprising E-FC-1338mez.

In some embadiments of this invention, the composition consists
essentially of {a) E-FC-1336mzz and (b} methyl formate; wherein the
methyt formate is present in an effective amount to form an azeotrope-like
mixture with E-FC-1336mzz.

in some embodiments of this invention, the composiion consists
essentally of (a) E-FC-1338mzz and {b) n-pentane; wherein the n-pentane
is present in an effective amount to form an azeofropic or azeotrope-fike
muixture with E-FC-1336mzz,

In some embodiments of this invention, the composition consists
gssentiglly of (a) E-FC-1386mzz and (b} isopentane; wherein the
isopentane is present in an effective amount o form an azeolropic or
azeotrope-hike mixiure with E-FC-1336mzz.

inn some embodiments of this invention, the composition consists
essentially of {a} E-FC~1336mzz and (b) trans-1,2-dichioroethylene;
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present). Also, use of "a" or "an" are enployed to
descri be el enents and conponents descri bed herein.

wapgog/1s®1done nerely for conveni ence and to gi REI/EHS2008/066621

general sense of the scope of the invention. This
descri ptionshoul d be read to include one or at | east
aheeanNthatth@ssy, B@iﬂﬁmm@h)‘aﬁneb ROl uses it heefbdtivalanttiheas

i s obvious .t hat nt. ot herwi se. Unl ess
Wl(‘?f‘ﬁé?’\/ﬁ@@“ﬂ%?fgﬁ’eﬁ“mgﬁlw‘@b% 5:%1’6% scientific termns
used {h %bﬁieréfﬂ%t@méﬂﬁ o8 0T irARAKH) %@é@rﬁéﬂwm %nsss’(&
under st ood %Wyone of ordi nar¥€ ski | in the art

frfechalbtidal vént PEnnEeshigs HEA- ?%ﬁg‘ﬁ*’@iﬁémﬁﬁé“%‘m
@«%f@ id BeSaftifhh %ﬁe&fv&%%ﬁh@ﬁkmtéh 088 pEaRe Fﬂ:ﬁé‘ﬁé

herein can be used in the practice or testing of
with & PrdRPEMSE. t he present invention, sw tabI e met hods

and MRLeHeA R RifeMEH EH:?S*Q@F?@&!’P#@ &L %&i&%‘s

patent applications, patents erences
paentighed (Aer&ithl wﬁem?rwm Q@@ndwaweoymeeﬁs @i@f@@ui@ﬁe is
ety ;entikal 5,Ci ted.
LR B LS, bRl LA B R R0
rndlradiitingE-d€F- 1 Farams,  wi I | control. In addition, the

terj ! . i ' I
and i ERbEE R SR ARG @ ZebllBhE B Y
sssenialyorfieUbi e C-abkbrdzsarp @p aradthgirpropadwicdiataragen
P BB pro bR ecsh Pl e 330157
$2R82pic dr B2potrQAGHIG mixereithiheQr Batai-ed by reference
inits entirety. This application includes azeotropic

or azZBotifanies ivikentiemposit eharusbngritlsiwign combined
\Eﬁﬂf@ ﬁ@@@ﬂgfxzz 1B $RNE t@%ﬂﬂéf@“{‘éﬁ%r@ixé@%&ddﬂem 1on,
e N R R T
component, which amounts may vary depending on the prassure applied
o the compostion so long as the azeotropic or azeatrope-like
compositions continue o exist at the different pressures, but with possible
different beiling points. Therefore, effactive amount includes the amounts,
such as may be expressed in weight or maole percentages, of each
companent of the compositions of the instant invention which form
gzeotropic or azeotrope-ike compositions at temperatures or pressures
other than as described herein,
As recognized in the art, an azeotropic composition 1s an admixture

of two or more different components which, when in quid form under a
given pressure, will boll at a substantially constant temperature, which
termnperature may be higher or lower than the boiling temperatures of the
individual components, and which will provide a vapor composition
essentially Wenbcal (o the overall iquid composition undergoing bailing.
{see, 2.g., M. F. Doherty and MF. Malone, Conceptual Design of
Distiltation Systems, McGraw-Hill {(New York), 2001, 185186, 351-358).

Accordingly, the essential features of an azeotropic composition are
that at a given pressurs, the boiling point of the liquid composition is fixed
and that the composition of the vapor above the bolling composition is

&
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W@ o8/ 184si0di ments of this invention,

methyl formate is present in an effective anmount to
forman azeotrope-like mxture wth E-FC 1336nzz. In

consists essentially of (a) E-FC-1 336nzz and (b)
n- pent ane; wherein the n-pentane is present in an
etk wﬁammu@b\sér@z tboiing ad;m@a@mpmmm@r n(}

gzeotrﬁ% tke m xt ur.e gn Fg some
ADORRIEHPIINE LOPRPRETR PR IE @H‘ﬁ %‘@%BWB&?‘?% Aoe). Mtis
§190 $igPiz88 FENel At It Bdth 19 b&tilEndinB3RMEe wighi( D)

i sopentane; wherein the isopentane is present in an
29 rRRpGR O HRSIMORS e B #h tf) EIRBPH O QStion may

é’?af‘n‘é%r\@% thi ‘éﬁeéﬂﬁ&é‘&éﬁéﬂééx fhrbs %@b&cﬂ%ﬁqg%éﬂm@ Bt $9ERn

O i ments of his |nvent|on t he COﬁ'pOSItIOﬂ
@@ﬁ%w@@sTag%@ﬁWéﬁptrwféﬁ@mpaﬁomax beabived dhterpp pf
S S Eng e, 3
PRz RYEha HABlal SR BE BBohdfte or interps of o
&Wﬁm@ﬁwﬂﬂ@irf”ﬁﬂ@% @ztb@ms@p@m&mker i Ierog of %&‘hw‘?‘gm

e B bAR0 07 | ROE TAAILRBL S ek NP} 5O

I on c ST ats essen
BeRiGliBRGnE Y srdpibifietHE®s3YH a; vvherel n the HFC- 245fa

i i f -
s ot I plReBlolin Rl B TP hbatleen 86 Toifogiien
erbedla mem;;s:}m{m _tﬁumehmn&ém azsbgogonpoesbition{ie,,
e R SR b ek ba e e Fa T S B el boon
gizf;g;izdrm MSpaMIUAY, %H@nffegﬁe\rﬁm?@hb@gse%@r@?gﬁfml trzr]ze ;(?W
S G B rRb o S RRtE ghal Cha S gLs RITRS or
GEBIL SxiBRS EMMid Bltb YeQbnladteEwitbnbaibebaogatkd D)

2-nmet hyl - propane (i sobutane); wherein the

SURRAFHANSI O YAIE JUEnghedigR O PHARGARAT. d18 YIROT ZRE liRYIdt o
EQRMBRIbns change to a substantial degree.

Additionally, azeotrope-like compositions exhibi dew poind pressure
and bubble point pressure with vitually no pressure differential. Thatis o
say that the difference in the dew point pressure and bubble point
pressure at a given temperature will be a small value. In this invention,
compositions with a difference in dew point pressure and bubble point
prassure of less than or equal to 5 percent (based upon the bubble point
pressura) is considerad 1o be azeotrope-like

{tis recognized in this field that when the relative volatility of a
system approaches 1.0, the system is defined as forming an azeotropic or
azeotrope-fike composition. Relalive volatility is the ratio of the volatility of
component 1o the volatility of component 2. The ralio of the mole fraction
of a componant in vapor to that in iiquid is the volatdity of the component.

To determing the relative volatility of any two compounds, a msthad
known as the PTx method can be used. in this procedure, the total
absolute pressure in a cell of known volume is measured at a constant

t he conpoRCT/U82908/066621
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azeotropic or azeotrope-like mxture with
E- FC- 1336nzz. By effective anount is neant an anount,

wapioshs4ephen conbi ned with E-FC 1336nezz, resul BGI/US200$1@66621

formati on of an azeotropic or azeotrope-like m xture.
This definition includes the amobunts of each
genRenRent for Mﬁcﬁi@ R tIanEBY ARy cdeRpentdn gienitie

BreBtp &Rt Ao f e LA URL RS nue 1 0

Bxbigh”, Yiley/NBreiddRbanibi N s SUTE SurittBH by MdrBidIRslibbe
di fferent boil i ngﬁpm nts. Therefore, effective anount

PRRASUERSSOLIRE! BERSENtreOrTsIrRiRd By Yﬁfﬁfﬁf’@@ expressed in
wei ght or nole ercenta of each conponent of the

con‘po@?‘f‘is%’f'%‘-’%‘f THES Fﬁ%gaﬁP“Y’Wﬁtﬁﬂoﬁ‘ﬂW*Hﬁ‘ YegPhand

ﬁﬁﬁ%{ﬁr@{%sﬁh&{s BRQOPTORET M Kﬁs‘:@ Qﬁ@z@%&r‘ RRFichnt equation
nperatures or pressures other than as descri bed

weﬁ@b puchpas médth@@@mnTWéwrct {NFEH- ) gaE8t9B 0 ¢
&%@s%% ﬁcé&ﬁ’@ V\h ‘\?ﬁéﬂi%?éé”{f&e@f ag 1Py &}?éfﬁﬁxé%tf ShGH

nmponent s en I n orm under Iven
prabsasuthe Ny Gamﬂh t%ﬁﬂ@n@@%m agied &l Thye é:éﬁ%ﬁtlﬁﬁﬁ of
PRERSHRL L Gpy B B L SERED Ry MY, NliODAGeOpy ! Over
BewipBreastids ashBolt, oh pegbs 281 bvBalk z:mzdvlaﬁanam&‘éir@i on
@ﬁ%@}z@! %ﬁnte%gs @ g;ﬂb ;é&%dtq@esﬁwﬁzf&h ai”s‘t‘x *N 1085,
Botear lby SM}M*&PJ\!M oages Gifhipepitdu &kot@aﬁ:sgmeoﬁmeé
Di
Bidbhons Srs oG p MRl A s, YR R Hite B 1y e
DiurAN e oheoy @ ckPRIPAKIH, 0R helfearot! iadt tad N&T@J atg@tion,

ure

the_boilin t_ of ti
RosTRibineErnael ead. B Diibndont e o s “ahove:
{dsiaes bf m@ g:@ nms kﬂd@@xﬁﬁ%@ﬁﬁ%&te@@%n@“ﬁﬁg of the
overal | boi l ‘%éﬁ conposi tion

R o1 Fese esipBREAEE" et piegii the
QRS R Ak Phagf-stdgk deParation equipment such as
distiliation columns.

it was found through experiments that BE-FC-1338Bmzz and i~
pertane form azeolropic or azeotrope-like compaositions.

To determine the relative volatility of this binary pair, the PTx
method described above was used. The tolal absolute pressure in a Pix
call of known volume was meaasured at constant temperature for various
binary compositions. These measurements were then reduced to
equilibrium vapor and liquid compositions in the cell using the NRTL
eruaiion.

The vapor pressure measured versus the compositions in the PTX
cell for E-FC~1336mezz/n-pentana mixture is shown in FIG. 2, which
graphically lustrates the formation of an azeolropic and azeotrope-like
compasition consisting essentially of E-FC-1338mzz and n-pentane as
indicated by a mixture of about 84 86 mole % E-1,1,1,4 4 4-haxafluoro-2-
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al so recognized in the art that both the boiling point
and the wei ght percentages of each conponent of the

wW@2@etswpi c conposition may change when t he azROI/D80#066621

conposition is subjected to boiling at different
pressures. Thus, an azeotropic conposition may be

slgbha add 116 4tebies: ofpdritgnd b giiethaelighdso pﬁelssmetdmt the
onents or

t
R L PO BT SE TPt S BB RL P WRbs FngiBstrdt of
@é@‘ﬁéeﬂ"@ (AT Lo e @F@gﬁﬁﬁﬁfzz a8 - W@ﬁh a@%oltrés‘tﬁc

conposition characterized by a fixed boili ng poi nt at

AP ELANEre FUr BOUESE- Etfﬁ%’%’lﬁf‘iﬁé%@ oy Rpgd mole
bé?‘é@sﬁktftﬁ@wi m;&é@m&ﬁﬁ sbbm TCOMRRSHLOM 1HRRRS: £7
onposi tion that behaves |ike an azeotropic
@@m@wwww@ (th@kfﬁﬁﬁr?gﬁaﬁﬁf?@%éﬂﬁﬂpﬁﬁfiom botling at a
B r.agtal t8 ¢ n
e’?‘&h% Shdr S50k -0 (?@@ﬁ&% é@:"%r 4R ét %F;&ﬂ% -agngRP

oi or evaporation ring
@W@érfama@m’i kﬁ“@ toapout Hvddia tﬁﬁ?d‘:ﬁa}hp@ma grobediments
o a mniml or
F%%m%?@ﬁ%ﬁm%uﬁ{y%s q;%ﬂ%&z%%%%é ontrast od with
non-azeotrope-1|ike conmpositions in which during

boi I i ng or evap[%zi ]

COﬁpOSItIOﬂS C

Addizbotenyad |y, am&:@bfm;me li ke: E@maenm ons neRémhazé dew
pdiefipepstass Ul eP@acuiRUpdibe poi MhoRrEssure Wrkdle %)
virtyatyy noipressure diffierential. That is to say

that-2he diffierencegssn the dew gppnt pressurgg sand

bubbl.e..paoi.nt pressure..at..a m ven.lenperature Wil e a
smal11&4dl ue. |In tH-28i nventi on, %énposn tiond™ith a
dirffeg gnce Tn dew poi Nt priessur gy gnd bubbl e ygai nt

pressure of less than or _equal _to 5 percent (based

upon e bubbl e poi?’n@ pressure) 838 consj deréd-3o be

aZcu% Qpe- H-ker—t sAST ecagni ch gi"l t-hi-s—fi qﬁ d;t-hat
; ; ;

when“t'he rel ati ve Vol atiliity of
30.0 34.8 85.7 14.3
40.0 47.5 ‘ 87.0 13.8
50.0 638 Ba6 11.4
60.0 838 a0.5 9.5
70.0 108.6 ‘ 927 7.3
80.0 138.6 85.3 1 4.7

Additionally, azeotrope-like compositions containing E-FC-1338mzz and n-
pentane may also be formed. Such azeotrope-like compuositions exist
around azeotrapic composiions. Some embodiments of azeotrope-like
compaositions are listed in Table 2. Additional embodiments of azeotrope-
like compositions are listed in Takie 3.

Table 2 Azeotrope-like composilions




system approaches 1.0, the systemis defined as
form ng an azeotropi c or azeotrope-|ike conposition.
woegoans4eg2 vol atility is the ratio of the vol atPCT/U§2008/066621
conponent 1 to the volatility of component 2. The
ratio of the nole fraction of a conponent in vapor to
t NagOMPONENTS! 1S the vol atifl Ly ohvebe: reapoagat .. To
deternmine the relative volatility of any two
ccnpounds a met hod known as the PTx HHYF can be

u l.n..t.hi.s nrnr‘m‘iurp t.he. tot.al..absol.ute.pressure

in %Fgeﬁﬁaﬂ%b@maw une i|s Heasur ed S59%1-14
nstanttenperature. for.vani.oys.conpositions..of.the
- Eonbotinge/n-CRE28% t he PTxCMet hod BE-%¥EdHi bed i n
tail .in_ "Phase Equilibrium.in. Process. Design’,
i 1By CrhtssreaincRedamibl i sher 201970, wibt¥%h By Harol d
Null....on.pages..124.1.0.126;. . hefeby.incarporated.by
r efteFentBorEREsRemars ur enent sHcan be 88RAHIBd i ntio
equilibriumyapor..and.liquiid.conpositions. in. the BTx
celB-Foy!3sémigmaReatate vi ty coddd i ti ent Sédi¥l16n nodel ,
such_as.the Non- Random.. TwQ-Liqul.d. (NRTL) equation, to
r eprESe3tnizaii-deprate nonildéaliti es. 8B/ bf7an
activity.coefficient. equatiion,.such. as.the NRIL
equation is described in detail in "The Properties of

Gases and Li gy ik L hed by MG aw
Hll, witte ’év*%ﬁ%éﬁg? izﬁd %Qm oot JJ éI i_ng, _on_pages
241 to 387, and in "Phase Eqw [ brl svaightCresoddage
=ngi neering," published by iButtefworth Rubljshers,

| S8BIPUNERNTEN by Stanl ey Mi Walas, pages’ to 244
Bot h_af orenentioned references _ate hereby incorporated
bi-refigi@neen-Rattdreut W shiingd@oi be bob&dSHyiany
theory or explanation, it iis believed that the NRTL
eGeRt-16AGmrogdtamanan t h t he PTx cel | dad&5/cdh
sufficiently predict the relative volatilities of the
EEL O 1E38mdz/A-Heekatd uor o- 2-butiene- cont &6+9iGitg 14
conpositions of the presenti i nventi on and can

}jéQ;"O

t BeF@fiGRempr/adiatariche 40 85-85/5-15
E-FC-1338mzz/in-Peantana a0 10-96110-80 and 84-
a5/5-186
E-FC-1338mzzin-Pentane 120 §3-85/5-17

It was found through experiments that E-FC-1338Bmzz and methyl
formate form azeotrope-like compositions. To determineg the relative
volatility of this binary pair, the PTx method described above was used.
The tolal absolute pressure in a8 PTx call of known volume was measured
at constant temperature for varous binary compositions. These
measurements ware then reduced to equilibrium vapor and liquid
compositions in the cell using the NRTL eguation.

The vapor pressure measured versus the compositions in the PTx
cell for E-FC-1336mzz/methyl formate midure is shown in FIG. 1, which

10
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behavi or of these m xtures in nmulti-stage separation
equi pnent such as distillation colums. It was found

W@ pgosase1zxperi ments that E- FC 1336nzz and npeP@EEB82008/066621

form azeotropi c or azeotrope-like conpositions. To
determne the relative volatility of this binary pair,
E@rﬁ?&ggmhi@@my Q@S@mé&@g g@@@nm ks eshpddigorisot al
absol ute pres Xx.ce nown vo S
R oS RBNG i F T SEE ¢ B0 ST BT Mhry
RORBERSAt AN, aEhﬁﬁ@at%@%%&tﬂ%gﬁ aeuess hek nedugsslitt o
equi librium vapor and |iquid conpositions in the cell

BN Tl INRTE %‘&@afﬁ*f&%@m et EIE prasddreahdslur ed
MBISUSnlclif kPRRRsi tions in the PTx cell for
E- FC- 1336nzz/ n-pentane m xture is shown in FIG 2,
whi chBgraphtedintgnis Pl apsobapedke RRmMpPOHIRRS AR ligedan

ro ting
B A B ol A R RS ol B0 EIHS! cate
edimistiaiPe of about 84.6 nole %
E-1,1,1, 4,4, 4-hexafl uoro-2-butene and 15.4 nole %
n- pent ane having the hlghest pressure over the range
of conpositi gizbiad. Ahbsrdmenikera B
findings, it has “been cal cul at ed that E— FC-1336nzz and

n- pentane form azeotropi c conpositions ranging from
GhUROBENZSD] e percentt T @boutweiahB¥beyeper cent

E-FECA 389 hrmmeandickshem aboutg 17. 8 npbggpetcent: to about

A-FC-MbEmpbeRetiyt idimReNt aney (Whi ch Belry@ageot ropi ¢

CHMIGSBEhOIMB TorMgiedl 8 JoENier at Yp ot a oM about

£ 20 Oy A0 B ey atgga reS%ﬁ@gQTwro about

o Hsbmtﬁﬂﬁeﬁf‘hr%ﬁmﬂ."“52@5“ pShajgeplokPa)) . Some

CIIUUUI ettt S Ul aZcul T uplr C LOITPUSI tr-ons—are I 1 ted I n
Table 1. Table 1 Azeotropic conpositions

Table 5. Azeotrope-like Compositions

Weight % Range
COMPONENTS  TCCL .
E-FC-1336mzz/Methvi formate -40 98-981-2
E-FC-1336mezz/Methyl formate 0 97-99/1-3
E-FC-1336mzz/Methvi formate 40 95-941-5
E-FC-1338mzz/Methyt formate 80 92 -89/1-8
E-FC-13306mzziMethyi formate 120 87-89/1-13

It was found through experiments that E-FC-133Bmez and
isopentang form azeolropic or azeotrope-like compositions. To determing
the refative volatility of this binary pair, the PTx method described above
was used. The iotal absolule pressure in a PTx cell of known volume was
measured at constant temperature for vanous binary compositions. These
measurements ware then reduced to equilibrium vapor and liquid
compositions i1 the cell using the NRTL equation

The vapor pressure measured versus the compositions in the PTx
cell for E-FC-1336mzz! isopentans mixture is shown in FIG. 3, which

11
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Addi tionally, azeotrope-like conpositions containing
E-FC-1 336nzz and npentane nay al so be forned. Such

W@ 2@euswpe- | i ke conpositions exist around azeokPCDPBI08/066621

conposi tions. Sone enbodi nents of azeotrope-|ike
conpositions are listed in Table 2. Additional
aohedeagnipsically me@wmi@aldf k@ seenpas fidDaskabealikst ed

PR e T e
X REhdBRES %&hzxﬁw&@f A SAGTEZmaRtLMBLNY J@E‘gmat e form

azeotrope-|ike cog%osnl ons. To determ ne the reI ative

RSP -PuSNe BRES20 Tals, eosanentaneanading treiides
&%@@&r&e%@r ﬁ:@%ﬁa@\@ﬁmﬁﬁ%ncﬁ@%{ {104 @lnabsgldite pressure

In a PTx cel known vol une was neasured at constant

tenpe?@egr%wﬂéﬁeﬁﬁafﬁ% phaapyer eapdsiedi BalE-Fthese
ngwﬁé& fo%%zégmﬁeahsﬁ%é P i Bogapor

urd conpositions I1n the ce usi ng
e@mat?ﬁdrm!ah@rmm aprid SOt woisgas o - 5@f’§i§$§ﬂ’t"ﬁémd
NQSI f I
FOTREBL 4RI g ok RS R keBL e ef PR P
prapaicadhy compositermitdion @fa erpetatopesflfickeabout -40 °C

onposi i i St entialdy. 0l is oo
BT 104,238 08 eosslft, S3REE pbfly Y Bbidi AP ramert
ats gfa Q‘? 303 %) ineadedodiynentodiuzestrafic abopbsiBamke %
ésg%(?b 9% mole % E-1,1, 1, 4, 4, 4- hexaf | uor o- 2- but ene

7 to about 1 nole % nethyl formate. Sone
enbodi ment s of Tmﬁ w@g@m gikeorporgiagist i ons are |isted

o BFEIaHG. ar e, RSOEIEn TabTA TRt of BODONENS
AzeJﬁfW&amﬁ'ﬁxe CompeYELPERL | TablE2% “ohzeot rgpde Milke
C ml'mm{t Jons
-20.0 4.3 75.0 250
-10.0 77 783 247
0.0 12.0 757 24.3
10.0 17.8 76.4 238
20.0 258 712 22.8
30.0 35.9 78.3 217
400 480 785 205
50.0 654 811 18.9
80.0 858 §3.0 17.0
70.0 110.3 85.2 14.8
80.0 140.0 88.0 12.0
800 17566 913 B7
100.0 217.8 854 4.6

Additionally, areotrope-iike compositions containing E-FC-1336mzz
and isopantane may also be formed. Such azectrope-like compositions
exist around azeotropic compositions. Some embodiments of azeolrops-

12
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W@ IupaSict1 ons.

It was found through experinents that E-FC 1336nzz and
i sopent ane form azeotropic or azeotrope-like

this binary pair, the PTx nethod described above was
used. The total absolute pressure in a PTx cell of
Keommnpusticig avaists® asTHRE 7ahdgonsd anbotionpes af ure for
various bina QMposi ti ons. ese neasurenents were
FRal PR ke BambeSBaTR 4 PHEIR TARETS and 11 qut d
conpositions in the cell using the NRTL equation. The
vapor pressure neasured versus the co‘p03|t|ons in the
PTx cel | for E-E&lad3e Aitca gy 2RE=HYY ure is shown
i NG 3 WhT chirt st rates ™ g apnlcally theformati on

of | apnaxsQERgRe and azeoty ppetl i kenepRpOsahipns of E
1, ety dsdvlixat L Hor o= 2= b ene—and g-sgpgrycaneat 20. 0

S VAT U N A o il
'S b AR e .@ehi g.dc‘a“t press-:éﬂg“’(ﬁgﬁ t-he-range
of ?%f{ﬁ?ﬁmm&@ogeﬁm PEst pe at-ur-e.. BALAH lupon-these
fi nditigs i Y &4

and i sopentane form azeotropi c conmpositions ranging
fromabout 75. 1lysmbe pPeLeenbe i@ 889Kb:E¢ Mol e
percent.  E-EC. 1336n¥Zz and_from.abouf 24.79 hol.e.percent
to about 4.6 nple percent |sopent ar¥eigihiedhatasr m
azeotPbNESMPosi tions. boj Fiffe at_a_tenperatureof

f r onE Ao UE3BMaipentabout  10810C and &1-86/pri@ssure of

f r onE-dlobE3cnG/ipgpanidkd kPa) @ o aboutemml a (1503

k Pa) §-F CSobdsrenbiocharsmts of | azgotr opi Ble@irpasi tions are
| i stedo-n33mhlestpentabl e 6 ABeotr opi Gucopagi ti ons
Addi girgnakiamz-azesdniane- | 1| Key@pnposi ta7omyseant al ni ng
E- FC-1336rzZz and i sopentane ey al'so be forned. Such

azeotrope-|i ke conpositions
It was found through experimants that E-FC-1336mzz and trans-

1.2-dichlorpsthylene form azeoirope-iike compositions, To determine the
relative volatility of this binary palr, the PTx method described sbove was
used. The total absolule pressure in a PTx cell of known volume was
measured at constant temperature for varicus binary compositions. These
meastremenis were then reduced to equilibrium vapor and liguid
compositions in the cell using the NRTL eguation.

The vapor pressure measwred versus the compositions in the PTx
cedl for BE-FC-1338mzz/ trans-1,2-dichioroethylene mixiure is shown in
Fi(z. 4, which Hlustrates graphically the formation of azeotrope-ike
compositions of £-1,1,1.4 4 4-hexafluoro-2-butene and rans-1,2-
dichloroethviene at 20.0 °C, as indicated by mixtures comprised of about
84 motle % to about 88 mole % E-1336mez and from about 18 to about 1
miole % trans-1, 2-dichiorosthyvlene.

Some embodiments of azectrope-iike compositions are listad in
Table 9. Additional embodiments of azeolrops-like compositions are listed
in Table 10.
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exi st around azeotropic conpositions. Sonme enbodi nents
of azeotropeli ke conpositions are listed in Table 7.

are listed in Table 8. Table 7. Azeotrope-Ilike
Conpositions Table 8. Azeotrope-like Conpositions It
was found through experinents that E-FC-1 336nzz and
trans- 1,2-dLFh|0[0 th | ene fo n1azeotrope l'i ke
conposi ti ons. S LEENTHEHR-QBRGHYIES vol atility of
this binary palr the PTx net hod descri bed above _\Was
us IIIC lUL al anUI ULU |JI “€SSttr-€: III a FI)\ LCII
n was measured at const nJ«t ratuLe for
¢¢@ﬁ%ﬂﬂ?ﬂ§Py conp05|t|ons Thesge ¥ H?E wer. e
an-r.aeduced wiJdbriuaimavanorri-and ll rnu

k

va

t ced- ik |

combasi F e/ IS e AT g *5*2;?1%“ 8. The
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o at

Dok P Se LA d st SRR b oSt Sﬁﬁéq n.t he
T Féel $36r0a2/ frape112-dighieposthients| 149. di cP0-8Bdetthyl ene
Sl emambinnsit-ficdorepthieh i Plust r83-88/1-11
or Bp-dadtnza ensdoihdichioraifvience ot rgive-il i k89112
conpositions of E-1,1,1,4, 4 4- hexaf | uor o- 2- but ene and
trans-1, 2- leQ!eo%re 2 Dsfn@S i ndicated by
m xt ur es_conp %-to about 99 nole

% E-1336nzz and from about 16 to about Weight ® Réadgeans-
RNVEIGET©et hyl ene.  Sonme enbodi Treiiys of

zZ-EOL- 1 TEndz Kensampashibiaensiate | 1-abed | nodalyies?.

ARG T3t 7ETTRRSEL TERES oRetRda R roper | 1ke ganuEpsirl | ons

A €01 TR ATrang R Edidhlordihione  ANZL0L [ OPEghldeey g
C@WP%,}Q rafst Q-cibhiofeBid P e | K€ ﬁ@gsggu NSl

~—+

wag < pid Lhrapol Zséreﬁib}dé%ﬁ%e‘ haty o~ FC- 1 330r s and

e 24901 d ortrazZceotT Ope=11T KT bUIIpUbI lI OT11S. IU
determ ne the relative
It was found through experiments that BE-FC-1338mezz and HFC-

245fa form azsotrope-like compaositions. To determine the relative
volatidity of this binary pair, the PTx method described above was used.
The {otal absolute pressure in a PTx cell of known volume was measured
at constant temperature for various binary compositions. These
meastrements were then reduced to equilibrium vapor and Bguid
compositions in the cell using the NRTL eguation.

The vapor pressure measured versus the compositions in the PTx
cell for E-FC-1336mezz/ HFC-245fa mixture is shown in FIG. §, which
iHustrates graphically the formation of azectrope-like compositions of E-
1,1.1.4.4 4-hexafluoro-2-butene and HFC-245fa at 20.0 °C, as indicated
by mixtures of about 1 10 98 mole % E-1,1.1,4 4 4-hexafluore-2-butens
and ghout 99 fo 1 mole % HFC-246fa

Some embodiments of azectrope-like compositions are listed in
Table 11. Additional embodiments of azeotrope-like compositions are
histed in Table 12
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volatility of this binary pair, the PTx nethod
descri bed above was used. The total absolute pressure

WO poog/15896x2'cel | of known vol unme was neasured atPCDHS10881066621

tenperature for various binary conpositions. These
measurenents were then reduced to equilibrium vapor
and |'iquid conpesid 1 Dn&zddirchBe; hé@ldmiﬂ:&itmt he NRTL
equat.i-on.T he-----vapor pr-essur-e-neasur-ed--versus-t-he-
conpositions in the PTx cell ifor E- FC—l 336nez/ |
HFG-PABFANENTSIre is shown'in FI GVesghtghiRe@nge

. 0
||||mtratpe graphically tﬁ@}fnrrmtlnn of

azedtt bpkiiomea/tidapasiar i andOaf  E-.. 1-99/1-89 |
1, 1B F8; IBHmeatiiG-udbs- 2- bt ene and HEBIBH5fa at 20. 0
C, dsFlntharedity-24bdat urest of about!-@3E$09 nole %

E- 1,B-FC- 13 3oMmaHieG-@RbBlaor 0- 26 but ene dngl/aligut 99 to 1

nol - ROHRGa2ALEC Jabl enti@di inent s ofe@zadt r ope- | ke

conpositions are listed in Table 11. Additional

enbodi nents of . o positions are |isted
in Tabl e 12. TaBiBRBL AL AZRAIGPERIES LARPASERNSS| ti ons | t
was Tound through exper| ment’s thawe%ﬁeg Rangbnzz and
n- but@pecharngrazeot ropi ¢ oy azeotrope-|ike
conp03| tions. To determ nexhihe rel ative volatility of
thi S REnarSs DARTEC BUEEP T BT hod - degLedipdgabove was
usecs ¢ B I Al ARSALHL e PigessUT e T4 gy idsgeet|

KNV 0L LT DA (BB e g constant od gpRgrature for

-

HS
B

U
var.‘“ p ++-61S Fhese i‘m&gﬁeﬁ{-ﬁrere
t herbE 5&“ ¢ &’AW"PH%%ri“gQ\,apor '
cor rEJ:“F U{;}{‘zgzz]—{fb{;‘l\Z«:}.ﬁ | :}\gf}. g t-he l‘g 2 ‘Mg;r“;}nfj oh- The

vapor pressure neasured versus t he conp05|t|ons in the

PTx qgelvks f@ﬁ-@&hﬂa@gﬂ e;’eé&n%ﬁm R Fane. ms&mﬁ ank S-SR

in FIG 6, which illustrates graphically the formation
Brnazegays pgﬁeﬁ)t@@ﬁﬂ%g‘ ,opm@ﬁs;gfpusE To deiermf ne the relative

volatility of this binary pair, the PTx method described above was used.
The total absolute pressure i a PTx cell of known volums was measured
at constant temperature for various binary compositions. These
measuraments were then reduced to equilibrivm vapor and Bguid
compositions in the cell using the NRTL egusation,

The vapor pressure measured versus the compositions in the PTx
cell for BE-FC-1338mzz/n-butane mixture is shown in FIG. 6, which
Hlustrates graphically the formation of an azeotropic composition of E-
1.1,1.4 .4 4-hexafluoro-2-butene and cyclopentane at 20.0 °C, as indicated
by a mixture of about 38.1 mole % E-1,1,1.4 4 4-hexaflupro-2-butene and
81.8 mole % n-butane having the highest pressure over the range of
compositions at this temperature.

Based upon these indings, i has been calculated that E-FC-
1336mzz and n-butane form azectropic compositions ranging from about
29.5 mole percent to about 47.2 mole percent E-FC-1338mzz and from
about 70.5 mole percent fo about 52 8 mole percent n-butane (which form
azeotropic compositions boiling at a temperatare of from abouwt -40 °C to

15
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1,1,1,4, 4, 4-hexafiuoro-2-butene and cycl opent ane at
20.0 C, as indicated by a m xture of about 38.1 nole %

W(E2008/134612°4, 4, 4- hexaf | uor o- 2-but ene and 6 1.9 POI/ESHN8/066621

n- but ane havi ng the hi ghest pressure over the range of
conpositions at this tenperature. Based upon these
&HAAIOQSC anti agyrberne eplrevlzabeds Divals B1RBa) k33nE 2

n- form azeotropi c. conposj ti.ons rangi ng from
St 1 8 R L Fere e Bt A astr opic apar au i are
Ei&CnITahk6nEz and from about 70.5 nole percent to

about 52.8 nol e percent n-butane (which form

azeot ropi c comm%%géﬂl@&%%erature of
from about -40 C toabout 100 C and at a pressure of
fromabout 3.0 psia (21 kPa) to about 277 psia (1910
kPa) YAzegBaRic enbodi MSTOPET  akebbriggbergonmpasiutasns are
| | Sewgefaredille Hssaapeal3. Arebt¥opi c CoNPesSkYi ons
Addi tionally, azeotrope-like conpositions containing
E-FC 1336z and n-bytane may al,ga.be fornegs zguch
azeot ro%—l i ke corrpos'l,';ti ons exi §Q*@£ound azgg;%ppi c
1 &%

conposi tdons. Sone igz;di ment s %5 %eotrope
: £

e X
(=}

conposi tjons are |listed in Table,l4, Additignal,
enbodi et s of azeotfope-like c 8i tions g %ﬂist ed

e

in Tabl g,15. Table 14  Azeotropé:l ke Conpog{fions
Tabl e 1% Azeot r ope-J ke Compositi; Aslt was_falihd
t hrough “gxperi ments That E-FC-132336frz and ] ghut ane

form azé&gt ropi c or trope-lilg" fbn’positig 2 To
determ e the relatiye’ volatilit ﬁj this brydry pair,
t he PTX‘? t hod descr?':f1 d above s’?aﬁlsed. Th% géw al
absol ut & pressure iﬂ?? PTx cell fE*’Rnovm vogér 2 was
re
54
82

measur eagat const ant*f Enper at ur 531‘%:? variousg™
conposi £Pons. These'@ﬁ%&sur enment §‘iv%;f’e then ¥
equi | i blgﬁ’um vapor aﬁ@?Pi qui d 45.7% ‘
100 2766 47 3%
Additionally, azeotrope-like compositions containing E-FC-1338mez
and n-butane may also be formed. Such azeotrope-like compasitions
ke compuositions are listed in Table 14. Additional embodiments of
azeotrope-fike compositions are listed in Table 15.
Table 14 Azeotiope-like Compositions

COMPONENTS TG Weight % Range
E-FC-1336mezin-butane ~46 38-64/36-82
E-FC-1336mesin-butane g 447 2{28-586

E-FC-1338mzzin-butane 40 1-13/87-88 and 43-8BQ£20-57
and 98-89/1-2
E-FC-1336mzzin-butane &80 1-91/9-89 and 94-88/1-6
E-FC~13308mzz/n-butane 100 1-89/1-89

Table 15, Azeotiope-ike Compositions

Weight % Range
COMPONENTS T{°0) |
E-FC-13386mzz/n-hutane 40 | 50-04/38-50
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WISl f or

conpositions in the cell using the NRTL equation. The
vapor pressure neasured versus the conpositions in the

in FIG 7, which illustrates graphically the formation
of an azeotropic conposition of E- 1,1

, 1, 4 4.7 hexahl uebotadebut ena; and cyg@.qgmta:ne at 20.0
C, aSglpdk gedrmel/Myutnll XTUrgpol abowg-13&7%arol e % E-
1,1,1, 4,4, 4-hexaf | uoro- 2- but ene. anghqif.do/molse %
| SODUEFE 9530 BB JNESEOPT ESSUR gBWfelod N T ange
of c g}g‘({;u}sgé} ;;‘?bu{a’&és ey atur &g @Eﬁgdg@pon t hese

fi ndi-ngs;—rt—has—been—catcuta ed-that—E-FE—1336nzz
and i sobutane form azeotropi c conpositions ranging
f r omitabeufcud® ong exppeneant thebEdibu 838 Rzdambl e

BEE RN e taRe T e Al BB Rk Pl L RpBAR

threoktiopiaationpdbist hiomy pbm ﬂmrrgrxahemoti eiaspmmmmvef

f t bo C.and at

vhSED olte inld ish Qe st £ 5 el BB RAUE v

xfﬁ}ea%x)rﬁd %@ﬁ?@%?l’ﬁ@@fgﬁ@:@t@e adr @Zz@@é b@ganﬁceﬁwﬁm@ Difksseall €
| Ste N a e Azeotro

EEAPIETFN e AEdNER B‘?‘?’é‘ﬁf*??ﬂ S WBb\é‘-‘HCﬁ*' ﬁ@d d8Whosi ti ons
SRS RGN BreRCal ZB0Ra raod. egaelighane may al so be

formed. Such azeotrope-|ike conpositions. exist around
az eot?"l?p‘i’e@% BIASSYIE PoRN IS EBERREuR PRAFENgn the PTx

8250t EGREh BXEEORBOSERE QDR 1§ shbwh 8dricn 7Takle 17.

Addi tional enbodi ments of azeotrope-I|ike conpositions
Hredrates geghicallyisl fermaion TA B @28 girope serpepien ¢k
£mpogIALh NS, d@bs.6 t\laﬁs eﬁﬁ%&&;&,@&ﬁa&é 5?2{9@”@0% {nlﬁg;%%e&he

azeotropi c or azeot rope- e conpositions o
by esexitire of about 24.9 mole % E-1.1.1.4 4 4-hexafluoro-2-butene and

75.1 mole % isobutane having the highest pressure over the range of

compositions at this temperature.

Based upon these findings, it has been calculated that E-FC-
1336mzz and isobutane form azeotropic compastions ranging from about
19.4 mole percernt to about 32.4 mole percent E-FC-1338mzz and from
about 80.6 mole percent {0 about 67.8 mole percent isobutane {which form
azeotropic compositions hoiling at a tempersture of from abouwt 40 °C ©
about 80 °C and at a pressure of from about 4.5 psia (31 kPa) to about
218 psia (1503 kPa)). Some embodiments of azeolropic compositions are
histed it Table 16,

Table 186, Azeotropic Compositions

Azeotropic Azeotropic E-FC-1338mzz isobutane
Temperature {°C) Pressure {mola %) {mole %)
{psia)

~40 4.5 19.4% 80.6%

-30 7.3 20.3% 79.7%

-20 1.5 21.2% 78.8%

~10 172 22.1% 77.9%

0 250 23.0% 77.0%

10 362 24.0% 76.0%

17
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w@p®sasdoorii ment of this invention,

i nvention can be prepared by any conveni ent nethod
i ncl uding m xing or conbining the desired anounts. In

azeotrope-1li ke conposition can be prepared by wei ghing
t he desired conponent anmounts and thereafter conbining
them i nz@an appropri4g g contai neg.9sThe azeotyppwc or
azeotrope-1i ke conpgsdti ons of gshles,present Favention
can be gsed in a wigkearange of sappki cati onsys.pwel udi ng
their ugsg as aerosghppropel | antyg,1¢tef ri ger api g9
sol vent gy cl eani ng4agents, bl owkng agents (f@am
expansi g agents) figr 7t her nopl agtise and t heggrpset
foans, hgat transfemqpgedi a, gaseeus,dielectrgegy fire
ext i ngui shing and suppression agents power cycle
wor ki i Fegd|
e b i A
aybnobuteandnay é&gp@@e‘ﬁ@mfﬁ @mm@@géﬁwm cprepesibys nent
{ a
T A R L R ST S
M@mmstme@m oped iroT alag 4 6t Adpieial kmbe@mwss ¢ on as a
; e ty.opi c or
%zegﬁ\gltcggﬂggg ?5@3@&4‘&530%@3'%2% % ?ﬁégi@s@g essentially of E-
1,1,1,4, 4, 4- heﬁa‘alajﬁ oAiemmenﬁeﬁmmmsdmonent

| act-ad-from.-t OY-QI4R 1 npt |n\1| f.Or wnt
Se AA VA N R o ) 1 orri LIIC 9[ Uu \JUIIQI Jl.l I]U Ul Ilcllly orTr e,

n-p&r&@&g Tgt hyl butaniz trans: \{11 g
di ¢ : 3% entafl SIEne
n- blE’E@Q}@ mmei-%ﬁp_ Aﬁ@rh r %g”f ‘i? * _t.hi
in gn?fﬂ@%wsm'{%epr céds for ﬁrr&’&ﬁ*‘?%g 83
r ef E-heriatbmwz/isphstaseoces40conpri JeLEHAHEnIBng a
az e &ty Opidgouezisnbetanepet | BRe. conpdsi7eisal .and?
t heFeBftIERtrvabmbatineg 5aiPl azeot f ofRd/bF 4 - 99
azeotrope-1|ike conmposition in the vicinity of the body
to be cool ed, 0

>

azeot r ope- | i ke ¢ RSLPRE al |y
Weight Range,
COMPONENTS T EC) Proferred
E-FC-1336mzziischuiane -40 10 - 47 4/52.6 - B0
E-FO-1336mzziisobutane 8 140 -56.8/43 1 - 80

E-FC-1336mzz/isobutans 4 10 -85.3/34.7 - 80
E-FC-12336mezz/isobutane &g 10 - 743257 -~ 84
E-FG-1236mzz/isobhutane 85 10- 77.7/22.3 - 80

The azeotropic or azeoliope-like compositions of the present
invention can be prepared by any convenient method including mixing or
combining the desired amounts. in ong embodiment of this invention, an
azeotropic or azeotrope-like compaosition can be prepared by weighing the
desired compongnt amounts and thereafter combining them in an
appropriate container,

The azeotropic or azeotrope-like compositions of the present
invention can be used in a wide range of applications, including their use
as aerosol propeliants, refrigerants, solvents, clegning agents, blowing
agenis (foam expansion agents) for thermoplastic and theymoset foams,

18
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of E-1,1,1,4,4,4-hexafl uoro-2-butene and a conponent

sel ected fromthe group consisting of nethyl formate,
wo2@ensane, 2-net hyl butane, , trans- PCT/US2008/066621

1, 2-di chl oroet hyl ene, 1,1,1, 3, 3-pentafl uoropropane,

n- but ane and i sobut ane. Anot her enbodi nent of this

hmem-:s@n rRIAY igdesod PIecIBss, memg@mm@e@td opi ¢ or
azeot e-like co ositio wherein said

S a0a5 £P08L PU PN LRSSl rasiralR e,
@@sﬁ@ﬂéﬂe&bh‘%w@iﬁ%u@s tarkied fidad, &ﬁﬂ@@fﬁgﬂ% Qg@ntﬁtﬁrﬁﬁe and

a conponent selected fromthe group consisting of
%?EHW”‘?%%Féagﬁn%ent ane, 2-nethyl butane,

transpde gmbgﬁaﬁ’@n%%I&%@ﬂ@n provides a process for preparing
1,1, 1,3, 3-pentafl uoropropane, n-butane and i sobut ane.

AHRrmeplasibBunRETRSS foarhi KNG HPEsRS HMIIET LEES 28
RIRERSR drePrQMURING AL ARKORY biBl r-;t Iﬁ%r@h%@%ﬁs

conprises using an azeotropic or aze tro
axnPHosictdr srsalsore- o D oRheist aﬁsgaw!y@z &ot r opi c

e G T ol g
swlsaing df fathp! fchrmager oLErtams Qshemgibofametmﬁs—faf mat e,

t - - NN
SRR oL b i Braprobd AR e and isaputane.
n- buchamﬂnbcsmhﬂmmeh Airohion probies merbcads fohi s
DEEE e SR B RLOE e e PoRe e e e L PP
mae;tr?p@ak@l c@tﬁm HOPES VeraTeobiQReatlrigksid apgasipid on
consi st s essen

of
SRR 9P TR Sohaduiqn B ae veisiy ahthehrdY 4o £8176IEnt
@ﬁés;%‘:rt gy Ef:@cmdp,ltﬂﬁm%&t@@e@@nﬁé 8&hPShidn dRIshyd edR@nhRte,
nme ut ane , trans-

af fg?dﬁ Emfb‘? 8@@1‘%@%@ bueng and3 sCpRTISAR FEBESEBFARE,
SrobHBREsBiL fﬁé’cﬁwf@ﬁﬁam%%%he enheeiymiinef vhhis

!E ?}Ydesgé {I:\r%gih%ire%\él 1 %?‘E (3? P;{e%%a%%gmp%pane n-butane and
isobutane.

Anocther embodiment of this invention provides a process using an
azeotropic or azeotrope-ike compaosition as a solvent, wherein said
azeotropic or azeotrope-ike composition consists essentially of E-
1,1.1.4.4 A-hexatuore-Z-budene and a component selected from the group
consisting of methyl formate, n-pentane, Z2-methylbutane, | trans-1,2-
dichlorpethyiene, 1,1,1.3 3-pentaflucropropane, n-bufane and iscbutane,

Another embodiment of this invention provides a process for
producing an aerosol product. The process comprises using an azeotropic
or gzeotrope-like compostiion as a propellant, wherein said azeolropic or
azeotrope-like composition consisis essentially of E-1,1,1,44 4~
hexafluore-2-butene and a component selected from the group consisting
of methyl formate, n-pentane, 2-methyitbutane, | trans-1,2-
dichloroethylene, 1.1,1.3.3-pentaflucropropane, n-butane and isobutane.

18



extingui shing or suppressing a fire. The process
conpri ses using an azeotropic or azeotrope-like

W@ i9pasicti-on as a fire extingui shing or suppreBGI/U82008/066621
agent, wherein said azeotropic or azeotrope-Ilike
conposition consists essentially of
E- 1, Jarkiderdsrdodumedt ai@ﬁa@uﬁ«ehu@repmmg a@arcmqmm an
sel ected fromthe, rou conS|st|n formate,

PEEDERPIGTE, SZHOU RS HR pg:ﬁgzm as a haat trsngfer n}/em

@ﬁ@f@&r éla @a@é&&hﬂ@@f &Qﬁﬂéﬁbw@— ike composition consists essentially
ent af | uor opropane, nbut ane and i sobut ane.

%fr%f* h1e?f 4&#%881“?‘?%%9 -SPUIEANAR BHTPIIE FBIFEgEdrom the

@%9&%%;@&%1@1& fﬁékh?@@é?ﬁét@% BeRban8ZRAIAORSIthAK S trans-
ggsml on as dielectrics, wherein said azeotropic or

hepethvisre. &6%@@7&&“&%@%@@”@ pdsEE I y of E-
ég%ut; né, 4, 4-hexafl uoro- 2-butene and a conponent
sel ected fromthe group consisting of nethyl fornate,
n- perranizer patpstimghioyitia giventien piyides 2-process for

Sl B3R bty DA B

ane~an
godiosta mgizestard-bial dommpisitichaiss ﬁf,eﬁxﬂm@mmmg or

S SRt S M EP e fieitp R o R Gr g, "
tansiog mmtsaﬁ@e@%&‘p@ﬁgﬁ Hidkeheatbbral-batenw atrhioi ftg?;g:?em

SiRera TRy Nasim TR ERT MR rorfatd nHRaRS
fehybulark, 4adshexathuarendedautiene 3 anshifjorsorpemiane;

erein th entane is present in an effective
gﬂﬁﬁ%?“‘?&“@& an azeotropic conmbination with the

E- 1, Iadbtderbnfodiaxaldrues Qw%n%ﬁ SRides a ROEHMNAHIG dON
conS|st|ng essentjally of

azeotropic or azecirope-like composition as dielectrics, wherein said
azeotropic or azeotrope-like composition consists essentially of E-
1.1.1.4.4 4-hexstluoro-Z-butene and g componeant selected from the group
consisting of methyl formale, n-pentane, 2-methyibutane, | trans-1,2-

dichioroethvieneg, 1,1,1,3 3-pentaffuoropropane, n-butane and iscbutane.
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(a) E-1,1,1, 4A4- hexaf |l uoro-2-butene; and (b)
n- pent ane; wherein the n-pentane is present in an

weRgosasdoyrz anount to form an azeotrope-|ike coPdi/H81008066621

wth the BE-1,1,1, 4, 4, 4- hexafl uoro-2-butene. 4. A
conposition consisting essenti ally of: (a)

E-1,1,1, 4,4, 4-hexaf | uorg; 2nhat ene; and (b)

2- met hyl but ane; wherei n -met hyl but ane i s present
in an effective anmount to forman azeotropic

contli, n&compowtidid csbrhﬁ&tiﬁghsﬁﬁﬁﬂaﬂy 4f.4-

hexafl, gr ;gdpyg; %ﬁy %1 syl on consi st ng
{

t
cssorl B ekt i CrORSTE e
pifersien brionnbio fesfn% es bryetr@grsliket contifiaiom vath the E—

of . ellke nation with the E-

?%e"%“?t*oﬁe”f*%%‘é%? #)Eb%zlng 2-butene. 6. A conposition
con% 55\ '{:591 88860 bbMidthgYssed @By of:
E-1 E E‘v ?o%bt%ne and (b
transm’LEZ? &' g?@é’?%ﬁf@ : U‘%J\W?eraé‘tjn the(t?rans 1, 2-
di chl(&t B“@@ﬁ%“@n‘éf‘h’?@"b PROETE BrpresTeat FVETRRENt to

&%m@@ f&?:?é’ﬁ éﬁ’é}ﬁé r;»lﬁzecdh‘%’cﬂﬁét&%txk&ﬂm\é"é AADg g a
1, hexaf | uoro-2- butene. 7. A conposition

1,
f@@ﬁﬁp@ﬁ%ﬁﬁuwgentl ally of: (a)
4, 4- hexaf | yor o and(b)
1 131 écgh*asmf%? Pﬂm%ﬁwﬁaﬁ@faw rein the 1,1,1,3,3-
pent a{ﬁi} totr. bprdoparexeiugeedanend, mndn ef f ecti ve anmount
t o f dbimaanEneoihore: hekepavals satresant w sheffidaive

ga%g%fst{% Fiﬁfgé@gg%#gogﬁ @e &pmbmathcn Sitnne £- £0PR 4" ,Lion
hexafluoro-2-hutene.

4. A composition consisting essentially of:

{a) £-1,1.1.4,4 4-hexafluoro-2-butene; and
{b} 2-methyibutane; wherein the 2-methyloutane is present in an

effective amount o form an azeotropic combination with the £-1,1,1,4,4,4-
hexafluoro-2-butene.
5. A composiltion consisting essentially of:

{a} £-1,1,1.4 4 4-hexafluoro-2-butene; and
{b} 2-methytbutane, wherein the Z-methylbutane is presentin an

effective amount to form an azeotrope-like combination with the E-
1.1.1.4.4 4-hexafluoro-2-butens.
6. A composition consishing essentially of

{ay £-1,1,1.4 4 4-hexafluoro-2-butene; and
{b} rans-1,2-dichlorosthylens; wherein the Yrans-1.2-

dichloroethylene is present in an sffective amount to form an azeotrope-
like combination with the £-1,1,1.4,4 . 4-hexafluorg-2-butens.

7. A composition consisting essantially of:
{a) B-1,1.1.4 4. 4-hexafluoro-2-butene; and
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(a) E-1,1,1,4, 4, 4-hexaf | uoro- 2-butene; and (b)
n- but ane; wherein the n-butane is present in an

weRgoeasdocyrz anount to form an azeotropi ¢ conbi NRET/OH2008/066621

with the E-1,1,1,4,4,4- hexafluoro-2-butene. 9. A
conpositi on consisting essentially of: (a) E-1,1,1,4

4-ihexafd BerrBrutangiarmn o ﬁé@n thebut ares- wher ei n
the - but ane |skogresent in an effectjve anount to form

BN aINaseRIGpRNG e MAETHAVRRATRUChE TBIM 2D 1, 4, 4, 4-

Q@éﬁfobéﬂlk@cgn@%ﬁ&@wﬁﬂ%&E@f(@%ﬁlf\%@aw@ﬁdt@%
essentially of: (a) E-1,1,1, 4,4, 4-hexafl uoro-2- but ene;

and § bA cospbsitiamegnsiegaisaenttadly bEobut ane is present in

an effgggtg Y8 BIBURL k5 ONt8kk: 3#Q0t r opi ¢ conbi nati on
it 1 (bf fiobiche whetbfrt n ARAAL 1400 Pub efgcn bt A

conposl on consrsting bede
Endudt, 1o ferpiant abeotaiplou oﬁmbmabum 531 ’m@ﬁdﬁ A.B)y.4.80but ane;

@%ﬁﬁ%&_%@gmb%obut ane is present in an effective

an azeotrope-li ke conmbination with the
E-1gl, iicémﬂmékt;m‘?@é%ﬂt% ré%?aé’ttﬁiﬂ gpe. 12. A process for

prep or t her noset foam conpri si ng
usi ng LE ijé-o '?gg\oega‘gw ékﬂﬂ? Eoke conposj tion as a
bl owi{RY" &Y W& sRigna s t??%fﬁu‘%aﬁfe active

%@Qﬂitﬁ@ @aﬁﬂl érlﬁgzéiﬁ(l‘lf&%iké'c@ﬁbm% $hth tesgent i1ad hy. of
E-1, |'uor o- 2- butene and a conponent

%@@éﬂ’@dzﬁﬁ@ﬁﬁt he group consisting of

10 A composition consisting essentially of:
{a) B-1.1,1,4 4 4-haxafluoro-2-butens; and
{b} isobutans; wherein the iscbutane 18 present in an effective

amount to form an azeotropic combination with the £-1,1,1.4.4.4-
hexafiuare-2-hutens.

11. A composition consisting essentially of.

{a) E-1.1,1.4,4 4-hexafluoro-2-butene; and
{b) isobutane; wherein the isobulane is present in an effective

amount to form an azeotrope-like combination with the B-1,1,14.4.4-
hexaflucro-2-butens.

12.A process for preparing a thermoplastic or thermoset foam
comprising using an azeotropic or azeotrope-like compasition as a
blowing agent, whersin said azeotropic or azeotrope-like
composition consists essentially of £-1,1,1,4,4 4-hexafluoro-2-
butene and a component selected from the group consisting of
methyl formate, n-pentane, 2-methylibutane, trans-1,2-
dichloroethylene, 1,1,1.3 3-pentaflucropropane, n-butane and
isobutane.

13.A process for producing refrigeration comprising condensing an
azeotropic or azeotrope-ike composition and thereafier
evaporating said azeotropic or azeotrope-like composition in the
vicinity of the body 1© be codled, wherein said azeotropic or
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met hyl formate, n-pentane, 2-nethyl butane, trans-1, 2-
di chl oroethyl ene, 1,1, 1, 3, 3-pent af | uor opr opane,

WO 28tsueg2 and i sobut ane. 13. A process for prodeCi/ng008/066621

refrigeration conprising condensing an azeotropic or
azeotrope-like conposition and thereafter evaporating
sai d ageetbppiiks 06mAZENdT OPBids k&scpoapogitd-i ant 41 4-he
vicinit %f t;g b_od% tg be cool ed, V\,her‘F‘i‘n Eai d

azcot rEPRURPA BBEPS 90d A 0 HBRELS £ e EBYEF S
essent detislsyin®@bf Bedilichndted ndrenhi@wablianpindabit ehe- and
a conmponent selected fromthe group consisting of

et hyl 1 Eststegresthylepant dred S PeRBRHQIBIRNARE, “@Ngﬁﬁ@ and
1, 2-dighhaeeet hyl ene, 1,1,1, 3, 3-pentafl uoropropane,

n- but ane and i sobutane. 14. A process conprising using
an dAeDPraEre COMPHYBY LPOP &N JZREIeHAPO ST IREddea

sol ve T=Y b ze i.CqQ ' )
compos IR & Eo RE R SN0 ApediRRR SaRRbIS:

E- 1, 1, ikecomppshiexabhsisisesgentislly ohB-ahd 4t ddwpofient-2-
sel ect [.54.1 Aethyl. f te,
- pont g é 9 B0 PLAUR SRR RS SLrdBp'BHish 6P

di chl oneyhipireale, npeblabe3s 3ngkyibathhedrasr bpane,

N DUt e BN RIRUL ANP 18 (hREARSSS oL Blgdugino an

azeot rieglmithndke conposition as a propellant, wherein
sai gﬁaieotro L.C or azeotrog i.tion consists
IN

, ( e-like. c 0Si.t.

oss AR RIS oo{orqddg o) aoESHRIEH U SPBESS B SRE Hnd
conponeictispket keehifspamiehengcelipn Ganshrahbigt ofharehhy |
formate, n-pentane, 2- nethyl butane, . g}
trans- ﬁasci @%@mp& wm}r%weﬁq?g{?sgf@_mnsxsts assentially

of £E-1.1,1.4,4 4-hexafluoro-2-butene and a component selected

from the group consisting of methyl formate, n-penfans, 2-

methylbulane, frans-1,2-dichiorosthylene, 1,1,1.3.3-

pentaflucropropans, n-bufane and isobutane,

18. A process comprising using an azeolropic or azectiope-ike
composition as a heat transter media, wherein said azeotropic of
hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, n-pentane, 2-methylbutane, trans-
1.2-dichioroethyiens, 1,1,1,3 3-pentafiuoraepropane, n-butane and
isobutans.

17 A process for extinguishing or suppressing a fire comprising
using an azeotropic or azeotrope-like composition as a fire
extinguishing or suppression agent, wherein sald azeotropic or
azeotrope-like compuosition consists essentially of £-1,1,14 4 4-
hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, n-pentane, 2-methyibutane, trans-
1.2-dichlorosethviene, 1,113 3-pentaflucropropane, n-butane and
isobutane.
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pent af | uor opr opane, n-butane and i sobutane. 16.A
process conprising using an azeotropic or

W@ 2@enswpe- | i ke conposition as a heat transferPCEUBN8/066621
wherei n said azeotropic or azeotrope-|ike conposition
consi sts essentially of E- 1,1,1,4,4,4-
hexafl 4 @rereds l@tﬁn@ﬁﬁn@@émg a@u;ﬂf@@ﬁ@@t osek@ﬁtc@@ ikeom t he
group consistin or mat e pent a
et HA B s FelRCE 69 heuP CIPb e DHpPBE Beeotrope-
1,1, 1, jkedopeRabh UerapkeRaBRiaiPobEL ANG N d-Hesotirane.

17 A process for extinguishing or suppressing a fire
conpr i Rifige aae ﬁé‘c‘ﬁwi’ﬁ?*@oﬂeﬁfﬁ frefp B3y goUpPoREsFingot
conposm&m@nf@ﬁﬁa@ Bip(eﬁta%t b Eih @ BliBAe QfarSUpPr essi on
agent, whérein said azeotropic or azeotrope-like
conpostiehipivedvissies f ¢ . b3 Sermritaiuogonseramel nbutans and-
hexaf | 49§ @s4s but ene and a conponent selected fromthe
group consisting of nethyl formate, n-pentane,

2-met hyl but ane, trans- 1, 2-di chl oroet hyl ene,
1,1,1,3,3-pentaf|uoropropane, n- but ane and

i sobut ane. 18. A process conpri sing using an azeotropic
or azeotrope-like conposition as dielectrics, wherein
sai d azeotropic or azeotropeli ke conposition consists
essentially of E-1,1,1,4,4,4-hexafl uoro-2- butene and
a conmponent selected fromthe group consisting of

nmet hyl formate, n-pentane, 2-nethyl butane, trans-1, 2-
di chl oroet hyl ene, 1,1, 1, 3, 3-pent afl uoropr opane,

n- but ane and i sobut ane.
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