TITLE OF INVENTION AZEOTROPIC AND AZEOTROPE-LIKE COMPOSITIONS OF
E-1,1,1,4,4,4-HEXAFLUORO-2-BUTENE This application claims priority of U.S. Patent Applications
60/934199 and 60/934209 filed June 12, 2007, U.S, Patent Application 60/936082 Ned June 18, 2007,
U.S, Patent Apgligatien£0/937590 filed June 28, 2007, U.S. Patent ApplicatiensGua/Q387 and
60/970384 filed 10September 6, 2007 and U.S. Patent Application 60/993241 filed September 11,
2007 BACKGROUND OF THE INVENTION Field of the Disclosure The present disclosure relates to
azeotropic or atrope-Hke positions of E¢lyd  dehdchexpfiioro-2-butene, Description of Related Art
Many industries have been working forié pa lecades to find replacements for the ozone
depleting chlorofluorocarhons (CECs) and hydrochlorotitiorocarbons (HCFCs). The CFCs and HCFCs
have been employed’?’iﬁga igerin gf%% gﬁ%ﬁgf%%ﬁgﬁ%ﬁ% s¥%rosol propellants,
refrigerants, cleaning agents, é¥jansier: agenis for eRmaptasticrand thermoset foams, heat transfer
media, gasgous dielectrics, fire extinguishing and suppression agents, power cycle working fluids,
polymerization media,_particulate removal fluids, carrier fluids, buffing abrasive agents, and
displacement drying agEhfOAF IS 88 RorepRidementeadriRabeiarsatile compounds, many
industries havedtififad 36 trel G804 Myt fafit otoearh AN THECS p@edherbk@scgo not contribute to the
destruction of %@m%&gzm% %!%{{%%9‘9%&%%{%%&%%{ _g@@gﬁ%%eﬁ the "greenhouse

ontribute to global warming, As a result of their tribution to warming, the HFCs have come under
scrutiny, and tHéiﬁﬁ%e@%&@aﬁg‘sg P A0 G RS AR g 80PR0SB{HErE is a need for
compositiofis thdemet conmibtedto the destsyctiopiofsiamspheric: gzane and also have low global
warming poten@g&@%\égﬂ. Gg#tain hydrofluoroolefins, such as 1,1,1,4,4,4-hexafluoro-2-butene
5(CF3CH=CHCF3, FC-1336mzz), are believed to meet both goals. SUMMARY OF THE INVENTION
This application includes seven different types of azeotropic or azeotrope-like mixtures. 10In a first
aspect, there is provided a compgsi g@ﬂg@t'g ?&@géﬁd@ E-FC-1336mzz and (b) methyl
formate; wherein the methyl forimate 15 present in an effective amount to form an azeotrope-like
mixture with E-FC-138&aizzf theai¥echrdigspect, there is provided a composition consisting
15essentiadly of (a) E‘f%&'&r%&@ﬂﬂ%ﬁ@@u@r ,_{%g_gggg%%g{pg#e%igé%%ﬁ% entane is present in an effective

amount to form an azeotropic or azeo_t_rope-% e mixture wit 6mzz. In a third aspect, there is
provided a contpy&EiieHi eoheidting leséehtidifeiyaredears36mzz and (b) 2-methylbutane
(isopentane); 20wherein the isopentane is present in an effective amount to form an azeotropic or

azeotrope-like mixturg with, ks %ﬁ% : In a fourth aspect, there is provided a composition
consisting essentially of (%1);%‘% - %éé %’Er“\td (b) trans-1,2-dichloroethylene; wherein the

trans-1,2-dichloroethjféf¥ 8hredantiraheretlenanioine trebhmmensdeebuibpe-like mixture with
E-EC-133mzzein=adifibraspechdhers ispiavidedacompesition.eansisting gssentially of (a)

E-EC-1336mz%%§1rg§ é{tﬁ)ml der&% @ b%}. __e%arﬁl éﬁ@ép%%eﬁs&ﬁip&gﬁéy FC£}245fa); wherein the

HFC-245fa is present in an effective a form Z€0 fAXtrE With E-FC-1336mzz.
30In a sixth aspestotfetEta pravidewa danposition consisiniglessent alhysef {8y E-FC-1336mzz and
(b) n-butane; wherein:he Rbiiianads pesen ateiesiveamountiodform an azeotropic or
azeotrope-like {Qixtucgelws;&h E-F%;1336mg§z. . In a seventh %s ect, there is provided a composition
consisting essen‘:ﬁfzglrﬁyp ot a(j %\% S 356mZ2 4 ?673 54%IE§W|EB$ ﬁésﬁ%‘ﬁutane); wherein the
2-methylpfopafE@Ropres dhie imdincsffdotveshsoaptasformgants, powear cycle working

fluids, polymerization media, particulate removal fuids, carrer fuids,

buffing sbrasive agents, and displacement drying agents. in the search
for replacements for these versatiie compounds, many industries have
turned to the use of hydrofluorocarbons {(HFCs).

30 The: HFCs do.not contribide to the destruction of stratospheario
azong; bid are of concern due {0 thelr contribution fo the “gresnhouse
effect”, L., they contribute {o global warming. As g result of their
contribution fo global warming, the HFCs have come under scrutiny, and



5azeotropic or azeotrope-like mixture with E-FC-1336mzz. In an eighth aspect, there is provided a
process for preparing a thermoplastic or thermoset foam comprising using an azeotropic or
azeotrope-like composition as a blowing agent, wherein said azeotropic or azeotrope-like composition
consists essentially of E-1,1,1,4,4,4- 10 hexafluoro-2-butene and a component selected from the group
consisting of me fqrma - -methylbutane ., trans-1.2:dich thylene, 1
1,1,3,3-pentaf|u()t{rily(j%')lrfﬁopian(E:‘S‘?p f@b%%gr%] g‘?\ i?o%ﬁé%ﬁﬁ%gg rﬁﬁﬁ%gap}gé ,'tﬁé%%’%%pgrgev}aead a process for
producing refrigeratishfoo mprisivg) tcormthasing aeazeunibpie de dxe ctespreuilke1 Stomposition and
thereatter evano i Sail AL eolioRl At AeaHane e CRBAPAIAN IR AN A6R-Bpdy to be

cooled, wherein said azeotropic or azeotrope-like compdsition consists’essenti
E1,1,1,4,4,4-hexéfritrt: 2yineihecand elicenporent seledtdddirbinctkeligroaplcontisiing of methyl
formate, n-pentane2-peifylpyiancoluanss) 2. dichirosiyiengeL dvbe dgpafluoropropane,
n-butane and isobltane. In'a tenth aspect, theré'is provided a process comprising using an azeotropic
or azeotrope-like composition as a solvent, wherein said azeotropic or azeotrope-like composition
consists essentially of E1,1,1,4,4,4-h%8 EQMRaRENt selected from the group
25consisting of methyl formate, n-pentane, 2-me ans-1;2=dichloroethylene,
1,1,1,3,3-pentafluoroprogasnpitatine mullidebsevr diffehriei &eesntih aepeicortitens is provided a
process for prodlé‘(:‘zi&gt éﬁfﬁi%&%g@&t comprising using an azeotropic or azeotrope-like
composition as a propellant, wherein said azeotropic or azeotrope-like 30composition consists
essentially 6% E-1,1,1,4, 414 hisxaflapes2 ibeatene arevidedraparivposéiectedrfsdstirtbe group consisting
of methy! formate.apaplne famethvlonian, 205 &R RAMERE kB ine
pentafluoropropane, n-butane and isobutane. In an twelfth aspéct, there is provided a process
comprising usingagifaydotiopie de arestiipe-ikectmaipasiEinrasidhéemtransieenicelie-iserein said
azeotropic or azegirape-lika.cerppositeg fonsists essentially Sof E-1,1,1,4,4,4-hexafluoro-2-butene
and a component selected from the group consisting of methyl formate, n-pentane, 2-methylbutane,
trans-1,2- dichloroethylén@, 96tang, 3gnathithereptopane] edburonaporitisb swasistinga thirteenth
aspect, therg is provided @ Ripcese fecextinghishing Prsuphiessing A fiecampdsingdiaingan
azeotropic or azeotrope-like 10composition as a fire extinguishing or suppression agent, wherein said
azeotropic or azédRoPRENk&campisribie @nsiet siuntialy P1E0LIONIUN AZRSXETRRITS-butene and
a component selggied fromithe groum sapsisting of methyl formate, n-pentane, 2-methylbutane,
trans-1,2- dichloroethylene, 1,1,1,3,3-pentafluoropropane, n-butane and isobutane. 15In a fourteenth
aspect, there is providel @ priiskasrephphisiy s siry sied A eabHe v oM §éinie composition as
dielectrics, Wher%%wﬁaﬂ%%*(gp@.@@%%@eﬂ%'w DOFIHAN RRNSITES REINEIG P
E1,1,1,4,4,4-hexafluoro-2-butené and a component selected from the group consisting of methyl
formate, ngéntanBeseiidhis isormitansns-2reseotiomoreEasiisaamauntisipentafuoropropane,
n-butane and is%@%p%ﬁﬁz%%é—'ﬂ%e%ﬁﬁg YNNG S336m2F]G. 1 - FIG. 1is a graphical
representation of azeotrope-like compositions consisting essentially of E-FC-1336mzz and methyl
formate 25at a temperafiti iotabhoaspech there igpsopideta SsnpgsiitieRnsisiéi@ntation of an
azeotrope and azeglapenliks: ¢aMPesitianacansisting @ysemiall oik-hicrdpgMmes and n-pentane at
a temperature of about 20.0 C. FIG. 3 - FIG. 3 is a graphical representation of an azeotrope and

30azeotrope-like sHpIBSIBAEEEN SISt RIsseRtalp = Peaaanbimzy sl rbiseaanuiia
temperatuggsof alput 2R-B/eotropebitiie thidrlfe &ith Earaphigabrepresentation of azeotrope-like

compositions consisting essentially of E-FC-1336mzz and trans-1,2- dichloroethylene at a temperature
of about 20.0 C. 5FIG. SRS RSRIFhIRRES e previdfdid FoMRASHIRThEONESEH® positions consisting

essentially of E-EGs43BAMz3rans HIFC-245feas 24pmpsyatura of 3208 GpropanE!G. 6 - FIG. 6 is

a graphical representation of an azeotrope and azeotrope-like compositions consisting essentially of

E-FC-1336mzz 4hd 1ohndtakle At & éfiaratihesiabord foto¢45ta is present in an

effective amount to form an azeotrope-like mixture with E-FC-1336mzz.

30 in a sixth aspect, there is provided a composition consisting
essentially of (a) E-FC-1336mzz and (b) n-butane; wherein the n-butane is
present in an effective amount to form an azeotropic or azeotrope-like |
mixture with E-FC-1336mzz. '



FIG. 7 - FIG. 7 is a graphical representation of an azeotrope and azeotrope-like compositions
consisting essentially of E-FC-1336mzz and isobutane at a temperature of about 20.0 C. 15DETAILED
DESCRIPTION OF THE INVENTION In many applications, the use of a pure single component or
an azeotropic or azeotrope-like mixture is desirable. For example, when a blowing agent composition
(also known as foam expansion agents or foam expansion compositions) is not a pure single
component or an azeotropicsedeniz e@spept-iikermistpreyithedcarnpoyitsiiemagatasigeoduring its

application in the_f, ' y ,[%l#é? cha \Cor (tic | affect
processing or caﬁ§§éﬁgg%ﬁge%%§%§in the appl%%%é%??@ﬁﬁ%%ﬁ%%%ﬁ §§%ﬁ% ns, a
refrigerant is oftentiestiduiiegloperititp tireng hslgaksantshaftselifs;tiveserasonnktnidesn soidered
Sjoints and byokep ines, . agdiion, eraRiasrani mayhepieassddn he atmosphere during
maintenance proceduregon refrigeration equipment. If tke refrigerant is not a pure single component
or an azeotropic or azedbtrepesifeticcrapesititie therefrigsiantcompeskitrr mmpshiatdge when leaked
or discharged to er ' ' }%mfg} in refrigerant
composition mayﬁggrfs{e t éeg {rgé’ef%g%ﬂﬁ %%égﬁ%ﬁéaﬁﬁﬁﬁl or té ig\;l};e}%%ggfﬁ rggﬁ;gg?atiqn
performance. Acaaaditiglys thieeeiyapass fopaisingQrieatreanbrdrestio seiflkezaniares af these and
other application 3 I Ar 2480 ifike mi containing,
E-l.1,1,4,4,4-heégfﬁéro-z-bﬂigéﬁ(%@%%zcHéli@s%%gé%ﬁ% (;&rgggs?ﬁg ’(?é%é%%emquiments
described B8lowheagis neet dricligifieanFC T38ERFAEM AR BGRGE ofeloe e o rigsiatiotal isomers,

E or Z. FC-L336zz, g6 SR herein el iouns Emels, FC-Hnenia2 2R RRGrgemez, as wel

as any combinations or mixtures of such isomers, As used herein, the terms ‘comprises,""'comprising,’

"includes,” 1:Aak 3 Ravingabarmpotnanariatlianeraot! deliHtanged to cover a non-exclusive
inclusion. For example,, Qfﬂ&ﬂﬁsag%ﬁ}oﬂq%i%ep%@&&@@%&H&%&C@Wﬁ&ﬁiﬁ@ﬂ of elements is not
necessarily limited to only those elemenfs hut may include other elements not expressly listed or
inherent to such @%W@zﬂmmpﬁﬁlﬁ@%ﬂdﬁﬁélﬁm@ m@@ﬁlﬁﬁéﬁp‘ﬁwlé‘@_tﬁd tothe
contrary, ‘ofgefer,in A iRchSNG MRO0MAtAQ LRSS oL SR Bl A 6RBALIGRA Or B is
satisfied by any one of the following: A is true (or present) and B is false (or not present), A is false 30
(or not present) &AENBAS R toiippeseify aid R trAvaiedS srolRtk WrPRIBERK Also, use of "a" or
an” are employed fg descring elomenisanNd.LomAPRERIS FesAERed fereindiyssilone merely for

convenience and to\glve a general sense of the scope of the invention, This escrlﬁtlon \We
2991154612 PC TS 2068t tEe6HVIREN e ARG ﬁw@ﬂjaé%?%"éﬁﬁﬁ@“@éi BAed 16 fHe'dingular also
includes the plurgbygigsiadds oRQIdNRLILS MeankAbevsny oliaiRssaifemse defined, all
technical and scientific tefms used herein have the same meaning as commonly understood by one of
ordinary skiff in tREcBieteaiiniigngid invbRudrP BEIaHES 2RINGFGE nicEaseAAnfaeHERS Similar or
equivalent to those desgribad heraitpean hsisad NdbRIpmpSTSe aEdeting siampasingeats of the

present invention, suitable methods and materials are described below. All publications, patent
applications, patéaeSEpRiGicisenrepeddmenirUlitran aoiMedtpBesaiByaderence in their

entirety, unless g pasiciial PRasABE speiift KbrasssRiGoBBbiRe AyesRibMpaeification, including

definitions, will control. In addition; the materials, methods, and examples are illustrative only and not

intended to be lirhifing4 4. EheaefesmzPIdenamsimh 2 6RIPEINE ASE RS IS FRRHGS HEHBd has been
disclosed, fer exam@%ﬁ%w%a%%a@%r@é%w@, CherippibeesiRtyehemisal

Communications (1982), (12), 696-8, hereby incorporated by reference in its entirety. This

application includ& 1k RN6r dzbdtropenfid 0P EPRpGsi NP ELRe FOSER R8N some
embodiments of this inygnfiamkJBgtaOMEBaskioNG s pRbalel Er btod 330z pailiémgnathyl formate;

wherein th methyl. formatepresent in an effective amount to form an azeotrop mixture with

E-FC-1336mzz. 28" AP SbRiRERbERMRIRE BrYRIEHHR TG HERIGRP SLRBIN USRS essentially of (a)

E-FC-1336mzz apé{hdiperians ordiseinthe/Rapeniaaed s uesepldbraRifrave paount to form an
azeotropic_or azeotrope-like mixture with E-FC-13361-nzz. In some embodiments of this invention the

n pio essentlally FDEEEM2RR%HSS sRaeBy Ry pdrantie! b EpBRENY K DresR T AN tective

amount to form an-azeediesit & REeSH oRerikeAREUE IR EHRG JI338MmEt fornatsome embodiments
of this invention, the composition consists essent%!,lggof (a% E-FC-1336mzz and. (b)

trans-1,2-dichlor3ei§ et MR WBUEAREI3RE BBERA Rhérbiftraris-12-dichloroethylene
is present in an effective amount to form an azeotrope-like mixture with E-FC-1336mzz, In some
embodiments of this invention, the composi essentiallg of (a) E-FC-1336m and (b) HFC-245ta: wherein
the HFC-



5 2451ais present in an effective amount to form an azeotrope-like mixture with E-FC-1336rnzz In
some embodiments of hinvention, he composition essentially of (a) E-FC-1336rnzz and (b) n-butane:
wherein the n-butane is  present in an effective amount to form an azeotropic or azeotrope-like 10
mixture with E-FC-1336maz, In some embodiments of thismtio he composition consists essentially of
(a) E-FC-1336nizz an (b) 2-methyl-propane (isoloutane); wherein the 2-tnethylpropane is present in an
effective amount ropIC.C trope-li ixture with E-FC-1336mzz. By effective
amount is meant%%ﬁz%[ﬁgéﬂ?,%\?ﬁﬁéﬁgw(hZgnt?&%%r%b?%l%%[%v%lﬁ%g%- -1336mzz, results in the formation of an
azeotropic or azeotropetikaniivellits aFbixtidfinitiols ipuuiiEsitapameantsawhipdsmgampanent, which
amounts may var, dgg ing.on.t I %i (é S}}b c iti k%n as,the azeotropic or
azeotrope,-like 2 gomt%%?‘%?%‘%on %%&ggt%ge%s%p (g ﬁ% (% e??ér%%e%é%?ggf%u i{/wtﬁcf)ig%ible different
boiling points_ Thiétefere, effe ctiantinoantriaciedissthdaenonmso stich asnsigtbe wqrasied in weight
or mole peragntageg. pfe3ch.LamagnaNLef 116 semaostions,of he-osiant inention whigh form
azeotropic or azeotrope-like compositions at temperatures or pressures Z5 other than as described
herein.  As regoguizedisitioguef amctrgdoopieieompesitoreislameitylbofawe, dransré, different
components Wh'ﬂLcHYB%Etﬂ}'A%HQ formy E@%%&w%‘f%ﬂfﬁ@éﬁ]e‘,’vﬁ!« YLALasHnstanially constant
temperature, which temperature may be higher or lowerthan the boiling temperatures of the
30individual componeHisa dndeaiithasgilignoitya isgpor et positime esdentatiydtesiticg w the overall

liquid iti ' ili eg. E : tual Desi
of Disilation Syetobis ICET i I TG Vo 2080 196 ok o1 2e) ACkesalkGl. tne essenti

features of Hh azeotrgpieitompositiva ardingatishiagver prressontag builing point eaidhe liquid

composition is fi - iti \Vi:Talel il sition is WO
21108/154612PCT &@gﬁg}g&&%%%%ssg%gﬁyﬁ?ﬁgt of th(g'1 %%%%gﬁl %%@%&%g}%mposition (i.e., no
fractionation of the tdmpbrehexafidaediguid s puihiaseakessiatepladtcd S togrgredoin the art
that both the boilj if: ' _}?@% ch _gzgotropic
composition may%@%ﬁ%%%ﬁ%? ggjosﬁ%d?ﬁsﬂé%% e%?e to’%%% ir?ga}ézltf different
pressures. Thus, EstdIRNCo rhposithopr el defiieg antermmeLdatire antidaeetatienship that
exists among the compo, ' 3 Itk qgﬁﬁdglrg rin terms of
exact Weigfli:'tg percentaﬁ%%@%%@%%%%%{h%ﬁé@ m%g%%oér?;%%i%enzen@y_ ]?O%S( d boiling
point at a specifié® greelinRiFor gwepligiasdlst e pratiaoroadialasstioperieren sridns a
composition that%ygﬁg(ljlgﬁ %Q@cﬁ?&ﬁ@ﬂi&%&ﬁ?&égﬁg&ﬁmﬁgﬁs&o@&%}kgﬂw’Eﬁ gharacteristics or a

tendency not to fractionate upon boiling or evaporation), Hence. during boiling or evaporation, the

vapor 15and liquid drfpbditimeiitgieychatrecat il hRafpOoaN geEaiRimaihegigibie extent,
This is to be conprgsied; Sfbﬁ%@%ﬁ?éf&ﬁ&réKﬁ-&%@?@?@%&%ﬁ’ymﬁ%‘é{i%HQHE@Of evaporation,
C

the vapor and liquid compositions change to a substantial degree. Additionally, azeotrope-like
compositiof@ exisiti@eaetviians Johdabhimsaladir isnassyhbEEaRAIRNG isreadiaeedifferential.
That say that the difference in the dew point pressure and bubble point pressure at a given
temperature wvili be .a small value. In this invention, compositions with a difference in dew point

pressure and bubble point pre&&ute o fiedd AR Y (&G JdIE BEréMiSa8ed upon the bubble point
pressure) is consideredrae azeeiropgs kg raphilds rEGARIRedihBiISfeldiiBaEwRen the relative

volatility of system approaches 1,0, the system is defined as forming an azeotropic or azeotrope-like
composition. Re R O8IEANRE t6 %S sbasePrtipaafty deolipbitsm rodrasibMtiri steomponent 2

The ratio of the plefiagtionefra sPEIRAREN iy «apor to that in liquid is the volatility of the component.
To determine the relative volatility of any two compounds, a method known as the PTx method can be

used. In this procedure e Bl HBsdIifte ediirdfePEtsTRHeNR ILATe HvrRasn@d at a
constant WO 2%%ééﬁ’é‘@é%%%ﬂd?%%ﬁ@%@m@%éwﬁ@fw& IBUSEOMBERYoNSHO

compounds. Use of the PTx Method is described in detail in "Phase Equilibrium in Process Design",

Wiley-InterscienfeRSiNASREA! 2dodRG KDY e R-Ruf-on pages 124 to 126; hereby

incorporated by referenges53hasemeastrgrapRisaehe someibpidnie epalidsm yagor and liquid
compositions in the PTx cell by using an activity coefficient equation model, such as the Non-Random,

Two-Liquid INR IBFRe{i386R 6 FoprassfiarfkP PRl s Sseralin by ob Sefdr =l BN Bfficient
equation, such asdpeNETd-au aiapdssessirediudemid icThe Properties of 10Gases and Liquids,’
4th edition, published by McGraw Hill, written by Reid, Prausnitz and Poling, on pages 241 to 387, and
in "Phase Equilibria in Chemical Engineering," published by Butterworth Publishers, 1985, written by
Stanley M. Wales, pages 165 to 244. Both aforemen%igned references are hereby incorporated by
reference. Without wishing to be bound by any theory or explanation, it is believed that the NRTL
equation, together with the PTx cell data, can sufficiently predict the relative volatilities of the
E-1,1,1,4,4,4-hexafluoro-2-butene-containing compositions of the present invention and can therefore
predict the behavior of these mixtures in multi-stage separation equipment such as 20distillation

columns. It was found through experiments that E-FC-1336mz and nne form azeotropic or
a7vantroneZlike compnoncitinne Tno Adetearmine the ralativie vvalatilitny of thie hinaryvy nair the PTvy method



25 cell of known volume was measured at constant temperature for various binary compositions These
measurements were then reduced to equilibrium vapor and liquid compositions in the cell using the
NRTL equation. The vapor pressure measured versus the compositions in the PTx 30cell for
E-FC-1336mzz/n-pentane mixture is shown in FIG, 2, which ically illustrates the formation of an
azeotropic and azeotrope-like mposition consisting essentially of E-EC-1336mzz and n-pentane as
indicated by a mixture of Hbodit- 84 ®. Motes-raph itdl dehessdioriied-oR@eotrope-like
2008054612'PCPUS20118/066621 butane and 15 (Eg %, tane having the h%ghest pressure
over the range of SOIRSSLk s AT 18 L SRel oo e R 2 AL LR eculated tha
E-FC-1336mzz atiditicpentayieformt areotmopiaitomnpbsitioms2@ibginy from about 82.2 mole percent to
about 95.3 mole percent EsFC- Z r:%fr 17.8 mole percent to abolt 4.7 mole percent
n-pentane (r\?/hich form éﬁzﬁe;dtrgo;fﬁ:%ﬁéhzéso% rraé %?g%a%géi@as 3@?@&%%%?#&?%&%& -20 C to about
- 80 C. and at a pressyrestfidrontabestind gsiaii8dikRa) feldbaui3iB8zpsian (0Bt KPH) LS aine
embodiments of tropic co itj redisted in Table 1 10 Azeotropic Temperature ) - 20.0
Table 1 Azeotr p%zif rég%gﬁigoﬁ%lgégﬁ aah% ?%’ole %) Azeotropic Pressure (psia) 4,55 E-FC-133 nizz
(mole %) 82.2 -10.0 7(36. &/-516:04 k4 884ph:0l HpeF 0887 ¢b azeotrope and

azeotrope-like compositions consisting essentially of E-FC-1336mzz and
10 n-butane at a temperature of about 20.0 °C.
FiG. 7 - FIG. 7 is a graphical representation of an azeoirope and
azeoltrope-like compositions consisting essentially of E-FC-1336mzz and

isobutane at a temperature of about 20.0 °C.

15 DETAILED DESCRIPTION OF THE INVENTION

In many applications, the use of a pure single component or an

- azeotropic or azeotrope-like mixture is desirable. For example, when a
blowing agent composition (also known as foam expansion agents or foam
-~ expansion compositions) is not a pure single component or an azeotropic

20  or azeotrope-like mixture, the composition may change during its

3b



20.0 24.6 84.6 15.4 30.034 6 85.7 14.3 40.047.587.013.0 063.8 11.4 60.0 9.570.0 108.6 92.7
7,380 0138.6 4.7 Additionafly, azeotrope-like compositions containing E-FC-1336m77 and
n-pentane may also be formed. Such azeotrope-like compositions exist 15 around azeotropic

composﬂmns;@qmg;gm@gdments of azeotrope-like compositions are listeg-if;kahewcAdditional
embodiments of azeotropelikeare listed in Table 3. Table 2 Azeotrope-like comp ti  Table 3ikeons

applicafion in the foam forming process. Buch change in composition
could detrimentally affect processing or cause poor performance in the
application. Alse, in refrigeration applicaiions, & refrigerant is ofien lost
duting operation through leaks in-ghafl seals, hose connsclions, soldered
& joinds and breken Enes. In addition, the refrigavant may be released o the
atmaosphers during mairdenance procedures on refrigeration sguipment. B
the reffigerant is not & pure single component OF an azeolrapic or
azeotraps-ike composition, the refrigerant composition may change when
leaked or dischargsd 10 the atimosphiere from the refrigeration stuipment.
10 The change in refrigerant composition may cause the refiigerant to
become fammable or 1 have poor refrigeration performance.. Accordingly,
thare is a need for using azeclropic or azaolrope-ike mixtures in these
and other applications, for example azectropic or arsotrope-tike mixtures
cortaimng £-1.1.1.4 4 A-hexaflvore-2-buiene (E-OF OM=CHOFs, B-FC-
15 1330mzz).
Before addressing detalis of embodiments describad below, some
erms are defined or darified,
FC-1388mzz may exist as one of two configurational lsomers, £ or
£ FG-1336mez as used herein refers {o the isomers, Z-FC-1338mzz o
20 BE-FC-133%8mrz, as well 38 any combinations or mixtures of such isomers.
As usad herein, the teoms "comprises,” “compriging,” "indudes,”
“nchuding,” "has,” "having” or any other variaton thereof, are intendsd o
cover a non-exclusive inclusion. Forexample, a process, method, article,
oF apparatus that comprises a list of elements is not necessarnily limited
25 only those alements but may includs other alements not expressly listed o
inherentto such process, method, article, or apparatus. Further, unless
expressiy stated o the condrary, “or" refers o an inclusive orand notto an
axciusive of. Foraxample, acondifion A or B is salisfed by any ong of ihe
following: A istrue (or prasent) and B is {aise {or not present), A s false
30 {or nol present; and 8 s true {or present), and both A and B ars frue {or
oresent).
Also_ use of *g” or "an” are emploved o describe slements and
components described hersin, This s done meraly for cotverdence and o
Qive a general sense of the scope of the invention. This description

4
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should be read o include one or af least one and e singular also
includas the plural uniess it is obvious that it is meant otherwise.
Lintess otherwise definad, all technical and scentific terms used

hareln Bave the same meaning as commionly onderstood by ong of

ir

ordinary skill in the art to which this invention belongs. Although methods

and materials similar or equivalent to those dascrbed hersin can be used

inn the practics orfesting of embodiments of the present invention, suitable
methods and materiale are desoribad below. Al publivations, patent
applications, patents, and other refdrences mantinned hersin sre

10 incorporatad by reference i thelr entirely, unless a parficular passage is
citad, in case of conflict, the prasent specification, ingluding definitions,
will control. in addifion, the materials, methods, and examples are
flustrative only and not intended to be limiting.

E-FC-1336mzz is & known compound, and its preparation method

1% has been disciosed, Ior example, in Dawooch, &t &, Journal of the
Chemical Soniety, Chemical Communications (1882), (12), 896-8,
hereby incomporated by reference in its antirety.

This application includes azeotropic or azectrape-ike compositions
comprising E-FC-1336mzz.

20 in some embodiments of this invention, the composition consisty
essentially of {8) E-FC-1338mzz and {b) methyv fermate, whargin the
mathyl formate is pregent in an effective amount to form an azeotrope-tike
mixture with E-FO-1338mzz.

fr some embodiments of this tinvention, the campasttion consisis

25 sssentially of (a) E-FC-1336mizz and (b) n-pentane; whersin the n-pentane
g presant in an effective amount 1o-form an azeolropic of azsoirope-ike
mixiure with E-FC-1338mzz.

in some embodiments of this invention, the composition consists
essentially of (a) B-FC-1338mzz and (b} isopentane; whersin the

30 iscpentane is present in an effective ampunt to -form an axsolropic or

gradtrope-dike mikure with E-FC-1338mzz.

in some smbodiments of this invention, the camposition consisty
essentialiy of {8} E-FC-1336mee and (b) trans-1, 2-diehiorosthyviene:
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wharein the ans-1 2-dichicrcethylens is present in an effective amount fo
formy an azeotrops-iks midure with E-FC-1336mzz.

in some embodiments of this invention, the composition consists
assentally of (8 E-FC-1336mzz and (b) HFC-245a; whereln the HFC-
245fg i3 present in an effective amount 1o form an azeolrope-fike mixiure
with E-FC-1336mzz.

in some embodiments of this invention, the composition consists
essantisy of {g) E-FC-1338mzr and (b nbuiang; wherein the n-butane is
prasent i an effective amaunt 1o form an azeoliopic of azecirope-liks
mixture with E-FC-13386mzz.

i some embodiments of this invention the cornposition consisia
sssentially of {a) E-FG-1338mze and (b) 2-methyl-propane (isobutansg);
wherel the Z-methylpropans is present in an effective amount to form an
azsotropic of azentrope-tke mikkre with B-FC-13386nmes.

By effective amount s maart ann amount, which, whan combined
with E~-FU-1338mzz, resulls in the formation of an azsclropic or
sreotrope-ike mixdure, This definition includes the smounis of sach
corsponent, which amounts may vary depending on the prassurs applied
to the composition so long as the azeotropic or azecirope-ike
compositions contimue 1o exist & the different pressures, bot with possible
different bolling points. Theveforg, sifective amount includes the amounts,
suUch as may be expressed i welght or mole percentages, of each
compansnt of the compositions of the instant invention whish form
azgotropic or gzentrope-dike compositions of temperatures of pressures
other than as describedt herein,

As recognized in the art, an AZeotropic Composition s an admixiure
of two of rigre different components which, when in louid form under s
given pressure, wilt boil at a substantially constant temperature, which

Hemperatule may be higher or lowar than the boiling temperatures of the

individual components, amnd which will provide a vapor composition
essentiaglly identical o the overall liguid composifion undsrgoing boiling.
{see . og., M. F. Doherly and M.F. Malone, Conceptual Design of
Distilaton Systems, MceGraw-Hill {New York), 2001, ‘%85»‘186, 351358
Accordingty, the essential features of an azeotropic compoesition ar
that at & given pressure, the boiling paint of the liquid composition is fixed
and that the compostiion of the vapor above the Doiling composition is

8
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essantially that of the overall boiling liguid composition {Le., no
fractionation of the components of the liquid composition takes placa). Rtis

alst recogrized in the art that bolly the boiling point and the weight

percentages of each companert of the azeoliopic composition may

i

shange when the szeotropic cormposition is sublectad (0 bolling at different
pressures. Thus, an azeotropic composition may be defined in terms of
the unique reiationship that exists among the companents or in terms of
the compositional ranges of the componants or in terms of exact weight
percertages of each comgonent of the composition characterized by &

10 fixed boiling point et & specified pressure.

Fear the purpose of this invention, an azeohupe-diks sompaosition
maans & composition that behaves ke an azsotropic composition {ie,,
has constant bolling characteristics or a tendency not 1o fractionate upon
boiting or evaporgtion). Hence, durng boiling or evaperation, the vapor

15 and liguid compositions, if they change at afl, change only to & minimal or
neghgible extent. This is 1o be contrasted with non-azeotrope-tike
compasitions in which during bailing or evaporation, the vapor and liquid
compasiions change {0 & substantial degrea.

Additionally, azeotrope-like compositions exhibit dew point pressure

20 and bubble point pressure with virtually no pressure diferential. Thatis to
say that the difference In the dew point pressure and bubble point
preasure al & given tempearatura will be s small value, In Hhis invention,
compositions with a difference it dew point pressure and bubble poirt
pressure of less than or egual 0 5 percent (based upon the bubble point

22 pressure) s considerad to be azeotrope-ike,

itis recognized in this field that when the relative volatility of &
system approaches 1.0, the system is defined as forming an azeotrapic oy
azectrope-like composttion. Relative volatility is the ratio of the volatility of
component 1 to the volatifity of companent 2. The ratie of the mole fraction

30 of a component in vapor to that in figuid is the volatiiity of the companent.

To determing the relative volatitity of any two compounds. 8 methad
knawn gs the PTx method can be used. In this procedurs, the total
absdlute pressure in 2 cell of knowrn volume s measured gt & constan



80  110-90 and 84- 95/5-16
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temperaturs for varous compositions of the-two compounds. Usa of the
PTx Method is described in detail in "Phase Equilibrium in Process
Design”, Wilsy-irdersciance Publisher, 1970, written by Harold R, Null, en
pages 124 o 128, hereby incorporated by reference.

5 These messurements can be converted into equiibrium vapor and
liguid compaositions in the PTx cell by using an activity coefficient equation
merkel, such s the Non-Random, Two-Liguid INRTLY egustion, to
represant fouid phase nonidealiies, Use of an gctivity coeficient equation,
such as the NRTL equaltion is desoribed in detall in "The Properties of

180 Gases and Liguidds,” 4th edition, published by McGraw Hill, written by
Raid, Prausnilz and Poling, on pages 241 to 387, and in "Phase Sogullibria
i Chemicsl Eriglneeing,” publishad by Bulterworth Publishers, 1985,
written by Stantey M. Walas, pages 165 10 244, Both aforementioned
refersncas gre hereby incarporated by reference. Without wishing o be
15 boursd by any thedry or explanation, # is believed that the NRTL equation,
together with the PTx call data, van sufficiently predict the relative
volatiities of the £-1,1,1,4 4 d-hexafluore-2-butene-containing
cormposdions of the present invention and can therefore predict the
behavior ofthese mixiures In multi-stage separation squipment such as
20 distilation columns,
i was found through experiments that E-FC-1338mzz and n-
pantane fomm azaciropic or azeotrops-ike compasitions.
To determine the relative vaolatility of this binary pair, the PTx
methoed described above was used. The iolel absolute pressure ina FTx
25 cell of known volume was measured at constant amperature for various
binary compositions. These medsurarmants were then redused to
equiibrium vapdr and lguid compositions in the cell using the NRTL
aruation,
The vapor préssurg measured versus ihe compositions in the PTx
30 cellfor B-FCY1336mea/n-pentane mixiure is shows in FIG. 2, which
graphically fiustrates the formation of an azeotropic and azestrope-like
commpasition congisting essenfially of E-FC-1336mez and n-peniane as
indicated by a mixtura of about 84.8 mole % £-1.1.1.4 4 4-hexafluoro-2-



E-FC-1336m771n-Pentane 120
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butens and 15.4 mole % n-pentane having the highest pressure over the
range of compositions at this temperature, Based upon these findings, /
hag besn calculated that E-FC-1338mzz and nepentana form azeotropic

compostlions ranging from about 82.2 mole percent 1o abolil 85.3 mole

s

percent E-FC-1336mzz and from about 17 8 mole percantto about 4.7
male parcant n-partane fwhich form azecliopic compositions boiling at a
temperature of from abowd -20 °0C to abowt 80 °C and &t a pressure of from
about 4.5 psig 31 kPa) fo about 138 psia (851 kPa)). Some embodiments
of azeotropic compositions are Hsted in Table 1.

10

Table 1 Arecironic composifions

""""""""" Azsotropic . Azeowome | E-FC-1336mez n-Fantane
Termperature | Pressurg (peia) | {rmole %) - (mole %)

4.58

S

Additionalty, azeolrape-itke compositions containing BE-FG-1338mzz and n-
pentane may aiso be formad. Such azeolrope-hike compositions exist

15 around azeotropic compositions. Some embadimernts of azeotrope-iike
compositions are Hsted in Table 2. Addiional embodiments of azeolrope-

fike compositions ars fisted in Table 3.

Table 7 Azeotrope-ike composifions




It was found through experiments that E-FC-1336mzz and methyl 5formate form azeotrope-like
compositions. To determine the relative volatility of this binary pair. the PTx method described above
was used. The total absolute pressure in a PTx cell of known volume was measured at constant
temperature {@@%@gm(bmary compositions. These measurements were theg feswgadsa equilibrium
vapor and liquid compositions in the cell using the NRTL equation. The vapor pressure measured
versus the compositions in the PTx cell for E-FC-1336rrizzirnethyl formate mixture is h WO
2008/154612PCT/USRIEBAB66R 1 illustrates graphicailyformétigmicfazentsppe-like compositions
consisthg essentiaily of E-1,4,4,4-hexafluoro-2-butene and methylfqrmate at 20, 0'0, as indicated by
mixtures of about 83 mole % to about bole % E-1.1,1,4,4, 4 hexafluoro 2 butene and about 17 to about

Additional ernbothments of azeotrope I|ke composmons are Ilsted in Table 5 10Tab|e 4 Azeotroik
COMPONENTS TE(ES WM htarRangenE-FC-1336rf2ziMethy féfvRiteE 4D 96-99/1-4
E-FC-1336mzz/Methyl formate.0.95-99/1-5.E-FC-1.36mzz/Methyl formate 40.92:99/1-8

E-FC- 1336mzz/MeE%H:y OFtEB0 BPFAE-FC- 1336?ﬁzz/|\/|ethyl¥ﬁ>r°?ﬁ5‘tef‘izo73 100/1 27

E‘:F(}‘i 2Emzz/n-Pentane 40 85-99/1-15
=E—vFCw'tS-EEm?zmm?entana TR0 TB488118

E?:F{;f 1338 neyin-Paniane ;ﬁ 120 83-88/1-17

Table 3 Azeotrope-like compositiong

Weight Percentage

 COMPONENTS TEo) Range
E-FC-1336meza/n-Pantane ~40 856-85/5-12
E-FG-1338meza/n-Fentane 0 BG-95/5.14
%EﬁCm‘tS‘Bﬁmzzm«fPerstane 20 86-95/5-74
§E~§I{§l E T Ty 55 ”\g595;545
EFC 1336mzzin-Pantane 8{} 10-96/10-90 and 84~

| 95/5-16
CERE TS ER s Peniane a0 T R SR

i was found through estperiments hat B-FC-13388mezz and methyl
5 tormale form azectrope-tke compositions. To detanmine the relative
volatiity of this binary pair, the PTx method described ghove was used.
The total abeolide pressure in a PTx call of known volume was measured
at constant temperature for varous binary compositions. These
measwramants ware then reduced to squilibriium vapor and liquid
10 compositions in the cell using the NRTL squation.

The vapor pressure measured versus the compositions in the FTx

call for E-FC-1338mzeimethyl formate midiure 18 shown in FIG. 1, which

10



Table 5. Azeotre-like Compositions COMPONENTS T CC) Weight % Range E-FC-1336mzziMethy
-40 1-2 E-FC-1336mz2/Methyl formate 0 E-FC-1336mzziMethyl formate 40 E-FC-1336mzz/Methyl
formate 80 92 -9 E-FC-1336mzz/Methyl formate 120 87-99/1-13 It was found through expedments
that E-FC-133%isarariane form azeotropic or azeotlike composition 20the-¢glativgeyplatbly of this
binary pair, the’PTx method described above was used. The total absolute pressure in a PTx cell of
known volume was measured at constant temperature for various binary compositions. These
measurementsiiveiastbe oreptitedd toxdquilibmomivaparand liguideampasitions in the cell using the

NRTL equatlonc&m%g@egéfﬁ@wﬁ neasyied eSS e campaslionad fhe P cel for
E-FC-1336inzz/ isopentane mixture. is shown in'F which WO 24108054612;

PCTAIS2008/06662 £ifitictate's Grapiicaifrhe %f‘ﬁ%ﬁ%ﬁﬁf@%ﬁ{ﬁé%p@ 4hdo p ike compositions
of E-1, ,4,44-hedétaflubrac2=butengl dndiisepRrianh asindiontacdyia mixtuee of about 7T2 mole %
E-1,1,1.4.4:4- hﬁ@ﬂ@fm(’@eﬁ?qu@nd 22,8 mole % isopentane having the highest 5 pressure over
the range of compositions at this temperature Based upon these findings. it has been calculated
that E-FC1336rnzz andiedpEREHE foi A2 aiapie-tonosmisHe raRImiEo about 75.1 mole
percent to abouts®%:4 melgdperceninREM336mzz-antkiemiabauid4:Qdnelepercent to about 4.6
mole percent |§%§§&Q%g\%@ch otropic compositions boiling at a temperature of from about -40 rt
to about pressure of from about 1,6 psia (11 kPa) to about 218 psia (1503 kPa)). Some embodiments
of azeotropic compositions are listed in Table 6, Table 6 Azeotrooic compositions  Azeotropic

Temperatuse Tabie 4 Areotrone-ike Compositions
. COMPONENTS LT (°C) | Weight W Range
E-FC-1338meaiMethyl formate | -40 96-89/1-4
E-FC-1306mez/Methyl formate . 0 856915
CE-FC-1338memiMethyl formate 0 400 Q2-0971-8 '
E-FC-1336mzziMethyiformate B0 T B6-99/1-14
EFC-1306mzaiMetnvt formate | 120 73-100/1-27

Table 5, Azsobrope-ike Compositions

15
: Weight % Rangs
COMPONENTS LIeCy |
 E-FC-1336mzziMethvi formate 40 GB.991.2
| E-FC-1336mzziMethyt formate . O 47-89/1-3
E-FC-133Gmez/Methyiformate 40 ghagi(.s
E-FC-133@mzziMethyl formate | 80 92 -994-8
E-FC-1338mez/Methyl formate | 120 T UET-E8MTE

i was found through experments hat E-FC1388Bmez and

isopentane form azeotropic or azgotropa-like compositions. To determine

20 the relative volatility of this binary pair, the PTx method desaribad above
was used. The icial absolule pressure in g PTx cefl of known volums was
measured at constant termperature for various binary compositions. These
measurameants ware then raduced to equilibdum vapor and liquid
compositions i1 the cell using the NRTL equation.

25 The vapor presswre measUred versus the compositions in the PTx
cell for E-FO-1328mez/ isopantane mixture isshown in FIG. 3, which

11



(C) Azeotropic Pressure (psia) E-FC-1336rnzz (mole %) mole 910) - 20M 4.8 750 25,0 - 10.0 7_7 75.3
24.7 0.0 12.0 75.7 24.3 10.0 17.8 76.4 23.6 20.0 25.6 77.2 22.8 30,0 35,9 78.3 21,7 40.0 49.0 79,5
20.550.0 65.4 18.960.085.6 17.0
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iustrates graphically the formetion of an azeotrops and azeotrope-fke
compositions of B-1,1,1,4,4,4-hexafluoro-2-butene and isopentans at 20.0
*C, as indiogted by a mixture of abo 77.2 mole % B-1,1,1.4.4 4~
hexallugro-Z-butene and 22.8 mole 9 Isopeniarie having the highest

3 pressure over the range of compositions at this temperature.

Based upon these findings, it has been caloudated that E-FC-
1330mze and sopentanes form azentropic compositions ranging fram
about 751 mole parcent {6 about 85 4 mole percent BE-FC-1338mzz and
fromy about 24 .8 mole percent fo ahout 4.6 mole percent isopentane {which

10 fonm seectopic compaositions boiling at a temperature of from about <60 °C
o about 100 °C and at a pressure of fram about 1.6 psia {11 kPa) to abowt
218 psia (1503 kPa)). Some embodiments of azeolropic compositions are
listed in Table 8.
Table B Azeotropic compasiiions

Azeotropic Azeotropic | E-FC-1336mezz | lsopentane
Termperature | Pressure (psia) | {mole %} L (mwle %)
(S

“\“.._“.:.‘E.‘g}“{} 48 ““‘:;x;‘f:"}té““\‘“‘“““““g\“‘““““ig%;:‘ghnhhhé
ST Y- R B O AR N % N R 7% A
5% TR 757 TEaE
506 TTTTaEE T 773 TTTEEE T

""" G0 B - R LS £ S N T R A
AT T E TR E

R
X R B T-¥- S B X N R ¥
"""""""""" 0.0 R £1i % 85E T AsT
800 TR 8D TTAED
R B /Y- M B T S A ¥ A
100.0 2178 954 muéﬁ

Additionally, azectrope-fike compositions containing E-FC-1338mex
and isopantane may alse be formed. Sush azeotrope-like compositions
exist sround azeotropic composifions. Some embodiments of azeotrope-

12



70,0 110.3 85:2 14,8 80,0 140.0 88.0 12.0 175.6 100.0217.9 95,4 4.6 Additionafly,
azeotrope-likepositions containing E-FC-1336nizz andmay also be formed Such azeotrope-like
compositions exist around azeotropic compositions. Some embodiments of azeotrope- WO
2008(15461&;&;3]’6@)&29@8/066621 like compositions ared in Table 7. Addiianad sazhregiment
azeotropecompositions ared in Table 8. Table 7. Azeotrope-like Table 8. Azeotrope-like Campos
COMPONENTS T CC) Weight % Range E-FG-1336m7z4sope -40 81-95/5-19
E-F0-1336razzlisepering80-85/6: 16:E FCraB38madlisopeh«6:80+986/6s26 -FC-1336mnlisopentane 80

79-95/5-21 E'F%Q&%@%@%‘Qﬂ%ﬂ&%%@e listed in Table &

Tana 7 R?ﬁ(}*{mgze [ea C{}mmsat s

COMPONENTS Tee). Weight % Range

E-FC-1338mzziisopentane | 40 B1-94/6-15
- E-FC-183Gmez/isopentane. | @ B0-88/1-20
 E-FC-1338mezlisopentans | 40 BG-98M-20
E-FC-133Gmerfisopantane B8O 79-8811-21
E-FC-1338mesfisopentans | 100 TI-89/1.23

£

Table & Areoirape-ike Composiions

: L Waight % Range
COMPONENTS Ty
E-FC-1336mzzisopentane | -40 | 51-95/5-16
E-FC-1330mezziisopentane L 80-95/5-20
E-FC-1338mzzisopentane ¢ 40 ¢ B0-95/5-20
E-FC-1338mzzisopantang e 78-95/5.21
E-FC-1338nuzisopentane | 100 . 7RAO55.08

itwas found through experimanis that E-FC-1338mez and trans-
1. 2-dichiomsthylens form areciropedike compositions. To determine the
10 refalive volatility of this binary pair, the PTx method described above was
usad. The total absolute pressura in a PTx cell of known volume was
measured al constant temperature for various binary compositions. These
measuramants ware then reduced to equibbriver vapor and Hoguid
compositions in the cell using he NRTL eguation.
15 The vapor pressure measwied versus the compositions in the PTx
cedl for B-FC-1338mzz/ trans-1,2-dichtorosthylene mixture is shown in
Fi(s. 4, which ifustrates graphically the forrmation of azeottope-ike
sompositions of E-1,1, 1,4 4 4-hexafluoro-B-butens and trans-1,2-
dichlorosthylene at 20,0 °C, as indinated by mixtures comprised of about
20 B4 mole % o about 98 mole % B-13368mzz and from about 18 to about 1
male % rans-1, 2-dichiorcethyiane,
| Some embodiments of azeotrope-ike composifions are listed in
Table 9. Additional embodimernds of areotrope-like compositions are listed
in Table 10,

13



77-95/5-23 nd through experiments that E-FC-1336mzz and trans1.2-dchloroethylene form
azeotrope-like compositions. To determine the 10relative volatility of this binary pair, the PTx method
described above was used. The total absolute pressure in a PTx cell of known volume was measured
at constant t@mp@n@tym{@r various binary compositions. These measurements yyatgdhe reduced to
equilibrium vapor and liquid compositions in the cell using the NRTL equation. The vapor pressure
measured versus the compositions in the PTx cell for E-FC-1336mzzi trans-1,2-dichloroethylene
mixture is shown in FIG. 4, which illustrates graphically the brmation of azeotmpe-like positions of
E-1,1,1,414,4-hexafluoro-2-butgngand tiapssh4s.ieblerpsthylene.at 20.0 30, as indicated by mixtures
comprised of about 20 84 mole to about 99 mole To E-1336rnzz and from about 16 to about 1 mole %
trans-12-dichlorgethylene..Some embodiments.of azeotrope:-like compositionslisted in Table 9.
Additional embodiments of azeo ope-like compositions are listed in Table 10, Table 9. Azeotroo like
Compositions C@I@%ﬁ‘ﬁﬁw‘éﬁ (C) Weight % Range E- Fé i@ész?‘i‘?i@ﬁsﬂ 24 dlchloroethylene -40
92-99/1-8 E-FC-1336mazarans-1.2 d«%@%y emgﬂe%g 90-0024.-40 - LENIE
% Qugity)

E-FC-1336nazza ??fiia % To-E F§-133’Q2. %?f?f? 1S 1.2-d|chloroethylene
89-99/1-11 E-FCx} ww%r@%@w@ﬁh&% e, 20 88,99;1 13

é
ChoToetnyant 99 Fahig 10 Azeotrooe-like

Compositions CC)@AP@Q&%M&,}W@ %?5@55@ ggg?%rggzﬂ‘ra@ggw xoethy ene -40 94-99/1-6
E-FC-13' emzzargn;sgi‘ eI OFpRINIENR; 93 AU R C- “laggmzzggrg@%mg -dichloroethylene 40

saiﬁe 10, Meaircﬁe»vhke CO?‘T"&B@M‘EIOITS

Wesghi % Range, |

 COMPONENTS TOC

P EFC-138mrzd Trans- 1 2-dichiprogthlsnes m&{} ; 94-99/1-8
EFC-1336mez/Trans- | 2-dichioroethylene | 0 °3Q9? ______________
EFC-1336mzzi Trans-1 2-dichioroethviens | 40 92-98/1-8
E-FC-1838mzziTrans-1 2-dichivroathyiene 80 92-98/1-8
| ESFC-1336mzz/ Trans<1 2-dichivroethviene | 120 Q399717

by

It was fountd Swough experiments that B-FC{ 338y and MFC-
245fa form azeoirope-like compasitions. To defermine the relalive
volatiity of this binary pair, the PTx method described above was used.
“The iotal absolute pressura in 8 PTx call of known volume was measured

10 at consiant temperature o vanous binary compositions. Thess
measuremants were then reduced to equilibrium vagpar and lguid
compositions in the cell using the NRTL eguation.

The vapor prassure measdrad versus the composiions in the PTX
cedt for B-FU-1380mee! HFC-2456 mbdure is shiown in FIGL 5, which

15 Hustrates graphicsily the formation of azecirope-like compositions of E-
1,1.1.4,4 4-hexafivore-2-butene and HFC-245fa at 20.0°C, as indicated
by mixtures of about 1o 85 mole % £-1,1.1,4 .4 4-hexafluorc-2-butens
and about 99 o 1 mole % HFC2488,

Seme embodiments of azeotrops-ike compositions are listed in

20 Tabls 11. Additional embodinents of azeotrope-like compositions ars
listed in Table 12
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E-FC-1336mzziTrans-1,2-dichloroethylene 80 9 E -FC-1336mzz/Trans-1,2-dichiproethylene 120

93.99/17

curd through experiments that E-FC-1336nizz and HFC245fa form azeotrope-like

compositions, To determine the relative volatility of this binary pair, the PTx method described above
was used. Thgdoialsplagoltite pressure in a PTx cell of known volume was measyas alsgenstant
temperature for various binary compositions. These measurements were then reduced to equilibrium
vapor and liquid compositions in the cell using the NRTL equation, The vapor pressure measured
versus the compositions in the Fix GalddrE-AE@886nikz TeiRE:x@48fa mixture is shown in FIG. 5,
which 15 illustrates graphically the formation of gzeotrope=tike-compositions-of
E1,111,4,4,4-hexaflugrgsR-putenesand HFC-245famat 20.0 Giasindicalgdby mlxtures of about 1 to 99
mole % E-1,1 1.4,4,4-hexafluoro-2-butene and apgyt 99 to 1 mole 0,10 HFC- 245fe Some

embodiments of aZeptFapealikencampustians arp-isted in Table g Agditional @mbodiments of

azeotrope-like composiChstad i Zable-225Fable DAzeotrope-'IH@f@Mposmons COMPONENTS (it)

Welght % Range E E@Q«MﬁﬁﬂHF@Eﬂﬁfﬁa 404139911 -99 EHEG1-386rnzz/HEC-245fa 0 1-99/1-99

[HEC288f%36 1-99/1-99

E-FC- 1336rnzz/HF@fé§B"‘fh33ﬁ2@§ﬁ”§@ @QQ@ Tahf@iiz AzeotrdfkEL ompositions COMPONENTS
Weight % Range E-FC-1336mrz/HFC-24 f -40 10-90 E-FC-1336mzz/HFC..-245faF0

28

Tabie 12 Azeotrope-iike Composiions

Weight % Range

- COMBPONENTS T

[ £ 0 N
CE-FC-133Bmez/HFG-2456 | 40 10-60/10-9G
LEFC1336meg/HFC-2450 L 0 10-80010-90
E-FO-1388mee/HFC-2458 40 10-80/10-80
EPC-1838mez/HEC-2458 80 0-80/10-80
LB FO-1338mzz/HEC- 2458 120 | 10-80/10-80 ‘

it was found through experiments thal E-FC-1336mez and n-butane
form azeolropic or azeotrope-ike compositions. To determine the refative
volatifity of this binary pair, the PTx method desoribed above was used.
The total absolute pressure in a PTx cell of known volume was measured
at consiant temperature for various binary compasitions. Thess
mgasuramants ware then reduced o equidlibrium vapor and Bouid
compositions in the cell using the NRTL equation,

The vapor pressure measursd varsus the compositions in the PTy
cell for B-FU-1338mzz/n-butane midure is shown in FIG. 8, which
flustrates graphically the formation of an azeolropic composition of £-

1.1 14,4 4-hexafiuoro-2-butene and cyclopentane al 20.0 °C, as indicated
by a mixture of about 38.1 mole % F-1.1,1.4.4 4-hexafluore-2-butene and
81.9 mole % n-butang having the highest pressure over the range of
compositions at this temperature.

Based upon these findings, it has been calculated that E-FC-
1330mezr and n-hutans  form azeotropic composifions ranging from about
29.5 mole peroant to about 47.2 mole percent E-FC-1336mzz and from
about 70.5 mole percant to about 52.8 male percent n-butane {which fory
azeotiopie compositions bolling at a temperature of from about 40 °C o

o
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10-90/ 0 E-FC-1336mzz/HFC-245fa 10-90/10-90 E-FC-1336ma/HFC-2451a30 10-90/10-90
E-FC-1336maz/HFC-245fa 120 10-90/10-90 5It was found through experiments that E-FC-1336mzz
and n-butane form azeotropic or azeotmpe-like compositions. To determine the relative volatility of this
binary pair, tRedPhwsmatied described above was used. The total absolutepregsuginaR Tx cell of
known volume was measured at constant temperature for various binary compositions. These
measurements were then reduced to equilibrium vapor and liquid compositions in the cell using the
NRTL equatiorgbeutTié Vapor plessuresnreasired uerstis thesco(Bpositiprsanthe PTx cell for
E-FC-1336mzzly-bulane ke is shawa in GiG, Suiich diystrates graphically the formation of an
azeotropic composition of E1,1,1',4,4,4-nexafluoro-2-butene and cyclopentane at 20.0 Oindicated by a
mixture of abodt8! I'mMERies%E-1 ,1,1,4,4,4-hexafluoro-2-butene and 61,9 mole % n-butane having
the highest pressure over the range ditg@mpositions:akthis-tempenature. Based upon these findings, it
hascalculated that E-FC- 201336mzz and n-butane form azeotropic compositions ranging from about
29.5 mole percent to about 4T2 mole percent E-FC-1336mzz and from about 70.5 mole percent to
about 52.8 mole percefitHiBitane (whithESFRPAzeotFopic Eﬁﬁﬁ%itioné‘ﬁéﬂﬁ’iﬁ at a temperature of
from about -40 C - " RSSEHIDO 1T SAEFaYE fa&ure of P97 Buia (19167%)f ! Some embo hated in
Table 13, orn about .0 psia (2 kPa) to about of azeotropic compositions are Table 13, Azeotropic
Compo Azeo ropicAzeotrépicE-FC-133 n T8mperature (& éssure (piajihidte %) -40 74,5% 31,3%
-20 8.2 33.0% -10 12,7 3%35% 019.0 35*%“@ 10 27.4 372%@§° 82.7%

] &7 0%

-1} 12.7 3k HEG 85.5%
& 19.0 35.8% &4 2%
e 274 37.0% §3.0%
20 3B 3 3B 1% &1.6%
30 52.3 39.2% 50.8%
46 827 40 2% 58 B%
BG 21,4 41 3% 58.6%
80 1168 42 5% &7 8%
T4 1478 43 3% 58.7%
80 183.8 44 4% 55 8%
80 228.5 45 7% 54.3%
160 2T88 47 3% £2 8%

£n

Addtionally, azeotrops-like compositions condaining E-FC-1338mzz
and n-butans may aiso be formed. Such azeotrope-iks compaositions
axist ground gzeolropic composiions. Some embodiments of gzectrope-
fike compositions are fisted in Table 14, Additional embodiments of

16 azedtrope-like compositions are lsted in Tabie 15

1able 14, Azecirope-like Compositions

 COMPONENTS TEC, Weight % Range

CEFC-1336mezin-butane 0 40 35643662
EFC4 338 mer/n-butane o 447 2128-56

TEFC-1336mezinbutane | 40 4-13/87-69 and 43-80/20.67
| | and 98-96/1-2 |
EFCa%mzzinbutane 80T IE1/0-08 and 94-9971

E-FC-1336mzz/n-butane | 100 1897108

Table 15, Azeotrope-ike Composifions

T Weight % Range
 COMPONENTS TO0Y
EFC388mzzin-butane 0 40 0 BO-B4/360
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20 38.3 38.1% 30 52,3 39,2% 40 69,7 40.2% 50 91,1 41.2% 60 116.8 42.2% 70 147.6 43,3% 80 183.9
44.4% 90 226.5 45,7% 100 276.6 47.2%  Additionally, z trope-like compositi and n-butane may also
be formed. Such az und azeotropic compositions. Some e containing E-FC-1336mzz pc-like
compositionsyhedimenis of azeotrope- like compositions are listed in Tablg 14, &dgitional;
embodiments of azeotrope-like compositions are listed in Table 15, Table 14. Azeotrope-like
Compositions Table 15 Azeot P k COMPONENTS E-EC- 1336mzzin-butane ight % Range

CECFCTSEmazincbutane 01 UBE7228.50
A {: FO-1336mzzin-butane 40 10-13/187-80
L and 43-80/20-57
_\‘g‘fi}m%mzz pebutene P80 10-80010-80
EPC-1338mezinebutane | 100 H-80/10-80 ’

Howas found through sxderiments thet B-FC1336mez and
isobutane form azeotropic of azeotrope-like compuositions. To determine
the relative volatifity of this binary pair, the PTx method described above

[#31

was used. The total absaolute pressure in a PTx cell of known volume was
maasurad at constant temperature for various binary compositions. These
measuremants ware then reduced (o equilibrium vapor and Bguid
compasitions in the cell ugng the NRTL sguation.
The vapor pressure measwed versus the compositions in the PTx

10 cell for B-FG-1338mzzisobutans mixiure is shawn in FIG. 7, which

Hustrates graphically the formation of an azesiropic composstion of -

1.1 14,4 4-hexafluore-2-butene and cyclopentane atf 20.0 °C, as indicated

by & mixture of about 24 8 mols % E-1.1.1.4 4 4-haxsflugro-2-butenes and

75.7 mote % isobwtane having the highest pressure ovar the rangs of
15 compositions af this temperaturg.

Based upon these findings, # has been calculated that E-FC-

1338maz and isobufane form azeotropic compositions ranging from about

19.4 mode percent to abowut 32.4 mole percent E-FC-1336muzz and from

about 80.6 mole percent o about 87 8 mole percent isobutane (which form
20 azeotropic compositions bofling at a temperature of from about 40 “C 1o
about 30 °C and at 2 pressure of from about 4.5 psia (31 kPa) to abowt
218 psia (1503 kPa)). Some smbodiments of azeotropic compasitions are
hsted o1 Table 18

Table 16 Azedtropic Compositions

Azesotropic Arsotropio E-FO-1338mzz ispbutans
Temparature (°C)  Pressure {mola %) {mola %)
{psial

~&44} 4.5 19.4% 80.5%

-3 7.3 20.3% 78.7%

~20 11.5 21.2% 78.8%

~10 17.2 22, 1% T7.8%

v 250 23.0% 77.0%

10 35.2 24.0% 78.0%
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4 WO 2008W4612PCT/US2008/066621 0 50-72/28-50 E-FC-13367 n-butane
E-FC-1336mzz/n-butane 40 10-13/87-90 and 43-80/20-57 E-FC-1336mzzin-butane 80
10-90/10-90 E-FC-1336rnzzin-butane 100 10-90110-90 It was found through experiments that
E-PC-1336rngzanskisabiiane form azeotropic or azeotrope-like compositigpg; koyggbgrmine the
relative volatility of this binary pair, the PTx method described above 5 was used. The total :absolute
pressure in a PTx cell of known volume was measured at constant temperature for various binary
compositions. These measurementsthertaduced to eqidliBttum vapor ariliguid compositions in the
cell using the NRTL. equ&tion The vapofpressure meaghig# versus thefdotfipositions in the PTx

10cell for E-FC- 1336m7’%§sobutane mniﬁr% is shown |ﬁ7F¥G°’> which |Ilﬁ§ti?3§(tes graphically the
formation of an azeotropz composmonj’b E MQ.. 3% ? i},,i?“

0 1767 30 7% 58.3%

20 2182 32.4% G¥F E%

Additionally, azeotrape-iike composifions containing E-FC-13386mezz
snd isabutane may also be formed. Such arsotrape-like sompositions

anist sround arsolropic compositions. Some embodimants of sreotrags-

Th

like composttions are Hstad in Table 17, Additonal embodirmeants of

azectropa-ike compositions ara listed in Table 18

Table 17, Azsutroge-like Compositions

 COMPONENTS CTEC) \Weight Range

 E-FC-133Bmez/isohutane 40 - 4B.B/B1.2- 99 :
E-FC-133Bmzziisobutane [ 1-58340.7-98
 E-FC-133mezfisohutane | 40 1- 68547 2 93 ‘
- E-FC-1338mez/isodane 80 ¢ $-78.7i21.0 - 98
| B C-1338mea/isobulans 85 182617499

Weight Range,
- COMPONENTS CT G Praferred

CE-FG-1336mzzilsobutane | 40 10 - 47 4/52.6 - 90
E-FC-133Bmzzisobutane . 0 10-56.9/43.1- 80
CE-FC-1338mzziisobutane | 40 ‘iﬁ B5.3/34.7 - 80
CE-FC-1336mzzisobutans 80 -T43/257 - 80
E-FO-1336mzzisobutans | 85 w I7.7022.3- 80

14

The asrpotiopic or azectrope-ike compositions of the present
srvendion can be prapared by any converent method including muing or
combining the desired amounts. In one embodiment of this invention, an
azectropic of azeotrope-like compasition tan be prepared by weighing the

15 desired component amounts and thersafter combining them in an
appropriate container,

The azeotropis or azeotrope-ike compositions of the present
frvention can be usad in a wide range of applications, including their use
as aerpsol propellants, rafrigerants, solvents, cleaning agents, plowing

20 agents (foam expansion agents) for thermoplastic and thermoset foams,
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,1,1,4,4,4-hexafluoro-2-butene and cyclopentane at 20.0 00 as indicated by a mixture of about 24.9
mole % E-1.1.1,4,4.4-hexafluoro-2-butene and 75,1 mole ,/o isabutane having the highest pressure
over the range of compositions at this temperature. Based upon these findings, it has been calculated

that E-FC- W@@gﬁ@@lgtﬁ@@utane form azeotropic compositions ranging frogr-ahagishdhépaple percent
to about 32,4 mole percent E-FC-1336inzz and from about 80,6 mole percent to about 67.6 mole

percent isobutane (which form 20 azeotropic compositions boiling at a temperature of from about -40
00 to about 80C=ahtissts=éeprossuraaidiomdirboutid:b fpsiaBkRatpasidout 218 psia (1503 kPa)).

Some embodimgnts.QfazeQIEeRICLAMBP ﬁ@@%&%‘@@%@é@%@é&&ﬁw&omposﬂlons 0

Azeotropic Temper éure zeotropic, )Pressure (psi a) E-FC-1336nizz 0", isobutane (mole %) -40
4,5 19.4% 80,65 Y3053 IG5 18 o S0P 14051 oG HigoasivD A9RHH 3704 77,9% 0 25.0 23.0%
77,0% 10 35.2:24:06:78:0%\WiD:28468/154612' 48.4 24.9% PCT/US2008/066621

5 One embodiment of this invention provides a process for praparnng
a thermoplastic or thermoset feam. The process comprises using an
azeotope or azeotrope-ike composition as a Dlowing agent, wherein said
azeolropic or azectrope-ike composilion consists assentally of £-

11,144 Ahexafivoro-2-buteng and a component selected from the group
10 consisting of methy! formats, n-pantane, 2-methvibutane, | rans-1.2-
dichigrosthylens, 1.1,1.3 3peniafiucropropane, n-butane and {sobutans.
Ancther embodiment of this lnvention provides g process for
producing refrigerations The process comprises condensing an azeolropic

o azevtrope-like compastion and thereafter evaporsting said azeolropin

4
L

o szectropedike compasition in the viainity of the body 1o be coaled,
wherein said azeotropic or azeotrope-iike compasition consisis essentially

of B-1.1, 14 4 4-hexafluom-2-butens and § component selactad from the

group consisting of methy formate, n-pentane, 2-methvibutans, | trans-
1.2-dichloroathwlens; 1,113 bpentaflucropropane, ndbitane and

20 isohutans,

Arather smbodimsnt of this invention provides s prooess using an
azeotropic or azeotrope-fike composiion as a2 solvert, wherein said
azestropic o azsotrope-iike composifion consists essentially of B~
1,114 4 A-hexafivore-2-Dutene and a component selected from the group

25 consisting of methy formate, n-pentans, 2-methyibutanse, | rans-1 2-
dichloroethvlene, 1,113, 3-pentafivcropropane, n-bufans and isobutans.
Another embodiment of this invention provides & process for
producing an asresol product. The process comprises using an azgctropc
or gzeoirape-ike aompaosiiion sz a propaliant, wherein said azectropic or

L
<

gzeotrope-ike composition consists sssentially of E-1,11.44 4
hexafluors-2-butene and a componeni selected from the group consisting
of methyl formate, n-pantane, 2-methyibutane, | frans-1 2
dichtoroathyiene, 1.1.1.3.3-pentafluoropropang, r-bitdans and isobutans.

18



75.1% 30 64,9 25.9% 74.1% 40 85.3 27.0% 73.0% 50 110,1 28.1% 71,9% 60 140.0 29.3% 701% 70
175.7 301% 69.3% 80 218.2 32.4% 67.6% Additionally,otrope-like compositions containing
E-PC-1336rnzz and isobutane may also he formed. Such azeotrope-like compositions exist around
azeotropic campanitiens: Some embodiments of azeotropeSlike compositieag @gdagirddn Table 17.
Additional embodim azeotrope-like compositions are listed in Table 18. Table 17, Azeotrope-like
Compositions COMPONENTS T Weight Range E-FC-1336mzzlisobutane -40 1 - 48.8/51.2 - 99
E-FC-1336m77/Isobutarit:&r bmBSBIAMTof OO EvROIEBIGmitlischetanas4Rii £68.8131.2- 99

azectropic or azsctrope-ike composition as a heat transfer media,
whergin said azeolropic-or azectrope-like composition consists sssentially
of B-1,1,14 4 4-hexafiucro-2-butens and & compaonent selented from the

S group consisting of methyl formate, n-pentape, 2-methyibutane, 1, rans-
i.Z-dichiorosthviene, 1,1,1.3.3-pentafluoropfopans, n-butane and
isohutans.

Ancther embodiment of this invention provides a process for
extinguishing or suppressing a fire. The process comptises using an

10 azeoctropic or azeotrope-ike composition as a fire extinguishing or
suppression agent, wherein sald azeolropic or azeotrope-ike composition
sonsists essantially of £-1,1,14 4 Shexaflugro-Zhutene and g component
setaced from the group consisting of mathyl formate, n-pentans, 2-
mathylbutane, rans-1.2-dichlorpethylene, 1,1,1,3,3-pentafuoropropane, n-

145 butane and isobutane.

Another embodiment of this invention provides a process using an
srestropit o grecirope-iike composition as dislectics, wherein said
azechropic or axgotrope-like composition conststs essentially of B
1.1, 14 4 d-hexstiuoro-2-butene and a component selectad from the group

20 consisting of methyl formiale, n-pentane, 2-methylbutane, | rans-1,2-
dichloroatindens, 1.1,1,3 S-pentafluoropropane, n-butane and isobutane.

20



E-FC-1336m77/Isobutane 80 1 - 78,7/212 - 99 E-FC-1336mazilsobutane 1 - 82 6/17.4 - 99 Table
18.eotrooee Compositions Weight Range, COMPONENTS T (C) Preferred E-FC-1336mzvisobutane
-40 10 - 474/52.6 - 90 E-FC-1336mzz/Isobutane 10- 56,9/43.1 -90 E-FC-1336m77/1sobutane 4010 -
65 3/34 7 -904z5h6psl336mzzilsobutene 8010 - 74,3/25.7 - 90 E-FC-1336maz/igenstangap--7/22.3 -
90 10 The azeotropic or azeotrope-like compositionspresent invention can be prepared by any
convenientd including mixing or combining the desired amounts. In one embodiment of this invention,
an azeotropic or azeotrope-like composition capdyg:prepared by weighing the 15 desired component
amounts and thereafter combining them in an appropriate container. The azeotropic or azeotrope-like
compositions of the Present _.loan 'cc used in wide range of applications, including their use as
aerosol propellants: refGarame 1851 GBRM ER SATTS IS, blowing ts (foam expansion agents) for
thermoplastic and thefiméset! fodrfist WS RPIOEPBSEE2PET/US2008/066621 heat transfer media,
gaseous diglectrics,eBhGEIKIAY ERE stppiaedish Bge & s S/ER-WGRkiRY fluids, polymerization
media, particulatéestemonabilutds feanrier fividscbuffing:abrasbeagenis,and displacement drying
agents. 50ne embrpq_i@gﬂ&%&i&@y@&g&provides a process for prep a thermoplastic or thermoset
foam, The process comprises using an azeotropic or azeotrope-like composition as a blowing agent,
wherein said azeotrdpié onazestiopexdikestompositivailgonsists essentially of
E1,1,1.4,4,4-hexafluoro-2-huteneang aspmponeniseiceted from the group 10consisting of methyl
formate, n{pentane, Zanethylinianensians:d 2pdichioresiweneinlsh, dB.drpentafluoropropane,
n-butane and IsORUANG o ANAIEL ETOROAITIENL of (i yention prgvides a process for producing
refrigeration. The process comprises condensing an azeotropic or azeotrope-like composition and
thereafter evapdtatitieSartiagesiropio 150r azeotrope-like composition in the vicinity of the body to be
cooled,

3. A composition consisting essentially of:
{a) £-1.1,1,4 4 d-hexalluoro-Z-butene: and
15 {b} n-pantane; wherein the n-pentans 1s present in an efechve

amount fo form an azeotrope-ike combination with the B-1.1,14 .4 4-
hexafiuoro-Z-hutens.
4. A composition vonsisting essentially of:

ta) B-1.1,1.4 4 d-hexafluore-2-butans: and
20 {b} ~methyibulang; wharain the 2-methyibutane is presant in an

affective amount 1o form an azectropic combination with the E-1,1.1.4.4.4-
hexafluom-Zduiana.
5. A composition consisting essentiafly of:

{a) £-1,1.14 4 d-hexafuoro-2-butens; and
28 {hy 2-methyvibutane; wherein the Z-methylbutans is present in an

affective amount to form an azeotrope-like combinatian with the E-
1.1.14.4 4-hexafiuorn-2-hutens.
& A composition consisting essantially of

{a) £-1,1,14 4 4-hexaftuoro-Z-hbutene; and
30 {h) rans-1,2-dichiorosthylene; wherains the trans-1,2-

dichioroathylene is present in an sffective amount 1o form an azeotrope-
ke combingtion with the £-1,1,1.4, 4, 4-hexafiuoro-2-bilene,

7. A composition consisting essantially of:
{a) B~1,1.1.4 4 4-hexafiuore-2-butens; and



wherein said azeotropic or azeotrope-like composition consists essentially of
E-1,1,1,4,4,4-11.exafluoro-2-buterie and a component selected from the group consisting of methyl
formate, n-pentane. 2-methylbutane, trans1,2-diohloroethylene, 1,1 ,1,3,3-pentafluoropropane,
n-butane andx2Pigehuiane.  Another embodiment of this invention proviges a Pireassusing an
azeotropic or azpe-like composition as a solvent, wherein said azeotropic or azeotrope-like
composrt4on consists essentiany of F- 1,1 ,1,4,4.4-hexafluoro-2-butene and a component selected
from the group consisting. bff fictmarfefimatemipestarier@imibthylbutade, , transdichloroethylene,
1,1,,3-pentaflug@%@Q@gﬁﬁgﬁg@ﬁ.@%,ﬁi%%%ﬁw Angtherembodiment of this invention provides

reotrape ke EARHERRON SR HASMEIM R Fol a3 OB o SOH SR irope ke co
azeotrope-like €of ORC S A propEitait Wherein 'shit azeSHBpi 6 rope-like composition
cons@s? isse?rt]ialllg/g_)f ﬁ-éﬂgwéﬁgiﬁaﬂ-mggggﬂg Q%&M@pggand 1a 2co(;lr_wpr(]:}nenttf]ellected from the group
consisti of methyl for LNz 8,.2-methylb .traps-1,2- dichloroethylene,
1,1,1,3,3-p§é1ntafluorp@%@%ﬁﬁgggﬁ% Q(&%i@fﬁ%(%g éﬁgg%zgﬁ&ggeszoos/oesaazl Another

embodiment of this invention provides a processan azeo ropic or azeotrope-like composition as a heat
transfer media AVREMRI? &8 526G 0PROG SPE6IREHBIIRE TR pobilidrcbhsists essentially of
E-1,1,1,4,44-hexatiiacos2zButene. and a component selected from the 5group consisting of methyl

formate, n-pentane, Z-Qgth%lbutane. 1, trans- 1,2-dichloroethylerie, 1.1,1,3,3-pentafluoropropane,
n-butane and isobu?ane.“}& RS hBGETHER 6P TS MBntion provides a process for thing or

suppressitg a flre Theé?pfotdss borptized g -BHa0EZ86tropic or azeotrope-like composition as a
fire extinguishing or SGpPrESEBH SHerinvhe i BABuspit 6 d/Bsiepe-like composition consists
essentially of Exddybidodidihexaflitaresgdineneanda component- 1 itedifrom the group consisting of
methyl formatgh&gﬁfrg@%b%iégghylbutane,. trans—l,2-§jic_hlor0(.ethylene.. 1,tl.3.3-pentaﬂuoropropgne,
n-butane and isobutane, nother embodiment of this invention provides a process L azeotropic or
azeotrope-like compédsitiomaseiglectricsstiviieresmsatlyaZeotropic or azeotrope-like composition
consists egsentially of:f &.3,1,4 4. d4nexativere-2-buisne snd a component selected from the group
20consisting of methyt:fesonatena-pestanghs-meidhutanesdeans: ki edichiaroethylene,

1,1,1,3,3-pent )3 n-hutane and i e..CLAl L, Ac sition consisting essentially
of: (a) E-1.1,1?§%,8&%1%§§§{5§%i§%%§ é?'%@%?&%%%e}ﬂﬁtﬁ%r%agﬁ W%;%’%esin the irie,thyl formate is
present in an HEEHHSETORFETS form an azeotrope-like combination with the E1,1

j,4,4,4-hexaf|uoro-ZEQ%e&gﬁggéégg éﬂRB gg@ﬁg(&gcﬁsentially of; (a)
E-1,1,1,42 4-hexaﬂuor052-bu en%;éaQQF u\%-%%gane; wherein the n-pentane is present in an effective
;nd |3

amount to form an afé%), 6%? con i "_ ﬁé%ﬁr}ifﬁ%A 4- hexafluoro-2-butene. 3. A
composition consistir%g esgen |Sﬁy""6 :&rigm -?,‘fﬁ,ﬁf&%%ﬁbe%éeﬁﬁgtréqﬁ%ﬁ Sy lf‘*%nd 15(b) n-pentane;
wherein the n-géranddsSPre seridptdivedtbctveramariinntitbitedn hiebfrdpe-like combination with the
E-1,1,1,444,4- hexaflupso: 2nladtene 4. A composition consisting essentially of: (a)

E-1,1,1,4,4,4-he xaflyo o-2-butep§; and ZOéb% -m_etglbutan%' wherein the 2-methylbutane is present
in an effective amoufit’to” fg%sgn(}a%%?gﬁ (5 Biv&toh with ’?ﬁ@‘é‘. *4“%2‘ hexafluoro-2-butene.

25 comprising using an azeclropc or azephope-like composition as 5
Blowing agant, wharain said azeotropic or azeotrope-like
composition consists essentialiy of £-1,1,1,4,4 4-hexgfiuore-2-
butens and a componery selected from the group consisting of
methy! formats, n-pentans, Z-rmathyvibutane, trans-1,2

30 dichloroethylens, 1,1,1.3.3-pentafiucropropane, n-bulans and
sobutans,

13 A pravess for producing refrigeration comprising condensing an
azectrome or azeotrope-ike composiion and thereafer
avaporating said greoiropic or azeotrope-like composition in the

35 vicinity of the body t© be cogled, wheréin said azeotropio or
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5. A composition consisting essentially of. (a) E-1,1,1,4,4,4-hexafiu (b) 2-methylbutane, whet-
2-butene; and the 2-methylbutane is present effective amount to form an azeotrope-like combination
with the E1,1,1.4,44-hexafluoro-2-butene, 6, A composition consisting essentially of: (a)

E-1,1,1,4,4 M@mfmpmﬁ butene; and 30(b) trans-1,2-dichioroethylene: wheFgitlhedians-1,2-
dichloroethyleneis present in an effective amount to form an azeotropelike combination with the

E-1,1,1,4,4,4-hexafluoro-2-butene. 7. A composition consisting essentially of: a)
E-1,1,1,4,4,4-hexafiuore@:boterezand Nvi0 087ds5M642:PRIVWER2008/066621 (b)-penta

ioropropane pentatitiorgpropans. isRligsent-in 20.effestive amauny ia,farmLanazeotrope-like

combination with the E-1,1,1 i4,4,4-hexafluoro-2-butene. B. A composition consisting essentially of: (a)
E-1,1,1,4,4,4-hexafluof 526 {REd: “é‘ﬁﬂ%kf?’ﬁ‘ﬁﬁta%@%@?e% %?WEB’&%?% i&hfesent ifl an effective
amount to form an azebdttepiticormiyiviationivith the fe dteXafluprodotenetSPse@mposition consisting
essentiallyrpf (a) E-1,1.14 4.4:-hexafluoro-2-butene: and (b) n-butane; wherein the n-butane is present
in an effective amount to form an azeotrope-like combination with the Ehexafluoro-2-butene, 10.A

composition consistiffy eREERRARY P ESTR RIS PA SROCH X 6L SHRRENRE-HSd (b) isobutane; wherein
the isobutane is presertapefféntive asdunt [ofonmiasarepiropicicomiiaatiopawith the E- ,t4,4,4-

hexafluoro-2-butene. 13 A c( 89@5!99@?;@%?&%%%% <Of: ?Q(«Q)«i A-hexaflugro-2-

E-1,1,1,41,4A-hexafluoio-2-butene; and (b) isobutane; wherein the‘isobutane is present in an effective
amount to form an azebtigpe Tﬂ?éé%Wﬁ%ﬁ%%ﬁﬁiﬁé*@ifﬁﬂgﬁﬁmr HeEIbPO-2-butene. 12.A
process fatpreparing wamc@dwtm%et%wmo%ﬁwmmm siig1ap- azeotropic or azootrope-like

composition as a blowg!g @cﬁgg %r n?sﬁay %?9{%? %(Qgéggtrrgge Ilke composmon consists
aco

essentially of E-1,1,1,4,4A-hexa uoro - buten nent selec?ede?}om the group consisting
of methyl formate, n- p&ﬁﬁ%@f‘? -methylbutane. trans 1,2- 30dichloroethylene,2-pentafluoropmpane,

n-butane and isobutane, &Mr@@@s@dﬁ%@fmwfﬂg@mtlwp@&@g@(wﬁenS|ng an azeotropic

or azeotrope-like comp%%lg n %ng{there(after g/vagoratlré sglggaazg%tr% écri or %zeotrope -like composition
in the vicinity of the boﬁy to b cooﬁe& Wherein said azeo ropic of 2 80tro) rop ke compo

hexafitiord=2-butene a FrEfSES CRISEHE ANPETEANE- TR @&W@ﬁéﬁﬁ%@%&t@@ﬁ@m ithe group
of £-1.1,1.4.4 4-hexafluore-2-butens and 2 componant selectad

from the group consisting of methy! forrmaie, n-peniang, 2-
methyvibutane, frans-1 2-dichlorosthylens, 1.1.1,3.3-
pentaflucrepropans, n-bulane and sobutane,

20 16 A process comptising using an azenliopit or azeotrope-ike
composition as a est ransfer media, wherein said azsobopio or
azeotrope-ike composition consisis essentinlly of B-1 1,144 4~
haxaflyora-2-butens and & component selected from the group
consisting of methyl formate, nepentane, Z-methyibutane, rans-

25 1 2-dichioroethydens, 1,11 ,3e3~gentaﬂug_:tgpmgane, n-btame and
isobwtans.

17 A process for extinguishing or suppressing & firs comprising
using an azeolropic or gzectrope-iike composition as a fire
axtinguishing or suppression agent, wherein sald areotropio or

30 azectrape-ike composition consists essantially of E-1,1,1,4.4 4
haxaflucrg-2-butene and & component selected from the group
consisting of methyl formate, n-pantane, Z-methyibutane transg-
1.2-dichioroethyiene, 11,13 3-pentafiuioropropane, nbutans and
isohhuians,

23



consisting of methyl formate. n-pentane, 2-methylbutane. trans1,2-dichloroethylene,
1,1,1,3,3-pentafluoropropane, n-butane and isobutane. 14.A process comprising using an azeotropic
or azeob'ope-like as a solvent, wherein said azeotropic or azeotrope- osition consists essentially
of E-1,1,1,4,4v4rhesaftypro-2- butene and a component selected from the graypsaasistipg of 10methyl
formate, n-pentane, 2-methylbutarte, trans-1,2- dichloroethylene, 1,1,1 ,3.3-pentafluoropropane,
n-butane and isobutane. 15.A process for producing an aerosol product comprising using an
azeotroptc or azeotrgpa-fike-esmpesiinmassirprapeliant:yhete ksaitageotopic or azeotrope-like

composition consists e{?&%ﬂﬁi%‘%%éﬁ%@ﬁﬁ%ﬂ@ﬂ%%& gﬁ?%%@&@%gc%rc%{@gg%} selected from the

group consisting of methyl formate, n-pentane. 2- methylbutane, trans-1,2-idichloroethylene. 111 ,3,3-
pentafluoropropane, n AR RFRIEOBUTEITE sea e edScbmprisinty IiAY-afPaizeotropic or
azeotrope-like compositiesassacheatirposter medissvhereingaisazeemepig; of azeotrope-like
composition consists e 1ally -1, hexafl -2:-butene and a component selected from troup
consisting gf methyl forér}r%gfﬁ‘g;%qr%-}[ gggr%fgar%éj%ﬁ(r%%h% éﬁ#ﬁ%ﬁ%@s-ﬁif%ﬁt%%“hIoroethylene,
1,1,1,3,3-pentafluoropfEpARE GiinRme dntiisbBEHBCITIACPrISe 8RR ERGUiShing or suppressing
using an azeotropic origpe:ttkecomposition as a fire extinguishing or suppression ent, wherein said
azeotmpic 30azeotrope-like composition consists essentially of E-1,1,1,4.4.4- hexafluoro-2-butene and
a component selected from the group consisting of methyl formate, n-pentane, 2-methylbutane,
transl,2-dichloroethylene, 1,1 ,1,3,3-pentafluoropropane, n-butane and isobutane. 18 A process
comprising using an azeotropic or azeotmpe-like composition as dielectrics, wherein said azeotropic or
azeotropelike composition consists essentially of E-1,1,1,4,4,4-hexafluoro-2- butane and a component
selected from the group consisting of methyl formate, n-pentane, 2-metnyibutane, trans-1,2-
dichloroethylene, 1,1,1,3,3-penlaflooroprepane, n-butaned isobutane.
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