TI TLE OF I NVENTI ON AZEOTROPI C AND AZEOTROPE- LI KE COMPOSI TI ONS OF

E-1,1,1, 4, 4A- HEXAFLUORO- 2- BUTENE 5 This application clainms priority
of U S. Patent Applications 60/934199 and 60/934209 filed June 12, 2007,
U.S. Pat eWtOZA%W‘@éti on 60/936082 filed June 18, 2007,PUJ/E20¢8 6e03f

Appl i cation 60/937590 filed June 28, 2007, U.S. Patent Applications

60/ 970387 and 60/970384 filed Septenber 6, 2007 , and U. S. Patent
Application 60/993241 fil ed PepEervENTIOR007 BACKGROUND OF THE | NVENTI ON
Field of the Diselo The present disclosure relates to azeotropic or a oike

onposi tions of E: 4.4-h - 2- ! ription of Related
Art Many indust%%gyégggjﬁgémcﬁ%&%& gﬁﬁ%@?’%@% ecades to find 20
repl acenents for the oganeidepl-gExnpLighRor-piiogNecar bons (CFCs) and

hydr ochl or of | uor ocar bons (HCFCs). The CFCs and HCFCs have been enpl oyed in
a w de r5ange of applications, including their use as aerosol propellants,

refrigerants, cliearippiratgenibsns epansgilod. Rgemtspoliosiohber nopl astic and

ext 1 nout shi TG BHA SUpEP BeET e sune e ROTEE Sy AT RSP T | ui ds.

pol ymer i zatdoodzased e joas t8,.QHNAL R J Erevnabpfticaiidsso/ganaed @érkdf | ui ds, buffing

abr asi ve ageg| %ﬁﬂ i C t AL ving.-aoent _ t.he rch for

r epl acement“%%%?’ - esgfféga%ﬁgﬁglzcgg%so %‘ﬂﬁ%ﬁgﬁ@ﬁ#@gﬁ%ﬁfﬁ%@ have turned to
t he uselibf Fepderofdriio20Gar dans S FFEEs) ApB80Tie FIFER2d0 filmdt contribute to the
destructi on. of 0§ ric n, but are of concern due to their
contributi g??]%%t%rﬁ!%‘%@%‘ g'jgég:nhouse effect”, i.e.: they contribute to gl obal
swarmng. As a result of their contribution to global warm ng the HFCs have
“conme under scrutiny, and _their wdespread use may also be linmted in the
future. Thus, there is BRARBSBEGUND s INYEMEIOMat do not contribute to

t he destruction_of  strat.ospheric ozone and al so have | ow gl obal warm ng
potentials (G\/\P&?‘“&ﬁﬁﬁ lﬁﬁgﬁ%?aofl uor ool efi ns, such as

1,1, 1, 4%, 4- hexahb goresitbiiene <R3 CH=GHERSy H#Cot836imz) , are believed to

meet both oa_ls.-,.SUI\/l\/fg. F; THE | NVENTLON. Thi s application includes
seven di ff%rag?ﬁe'sg'$ﬁ%g f *éﬁ%%gfﬁbeﬁ%%?b%é%}&rope-l i ke mixtures. 10ln a

first aspect, there is provided a conposition consisting essentially of (a)

E- FC-1336nezz ang, (.h).. _ f Lak e wherein the methyl formate is present
in an effecti ve%ae%’rgﬁ%{i’&% g%%%f?% an azeotrope-like mxture with E-FC 1336nzz.

In a second aspétty itcheres havebewideding fodngppsit féwtecons ksiidg
20 replacements for the orone depleting chlomflucrocarbons (CFCs) and
hydrochiorofiunrocarbons (HCFCs). The CFCs and HCOFCs have been
empicyed in a wide rangs of applications, including thelt use ag asrosal

propellants, refrigerants, deaning agents, expansion agents for
¢ i thermoplastic and thenmoset foams, heat ransfer media, gassous

25 dielectrics, fire extinguishing and suppression agents, power cycle working
fluidds, polymerization media, particulate removal fiudds, carrier fluids,
buffing abrasive agents, and displacement drving agents. In the search
for replacements for these versatile compounds, many industies have
turned to the use of hydrofluorocarbans (RECs)

30 The HFCs do not contribute to the destruction of stratosphaeric
crane, bul are of congarn due {o their contribution 1o the "greenhousa
sffect', i.8., they contribute to global warming. As a result of their
contribution o global warming, the HFCs have come under scivdiny, and



15essentially of (a) E-FC-1336nzz and (b) n-pentane; wherein the n-pentane
is present in an effective anobunt to forman azeotropic or azeotrope-like
m xture with E-FC 1336nzz. In a third aspect, there is provided a

conposi tion consisting essentially of (a) E-FC 1336nzz and (b)

2- et hyl but dheir (widegrreadnse; may algodrelimited én ippbweadbupsthgresent in an

effective anpunt . to form.an 0 I : eot =L Lxture with

E- FC 1336nzzr.‘eec} for 00”1H?Sé{"’r’%ﬁﬁ%hé%@gfe‘%‘%”?‘['?%rt tﬁg%%ﬁlg\l}&g%{d%g conposition
consi sting esERBspiRdyoRineMld BsbGrald36wstowaidvémiing potentials (GWPs).
trans-1, 2-di chl oroet hyl ene; wherein the trans-1, 2-di chl oroethyl ene is

present in afﬁe@amémdwfélhcaﬁ@@ﬁﬂs.twcz@sr orinl 4t Adexeflepre-2PKEend xt ure with
E- FC- 1336 - ; : sl ith
cabont oty G B GUEED SAshm g oefeREq Y g Bofiogast L of cors! st ng

(CF3CH2CF2H, HFC-245fa); wherein the HFC-245fa is present in an effective
anount to forman azeotrope_| | ke m xtu ,? M -FC-1336nzz. 30In a sixth
aspect, there is provided aSEMMARY DETHEINMENEON sentially of (a)

£ FC 1330mez and £ RoRULRIENcNBE Buleh BftdIeRhABE of 87R6RGREr N an
effective amount toO |pm an azeotropi c or azeotrope-like mxture with

E- FC- 1336nzzazeotrope-likel mixdurgevent h aspect, there is provided a conposition

consi sting essentjally of E- FC- 1336 and (b).. 2- net hyl - pr opane

(i sobut df) ; Mer’@i%¥'%’sﬁéséé%é¥n?§?ﬁ8%f£qz§ Cﬁ@@%ﬂ‘”‘i qpnéﬁsggf ective anount

to forman 5@&&%&%5@@@@@6@33@9@2 bh# b inetiviSomhdtl; WhEkeid 8Rdnez.

In an ei ghth aspect’, there is provided a process for preparing a

“t her nopl ast i metyl forerate se prefseatircanpffestiiegamounticaivra roazagiiapeslike
azeotrope-like co Si_t Lan a bl owi ng agent, wherein said azeotropic or

azeot r ope- | i@@‘“&'@%@gﬁ":gﬁ@ﬁﬁzst s essentially of E-1,1,1,4,4,4- 10

hexaf | uor o- 2- but epes 388gor SHPRINGBIe Rehrevided 4 E;@mla biogrcenpistngsi sting of
met hyl formate, n-pentane, 2-nethyl butane, trans-1, 2-dichl oroethyl ene,

I
1, 1, 1, 3,18 peessemtiaty @bf&i@ﬁ&-—’i%@%Zéﬁ@déhhnim%memw thedi-Aenianspect ,
there is praoyvid .process...f or i f1,) i
condensi ng aR pégg%rﬁrgﬁ&?‘ceqngerd'g§eagﬁ@gg§ﬁ}&eéﬁégggrrgééﬁﬁo%nz% g%b%ﬂﬂéggafter
evapor at i ng gaitdreaZ o B-PELt33Bmazeot rope-1i ke conposition in the vicinity

of the body to be cool ed, wherein said ,azeotrol}%i c or azeotrope-like
conposi tion consi k¥t& thigkasngchl thereis nrevided 4 CAMRORERRLCLOBEB2- but ene and a

component Selach ey 5?@)5@%%3%22%8?@1 By BN ({8dMRARe); N- pent ane.

2- met hyl but ane,” trahs- or oet hyl ene, _
1,1, 1, 3,28 penheafdintropoppaes iapbegcan én andficstibetareint tnfamt amt h aspect,

there is pr Ogigoqugop?c gtr“ g(z:eegt?opceqﬁﬂg ;Iﬁsn"(tﬂge with Ert1336mzz.

In a fourth aspect, there is provided a composition consisting

essentially of (a) E-FC-1336mzz and (b) trans-1,2-dichloroethylene;
wherein the trans-1,2-dichloroethylene is present in an effective amouht to
25 form an azeotrope-like mixture with E-FC-1336mzz. |
In a fifth aspect, there is provided a composition consisting
essentially of (a) E-FC-1336mzz and (b) 1,1,1,3,3-pentaflucropropane
(CF3CH,CF;H, HFC-245fa); wherein the HFC-245fa is presentinan
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. '



azeotropi c or azeotrope-like conposition as a solvent, wherein said
azeotropic or azeotrope-like conposition consists essentially of

E1l,1,1, 4,4, 4- hexaf | uoro- 2- but ene and a conponent sel ected fromthe group
25consi sting of nethyl formate, n-pentane, 2-nethyl butane, trans-1, 2-

di chl or oet hyt ene, -~ PRANG cotrtBi@Ne ﬂ%‘?’sti but ane.

In a el eventh aspIQ(]:E{ %eh@p%s?%%ﬂé&?ﬁ%@ﬂ% progecs?sraﬂ| orI pr% uci ng an aerosol
product conpdsentigihust (2 FRRCat&Bmepand ¢b) 2resthybpepankdisobofzoei)t i on as a
propel l ant, wherein said azeotropic or azeotrope-like 30c sition

consi sts esséngied] (Rg ’F“@-ﬁi‘,pi‘?ﬁa, 1§ PASHRRAR A @%LVSM%‘@%EHSO”Q“.EBnponem
sel ect ed f r U, SRS b @fir Wi - FEOY 8881822 N- pent ane,

2- Met hyl b5ut gér?gtO%?Pg{nés)% 2-di'chl oro‘etlfﬁly‘l ene, 1,1,1,3,3- pentafluoropropane,
n- but ane and i sobotaneightthaspedtviblefd s propied, a phegassifer piepaiideé@ a process
conpri si ng i ke conmposition as a heat

. : o
t ransf er negf‘lﬁprgﬂﬁ]gﬁgéﬁ?b{‘ﬁ?g‘l‘%?g azgg%\&)glg%&%%{]g @Sggqqqygp@o%osi tion

consi sts eSS@i@dt@'pbﬂ@k@octorﬁpésitl@r}aé,a%léwt@i@éwwhe%ih@aﬁﬁgz@ada;ﬁc epnponent
y

sel ected fromthe group consisting of net ~formate, n-pentane,
2- et hy| but aeeotiopenielcampaeliten opowstsyassastially of k-B13.pért-af | uor opr opane,

For ext 1 Woui NG 2atipa o AL FBRh dhRRERE I B B RaC L 70

azeot r ope- | i ifandfhgPrnesité wheamine, RirmetgKitage] mng 2odicklopgatagiehen agent,
wherein said azeotropi c _or azeotrope-|like conposition consists essentially
of E1, 1,1, 4, 14 BSxpenabreroprenansnen-HatENe 2o pieiingel ect ed from the group

of EL 11444 e S romt
i o or oet nyl ene, 1A gt 58AScr (G ARRiac AR OX T BRakiE™ ohut ane.

151 n a f our tre@iddratismecmprisher eoridensingvard edeatrppicce szebtrop@iiksi ng usi ng an
azeotropi c or azeaqtrope-like conmposition asﬁgi el ectr.i as, erei stai d

areot r opife GrOMRETPD BB NRIEANEH BYIRIPBRT SHIfLALTQI QRIS Op B7ERTQPe fike
Conei ot 1 e dedifsaticOnPr EHRD S ARKIo8dFRIBERBRIe GlRRLAGAI] o | N aroup

consi sting o? or mat e, pent ane, 2-nmethyl butane, trans-1, 2-
20di chl or oetdpdctopic &r AzdotBy&-llentahpasitiopropaists essdniislinef nd i sobut ane.
BRI EF SUMVARY OF TH

representati b%ﬁ%‘%%@%ﬁ@tm glqgg}éoﬁﬁég&#%ﬁg&tg%?ﬁ &L;ﬁ;‘ ! of
FI G 2 B e et rope and
azeot r opé- | i diehloooatbgleneomdl , t.8rispeniafigompsepanal n-putsnerGsolaBmez and
n- pent. ane at at elrrgpae{ear{tﬁ'%%pgz:t, %wbe?"gtis %POVQde% a process comprising using an
azeotropic or azeotrope-like composition és a solvent, wherein said
azeotropic or azeotrope-like composition consists essentially of E-
1,1,1,4,4,4-hexafluoro-2-butene and a component selected from the group
25  consisting of methyl formate, n-pentane, 2-methylbutane, trans-1,2-
dichloroethylene, 1,1,1,3,3-pentafluoropropane, n-butane and isobutane.
In a eleventh aspect, there is provided a process for producing an
aerosol product comprising using an azeotropic or azeotrope-like
compaosition as a propellant, wherein said azeotropic or azeotrope-iike
30 composition consists essentially of E-1,1,1,4,4 4-hexafluoro-2-butene and
a componenf selected from the group consisting of methyl formate, n-

pentane, 2—rﬁethy!butane, frans-1,2-dichloroethylene, 1,1,1,3,3-



FIG 3 - FIG 3 is a graphical representation of an azeotrope and 30
azeotrope-li ke conpositions consisting essentially of E-FC 1336nzz and

i sopentane at a tenperature of about 20.0 C FIG 4 - FIG 4is a
graphi cal representation of azeotrope-like conpositions consisting
essentially of E-FC 1336nzz and trans-1, 2- dichloroethylene at a

t enper at ur e péntafiorropRipaheCn-BRAG: abd-isdiutans. i s a graphi cal representation
of azeotrope-|i ke cong{{,)eahﬁl ons _cqansi sti gjq/&f:sdsentl al I of E-FC-1336nzz and
HEC-245fa at a t efpat a5PeGh i JoPHYded 8 Process sQlep RN UBIG 6 i 5 a

graphi cal repsasestadit Of a2EoR Cp@m@tbm@esmﬁ A7 8 OlhoRBnsfek thedipposi ti ons
consisting essentially of E-FC 1336nzz and 10n-butane at a tenperature of

about 20.0 Ovherein saiF|ageofropicpiazeptiopedikgreginpesifion eppeiserrssendaior  an

£ FC 135 niz & o TPl per PRt gRT e BT ERh AR SREG8 R beta Lep
DESCRI PTI ON §louphdonk NYEYOf GhethIforrate, apmiritaat| Dnsethybetaree trahsal pur e

si ngl e conmponent or an azeotropi c or azeotrope-like m xture |s desirabl e.
For exanpl e, dighlercethyesgi hd- bé&?e%@ﬂ’ﬁ%@ipﬁ’ﬁﬁﬂe( A-Betapg AN 'aebyiaam expansi on

agents or 1oam qxBARRIAN ARSI HAOMN oldydil 2 BB Bt BIGGATROREN. of an

azeotropi c 20or azeotrope- IgEQ m xture osition € during
its WO Zoo%dﬁﬁéégh@@ﬁlreﬁmﬂﬁl@f@a&mmIazeatropln drizer@oiropg-ligeocess. Such
change conposition_.could %etrlnent af f ect rocessiﬁng or. cause poor

per f or meitte FHMPREADERIEHE SRNIRISHS! errﬁq;)é)free gh &Ces BNt ons, a
refrigerant éz?ed?if&p‘?@? 8§éc§%{c§é ﬂ%@&%b@éf’ti@ﬁcb%@ﬂﬂ@%éé?@%ﬁ y bpgshaf t seal s,

“hose connections ol nts and 't nes. In
addi tion, th&1reédi4beaatuony?-betans mdse@tompaneet atlestphisor tHagrogp

mai nt enance roc dur 0 frigeration eqyi pnent. |f the refrigerant is
not a pum si r@%ﬂ@ﬂ\y %fm?ﬂe 4 BERRGS gmrﬁg%ﬂaé.g@%&éaqsi ﬁé conposi tion,
the refri ger@qemo%mplehbl on By3-p8aRAGcMeSL ARk HuRiheHrRrBahGBRAct O t he

at mosphere fromthe refrigeration equi prent . 10 The change in refrigerant

conposi ti%n may loadsertersth aspadjdhars istrsoidearEP IACERREBMPrioNa 6Sikgy e poor

eot fop ¢ ofn Beeol bl 7 BrBRPE AT E¥ioc ithtar Qe Mo lel? ons,
exanpl e azeohFidpi®br azmtdm;nm e pobikbh censanNésddiitiady of E-
E-1,1,1, 44, 4- hexaf | uor o- 2- but ene (E- CF3CH=CHCF3, E-FC 152) Bef or e

addr essi ng détlal f<, %@é%@ﬁp%m?wa%ﬁ%%se?&@ ?’@Wﬁﬁeé}r@U@efl ned
or clarified, consisting %%ﬁ&gf&ﬁa’@yn BEhSheds. rﬂ?ﬁ’wﬁl{t Y § gurati onal

i somers, E of as used erelh re he I'soners,

Z- FC- 133 zdiohlo2éethyEGe 1 3 360BZ3- ﬁsnEaﬁUbrcmso;ame,cmbbiamatarmhlsobmamext ures of
such isoners. As used herein, the terns "conprises." "conprising:

i ncludes: "including,' "has,' having" or any other variation thereof, are

intended to over a ”OBﬁEﬁS@WAR‘?QbPSFHE‘DIfRWlﬂml e, a process,
cmethod, article, or apparatus that conprises a list of elenents is not
necessarily |imtEto-FIG. 1is a graphical representation of azeotrope-like
compositions consisting essentially of E-FC-1336mzz and methyl formate
25 at a temperature of about 20.0 °C. |
. FIG.2-FIG.2isa graphical representation of an azeotrope and
azeotrope-like compositions consisting essentially of E-FC-1336mzz and
n-pentane at a temperature of about 20.0 °C.
FIG. 3 - FIG. 3 is a graphical representation of an? azeotrope and
30 azeotrope-like compositions consisting essentially of E-FC-1336mzz and

isopentane at a temperature of about 20.0 °C.
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25 only those elenents but may include other elenments not expressly listed
or inherent to such process, nethod, article, or apparatus. Further, unless
expressly stated to the contrary, "or" refers to an inclusive of and not to
an exclusive or. For exanple, a condition A or Bis satisfied by any one a
win Ais true (or e 1S L3l r Rl s false (or
not present) and @@?tﬂ% f%?a?;%@%é{’r)réﬁrgngghgg@h ﬁagﬁgﬂ%bgr@etrue (or
present), compddisons osesisfinessentiatin'of &rleCetiiitoyzdand trdesclr2-be el ement s

and conponents described herein. This,i 0, rely for conveni ence and
to give a ge gpfgroeééﬂgge&tattﬁegwgeéaw‘gegfaﬁ@llgt ﬂﬁggﬁti on, This description WO

2008/ 154612PCT/ US2098] 0pR§24 is o g%ﬂﬂﬂéeﬂ rfrekBAthtion dMpetspaReor at |east

one and the singular also includes the plural unless it is obvious that it
i s meant ot heympsgtions consitlingessearttiady wf & Get33tmazz and HEeRAPBaAt aand
scientific terns used Eebew &@vog;the sanme neani ng as commonly under st.ood
by one of 5GPHFAMNE SkPPPUI 20Ph& art to which this invention bel ongs.

Al though met hods gyl gvef RS | GilsSa SrapHied! repre@entatRinedftart fzddime sepcri bed
herein can be used in the practice or testing of enbodinents of the present
i nvention, s¥gaciispe-iie: eraposiiansepesistingessentady of Fhed- bEltsvz and

publ i cat,~ons en | i ONS, tss~and ot her references nentioned
her ei n e{{ e q”&B%r%tofg%é&%wl%e earbg%ggeioz (%'heir entirety, unless a
particul ar passage|G.57 CFI®J7 id a geasdcalfreprrbhtation dfeh prestese and
specification, including definitions, . . n_addition, the
materials. nefaRiippe-wcanpapiiess spesislinggssentiais chi-yCahtPtiedz # ended to
{E- FC-1336nez, | , j t separati on nmet hod has been

di scl osed, flgps%%gép%g%eﬁ%g%g&f%%gg{, zgfq),@l]our nal of the Chem cal

Soci ety, Chem cal Conmunications (1982), (12), 696-8, hereby incorporated

by reference in its entirety. | S.appligatl Wotropic or

azeot roﬂ@-l i ke conposHEghe-Ob) HiEaah RO 3l nts of this

invention, the co hi 1598 | £ a pueS Shlid abboREnl &) arE- FC 1336ne2
Imﬂgbg;a‘ﬁmé&ﬂﬁé e use ofap ﬁ'@ﬁs p»lrngao nléa

and (b) methyl forrn ereln the nethyl ftor sent I'n an effective
anount to foazedropizentzepespd-Kiee ixtErdis-dedd@bte I-or laxapyie, windodi ment s of

this invention, the cot?osi ti.ﬁn f%si sts 25 essenti al I.a/ of rSa)

E- FG- 1336 t u2OUiP f85NtsRReslie RIRRENPHNARSORIEMANCT 9BYEE{Pa ™ an
effective anpyiingich EQhRbaMoAZERITRRI SurelsimAe ebhfRfeht ke aWidzBofofie- 1336nzz,
I n some enbodinents of this invention, the nposition consists essentially
of (a) EOFC asasmntppgrike mjxtinso pescamposiéandnay shange dorngdpent ane is
present in an effective anount to forman azeotropic or azeotrope-Iike

m xture wth E-FC 1336nzz. | e enbodinents of this invention, the conposit
esSentially of (a) E-FC-1336m and (b) trans-1,2-dichl oroethyl ene:
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WD 24108/ 54612PCT/ US2008/ 066621 wherein the trans-1 ,2-di chtoroethyteneis
present in n effectiveou to forman azeotrope-like m xture vm'th

E- FC- 1336nzz. I n sone enbodi ments of this invention,

conposi t i WA 28WHSHEEs essentially of (a) E-FC 1336nzz d’rf&"{%?“sﬁﬁ(@b%la
wherein the HFC5 245fa is present in an effective anmbunt to form an

azeotrope-like mxture with E-FC 1336ngz, | n sone enbodi nents of this
i nventi on, #PRECAEBMIGET IHABHORBRE PEEs e s St ShANES HOToMBRFYED FC- 1336r nzz and

(b) n-but a%@urd\/&&&rn@édﬂaim@e@ﬂm@% bScRlse$ent pészsx%@nﬁzﬁ@ﬁél ve anount to
form an azeotrw%)lc or azeatrop pﬁ m xture with E-EC-1336rnzz I n sone

enbodi ment $PaFCAERT-s ?ﬁ\i%l‘ﬁﬁ*%ﬁ’iﬁﬁqw Bﬁlﬁ%.atmgﬁ&misﬁf?fé entially of (a)

E-FC 1336%1‘3@@%&@%&&%@9}@3&5 W%aéissmtcﬁ:ﬂﬁémtgmgoﬁlemd he
2- met hyl_propane | effec r.m.an azeotropic or

t
azeot r ope- IRE W%{@@E?ﬁ% i @‘ﬁ%“lmﬁ%ﬁ%‘%n?%y g‘?é@)e%‘?ﬁ%é% e anount s

neant an anRusdpheddGing W@SWIMHfQM{ﬁWheﬁgE@f@ﬁ@W@ﬁnﬁ gsults in the
formati on of a%) azeotropic or .azeotro xture, This definition

i ncl udes t Hg® P8 ISt B4R %’8%5%‘85“9%’3’1 @ﬁ‘%ﬁﬂﬁ?ﬁ’[ﬁmmy vary dependi ng on
the pressurgeappleiing chopbiior anpedigelonN csopdig rasy tHegazndehr opi ¢ or

S O O RTReRL LS o NS PN kel DB ShphT T Pressur e
i ncl udeig tfﬁexeaiﬁiaﬂgﬁ &m&g@hnﬁmmztha TeNEess be refigwenbbt or nol e

per cent age _each . of,. 1 stant invention
whi ch for Sﬁf?%%"‘rﬁ%?)wgg%%gﬁg%‘ﬁp%)é {%ﬁ%&g&g}%om TS ﬁ%’fgr}gmhger atures or
(pressures 2bathen nbaair asn@esmacbadarhem&rmg*im rmaemmgm fedein the art, an
azeot ropi ¢ r@@f?%&%%zon Rarions. gggnﬂbéta%a%m% 9’&&8&0 Rl rﬁk%?e%{ ent conponents

whi ch, wherf Iven pressu at a

subst ant i aldoytatomsEdnt, 1 ﬂ@nﬁamwluﬁre»&w&ﬁM{Ep@FaMH%%y EeChi gher or | ower
t han thl% bo,gslala&g t enperatures of the individual conponents, and which wll
provi de”a vapor onp05|t|on essentially identical to the overall l'iquid
conposi ti on und&elpod agpirbeiild dagis(Ceapodingnis dsciedohertsprand M F. Mal one,

Concept ual t ion Systenms, McGawH |l (New York), 2001,
185- 186. 3§%’$‘§5%J§3d% indd el

FC-1388mzz may exist as one of two configurational isomers, £ or
7 FC-1336mzz 88 used hereln refers fo the isomers, 2-EC-12338mze o
20 E-FC1338mzz, as well gs any combinations of mixtures of such isomers,
As usad herein, the teoms “comprises,” "comprising,” "includes”
“including,” *has,” “having” or any other variation theredf, arg intended o
coves & non-axclusve incusion, Forexample, a process, method, article,
or apparatus that comprises a list of slerments i nol necessarily fimited 1o
25 oniythose slements but may include other slements not expressly listed.or
inharent to such process, methad, arlicle, or apparatus. Further unless
expressly stated to the contrary, “or” reférs 1o an inclusive or and not to an
exclusive or. Foreaxample, a condition A or B s satisfied by any ong of the
following: A istrue{or present) and B is false {or not present], A is false
30 {or not present) and B fs true (or present), and both A and B are true {or
prasenty.
Also, use of “a" or "an” are emploved to describe elements and
gomponants describad herein. This i done merely for conveniance and to
give a ganzral sense of the scope of the invention. This description



Accordingly, the essential features of an azeotropic conposition are that
at a given pressure, the boiling point of the liquid conposition is fixed
and that the conposition of the vapor above the boiling compositionis WD
2008/ 1546Y® 8¢815492008/ 066621 essentially that of the HvEVHIIBWHRE i ng
l'iquid conposition (i.e., no fractionation of the conmponents of the liquid
conposition takes place). It is also recognized in the art that both the
boi | i ng poiSHPUldE TERe BT el R HPALEY B¢ BasHIEBIBSRent of the

azeot r opi C {cQIRASHE bioRst MRYsD BNANREs WRLN if ReadzeMdkeRI C conposition is
subjected to boiling at differ ent;ﬂ%r essures, Thus, an azeotropic

composi tion may “HEsy Wﬁ’@'@f‘" PePregy 'EBW”*Wé”%-ﬁ?%@c'ﬁﬁﬁﬁtqgﬁﬁshi p that exists
anong the oRIRAREM ﬁe%én‘i}gﬁné@hﬁmﬁmﬁh@ﬂ?QM&:\M Qﬁ'@?a manﬁes of the .
conponents or in ter of exact wei ght percentages of each conponent of the
conposi t4 or?‘-@‘ﬁ'ﬁ*ﬁ’ié‘&égg“fé’"@ tBWmaCR‘fif”ﬁ‘é’g“eﬁB% ?ﬁ@%%ﬁ%"%h REEPER | fi ed pressure.
For the purggsfa®fialt Bivdlat fRnlbRA aRoRZEBLIEGREdréik@as @BREsI i on

means a conF?S| tion t h‘g{ﬁ.behﬁves ‘JH'IPK"E an, azeot .r_%ol C Som OS{ﬂtl on (i.e" has
const ant bdl' FIiYREIREPAGSERS BLFREYPeS® Lol RSP hBY e N 48 Ponat e upon

boi li ng or amapsy aid oakrisklercessotdbed Rgoboill bogivatorey amerat i on, the vapor
15and |iquid conpositions, if _ they change at . al change only to a m ninal
or negligi béfp@ét%%{i?)g%tgﬁlr@ﬁ - 805 ghepT %e%%ﬁ%?%@%aﬁ \‘Rﬁef??{gn- azeot r ope- | i ke
conposi 10 onscdipoateddly refardnng irbiosk enrebr uslyape patitaar pdshageiapor and iquid
conposi tiong,_change to a suhstantial degree. Additianally, azeotrone-lIike
conposi ti oncéméxﬁ] %'SF G%‘%Wf ‘%‘?ﬁ? 85\53?8 sﬁﬁgglg%%§ﬁﬁn%ﬂ%b$ geﬁ‘(ﬁ "pressure with

virtual |y nel peessuheaddithf ehe matalas, Teatodssatdesaypiddmt the difference in
‘t'he dew poi.pt . pressur nd . le Rpoint.pressure at a given tenperature
PP ERHL &t bR o BR Rl

will be as 'nv i on,” conpositions with a difference in
dew poi nt pr esskifé-atibnbulbl enpel mmpressarckitofrebasion athodr equal to 5
percent.{ based. _u QHpbeqila ROl re)..l sidered to be

azeotr ojpS(e- Ia‘%%%eléﬁg%%}g%%cogm g’g% %ngé}?\gh{?cgﬁ%ﬁ#dg%%g% O\'?\h%%n the relative

vol ati | ity GferdicaiSmmietinCapprosbChresuticdlionshed S§Y5{ Bin ©86-8efi ned as fornmi ng an
azeotropic ,Qr 0t lﬁém? it Lan.. Relative volatility is the ratio
of the vol aﬁr?i?’ff@g%?g%%r?pﬂ _rklrgfr? [ gﬂé %&g% atility of conponent 2. The ratio
of the nol e fradtisciwrBEEtn RCEGApBTFENEPICHRNvaRYropRd e hampdsitidisquid is the
volatility of.1. -OAPOACAL. . To determine the relative volatility of
any two con%énﬂggg(é;ﬁ@ng?’%q cnown as the PTx method can be used. In this
procedudl, the tosuhe apboiumestspf disprention. eceipogiokewsivol ume i s
measur ed at,Q.constant = AeRSLALUE F06MAT 0HS - CONROsI:Ld Ons of the two
conpounds. t‘%’U_s'g of “§t ﬁ(e&t} PTX§NE1 ho |,E's '_(dgs?g?i@beg n det gilﬁl %n Phase

Equi | i bri unPeHyiPres § mesingivan aiRckye FReer §¢ fEnEe JEpresnee, 1970, witten
by Harol d Rk Lith @ 0ages+b24 to 126; hereby incorporated by reference.
5These nmeasurenments can be converted into equilibriumvapor and liquid

(conposi tions in ' AENPIREREMECEPR! i3 HYSHIPRabE SFTPYSEYRFFEERent equati on
model , sUCh:@8nfAe oNe eRaNA9M Bl ARIEnbNR eS8 YRS 4 0Btk T epresent

| i qui d phase nonidealities. Use of an activity coefficient equation, he
NRTL equat i ‘SR*9E"HBSEABENSANYEE &ifPT AN Sadroplcop eresiRpedike
mixture with E-FC-1336mzz.
in some embodimeants of this invention, the composition consists
essantially of (&) E-FC1 33Bmizz and {b} isopentane; whergin the
30 isopeniane is present in an effective amount to form an szeotropic or
srectrope-ike mixture with E-FC-1338mzz.
in some embodiments of this invention, the corhiposition consists
essentially of () E-FC-1336mez and (b) trans-1, 2-dichicroathylene;



Gases and Liquids," 4th edition, published by MGaw H Il, witten by Reid:
Prausnitz and Poling, on pages 241 to 387, and in "Phase Equilibria in
Chem cal Engi neering," published by Butterworth Publishers, 1985, witten
by Stanl eYOMISE#EE pages 165 to 244. Both af or enent i GriedP2a58¢0Et eby

i ncorporated by reference. Wthout wishing to be 15 bound by any theory or
explanation, it is believed that the NRTL equation, her wth the PTx cell
data, can SUFEF§EHENEY-bredlereaiveneds REsvd W o affefive RERUBYICt he

E-1, 1.1, 4, 4 hexalduegt Or2mBiiire Reh CORt ABENE: ~sitions of the
present invention and can therefore predict the behavior of these m xtures

in nulti-stage E’eﬁ%‘?*?a?‘?’%??”é fUFF B TSR 45¢ SHTEPEIAN 9988F8n col umms.
It was foun@séhiouei-PERer-i Jos:s ehbas) HFEC14R36n82 and Heg- _
pent ane form ialz.got_ rogl.,c or _azeotrope-|ike cong%szl tl?ES. _To determ ne the
rel ative votiata FPtsPest N eRicEeHVR FRPUBEPIOM Ao 2P BT 488 cr i bed above was
used, The tatat.rabgakuie pressure in a PTx 25 cell of known vol unme was
neasur ed at const ant teg%grat, .urf_: for v%ri OtHS' bi nar. _cong.oﬁsi tions These
measur enent s weF ¥ PRHTPEUlEEE °f B EgVRTHPBr o FPVRYOY HKE P qui d conposi ti ons
in the cel lesushiRgy thg) NRTL 1 B3paati=n0 (b n-butand hehavapoifc pheiasee measur ed
versus the conposi tiéﬁg .in the FTtx.ceI I __f_{)}r _E;.FC-,;_1336nz%(i n- pentane m xture
is shown i PrEISE! AT GHRCRE YPABR PRSI T ¢ P R e PR S 08 mat i on of an
azeotr ogi c mRgragtioErfdpe3tdrke. conposi ti on consisting essentially of
E- EC- 1336nzz and_n-pentane as indi.cated by, a mxture of out 84.6 nole %
e T aoaa 4 ndadrPE araRsrt Rt Ss Bhaea s Beo Bo B RRo1 but ane_ and
/15,4 nol e %seepeiiy ahe) BaG-ngidnezhing Hes-mptessumpenousrbutdne).r ange of
‘conpositiong at _this t er re. Bas To] t he findin it has been
cal cul at ed ‘%ﬁ?ﬁ%m&%%?@%ﬁ%gén ﬁ%mﬁe-%%g{ﬁ?gﬁg%‘%;r\@n%g}%ggit?g%@g%%orrposi tions
rangi ng fr crealogut o8e2tropd-Eepekventiti B-FbOWEEEE. 3 nol e 5 percent
E- FC 1336nzz and from about 17.8 nole Eercent,_ to about 4.7 nole percent
n- pent are (whi cRY FEPHYEAESHPURIMEALRDBEP T ONRICHOMISTYT S t enperature of
from about wi2(E-ECt Bidkbant re80€ late: fatmaiopoéss aretiobicfarom about 4.5 psia (31
kPa) 10 aboibodaR-IN AixaB TP hiscR0mmR,Ra s kBN o0laczeot 1 opi ¢
conpositi ons are I '~S%‘eg‘al n F'I;%bl_e vl"' , %0. 'I;g}tf)jl =3 ,iﬁeeot,rfo%t CiGONPOSI tions
Addi ti onal IMPROEEt PORE-ACHE™ CHpEE! TTR5HE 8GR ET iSRG B RE322 and n-
pent ane nmayto dlseesiion ve dnoSitdhe aXsYePEE SFERE@PediPosi tions exi st around
azeotr qi ¢ ReRRESLLd ONgnuSRNBy R aDedidmRNS pRfssaze ol apR phidigeconposi ti ons
are |isted &g Jallfing pofilichb @R, BB AMRA® il.0B2 BRIRAL ke compositions
are listed 1n Table 3, ) oo .
such as may be expressed i weight or mole parcentages, of egch
cormponentof the compositions of the instant invention which form
azeotropic or azectrope-ike compositions st temperatures or prassures
25 other ihan as described herein,
As recognized in the an, an azectropc composition 1s an admixtire
of two o more different components which, when in lowd form under a
giver pressure, will bail at & substangially constant temperature, which
temparature may be higher or ower than the bolling temperatures of the
30 individuat components, and whichwill provide a vapor composition
essentislty idenbcal o the overall iquid composition undergoing boeiling.
{see, o0, M. F. Doherty and MF. Malone, Conceptual Design of
Distilation Systems, McGraw-Hil (New York), 2001, 185188, 351-358).
Accordingly, the essential features of an azeolropic composition are
35 that at a given pressure, the boiling point of the liguid composition is fixed
and that the composition of the vapor above the bolling composition is

&



Tabl e 2 Azeotrope-like conbosit found through experinent that E-FCzz and
nmet hyl formate form azeot npe-li ke conpositions. To determ ne the relative
volatility of this binary pair, the PTx method described above was used The
t ot al abs%’l&ﬁﬂ‘éﬁﬂéf‘é%’sure in a PTx cell of known vol une MasURRBEE¢8YH at
constant tenperature for various binary conpositions. These neasurements
were then reduced to equilibriumvapor and liquid 10conpositions in the
cel | usi ng SEReAiRIRTIN2bE RS Petfal boliing IOFPRHECXREBIIOpFdssifr e neasured versus the

conposi ti Oﬁﬁach&zarﬁﬂﬁaﬁhé ce&bbnér@gaﬁn£ B SORES TR BN figrdyahe mixture is
shown in FIG 908/ 154612PCTP 52008/ 066621 Ul Ust . r at es

gr aphi cal | ﬁ%"’r‘f@@%‘%tmgﬁ%ﬂ“ﬁ% Fepeliny ket BRYBEI WS ENs consi sti ng
essenti al | be%enfa‘g&s%ﬁé&dﬁ%ﬂcﬁ@ﬁt% @m%@m @ﬂ&nﬁ@aﬁaﬂiﬁh' y- ate at 20,0 t, as

i ndi cated b)(] m xtures of about 83 noble 'A'to about 99 rmle %

E- 1. 1, 1, %447 ABKAMPEbIE-2eRRENEHIA b SUt-PEFR D 5608 219EWEMe % et hyl

for mat e. S%@méomh&@rérﬁa&&r@&@m@sﬁw ibd @éfﬁ}aﬂﬁz@ieﬁna' abl e 4. Addi ti onal
enbodi ment s_of azeogro eke corrp05|t|on I|sted in Table 5. 10 Table 4.

Az-1i ke ConPbElBioiatontrRBENERTS ST REf S HRRyEns ol E@"iﬁ 6nez/ Met hyl

formate the compositional ranges of the cofmponénts oF iy terms of axad weight
percentages of éach component of the composition chardclerized v a
10 fixed boiing point &t & specified presswre,

Far the purpose of this invention, an azeotropes-itke compasiion
means & composition that behaves like an gzsotropic composition (Le.,
has constant boiling characteristics o a tendency notto fractionate upon
boiling or evaporgtion}. Hence, dunng boiing or evaparation, the vapor

15 and Hguid compositions, if they change at all, change only to a minimal or
negligible extent. This is to be contrasted with non-azecirope-ike
compositions in which during bailing or evaporation, the vapor and liguid
compositions change fo-a substantial degree.

Additionally, azeotrope-ike compositions exhibit dew point pressure

20 and bubble point pressure with virtually n0 pressure differential. Thaetis o
say thaf the differences in the dew point pressurs and bubble point
pressure at a given tempersture will be g small value, Inthis inventidn,
compositions with g differénce i dew point pressure and bubble point
pressure of jess than or equal to § percant (based upon the bubble point

25 pressura) s considered fo be azectrape-like.

itis recognized in this field that when the relative volstiity of a
systermn approschas 1.0, the system is defined as forming an azeotropic or
azeotrope-fke. camgasiﬁiéﬁ. Refative volatility je the ratio of the volatility of
componsnt 110 the volatility of component 2. The ratio of the mole fraction

30 of @ component in vapor tothat in liquid is the volatility of the component,

To datermine the rélative volatifity of any fwo compounds,. g methad
known as the PTx methotd can bé used. in this procedurs, the olal
absolute pressure in 2 celi of known volume is measured at & constant
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E- FC-1336nzz/ Met hyl formate 0 -5 E- FC- 1336nzz/ Met hyl

format e

40 2 - FC- 1336nezi Met hyl formate 80 8699t 1-14 E- FC-. 1336rnzz/ Met hyl
formate 120 73-100/1-27
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ternperature for various compositions of the two compounds, Use of the
PTx Method is described inn detail in "Phase Equilibrium in Process
Design”, Wiley-interscience Fublisher, 1970, written by Harold R, Null, en
pages 124 10 126 hereby incorporated by reference.

These measurements can be converted inte equilibrium vapor and
liguid compositions i the PTx cell by using an activity coefficient equation
modsl, such as the Non-Random, Two-Liguid (NRTL) equation, to
reprasent quid phase nonidealiies, Use of an activity coaficient equation,
such as the NRTL eguation isdescribed in detall in "The Properties of
{(3ases and Liquids,” 4th adition, published by McGraw Hill, written by
Reid, Prausnitz and Poling, on pages 241 t0 387, and in"Phase Equilibna
in Chemical Eriginesring,” published by Butterworth Publishers, 1888,
written by Stanley M. Walas, pages 1685 {0 244, Both aforsmentioned
refergnces gre hereby incarporated by reference. Without' wishing fo be
bound by any theory or explanation, #1s believed that the NRTL equation,
togethar with the PTx cell dala, can sufficiently pradict the refative
volatifities of the £-1,1.1 4.4 4-hexafluoro-2-butene-containing
compositions of the present ihvention and can therefore predict the
behavior of these mixtures in multh-stage separation eguipment such a3
distiiation columns,

it was found through expediments that E-FO1388mzz.and n-
pertane form arectropic or azeotrope-like compositions.

Ta determine the relative volatility of this binary pakr_tha PTx
method described above was used, The ofal absolute pressure ing PTx
cell of known volume was measured at constant temperatire for varous
hinary compositions. These measuraments ware then rediuged o
squiibtium vapor and liguid compositions in the cell using the NKTL
aguation.

The vapdr pressurs messured versus the compositions in the PTx
cell for E~FG-1330mzeim-pantans midureg is shown in FIG. 2, which
graphically Hustrates the formigtion of an azediropic and azeotrope-like
cormposition consisting essentially of £-FC-1336mez and n-pentane as
indicated by a mixture of about 84,6 mole % £-1,1,1,44 4-hexafiuore-2-

PCT/US2008/066621



Tabl e 5. Azrope-like Conpositions COMPONENTS it ./0 Range

E- FC- 1336nezzi Met hyi formate -40 98-99/1-2 E-FC 1336nezz/ Methyl formate O
97-99/1-3 E-FC 1336m Methyl formate 40 95-9911-5 E-FC- 1336nzz/ Met hyl

format e SHORIRIGHIA-8 E- FC- 13361 nzz/ Met hyl formate 1208A/GGP0pOGE21 |

t hrough experifflents that E-Fand isopentane form azeotropic or azeo

pe-li ke conpositions. To determ ne 20the relative volatility of this binary
pa the PTx hwErkcuddésionpisdd nalpstase having the highest pressure overthe

range of compositions at this temperature. Based upon these findings, it
has besn calculated that E-FC-13%6mzz and r-pentane form azeotiopic
compasitions ranging from about 82.2 mole percant to about 85,3 mole

& percent E-FC-1536mez and from about 17.8 mole percentto about 4.7
mate parcent n-pentane (which form azeotropic compasitions boiiing at a
temperature of from about <20 °C w aboid 80°C and at a pressure of from
about 4.5 peis (31 kPa) to about 135 psia (851 kKPa)), Some embodimants
of aZeotropic compositions afe listed in Table 1.

10
Teble 1 Areciropic compositions
-~ L Azesotropie Azsotropic | E-FG-1336mzz | n-Pentane
R z Tempfrature Prassure {psia) {mole %3} {mola %}
ek GRS
6.0 14 ‘: 830 s
10.0 S 837 | 83
540 246 BAE TR
g — Y S SR R T ;
40.4 47.5 3 870 130
5575 653 EEE YT
YN R 838 805 g5
: 70.0 108.8 927 7.3
% S T e S T —— R S—

Additionally, azeoirops-like compositions containing E-FC-1388mzz and n-
veftane may also be formed, Such azeotrope-like compuositions exist

15 around azecirapic composifions, Some aémbodimants of azeotrope-like
compositions are ksted in Table 2. Additionsl embadiments of azeairope-
ke compositions are listed in Table 3.




was used. The total absol ute pressur

e in a PTx, cell

of known vol une was
ured at constant tenperature for various binary conpositions.

These

enents were then reduced to equilibriumvapor and liquid conmpositions in
The vapor presBHESHE4eeEEd ver sus

the cell WHREPBHEINRTL equati on.
the conpositions in the PTx cell for
shown in FIG_ 3, which _illustrates

E- FC-1336ni zz1 i sopent
graphi.cally. the formati

azeot r ope andC@i@ﬁ%N@ﬁEﬁ?I i ke conposit
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mle A i SOpé‘@tﬁé@ji’?’““ """""""z‘ﬁgu?"&ﬁﬁné“ ghes
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Table 3 Azeotrons-like compasifions

ane m xture is
on of an

£0.0 00 as indicated

but ene and 22.8

SSUF a0yt Ehe Tange of

i ndings, it has
ropic

95.4 nol e

‘percent 10 form

00C and at a
nbodi ment s of
ditionally,

tane nmay al so be
opi c

. Waeght Percentage
COMPONENTS T £C) Range
E-FC-1336meein-Fentane E 40 | £8-95/5-12
E-FC-1338mzzin-Pentane & B86-85/5-14
E-FC-1338mzz/n-Pentane 20 B&-95/5-14
E-FC-1336mzzin-Pentans 40 85.95/5.15
CEECHEmezinPenane BG 661666 BRd B
. 95/5-16 %
E-FC-1336mzzin-Pentane 120 §3-85/5-17 |

i was found through experirrents that B-FC-1838mzz and methyl

formals form azedtrope-like compositions. To deteiming the relative

volalility of this binary palr, the PTx method described above was used.

The total absolute pressure in 8 FTx call of known volume was measured

at constant temperature for vanpus binary compositions. These

measuremanis ware than reduced to equilibrium vapor and lquid

compositions in the cell using the NRTL sguation.

The vapor pressure measured versus the compositions in the PTx

cell for E-FC-1338mezimethy] formate

mixiure s shown in FIG. 1, which

10



| i ke conpositions are listed in Table 7. Additional enbodi nents of
azeotrope-like conpositions are listed in Table 8. Table 7 Azeotro |ike
Conpositions Table 8, Azeotrooe-|ike Conpositions COWPONENTS T (C) Wei ght
% Range EWOEM8B#uR 7/ | sopent ane -40 81-95/5-19 E- FC- 13 BERMH%eBENt ane 0
80-95/5-20 E-FC-1336nezz/i sopentane 40 80-95/5-20 E-FC 1336rnM sopent ane 80
79-95/5-21 E-FC-1336nezl i sopentane 100 77-95/5-23 It was found
through explisFREAUSARINALY e FEMRYSE AL AZ4HEPErIERSITROW AR or oet hyl ene form
azeot r ope- ke &R RReshildiPBss. 1 Fo1 et rMIMBob e utene and methyt

formate at 20.0°°C, as indicated by mixtures of about 83 mole % to about

0 mole % B-1.1,1,4 .4 4-hexafuoro-2-butens and abowt 17 o about 1

B mole % methy! formale.
Some embodiments of azeotiope-like compositions are listed in
Tabled. Additional embodimants of azeatrope-iike compositions ate
listed in Table &

10 Table 4. Azsobrope-like Compositions
COMPONENTS LT 0y | Weight % Range
E-FC-1338meziMethyt formate | 40 98-89/1-4
EFC-1338mez/Netnvi formate | D 1 958915
E-FC-1 336meziMetny! formate a0 92-99/1-8
£-FC-1336mez/Methyl formate 80 86-99/1-14
| E-FC~ 36mmeiMViethyt formale 120 73100127

Tahle 5 Arzectrone-like Compositions

15
Weight % Range

COMPONENTS T )
E-FC-1338mzziMethyi formate | -40 98-99/1-2
E-FC-1336mzz/Methyi formate 0 B991-3
E-FC-1330mez/tdothyt formate | 40 | 45-98/1-5

E-FC-1336mzz/Mefhyl formate 80 82 -99/1-8

| E-FC-1338mzziMethyl formate 120 87-99/1-13

M was fountd throughy experiments that E-FC-1338mez and
isopaniane form azeotropic of azectrope-iike compositions. To determing
20 the relafive volatility of this hinary pair, the PTxmethod déscribed above
was usad. The {otal abscluie pressure ina P cell of known volume was
measured at constant tam_peerature'fﬁr varipus binary composifions, These
measyramants were than reduced to equilibrium vapor and liquid
compositions in the cell using the NRTL equation.

B3
n

The vapor pressure measured versus the compositions in the PTx
cell for E-FC-1338mez/ isopartane mixiure s showr i FIG. 3, which

11



ive volatility of this binary pair, the PTx nethod descri bed above was
used. The total absolute pressure in a PTx cell of known vol une was
measured at constant tenperature for various binary conpositions. These
measur eneMs200E1546hen reduced to equilibrium vapor anfCTVedPseeGhpositions
in the cell using the NRTL equati on. The vapor pressure neasured
versus the corrp05|t| ons he PTx cell for E-FC 1336nv7/

trans- 1. 2- diuskpEEaRanaetn teipwiatee of &n srelRre AndrEougpedig ch i1 1 ustrat es

gr aphi cal | YGahﬁ%s;ftzQzﬁé@‘tE»@ﬁ 104 4@%%??5%9&21%@3%%@9&35@%{3%%{ oh o

E-1,1, 1,4, 4, 4-hexaf | uor o- 2- butene and frans-1 i chl oroet hyl ene at 20.0
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E Fo 1 330my CoTEASDY ESDANER BIDEEHISBEorEosKons ranging Hom
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10 form azestropic compositions bolling 8t a temperature of from about -40 °C
to about 100 °C and at a pressure of from about 1.6 psia {11 kPa) to sbowt
218 psia (1503 kPaj Sc:me embodimants of azeotropic compositions are
listed in Table §.
Table B Azeolropic compasitions

Azeotropic | Azeotropic E-FC-1336mez | Isopentans |
Tam%grgﬁum i Prassure {pEind imole %) {hmole %)
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Additionally, araotrope-ike compositions comtaining E-FC-1336mzz
angd isopentane may also be formed. Such azevirope-ike compositions
exist sround areotropic compositions, Some embodimants of azreotrops-
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911-12 Table 10. Azeote-like Conpositions COWONENTS T CC) Wei ght % Range,
E- FC- 1336rnzzJTrans-1 2-di chl oroet hyiene -40 94-99/1-6

E- FC- 1zzarans- 1, 2-di chl oroet hyl ene 0 93-9911-7 E-FC 1336nzzil rans-1

, 2-di chl oVOSEMYIS#AE  92-99/ 1-8 E- FC-1336nezar ans- 1, 2- RCHYGPEEOHH ene
92-9911-8 E-FC-1336i nzzi eTrans-1 2-dichloroethytene 93-99/1-7 It was
found through experinmentE-FC-i 336nzz and HFC- 245fa form azeotrope-|ike
conposi ti oﬁzg{a cpgoeriors e istedhis Table 7. Additional embodiments of

azectrope-like compositions are listed in Table 8.

Table 7. Azeotrope-like Composifions

| COMPONENTS TG Weight % Range

CE-FC-338mzeiisooentane L 40 81-94/6-19

CE-RC-1338mzzdisopentane. 8 RO-09/1.20

CE-FC-1338mzzisopentane | 40 BG-89/1-20

C EFC-1338mrrdisopentane. 80 75-85/1-21

- BFC-1338mer/isopentans 100 77-5911-23

5
Table 8. Arsotrope-like Compasitions
L Weight % Range

COMPONENTS TGl
E-FC-1336muzaiisopenians -40 81-95/5-18 |
E-FC-1336mzziisopentane 0 50-95/5-20
E-FC-1336mzziisopentane 40 B0-95/5-20
E-FC-1338mzz/isopentane 80 78-95/5-2 1
E-FL-1336mzziisopentane 100 77-95/6-23

tway found twough expermants that B-FC~13588mzz and trans-
1. 2-dichiorosthylens form azeotrope-ike compositions. To determing the
10 relative volatility of this binary pair, the PTx method described sbove was
used. The iotal absolute pressure in a PTx calf of known volume was
measured at constant femperature for various binary compasitions. These
measurements were then reduced to-aguilibrium vaper and hquid
compositions in the call using the NRTL equation,
15 The vapor pressure measursd versus the compasitions in the PTx
cadl for B-F-1338mee/ trans-1,2-dichicrosthylene mixture is shown in
FI5. 4, which iflustrates graphically the formation of azeotrope-like
compositions of £-1,1,14 4 4-hexafiuoro-Z-butene and trans-1.2-
dichloroethyiene at 20.0°C, as indicatad by mbdures comprised of about
20 84 mole % to about B8 mole % E-1338mezz and from about 18 to about 1
moie Y trans-1.2-dichiorosthyiane.
Some embodiments of azeotrope-like composifions are listed in
Table 9. Additional embodiments of areotrape-liike compositions are listed
in Table 10Q.
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volatility of this binary pair, the PTx nmethod descri bed above was used.
The total absolute pressure in a PTx cell of known vol une was neasured at
constant tenperature for venous binary conpositions. These neasurenents
wer e t henVPebdét®it o equilibrium vapor and |iquid conddSTYHHLOA t he cel |
usi ng the NRTL equati on, The vapor pressure neasured versus the
conpositions in the PTx cell for E-FC 1336trzz/ HFC-245fa m xture is shown
in Fla 5, which illustrates graphically the formati on of azeotrope-like
conposi tions of E1, 11, 4;.4ids hexaihbones olbubanmsand HFC-245fa at 20,0 '5 C
as indicated by m xtures of about to nol e %
E-1,1,1,4,4,4-hexafl uoro-2-butene _and about 99 to 1 mole % HFC 245fa.
Some enbodi rents of azeotrope-like conpositions iare listed in 20 Table 11.
Addi ti onal eRiBFIEENESOf azeotrope-like cofpdsliti dwsigkdrie |jsted in Table
12. Table 11 Azeotrope-like Conposltions. COVPONENT&ahg¢0C) . Wi ght % Range
E- FC- 1336z z EHRG 2365 har/ T 403-1 2209 He00thBeR€- 1338z 1HEGI2USf a: 0 1- 99/ 1- 99
E- FC- 1336mud HRG:-24 5 ez Biand-1 29didni90ethBeR€- 1330 maz/ $FE8248f a:  1- 99/ 1- 99
E- FC- 1336 2 EHRG 28&har Pha99/21di890roddbleedz e otdllope - BI-KB 1GOnppsi ti ons
CE-FC-1338mzz/Trans-1.2-dichiorosthviene | 80 | B3-99/1-11
E&Fﬁ—iﬁ.gemzzf”ﬁaﬁs;?:E.fta‘%chic)methymne 120 1 BR-8%/1-42

| Weight % Range, |
COMPONENTS T 0y
EFC-1320mezziTrans-1, 2-dichivroathviens 40 94-98/1-5
E-FC1338mzz Trans-1 2-dichioroethylene | D | 93-89/1-F |
E-FC-1388mzz/Trans-1 2-dichiorostiniene 40 1 G2-99/1-8
E-FC-1338mzzfTrans-1 2-dichloreathyiene | 80 | 92-99/4-8
E-FC-1306mzz/ Trans-1 2-dichlorcethylena | 120 B3-99/1-7

£

I was found through experiments that E-FC-1338mzz and HFC-
2458fa form szeotrops-ike corsposifions. To determine the relative
volatiity of this binary pair, fhe PTx method described above was used.
The total absolute pressure in a PTX celf of known volume was measured

10 at constant temperature for various binary compositions. These
measiremants were then reduced to equilibrivm vapor and liguid
compositions in the oell uging the NRTL eguation.

The vapor pressure measured vérsus the Sompositions in the PTx
cell for E-FU-1336mzz/ HIFC-2456a mixiure 19 shiown in FIG. 5, which

15 Bustrates graphically the formation of azectrope-Bke compositions of E-
11,144 A-hexgiuore-2-butens and HFC-245fa at 20,070, as indicated
by mixtures of about 110 88 mole % B<1,1.1.4 .4 4-hexafluoro-Z-butene
and shout 99 to 1 mole % HFC2458a.

Some embodimenis of azectrope-ike compositions are listed in

20 Table 11. Additional enmbodiments of azaotrope-like compositions are
listed in Table 12,
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COVPONENTS C) Wi ght % Range E- FC- 13361 HFG-245ta - 40 0-90/ 0- 90
E- FC- 1336nez/ HFC-245fa 0 10-90/10-90 E- FC-1336nez/ HFC-245fa - 40

10- 90/ 10-90 E- FC-1336nz. z/ HFC- 245fa 80 10-90/10-90 E- FC 1336nrz/ HFC- 245f a
1120 10- 9WP2HIsgHe12 PCT/US2008/066621

Table 11, Arectrope-ike Compositions

 COMPONENTS GT' : Waeight % Rangs
( C} : :
E-FC-1336mua/HrC-245fa 40 0 1-88/1-89
E-FC-1336mza/HFC-2458 0 1-89/1-99
EFC1336me/HFC-2480m 40 | 18188
| E-FC-1338mezz/HFC-2458 By 1-G3/1-88 :
 E-FC-1336mez/HFC-245f | 120 | 1-89/1-85 |

Table 12, Azectrope-ike Compuasitions

Weight % Range

COOMPONENTS T |

{ECFCA338meeHE 2458 40 | 10801080

E-FC-1336mzz/HFC-245ta | O 10-80/10-90

{ RO 338meze/HFC-2458 40 | TO-B0M0-B0

L EFC-1338meza/HEC-245fa | 80 10-80/10-90 .
E-FC-1338mzz/HFC-245f2 | 120 10-80/16-80

5 it was fourd through expeaments that BE-FC-13538mez and n-bulans

form azeotropic or areotrope-hike compositions. To deteriine the relative
volatitity of this binary pair, e Py method tescribed above was used.
The total ahsolute pressure in & PTx cell of known volums was measured
at constant temperature for vareus binary compaositions. These

10 measyrenents were then reduced to equilibrivm vapor and iguid
compositions in the sell using the NRTL eguation,

The vapor pressurgmeasured versus the compositions in the PTx
gall for BFO-1338nwe/n-butane mibdure 15 shown in FIG. 6, which
iHustrates graphically the formation of an azeotrapic composition of £-

15 11144 4-hexafluore-2-butene and cyclopentane at 20.0 L, as indicated
by & mixture of about 38.1 mole % E-1,1.1,4 A 4-hexafiuore-2-butens and
61.8 mote % n-bulane having ihe highest pressure over the rangs of
compositions at {hig temperature.

Based upon thess findings, i has been calculated that B-FC-

20 1336mzz and n-budane form azeoiropic composifions ranging from about
28.5 mole percent o abowut 47,2 mole percent E-FC-1338mzz and from
abott 70.5 mofe percent 1o about 52.8 mole percent n-butane (which form
azeotropic compositions boiling at a temperature of from about -40 "Co

15



d through experinments that E-FC- land -butane form azeotropic or
azeotrope-li ke conpositions. To determne the relative volatility of this
bi nary pair, the PTx nmethod described above was used. The total absolute
pressure WP REEFEIEel | of known vol ume was measured onZTHM2084A%ET ature for
various binary conpositions. These ere then reduced to

equi libriumvapor and liquid conpositions in the cell using the NRTL
equation. 8bout 10PHE WPEFE R Fressupidroreaam a§ Res @ddFiank %flﬁ‘i‘gosi tions the PTx
cell for E-FG L3360007skbulaesotiHERs bBa2ReWRcicBmb&aiidhs 28I ch i1l ustrates
graphically the formati on of an azeotropic conposition of E-

1,1, 1, 4, 41, "tk a8 3P 0- 2- buf ene and cyci opentane at 20.0 C, as indicated
by a mixture of about 38. Itgmd €3 Y% ErchobicbdddAshaxaf | uoro-2-butene and 61.9
nol e % n- but ane havi ng t he highest pressure over the range of positions at
this tenperature. Based upon these findings, "it has been cal cul ated that
E-FCG 20 1336nZz-amdni- but angdtpcaz epiopi Gngenposifdi@ns ranging from
about 29.5 not&nReseeNtCt orbeuk (ddai2 nofmeiperncent Enfi€<4336nez and from
bout 70.5 nol e percent to about 52.8 nol e percent n-butane (which form
azeotropi c conpositions boili n_g at a tenpgrature of rggn_ about AO GC to
bout 100 t and at ~ ‘_:‘}pressu 277‘_*@si a (19102__9!( K J¢ | i sted m Tabl e
about 3.0 psia (2I7kPa) to about odinents;of’ .

of ¢ Jconpositions are
Tabl e 13. Azeotr opf Conposi t i i 70.5%7?; L 7% 67, /%gj*‘l012734, 5965. 5%
019. 035. 89%642% < 4. 2.9%

0 19.0 35.8% 84.2%
10 27.4 37.0% 63.0%
20 383 38.1% 61.9%
40 2.3 39.2% 60.8%
46 89,7 40.2% 59.8%
50 91.3 31 2% 58.8%
&0 116 8 42.2% 57.8%
70 147.6 43.53% 568.7%
80 153.9 44.4% 55 6%
36 226.5 45.7% 54.3%
100 276.6 47 2% 52.8%

Additionally, azectrope-iike compositions containing E-FG-1338mes
and n-butane wmay also be formed.  Such azectrope-like compositions
axist ground azeotropic compositions, Some embodiments of azedirops-
ke compositions are listed in Table 14. Additional embuodiments of

19 azeotrope-ike compositions are listed in Table 15,
Table 14, Azeotrope-fike Composifions

COMPONENTS T Q) Weight % Range
E-FC-1336mzz/n-butane -40 35-64/36-52
EFC-1338mer/n-butane o 44-72/28-56

| E-FC-1338mezin-butane | 40 [ 1-13/87.68 and 43-80120-87 |
: and 98-88/1-2 ‘
| EFC-1338mezin-butane 8¢ 1 1-91/5-99 and §4-99/1-6
 E-FC 336mzzin-butane | 100 1-89/1-839

Table 15, Azevtrope-like Compositions

L | Weight % Range
 COMPONENTS T
(E-FCA836mezzinbutane | 40 [ B0-B4/36-80

16



1027437. 0%3, 0% 2038. 338. 1%19% 3052, 3392%60, 8% 40697402%59. 8%
50911412%8, 8% 60116. 8422% 70147, 643. 3%4% 80181944. 4% 90226, 545. 7904, 3%

276. 647. 29%%2. 8% Addi tional ly, azeotrope-I|ike conpositions containing
E- FC- 1336M4 MAH1MABUt ane nay al so be formed Such azeot PEPESIPHE$6621
conpositions round azeotropic conpositions, Sone enbodiments of

azeotropel i ke conpositions. are. listed. in. Tahle. 14 Addi.tional enbodi nments
of azeotrope- litkeCCibsI/tbusear e | st ed i H0TaB1e5a5, Tabl e 14,
Azeot rope- i ke @aﬁﬁd%@m@&vi@buwc\la\ms T C W&138% %s/o'Pa

E- FC- 133n- but ane =40 j.38-64/36-62 | and 43-80/20-57
{ EFC-1338mzeine-butans PBD FO-S0/10-80
1 E-FC-1338mzzin-bitane 100 10861080

frwas found through axpsrimenis that E-FC-1338mez and
ischutans form azsutropic or azeotrope-like compositions. To determine
the relative volatility of this binaty pair, the PTx method described above

£re

was used. The tolal absolute pressure in a PTx cell of known volums was
meastred at constant temperature for various binary compositions. These
measiremants ware then reduced to equiibrium vapor ang figuid
compositions in the cell using the NRTL sgustion.

The vapor pressurg measured versus the compositions in the PTx
10 cell for E-FC-1338mzzdisobutane mixture is shown in FIG. 7, which
Hustrates graphicaliy the formation of an azeobropic compasition of Bx
1.1 144 4-hexafiuoio-2-butene and cyclopentans at 20.0 °C, as indicated
by amixture of abowt 24.9 mole % B-1.1.1.4 4 4-hexafluore-2-butene and
75.1 mole % isobutane having the highast pressure over the rangs of

e,
o

corapositions at this temperature.

Bassd upon these findings, i has been calculated that E-FC-
1338mizz and isobutane form azeotropic compoesitions ranging from about
19.4 mole percent to about 32.4 mole parcent E-FC-13368mzz and from
about 8{},6@13;@ percant 1o about 67,8 mole percent isobutans {which form
20 azeotropic compositions bolling at & temperaturs of from aboul 40 “C 1o
about 84 °C and at a pressure of from about 4.5 psia {31 kPe) to about
218 psia (1503 kPal) Some embodiments of azeotropic compositions are
feted m Table 18,

Table 168, Areotropic Compositions

Azgotiopic Azsotropic E-FC-1336mzz isobutane
Temperature (°C)  Pressure imole %) irnole %)
(psia)

~40 45 18.4% BO.8%

-30 7.3 20.3% 78.7%

-28 115 21.2% 78.8%

-10 17.2 22.V% 77.9%

0 250 23.0% 77.0%

10 352 24 0% 78.0%

17



E- FC-1336nzzi n-butane 0 44-72/28-56 E-FC-1336rnzzl n-butane 40 1-13(87-9
and 43-80120-57 and 98-99/1-2 E-FC 1(n-butane 80 19-99 and 94-99/1-6
E- FC-133n- but ane 100 1-99/1-99 Table 15. Azeotrope-like Conpositions

WO 2008{154612 PCT/US2008/066621

20 484 24.9%: 75.1%
30 649 25.9% T4.1%
40 85.3 27.0% 73.0%
50 1161 28.1% 71.8%

60 1404 29.3% T07%
70 1187 INT% 69.3%
80 2182 32.4% 67 6%

Additionally, azeotrope-like compuositions containing E-FG-1330mzz
and isobutane may aiso be formed. Such azsotrope-ike compositions
exist around srectropic compositions. Some embodiments of azectrope-

5 hKe compositions are fisted in Table 17. AdGitional embodiments of
azsotrope-iike compositions are listed i Table 18

Tabie 17, Azsobrope-like Compositions

CONPONENTS T80 Weight Range

| E-FOC-1330mez/isohutana A0 1 1-48.801.3- 98

CE-FC-1338mzzfisobutane G 1 1-58.3M40.7-98
E-FC-1338mzz/isohitana 40 1-68.8/31.2-88
E-FC-1338mzz/isoudang 30 1-78721.3-98
E-FC-1338mze/isobuians a5 182 B/17.4 - 88

Table 18, Ageoirope-ike Compositions

§ Waight Rangs.

 COMPONENTS LTy Preferrad.
E-FC-1336mzzlisobutane + 40 | 1047452680
E-FC-1330meziisobutane | 0 1 10-B69/43.1-80

E-FC-1336mezfisobutane | 40 | 10-653/347 -90
E-FC-1336mez/isobutane | 80 | 10-74.30257 - 80
E-FC-1336mezfisobutans | 95 | 10-77.7/223-80

10
The azectropto or azeotrope-iike compositions of the present
mvention can be prapared by any convanient method inchuding mixing or
combining the desired amounts. in one embodiment of this imvention, an
azectropic or azettrope-ike composition san be prapared by weighing the
18 desired component amounts and thereafier combining them i an
appropriate container,
The azeotropic or azectrope-ike compositions of the present
invertion can be usad in 8 wide rangse of applications, including their use
as aerosol propaftants, rafrigérants, solvents, cleaning agents, biowing

In}
R

agents (foam expansion agents) for thermoplasiic and thermoset foams,

18



COWONENTS E-Fc-1336rnzz/ n-butane T(t) -40 ht % Range 50- 64/ 36

10

15

20

28

WO 2008/154612 _ PCT/US2008/066621

heat transfer media, gaseous dislectics, fire extinguishing and
suppression agents, power cycle working fluids, polymerization media,
pariculate removal fuids, carrier fuids, buffing abrasive agents, and
displacement drying agents.

DOne ambodiment of this invention provides a process for prapaning
a thermoplastic or therimoset {oam. The process comprises using an
azeotropic or azeolropa-like composition as a biowing agent, wherein sald
azeotropic or azeotrope-ike cofmposifion consists assentially of E-
1,1.1,4.4 4-hexafiuoro-2-butene and a component selected from the grous
consisting of methyl formate, nepentang, 2-methyibutane, | frans-1.2-
dichigropthyiense, 1,113 3-pentafiuoropropane, n-butang and (sobutane.

Another embodiment of this invention provides g process for
producing refrigeration. The process comprises condenaing an azeotropic
or azeofrope-like compasition and thereafter svaporating said azeolropic
ofr azectrope-like composition in the vicinity of the body b be coalad,
wharein said azgotropic of azeotrope-ike compasition consists essentially
of E-1,1,1:4,4 4-hexafiuoro-2-butene and & component selected from the
group consisting of methyl formate, nvpa-nmna, Zmethyibutane, | trans-

1. 2-dichlorosthyiens, 1,11 3 S-pentafiuorepropane, n-butane ang
ispbutane,

Anather embodiment of this invention provities & process using an
azeotropic or azectope-dike composition a8 a solvant, wherein said
azeotropio of azeotrops-ike composition consists essentiafly of E-
1,1,1.4.4 A-hexafuore-2-butene and a component seiscted from the group
consisting of wethyl formate, n-pentane, Z-methylbutane, | rans-1 e
dichioroethyiens, 1.1,1.3 3-pentafiuoropropane, n-butane and iscbutans.

Another embodiment of this invention provides a procass for
producing an aerosal product. The provcess comprises using an azeotropic
or areotropedike composition as a propeliant, whereln said azeotropic or
sreotrope-ike composition consists essentially of E-1,4,14 4 4-
Rhexafiuoro-2-butene and & component selected from the group consisting
of methyl formate, n-pentane, E—mmhyii:ﬁ';mna, . ranse1,2-
dichioroethviens; 11,13 3-paitafiucropropane, n-butane and isobutane,

18



WD 2008/ 154612' PCMJIS2008/ 066621 E-FC-133 it-vai n-butane0 50-72/28-50

E- FC- 1336r nzz/ n- but ane 40 10-13/87-90 and 43-80/ 20-57
E- FCG- 1336nzzl n- but ane 80 10-90/10-90 E- FCG- 1336r nni n- but ane 100
WO 2008/154612° PCT/US2068/066621

Another embaodiment of this invention providas a process using an
azeotropic or azectrope-iike composition as a heat ransfer media,
wherein said azeotropic of azestrope-iike compasition consists essentially

in

gmupm_nsisﬁngcf mathyl formate, n-pentane, 2-methyibutane, 1, rans-
1.2-dichiorosthylene, 1.1,1.3 S-pentafiuoropropane, n-butane and
sobttanse.
Anocther embodiment of this Invention provides a process for
extinguishing or suppressing a fire. The process comprises using an
10 gzedtropic or azeotrope-iike composition as a fire extinguishing of
suppression agent, wherein said szeotropic or azectrope-like composition
consists essentially of B-1,1,1.4 4 d-hexafluorc-Z-butens and a componarnt
selacted fromthe group consisting of methy! formate, n-pentansg, 2-
methyibutane; %{ans»i_,?_—diamom&hyiam, 1,113, 3-pentafiucropropane, n-
15 budlane aad isobulane.

Another embodiment of this invention provides a Process using an
azactiopic of azectrope-ike composition as dislectics, wherein said
azeciropic oy greotrope-fike composition consists assantially of k-
1.1.1,4.4 4-hexafiuoro-Z-butene and a component selectad from the group

20 consisting of methy! formale, npertang, 2-methyloutane, | fransg-1.2-
dichiorosthvisng, 1,1,1.3 3-pentaflucropropane, n-bulane and isobutane.
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10-90/ 10- 90 It was found through experinents that E-FC 1336nzz and

i sobut ane form azeotropi e or azeotrope-like conpositions. To determ ne the
relative volatility of this binary pair, the PTx nethod descri bed above was
used. Thewpciﬂ‘&ﬂlsﬁfééol ute pressure in a PTx cell of knd&/¥8fE{eco%as
nmeasured at constant tenperature for various binary conpositions. These
measurenments were then reduced to equilibriumvapor and |iquid conpositions
in the cell using the NRTL. equatiigidiEThe vapor pressure neasured versus
the conpositions in the PTx 10cell for E-FC 1336nez/isobutane m xture is
shown in FIG 7, which illustrates gr ically the formati on of an
azeotropic co Qé‘i{:f)fngﬁsgh?ﬁ B _'%??3?%?%@@)%‘:1“ uor o- 2- but ene and cydopent ane
at 20.0 C, as i@WdiEchl Byt advexaiyee-obugpeiand24. 9 nole %

E-1.1. 134, 4, 4- hy afetnotorahwhens hagersd bringleds weseobaeine havi ng t he

hi ghest pr , ONEh , _ )i . bl is tenperature. Based
upon thesee@f?f‘flg:(‘r%}igna S, %{of}ﬁgééﬁ%&d@%ﬁ%ﬁ%%ﬁﬁ@@ﬁ%%@ﬁs zz and

i sobut ane flot.htdzEbetdpPe-£BWPOBI ti ons ranging from 19.4 nole percent to
about 324 nol e, percent ? FC- 13§6i,nzz._ ?r}g( f.rom about 80.6 nole percent to
about 67.6 rrol-‘%j%&??@ﬁf” P BHTARR SEWAT RN For m 20azeot ropi ¢ conposi ti ons
boiling at a tef®&r hidretoferaivrabbuteresodt to about 80 00 and at a
pressuré@ of frofh;absutend, Shersindh¢ BpekPay & eapdin a2¢Beped a (1503 kPa)),
Sone enbodi rent: Qt r.oni [elpnaTel- TN g -6 4§ gl in Table 16, Table
16. Azeotrog!|t;?i%’g}{l i"%‘é‘gg”?%%%%%z‘%otr'op?%{“%%%gfﬁjéﬂ%% Azeotropi c Pressure
(psi a) E- FGexaBBensi#xigdol e i sobutane (nole % -40 4.5

3. A composition consisting essentially of!
(@) E-1.1,1,4 4.4-hexafiuoro-2-butene; and
15 (b} n-pentans; wharein the n-pentane i5 present in an effective

.
{

amount {o form an gzeotrops-like combination with the B-1,1,14.4,4-
hexatluoro-2-hutens,
4. A composifion consisting essentially of:

{a) B-1,1,1.4,4 4-hexafluoro-Z-butane; and
20 (b} 2-methyibutane; whersin the 2-methylbutane is present in an

affective amount to form an azeotropic combination with the £-1,1.1,44 4+
hexafiuom-2-hutene.
& Acomposition consisting essentially of:

{a} £-1. 1,14 4 4-hexaflutro-2-buteneg, and
{b} Zemethythutane; wherein the 2-methylbutane i presentin an

3
[#3

sffective amount to-form an azeotrope-ike combination with the E-
1.1.14 ﬁ,rfgg@»h@xaﬁuamw.z«_butene,
6. A composition consisting essentially of:

{a) E-1,1,14 4 4-hexafiuoro-Z-butene; and
30 (I} trarys-1, 2-cichiorosthylens; wherein the frans-1,2-

dichioroethylene is present in an effactive amount to form an azeotrope-
like combination with the €-1,1,1,4,4 4-hexaluore-2-butene.

7. A composition consisting essentially of:
(my E~1,1,1,4.4.4-hexafluoro-2-butene; and
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(b} 1,1.1,3,3-pentafluoropropane; wherein the 1,1,1,3,3-
pentafiuoropropane is present in an effective amount to form an
szeotrops-ike combination with the £-1,1,1,4 4 4-hexaflucro-Z-butens.

B. Acomposition consisting essentially of:

{3} E-1.1,1.4 4 4-heaafluoro-2-butens; and
{by n-butane; wherein the n-butans 18 present in an effactive

arnount to form an azeotropic combination with the £-1,1,1,4 4.4~
hexafiuors-2-butane.
8. Acomposition consisting essentially of:

{a) £-1.1,1.4 4 d-hexafluoro-2-butens; and
{b) n-butane; wherein the n-butane is presant in an sifective

amount o form an-azeotrope-like combination with the B-1,1,1,4,4,4-
hexaflucro-2-butene.
10.A composition consisting essentially of:

{ayE-1,1,1,4 4 4-hexafluors-Z-bytens; and
i) wobutans; wherain the isobulane s present in an effective

amount to form an azestropic cambination with the E-1,1,1.4.4.4-
hexafiuore-2-bildars.
11, A composition consisting essentially of;

{a) £-1.1,1.4 4, 4-hexafluore-2-butene; and
(b} isobutane; wherein the isobutane is present in an effective

amount to form an azestrope-like combination with the B-1,1,1,4.44-
hexafiuore-2-butens.

12.A process for preparing a thermoplastic or thermoset foam
comprising using an azeolopic of azeohrope-iike composition as g
blowing agent, whersin said azeciropic or azeptrape-like
composition consists essentially of £-1.1,1.4.4 4-hexafluore-2-
butene and a component selected from the group consisting of
methyl formate;, n-pentans, 2-methyibutane, tans-1,2-
dichlorosthyiene, 1,1.1.3 3-pentafiuoropropane, n-butane and
solutans,

13.A process for producing refrigeration comprising condensing an
azeotropic or azeotrope-iike composition and thereafier
avaporaling said areciropic or azeolrops-like compasition in the
vicinity of the body 1o bs codled, wherein said azeolropic o

22
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arectrope-ike composition consists essantially of BE-1,1,1,4.4 4~
hexafluoro-2-butene and & componertt salected from the group
consisting of methyl formate, n-pentang, 2-methyibutane, trans-
1, 2-dichlorosthylens, 1.1,1.3.3-pentafiuorapropdne, n-butane and
isohutans.

14 A process comprising using an azestropic or gzedlrope-like

composition as a solvent, wherain said areoiropic or azeotrops-
like composition consists essehifally of £-1,1,1,4 4 4-hexafiuoro-2-
butens and & component selected from the group consisting of
methyl formate, n-pentans, Z-mathyibutane, ans-1.2-
dichicrosthylene, 1,1,1,3 3-pentafiuoropropane, n-butane andg
isobidans.

18.A process for producing an asroscl product comprising using an

azectropic or azeptropa-like composition as a propeliant, wherein
said az&&irapﬁc or arsotrope-iike composition consists essenfially
of E-1,1,1.4,4 4-hexafluoro-2-butene and & component selactad
from the group consisting of methyl formate, n-pentane, 2-
methyibutane, frans-1,2-dichtoresthylene, 1,1,1.3.3-
penizflucropropane, n-butans and isobitane,

18 A process comprising using an azedlopic of azeottope-like

composition as-a heat transter madia, wherein said azentropic or
arectrope-ike composition consists essentially of £.1,1 1,44 4~
hexafiuore-2-butene and 8 component salected from the group
consisting of methyl formate, n-paniane, 2-methyibutane, trans-
1.2-dichiorosthylena, 1.1,1.3 S-pentafluorepropane, n-butane and
isobitane.

CAcprocess for extinguishing or suppressing & fire comprising

using an azeolropic or azeolrope-ike composition as a fire
gxtinguishing or suppression agent, whersin said szeotropio or
azeotrope-ike composition consists essentially of £-1,1,1,4 4.4
haxafiuore-2-butens and a component salected from the group
consisting of methyl Tormate, n-pentane, Z-methyibuiane, trans-
?ﬁ«désh’k}r&aﬁhy&eme; 1,113 3pentaflucropropane, n-hutane and
sobutans.
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17&7 30. 7% 69. 3% 80 .2182 32.4% 67. 6% Addi tionally, azeotrope-like
conpositions containing E-FC 1336 zz and i sobutane may al so be fornmed. Such
azeotrope-|li ke conpositions exist around azeotropic conpositions. Some
embodi menVV§ 284813388t r opel i ke conpositions are |isted i HHAHPE % dditi onal
enbodi nents of azeotrope-like conpositions are listed in Table 18. Table
17. Azeotrope-|ike Conpositions The azeotropi ; azeotrope ike corn

, , ‘ c qQr
ositions of th&-Hre@s PRVEMTOISRAT BEPPPRN A 885 HPREMNE conveni ent d
i ncluding mx copdrhpisintielisdesisedhammisdis azddhoprer epbadipaent of this

i nvention, azeotropic or_azeotrope-like c¢ it can.be prepared by

wei ghi ng t he desﬁ%@ﬁm§5ﬁﬁ8ﬁéﬁ$&§. %%?%a%ﬂgg?ﬂiﬁégggéwx’8ﬁﬁ?ﬁing themin an
a]ppr ﬁpri ate cont ai;as and ac-cfmpgﬂ%ﬁﬁ%ﬁi@@&&imhﬁﬁg@nﬁmé@?@;dxfi Ik_e conposi ti ons
of the present inventjon can be used in .a wde ran of applications,

i ncludi g their (% -Yil%’”?@iﬁog"gﬁntﬁ?’%’éi‘\egﬁ%&ﬁﬁe%?ﬁggﬁhnt s, solvents,

cl eani ng agent s, dhhevweatgiagentist { keamatxpansipen, aganis) afor thernopl astic
and t hernoset foang, W 2008/ 154612PCri us2068/ 666621 heat transfer nedi a,
gaseous dielectrF%%?m??fe ext i ngui shing and suppressi on agents, power cycle
wor ki ng fluids, polynerization nedia, particulate renoval fluids, carrier
fluids, buffing abrasive agents, and displ acenent drying agents. 50ne
enbodi ment of this invention provides a process or preparing a

t hernopl astic or thernobset foam . The process conprises using an azeatropic
or azeotrope-like conmposition as a blow ng agent, wherein said azeotropic
or azeotrope-like conposition consists essentially of

~E1l,1,1, 4,4, 4- hexaf | uoro- 2- but ene and a conponent selected fromthe group
“istng of methyl formate. n-pentane, 2-nethyl butane, , trans-1, 2-

di chl oroethylene, 1,1 ,1 , 3, 3-pentafl uoropropane, n-butane and i sobutane,
Anot her enbodi nent of this invention provides a process for producing
refrigeration. The process conprises condensing an azeotropic or
azeotrope-li ke conposition and thereafter evaporating said azeotropic or
azeotrope-like conposition in the vicinity of the body to be cool ed,
wherein said azeotropic or azeotrope-like conposition consists essentially
of E-1,1, 1A 4, 4- hexaf |l uoro-2-butene and a conponent sel ected fromthe group
consi sting of methyl formate, n-pentane. 2-nethyl butane”
transl, 2-di chl oroet hyd4ene, 1.1,1, 3, 3-pentafl uoropropane, n-butane and

20i sobut ane. Anot her enbodi nent of this invention provides a process using
an
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zeotropic or azeotrope-like conposition as a solvent,

wher

ein said

azeotropic or ezeotrope-like conposition consists essentially of
E1l,1,1, 4,4, 4- hexaf |l uoro- 2- but ene and a conponent sel ected fromthe group

2500n3|stﬁﬁﬁw@¥hﬂﬁfhyl f ormat e,

di chl or oet hyl ene,

aer osol product.

azeotrope-li ke conposition as a propellant,

1,1,1,

n- pent ane,
3, 3-pent af i uor opr opane,

2- met hy| but HnlgUS2048/656621
n- but ane and i sobut ane,
Anot her enbodi nent of this i nvention provides a process for

produci ng an

The process conprises using an azeotropic or

wherein said azeotropic or

30azeotrope-|li ke conposition consists essentially of E-1,1 ,1,4.4,4-
hexaf | uoro-2-buterie and a conponent selected fromthe group consisting of

met hyl formate,
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(a) E-1,1,1,4,4, 4- hexafl uoro-2-butene; and I D(b) n-pentane; wherein the
n-pentane is present in an effective anountto forman azeotropic
conbinatign with the E-1,1 144 ,4- hexa. 3, A conposit|] i sting
essent i al MW B¢y E11, 1, 4, 4A- hexaf | uor o- 2- but ene; aﬁgﬂ?g%&%%géﬁiane
wherein the n-pentane s present in an effective anount to form an
azeotrope-li ke conbination with the E-1,1,1, 4,4, 4- hexafl uoro-2-butene. 4.
A conposition consisting essentially of: (a)
E-1,1,1,4, 4, 4-hexdfl uoro-2-butene; and 20(b) 2-nethyl butane; wherein the
2-met hyl but ane is |. presentFigued 2eEtk ¥d3@3mazand form an azeotropic
conbination with the E-4, 4, 4- h®erfthhoad2@Cbutene. 5. A conposition

consi sting essentially of: (a) E-1,1,1444-henfl uoro-2-butene; and (b)

2- et hyl but ane: whereip the 2-nethyl butane spresent in an ye anmount to
form an azeot nope-|li ke conbination with the El . 4. 44-hexafl uoro-2-but ene.
6. A conposition consisting essenof: E-1,1.1.4A, 4-hexaffuoro-2-bute
rans-12-di cbl oroethyl ene; wherein the trans d ch oroethhylene is present in
an effective anount toz??~~=.*of~w pbke conbi nation w thithe

El, 1, 14, 454- hexaf lluoro- 2- but ene. 7. A"tospQsition consisting essentially
of: (a) E1,1, 1,4, 4A-gexaf !l uoro-2-butene; and™ *
2008/ 1546%2. PCT/ US2088,066621

Pressure,
&>

15
53 : . ; i
0 0.2 0.4 0.6 0B 1
Mole fraction n-Pentane
20
25
30
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(b) 1 1,1 fr33-penthCuoropropane wher&n the 1,1 33- pentafl uoropropane is
present in an effective anount to form (an azeotrope-like conbination with
the E-1lifrt444-hexafl uoro-2-butene. 8. A conposition consisting essentially
of : (a) EWP 208154632 4- hexafl uoro-2-butene; and (b) n- bUEHPEIS(REREI n t he
n-butane is present in an effective t to forman azeotropic
conbination with the E-1 A A fr4fr4fr4hexafiuoro-2-butene. 9. A conposition
consisting essentially of: (a) E-1,1,1, 4,4, 4-hexafl uoro-2-butene; and (b) -
n- but ane: wherein the n-butane is present in an anount to form an
azeotrope-li ke conbination with the E-1 1 4,4,4- hexafl uoro-2-butene. 10.A
conposition consisting essentially (a) E-1,1,1, 4,4, 4- hexaf | uor o- 2- but ene;
and (b) isobutane, wherein the isobutane is present in an effect]ve anount
to forman azeotropi c conbFigured &dFiCh133bmEz and 1sdpehtdnd-
hexal | uor o- 2- butene. 11. A conposition appgiosti ng essentially of:| 20(a)
E-1,1,1, 4, 4. 4- hexaf|l uoro-2-butene; and (b) isobutane, wherein the isobutane
is present n an efflective unt to forman azeotrope-|like conbinatjon with
the E-, 4,4, 4- hexafl uoro-2-butene. 12. A process for preparing a
t hermopl asti ¢ or ther n®2sconprisi-ng-usi-ng-am-azeotropi¢ or azeofroPe-like
COWpGCsiti bl owi ng agent, Wwherein said azeotropic or azegtrope-|ike

25 4
20 4

151 ¢

Pressure, psia

10 -

4 0.2 0.4 0.6 0.8 1
Mole fraction E-FC-1336mzz
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conposition consists essentially of E-1,1,1,4,4,4-hexafluoro-2- butane and
a conponent selected fromthe group consisting of nethyl formate,

n- pent ane, 2-rnethyl butane, trans-1, 2- 30d|chlonethylen

1,1,1,32-%%%*%¥Hﬂ% opropane, n-butane and i sobotane, 1ABPERALE ¢ or
producing refrigeration conprising condensing an azeotroplc or
azeotrope-li ke conposition d thereafter evaporating said azeotropic or
azeotrope-like conposition in the vicinity of the body to be cool ed,
wherein said azedtropic.; or WD 2008(154612: PCT7U8200$/066621

azeotrope-|i ke conposi tlmiucerzslﬁ-tﬁceﬁmhzaj amdof El, hexafluoro-2-buterie

and a conponent sel ect ah<2 4 Eﬁcﬂrlc?%’eﬂﬂﬂ@'n%th{]g of rret hyl formate,

n- pent ane, 2-nethyl but ane

transl,2-dich|oroethylene,,1 3, 3- ggﬂlgfluoropropane nibutane and

i sobut ane. 14. A process conprising using an azeotro |c]or azeotrope-|like
conposi tion as a sol vept...wherein-sai-d.-azeot-+-opi-6--oF- .azeotropel i ke

conposi tion consijsts es :ntlally of EIl ,1,4,4,4- hexafluoro 2- butane and a
conponent sel ected frdin t ewqr oup conS|st|ng of nethyl formate, n-pentane,
2- et hyl but ane, trans; j 2- di chhkgqroethylene, 1.1,1, 3,;34pentafl uoropropane,

n- but ane and isobytane 15. A process [or prodUC|ng an aerosol prodonprising
an azeotropic O azeoﬁ ope- | i ke conpositiqn as a propelll ant, wherein said
azeotropi c or azeo pI | i ke conposition cdf=rsts essentially of

E-1,1,1,4,4, 4- hexaf 0Of 0- 2- but ene and a conporfept seliected fromthe group

conS|st|ng of met hyg formate, n-pentane, 2- meth Jbutane

strans-12- dlchlorcetﬁy ene. 1,11 , 3, 3- pentafluoro* ane, n-butane and

~i-sobut ane. 2016. # pgoeess conpr|5|ng using an azeo{rapic or azope-like
conposffion as a ‘azeotropic or le-like

\iuor o- 2- but ene and a

conponent sel ecte frgﬁ1the group S|st|ng of nethyl Lolmat e, n-pentane,

2- met hyl but ane, trans- 251 2-di chl oroet hyl ene, 1, - perit af | uor opr opane,

n- but ane and -
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! Mole fraction trans-1.2-dichloroethylene

10

15

417



i sobut ane.

-. A process for extinguishing or suppressGg a fire conprisin

azeotropi c or azeotrope-like conposition as a fire shing or suppression

agent,

trans- 1, 2-dichl¢
i sobut ane, 18.A
conposition as di
conposition consi
a conponent sel ec
n- pent ane, 2-tnet
1,1,1, 3, 3-pentafl

E- FC- 1336nezz and
E- FC-1336nzz WO
5
10
15

wherein said azeotropi c or 30azeotrope-like co
essential W 2B¥1E%13 1 4. 4, 4- hexafi uoro- 2- but ene and
fromthe group consisting-of
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10 15 00. 20.40.60.8 Ml e fraction n-Pentane 20 25 30 5 10 5 10 15 Figure
5. E-FC- 1336nzz and HFC-245fa 24 0.2 0.4 0.6 0.8
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FIGURE 6. E-FC-1336mzz and
n-Butane at 20 C
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Mol e fraction E-FC- 1336nnzz 00.5 Mol e Fraction E-FC-1336nzz 5 10 Figure
7. E-FC-1336nzz and | sobutane at 20.0 C 20 0.20.40.60.61 Mole fraction
E- FC- 1336

WO 2008/154612 PCT/US2008/066621

Figure 7. E-FC-1336mzz and iscbutane at 20.0C
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