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present application clains priorli t HJ Patent Application No. 611293, 768
filed on January 11, 2010, inco_rT ON, reference. - BACKGROUND OF
THE [IVENTION  10RZEGHrOPIOAND MRS HROPE-LIKE ESMPORATIONG GF! osur e

relates to azeotropic or azeotrope-Iike conpositions
Z-1,1,1, 4, 4, 4- hexaf | dot, 0,14 Bi4-HEXARIBOROE2:BU GEDIR], diRFA Byil,2ne, and

1,1,1, 3, 3- pent af SGripti o industries
have been morki&geﬁﬂgggﬁ@ﬁﬁﬁéﬁgﬁgmﬁéggi&e£3ﬁ%Pgﬁhﬁhﬁgﬁsgﬁéﬂgﬂéﬁ or the
ozone depketing chl orofl uorocarbons (CFCs) and hydrochl orof | uorocar bons
(HCFCs). The CFCs and HCFCs have been enployed in a w de range of

appl i cations, i nclTihéi prgsenicappliggtion slaiws siority2opd S iRateaiAgplioasoniNger ant s,

cl eani ng age i f,.0 e I i I f oans,
heat t ranet o TR 58 RGEh S8 4ot Roal ERRGPE AR o iSRRG
suppressi on agents, power cycle working fluids, polynerization nedia,
particul ate renoval quidsBAFarrier quid%J buffén abrasi ve agents, and
di spl acenent dryi ng agents__£HgEﬁﬁﬂﬂiﬁﬁzﬁ_iﬁiﬂﬁl_ﬂiﬂﬂﬂcenents for these
versatil e conpounds, nmany industries have turned to the use of

hydr of | uggocar bong;éid&tthe Disclosdree HFCs do not contribute to the

destruction of stratospheric ozone, but are of concern due to their
contribution to tHde presentaiscosatef retates to areotragiepr enadtrogmtilee t o gl obal

warm ng. As a result of i,r, 30contrihution, t | obal rmng, the HFCs

have come undeRS R 2 2 Ao mexpiudio nlfers s hP5o be' 11 ted 1n
the future. THitoroehféhd ard Need3 BoseriaiRdblisp@s that do not contribute
to the destruction of stratospheric ozone and al so have | ow gl obal warm ng

potentials (GAPs). WO 2011/ 085309PCT/ US2011/ 020675 Certain

hydr of | uggool efi n such. as 1 , A 4- hexaf | uor o- 2- but ene ( CF3CH=CHCF3,
FO 1336n§§) , are ﬁ%ﬁﬁcgipgbo'} 8}53&%@04“ goal s.
Many industries have been working for the past few decades to find

NVENTI ON  AZEOTROPI C AND

replacements for the ozone depleting chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs). The CFCs and HCFCs have been
employed in a wide range of applications, including their use as aerosol

20 propellants, refrigerants, cleaning agents, expansion agents for
thermoplastic and thermoset foams, heat transfer media, gaseous
dielectrics, fire extinguishing and suppression agents, power cycle working
fluids, polymerization media, particulate removal fluids, carrier fluids,
buffing abrasive agents, and displacement drying agents. In the search

25 for replacements for these versatile compounds, many industries have
turned to the use of hydrofluorocarbons (HFCs).

The HFCs do not contribute to the destruction of stratospheric
ozone, but are of concern due to their contribution to the "greenhouse
effect", i.e., they contribute to global warming. As a result of their

30 contribution to global warming, the HFCs have come under scrutiny, and
their widespread use may also be limited in the future. Thus, there is a
need for compositions that do not contribute to the destruction of
stratospheric ozone and also have low global warming potentials (GWPs).



SUMVARY OF THE | NVENTI ON 5Thi s di scl osure provides an azeotropic or
azeotrope-li ke conposition consisting essentially of (a) Z-F0-1336nzz, (b)
trans- 1, 2wodbcisssoeet hyl ene (E- Cl CH=CHCl, trans- 1, 2- DCEpcarmus$2qiajp2ds74, 1, 3, 3-

ent af | uor obuyt ane (CF3CH2CF2CH3) ; erein t trans- 1, 2-. di.chl oroet hyl ene
bnd the 1 3, L BARIDRACHE SHEN 2ed breba i NAPTLOE 2IUEUE aount s t o
forman azeolERpbH-eHEF LR 98SehikE A BblidReqiol Mledt boiR dotie 2. Thi s

di scl osure al'so provi des processes of using these azeotropic or
azeotrope-li ke conpositions as blow ng agents, refrigerants, solvents,

aerosol propellants, heat tr@%%&%gui shants, fire
15suppression agents or di el - ! TION OF THE | NVENTI ON
I'n many agplicati qmgs disBRsURLpRIvidesPat 8z6btREHIE of BRBGIRSHY-Iils an azeot ropic

or azeotrope-like mxture is desirable. For exanple, when a 20 bl ow ng
agent conposiCOMRPS{tifnseonsifting essentialin ef(gadsi On % (b} tré@rih2ex pansi on

e g . ;
azeotrope- 11 PEToREM IR [ G RECECT BRRGE SRE BB G RS Sppt i cat i on
in the foam fpehfh@reytass $CFIVERCESGIHgEewWhargionme gahsamcoul d detrinental |y

af fect processing or cause poor performance in the 25application. Also, in
refri gerati ofidppoetutensmand ihe s 1.ge-pantaflyorgouiang ag PgseNhi§ oper ati on

t hr ough aks.qiany; gl ] Q) nd broken
[ mes 1 18 aag PR Blroyhaiaori 2 o FeIRR bP BPea MBI 200,
during mai nt &i@+1886pizacedures on refrigeration equi pnent. If the
refrigerant is not_a g.ure si ngl e conponent or an_azeot hog%c or, 30

azeot rope-1 i ke cohi%% ISrlogure flsoEpyi 6%P59ﬁ93§8ﬁﬁ6§?W96 € ?Z%Wé%_% when

| eaked or di $h3EeRgoé Aké RENIIRDALUsCOIGWRIY &dhts Sk fehAls) 88IVEALS, Prent .
The change in refrigerant conposition nmay cause the refrigerant to becone
fl ammabl e or aerostpeopRi@nts, dicat transfer oredias, five exticguisitanisr tilengl y, there is
a need f usi ng_azeotropi.c or.azeagtrope-like mxtures in these WO

2011/ OBS%QP&'P%@?@H‘/i@%&?gregf%e@f'ﬁ%r applications, for exanple azeotropic
or azeotrope-like m xtures containing Z-1,1,1, 4,4, 4-hexafl uoro-2-butene

(Z- CF3CH=CHCF3, Z-FO0- 1336nzz, cis-F0-1336nzz). Bef ore

addressi ng details of RPERAILEDDESGRIPTION OhJHEINVENTIGNer ns are defined

or clarified. . XISt - i tional
Csoners. Eor 7z MrEEiiRElofRiE tebar AT RS ®ie SRRl Bhed
Z- FO- 1336nzz azeofropie-ck3Feotopedike wrikturass deyiralall sradxapmsieowhenat ur es of

such isoners. As used herein, the terms "conprises," "conprising, "
"i ncl uded0"  PIPWIRGIagENk§OMPOgkieN (alspAMoMg! a%foaih $XBaReN PeeNE 'R her eof ,

are intended &Bansion compositions) is not a pure single component or an azeotropic

or azeotrope-like mixture, the composition may change during its
application in the foam forming process. Such change in composition
could detrimentally affect processing or cause poor performance in the

25 application. Also, in refrigeration applications, a refrigerant is often lost
during operation through leaks in shaft seals, hose connections, soldered
joints and broken lines. In addition, the refrigerant may be released to the
atmosphere during maintenance procedures on refrigeration equipment. If
the refrigerant is not a pure single component or an azeotropic or

30 azeotrope-like composition, the refrigerant composition may change when
leaked or discharged to the atmosphere from the refrigeration equipment.
The change in refrigerant composition may cause the refrigerant to
become flammable or to have poor refrigeration performance. Accordingly,

there is a need for using azeotropic or azeotrope-like mixtures in these
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cover a non-exclusive inclusion. For exanple, a process, nethod, article,

or apparatus that conprises a list of elenents is not necessarily limted
to only twoeilwsssments but may include other el enents necTaspoiessieys| i sted
or inherent to such process, nethod, article, or a ratus. Further, unless
I5expressly GPSIQECE 8PRIcE188m TPk PYarPl: a26aliRICOr &SRt aRREKRAUES and not
to an excl usicyfitfiing 21 1e¥ﬂrﬂf’h-€hex§ﬂl9<9r‘6d%-tbh ECF '%cﬁféft fA.p@-by any one
of the follow ng: A% true’ (or present aﬁ%%?s F%lhse orgs’not present), A
is fal se (or 1386mmzesiertQ-133Gnxa)s true (or present), and both A and B are
true (or present)., 20Al s use of "a" or "an" are enployed to describe

el ements and compliINEAQESF g dealE i moime N dgRipidaloy. sgpe

conveni enge agdnd aradfofhadl Geflsafifdd. sense of the scope of the invention. This
description should be read to include one or at |east one and the singular
al so incl udes t he R§P188Pmza@Inagy exist ps oop\af due Contigurational in@Aers, dt Bler wi se.

nave the samd megdl ho L o nien rSRINGRER SRCIOHRE G FO-ImRe 3R T
the art to WH-FO-1886mzaveniveldaszelyauogsbinlidrizooghixi@iesadsuehdsamemst i al s

simlar or equivalent to those descriped herein can be used in the practice
or testing of enbdH WEast Rerein.he teimss CRMAriSeENt FOMPrigingt aBldRSmet hods and
mat eri al gpar e; >ri b Y A ' ' j fons,

pat ont o, 9nd SEREHY. o SeancadnaCel Py eI g R06n 1REEER araBRch g I

ref erence i ncoher a nentexchisive imclussm. aFpraetampieas pressssgenetsod,dréde, I N case

f flict, th t i ficatign, includi finiti, .
2011/ 0B5309P 1 AORBIGS PSS UMY SIS =g APt Peressel Rited 9 <.
met hods, and Wﬁ%ﬁ[&ég%l%én@ Bd{%éﬂp‘cﬁﬂi&&hér 8l gHs ngf‘bﬁ;'i‘r%glgtl%té}ﬁor

limting. -1336nzz 1s a known conpound, and its préparation

met hod has bégrerdntiol supidorotess, eratinptearticte, Or 8ppPeatesit FRAber, catdssn No.
52008/ 0269532, hereby i ncorporated by reference in its entiret Thi s
2ppl i cat 18n BGOSR 8 B PEEERE PE T6ier e an sie R abbAAS #Mons

consi sting esxenisividl dry Fdr d@nple F9cdrdi6E A o Blis sa@sTedlsy2any one of the

di chl oroet hyl ene, and (c) 1,1, 1,3, 3-pentafl uorobutane; wherein the

transi, 2- di chPlEMEBEhyY isrieueaed pregent) and B3s dalge heanotuesent) ofvés tlse present
in 10effecti A C =1 ixture with
2 Fo 1336m 0 FOUEHESE00 b B b B 3RkEE SRl b AR ERdEEatd # e “inen

conbi ned wit lpresdrfl).1336nzz, results in the formation of an azeotropic or
azeotrope-like mxture. This definition includes the anounts of each 15

conponeng0 whi ch AMSRIHSE Ffaf” QRrdN FEPEMRIAYEDIP dercribecalements i ed to the

conposition - pi6n: QF ~chi : j L

continue to 3)%{“& atn?stgﬂ%&glb%?ﬁ%@'pfnégésugéﬁe%eﬂtgﬁv&bt E&E)OSSII BI eérﬁﬁjﬁ?erent
boi | i ng poi ntgive dlgenefalisensedf dw scapeavidbatinventiondelhis Hesempdiont s, such as
may be expressed jn weight. or nol e percentages each 20 conponent of the
Composi £ ons Sapuiee [ BripChaBane SRR oecine Recarsuar 2o

azeotrope- | i ke|GoEPeR 6IU%SF%nﬂ§ssti?i§Rﬂf\/ﬂ$d¢rﬁ§t Rlis Ric@pebiRPwRiher than as

descri bed herein. recogni zed in the art, an azeotropic conposition
is an ad@bxture ofunless othenwise dsifinedr alhtechoinabaadissientific kermehesed n | i qui d

form under a

herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the present invention, suitable
30 methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are
incorporated by reference in their entirety, unless a particular passage is
cited. In case of conflict, the present specification, including definitions,



25gi ven pressure, will boil at a substantially constant tenperature and
provi de a vapor conposition essentially identical to the overall liquid
conposi t iwo 20ndss®ei ng boiling. (see, e.g., M F. Doher tgTamsdoivoBoc7ival one,

Conceptual Desjgn of Distjl]ation Systens, aw Hil | w Yor k), 2001,
185- 166, 351 9489 elo T8 BRIICB0 14 R ADAEP P0G o280 EQBPIFRCt of | zed at
azeotropic bqﬁ%lﬂ%lgvé Bﬁ& %hﬁfeih%ég! 38D 152 [{ARihGUM or mi ni mum boi ling poi nt

of the mxture relative tot ing points-of the neat conponents at
const ant pressur e, Z-FOel133Gmzais arknown compaumah, Bod litsrpyepaiationingetbbder ved i n

a plot of conpaosition hoili oi nt at iyen essure a function of
ol e r act| oREaeeBeHarS 1P EEHEPI B BRnt PGB BN No. |
2011/ 085389 PGD0BRZBYEE0 2RErED yARESTHDANEE by FERPENGd PNt &fitfeB). SO characteri zed
by a mninumor a _maximumin'the vapor pressure of the mxXture relative to
t he vapor pressur dhig applicaiontngodedifsndy areoyopsnet arrotiopedikeat ure, i.e.,
a maxi mum or i nj r: - Vi i C osition 5
vapor pressuf Orgllﬂgéllg\?c[ebﬁS{sghgzer%géﬁtrlée@a@qg??bn f1i§§r§?nozg’ﬁ®ltggqsr'gt'i on of
conponent s i RlidMeroeti@sd, tananc) 1,1,1,3, Apestaduo@butarid)aviesepnthieatarfseat ur es of
an azeotropi c conposition are that at aqgli ven pressure, the boiling point
of the Iiquid &8igrpethyienesand theg! dnbistheenteReorobang aregresentie vapor
above t henboild id i i Qess 1 ) : V, I boiling
liquid ci?rpoﬁéqe?g\ﬁégﬁggﬁ?é fr?ng][r‘rnZaCrfl onam%atéy?%ﬁeoﬁzpeoﬁ@ﬁ?% @P J e liquid
conposition tFd83paeze). It is also recognized in the art that both the

boi ling point and { he_wej ght percentages of each conponent of th
azeot ropi ¢ conposith %frf?\l&'ﬁg dés W@%?@H@QQ% Wgﬁﬁhe W?'PS&_ is
subj ected to @ FiFt913BeRIA! RIEE i#%e?(o?ﬁ%%ﬁ_%f an e otr8pPicakeot r opi ¢

conposition may be defined in terns of the unique relationship that exists
anong t he comzentraps-lise nikturer Hss definition docipdes theoambuntsmjesachf t he

conponent|§ or_in terFB ofhexact wei ght ?e centages @{9 each co i.ngnt of the
composi tiBn CRIINLNESHWIRIGN BNAHnts DY Y5y | deRgNBno AN Te espWE 35§ essur e.

20For the pur@@secopbbitisn isbvend 8Nhe ale8#ESIE P RebirlBefiRgPOSI tion nmeans a
conposition that behaves |ike an azeotropi c conposition &l .e., has constant

boi Iing char &eMmagsiianescasiinge te guishal thedlifferent perasuseattst wibroassitle ng or
evapor at! on) if&Bfiooifit bBME Ot drBhrd!  RAARR MM ind I es ARUmBIIS] ' AU @
conpositions, i ey changeat all’, ’change only to a mninal or

25negl i gi bl e sexhertmay besxpsedsedin vgightr @shel yércbntages aafesddrope- | i ke
conpositions in which during boiling or evaporation, the vapor and |iquid
CONMposi t?@ns conmayent ef Ei’es%ﬁft)%?'?rh‘-} offbgriagant 'nVent'%WQEé‘bfPf@pe- li ke
conposi tion .%%Boﬁ‘l%ﬁﬁ d?eaz%Bﬁ'Bgé-tliﬁé!c%ﬁg)ol&ﬁc}n@ea}tqg@?ef'é}ﬁ?‘es'ér §aeqt to the
maxi mum or m ni num bol l'1ng pornt in plot o onposition boiling point
at a gi ven prodisaruhenas desictibed ihereiof nol e fracti on of conponents in the

conposi tion. Hence, another characteristic of an azeqirape-like conmposition
Co That there o dsEigangeddE et v aecdamis CATRGSLIS 1o adiaA BuGTe
conponent s i iyfYigh Yok Rsbrapiercht emmpBMEARtsWHiER, Whéen WQiquid form under a
2011/ 085309PCT/ US2011/ 020675
25 given pressure, will boil at a substantially constant temperature and
provide a vapor composition essentially identical to the overall liquid
composition undergoing boiling. (see, e.g., M. F. Doherty and M.F.
Malone, Conceptual Design of Distillation Systems, McGraw-Hill (New
York), 2001, 185-186, 351-359). Constant boiling compositions are
30 characterized as azeotropic because they exhibit either a maximum or
minimum boiling point of the mixture relative to the boiling points of the
neat components at constant pressure, i.e., a maximum or minimum
boiling point is observed in a plot of composition boiling point at a given

pressure as a function of mole fraction of components in the composition.
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boiling point of the conposition at a given pressure is substantially
unchanged. An azeotrope-like conposition can al so be characterized by
t he area wbabiimssmdj acent to the maxi num or m ni MuM vap@CTASeEII0RE75 N a

pl ot 5 of cor#)ositi on va iven tenperature as a function

or...pre re al a
bt ol e f r ac ORGP RRATRORIATS 715 117 CRBIASURIAS R 3 FBRCRUMBNGE her
chat act er | St il PRI Bridsi PRI RITCl bl s 5 a range of

conpositions containing th conmponents 1 n varying proportions
over whi ch t ipsessyveof freessalr@mpondrds ad aposistand teraperatyyiey ea., @enper at ur e
10i s substant}] al'ﬁl’r% unchanged. Addi t.i onal I\%/ﬁ .azeoltio e-1ike..

conposi t i ons "&5H i”iOBHW'BWWGB%B@&FB%'F:&%SB LNEHPIe OEF%VEQB?'BOW th
virtual | y5no vapespreseurl émg%w t@hpefétate bS alfnsddh bhdlold factiif 6Er ence in
t he dew point pressure and bubbl e point pressure at a given tenperature

will be a smgompaments inlthetcomREsitidmd t hr ough experi ments that

Z- FO-1336nzz, trans: - di ghl . , - - Uor gbut ane
formternary azeo'??cgélrcﬁn%l?’ @%eeg{s%g%gy%gﬂgeggg ése%fe %gﬁg% %}?@%ﬂé%h é%pi C
conposi tion cleatsatsd ?iveﬁmﬁélﬁéJ e doilalgopsini/df theilightd eernhpesitiowis fixed
Z-1,1,1,4, 4, 4- hexaf | uoro-2- butene, about 27 wei gh,t, per cent of .

trans- 1, 2- di @ddhaktheygasprositigiobiheuarenabqie Y Dpiling spMRgsition is

1,1,1, 3, 3npe : rhe ol | ! o\ out 30 C at
about at i%sphrétess%ﬁ%&gggﬁégﬂ?ﬂ}eﬁgé?lg@I@ﬁg dggr&%@oﬁ@%"k@bconposi tion
consi st s essédractiahatyorodf theaongment$af the lajuiditompositivpghakeeplaeea). Ibis

Z-1,1,1,4,4, 4- hexaf | - 2- but o f t 20.t t 28 i ght t
of 1 rank- 1. 2 ARCICOBOEER, R orAnal 698 MhE PadDe oA B VBN bSabout o7
wei ght perce rél:fnté%és &f Sach %ﬂ?éﬁéh&%ﬂﬁ&%%@@%robib CoRS SRt Si‘agg poi nt ‘(I)'];\

ahit
fromabout 30 C to about 32 C at a pressure of about 14.7 p e
azeot r opi ¢ orchapgewhgnethkei dzeotropisozinpaesikornis suigegied @ boiling\addliffesencan be

prepared,py any convenjent nethad i.ncludi ng m xing or .conbi ni ng the desired
roant o. 15 SRS ar hemerbRzealep Foliertian i 86 SesBe0 R
azeot rope- | i kige cARRSEldtiOASERhBEeRERRANGSY e ¥ehpbh&ttstdien eapig 6d
conponent anounts and thereafter conbining themin an appropriate

cont ai ner. TIHiRe aeepositional inges &b the pemppRentsAFio derMuPisexsCt Weddhpr esent
( . . . ailit : aftiee
w0 2011/ 085 Rster sy bl d bk Brbiedehe BORAG o MRrat Bl bUB, S T Vo

sol vents, cl gixsdhoilihggidist atd spédtiedprsisard.f oam expansi on agents) for
t hernopl astic and t hernoset foans, heat transfer media, gaseous

di el ectrf8s, fire FOktheguiraseR) tisdn@niione 38iasrotgeatike cRRRISIINC| e wor ki ng
LL]‘&; ?rs]’g gg'r gsﬁ%éeﬁsg% Eﬁﬁg&gﬁg’thépﬁéﬁé&'l%e‘ar{ STEAIpid bPBsitibATf e er fluids,
has constant bbiling characteristics or a tendency not to fractionate upon
boiling or evaporation). Hence, during boiling or evaporation, the vapor
and liquid compositions, if they change at all, change only to a minimal or
25 negligible extent. This is to be contrasted with non-azeotrope-like
compositions in which during boiling or evaporation, the vapor and liquid
compositions change to a substantial degree.
An azeotrope-like composition can also be characterized by the
area that is adjacent to the maximum or minimum boiling point in a plot of
30 composition boiling point at a given pressure as a function of mole fraction
of components in the composition. Hence, another characteristic of an
azeotrope-like composition is that there is a range of compositions

containing the individual components in varying proportions over which the



di spl acenent drying agents. One enbodi nent of this invention provides a
process for preparing a thernoplastic or thernoset foam The process
conpri seswongsssvazeot ropi ¢ or azeotrope-|i ke conposi Pconsas 1adshdw ng
agent, wherein said.1l0 otropi c.or azeotrope-|like conpgsition consists
essent i al |y GOIPPOAt af 1S conapsiioneata SNEREresHiie énsubgpytialy

trans-1, 2-di %Léﬂéﬁ dvylene, and (c) 1,1,1, 3, 3-pentafluorobutane, wherein
the trans-1, 2-di chforoethylene and the 1,1, 1, 3, 3-pent afl uorobut ane are
present in effectiArcazenitopeslikeocdroposition sae@swpé charactereedrimpinel | ke
conmbi nation wth tt}e Z-1,1 # 4t 4, 4- 15hexafl.uor 0- 2- but ene. . rb\c[\ot her
enbodi ment o eAINALTH FURCPBRIOIPSTFLEUN BF GUATWN §APRL BRSEHIRyN @ Plo
refrigeragi of chRpoRitiBREEDOF PRENSUSE Bt & YNEBRNSEratura 28 fuPitien of _
azeotrope-like conposition and thereafter evaporating said azeotropic or

azeot r ope- | i keoledrgstion of éampenents initbe gompositionh Elepedyanethpe cool ed,

Bt el o eSS oy he AR S SRR L g SR SAR S of
trans- 1, 2- di ¢ohfositionglcomeain@gdhé dnditidlalednBomeits af Lagirapptopoetionsher ei n

the trans-1,2- dichloroethylene and the 1,1,1, 3, 3- Pent, af | uor obut ane are
present in efOVEE MG TRRO(AROE PIeSSUER AT Hie %@BBW'B@? e érg'\éﬁib@m%@tqrﬁ ke

conbi nat Hgno}j\g %ngtgﬁﬁﬁlgﬁgri]chjanéeé 4, 4- hexaf | uor o- 2- but ene. Anot her

enbodi nmen s inv I on provides a process using an azeotropic or
azeotrope-|i ke coudtianatin, azedarope-ikentompbsitiensiestabid dernepdinbpiessore

t -lik it] i st tiall f (. . .
A R W RTINS R
301, 1,1, 3, 3- R0tk HOIHRIIABE in Weed @l ol Brédine shadubibRhbairpet hyl ene and

the 1,1,1, 3, 3-pentafluorobutane are present in effective anounts to form an
azeot r opi ¢ ormpressawe @b pegiveérk teraperbiuretwit bevd smatl valug- 1, 1, 1, 4, 4, 4-

hexaf | uor p- 2- but ene. 2011/ 085309PCT/ US201 Anogther
embodi meAs of ¢t S VAR SRTCLATHEY P RS THeS SRS TRon S BERC A 42 aer osol
product. The diiHIGRRWIETEANS @51, 11D, BdeRthiRORSEUTANE forfl teRAgtdRR8obidke
conposition as a propellant, wherein _said azeotropic or azeotrope-like

conposi ti on @6REEetrepediesoMEOSiions. Thg azeatrapie composition consists
Shexaf | uor o- 2: , -1 2= di thyleng, 1,1,1,3, 3-
exal’ uor o 20Ul &E: ot dbiout W‘%.g}@tﬁ%&l@@{@i’ﬂ? 1 ¥,4e{,§9qe%‘ﬂu8&)-2-

pent af | uor obutane, erern the chl oroé ene and t he

1,1, 1, 3, 3- pemuddrie)abobtiRZneeigtiteparc estesttird ns- € i dictiloraetiayrenat and abdwtr m an
azeotropic or_ azeotrope-like conmbinatign wit

h th
7.1.1. 1 804, 2 Welght petseaoblleha.>-RepluerabUBSLM hasihed1oiing BOPROENt i on
provi des 2 PreaESoue! 1% o3l AEAALSIRPIBES FEq 7k RS TR EAIRBBELIRN as

heat transfer nedr a, erein salrd azeotropi c or azeotrope- conposi tion
consi st s esseomsitipnodonsists Bsderitjally 4f 4rofn bbmalf $21try abQutiMt weight ( b)

trans- 1, 2-di el or 985} S"Pa 2R PelShucko’s Buind; RN AbUUPB UG 26" er o 1
weight percent of trans-1,2-dichloroethylene, and from greater than zero to
25 about 27 weight percent of 1,1,1,3,3-pentafluorobutane. It has a boiling
point of from about 30 °C to about 32 °C at a pressure of about 14.7 psia.
The azeotropic or azeotrope-like compositions of the present
invention can be prepared by any convenient method including mixing or
combining the desired amounts. In one embodiment of this invention, an
30 azeotropic or azeotrope-like composition can be prepared by weighing the
desired component amounts and thereafter combining them in an
appropriate container.
The azeotropic or azeotrope-like compositions of the present

invention can be used in a wide range of applications, including their use

6



15di chl oroet hyl ene and the 1,1, 1, 3, 3- pent af | uorobut ane are present in
effective anobunts to form an azeotropic or azeotrope-|like conbination with
t he Z-1, ]wo0,2411408430hexaf | uor o- 2- but ene. Anot her enbodi mercTafs2dihiogos7anvent i on
provi des a process for ex i or s The process

. hi . b
conpri ses usiaﬁga%ﬂs@(959@%'Ealrrggiurlg?rlﬂle?g'}téow'gg'gtgiea%@R&E?ﬁ‘ﬂﬂl'{tg’i RIgWIY a fire

extingui shi ngq@htSHERN aﬂeioﬁgéaggnts)wtarafr?érﬁwl%féys@ig];%%@g;wéﬂﬁb&tcmams,

azeotrope-|i ke conposition consists ‘essentia

Z-1,1, 1, 4, 4, heaticahsieo nedia lgaseoes digpctricantrelgxtingdisbimigoangkt hyl ene, and (c¢)
1,1,1, 3, 3-pent af | uor obut ane, wherein the .transl, 2-di chl or.oet hyl.ene and the
1113 3 perttRPIRSIBLRGSHE. Rftuei el Woring SUiE; SR MAzaHS M T f orm an

azeot ropi § OohapFRMAtedRAIVakRuUIESdHrAat igas Whiffing BBrasive agents, and _
Z-1,1,1, 4,4, 4- hexaf | uor o- 2- but ene. Anot her enbodi ment of this invention

provi des a prdismiaeeraentrdyymg agasds.r opi ¢ or azeotrope-|ike conposition as

cssential 1y of (a0 EQRIRAER IR Sn i BhbLRBS o biEReSO fRrebafy cons! sts
trans- 1, 2- di ghihermeplagtie oethexmdsetioah . ITHe BrodepsrbAidries aBlHgaare, wherein

the trans-1, 2-di chl oroethyl ene and the 1,1, 1, 3, 3-pentafl uor obutane are
present in efREBIPRIE AU AFgRIreredike SOMRAStioreast ?@ﬂﬁ\%'nGraQ&f‘éd@'fﬂ%’S@ $3ide

conbi natkgn W - , - A )

2011/ 0853@9P&%B@@@l&&%&éyép%rﬁg%gs ec?‘fsdng%d%é& %glg?r@%”g\%)é%)ezbeen

descri bed abdve1ahd 4anexafeped-2-mxenp| (&) yraasd ,2xichionvethyhene, Aindegc) r eadi ng
this specificatiaq skil| ed artisans appreci ate, that, K othe spects and
enbodi et s o b Tpb3eental irRRgabS duRaE K F ot hacoRegEyROBRI nvent i on.
SEXAMPLES  the 1,1ThS S.0BARALSIEINES S BRADRREAL Ih dfddiivBrhatinth s igiascr i bed in
the foll owi ng exanpl és, which do not Iimt the scope of the invention

descri bed i n anhezesitipicsor ardatropedikeccannbioatiommditt theed-&j1n],4a.4- per cent ages

are hy Lght. 10Exanple, 1 Exanpl e 1 denonstrates the exi stence of
azeotrogﬁé o%eé?ﬁ%?rpg%bwq?@'corrposi tions forned by

Z-1,1,1, 4, 4, 4- hexa{do#esroerdbbeihfite of tHigNfrehtidn plowibéobGbEddseloe and
1,1,1, 3, 3-pent af | uorobut ane. An ebul Ii onmeter equi pped with a thernoneter
was char ged Wredueng cefgearatiops The MreeasscCoNaPI(SES, congiensing an azeotropic

Z-1,1,1, 4, 4, 4 h0= 2- / S- .
G chi‘or oot hy CLAZFCURHET Re SoltpS oy R Slrceit o abflh et czaqiepic,
measur ed i ncrogrRBbBopdike Boposiiopdn nihe Vidimigrafttbie @ddgfio beedotsd)l t ant

ternary m xtures at about 14.7 psia were neasured _and recorded (see Table
1). TenpéPat Weraivpraid azeairoRis obrLepirere-like fomppsition consists essentially

pent af| Uor obigs 307 ar 1adgathd Ao, S+ Reda 3BT HoRichho B gfect Ur e

indicating a terhary 'm di'num boi 1 ng azeot’ro nme out
at nopsheri c @anedsuf d,{,B38-pept=iflapratutanes iwtaarginathedtanspl ,2- conposi ti on was

Found to have, aDgeufidie dha theh G°1'5 3 pdnthntorooutane are redent A"
effective amounts to form an azeotropic or azeotrope-like combination with
25 the Z-1,1,1,4 4 ,4-hexafluoro-2-butene.

Another embodiment of this invention provides a process using an
azeotropic or azeotrope-like composition as a solvent, wherein said
azeotropic or azeotrope-like composition consists essentially of (a) Z-
1,1,1,4,4,4-hexafluoro-2-butene, (b) trans-1,2-dichloroethylene, and (c)

30 1,1,1,3,3-pentafluorobutane, wherein the trans-1,2-dichloroethylene and
the 1,1,1,3,3-pentafluorobutane are present in effective amounts to form
an azeotropic or azeotrope-like combination with the Z-1,1,1,4,4,4-
hexafluoro-2-butene.



about 71 weight percent Z-FO0-1336nzz and about 27 weight percent 25
trans-1, 2- DCE and have a boiling point of about 30 C. From greater than
zero to avoun1idsswei ght percent 1,1, 1, 3, 3-pent af | uor obutramarstdie/obwsi7$ i ng

poi nts of the res?It nt te&ngal m'ﬁ;gres changed 8 about 2 C or |ess.
These conposition LraRAYIRIAL @1 By 41vEHHRD PrRY é@ﬁ?@?%f%ver this
range. 30 35 R 2 PSR i L i~nt s of
Z- FO- 1336ne2 tréf@}%@%%é%%@%@?pﬁq&% Rt pRtesoRRR IR ks B8GR5 2

psi a wt % 1, 1,0t azeGtropetikaicboposhionzasa wropetlaR)- w8 tnyadd wrestropicorl, 2- DCE

Tenperature (G 0,998 3heditdd @Pisid e88entially of (a) z-1,1,1,4.4.4-

5 hexafluoro-2-butene, (b) trans-1,2-dichloroethylene, and (c) 1,1,1,3,3-
pentafluorobutane, wherein the trans-1,2-dichloroethylene and the
1,1,1,3,3-pentafluorobutane are present in effective amounts to form an
azeotropic or azeotrope-like combination with the Z-1,1,1,4,4,4-hexafluoro-
2-butene.

10 Another embodiment of this invention provides a process using an
azeotropic or azeotrope-like composition as a heat transfer media,
wherein said azeotropic or azeotrope-like composition consists essentially
of (a) Z-1,1,1,4,4,4-hexafluoro-2-butene, (b) trans-1,2-dichloroethylene,
and (c) 1,1,1,3,3-pentafluorobutane, wherein the trans-1,2-

15 dichloroethylene and the 1,1,1,3,3-pentafluorobutane are present in
effective amounts to form an azeotropic or azeotrope-like combination with
the Z-1,1,1,4,4,4-hexafluoro-2-butene.

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

20 azeotropic or azeotrope-like composition as a fire extinguishing or
suppression agent, wherein said azeotropic or azeotrope-like composition
consists essentially of (a) Z-1,1,1,4,4,4-hexafluoro-2-butene, (b) trans-1,2-
dichloroethylene, and (c) 1,1,1,3,3-pentafluorobutane, wherein the trans-
1,2-dichloroethylene and the 1,1,1,3,3-pentafluorobutane are present in

25 effective amounts to form an azeotropic or azeotrope-like combination with
the Z-1,1,1,4,4,4-hexafluoro-2-butene.

Another embodiment of this invention provides a process using an
azeotropic or azeotrope-like composition as dielectrics, wherein said
azeotropic or azeotrope-like composition consists essentially of (a) Z-

30 1,1,1,4,4,4-hexafluoro-2-butene, (b) trans-1,2-dichloroethylene, and (c)
1,1,1,3,3-pentafluorobutane, wherein the trans-1,2-dichloroethylene and
the 1,1,1,3,3-pentafluorobutane are present in effective amounts to form
an azeotropic or azeotrope-like combination with the Z-1,1,1,4,4,4-

hexafluoro-2-butene.



70.66 27.48 30.3 3.64 69.38 26.98 30.4 5.37 68.14 26.50 30.6 7.03 66.

26.03 30.8 8.63 65.78 25.58 30.8 10.19 64.67 25.15
WO 2011/085309 PCT/US2011/020675

10

15

20

25

30

35

Many aspects and embodiments have been described above and
are merely exemplary and not limiting. After reading this specification,
skilled artisans appreciate that other aspects and embodiments are
possible without departing from the scope of the invention.

EXAMPLES

The concepts described herein will be further described in the
following examples, which do not limit the scope of the invention
described in the claims. Unless otherwise stated therein, all
percentages are by weight.

Example 1

Example 1 demonstrates the existence of azeotropic or azeotrope-
like compositions formed by Z-1,1,1,4,4,4-hexafluoro-2-butene, trans-1,2-
dichloroethylene and 1,1,1,3,3-pentafluorobutane. An ebulliometer
equipped with a thermometer was charged with 20.0 grams of a mixture
(72.1 wt% Z-1,1,1,4,4,4-hexafluoro-2-butene and 27.9 wt% trans-1,2-
dichloroethylene) and then 1,1,1,3,3-pentafluorobutane was added in
measured increments. The boiling point temperatures of the resultant
ternary mixtures at about 14.7 psia were measured and recorded (see
Table 1). Temperature depression was observed when 1,1,1,3,3-
pentafluorobutane was added to the Z-FO-1336mzz/trans-1,2-DCE
mixture, indicating a ternary minimum boiling azeotrope was formed. At
about atmopsheric pressure (14.7 psia) the ternary azeotropic composition
was found to have about 2 weight percent 1,1,1,3,3-pentafluorobutane,
about 71 weight percent Z-FO-1336mzz and about 27 weight percent
trans-1,2-DCE and have a boiling point of about 30 °C. From greater than
zero to about 27 weight percent 1,1,1,3,3-pentafluorobutane the boiling
points of the resultant ternary mixtures changed by about 2 °C or less.
These compositions hence exhibited azeotrope-like properties over this

range.
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Table 1

5 Boiling Points of Z-FO-1336mzz/trans-1,2-DCE/1,1,1,3,3-
Pentafluorobutane Mixtures at 14.7 psia

wit% 1,1,1,3,3- wt% Z-FO- wt% trans-1,2-
pentafluorobutane 1336mzz DCE Temperature (°C)
0.00 72.00 28.00 30.6
1.85 70.66 27.48 30.3
3.64 69.38 26.98 30.4
5.37 68.14 26.50 30.6
7.03 66.94 26.03 30.8
8.63 65.78 25.58 30.8
10.19 64.67 2515 30.9
11.68 63.59 2473 311
13.13 62.54 24 .32 31.2
15.90 60.56 23.55 314
17.21 59.61 23.18 31.6

10
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1. An azeotropic conposition consisting essentially of: (a)

Z-1,1,1,4,4, 4- hexaf | uoro- 2- butene; 5(b) trans-1, 2-di chl oroet hyl ene; and
(c) 1,1, we,28tipmssdoaf | uor obut ane; wherein the trans-1, 2- pdiraise@noedshy| ene
and the 1,1,1, 3, 3-pent af | uorobutane are present in effective anounts to
form an azeotropi c conbination with tGeARMS], 1, 4, 4, 4- hexaf | uor o- 2- but ene.
10 2. The az (oS osition of claiml which consists essentially of:
(a) about 71%%9 tC%p@(réggnt of Z-1,1,1,4, 4, 4-hexafl uoro- 2- but ene;

(b) about 27 wei 3htArp)@rZ@@tmplépOErmsgtom,@r@isﬁlﬁgcﬁ&seﬂww&i‘é; and 15(c) about

2 wei ght percent g@f) 2,111 3,84 3-pexdfRbreorghene. 3. The azeotropic
conposi tign of cl ggmrgrﬁ_q\d_a%h%rggghwe%. gRynt of about 30C at a pressure of
4, ¢ ) ’

about 14.7 psia. n azeotrope-tike conmposition consisting essentially
of : (a) Z-1,1, 1, 4(4) %1l BFperdadu@-obutazes whegh¢intthetrens; 22di chl or oet hyl ene;

d 1,1,1 3 3- f1 uor ab : in the trans-1, 2-
G chi or oet hy OTaRTYee 274 e 45T pelperBbPtab Ao despatent | n

25effective aHfRENG akfuhY 1 BRMBFEAEARDI EERDHRABhRAIH Bfe 2 th the Z- _
1,1,1,4,4,4-hexafl uoro-2-butene. S. The azeotrope-Ilike conposition of claim

4 whi ch consilst.4,%44demexadlubyo-gtbuteng.a) from about 52 to about 72 wei ght
per cent (?QEZ 1,1,1,4,4,4- hexafl uoro-2-butene; (b) fromabout 20 to
about 28 i ght percent of trans-1,2- dichloroethylene; and (c)

fromgreater thap zg{O,L0yalRtcrdo I br BSMT 8 hnieh condisty Ssstntially
of:
(a) about 71 weight percent of Z-1,1,1,4,4,4-hexafluoro-2-butene;
(b) about 27 weight percent of trans-1,2-dichloroethylene; and
15 (c) about 2 weight percent of 1,1,1,3,3-pentafluorobutane.

3. The azeotropic composition of claim 2 having a boiling point of
about 30 °C at a pressure of about 14.7 psia.

20 4. An azeotrope-like composition consisting essentially of:
(a) Z-1,1,1,4,4,4-hexafluoro-2-butene;
(b) trans-1,2-dichloroethylene; and
(c) 1,1,1,3,3-pentafluorobutane; wherein the trans-1,2-
dichloroethylene and the 1,1,1,3,3-pentafluorobutane are present in
25 effective amounts to form an azeotrope-like combination with the Z-
1,1,1,4,4,4-hexafluoro-2-butene.

5. The azeotrope-like composition of claim 4 which consists
essentially of:
30 (a) from about 52 to about 72 weight percent of Z-1,1,1,4,4,4-
hexafluoro-2-butene;
(b) from about 20 to about 28 weight percent of trans-1,2-
dichloroethylene; and
(c) from greater than zero to about 27 weight percent of 1,1,1,3,3-
35 pentafluorobutane.
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35pent af | uorobut ane. 6. The azeotrope-I|ike conposition of claim5 having a
boiling point of fromabout 30 Cto about 32 C at a pressure of about 14.7
psi a. WO 20 1pssspess for preparing a thernopl astic or wrhenuseseio2dcesam
5conprising using the azeotropic or azeotrope-like conmposition of claim1l
or claim4 as a bl oltengzeajrope-like camposites of tlaim @ lvakicd adailefg pojet at i on

compri si ng condensign Likg, A360L B0 Pso2EER1 BRECLId<6r SOIRORLY bep of clai m

1 or claim4 and 1 ter evaporating said azeotropic or otrope-Ilike
conposition in the vicinity of the body to be cooled. 9. A process

conpri sing usi ng7t he pAIRRETePHepaFingZePkFrABBktik r GRSkt foam of claim 1 or
claim4 as a solvent. 15 10. A process for producing an aerosol product
conpri si ng using t IROTARIEHNG UpING the azeeliopis e -azerEOReMIe SOMRASItEN @fl ai m 1 or

claim4 as a pr opel‘:!lg\]ﬁ_,I Ogggegmg glg%cqa@irn%gﬁérit:si ng using the azeotropic or

azeotrope-li ke conp0Osition im4 as a heat transfer nedia.
12. A process for extinguishing or suppressing a fire conprising using the

azeotropic or azeotrope-like conposition of claim1 or 25claim4 as a fire
ext i ngui shing or 8sUpBrRESSSIRr BIGSHENSISTOesRiRLEAMPERPLICONFgNESIHEe t he
3?2?22??: gsor az €Ot L ARFhIEr SATBDELIKREIHhp&ifdnTbilciim 9! 6 dRifh #3ind

10 ' thereafter evaporating said azeotropic or azeotrope-like

composition in the vicinity of the body to be cooled.

9. A process comprising using the azeotropic or azeotrope-like
composition of claim 1 or claim 4 as a solvent.
15
10.A process for producing an aerosol product comprising using the
azeotropic or azeotrope-like composition of claim 1 or claim 4 as a

propellant.

20 11.A process comprising using the azeotropic or azeotrope-like

composition of claim 1 or claim 4 as a heat transfer media.
12.A process for extinguishing or suppressing a fire comprising
using the azeotropic or azeotrope-like composition of claim 1 or

25 claim 4 as a fire extinguishing or suppression agent.

13.A process comprising using the azeotropic or azeotrope-like

composition of claim 1 or claim 4 as dielectrics.
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