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Z-111 , 1, 4, 4, 4- hexaf | uor az-2-htidene-HERAELUORMA-BUTRAEat ed Art Many

i ndust ri e?f have been working for the past few decades to find 20

repl acenents for the ozone depleting chlorofluorocarbons (CFCs) and

hydr ochi or of | uor ocR»apSicalSH eRims HisRAL BNdalFk Bodlauforbangogsm oved in

a wi de range of applications, including their use as aerosol propellants,

refrigerant s,f1eq B&H; #g 20§éntsS. %6@93%[’@@%@@61@@’%@457 HEYfopi4isandt and
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repl acerrezr?ts te'%ggsg ?/@r?g aﬁeﬁ%ﬁﬂﬁ@% gé’ﬁ?ﬁ#b&dﬂ??%g \é turned to
the use of hyahodf, ILLI@II@@t&hbﬂpﬁhc{dﬁﬁ%ﬁ@i&%‘?hEﬂédFO&tcfbérQQt20@?“rl bute to the
destruction of strat ospheri c ozone, but are of concern due to their

contribution to the ' greenhouse effect”, i.e., they contribute to gl obal

warm ng. As a result of th rmng, the HFCs have
MWI their w despread

cone under scrutiny, and

use may al so be |i \ future. Thus, there is a need for
conpositions that 'ﬂ%‘tdﬁ%hﬂhc%oﬁnlt%%!%stﬂrg to the destruction of strat ospheric
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This application includes eight different types of azeotropic or
azeotrope-like m xtures. Thi s di scl osure provides a comnposition
consi sti ng essent|%%CJ*R§TOF(8§R21¢€‘1P€BGWZZ and (b) nethyl formate; wherein

the methyl formatguhs, %ép&ﬁé@%vbrbe%ﬂ Ve E:%Qtfi}ycﬁfg%wgw Bgcﬁc%s”ﬂ?%d

azeotropi c or azeotrope e mxture wt
di scl osurd® alrgéiammntﬁef@r theonpusiepleingdnsicditbrgadssenidFdld)andf (a)

Z- FC-1336nzz I ane .l ent in_an

ef fective amo émgrpgﬁﬁogﬁﬁd@ggﬁcgﬂ@é gf‘ Qgﬂiﬁ PBB&FQFPQ AYSPEFR with z- 20
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essentially of %ﬂi 1336nrz and é - met hyl but ane - (| sopent ane) ;

wherein the |%r8i(15% sdefrige FEserEaRR éﬁe’étﬁf%ﬁ% REORIRINE 120 form an

azeot r opi ¢ Orthéﬁﬁ@éiéﬁ%dd éﬁ%rrﬁbéé%ﬁm‘é‘ h@at%acn@fér%@ Z?a [j3i s disclosure

al so provi des onposi tion consisting essentiall Z- FC-1336nzz and
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trans-1,2-digpl %rp?aectepr%n?g%r RS \e:e'erréa libaecompounds many industries have

turned to the use of hydrofluorocarbons (HFCs). |

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

contribution to global warming, the HFCs have come under scrutiny, and



trans-1, 2-dichl oroethylene is present in an effective anount to form an
azeotropic or azeotrope-like mxture with Z-FC 1336nzz. Thi s

di scl osure al so provides a conposition consisting essentially 01(a)

Z- FC- 1336ompesandis( b) 1, 1, 1, 3, 3- pent af | uor opr opane ( CRIGFCABALS481

HFC-245f a) ; ubehiiddptdiRy we%ﬁ% bé [iRR8 G tnd fn@e, Thigahénesisamount to form
an azeotrope-li1ke mxture wth Z-FC 1336nzz. This disclosure also provides
a conposi ti oreeddnstanpogtiessidat talnoy cortripale te-thedesBerfion end (b)

di met hoxynmet hane ‘ - t a1 wheksd ; '(@M@@ ymet hane
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Z- FC- 1336nz Zertain hydbfiusradieftlsosucteaalisol grosimasiiaorodipotingi on consi sting
essentially of -FC- 1336 and (b) .cycl opent ane,. (c-05H10); wherein the
cycl open@ané%Fs”;&EgF 3 %ﬁ'%ﬁ‘ﬁ?@c? e‘?ﬁﬁﬁg‘gm%%f)(?mﬁ%%sazeot ropic or
azeotrope-like mxture with Z-FC 1336nez. In one aspect, there is
provi ded a conposition consisting essentially of: (a)

Z1,1,1,4,4, 4-hexafl uoro-2-butene; and (b) methyl formate; wherein the
methyl formate is present in an effective anmount to forman azeotropic
conbination with the 2Z-1,1, 1, 4, 4, 4- hexafl uoro-2- but ene. I n anot her
aspect, there is provided a conposition consisting essentially of: (a)
Z1,1,1, 41 4, 4- hexaf | uor o- 2- %ﬁﬂ@ARier GRye m@éhé@r mate; wherein the

met hyl fc?r mate i s present ifrat i form an azeotrope-like
combi nation w th Thie agpiichtibn idciddde bigkabifecrd tyi2esouftameeiropic or I n yet

anot her aspect, there is provided a process for preparing a thernoplastic
or thernoset 339(%%p€dﬁﬁrfp*§f)%%s'usi ng an azeotropi c or azeotrope-|ike

conposi tion as a hiowWdithsaeePioviddies ebmpsaiidn aaeklifpessattianzepiaope- | i ke

conposition consists essentiall é’h’Of Z-1,1,1,4,4, 4- hexaf | uor o- 2- but ene and
met hyl foi mald.C-1336mzy and(p) melnbiNeRaspRREN PRdPRINYVSTGHNEIR Hed a process
for prodici ngJLeh aR! &dA0e CAIRIT: 36 RnCARdSOSHLK: BRaALAAUIONL O
azeotrope-1like Conposition and thereafter evaporating sald azeotropic or
azeot r ope- | i kextoemits £tF @11 3BAmizlae vicinity of the body to be cool ed,

wherein said azeolropic, or azeotr - i ke [ L) nSd sentially
of 21 1.1 4, 4 4 Hossclored 3RS v EEen AR RO by SRR T P
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azeotrope-like e%o osition as a sol venir, wher ei n sai cil.kazeo{ rgw.t% or

azeot rope-|iRB 8%‘5‘3?"’1“?8'% e JRET SNBREOLERIG | JapofpPe-ike mixture With 2-

Z-1,1, 1,2?]4, érhexaihpor o- 2- butene and nethyl formate. I n yet anot her
aspect, there is gr ovi ded a process for producing an aerosol duct

. | pr
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propel | ant, i BrSAd nzﬁeﬂ i-C } QIRRSIHtthen consi st's
essentially \gr@%lﬁ%?’% , 4- i@g?%g?@?‘g?%?gﬁ%éﬁﬁeﬁm hy?ﬂnftg?mat e.

In still anotdopentzspdspregenémean sifpriow dodual iprfoteds azeRPEPEi ¥g usi ng an
azeotropic or_azeotrape-like c L L a heat transfer nedia, wherein
sai d azeot roﬁ?’%o%?peé oﬂ%%%—vlvﬁﬂggﬁ%r%&%gl i on consists essentially of

Z-1, 1, 1, 454, 4- hexahlsus e dirbutenpravittbsne ttipbotitomabasisting essentialy st i | |

anot her aspect, there i.s. providec rocess, for extinguishing or

suppr essing &' fq}rzéggo?éﬁq”&zn@{‘qﬂj?%n% ’gné)*g?@&f? |r§b%?n%zeot rope-1i ke
conposi tion %@F?C}fi%@?% L iHFgIBSbiG: Ahefdif BIEHS0BERGRNE prad@néh ansai d
azeotropic or azeotrope-like conposition consists eSSfl;f_[tl Q%% of
Z-1,1, 1, 4, 4, £ifaelet amor oL 2-TOUR SREZERHORBUKY IMKBFR#E 27 C-1339MZ%et  anot her
aspect, there is pravidads@cRAiQsBRNidPEbebagiilAIBEsBAnG2e8ekRMI C OF
azeotrope-li ke conposition as dielectrics, wherein said azeotropic or

azeot r opd9| i ké (mohpOsi I3amzzand (B sanss s @rdicipragtiafiene; wherein the

Z-1,1,1,4,4, 4-hexaf| uor o- 2- but en. ' |_£f ar WVARYO:THE
DRAW NGS FI G%'ai’sieéfldlé Hmf%%“?’éé”%r%&??%’% ’ﬁgﬁreg?‘é{r'\{% oy ool;%r(l{ﬁazeotrope and
azeot r ope-| i kgcopoposir bzeosomsiiss stixinge o8k &nt Cald3pnwz. Z- FC- 1336nzz and
methyl formate at _a tenmperature of about 50.1 C FIG .2 - F .2 1S a

gr aphi cal repr eserﬁ‘éﬁ ??‘gﬁoﬁll”eaﬂs%?é%‘f'g%sp@ ngoﬁgg&‘f’gﬁ’gﬁpg I?glsggéfaﬁ)igsi tions
consi sting e%‘if@tiﬁld-yssﬁmé E6d 1836n7z3 anserpeiicopraplana (CERPER@Fie of
about 19.9 C FIG 3 - FIG 3 is a graphical representation of an azeotrope
and azeotrope-|ike conpositions consistpng essentially of Z-FC 1336nzz and
i sopentane at a tenperature of about 19.9 C. FIG 4 - FIG 4 is a graphical
representation of azeotrope-like conpositions consisting essentially of

Z- FC-1336nzz and HFC-365nfc at a tenperature of about 50.0 FIG 5 - FIG 5
is a graphical representation of an azeotrope and azeotrope-|like
conpositions consisting essentially of Z-FC 1336nzz and

trans-1, 2-di chl oroet hyl ene at a tenperature of about 50.1 C. WD
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azeotropi c or azeotrope-like mxture is desirable. For exanple, when a

bl owi ng_ageni- @ IBRa! %&%&%%é%@fa BSOS A AAARIADe AR o1 T oam
expansi on conpoSiti 'S not "a pure single conponent or an azeotropic 20
or azeot r opdeint ke azertopmlikd mextorenpits itk ©1 338mnzehange during its
application in t .f a formn ess. Such.change tion could
Gorri mant al |y af R ORREAHEP B R A coB i RR P o itk SETRREIL

appl i cation. of/eé)syo mszs@iﬁiz Sed ed)ldaﬂeﬁmﬁmam@H@wg@cg@r ant is often

| ost during operation through Ieaks in shaft seals, hos connectl ons,

sol dered 25jB¢tRY@lawdeKiniherrimetiaymeth %'&lestﬁrﬁﬁemt‘ﬂé‘nr G9%48rant may be
rel eased to a#r'};‘ﬁh Wﬂ?‘rpfhsﬁ S-S AR GRANEE Z g 8BRS, On refrigeration
equi pnent . | ere erant I's not a pure single conponent or an

azeot ropi c or az dois d:peiosmﬂeeale@maa daemppsitipe tengsiamesedtsd¥i t i on may

Caui prent - 88 e SRARGET D B SRR RO e B L e "

refrigerant dyeldpeadre if bessamablrearoefiéctivacarsomaian foref ahgeeatropie guer f or nance.
Accordingly, there is a need for azeotropi c or azeotrope-like

m xtures in %@érepeﬁ‘gem*we WHBI4- %éf “% or exanpl e azeotropic or
azeotrope-like m xtures WD 2008/ 134061PCT/ US2008/ 005481 containing Z-1,1 1

4, 4, 4- hexaf | uor o4 ogé”aﬁ';ﬁ@t (ﬂérg:'i:@ @@@53@0 ﬁ%ﬁ%@ﬁ&ﬁ)ﬁg essentlally of: Bgfzore

oot foedet Rlian h@eﬁa@géﬁgﬁemﬁﬁﬁ B BEE o Fieli Sfulies' "
i soners, E Qfesént ikGnkB36eznasnusadmhen ezetopicepmbinativh evithgbnBris],14.4,4-
Z- FC- 1336rrzzh o%%rfgc}_&l%%gnzz as wel | as any conbi natl ons or m'xtures of

such i soners. efein, the terns "conprises, onpri
"includes, " 10"i riekuethergspect; fagse s Priieid ey comBpOsEinp C@ﬁﬁ&ttng\ﬁéﬁqnaﬁﬁboﬂf {Hdreof ,

are int ended1 i 9 4CONBEx RSOV B1G bl ShY Eb) rﬁ@thylsfoﬁﬁate F@neremﬁp n@thyd fPHAEESS,

met hod, article, or ap&%ﬁat us_t hat Cg‘ir'%‘nl ses a. tlﬁ ng ntst %
necessari | y WPt & 2P IBRITYF PG 9 8 456¢ (ﬁ’ﬁj PRSP & P fent s
not expr esslyi.lijistedeafluboieheate. t 0 such process, nethod, arti cI e, or
apparatus. Furth r t.§ I refers
to an inclusive g%’ ygﬁ 0%%? %’g&gﬁlegex% k%os‘?(g/eg ?o&é&ﬁ&?}(éﬁﬂfx%% taenéig gi“%ﬁ(gn A
or B is satit¢imedeth{pagnyoropresing UsiRE 4o RISHPRIG: 0an4€§”9}?‘”1] { 6POPPRERNEY 2and B
is fal 5)e (OrbEB\an Q‘g@:&e@ﬁérem@azﬂ%zé@dpﬁ: &&&e&%e&keﬁ%%)81tM£51bﬁfeWcﬂi@dl@OF
present are rue so, use of "a" or
‘an" are errp‘? @g&m‘@‘gé}g’éﬁ%"% 8%?1%%({13%‘ Ii% %)Flents descri bed herein.
This is done ner dhystiﬂioamoﬁmn\amuc’ertb@eaﬂdﬂd!\odﬂgi v@r@cgseﬁermbdmeefngmim
scope of the,| éﬁ%ﬁ% Qlhdens? shz;xgs e 9;%]150& %%‘t&]oge-gﬁe o3 0@1801'1 ncﬁllduéﬁregﬁ@r or

at | east one a e sl ngultar a cludes th | ural unl ess h }Ds obvi ous
that it is naneratisheidpEerops oh |a%r06tﬂﬁls? W@é@%rm mdae vty Edhn Pedy and

scientific tgf fRids adehel @1@ aib@tt@pﬂ: e aﬁﬁiﬂiﬁpéﬁha@ bmp@&:@m@l@dswsmdﬂrysdsfood

by one of or a i IS 1 nvention bel ongs.
Al t hough metﬂégls{ %ﬁ(f‘kl?%f‘% (if%n %‘?n&apépeg&g {\%al ent to those described
herein can be usel dnnthehespprtadieiecis poovidess prigesfcosphoidi meme snozeetwipesent

i nvention, &@eelﬂéo&ﬁfq%:&ﬂﬁmagﬁ a”?&l%ﬂtalw%eﬂr? sﬁ}lﬁsﬂeb@@ﬂc hgl @Motrhbd-like

publi cati ons pat'ent a ations, patents, an f erences, nenti oned
herein are i %’éﬁ%ﬁ‘t‘?&t é@FleS}S r%?@#éﬁ%eoﬁ nZ‘tIHéi‘MéﬁFi"?fgW SJ’HF"é‘gsa’é p’&F"E“Vlcul ar
passage is cid@gie. | N case of conflict, the present specification, including
definitions, 00 4061PCTNE2008/ 005481 wi | | nt 4.9l t he
materials, net hodlg'l g %}e%'ﬁ?ﬁ?fx g‘%ﬁerlé pr?‘ii‘?%t TR ﬁ?sef&% drugmé ah%ex%?% té(sqglgtd to
be limting. compnsm;,Zusﬁ@ amaﬁmmpxpsaraazkmm 1d<@rﬂ9mn$:it1013m1 ajrrepeplesip athateiton
met hod has been gdis6) p‘i)cs% ?{Eo )i%p[:@m dsftidd: SonsRat eQendIR! bEA- 'ier,fi}l@ﬁr S
60/ 926293 [FLl 46 US'P /2007 her eby incorporat ed by

ref erence i nhftadlugied- P@F%Pan methyl fé\ppl i cation includes azeotropic or

azeotrope-like comﬂn dooDBS apeTPih 18 grodided-a1386mT Zomprivirgousingearhardomepit s - of
this invention, the c ositla ns e I 336nez
and (b) met hOT a%'eorirr(%g? gggv\ﬁren 8?1{:0 2.{ %1%% ‘#’8‘?\%@% Iﬂ%dig lv}{ergltn gﬁa a;eftgﬁilc §16
effective armmwtropeahkmqmmﬁ@zeem@@ﬁ%ﬁe@tﬁﬂ”é(zcé”o% Mée‘L‘F Fk’éxﬁrﬂufé‘f%?é’UWW and

Z- FC- 1336NEZ ypethy] formkfd, SOME embodi ments of this invention, the conposition
consists essentially of (a) Z-FC 1.336nzz and (b) pentane; wherein the
pentane is 15present in an effective anount to forman azeotropic or
azeotrope-like mxture with Z-FC 1336nzz In sonme enbodi nents of this
i nvention, the conposition consists essentially of (a) Z-FC 1336nzz and (b)
i sopent ane; wherein the isopentane is pBesent in an effective anount to
forman azeotropic or



20azeotrope-like mxture with Z-FC 1336nzz. In some enbodi ments of
this invention, the conposition consists essentially of (a) Z-FC 1336nzz
and (b) HFC- 365nfc; wherein the HFC365nfc is present in an effective anount
to forman azeotrope-like mxture with Z-FC 1336nzz. 25in sonme enbodi nents
of this invention, the conposition consists essentially of (a) Z-FC 1336nzz
and (b) trans-1,2-dichloroethylene; wherein the trans-1, 2-dichloroethylene
is present i nlrestillembbet dspectahea it providedn mC@mSé“zewmamﬁbngpr apeutyiope- | i ke
mxture W gl Zofbridie6Midnd @nsmu@ﬁmow rE%Hu% Q-fhi\E héo?n;idgi{i%ﬂt hsora e
conposition consists 30 essentially ,E- 36nrz and EE - 2451a,;
wher ei n EREGPSEPESOR FYPEISESRNELTH é’r‘ﬁeé?‘?eéflflvéz%ﬁ‘i%ﬁt F o 2f rﬁ?% e

azeot rOpeoxhpdrseadﬂ Xotidi@s Wesséhtidllf Cofl 388127 4,4,4-hexaflldtooosmereadi metiys of this
i nventi 0% 1e conposition consists essenti al | y of (a) Z-FC 1336nzz and (b)
di met hoxy?tret *fane; wherein the WD 2008/ 134061PCT/ US2008/ 005481

di met hoxymet h&neenasotbcre@em there anpreffded kipreccamrpumprising ¥sorgnaradzcazent r opel i ke

m xture W bhofohCrilld 38 Aition 35 dleile&riﬁé) %&&H%id”&%&;ﬁé ok Qk&)tﬂoﬁé/ ﬁﬁé ion, the
conposi tion consists essenti a g (1311 E 4%2.3@} \Zr’ei?nd d %‘ ent ane;
wher ei n  CRBPEIGP | (GPEHE aFRsertia 1?fSr@ et i h A RpeEeteve ”é?ﬂ?ur?f‘ m an

azeot r opifemarte. azeotrope-1i ke m xture with Z-FC 1336nzz. By effective
anount is neant an anmount, which, when conbined with Z-FC 1336nzz, results
in the formati on of an azeotropic or azeotrope- like m xture. This

definition incl udesBRiEF SUMMARYORIHE DRANGINGS, 10 whi ch anounts may
vary dependi ng on the pressure applied to the conposition so |long as the
azeotropi c or azeotrope-like conmpositions continue to exist at the

di fferent mpEessH@S! istuhraphidhl pasTeshtatich bf gﬁ%@éo@@pé bRg points. Therefore,
effective anount includes the amounts, such ?eé%e expressed in weight

or nol e péreelieRgylke C%P%%W%@ﬂ?@éﬁi’éﬁt%@ﬁnﬁgfw 6338MEN8NGf the i nstant
i nvention AZRR |'i ke conpositions at

t enper aturﬁ%hgyoiﬁggggﬁ%ggﬁ{ggﬁét&&ﬁan as%ggﬁg%| bed herein. As

recogni zed in the art, an azeotropic conposition is an adm xture of two or
nore diff n e 1 ch .0 ligquid f rmun er a 20gi ven
pressure, %r\}m‘gl15-'EE?F?%QQ?%‘%@é?ﬁrﬁgg‘f}ﬁ"'@%ﬁtgaﬁfef’ %%?gaure, which
tegpergtulraae@taqpé)&(&dzcghamsgmm%d wmih st?w?awssbhﬁ?jlmﬁzm tepgrarabndes of the

i ndi vi dua ents, an ch w ovi de a vapor conposition

essenti al I‘:S?n?ag%rﬂ igcgMRes RO @té‘?% 99 Céw d conposi tion undergoi ng boiling.
(see, e.g., M F. Doherty and M F. Ml one, Conceptual Design of

25Di stillation ?/stems MG awHi || (New York), 2001, 185-186, 351-359).
Accor di ngliy&. #h&1@s3 énd geapiteaireprescaBlian Oé@@@tzra@bp@e@aﬁposu tion are that
at a give on is fixed
and that t 2%@%%3% g{:c}@ﬁo%ﬁb%i@&vﬁ&h %Le\?’ggﬁ, C?ﬂ%g%%%&% t| on is
30essent i asdpgntaret atef ietiperaives af abdnm‘ﬂg @dCl i quid conposition (i.e., no
fractionation of the conponents of the |liquid conposition takes pI ace). It
is also recognized in the art that both the boiling point and the wei ght
per cent aggsGo - éa@htt@ﬂ@@eﬂﬁﬁ&a[@épr@b@n@ﬁe@tdf@Qb@trcﬁmmi tion may change when
t he azeotroRl ([:; ngosmlon iS su hec g%to boilina%‘gat gfferent

35pr essur E8MPPR{ONS SANSIS WM PEFHER BF?% i1l GRomEG AEF IRt er s of the
uni que r el Uk a0 @0t & anong the conponents or in terms of WO
2008/ 134061PCPUS2008/ 005481 t he conpositional ranges of the conponents or
in ternms of exact weight percentages of each conponent of the conposition
char act er igggdsby@ £ixg r&’;SH ééi’?@pr%%bﬁ%at@fx qi‘aﬁ%%%'oﬁr‘oﬁg apgessure. For the

pur pose of th|s inventi an azeotrope- e conposition 5neans a

conposi ti cmenhiame—lbiemawsosmbes aonsiste@ espEintiatnhd<i@1686ihizzend has const ant
boilingcarac ri |cso a tendenc o fr ate upon boiling or
evapor atlg r’#é% O’BEWF@‘%".% %?Pé%ﬁ’ 8?3?‘6%651 E’he vapor and i quid
conpositions, if they change at aII change only to a mnimal or negligible
extent. This is to be contrasted with non-azeot rope-1li ke 10conpositions in
whi ch during boiling or evaporation, the vapor and liquid conpositions
change to a substantial degree. Addi tionally, azeotrope-like

conposi ti ons ‘exhi bit dew point pr ess%e and bubbl e point pressure with
virtually no pressure differential. is to say that the difference in

t he dew point pressure and bubbl e point 15pressure at a given tenperature
will be a small value. In this invention, conpositions with a difference in
dew poi nt pressure and bubbl e point pressure of |less than or equal to 5

percent (based upon the bubble point pressure) is considered to be
azeotrope-like.



It is recognized in this field that when the relative volatility of a 20
system approaches 1.0, the systemis defined as form ng an azeotropic or
azeotrope-li ke conposition. Relative volatility is the ratio of the

vol ati | i twoobosapwponent 1 to the volatility of conponeaf/iB260Fhes481ati o of
the nole fragitos. ef aﬁpéngrpw B ARBGHER of Fdheli@ui d is the
volatility of the _c.o(rgrponer} . To acié?%r ane l%hg ?g%oﬁc{b\?eﬂk\%ol atility of any
two conpoundspmaoesionechosistitpessandiatihef 2PC-iB8bdz end HiC-@4bt atian this
procedure, t I rressure in a cell of known volune is

measur ed at ge%g%%%ﬁ!a{ﬁt%?tzgﬁ’gég% uﬁz for various conpositions of the two
conpounds. Use of the PTx Method is described in detail in "Phase
Equilibriumin . Pro s_Design", WIley-Interscience Publisher, 1970, witten
by Har ol ng. F%d %gél é@p%@g%m’i‘ﬁ ? _eié%t?“ﬂ%f’ _B?e?tFRP@r'B‘@r ated by reference.
These measur @am@bféiti@ﬁ@ceﬁsismgééééeeﬁianwbpzmhiss@rhwahaapor and |iquid
conpositions in the PTx cell by using an activi tgocoeffl ci ent equation
nodel , such &d¥nethexwpatragds @ empsraigpeiourT9 Ocguation, WO

2008/ 134061PCT/ US2008/ 005481 to represent |iquid phase nonidealities. Use
of an activity coefficient equation, such as the NRTL equation is described
in detail inFIGh&-PiGp2igagsapificataspresantdtion gfipdszeouode ediiti on, publ i shed

by McG aw,Hi | i ttren i Prausnitz a 0] J ages 241 to 387,
and in "maseakg%tﬁgﬁef'f’%er FQ%PE?[@%%%@‘%!&EWQ%%ggﬁ?i gOflil' gﬁbfﬁ% ﬁ?/g
Butterworth kubbpsftans at 838mpevatutd ehadnut S0&0l.ey M Wal es, pages 165 to
244. Both aforenentioned references are hereby incorporated by reference.
Wt hout wishing to be bound by any theory or explanation, it is believed
that the NRTL equation, together with the PTx cell data, can sufficiently
predict the 10rel ative volatilities of the
Z-1,1,1, 4, 4, 4- hexaf | uB2BIALLER SESCRIATAON G WHINMENTIAN of t he present

i nventiongand can therefore predict the behavior of these mxtures in

nmul ti-stage separation equi pment such as distillation colums.

It was found t hroligmagypepilingins, thewsZoRCplG38nule mnthbanenhyt 2ad5f or mat e
form azeotropi .azeaqtr -li.ke ¢ ositions. To determ ne the
relative vol %Fﬁ?ﬁ@)géf %Fﬁ%g%‘?*h’é? V"%QF S C{%ga%?xFﬂ‘é?m&aegﬁ?pﬁed above was
used.  The t otbidwiahsakt corppesiton ealbt koWl asdhin expakBiowgeatsidEiowRs
measured at constant tenperature f pus binary conpositions, These

rovari
measur enent s %?%S’P'Puéﬁmrp(?&ﬁf%) ‘?d"ogﬁé?ﬂﬁ? IS G0 Bt AT F38raic
conposi t RONSs o BzédPoselike Hfﬁ*t[}&,fttﬁ@c&"ﬁﬁbsiﬁéw%dy%hange duringh® vapor pressure
measured versus the conpositions in the PTx cell for Z-FC 1336nezi et hyl
formate ni xt @eli¢ajiogtpfire fapnrfaming piaresh. Guapiehaads o compesitien es t he
formation of j - AN IENe]® sisting
essentially g?ﬂ?%ﬁ%%@%&zﬁa%‘%gﬁﬁ%g%ﬁ@ﬁgrcrbrg eagcs"CF?n |§{§1:ng§r?nb§1%2 m xt ure of
about 20. 4 melpeligationl Alsd, i, rdirdersdionf dppdcaitrsy beakigamnht T®oBemimse % net hyl
format e having .t he highe ressure. over. the range of conpositions at this
t enper at ure. d%ggg&)pgbaglﬁntsthggt@ Ireﬁ%ﬁ gRnaf ﬁeqﬁ%g‘oﬁgé’ﬁneg?t& Sa?‘é@@{%;t
Z- FC- 133@61 2 jeing dret hrokeh ongatia a3Qitfod! Meaehtidrapi wag 0BREREEEORS tHeANGI N
from about 25.4 nole percent to about 15.6 nole %e_r cent Z-FC-1336nrz and

6
from about 72UBORRIIREE SiriagPaiNEPARSEPraedireh PR rpERREPN RELIRMe ol mat e
(which form L O b s Q4 [ ; of from about
120 C to abont L B R e o o o 10 kPay, 10
about 113 psiggeogre (B LeIpesitiPCTihes2itsrau3e8pasitivn mdaphangowhen
enbodi nent s t 5 0R I L I L ; le 1
Azeot ropi ¢ cgénap}%?ﬁ?i%%g{a?%‘gg(??‘o%p%tc Eﬁ%ﬁé{%muﬁég%laiégggbr%géipg ressure
(psi a) Z3BC I3ecrrangérnimrefrigeravit chyipokiionmay ¢andecth@refrigerant to

become flammable or to have poor refrigeration performance. Accordingly,

there is.a need for using azeotropic or azeotrope-like mixtures in these

and other applications, for example azeotropic or azeotrope-iike mixiures



-20.0 1.38 25.4 74.6 - 10.0 2.40 25.2 74.8 0.0 3.97 24.8 75.2 10.0 6.30
24.3 75.7 20.0 9.64 23.7 76.3 30.0 14.3 22.9 77.1 40.0 20.5 22.1 77.9 50.0
28.7 21.2 78.8 60.0 39.2 20.2 79.8 70.0

WO 2008/134061 PCT/US2008/005481
containing Z-1,1,1,4 4 4-hexafluoro-2-butene (Z-CF3;CH=CHCF;, Z-FC-
1336mzz).

Before addressing details of embodiments described below, some
5 terms are defined or clarified. . _
FC-1336mzz may exist as one of two configurational isomers, £ or
Z. FC-1338mzz as used herein refers to the isomers, Z-FC-1336mzz or
E-FC-1336mazz, as well as any combinations or mixtures of such isomers.
As used herein, the terms “comprises,” “comprising,” “includes,”

10 “including,” “has,” “having” or any other variation thereof, are intended to
cdver a non-exclusive inclusion. For example, a-process, method, afticle,
or apparatus that comprises a list of elements is not necessarily iimifed to
only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless

15  expressly stated to the contrary, “or” refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is satisfied by any one of the
foliowing: A is true (or present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both A and B are true {or
present). '

20 Also, use of “a” or “an” are employed to describe elements and
components described herein. This is done merely for convenience and to
give a general sense of the scope of the invention. This description
should be read to include one or at least one and the singular also
includes the plural uniess it is obvious that it is meant otherwise.

25 Unless otherwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materiais similar or equivaient 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 confiict, the present specification, including definitions,



52.4 19.1 80.9 80.0 68.9 18.0 82.0 90.0 89.0 16.8 83.2 100.0 113.3 15.6
84.4 5 Additionally, azeotrope-like conpositions containing Z-FC 1336nzz
and nethyl fornmate may al so be forned. Such azeotrope-|ike conpositions
exi st ar owndo@ze@br opi ¢ conpositions. Sonme enbodi nent s’cmf[same/ostsmpel I ke

conposi ti ons V@Lgohﬂr&t 4 abiBitidAPINE r%?teﬁgg' Hemab?m%q?gﬁmf% e 2

10azeot rope-11 ke conmpositions are listed in
Azeot r ope- | i klﬁlsér@hmshMamtﬂmmENTchQEinv\m ght Percent age Range

2 1S, 1oz b Lot 40 el do el S A B T ©
formate- 40 1-He8/dkeBTiisclosed, for example, in U.S. Paient Appilication No.
S 60/926203 [FL1346 US PRV] filed April/26/2007, hereby incorporated by
reference in its entirety.
This application includes azeotropic or azeotrope-like compositions
comprising Z-FC-1336mzz.
tn some embodiments of this invention, the composition consists
10  essentially of (a) Z-FC-1336mzz and (b) methyl forméte; wherein the
methyl formate is present in an effective amount to form an azeotropic or
azeotrope-like mixture with Z-FC-1336mzz.
tn some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1338mzz and (b) pentane; wherein the pentane is
15 present in an effective amount to form an azeotropic or azeotrope-like
mixture with Z-FC-1336mzz.
in some embodimenits of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) isopentang; wherein the
isopentane is present in an effective amount to form an azeotropic or
20  azeotrope-like mixture with Z-FC-1336mzz.
In some embodiments of this invention, the composition consists
| essentially of (a) Z-FC-1338mzz and (b) HFC-365mfc; wherein the HFC-
365mfc is present in an effective amount to form an azeotrope-like mixture
with Z-FC-1336mzz. o
25 in some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) trans-1,2-dichloroethylene;
wherein the trans-1,2-dichloroethylene is present in an effective amount to
form an azeotropic or azeotrope-liike mixture with Z-FC-1336mzz.
in some embodiments of this invention, the composition consists
30  essentially of (a) Z-FC-1336mzz and (b) HFC-245fa; wherein the HFC-
245fa is present in an effective amount to form an azeotrope-like mixture
- with Z-FC-1336mzz. )
in some embodiments of this invention, the composition consists
essentially of (a) Z-FC-1336mzz and (b) dimethoxymethane; wherein the

6



Z- FC-1336nezz/ Met hyl formate 80 1-99/1-99 Z-FC- 1336nzz/ Methyl formate 120
1-99/1-99 b5Table 3 Azeotrope-like conpositions COMPONENTS T (C) Wi ght

Per cent age Range Z- FC-1336nzz/ Methyl fornmate -4010-90/10-90
Z- FC- 1336mp2zhidatiwgl formate 010-90/10-90 Z- FC- 1336nz z/piktusydoshamsmt e 20

10-90/ 10-90
formate 80 1

SR D SUTR S A% Bty i

Met hyl
It was

f ound t hr ougHikexpisturereithZ-FBat33Bnf2. 1336nzz and 10 pentane form azeotropic

or azeotrope
this binary

vapor pressu

19.9 C, as i

Z-1,1, 1, 404, AnthieX abloimedmay Raheaep &itfing On thdTplcR slpPRipiii@bgo iyi ng the

15

20

25

30

35

-l1i ke

1§92 0Si t oqms. ;I'o Hﬁterm ne tB% relative volatility of
pair, 't RETERIRAREG RO BB e SRIEPQRINAD RS ot al
absol ute pressgeatially d (BTR-FCRER3®hzK aawib VelcbRntae: wierein the
2008/ 134061PCT/ US2008/ 005481 neasured at constant tenperature for various
bi nary corpo<YFIoPREIENeHE BESERh KA RERR YA APRURIAR IPTPEEU BEBCY P8 QGI | i bri um

vapor and | i ciredirefEMRS HiikiRSwith ZABe-tlsm4#si ng the NRTL equation. The
re neasured versus the conpositions in the 5 PTx cell for

Z- FC;] _133|6|rrzz/ pent ageeﬁéoﬁb@e?wdth ghovant an Eount whiidh, abhedr tarabinaties
graphically t OF AT - I : -1 osition
consi sting es@g‘n?ﬁ%§3§fﬂz§-’f?@,t%§%,f‘ﬁ‘-“.%hag?gﬁq ua%faﬁé_%;@r@ﬁfc eénreégr?ggg%nt ane at

rtfedaikige by hig dafivitigndnelidas 1@ amouats @l leachgomponent,

composition so long as the azeotropic or azeotrope-like compositions
continue fo exist at the different pressures, but with possible different
boiling points. Therefore, effective amount inciudes the amounts, such as
may be expressed in weight or mole percentages, of each component of
the compositions of the instant invention which form azeotropic or
azeotrope-like compositions at temperatures or pressures other than as
described herein.

As recognized in the art, an azeotropic composition is an admixture
of two or mere different components which, when in liquid form under a
given pressure, will boil at a substantially constant temperature, which
temperature may be higher or lower than the boiling temperatures of the
individual components, and which will provide a vapor composition
essentially identical 1o the overall liquid composition undergoing boiling.
(see, e.g., M. F. Doherty and M.F. Malone, Conceptual Design of
Distiliation Systems, McGraw-Hill (New York), 2001, 185-186, 351-359).

Accordingly, the essentiai features of an azeofropic composition are that at
a given pressure, the boiling point of the liguid composition is fixed and
that the compaosition of the vapor above the boiling composition is
essentially that of the overall boiling liquid composition (i.e., no
fractionation of the components of the liquid composition takes place). Itis
also recognized in the art that both the boiling point and the weight
percentages of each component of the azeotropic composition may
change when the azeotropic composition is subjected to boiling at different
pressures. Thus, an azeotropic composition may be defined in terms of

the unigue relationship that exists among the components or in terms of



10hi ghest pressure over the range of conpositions at this tenperature.
Based upon these findings, it has been cal culated that Z-FC 1336nzz and
pent ane form azeotropic conpositions ranging from about 48.2 nol e percent
t o about Ww8.2¢0snmwlos1 per cent Z- FC- 1336nzz and from aboutrcsisBookbesase per cent

to about 41. Lcent | rm. ' I tions

boi 111G at = e SpEPEFYEEA ik e cissshR o BRI SRS EERI ' o
pressure of freorerabged ofZ2dazhpenporEdt kPhp doonadsition d@Ragtsriaed 255 kPa) ) .
Some enbodi ment s . of. azeotropic ¢ ositions are listed in Table 4. 20 25 30
Tabl e 4 AzeotFERP *"88&5’8&#?‘&9@&%@&?%% Tenperature (C) Azeotropic

Pressure (psia) ZfbCtHsSpempge ofiieinenien taangzeomebe- i@ codtbdditidn20 48.2 51.8
- 10,0 3.70 48.9 51.1 0.0.5.91 49.5 50,5 10.0 9.07 50.1 49.9 20.0 13.4 50.7
. means a composition that behaves like an azeotropic composition {i.e.,
has constant boiling characteristics or a tendency not to fractionate upon
boiiing or evaporation). Hence, during boiling or evaporation, the vapor
and liquid compositions, if they change at all, change only io a m%nifnai or
negligible extent. This is to be contrasted with non-azeotrope-like
10 compositions in which during boiling or evaporation, the vapor and liquid
compositions change o a substantial degree.
Additionally, azeotrope-liike compositions exhibit dew point pressure
and bubble point pressure with virtually no pressu‘re differential. Thatis {o
say that the difference in the dew point pressure and bubble point
16  pressure at a given temperature will be a small vaiue. In this invention,
compositibns with a difference in dew point pressure and bubble point
pressure of less than or equal to 5 percent (based upon the bubble point
pressure) is considered to be azeotrope-like.
it is recognized in this field that when the relative volatility of a
20 system approaches 1.0, the system is defined as forming an azeotropic or
azeotrope-iike composition. Relative volatility is the ratio of the volatility of
component 1 to the volatility of component 2. The ratio of the mole fraction

of a component in vapor to that in liquid is the voiatiiity of the component.

To determine the relative volatility of any fwo compounds, a
25 method known as the PTx method can be used. in this procedure, the total
absolute pressure in a cell of known volume is measured at a constant
temperature for various compaositions of the two compounds. Use of the
PTx Method is described in detail in "Phase Equilibrium in Process
Design”, Wiley-Interscience Publisher, 1870, written by Harold R. Nuli, on
30 pages 124 to 126; hereby incorporated by reference.

These measurements can be converted into equilibrium vapor
and liquid compositions in the PTx cell by using an activity coefficient
equation model, such as the Non-Random, Two-Liquid (NRTL) equation,



49.3 30.0 19.2 51.2 48.8 40.0 26.7 51.8 48.2 50.0 36.2 52.3 47.7 60.0 48.0
52.9 47.1 70.0 62.4 53.6 46.4 80.0 79.6 54.3 45.7 90.0 100 55,1 44.9 100.0
124 56.0 44,0 110.0 151 57.2 42.8

WO 2008/134061 PCT/US2008/005481

to represent liquid phase nonidealities. Use of an activity coefficient
equation, such as the NRTL equation is described in detail in "The
Properties of Gases and Liquids,” 4th edition, published by McGraw Hil,
written by Reid, Prausnitz and Poling, on pages 241 to 387, and in "Phase
5  Eguilibria in Chemical Engineering,” published by Butterworth Publishers,
1985, written by Stanley M. Walas, pages 165 to 244. Both
aforementioned references are hereby incorporated by reférence. Without
wishing to be bound by any theory or explanation, it is believed that the
NRTL equation, together with the PTx cell data, can sufficiently predict the
10 relative volatilities of the Z-1,1,1 4.4 4-hexafluoro-2-butene-containing
compositions of the present invention and can therefore pradict the
behavior of these mixtures in multi-stage separation equipment such as
distillation columns, ‘ _
It was found through experiments that Z-FC-1336mzz and methyl
15 formate form azeotropic or azeotrope-like compositions.

To determine the relative volatility of this binary pair, the PTx
method described above was used. The total absolute pressure in a PTx
cell of known volume was measured at constant temperature for various
binary compositions. These measurements were then reduced to

20 equilibrium vapor and liquid compositions in the cell using the NRTL
equation.

The vapor pressure measured versus the compositions in the PTx
celf for Z-FC-133Bmzz/methyl formate mixture is shown in FIG, 1, which
graphically Hllustrates the formation of an azeotropic and azeotrope-like

25  composition consisting essentially of Z-FC-1338mzz and methyl formate
as indicated by a mixture of about 20.4 mole % Z-1,1,1.4,4.4-hexafluoro-
2-butene and 79.6 mole % methyl formate having the highest pressure
over the range of compositions at this temperature. Based upon these
findings, it has been calculated that Z-FC-1336mzz and methy! formate

30 form azeotropic compositions fanging from about 25.4 mole percent to
about 15.6 mole percent Z-FC-1336mzz and from about 74.6 mole percent
to about 84.4 mole percent methy! formate (which form azeotropic
compositions boiling at a temperature of from about -20 °C to about 100
°C and at a pressure of from about 1.4 psia (10 kPa) to about 113 psia

9



120.0 182 58.7 41.3 Additionally, azeotrope-Ilike conpositions containing
Z- FC-1336nzz 5and pentane may al so be forrned. Such azeotrope-like
conpositions exist around azeotropic conpositions. Sonme enbodi nents of
azeotropewbbmsnﬁﬂmpositions are listed in Table 5. Addidrsnakoendodi ment s

of azeotropel L n Table 6..10 15,  Tahle 5
Azeot r ope- | | Z@Bﬁ%ﬁpsﬁ %ﬂ%ﬁﬁ%& OkFE)D'%Q'ﬁWS‘Wc%ﬁthﬁbe% 3I9{ange
Z- FC- 1336nT JH@aabteahe - 40 60- 75/ 25-40 Z- FC-1336nzz/ Pentane 0 60- 80/ 20- 40

Z- FC- 1336nzz/ Pent ane 20 60-82/28-40 Z-FC-1336nez/ Pent ane 40 60-85/15-40
Z- FC- 1336nzz/ Pent ane 80 55-90/ 10-45 Z-FC-1336nzz/ Pent ane 120 45-99/1-55

5Tabl e 6 Azeotrope-like conppgiid i Qs cHONRORNISitions

Azeotropic Azeotropic Z-FC-1336mzz Methyl formate
Tempoeg)ature Pressure (psia) (moie %) (mole %)
-(20.0 1.38 254 74.6
-10.0 2.40 : 25.2 - 74.8
0.0 3.97 248 75.2
100 6.30 24.3 75.7
20.0 5.64 23.7 76.3
30.0 _ 14.3 ‘ 22.8 771
40.0 20.5 22.1 77.9
50.0 _ 28.7 21.2 ‘ 78.8
60.0 38.2 20.2 79.8
70.0 52.4 19.1 80.9
8G.0 68.9 18.0 - 82.0
90.0 88.0 16.8 83.2
100.0 113.3 168 84.4

Additionally, azeotrope-like compositions containing Z-FC-1336mzz and
methyl formate may also be formed. Such azeotrope-like compositions
exist around azeotropic compositions. Some embodiments of azeotrope-
like compositions are listed in Table 2. Additional embodiments of

10 azeotrope-like compositions are listed in Table 3

15

10



T (C) Weight Percentage Range Z-FC- 1336 nzz/ Pentane -40 62-70/30-38
Z- FC- 1336 nzz/Penta ne 0 64-74/26-36 Z-FC 1336nzz/ Pentane 20 64- 76/ 24- 36
Z- FC-1336nez/ Pent ane 40 64-78/22-36 Z-FC-1336nzz/ Pentane 80 62-84/16-38
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Azeotropic Z-FC-1336mzz/Methy! formate 120 1-99/1-99
5 Table 3 Azeotrope-iike compositions
Weight Percentage

COMPONENTS T (°C) Ra-“g?
Z-FC-1336mzz/Methy! formate -40 1 0-90/'1 0-80
Z-FC-1336mzz/Methy! formate 0 10-80/10-80
Z-FC-1336mzz/Methyi formate 20 10-80/10-90
-| Z-FC-1338mzz/Methyl formate 40 10-80/10-90
Z-+C-1336mzz/Methyl formate 80 10-80/10-90
Z-FC-1336mzz/Methyl formate 120 10-90/10-90

it was found through experiments that Z-FC-1336mzz and
10  pentane form azeotropic or azeotrope-like compositions. To determine the

relative volatility of this binary pair, the PTx method described above was

used. The total absolute pressure in a PTx cell of known volume was

11



Tenperature (C) Azeotropic Pressure (psia) Z-FC 1336nzz (nole 9% |sopentane
(rmole %9 -20.0 2.72 37.1 62.9 - 10.0 4.47 38.3 61.7 0.0 7.01 39.4 60.6 10.0
10.6 40.4 59.6 20.0 15.4 41.2 58.8 30.0 21.9 42.0 58.0 40.0 30.1 42.8 57.2
50.0 WO 2008/134061 PCT/US2008/005481
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16

20

25

30

measured at constant temperature for various binary compositions. These
measurements were then reduced to equilibrium vapor and liguid
compositions in the cell using the NRTL equation.

The vapor pressure measured versus the compositions in the
PTx cell for Z-FC-1336mzz/pentane mixture is shown in FIG. 2, which
illustrates graphically the formation of an azeotropic and azeotrope-like
composition consisting essentially of Z-1,1,1 ,4,4,4»~hexaﬂubro~2-butene
and pentane at 19.9 °C, as indicated by a mixture of about 50.0 mole %
Z-1,1,1,4 4 4-hexafluoro-2-butene and 50.0 mole % pentane having the

highest pressure over the range of compositions at this temperature.

Based upon these findings, it has been calculated that Z-FC-1336mzz
and pentane form azeotropic compositions ranging from about 48.2 mole
percent to about 58.7 mole percent Z-FC-1336mzz and from about 51.8
mole percent to about 41.3 mole percent pentane (which form azeotropic

‘compositions boiling at a temperature of from about -20 °C to about 120

°C and at a pressure of from about 2.2 psia (15 kPa) to about 182 psia

(1255 kPa)}. Some embodiments of azeotropic compositions are listed in
Table 4.

12



40.5 43.5 56.5 60.0 53.4 44.2 55.8 70.0 69.0 44.8 55.2 80.0 87.6 45.5 54.5
90.0 110 46.2 53.8 100.0 135 46.9 53.1 110.0 165 47.7 52.3 120.0 199 48.6
51.4 15Additionally, azeotrope-like conpositions containing Z-FC 1336nzz
and i sopewbanes/mep1 al so be formed. Such azeotrope-| i keecaomesiobisons exi st
around azeotropic conpositions. Sone enbodi nents of azeotropelike
conpositions are listed in Table 8. Additional enbodi nents of

azeotrope-|i ke conpositions Jabde Kisrentropiv hatpasitthnscTabl e 5 Azeot rope- i ke
conpositions

Azeotropic Azeotropic £-FC-1336mzz Pentane
Tempg;ature Pressure (psia) ~ {mole %) {mole %)
-(20.0 2.20 48.2 51.8
-10.0 3.70 48.9 511
0.0 5.91 : 48.5 50.5
10.0 9.07 50.1 49.9
20.0 13.4 50.7 49.3
30.0 19.2 °1.2 48.8
40.0 2687 51.8 48.2
50.0 T 362 52.3 477
60.0 48.0 52.9 47 1
70.0 62.4 53.8 46.4
80.C 79.6 54.3 _ 45.7
90.0 100 55.1 449
100.0 124 56.0 440
110.0 151 57.2 42.8
120.0. 182 58.7 41.3

Additionally, azeotrope-like compositions containing Z-FC-1336mazz
5 and pentane may also be formed. Such azeotrope-like compositions exist
around azeotropic compositions. Some embodiments of azeotrope-fike
compositions are listed in Table 5. Additional embodiménts of azeotrope-
like compositions are listed in Table 6.

10

15
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COVPONENTS T (C) Wei ght Percentage Range Z-FC-1336nzz/ | sopentane -40

40- 65/ 35- 60 Z- FC-1336nzz/ | sopentane 0 45-70/30-55 Z- FC-1336nez/| sopent ane
20 45-75/25-55 Z-FC-1336nez/ | sopentane ' 40 45-75/25-55

Z- FC- 133owp2bissepent ane 80 40- 85/ 15-60 Z- FC- 1336nzz/ | saparszensesk0
1-99/1-99 Table 9 Azeotrope-like conpositions COWPONENTS T (C) Wi ght

Per cent age Range Z-FC-1336nzz/| sopentane -40 49-58/42-51

Z- FC-1336n77/ | sopent ane 0 53-65/35-47 Z-FC-1336nez/| sopent ane 20

53- 68/ 32- 47 Table 5 Azeotrope-like compositions

COMPONENTS T(°C)| Weight Percentage
Range
Z-FC-1336mzz/Pentane -40 60-75/25-40
Z-FC-1336mzz/Pentane 0 60-80/20-40
Z-FC-1336mzz/Pentane 20 B80-82/26-40
Z-FC-1336mzz/Pentane 40 60-85/15-40
Z-FC-1336mzz/Pentane 80 - 55-90/10-45
Z-FC-1336mzz/Pentane 120 45-99/1-55
5 Table 8 Azeotrope-tike compositions
Weight Percentage
COMPONENTS T{°C) Range
Z-FC-1336mzz/Pentane -40 62-70/30-38
Z-FC-1338mzz/Pentane 0 54-74/26-36
Z-FC-1336mzz/Pentane 20 64-76/24-36
Z-FC-1336mzz/Pentane 40 64-78/22-36
Z-FC-1336mzz/Pentane 80 52-84/16-38
Z-FC-1336mzz/Pentane 120 57-99/1-43

it was found through experiments that Z-FC-1336mzz and
isopentane form azeotropic or azeotrope-like compositions. To determine
the relative volatility of this binary pair, the PTx method described above
10 was used. The total absolute pressure in a PTx cell of known volume was
measured at constant temperature for various binary compositions. These
measurements were then reduced to equilibrium vapor and liguid
compositions in the cell using the NRTL equation.
The vapor pressure measured versus the compositions in the
15 PTx cell for Z-FC-1336mzz/ isopentane mixture is shown in FIG. 3, which
ilustrates graphically the formation of an azeotrope and azeotrope-like

14



Z- FC-1336nez/ | sopent ane 40 53-71/29-47 Z-FC- 1336nzz/| sopent ane 80

52-77/ 23-48 Z- FC-1336nzz/ | sopentane 120 43-89/11-57 10 It was found

t hrough experinments that Z-FC- 1336nezz and HFC- 365nfc form azeotrope-|like
conposi t iwpxseshiodmdet erm ne the relative volatility of Hdviss:tisnessy pair, the

cel 1 "of Rnowg ybRong 3P Yo Hoe 3Rt Blia B B0y MoPeBBBTH Bk ael
const aﬂt t emder aswlrcbcated bl\’&LTmemﬂert ﬁgmlpneiet%oﬂ& 1qu?$?6gealslﬁlr'[eg§n22| I
st ng the NRIERElB ERMerk oL Y e o8 opentihethbd Becia e e

conposi ti ons presdune obePht raabé of @d&mﬁoﬁ@oﬂ@ﬁ’@w{enﬂé@‘a@%m C mxture is
shown in EIG 4, whi g]qsl | 1 ustrates_graphical l% the formati on of

azeotrope®l i ke conpo PSr‘l’é’OBfth?Sqﬁfld'.ﬂLQ% iyhas hesmedlgeatecthpliddife and

HFC- 365nf ¢ at135 99 nole A
7-1,1,1, 4, 4, 4 hg?z]ffz %Sgﬁggéﬂﬁ?ﬁﬁgﬁgnﬁééﬁ g{ﬂé‘ﬁ%g&f@éﬂ@%@kﬁf@@ 365nf c.

10Some enmbodiabeHt 37 dfmalgenﬁr@@ﬁéo leblut £% Apocletientant - ECMi?életa andrabl e 10.

11 Table 10 Ronarrane e BRIART, pho CLABRERE RS BePebialbn: porconis

Sht Per cent age
Range Z- FC- 1$®Bmhszhﬁ@zéﬁi5mtc codpobitians bodid b&%@e&&%ﬁﬂﬂm{ bﬁfbra%nf c O

1-99/1-9 HEC- 40, 1-9911-99 Z- / HFC- 365m‘ c 80
1-99/ 1- 930 ﬁg Eg%m@ggﬁi % and at a pressure of {r: om a out Z? psia (
kPa) toc about 199 psia (1372 kPa)). Some embodiments of azeotropxc

compositions are listed in Table 7.

- Table 7 Azeotropic compositions

Azeotropic Azeotropic Z-FC-133bmzz | Isopentane
Tem;lez:r?ture Pressure {psia) (mole %) {mole %)
-(20.0 2.72 37.1 62.9
-10.0 4.47 38.3 61.7
0.6 7.01 394 60.6
10.0 10.6 40.4 59.6
20.0 15.4 41.2 58.8
30.0 21.9 42.0 58.0
40.0 30.1 42.8 57.2
50.0 40.5 43.5 56.5
60.0 53.4 44.2 55.8
70.0 69.0 44.8 55.2
80.0 87.6 45.5 54.5
90.0 110 46.2 53.8
100.0 135 48.9 53.1 \
110.0 165 477 52.3 |
120.0 199 48.6 514
15 Additionally, azeotrope-like compositions containing Z-FC-1336mzz

and isopentane may also be formed. Such azeotrope-like compositions

15



120 1-99/1-99 Z-FC 1336nez/ HFC- 365nfc 160 1-99/1-99 COVPONENTS T (O
Wei ght Percent age Range Z- FC- 1336nez/ HFC- 365nfc -40 10-99/10-90

Z- FC-1336nezz/ HFC- 365nfc 0 10-99/10-90 Z- FC- 1336nzz/ HFC- 365nf ¢ 40

10- 99/ 10-90 28AGHEB36NnE 2/ HFC- 365nf ¢ 80 10- 90 Z- FC- 13360 AISEHRGOEESNT ¢ 120

10-90 Z-FC- 1 ; V\@sa el hrough
experinents té ﬁg?&é@ﬁg%égg%;ﬁ Cjog% Or%glr?ggls%mgieéﬂ?%drwggms zfe%# Bgm azeotropic
or azeotropetke kemoosnbom pieolisded &Tﬁabieﬁeﬂdﬁhbnammdilmanwoﬂlol atility of
this binary pair PTx_nethod de | D oye was used. The total

absol ute preggﬁ?tgo‘?eh g:[r;gp%%{] ?reaﬁg%@%\%%%ﬁ "was neasured at constant
tenperature for various binary conpositions. These neasurenents were then

reduced to equilibrium vapg?r and |iquid 0 05|t|ons in the cell using the
NRTL equa@i on. 10The vapor S5 Pl : he conpositions in the

PTx cell for Z-FQI336Nrz/ Trans-12- a|c1| oroet \glene mXture {s shown in

FIG 5, whichill LE@%RQ%’EW‘%hI cal Iy thd €69 malVeliht Fereantageot r opi ¢

conposition of Z-1,1,1,4,4,4-hexafl uoro42-butégne ang

trans-1, 2-dichloricethylene at 50.1 C,_ as jindigated bv g m xture of about

64.8 mole % Z-1, 1, A.eth 4348mzz/Isopentane | -40 40-85/35-60
Z-FC-1336mzz/lsopentane 0 45-70/3C-55
Z-FC-1336mzz/isopentane 20 45-75/25-55
Z-FC-1336mzz/isopentane | 40 45-75/25-55
Z-FC-1336mzz/isopentane 80 40-85/15-60
Z-FC-1336mzz/isopentane 120 1-98/1-89

Table 8 Areotrope-like compositions

COMPONENTS T (°C) | Weight Percentage
Range
Z-FC-1 336mz£z!!sopentane -40 | 49-58/42-51
Z-FC-1 336mzz/isopéntane | 0 53-65/35-47
Z-FC-1336mzz/Isopentane 20 53-68/32-47
Z-FC-1336mzz/Isopentane 40 53-71/29-47
Z-FC-1336mzz/Isopentane 80 52-77/23-48
Z-FC-1336mzz/Isopentane 120 43-89/11-57

10 it was found through experiments that Z-FC-1336mzz and HFC-385mifc
form azeotrope-like compositions. To determine the relative volatility of
this binary pair, the PTx method described above was used. The total

absolute pressure in a PTx cell of known volume was measured at

16



15 hexafi uoro-2-butene and 35.2 nmole % trans-1, 2-di chl oroet hyl ene havi ng

t he hi ghest pressure over the range of conpositions at this tenperature.
hese findings, it has been cal cul ated that Z-FC1336nzz and

t rans- 1, 2wdizedsiiemeet hyl ene f orm azeotropi ¢ conposi ti o®STRRMYEAEG4Er om about

Based upon t

62. 4 rmle pe

IcpR&ant @naesfurd %r@a’i"%b@ bl?%rrf es

about 37.6 nole percent to about

trans- 1, 2- di eheasuERMBYISaverethen mmﬂﬁo@zéw

2oraSns B s tfudi ARk &t

t enperature
20081134061P
(1172 kPa)).
Tabl e 12. _Ta
Azeotroplé P

4.47 62.5 37.

10

fpbaifibns. 2thekd36mez and from

Bercent
Figi v@peo ApB Jikidons boi ling at a

ﬁ&g at a pressure of WO
Sia (11 kPa) to about 170 psia

Sone enfodivapot praﬁsuamasmﬁdwmmmsldonmatm hitet ed in

P o B e RS AR o
di chl or oet hylvﬂﬂﬁx (IIUEﬂrzﬁeé\)grar?chQi Jihé@orﬁ%.ttén%?aﬁeotrd;%nﬁke?c&ﬁpﬁﬁt:énsw 6 0.0
':;; 698628372200105 6.9 30.0

Z- 1,1,1,4 4 4-hexafluoro-2-butene and HFC- 365mfc at50.1°C, as
indicated by a mixtures of about 1 to 99 mole % Z-1,1,1,4,4,4-hexafluoro-
2-butene and about 1 to 89 mole % HFC-365mfc.

Some embodiments of azeotrope-like compositions are listed in

u’%otsr i C Telgg;erature (O

63.1

Table 10. Additional embodiments of azeotrope-like compositions are

listed in Table 11.

Table 10 Azectrope-like compositions

COMPONENTS T (°C) | Weight Percentage
Range

Z-FC-1336mzz/HFC-365mfc | -40 1-88/1-99
Z-FC-1336mzz/HFC-365mic 0 1-99/1-89
Z-FC-1336mzz/HFC-365mfc | 40 1-99/1-99
Z-FC-1336mzzfHFC-365mfc i 80 1-99/1-99
Z-FC-1336mzz/HFC-365mfc | 120 "1-89/1-99
Z-FC-1336mzz/HFC-365mfc | 160 1-99/1-99

17



15.3 63.6 36.4 40.0 21.7 64.2 35.8 50.0 29.9 64.8 35.2 60.0 40.3 65.5 34.5
70.0 53.2 66.3 33.7 80.0 69.0 67.2 32.8 90.0 88.2 68.1 31.9 100.0 111 69.0
31.0. 110.0 138 70.0 30.0 120.0 170

WO 2008/134061 PCT/US2008/005481

Table 11 Azeotrope-like compositidns

COMPONENTS T (°C) | Weight Percentage
Range

Z-FC-1336mzz/HFC-385mfc | 40

10-99/10-90
Z-FC-1336mzz/HFC-385mfc | 0 10-99/10-90
Z-FC-1338mzz/HFC-365mfc | 40 10-99/10-90
Z-FC-1336mzz/HFC-385mfc | 80 10-80
Z-FC-1336mzz/HFC-365mfc | 120 | 10-90
Z-FC-1336mzz/HFC-365mfc | 160 10-20

it was found through experiments that Z-FC-1336mzz and
trans-1,2-dichloroethylene form azeofropic or azeotrope-like compositions.
5 To determine the relative volatility of this binary pair, the PTx method
described above was used. The total absolute pressure in a PTx cell of
known volume was measured at constant temperature for various binary
compositions. These measurements were then reduced to equilibrium
vapor and liquid compositions in the cell using the NRTL equation.
10 The vapor pressure measured versus the compositions in the PTx
cell for Z-FC-1336mzz/ trans-1,2-dichloroethylene mixture is shown in FIG.
5, which illustrates graphicaliy the formation of an azeotropic compaosition
of Z-1,1,1,4,4,4-hexafluoro-2-butene and trans-1,2-dichioroethylene at
50.1 °C, as indicated by a mixture of about 64.8 mole % Z-1,1,1.4,4,4-
15 hexafluoro-2-butene and 35.2 mole % trans-1,2-dichloroethylene having
the highest pressure over the range of compositions at this temperature.
Based upon these findings, it has been calculated that Z-FC-
1336mzz and trans-1,2-dichioroethylene form azeotropic compositions
ranging from about 62.4 mole percent to about 71.0 mole percent Z-FC-
20  1336mzz and from about 37.6 mole percent to about 29.0 mole percent
trans-1,2-dichloroethylene (which form azeotropic compositions boiling at

a temperature of from about -20 °C to about 120 °C and at a pressure of

18



71.0 29.0

Addi tionally,

azeotrope-li ke conpositions containing
Z- FC-1336nzz and trans-1, 2-di chl oroet hyl ene may al so be forned. Such

azeotrope-li ke conpositions exist around azeotropic conpositions.
enbodi menwve 20fs/1awent r ope- | i ke conpositions are |isted HOI/TRat9B@03E8L.

Addi tional enppdbpBit1Se %;aa@qwag@@abb&ew@w
14. 10 Table 13 Azeotrope-

Per cent age R&fedim w@sm%ﬁ@wwmmszmdﬁ@m betedtmyhabieel 2. 40 71- 82/ 18- 29

opeeidL) e0Rf B4 B8LH4sS0 2 F © 1336 mz/tra

Z- FC-1336nez/trans-1, 2-di ch
s-1,2-d ich Ioroethylene 20

ke Co

np05|t|0ns

ksted in Table

B3 R oo

Z- FC- 1336ne 4/ t r Apsotiopie di ¢hl Oﬁzmitmdz@ne 4p-Fa51996mz35| trans-1,2-

Z- FC-1336nez/ t Tanpeilatdradi ¢hPessaeitdydme | 80 GBoRNH6l- 37| dichlorcethylene

Z- FC- 1336nez/ t r angech, 2- di ¢hl oroet hyl ene 120 61-99/1-39  (mole %)

Z- FC- 1336nez/ Transzgly Z-di ¢hl or oglgpyl €ne 160 5§z 997 1- 47 Tabf%g 14

Azeotrope-|ike conpositions COVPONENTS
-10.0 2.74 62.4 37.6
0.0 4.47 62.5 37.5
10.0 6.98 62.8 37.2
20.0 10.5 83.1 36.8
30.0 15.3 83.6 36.4
40.0 21.7 64.2 35.8
50.0 28.9 64.8 35.2
60.0 40.3 65.5 34.5
70.0 53.2 66.3 337
80.0 69.0 67.2 32.8
90.0 88.2 68.1 31.9
100.0 111 69.0 31.0
10,0 138 70.0 30.0
120.0 176 71.0 29.0

5 Additionally, azeotrope-like compasitions containing Z-FC-1336mzz
and trans-1,2-dichioroethylene may also be formed. Such azeotrope-like
compositions exist around azeotropic compositions. Some embodiments
- of azeotrdpe—like compositions are listed in Table 13. Additional
embodiments of azeotrope-like compositions are listed in Table 14.
10

19



(C Weight Percentage Range Z-FC-1336nzz/trans-1, 2-di chl oroet hyl ene -40
72- 80/ 20- 38 Z-FC-1336nzz/trans-1, 2-di chl oroet hyl ene 0 69-83/17-31
Z- FC-1336nez/trans-1, 2-di chl or oet hyl ene 20 68-86/ 14- 32

Z- FC- 1336ma2Hasriaqst 1, 2- di chl or oet hyl ene 40 68- 90/ 10- 33’CT;’US20€)8!905481

Z- FC- 1336nzz/
Z- FC-1336nez/
Z- FC-1336nez/
t hrough exper
conpositions.

PTx met hod de
cell of known
bi nary conpos
vapor and liq
The vapor pre
Z- FC-1336nez.

graphically t
151,1,1, 4,4, 4+

2008/ 134061PC

Z-1,1,1,4,4,4
vapor pressur
94 to 99 nole

HFC- 245fa 5 with vapor

enbodi nents o
Addi tional e
16. Tabl e 15

trans-1, 2-di cd

tranledlc 05- 9

trans-1, 2-dichl oroet hyI ene 160 65-'99/ 1‘«'\&@ht5ﬁdrcav&agécund

ments tha z and HFGC fla form azeotropg-Iike

To deter b@Fﬁﬁéﬁ?%l ve vol ati&ﬁsy of t%% A9 nary |pair, the
SEZ/H (e d38mey/franss! 2sethiorbBiyidicd sol'utrg_gp/egsigre 1jn a PTx
—volune-was..neasured at constant| tenperature for varilous

£iF6nd 339mezirang- ngdichieeshvientser Ot Hen BERR/&4-30 equili brium
e 8 | A e |\| W
S%EF%Q@%@@E%%@H%&%‘S@S&&H&{H&&% i tions in ‘%_ﬁ PTx celjl for
szaﬁrhazmsurbdnmim’bemyiene Flag |6, v§-9b/1-B%ustriates

mosi-ti-ons 0z

T P e e O T ORIy Boar] 16 6580/ ndilcated WO
ZW@QQ@S&QM%M@@@%M%@W@%& 99y 1 10g£.Ho/3E 70 :

- hexaf | uar.o-2-but ene _and about t0.99 mole % HEC 245fa with
eztﬁc-é%@@ﬂ/ﬁfa[@r1y2~IiTCm@|03'tf‘(yleIfb kPEY | and5®HPOMi-42ur e of about
percent—Z=1;1; 144, 4~hexaft+voro=—2=butene—and—1to06 nole %

pressure of approximately 9 psia (62 kPa). Sone
f azeotrope- | T&lglecenppssttopenikead@npdsiticed i n Tabl e 15.
eat-rents—of—azeot+ope-Hi-ke—conpgsiti-ons n Tabl e
Azeot rope-|i ke conpositions Weight
COMPONENTS (°C) | Percentage Range

Z-FC-1338mzz/trans-1,2-dichloroethylene | -40 72-80/20-38
Z-FC-1336mzz/trans-1,2-dichioroethylene | 0 | 69-83/17-31
Z-FC-1336mzz/trans-1,2-dichloroethylene 20 68-86/14-32
Z-FC-1336mzzftrans-1,2-dichloroethylene 40 68-90/10-32
Z-FC-1336mzz/trans-1,2-dichloroethylene 80 £66-99/1-34
Z-FC-1336mzzftrans-1,2-dichioroethyiene | 120 65-89/1-35
Z-FC-1338mzzftrans-1,2-dichloroethylene | 160 65-99/1-35

It was found through experiments that Z-FC-1336mzz and

HFC-245fa form azeotrope-like compositions. To determine the relative
volatility of this binary pair, the PTx method described above was used.

The total absolute pressure in a PTx cell of known volume was measured

at constant temperature for various binary compositions. These

10

compositions in the cell using the NRTL equation.

15

measurements were then reduced to equilibrium vapor and liquid

The vapor pressure measured versus the compositions in the
PTx cell for Z-FC-1336mzz/ HF C-245fa mixture is shown in FIG. 6, which

illustrates graphically the formation of azeotrope-like compositions of Z-

20

1,1,1,4,4,4-hexafluoro-2-butene and HFC-245fa at 19.9 °C, as indicated



COVPONENTS T (C) Wei ght Percentage Range Z-FC- 1336nzzJHFC-245fa -40
1-19/81-99 and 97-99/1-3 Z-FC 1336nzz/ HFC- 245fa 0 1-22/78-99 and 95-99/1-5
Z- FC-1336nez/ HFC- 245fa 40 1-26/74-99 and 94-99/1-6 Z- FC- 1336nmezzJHFC- 245f a
80 1- 35/ 650%80sanehs90- 99/ 1- 10 Z- FC- 1336nez/ HFC- 245f a 13Q@1issa8kA@490 and

76-99/ 1- 24 1@, Q{L@ tqr gn:p Sidiy (O Weight
Per cent age Ra -Fﬁ‘ %JQE%’R ) @@C,lngzee{ 8 % qgﬁ?%g %JPQQI 1-2
Z- FC- 1336nzz/aH§@b21415i’at@gamdlaP/BB{f@I}Zéﬁﬁa With 98B dr-BedsUr€E01336NE 2/ HFC 235f a
40 10-17/ 83- - 1-4 Z-FC: z/ HEC- 245f.a, 80 -22[78-90 an
95-99/ 1-5 7- %gp%ggﬁ%&s@égggf%g nrézby mixtures of abot &gto 36 mole |

percent Z-1,1,1 4,4 4-hexafluoro-2-butene and 1 to 8 mole % HFC-245fz

&  with vapor pressure of approximately 9 psia (62 kPa).
Some embodiments of azeotrope-like compositions are listed in
Table 15. Additional embodiments of azeotrope-like compositions are

listed in Table 16.

Table 15 Azeotrope-like compositions

COMPONENTS T (°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 1-19/81-99 and 97-99/1-3
Z-FC-1336mzz/HFC-245fa 0 1-22/78-99 and 95-99/1-5

Z-FC-1336mzz/HFC-245fa 40 1-26/74-99 and 94-89/1-8
Z-FC-1336mzz/HFC-245fa 80 1-35/65-99 and 90-89/1-10
Z-FC-1336mzz/HFC-245fa 120 1-68/42-99 and 76-99/1-24

10

Table 16 Azeotrope-like compositions

COMPONENTS T(°C) | Weight Percentage Range
Z-FC-1336mzz/HFC-245fa | -40 10-13/87-90 and 98-99/1-2
Z-FC-1336mzz/HFC-245fa @ O 10-14/86-90 and 97-99/1-3
Z-FC-1336mzz/HFC-245fa 40 10-17/83-90 and 96-99/1-4
Z-FC-1338mzz/HF C-245fa 80 10-22/78-90 and 25-99/1-5
Z-FC-1336mzz/HFC-245fa | 120 | 10-33/67-90 and 90-89/1-10

it was found through experiments that Z-FC-1 336mzz and
dimethoxymethane form azeotrope-like compositions. To determine the
15 relative volatiiity of this binary pair, the PTx method described above was
used. The total absoiute pressure in a PTx celi of known volume was
measured at constant temperature for various binary compositions. These
measurements were then reduced to equilibrium vapor and liquid

compositions in the cell using the NRTL equation.
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10-33/67-90 and 90-99/1-10 It was found through experinents that
Z- FC-1336nzz and di net hoxynet hane form azeotrope-|ike conpositions. To
determ ne the 15relative volatility of this binary pair, the PTx nethod
descri bedwahlosazywas used. The total absolute pr essureﬂmf@zﬂimoﬁeil of

known vol une was mawé%Pahg%%EE}e%Ea%tﬁ'nge% c%hp\é%[sfoﬂgzrp jnary

conposi tions. These medsu nts weré thén re m vapor and
i qui d conpo#iTxicalidoi A-RGha 38@8Mnkz/dengtgoxymeeiNBiik naqtum isoshown¥B FIG. 7,

2008/ 134061P 008/,00548 re ure rrea ured versus
the conposi tlcg\lu‘g‘s% Sqféﬂgsﬁ ]FB%"’}HIV ﬂf’%?"@%@“fiég HtPEhe mixture
is shown in bf@&1 7,,3,4/3@Jmihexdf|bu&i-2@m@1@érﬂpbaln¢e’thbwrh&ﬁaﬁ@btmg iggrecof
azeotrope-|like corrp05| tions of Z-1, - hexaf | uor o- 2- but ene and

di met hoxyret REAEbRu %%5G§'%(§§Hﬁpaéb6%t"dﬂ@t@ B§ naxw%omgut 148 9®ndi cat ed by
m xtures of ghauby, 745093, J@Jl‘%xa(ﬂ&)ré 2idtefie A éb%rr?ﬁ |t6'@§9'n?l iyt ene and

about 1 to 99 nole % d i net'hoxynet hane. Some enb ments of azeotrope-like
conposi t i ons dipethpkgmethang. Tabl e 17. Additional enbodi ments of

Aot rope. i ke conpnd eranani ertthe lte BRIkl in e, g

Z- FC- 1336 neZ/abientl. Mﬁmdhanmodﬁﬂems%bie&%&-% dS3Bpositiony anet hoxyrret hane
0 1-99/1-99 F Di net hoxynet hane 40 1-99/1-99

Z- FC- 133%&2 %ﬁ gé?ﬁ%gl}ﬁﬁ ‘hane 80 1-99/1-99 Z-FC-1336nzz/ Di met hoxynet hane
120 1-99/1-99 Z- FC 1336nzzfdpiear Roxyrobare cdhoditidhs 1- 99

T Weight Percentage
COMPONENTS (°C) Range
Z-FC-1336mzz/Dimethoxymethane -40 1-99/1-99
Z-FC-1338mzz/Dimethoxymethane 0 1-89/1-99
Z-FC-1336mzz/Dimethoxymethane 40 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 80 1-89/1-99
Z-FC-1338mzz/Dimethoxymethane | 120 1-99/1-99
Z-FC-1336mzz/Dimethoxymethane 160 1-99/1-99

Tabi_e 18 Azeotrope-like compositions

T Weight Percentage
COMPONENTS (°C) Range

Z-FC-1338mzz/Dimethoxymethane | -40 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane 0 5-95/5-85
Z-FC-1336mzz/Dimethoxymethane 40 5-95/5-95
Z-FC-1336mzz/Dimethoxymethane | 80 5-85/6-95
Z-FC-1336mzz/Dimethoxymethane | 120 5-95/5-95
Z2-FC-1336mzz/Dimethoxymethane | 160 5-85/5-95

15 it was found through experiments that Z-FC-1338mzz and

cyclopentane form azeotropic or azeotrope-like compositions. To

determine the relative volatility of this binary pair, the PTx method
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Tabl e 18 Azeotrope-|i ke conpositions COVWONENTS T (C) Wi ght Percentage
Range Z- FC-1336nzz/ Di net hoxynet hane -40 5-95/5-95

Z- FC- 1336nezz/ Di met hoxymet hane 0 5-95/5-95 Z- FC- 1336nez/ Di met hoxynet hane 40
5-95/5-95 Z- FC-1336nzz/ Di net hoxynet hane 80 5-95/5-95

Z- FC-1336nez/ D net hoxynet hane 120 5-95/5-95 Z- FC- 1336nez/ Di met hoxynet hane
160 5- 95/ 5- 8&scribet taboes Waswsedt The tojhl abeobrte meerssire ea PZxRE D836nzz and

cycl opent ane form azeot roPr{ c or az{eot rope:li ke conmpositions. To determ ne
Uhe rel at | vENQRT YpIRMe yas medsiited it ops At femPeialiie sy YRteHE R nadls cr i bed
above was Uuggfpodifiénd Thabe ARSRLIRemRE RS tIten FeducB o eglilibmimknown vol une
was neasured aF constant tenperature for various bhinary conpositions. These
nmeasur ement Yap@raadliseis eaapesiprsondericel Bsina s BFd- @HBIPPqui d conposi ti ons
in the cell using the NRTL equation. 5The vapor pressure neasured versus

the co sitionsin e P I - EC- Ae ! ne mxture is
shown im;%FI G 8,T%V%‘Emi Ffrggss"ﬁggﬁ%%%?é%%?‘é%ﬁ%&%ﬁé@@éﬁ@ ﬁh% of an
azeot ropi ¢ egrpes fdr DACOIS SBrzz/dyclchentgrd, Mthened$ khowoir2F8Eit&ne and
cycl opentane at 49.97C, as inﬁi ated by a m xture of about 63.9.nole % Z-1
L1 4, 4, whichlgstiabsbombhicely hediematien e@ﬁaﬁ%@t@% C%fp&?ﬂﬁ%%?éne havi ng

the hi ghest 7py ﬂS,ﬁqa,a,w@ﬁaftdaa%@w&@tm@@?@@ &iithA8 St 80 ot7tVics akenper at ur e.
Based upon these findings, 1t has been cal cul ated that Z-FCl1336nezz and

cycl opent anindicated by eanixbpe ©f sba -2 st % ériging -féehhaxdilere2: 2 nol e
t t . - t 35.8 |
e T e Rl

conposi t i onshedxeingie g catnpasitienpet tieenparaturem about -20C to about 15000 and
at a pressure of fromabout 1.7 psia (12 kPa) to about 302 psia (2082

kPa)). Some enbOCB”aggdntuSo:? ]’;heasze%icz)wtdirn%gi, i(t:h%g%%gﬁic%‘c%?asteg rchea-;lt lf—?&? din Table 19.
1336mzz and cyclopentane form azeotropic compositions ranging from
about 84.2 mole percent to about 74.4 mole percent Z-FC-1336mzz and
15 from about 35.8 mole percent to about 25.8 mole percent cyclopentane
(which form azeotropic compositions boiling at a temperature of from
about -20 °C to about 150 °C and at a pressure of from about 1.7 psia (12
kPa) to about 302 psia (2082 kPa)). Some embodiments of azeotropic

compositions are listed in Table 19.



Tabl e 19 Azeotropic conpositions Azeotropic Tenperature (C) Azeotropic
Pressure (psia) Z-FC 1336nzz (nole A) Cyclopentane (nole %9 - 20.0 1.7464.2
35.8 - 10.0 2.98163.9 36.1 0.0 4.8663.7 36.3 10.0 7.59 63.6 36.4 20.0 11.4
63.5 36.5 30.0 16.663.6 36.4 40.023.4 63.7 36.3 49.97 32.

Table 19 Azeotropic compositions

Azeotropic Azeotropic Z-FC-1336mzz Cyclopentane
Temperature Pressure (psia) {mole %) (mole %}
(°C)
-20.0 1.74 64.2 35.8
-10.0 2.98 £63.9 36.1
0.0 4.86 683.7 36.3
10.0 7.59 63.6 36.4
20.0 11.4 63.5 36.5
30.0 16.6 63.6 36.4
40.0 23.4 63.7 36.3
49.97 32.1 63.9 36.1
50.0 32.1 63.9 36.1
80.0 43.1 64.2 35.8
70.0 56.7 64.6 35.4
80.0 73.2 65.1 34.9
90.0 92.9 65.8 34.2
100.0 116 66.6 33.4
110.0 144 67.6 32.4
120.0 175 68.9 31.1
130.0 211 70.4 29.6
140.0 254 72.3 27.7
150.0 302 74 4 25.6

Additionally, azeotrope-like compositions containing Z-FC-1336mzz

and cyclopentane may also be formed. Such azeotrope-like compositions

5 exist around azeotropic compositions. Some embodiments of azeotrope-

like compositions are listed in Table 20. Additional embodiments of

azeoirope-like compositions are listed in Table 21,

Table 20 Azeotrope-like compaositions

COMPONENTS T (°C)

Weight Percentage |

Range

Z-FC-1336mzz/cyclopentane | - 20

77 -86/14 - 23

Z-FC-1336mzz/cyclopentane 0

76 -87/13-24

Z-FC-1336mzz/cyclopentane 40

74 - 90/10 - 26

Z-FC-1338mzz/cyclopentane 80

72 -99/1 - 28

Z-FC-1336mzz/cyclopentane 120

70-99/1 - 3C

- Z-FC-1336mzz/cyciopentane 150

B8 - 99/1 - 32

10
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63.9 36.1 50.0 32.1 63.9 36.1 60.0 43,1 64.2 35.8 70.0 56.7 64.635.4
80.073.2 65.1 34.9 90.092.9 65.834.2 100.011666.6 33.4 110.0144 67.6 32.4
120.0 175 68.931.1 130.0 211 70.4 29.6 140.0254 72.3 27.7 150.030274.425.6
Additionally, azeotrope-like conpositions containing Z-FC 1336nzz and

cycl opentane may al so be fornmed. Such azeotrope-like conpositions 5 exist
around azeotropi c conposiTab@3t A2esRomtiedtsmpbsitieds azeot r opel i ke

conpositions are-listed 1n Table 20 Additignal--enbodi-ments—of

azeotrope-|like go ositions are listed |in_Table 21.
COMPONENTS T | Weight Percentage

(°C) Range

Z-FC-1336mzz/cyciopentane | - 20 80 - 86/14 - 20
Z-FC-1336mzz/cyclopentane 0 80 - 87/13 - 20
Z-FC-1336mzz/cyclopentane 40 80- 90/10 - 206
Z-FC-1336mzz/cyciopentane 80 80 - 95/5 - 20
Z-FC-1336mzz/cyclopentane | 120 80 -95/5-20
Z-FC-1336mzz/cyclopentane | 150 80 - 99/5 - 20

The azeotropic or azeotrope-like compositions of the present
invention can be prepared by any convenient method including mixing or
5 combining the desired amounts. In one embodiment of this invention, an
azeotropic or azeotrope-like composition can be prepared by weighing the
desired component amounis and thereafter combining them in an
appropriate container.
The azeotropic or azeotrope-like compositions of the present
10 invention can be used in a wide range of applications, including their use
as aerosol propellants, refrigerants, solvents, cleaning agents, blowing
agents (foam expansion agents) for thermoplastic and thermoset foams,
heat transfer media, gaseous dielectrics, fire extinguishing and
suppression agents, power cycle working fluids, polymerization media,
15 particulate removal fluids, carrier fluids, buffing abrasive agents, and
displacement drying agents.
One embodiment of this invention provides a process for preparing
a thermoplastic or thermoset foam. The process comprises using an
azeotropic or azeotrope-like composition as a blowing agent, wherein said
20 azeotropic or azeotrope-like composition consists essentially of £-
1.1 .1 4,4 4-hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, pentane, 2-methylbutane, 1,1 ,1,3,3-
pentafluorobutane, trans-1 2-dichioroethyiene, 1,1 ,1 ,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.
25 Another embodiment of this invention provides a process for
producing refrigeration. The process comprises condensing an azeotropic

or azeotrope-like composition and thereafter evaporating said azeotropic

25



Tabl e 20 Azeotrope-|i ke conpositions COVWONENTS T (C) Wi ght Percentage
Range Z- FC-1336nez/cycl open ane 20 77- 86/14 - 23 Z-FC 1336nzz/cycl open ane
0 76 - 87/13 - 24 Z-FC-1336nez/cycl opentane 40 74- 90/10 -26

Z- FC- 1336mpzbh@myicie@pent ane80 72 - 99/1 - 28 Z- FC 1336nmmz/iaywbepensiane 12070

azcot rope- | RE 6 TR P SRR BB g nfdiehirio B8 HBineioc Range
Z- FC- 1336nezz Miysbiopmid arsotrople 80azefiobé-like2®mpdediohdRfnitd eysamipint ane . 0
80- 87/13 - 20 Z-1,1,1,4,4,4-hexafluoro-2-butene and a component selected from the
group consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
5 pentafluorobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafiuoropropane, dimethoxymethane and cyclopentane.

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 Z-

10 1,1,1.4,4 4-hexafluoro-2-butene and a component selected from the group
consisting of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-
pentaflucrobutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process for

15 producing an aerosol product. The process comprises using an azeotropic
or azeotrope-like composition as a propeliant, wherein said azeotropic or
azeotrope-like composition consists essentially of Z-1,1,1,4 4 4-
hexafluoro-2-butene and a component selected from the group consisting
of methyl formate, pentane, 2-methylbutane, 1,1,1,3,3-pentafluorobutane,

20  trans-1,2-dichloroethyiene, 1,1,1 ,3,3—pentéf!uoropropane,
dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process using an
azeoftropic or azeotrope-like composition as a heat transfer media,
wherein said azeotropic or azeotrope-like composition consists essentially

25  of Z-1,1,1.4,4 4-hexafiuoro-2-butene and a component selected from the
group consisting of methy! formate, pentane, 2-methyibutane, 1,1,1,3,3-
pentafluorcbutane, trans-1,2-dichloroethylene, 1,1,1,3,3-
pentafluoropropane, dimethoxymethane and cyclopentane.

Another embodiment of this invention provides a process for

30 extinguishing or suppressing a fire. The process cbmprises using an
azeotropic or azeotrope-like composition as a fire extinguishing or
suppression agent, wherein said azeotropic or azeotrope-like composition
consists essentialiy of Z-1,1,1,4,4,4-hexafluoro-2-butene and a component
selected from the group consisting of methy! formate, pentane, 2-
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Z- FC-1336nez/ cycl opent ane 40 80- 90/10 - 206 Z-FC-1336nzz/cycl opentane 80
80 - 95/5 - 20 Z-FC 1336nzz/cycl opentane 120 80 - 95/5 - 20
Z- FC-1336nez/ cycl opent ane 150 80- 99/5 - 20 The azeotropic or

azeot r opewl Jex/B@Eposi ti ons of the present invention garaRoRfenRsr ed by any

conveni ent i udi ] X1 o] nbi ni.n e,desired amounts. In
one enbodi menregpeLfie 1Dt BRPeabrenu o kRhod A el e Bl

conposi ti on cian 18 3peaffiuetbdrypswd ghimathoxmeteme £ e@gEmaie. anount s and
thereafter conbining . themin, an agproprlate cont ai ner. The azeotropic or
azeot rope- 1 i ke corﬁigléwi%ﬂ%owenh hreisusrtionoPioNideR ™ RRCREhUEBI @8ed in a

wi de range ofa2BRbbRadri2Bstropéliike dbmBobilieh bs\ideaficdsinsgln repel | ants,
refrigerants, solvents, cleaning agents, blow ng agents (foam expansion
agents) f68r tHEPHOPICHAZEoHAREIk: ERHPEsiItiPD apBsSishapsentiallysifed nedi a, gaseous
dielectrics, {fkne {4 L,.shi 5@9@ ' I i Quer e wor ki ng
fluids, pol yrr%?ﬁi%fgi)&o’r%&%ggla? Q% par?ﬁglcgﬁﬁo?‘gﬂgﬁg&éfjgﬁds, ecg*ﬁc" er

fluids, bufficogpsisbngsf wetaddornsate apehtding H-aretimgingtade y1,Ad, gent s. One

enbodi ment of _this inventian prowvi roces I, preparing a

t her nopl ast i cDec?rtéff%émgé?’qf%%mﬂﬁfﬁgaﬁg’g@yi necginij?issg's usi ng an azeotropic
or azeot r ope-pdnksfheoopopaihé afimathaxyhlahargampepdicpaianei n said 20
azeotropi,c or azeotrope-like composition consists essentially of Zz- 1,1
, 1,4, 4, 4¥hexaf | uoro- 2- butene and a conponent sel ected fromthe group
consisting of nethyl formate, pentane, 2-nethylbutane, 1,1 ,1 ,3, 3-

pent af | uor obut ane, trans-1 ,2-dichloroethylene, 1 ,1 ,1 ,3,3-

pent af | uor opr opane, di nmet hoxynet hane and cycl opent ane. 25Anot her enbodi nent
of this invention provides a process for producing refrigeration. The
process conprises condensing an azeotropic or azeotrope-like conposition
and thereafter evaporating said azeotropic WD 2008/ 134061PCT/ U

S2008/ 005481 or azeotrope-like composition in the vicinity of the body to
be cool ed, wherein said azeotropic or azeotrope-like conposition consists
essentially of Z-1,1,1, 4, 4, 4- hexaf | uoro- 2- but ene and a conponent sel ected
fromthe group consisting of nethyl formate, pentane, 2-nethyl butane,
1,1,1,3,3- 5pentafiuorobutane, trans-1, 2-dichloroethylene, 1,1,1, 3, 3-

pent af | uor opr opane, di nethoxynet hane and cycl opent ane. Anot her
enbodi ment of this-invention provides a process using an azeotropic or
azeotrope-li ke conposition as a solvent, wherein said azeotropic or
azeotrope-li ke conposition consists essentially of Z-

101, 1, 1, 4, 4, 4- hexaf | uor o- 2- but ene and a conponent selected fromthe group
consisting of nethyl formate, pentane, 2-nethylbutane, 1,1,1, 3, 3-

pent af | uor obut ane, trans-1, 2-di chl oroethylene, 1,1,1, 3, 3-

pent af | uor opr opane, di net hoxynet hane and cycl opent ane. Anot her enbodi nent
of this invention provides a process for 15 producing an aerosol product.
The process conprises using an azeotropic or azeotrope-like conposition as
a propellant, wherein said azeotropic or azeotrope-like conposition
consists essentially of Z-1,1,1, 4, 4, 4- hexafl uoro-2-butene and a conponent
selected fromthe group consisting of nethyl formate, pentane,
2-met hyl butane, 1,1, 1, 3, 3-pentaf |l uor obut ane, 20trans-1, 2-di chl oroet hyl ene,
1,1,1, 3, 3-pent af | uoropropane, di net hoxynet hane and cycl opent ane.
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Anot her enbodi ment of this invention provides a process using an azeotropic
or azeotrope-like conposition as a heat transfer nedia, wherein said
azeotropi c or azeotrope-like conposition consists essentially 250f
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene and a conponent sel ected fromthe group
consisting of nmethyl formate, pentane, 2-nethyl butane, 1,1,1, 3, 3-

pent af | uor obut ane, trans-1, 2-di chl oroethylene, 1,1,1, 3, 3-

pent af | uor opr opane, di net hoxynet hane and cycl opent ane. Anot her enbodi nent
of this invention provides a process for 30extinguishing or suppressing a
fire. The process conprises using an azeotropic or azeotrope-like
conposition as a fire extingui shigghldS suppressi on agent, wherein said
azeotropi c or azeotrope-like composition consists essentially of
Z-1,1,1,4, 4, 4- hexaf | uor o- 2- but ene and a conponent sel ected fromthe group
consi sting of ydsif@r smbRinPeaianaly & WO 2008/ 134061PCT/ US2008/ 005481
met hyl but ane, "11111, 3, 3- pent af [ uor obut ane, trans-1, 2-di chl or oet hyl ene,

1,1, 1, 3, 3- pereid1iuot S priopariuod FrdUfSRy AR hane and cycl opent ane.  Anot her
embodi ment of, thig . | ANGRHE QR=RIPHEARShG! PRASERSS piSENgnam azeby opi c or
azeotrope-llé conposition as dielectrics mh?relndgfﬁg,%az%paroplc or
azeot r opgrbikeo wmﬁlaﬁﬁp@m%ﬁﬁloéé’é‘gh%“‘?%“l y - oA NEXEIUore=2

1,1,1,4,4, .4-hexafl uoro-2-butene and a conponent selected fromthe group
consistimﬁ“%f met hyl formate, pentane, 2-neth¥lbutane, 1fl%%ﬁ3,3-

pent af | uor olut Eimeazaatmpis-COrPoditen|o CEET Hydasssting ggsepiiglsef on

pent af | uor opr opan i esdrane 1 104 CLAIMS . A
conposition CO%§F§??%6ﬁ§%2%ﬁ%¥§Fr%&§$ﬁ%Qsﬁ%ﬁ!&ﬂ(a) )

7-1,1, 1, 4, 4, 4- hexdibue?-ouRnbandriesm ghdlt 74.6 mole pgyFepEp ﬁPPUtf%Ar‘?‘rat e: wherein
the nethyl formate is pre t | fegkinve; BRFSHAN azeot ropi c
combi nat i on mﬁ?Fﬁ%3%39&f?%§¥f2ﬁ%¥§?ﬁ§§g?%ﬁ§¥§$§?Bgﬂ%%ﬁ£§ 2. The azeotropic
conposi ti on of #ehadBul -X0isiostony 168 Sent & ar¢spust offfameapdut* 2524 nol e
percent to about_15.6 | e, percent-¥s ,1,4.4,4- hexafl ooro-2-butene and

f rom about 74.@i%§?§>5&%%%%5‘%853665%%5%54 nol e percent nethyl fornmate,

whi ch has bog| isnghrsdsiiontmpetiag egsendbivf sfom about -20 00 to about 100 00 at
a pressure of from about é'43ﬁ8i SQngkgﬁg to about 113 psia (779 kPa). 3.
A conposi ti on{®dndilstHAdBYBEHPICA PV F: (a) )

7;] 1,1, 1’h4|’ 4]; A hexahlueraai: \bués@netheanfkhyi fofmate(iéapwreaemthyla:fﬁﬁfﬁﬁwee; wher ei n

t he met hy ormate is present jn an effecti a to,f N

azeot r op@MPwY e BT AR SO ORF ! eFﬂ@b'f’-a%ﬁ}’vf%z?%,ﬁggﬂgfaﬁgﬁ5%%%@&29 but ene. 4.
The azeoggﬁg%hgjke conposition of ciaim3 consisting essentially of from1
to 99 weight percent Z-1,1,1,4,4 4-hexafl uoxq-2- e ng. . f 99 to 1

wei ght percedt Tha #ACIPBETES é?mEﬁ%iP%P%?*?‘%é CB?/S?QE‘;Q %g?@ﬁﬁ%érog? lq?rne of from
-40 C to 120 CG ;58 fegfnpaskhi nn haviaghexdibfer tueme anddewn §6itat pressure

and bubbl e point pressure of |ess t han or equa w@qﬁed upon the

; ual to [
bubbl e poi nt prbﬁ@ﬁﬁé?@%ﬁﬂmmBW%H@§§a?bPmﬁPEbQF?%BﬁégFﬁ§P§§%$ast|c or
ther moSet f oam £aupLH S0g Y5+ 0 AN BFPBLIOPhSYiRE o AIRASIEPE deirkEol EOMOSI i on
as a bl owi ng agé , Whérein said azeotropic or azeotrope-Jike conposition
consi sts essent palsbyreaindbubpl, Moint, pegsuie REEPRE16- P SHHRERS RHEE Het hy!
formate. 6. A process f.or [ | geration cononsing,.condensi no an
azeotropic, or %%%&W%ﬁgg?Pgé&ggﬁ%gg?%g%ﬁ%and thereafter evaFQrating sai d
azeotropi ¢ ors azepbsmpdol plpatanp twrrioplrstinot WeryesE! Hay S8 PIHBE body to be
cool ed, wherein said azeotropi . C ek I itk GRegONSI St S
essential ly of ?§T9f?f?@?ﬁ?%gﬁgﬁé%ﬁﬁ%%g&%?%ﬁgggéggﬁg%ﬁgiﬁtF pornate. 7. A
process conpri siagrdissag @pcREHObr ope@rpe-ike SOMPEPECT CRESESNposi tion as a
sol vent, wherein said azeotropic, or _a 21 i@k consi sts
casenti ally of FSIoELl & o4 heraTGar s DA S RO h T P fate, 8 A
process for producing an aerosol product conprising using an azeotropic or
azeotrope-li ke conposition as a propellant, wherein said azeotropic or
azeotrope-li ke conposition consists essentially of 7-
1,1,1,4,4, 4-hexafl uoro-2-butene and nethyl formate. 9 A process conprising
usi ng an azeotropic or azeotrope-like eonposition as a heat transfer nedia,
wherein said azeotropic or azeotrope-like conposition consists essentially
of 7-1,1,1, 4,4, 4-hexafl uoro- 2- but ene



and nethyl formate. -10, A process for extinguishing or [ [
conprising using an azeotropic or azeotropeglike cgnposfgpgaezzlggmg rire
extingui shing or suppression agent, wherein said azeotropic or
azeotrope-li ke conposition consists essentially of
7-1,1,1,4,4,4-hexaf l uoro- 2-butene and nethyl formate. 11, A process
conprising using an azeotropic, or azeotrope-like conposition as

di el ectrics, wherein said azeotropic or azeotrope-like conposition consists

essentially of 71 L L 4 el uoro; 2 butene, and eyl formte.
azeotropic or azeotrope-iike composition and theresfter evaporating said
azeotrapic or azeotrope-like composition in the vicinity of ihie body to be
cooled, wherein said azeotropic or azeotrope-iike composition consists
essentially of Z-1,1,1.4.4 4-hexafluoro-2-butene and methyl formate.

7. A process comprising using an azeotropic or azeotrope-like composition
as a solvent, wherein said azeoiropic or azeotrope-iike composzifion
consists assentially of Z-1,1,1 4.4 4-hexafluoro-2-butens and methyl
formaie.

8. A process for producing an aerosol product comprising using an
azeotropic or azeotrope-like composition as a propeilant, wherein said
am%m%ma%ﬁmm&@mwmﬂ%nmm@s%%mwwmz
1.1.1.,4,4 4-hexafluoro-2-butene and methyl formate.

9.Apmw%cmmmmg%mgmammmmcmammmmmmcmmmmm
as a heat transfer media, wherein said azeoiropic or azeotrope-liks
composition consists essentially of 2-1,1.1 4 4 4-hexafluoro-Z-butens
and methyi formate.

10fkpnmasskxexﬁngmsmngorsupmes@ngafhecompﬁang using an
azeotropic or azeotrope-like composition as a fire exiinguishing or
suppression agent, wherein said azeotropic or azeotrope-iike
composition consists essentially of Z-1,1,1 4 4 L-hexafluoro-Z-butene
and methyl formaie.

11. A process comprising using an azeotropic or azeotrope-ike composition
as dielectrics, wherein said azeotropic or azeotrope-iike compasiiion
consists essentially of Z-1,1,1.4,4 4-hexafluoro-2-butene and methyl
formate.



